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A B S T R A C T

Tuberculosis (TB) is the main cause of mortality among all infectious diseases. The presentation of lipids by
CD1b molecules and the interactions of the CD1b-lipid complexes with the immune receptors are important for
the understanding of the immune response to Mycobacterium tuberculosis (Mtb), and to develop TB control
methods. A specific domain antibody (dAbk11) recognizing the complex of CD1b with Mtb sulphoglycolipid
(Ac2SGL) had been previously developed. In order to study the interactions of dAbk11 with Ac2SGL:CD1b, the
conformation of Ac2SGL within CD1b was first modelled. The orientation of dAbκ11 with Ac2SGL:CD1b was then
predicted by a docking experiment and the complex was sampled using molecular dynamics simulation. Data
showed that dAbκ11 Tyr32 OH plays a decisive role in interacting with Ac2SGL alkyl tail HO17. The binding free
energy calculation showed that Ac2SGL establish strong hydrophobic interactions with dAbκ11. The model also
predicted a higher affinity for the natural sulfoglycolipid (Ac2SGL) than the synthetic analogue (SGL12), which
was supported by the ELISA data. These results shed light on the likely mechanism of interactions between
Ac2SGL:CD1b and dAbκ11, thus making possible to envision the strategies for dAbκ11 optimization for possible
future applications.

1. Introduction

Tuberculosis (TB) is the leading cause of mortality from infectious
diseases [1–6]. One third of the human population is already infected
with Mycobacterium tuberculosis (Mtb). This represents a huge reservoir
of the microorganism with a high present and future impact as a source
of new TB cases [1–6]. The current picture of the disease is char-
acterized by absence of fully efficient diagnostic methods, the emer-
gence of multidrug resistant TB strains (MDR-TB), ineffective ther-
apeutic coverage, HIV co-infection and the unavailability of an effective
vaccine [1–6]. A better knowledge of the mechanisms of pathogen ac-
tion and of immune responses to Mtb are of paramount importance for
the effective control of the TB pandemics, something that will rely on
the development of new vaccines, diagnostics and therapies [7].

CD1b protein is a non-polymorphic transmembrane glycoprotein
that is expressed associated with β2-microglobulin on the surface of

human antigen presenting cells (APC) [8]. Unlike major histocompat-
ibility complex molecules (MHC) that present peptides to T cells, CD1b
is able to present lipid and glycolipid antigens [9]. Ac2SGL, a member
of the acylated trehalose sulphate lipid family (SGL), is one of the an-
tigens presented by CD1b molecules to T cells [10]. The Ac2SGL:CD1b
complex was shown to stimulate specific T cells from active or latently
Mtb infected individuals, but not those from non-infected, or Bacillus
Calmette-Guérin (BCG) vaccinated subjects [10]. It had been demon-
strated that the number and type of acyl appendages on the trehalose
decisively influence the strength of CD1b-dependent T cell responses
[11]. In this regard, a few synthetic lipids that differed from the natural
Ac2SGL by the length and complexity of acyl appendages attached to
the trehalose, were found to stimulate Ac2SGL-specific T cells much like
the natural antigen [11,12]. The structure of one of the most active
synthetic molecules, SGL12, co-crystallised with human CD1b could be
even elucidated (PDB id: 3T8X) [13]. In spite of this work, the antigenic
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properties of the natural Ac2SGL were never surpassed, especially in
assays using APC, which demonstrated the importance of the fatty acyl
structures of Mtb sulfoglycolipids on the capacity of stimulation of T
cells [10,11].

Considering the importance of understanding how immune response
to these Mtb lipids are triggered and the need to develop universal li-
gands for diagnosis of Mtb infections that are not affected by the an-
tigen presenting molecules polymorphism, we have developed a light
chain kappa domain antibody (dAbκ11). dAbκ11, developed using a
synthetic human antibody library, is capable of efficiently recognizing
the Ac2SGL:CD1b complex [14].

In the present report, a molecular modelling approach was applied
to study the interactions of dAbκ11 with Ac2SGL:CD1b complex to
highlight the residues that are likely important for the recognition of
the Ac2SGL:CD1b complex by dAbκ11. The model predicted a higher
affinity with the natural sulfoglycolipid (Ac2SGL) compared to its syn-
thetic analogue (SGL12) that was further supported by ELISA results.

2. Methods

2.1. Starting structure of CD1b and lipids

The structure of CD1b in complex with the synthetic antigenic
diacylsulfoglycolipid SGL12 and an endogenous spacer (PDB id: 3T8X;
1.9 Å resolution) was used as starting model for our work. In order to
reduce the computational cost, however, only the antigen binding
groove was used for the simulation, namely residues Phe 4 to Leu 181 of
CD1b. Atoms from the bound endogenous spacer were also included for
the simulations. On the other hand, the starting model for Mtb major
Ac2SGL acyl form (mol wt 1250; Fig. 1a) which is recognized by CD8+

T cell clones [10], was built using Discovery Studio 3.0 [15] by editing

the methyl-branches from the co-crystalized SGL12 in CD1b (ligand of
PDB id: 3T8X; Fig. 1b) [13].

2.2. Docking of lipid into CD1b

The docking input files for lipids (Ac2SGL & SGL12) and CD1b were
prepared using AutoDockTools 4.2 [16]. The docking simulation was
performed by Autodock Vina 1.1.2 [17] with default parameters. Gas-
teiger atomic point charges were assigned and the non-polar hydrogen
atoms were merged. The number of rotatable bonds in lipids was set to
the highest to enable full flexibility of the lipid alkyl tails. The grid
spacing was set to 1.0 Å with a box size of 36× 34×32 Å3 to include
the binding groove of CD1b. In order to have a higher search space and
to get the best conformation complex in the docking, 200 exhaustive-
ness flag was included for searching algorithm.

2.3. Molecular dynamics (MD) simulation of Ac2SGL:CD1b and
SGL12:CD1b complex

The Ac2SGL:CD1b and SGL12:CD1b complexes were further sam-
pled by molecular dynamics (MD) simulation. The system was setup
with standard Amber 12 protocol [18]. GAFF force field was assigned to
the spacer, Ac2SGL and SGL12, while AMBER ff14SB force field was
used to assign atom types and charges to CD1b. Counter ions, Na+,
were added to neutralise the system. The complex was then solvated in
a 10 Å octahedral TIP3P water box. A cut off distance of 8 Å was used
for non-bonded interactions under periodic boundary condition. The
time step was set to 1 fs and the trajectory was recorded every 0.1 ps. In
minimization stage, 1000 steepest descent followed by 1000 conjugated
gradient minimization steps were performed. In the first minimization,
the backbones of the protein, lipids and spaces were restrained with

Fig. 1. The chemical structure of (a) Ac2SGL and (b) SGL12.
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300 kcal/mol/Å2 to relax the water molecules. The same number of
minimization steps was repeated on unrestrained complex. Before
production stage, the complex was gradually heated from 0 to 310 K
within 20 ps by Langevin thermostat, while restrained with 100 kcal/
mol/Å2 for protein backbone, lipid, and spacer. A 0.5 ns unrestrained
MD simulation was performed to obtain constant pressure with equili-
brated density at 310 K. The MD simulation was carried out for 10 ns. A
total of 500 snapshots from the last 0.5 ns of MD simulation were used
to calculate the binding free energy of lipids (Ac2SGL & SGL12) with
CD1b.

2.4. Modelling of dAbκ11

The CDRs of dAbκ11 were identified by KABAT [19] and the BLAST
[20] program was used to select the suitable immunoglobulin template
for dAbκ11. For the comparative modelling of dAbκ11, template
structural models were selected with the highest sequence identity
coverage and resolution from the RCBS protein databank. The selected
templates were a Vk domain of a human antibody (PDB id: 2BX5) [21]
and a human antibody variable domain with increased aggregation
resistance (PDB id: 3UPA) [22], presenting 95% and 93% identity to
dAbκ11 sequence and resolutions of 2.7Å and 1.8Å, respectively. The

Fig. 2. Conformations of lipids in CD1b (ribbon and surface representation). (a) Crystal SGL12 (stick presentation coloured by atom type). (b) Crystal SGL12 (black
stick) and conformation of docked SGL12 (stick presentation, coloured by atom type). (c) Crystal SGL12 (black stick) and conformation of docked Ac2SGL (stick
presentation, coloured by atom type). Grey stick is the spacer and green lines are hydrogen bonds between CD1b Arg79 with lipid. (For interpretation of the
references to colour in this figure legend, the reader is referred to the Web version of this article.)
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sequence of dAbκ11was then aligned with selected templates. A total of
100 models were generated using MODELLER 9.14 [23] and DOPE
score was used to rank the models. The quality of the top ranked
dAbκ11 models were evaluated with PROCHECK [24], VERIFY-3D [25]
and WHAT-IF [26]. The antibody binding site was predicted by Para-
tome [27].

2.5. Docking of dAbκ11 with lipid:CD1b (protein-protein docking)

The docking simulation of dAbκ11 with lipid:CD1b was performed
using ZDOCK 3.0 [28]. Since dAbκ11 was reported to only bind to
Ac2SGL:CD1b complex [14], the non-CDRs and non-CD1b binding
surfaces of dAbκ11 were blocked during the docking simulation. Clus-
tering was performed using Kclust [29] and ranked using ZRANK [30].
The three top complexes were selected based on most dominant cluster
and lowest ZRANK scoring. The complexes were then refined using
RosettaDock [31] in local search refinement and rotamer library to
generate another 1000 models. These 1000 models were re-ranked
using ZRANK and the best complex was selected based on ZRANK and
RosettaDock scoring function.

2.6. Molecular mechanic Poisson Boltzmann surface area/generalized born
surface area (MMPBSA/GBSA) binding free energy calculation of
lipid:CD1b with dAbκ11

Docked complexes of lipid:CD1b with dAbκ11 obtained from
docking simulation were further sampled with molecular dynamics si-
mulation. A similar preparation method of AMBER Protocol was used in
dAbκ11 with lipid:CD1b refinement. The difference in preparation for
the complex was that Cl− ions were used to neutralise the overall
charges. Then, similar minimisations for restrained complex at
300 kcal/mol/Å2 and unrestrained minimization were used. In heating
stage, the complex was gradually heated from 0 to 310 K within 20 ps
by Langevin thermostat, while restrained with 100 kcal/mol/Å2 for
protein backbone, lipid and spacer. A 0.5 ns unrestrained MD simula-
tion was performed to obtain constant pressure with equilibrated den-
sity at 310 K. The MD simulation was carried out for 10 ns. A total of
500 snapshots from the last 0.5 ns of MD simulation were used to
calculate the binding free energy of lipids (Ac2SGL & SGL12) with CD1b
using the MMPBSA/GBSA method [32].

2.7. ELISA. Recognition of Ac2SGL/SGL12:CD1b complexes by dAbκ11

Ac2SGL, its synthetic analogue SGL12 (C24-tetramethylated fatty
acid) and human sulphatide sulfoglycolipid (hSulf) (Avantis Polar
Lipids, USA) were complexed in solution with recombinant human
CD1b (Ac2SGL:CD1b, SGL12:CD1b, hSulf:CD1b, respectively) [33].

A 96-well Maxisorp microplate (Nunc, USA) was coated (16 h/4 °C)
with: a) BCD1b3.1 (anti-CD1b mAb), in order to capture CD1b com-
plexes (Ac2SGL:CD1b, SGL12:CD1b, hSulf:CD1b) and free CD1b and b)
CD1e20.6 (anti-CD1e mAb) in order to capture recombinant human
CD1e [34]. Both mAb were diluted on Carbonate-Bicarbonate pH 9.6
coating buffer (3 μg/mL). The plate was blocked with 3% PBS-skim milk
(1 h/RT). Two washes (PBS-tween-20, 0.05%) were performed and
Ac2SGL:CD1b, SGL12:CD1b, hSulf:CD1b complexes, free CD1b and
CD1e were added in PBS pH7.4 (1 μg/mL). After 3 washes (PBS-tween-
20, 0.05%), dAbκ11 [14], diluted in 3% PBS-skim milk (108 phages)
was added and the plate was incubated (1 h/RT). Subsequently, 3 wa-
shes were performed and HRP/Anti-M13 Monoclonal Conjugate (GE,
Heathcare, Life Sciences) (diluted 1:5000 in 3% PBS-skim milk) was
added. One hour later, the plate was washed as above, TMB liquid
substrate (Sigma, USA) was added and incubated (10min/RT). The
reaction was stopped with 1M sulfuric acid (Merck, Germany) and
absorbance (450 nm) was determined in a microplate reader (BioRad,
USA). Each sample was studied in triplicate and the experiment was
repeated three times.

2.8. Statistical analysis

Analysis of variance (ANOVA) was performed to compare Abs va-
lues and the Tukey multiple comparisons test was then performed to
determine significant differences in the recognition of lipid:CD1b
complexes by dAbκ11. Statistical analyses were performed using the
GraphPad Prism version 4.0 software package for Windows (San Diego
California, USA).

3. Results and discussion

3.1. Docking of lipid into CD1b

The docking of SGL12 into CD1b was used as the control to evaluate
the suitability of our docking protocol and selected parameters. Docked
SGL12 produced the binding conformation of root mean square devia-
tion (RMSD) of 2.7 Å with the crystal structure (PDB id: 3T8X; Fig. 2a
and b). In general, a good control docking should have RMSD of less
than 2.0 Å [35]. However, as SGL12 has 50 rotatable bonds and that the
alkyls tails are highly flexible, the RMSD value of 2.7 Å should be

Fig. 3. Root mean square deviations (RMSD) of Ac2SGL/SGL12 in complex with
CD1b from molecular dynamics simulation. The all atom RMSD of Ac2SGL and
SGL12 was calculated from the starting structure and crystal structure, re-
spectively.

Table 1
MMPBSA/GBSA free energy calculation of Ac2SGL and SGL12 with CD1b.

Free energy method Distribution Ac2SGL SGL12

PBSA vdW −91.2 ± 5.2 −90.1 ± 4.2
EEL 30.7 ± 13.9 71.6 ± 3.4
EPB −22.3 ± 10.6 −61.2 ± 2.1

ENPOLAR −9.4 ± 00.2 −12.1 ± 0.2
ΔG gas −69.2 ± 12.3 −18.6 ± 3.9
ΔG solv −29.3 ± 10.6 −73.3 ± 2.1
ΔG Total −98.5 ± 5.1 −91.9 ± 3.4

GBSA vdW −96.3 ± 5.2 −90.1 ± 4.2
EEL 54.2 ± 27.8 143.1 ± 6.8
EGB −38.1 ± 20.9 −125.1 ± 3.8

ESURF −14.4 ± 0.6 −13.9 ± 0.2
ΔG gas −42.1 ± 25.7 53.0 ± 6.0
ΔG solv −52.5 ± 20.8 −139.0 ± 3.7
ΔG Total −94.6 ± 7.1 −86.0 ± 3.5

ΔG gas = vdW+ EEL; ΔG solv = EPB+ ENPOLAR/ESURF; ΔG Total = ΔG gas
+ΔG solv; ΔG Tol, total binding free energy calculated by MMPBSA/GBSA
method; all component are in kcal/mol.
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considered acceptable. In addition, to mimic the lipid loading into the
CD1b protein, the spacer was included in the docking simulation.
Spacer is a long hydrocarbon chain that is presented inside CD1b. This
endogenous ligand is supposed to contribute to the overall structural
stability and to participate in the control of antigen/lipid loading at late
endosomes [13,27]. The presence of this spacer was proposed to pre-
vent full-embedding of SGL12 within the protein groove, and thus to
result in the exposure of the methyl branches from the phthioceranoyl-
like tail outside the groove. These observations suggested that methyl
motifs could be major determinants for T-cell recognition [13], some-
thing proven by investigations with many other synthetic analogues
[11,12]. Thus, methyl branches of the longer tail of Ac2SGL are ex-
pected to remain more revealed on the surface of CD1b. The hydro-
philic SGL would therefore be positioned above the binding groove. In
SGL12:CD1b crystal structure (PDB id: 3T8X), guanidinium group of
Arg79 formed hydrogen bonding with the SGL12 sulphate glucose O10

and O11 (see atom numeration in Fig. 1) and held the disposition of the
polar head in the CD1b surface, in agreement with the importance of
this antigenic elements for T cell stimulation [10]. The docked SGL12
used as control showed similar hydrogen bonding with CD1b. Docked
Ac2SGL also has similar binding conformation of alkyl tails and

trehalose sulphate with the crystal structure of SGL12 (Fig. 2c). A hy-
drogen bond was observed between CD1b Arg79 HN21 with Ac2SGL O11

at the distance of 2.4Å, which could also stabilise the Ac2SGL sulphate
head on the CD1b molecule.

SGL12:CD1b and Ac2SGL:CD1b complexes obtained from the
docking simulation were further studied with MD simulation. Ac2SGL
molecule (Fig. 3) showed a constant all atoms fluctuation at RMSD
(from the starting structure) of ∼3Å after 1 ns. SGL12 has slightly
lower RMSD value which is ∼2Å compared with the crystal structure.
This thus indicated the conformational consistency of both Ac2SGL and
SGL12 docked models. Free binding energy calculations using
MMPBSA/GBSA method showed that Ac2SGL has slightly higher
binding affinity (ΔG Total) with that of SGL12 (Table 1). However,
binding affinities estimated with MMPBSA/GBSA methods could be
overestimated, as indeed has also been reported in PDLD/s-LRA/β
study [36–39]. The choice of the dielectric constant for theoretical si-
mulation is a non-resolved long debate. Higher dielectric constants
(εin> 1) are often preferred to treat highly charged binding interfaces
[40,41]. Due to the low hydrophilic binding interface of lipids, the
dielectric constant of 1 was used in this work.

Fig. 4. Grey ribbon and surface presentation of dAbκ11 model from comparative modelling. Green, red and purple surface represent CDRL1, CDRL2 and CDRL3,
respectively. The template 3UPA and 2BX5 is in yellow and blue ribbon representation, respectively. (For interpretation of the references to colour in this figure
legend, the reader is referred to the Web version of this article.)
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3.2. The model of dAbκ11

The CDRs of dAbκ11 are residues 27–32 (L1), 50–52 (L2) and 89–95
(L3) (Fig. 4). The quality of the dAbκ11 built model was evaluated using
Ramachandran plot and results showed that 93.7% of the residues were
in favourable regions (Supplementary Fig. S1a), with 0.08 Q-mean
score (Supplementary Fig. S1b). The side chain compatibility evaluated
by VERIFY-3D showed that 99.1% of dAbκ11 residues have scores
above 0.2 (Supplementary Fig. S1c) and the packing quality control by
WHAT-IF showed that 96.4% of the residues were above −5.0
(Supplementary Fig. S1d).

3.3. Docking of dAbκ11 with CD1b:SGL12/Ac2SGL complexes

The initial docking search for dAbκ11 with SGL12/Ac2SGL:CD1b
complexes were predicted using ZDOCK. ZDOCK uses Fast Fourier al-
gorithm to search for docking possess of dAbκ11 against CD1b:SGL12/

Ac2SGL. The atomic positions of non-CDR and non-binding CD1b re-
sidues were restrained to reduce the search space. The first 2000 decoys
were generated and clustered by ZDOCK. The decoys binding results
were then re-clustered again at 5Å RMSD using Kclust. Dominant
clusters were then ranked by ZRANK. Three largest dominant clusters
displaying the highest binding energy score from ZRANK were selected
for the next step. RosettaDock was then used to refine the side chain of
dAbκ11 by using the side-chain rotamers to improve the binding with
SGL12/Ac2SGL:CD1b. The joint use of ZDOCK and RosettaDock as
docking tools was made to explore and search the most suitable docked
model [31].

ZRANK results showed that dAbκ11 has a better binding energy

Fig. 5. The binding conformation of
dAbκ11 (grey ribbon presentation; green
ribbon is CDRL1, red ribbon is CDRL3 and
maroon ribbon is CDRL3) with
Ac2SGL:CD1b (yellow stick is Ac2SGL, blue
ribbon and surface is CD1b, green line is
spacer). The two black dotted lines in the
close up circle are the hydrogen bonding of
dAbκ11 Tyr32 OH with Ac2SGL HO17 and
CD1b Arg79 HN21 with Ac2SGL O11. (For
interpretation of the references to colour in
this figure legend, the reader is referred to
the Web version of this article.)

Table 2
MMPBSA/GBSA free energy calculation of dAbκ11 with lipid:CD1b.

Free energy method Distribution Ac2SGL:CD1b SGL12:CD1b

PBSA vdW −65.8 ± 4.4 −23.3 ± 3.4
EEL −87.2 ± 8.3 −67.7 ± 6.0
EPB 101.7 ± 7.1 56.9 ± 2.9

ENPOLAR −10.0 ± 0.4 −3.7 ± 0.3
ΔG gas −152.9 ± 9.0 −91.1 ± 4.8
ΔG solv 91.7 ± 6.9 53.1 ± 2.9
ΔG Total −61.2 ± 4.4 −37.9 ± 6.3

GBSA vdW −65.8 ± 4.4 −23.3 ± 3.4
EEL −174.3 ± 16.5 −135.4 ± 12.0
EGB 209.8 ± 13.5 154.1 ± 9.0

ESURF −9.9 ± 0.6 −3.9 ± 0.3
ΔG gas −240.1 ± 16.7 −158.8 ± 10.3
ΔG solv 200.0 ± 13.2 150.1 ± 9.0
ΔG Total −40.1 ± 5.5 −8.9 ± 2.7

ΔG gas = vdW+ EEL; ΔG solv = EPB+ ENPOLAR/ESURF; ΔG Total = ΔG gas
+ΔG solv; ΔG Tol, total binding free energy calculated by MMPBSA/GBSA
method; all component are in kcal/mol.

Fig. 6. ELISA results. Recognition of Ac2SGL:CD1b and CD1b:SGL12 complexes
by dAbk11. The Ac2SGL:CD1b and SGL12:CD1b complexes were incubated in
wells previously coated with the anti-CD1b mAb (BCD1b3.1). After incubation
with the phage suspension (108 phage/mL), bound phages were detected with
HRP/anti-M13 conjugate. Wells coated with BCD1b3.1 to capture CD1b and
CD1b-sulphatide, as well as CD20.6 to capture CD1e, were used as negative
controls. Data are plotted as the means of Abs values of three replicates ± SD.
ANOVA and Tukey's test were used to compare Abs values. Different letters (a,
b, c, d) means significant differences.
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with Ac2SGL:CD1b (−34.0 kcal/mol) than CD1b:SGL12 (−29.4 kcal/
mol) even though both lipids have similar binding conformation. Only
one hydrogen bond was observed between dAbκ11 Tyr32 OH and
Ac2SGL HO17 in complex with CD1b (Fig. 5). The hydrogen bond dis-
tance of 1.7Å indicated a strong interactions of dAbκ11 with
Ac2SGL:CD1b.

3.4. The interactions of dAbκ11 with CD1b:SGL12/Ac2SGL complexes

The sulphate moiety of SGL is necessary for T-cell activation [10]. In
addition, considering that the activation of the TCR is more prominent
with Ac2SGL compared to SGL12, therefore the acyl appendages could
also be an important element for antigen recognition. In the observa-
tion, hydrogen bond was formed between dAbκ11 Tyr32 and Ac2SGL
hydroxyl acyl. This bond could only be established with CD1b:Ac2SGL
complex, as SGL12 does not have the hydroxyl compared with Ac2SGL
(Fig. 1).

The formation of a small hydrophobic groove between CDR1 and
CDR3 was observed. Non-polar residues i.e. Ile 29, Ala 92 and Ala 93
formed hydrophobic contacts with methyl branches of Ac2SGL, which
were revealed above the CD1b groove. The extra methyl branches and
the presence of hydroxyls on the acyl tail in Ac2SGL has thus explained
the better energetic terms that contribute to the higher specificity of
dAbκ11 with Ac2SGL than that of SGL12 [42].

The MMPBSA/GBSA binding free energy values showed that
dAbκ11 has more favourable binding with CD1b:Ac2SGL compared to
SGL12:CD1b, despite both lipids have the same sugar moiety (Table 2).
The binding of dAbκ11 with Ac2SGL:CD1b further supported the theory
of specificity of TCR recognition including interactions with CD1b as
well as with Ac2SGL [43]. The major contributions of the binding were
the electrostatic interactions (EEL) followed by van der Waals (vdW)
interactions (Table 2).

This computational study has enabled the better understanding on
the preference of dAbκ11 towards CD1b:Ac2SGL rather than
SGL12:CD1b at the molecular level. However, in order to further study
and explain the obtained results, a mutation scanning on the dAbκ11
CDRs might useful to provide additional evaluation. This can also be
carried out together with pairwise decomposition calculation in order
to identify hotspot residues of dAbκ11 for the future design of dAbκ11
analogues.

3.5. In vitro recognition of Ac2SGL/SGL:CD1b complexes by dAbκ11

From ELISA results, a significant higher recognition (p < 0.001) of
dAbκ11 was showed for Ac2SGL:CD1b and SGL12:CD1b complexes than
for all other targets (Fig. 6). However, the recognition of Ac2SGL:CD1b
by dAbκ11 was much higher compared to SGL12:CD1b (p < 0.001).
The dAbκ11 showed higher recognition of CD1b and CD1b-sulfatide
complex compared to CD1e and PBS (p < 0.001), which could re-
present some degree of recognition of the antigen presenting molecule.
The results of the evaluation of the binding capacity of dAbk11 to CD1b
complexed with Ac2SGL or its synthetic analogue SGL12 are in con-
cordance with the results from the modelling experiment, which pre-
dicted a similar behaviour of dAbk11 against the two complexes. It is
important to note that dAbk11 was obtained with the use of a human
synthetic phage antibody library, using as a target for the panning
process THP1 cells expressing human CD1b complexed with the natural
sulphoglycolipid, Ac2SGL, and not with a synthetic analogue [14]. This
fact could justify the preferential recognition of the CD1b complexed
with Ac2SGL by dAbk11.

A similar result was obtained with a single-chain TCR produced
from the TCR of a human T cell clone recognizing the Ac2SGL:CD1b
complex, where the recognition of Ac2SGL:CD1b was more prominent
compared to SGL12:CD1b [44]. Regarding the results of the modelling,
although the ELISA results are not a direct validation of the mechanism
suggested by the simulation, they were qualitatively compatible with

the prediction.

4. Conclusions

A better binding affinity of dAbκ11 with CD1b:Ac2SGL than
CD1b:SGL12 was observed from theoretical simulations. Free energy
calculation showed that the interactions of dAbκ11 with Ac2SGL:CD1b
are mainly contributed by van der Waals and electrostatic forces. A
rather strong hydrogen bond with 1.7 Å distance was formed between
dAbκ11 Tyr32 OH and Ac2SGL HO17 in complex with CD1b. The ability
of dAbκ11 to discriminate between CD1b complexes with the Mtb
natural lipid Ac2SGL and synthetic SGL12 at molecular level was also
further supported by the experimental ELISA results. The results ob-
tained could further the possible optimization of dAbk11 to enhance the
binding with CD1b:Ac2SGL for future applications.
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