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Cobolimab is an investigational antibody targeting Tim-3, an immune checkpoint protein associated with the
suppression of T-cell response against cancer cells. This antibody’s safety and anti-tumor effectiveness were made
clear in the clinical trial of the combination therapy using cobolimab and a PD-1 antibody. Here, the crystal structure of
the cobolimab Fab in complex with an anti-kappa nanobody is determined. The crystals belonged to the space group
C2221, with unit cell parameters a = 64.30, b = 119.30, and c = 184.49 Å. The structure was refined to a resolution of 2.02
Å with Rwork /Rfree = 0.197/0.233. The nanobody in the structure facilitated crystallization by restricting the elbow flexiblity
of the Fab and providing extra packing interface for crystallization. This structure can be used as a model structure for
predicting the protein-protein interaction between cobolimab and Tim-3.
INTRODUCTION
Cancer immunotherapies, which use monoclonal antibodies
to prevent the immune checkpoint receptors CTLA4 and PD-1
from engaging with their ligands and reactivate the T-cell
immune response to cancer cells, have shown promising
results against a variety of cancer types (Sauer et al., 2022).
The therapeutic landscape of several types of malignancies
has been changed by immune checkpoint inhibitors like
pembrolizumab and nivolumab, which have shown substantial
improvement and prolonged duration. Nevertheless, the overall
response rate of the antibodies against PD-1, PD-L1 , and
CTLA-4 is far from satisfactory (Cha et al., 2020). Therefore,
Tim-3, TIGIT, LAG-3, VISTA, and CD47 have been highlighted as
promising combination targets with the anti-PD-1, anti-PD-L1,
and anti-CTLA-4 antibodies as a result of extensive research
for discovering novel therapeutic targets among immune
checkpoint molecules (Qin et al., 2019).
Human T cell immunoglobulin and mucin-domain containing-3
(Tim-3) is a 302 amino acid protein with an N-terminal IgV
domain, a membrane-proximal mucin-like domain, a single
transmembrane region, and a C-terminal cytoplasmic tail that
contains conserved tyrosine residues important for downstream
signaling (Monney et al., 2002). Tim-3 is expressed on T cells
as well as B cells, Treg cells, natural killer cells, dendritic cells,
monocytes, and macrophages (Anderson, 2012). To date, it
has been noted that four different ligands, including galectin-9,
HMGB1, CEACAM-1, and phosphatidyl serine, bind to the IgV
domain of Tim-3 (Liu et al., 2018). Several preclinical studies
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have verified the anti-tumor activity of blocking Tim-3 from
these ligands, particularly when combined with blocking PD-1
with PD-L1 (Hahn et al., 2017).
Cobolimab is a monoclonal antibody targeting Tim-3, de
monstrating therapeutic benefit that activates T-cell immune
response to cancer cells in combination with an anti–PD-1
antibody. A phase I clinical trial of the combination with
cobolimab and dostarlimab, an FDA-approved anti-PD-1
antibody, led to an increased overall objective response rate
(ORR) in patients with advanced or metastatic melanoma (Ribas
et al., 2022).
Although the clinical trial’s results were encouraging, no
structural details regarding the antibody and its interaction
with Tim-3 have yet to be reported. We produced and purified
the Fab fragment cobolimab in order to conduct a structural
analysis of the antibody. Besides, we generated a nanobody
specific to the kappa light chain of antibodies based on the
excellent electron density of a previously reported highresolution structure (Ereño-Orbea et al., 2018). We determined
the complex structure of the cobolimab Fab and nanobody at
the resolution of 2.02 Å. Further structural studies to elucidate
the precise interaction and mechanism of action of cobolimab
can help the design of more effective cancer immunotherapy
biologics against Tim-3.

RESULTS AND DISCUSSION
The Fab fragment of cobolimab was overexpressed in the
periplasmic space of E. coli and purified to obtain a crystal for
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structural study (Figure 1). However, we were unable to acquire
a crystal of diffraction quality. To increase the probability of
crystalization, we generated a nanobody, which can bind to
the kappa light chain of a human antibody, from the electron
density of a previously reported structure (Ereño-Orbea et al.,
2018). Although the nanobody is commercially available, the
amino acid sequence is not known. Nevertheless, the high
resolution of the structure deposited in RCSB (PDB code 6ANA)
enabled us to generate putative sequences of the nanobody.
We produced several candidate nanobody proteins with the
generated sequences by in vitro refolding process and tested
their ability to bind to the kappa light chain using analytical
gel filtration chromatography. Considering the final yield after
refolding and the kappa binding ability, one nanobody was
selected and employed for the crystallization of the cobolimab
Fab.
By using a hanging-drop vapor diffusion method with a
reservoir solution comprising 0.1 M Sodium cacodylate pH 6.5,
40% (v /v ) MPD, and 5% (w /v ) PEG 8,000 at 20°C, the crystals
of the cobolimab Fab in complex with the nanobody were
produced (Figure 1). The crystals were identified as belonging
to space group C2221 and had unit cell parameters a = 64.30,
b = 119.30, and c = 184.49 Å using X-ray diffraction data
collected at a resolution of 2.02 Å (Table 1). The complex
structure was determined by molecular replacement and
refined to Rwork /Rfree = 0.197/0.233. One copy of the complex was
present in an asymmetric unit with a Matthews coefficient of

2.08 Å3 Da –1 and a solvent concentration of 56.07% (Matthews,
1968). The electron density on the six complementarity
determining regions (CDRs) of cobolimab is clear except the
side chains of R30 and R31 within the CDR1 loop of the light
chain (LCDR1), implying that they can contribute to the Tim3 binding through conformational arrangement onto an acidic
surface of Tim-3 (Figure 2). It’s interesting to note that the
cobolimab HCDR3 loop is only two residues long. Since most
antibodies utilize mainly HCDR3 loops for antigen binding,
cobolimab’s short HCDR3 is unique and its use in Tim-3 binding
would be of interest. Further studies to determine the structure
of cobolimab in complex with Tim-3 would reveal the role of
the cobolimab HCDR3 and mechanism of action underlying
the clinical activity of this investigational antibody in cancer
immunotherapy.
The binding interface between the light chain of cobolimab
and the nanobody involves hydrogen bonds, salt bridge, and
hydrophobic interactions (Figure 3). The residues within the
elbow region of the cobolimab light chain, T109 and V110,
interact with D63 and F48 of the nanobody via a hydrogen bond

TABLE 1 I Data collection and refinement statistics
Data Collection
X-ray source

PLS 5C

Wavelength (Å)

1.0000

Space group

C2221

a , b , c (Å)

64.30, 119.30, 184.49

Resolution (Å)

2.02 (2.08–2.02)*

R meas (%)

15.4 (98.3)

I /σI

7.10 (1.70)

Completeness (%)

99.9 (99.9)

Redundancy

5.7 (4.5)

CC1/2

0.987 (0.751)

Refinement
Resolution (Å)

2.02

No. reflections

46864

R work /R free (%)

19.7/23.3

No. atoms
Protein

4125

Water

278

Average B-factor (Å 2)

53.0

R.m.s. deviation

FIGURE 1 I Purification and crystallization of the complex of cobolimab Fab and nanobody. (A) Size exclusion chromatography (SEC) of
the complex. (B) Reducing SDS–PAGE of the fractions of the complex
after SEC. The fractions between the two red vertical bars are collected
for crystallization. The molecular weight marker and the sample prior
to SEC are present in lanes M and C, respectively. The heavy and light
chains are displayed as a single band and have their bands labeled by
Fab because of their similar molecular weights. (C) Crystals of the complex produced in the condition of 0.1 M Sodium cacodylate pH 6.5, 40%
(v /v ) MPD, and 5% (w /v ) PEG 8,000 at 20°C.
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Bond lengths (Å)

0.008

Bond angles (˚)

1.002

Ramachandran
Favored (%)

99.44

Allowed (%)

0.56

Outlier (%)

0.00

PDB code

8GSI

*Values of highest resolution shell are shown in parentheses.
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FIGURE 2 I Complex structure of the cobolimab Fab and nanobody.
(A) Overall structure of the complex. The heavy and light chains of cobolimab and nanobody are colored blue, orange, and gray, respectively. (B)
Stereoscopic view of the 2f of c map (1.3 σ contour level) calculated at 2.02
Å resolution on the CDR loops of the heavy and light chains (HCDR1-3
and LCDR1-3). The disordered residues R30 and R31 of the LCDR1 are
labelled. (C) The amino acid sequences of the variable region of cobolimab. The residues within the CDR loops are colored red.

FIGURE 3 I Interaction between the light chain and nanobody. (A)
Detailed interaction within the binding interface. Hydrogen bonds are
indicated as dotted lines. (B) Surface model of cobolimab with the nanobody residues involved in the interaction. The light chain surface is colored as calculated by electrostatic potential using PyMol (Schrödinger,
Inc.). The heavy chain surface and nanobody residues are colored green
and yellow, respectively.

map the orientation of bound Fab fragments in cryo EM studies
on protein complexes containing human antibodies.

METHODS
and hydrophobic contact. The residues Y140 and P141 within
the constant region of the cobolimab light chain also provide a
hydrophobic contact with F60 of the nanobody. The residues
E143 and Q199 of the cobolimab light chain create an ionic
interaction and hydrogen bonds with the nanobody residues
R53 and D100, implying the importance of the nanobody residue
R53 in kappa binding. Since the residues of both the elbow
and constant region are involved in the nanobody binding,
the Fab elbow angle may be restricted as stated previously,
thereby facilitating crystallization of the Fab fragment due to
the elbow’s decreased flexibility (Ereño-Orbea et al., 2018). The
bound nanobody offers packing interfaces for crystallization,
according to an analysis of the crystal packing (Figure 4). In the
crystal lattice, the nanobody makes contact with the cobolimab
variable region or the nanobody of the adjacent symmetryrelated complexes. Given together, the nanobody generated
in this study may facilitate the crystallization of antibodies with
kappa light chain. Additionally, the nanobody can be used to

48

Bio Design l Vol .10 l No.3 l Sep 30, 2022

Expression and purification of the cobolimab Fab
The cobolimab Fab was expressed and purified in accordance
with prior descriptions (Lee et al., 2016). In brief, the DNA
sequences for the heavy and light chains of the cobolimab
Fab was codon-optimized, synthesized, and subcloned into a
modified pBAD vector. The cobolimab Fab was expressed in
the periplasm of E. coli and purified by the Ni-affinity and gel
filtration chromatography.
Expression and purification of the anti-kappa nanoboby
Previously, the crystal structure of a Fab fragment in complex
with a commercially available anti-kappa nanobody was
deoposited in RCSB (PDB code 6ANA). As the amino acid
sequence of the nanobody used in the structure was unknown,
the residues of the nanobody were just alanine or glycine in the
structure. Thanks to the excellent resolution of the structure
(1.70 Å), we were able to manually construct side chains in the
nanobody structure using Coot program (Emsley and Cowtan,
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Crystallization of the complex
The purified cobolimab Fab and nanobody were mixed at the
molar ratio of 1:1.2 and incubated for 30 min on ice. The excess
nanobody protein was excluded by gel filtration chromatography
using HiLoad 26/600 Superdex 200 pg column (Cytiva) with
a buffer containing a buffer containing 20 mM Tris (pH 8.0)
and 200 mM NaCl. The complex protein was concentrated to
10 mg ml –1 and crystallized by hanging-drop vapor diffusion
method with a well solution containing 0.1 M sodium cacodylate
pH 6.5, 40% (v /v ) MPD, and 5% (w /v ) PEG 8,000 at 20°C within
several days. Before the X-ray diffraction experiment, crystals
were quick frozen in liquid nitrogen.
Data collection and structure determination

FIGURE 4 I Packing interface by the nanobody within the complex
crystal. One copy of the complex is colored black (nanobody), red (light
chain), and blue (heavy chain). Three neighboring symmetry-related copies are colored grey (nanobody), orange (light chain), and pale blue (heavy
chain).

2004). Several candidate sequences for the nanobody were
synthesized and subcloned into pET21b expression vector. The
proteins for the nanobody were expressed in E. coli as inclusion
bodies and refolded to soluble forms. E. coli BL21 (DE3) cells
were transformed with the plasmids described above and were
grown at 37°C in LB medium supplemented with 50 μg ml –1
ampicillin to an OD600 of 0.6−0.8 before being induced with
0.5 mM IPTG. The cells were cultured for an extra 4 h at 37°C.
Harvested cells were resuspended in a buffer containing 20
mM Tris (pH 8.0) and 200 mM NaCl, and sonicated. Buffer
containing 20 mM Tris (pH 8.0), 1.5% Triton X-100, and 200
mM NaCl was added to the lysed cells. Inclusion bodies were
collected by centrifugation (25,000 × g for 0.5 h at 4°C) and then
dissolved in a solution containing 20 mM Tris (pH 8.0), 200 mM
NaCl, 6 M guanidine hydrochloride, and 50 mM DT T by
stirring at room temperature overnight. The solubilized protein
was refolded by repetitive dialysis using a buffer containing
20 mM Tris (pH 8.0), 200 mM NaCl, 3 mM reduced glutathione,
1 mM oxidized glutathione, and 0.1 M arginine at 4°C. After
the precipitated protein was removed by centrifugation and
filtration, the refolded protein was applied to HisTrap HP column
(Cytiva) and eluted with a buffer containing 20 mM Tris (pH
8.0), 200 mM NaCl, and 400 mM imidazole. The eluted protein
was purified further by gel filtration chromatography using
HiLoad 26/600 Superdex 200 pg column (Cytiva) with a buffer
containing 20 mM Tris (pH 8.0) and 200 mM NaCl.
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X-ray diffraction data for the complex crystal were collected
at Pohang Accelerator Laboratory (PAL) beamline 5C at a
wavelength of 1.00 Å and automatically processed and scaled
using XDS to a resolution of 2.02 Å (Kabsch, 2010). The
structure of a Fab fragment in complex with the anti-kappa
nanobody (PDB code 6ANA) as a search model for molecular
replacement (MR) using Phaser sof tware (McCoy et al.,
2007; Ereño-Orbea et al., 2018). As the coordinate file for the
nanobody structure in the model does not contain side chains,
the side chains were built in accordance with the selected
sequence for the refolded protein. The variable and constant
region of the Fab and the modeled nanobody structure were
separated during MR phasing. PHENIX and Coot were used for
model building and structure refinement (Emsley and Cowtan,
2004; Adams et al., 2010). Table 1 provides statistics for data
collection and structure determination. PyMol (Schrödinger,
Inc.) was used to create all structural figures. The atomic
coordinates and structure factors for the complex structure
of cobolimab/nanobody were deposited in Protein Data Bank
(http://www.rcsb.org) under the accession code 8GSI.
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