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1. Introduction

Lectins are multivalent proteins of non-immune origin which
specifically bind various carbohydrates (Weis & Drickamer,
1996; Loris, 2002; Sharon, 2007; Pérez et al., 2015). They have
received considerable attention, particularly in view of the
importance of protein—carbohydrate interactions in biological
recognition, especially on the cell surface. Lectins were first
isolated from plants, with their best known property being the
ability to agglutinate red blood cells. Subsequently, they have
been found to occur in other forms of life, such as animals,
bacteria and viruses (Hamblin & Kent, 1973; Chandra et al.,
2006). Lectins are known to be involved in symbiosis, cell-cell
interactions and innate immunity, and have antifungal,
antiviral, antiproliferative and mitogenic activities (Rini &
Lobsanov, 1999; Feizi, 2000; Wong et al., 2006; Ngai & Ng,
2007; Zhang et al., 2009). They assume widely different folds
and quaternary structures (Chandra et al., 2006; Pérez et al.,
2015); the only feature that they have in common is the ability
to specifically bind sugar structures. Plant and animal lectins
have been studied extensively (Loris, 2002; Taylor & Drick-
amer, 2007; Abhinav & Vijayan, 2014), while work on
microbial lectins has been substantial but much less extensive
(Wiley et al., 1981; Sixma et al., 1991; Swaminathan & Eswar-
amoorthy, 2000). Efforts in our laboratory have primarily been
on plant lectins (Banerjee ef al., 1994; Sankaranarayanan et al.,
1996; Vijayan & Chandra, 1999; Natchiar et al., 2007; Chan-
dran et al., 2013; Abhinav & Vijayan, 2014; Abhinav et al,
2017), and have recently been extended to include myco-
bacterial lectins (Abhinav et al, 2013; Patra et al., 2014).

g One domain of life, namely the archaea, had remained a
virgin area in terms of lectin research. Recently, we identified
46 putative lectin/lectin-like domains through a bioinformatics
search of 165 archaeal genomes (Abhinav et al, 2016). Criteria
based on sequence and structure indicate that they are
distributed among six structural families involving seven-
bladed B-propeller, B-trefoil, legume lectin, C-type lectin,
B-prism I and tachylectin folds. Among the six folds, the

© 2017 International Union of Crystallography B-prism I fold was first identified as a lectin fold in our
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Table 1

Macromolecule-production information.

M. voltae A3

M. voltae A3 genomic DNA

5'~CCCATATGATGGCACAAAATGACAACTATAT-
ATACAGCACTGAG-3'

5'~CCAAGCTTTTTTTTTAGGAATATTAAACCTA-
ATCTATCAATATCAGACCCC-3

pET-21b

pET-21b

E. coli BL21 (DE3)

MAQNDNYIYSTEVGGVGGTPFTFMQESGTITSIK-
FNWSDQYKLLHHTEVKFINNANIYATGDPKGN—
HEVILEIDDDETIIGSVIGYKKGNDGRCTGVK-
LTTSKGKSIMAGYFEESLITTYTGKLAGIKGG—
AGSDIDRLGLIFLKKVEHHHHHH

Source organism
DNA source
Forward primer

Reverse primer

Cloning vector

Expression vector

Expression host

Complete amino-acid sequence
of the construct producedf

F Extra amino acids owing to the vector used are in italics. Residues that are possibly
involved in sugar binding are in underlined.

laboratory (Sankaranarayanan et al., 1996). Since then, much
of the reported work on S-prism fold lectins has been carried
out here (Chandran et al., 2013; Abhinav et al, 2017). When
entering a virgin area, it is prudent to choose a familiar system
for initial study; hence the choice of a putative B-prism I fold
archaeal lectin for the present investigation. Homologues of
the well characterized B-prism I fold could be identified in
Methanococcus maripaludis C7 and M. voltae A3. In the
former, it exists as a domain in a two-domain protein. In the
latter, a single gene (Mvol_0737) encodes the lectin, which is
unaccompanied and uninfluenced by any other domain. We
have now cloned, expressed, purified and crystallized
Mvol_0737 (here after referred to as Mevo lectin). These
experiments and the X-ray characterization of the crystals, as
reported here, constitute the first successful investigation of its
kind on an archaeal lectin. The identification of a number of
lectins in archaea through a genomic search and the experi-
mental study of one of them indicate that lectins exist in all
three domains of life and probably evolved into functional
proteins before the three domains diverged.

2. Materials and methods
2.1. Macromolecule production

The gene (Mvol_0737) encoding a 145-residue protein from
M. voltae A3 was PCR-amplified using Phusion polymerase
(NEB). The PCR product was then digested and cloned into
pET-21b vector with restriction sites for Ndel and HindIII to
obtain C-terminally His-tagged protein. Cloning was
confirmed by primer-based sequencing (Table 1). The
construct was transformed into Escherichia coli BL21(DE3)
cells for overexpression. The transformed cells were grown in
LB broth at 37°C until the ODsg5 reached 0.6. The cultures
were then induced with 1 mM isopropyl B-p-1-thiogalacto-
pyranoside and incubated separately at 16°C for 16 h. The
cells were subsequently harvested by centrifugation at 5000g
for 20 min followed by resuspension in a buffer consisting
of 30 mM Tris—HCI pH 7.4, 300 mM NaCl, 5 mM imidazole,
10%(v/v) glycerol. Cell lysis was performed by sonication.
The cell lysate was spun at 14 000g for 30 min. Ni-NTA

purification was performed and the fractions containing the
desired protein were pooled, concentrated and dialysed into
30 mM Tris—-HCl pH 7.4, 300 mM NaCl, 10 mM imidazole. The
protein purity was confirmed using SDS-PAGE (Fig. 1a). The
mass spectrum of the purified protein was also recorded using
MALDI-TOF (Fig. 1b). The purified protein was concen-
trated to 7 mg ml~" for crystallization experiments.

2.1.1. Haemagglutination assay. The activity of the protein
was confirmed by haemagglutination (Fig. 2a). The protein
was serially diluted in PBS and 100 pl of the solution was
added to a haemagglutination titre plate (U-bottom). 100 pl of
4% red blood cells (RBC; washed in PBS) was added to
each well and incubated at room temperature for 2-3 h.
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Figure 1

(a) SDS-PAGE profile of Mevo lectin. Lane 1, uninduced culture; lane 2,
induced culture; lane 3, purified Mevo lectin; lane 4, molecular-mass
marker (labelled in kDa). (b) Mass-spectroscopic (MALDI-TOF)
analysis of Mevo lectin.
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Table 2 Table 3
Crystallization. Data collection and processing.
Method Microbatch under oil Values in parentheses are for the outer shell.
Plate type 72-well microbatch plates ; ; .
Temperature (K) 295 Diffraction source Rigaku ultraX 18 Cu Ko
Protein concentration (mg ml™") 7 . rotating anode
Buffer composition of protein 30 mM Tris—=HCI pH 7.4, 300 mM NacCl, Wavelength (A) L5418
solution 10 mM imidazole, 10%(v/v) glycerol Temperature (K) 100 )
Composition of reservoir solution 6% (v/v) Tacsimate pH 6.0, Detector ) MARS345 image-plate system
0.1 M MES monohydrate pH 6.0 Crystal-to-detector distance (mm) 200
25%(whv) polyethylene glycol 4000 Rotation range per image (°) 1
Volume and ratio of drop 4 ul drop: 2 pl protein solution + 2 pl Total rotation range (°) 198
crystallization condition Exposure time per image (s) 360
Space group B P4,2,2 or P452,2
Unit-cell parameters (A, °) a=b=16945, c=192.23,
. . . . a=B=y=90
Haemagglutination was assessed visually by checking for cell Mosaicity (°) D 0.30 p=v
clumping. The highest dilution of lectin causing visible Resolution range (A) 96.12-2.50 (2.64-2.50)
agglutination was identified as a titre value corresponding to ~ Total No. of reflections 1250638 (142201)
5 = . . The initial h luti No. of unique reflections 96842 (13946)
'mg'm. .Proteln con.cen'tratlon. € 1.n1t1a aemagglutina- Completeness (%) 100.0 (99.9)
tion-inhibition study indicated that simple sugars do not Multiplicity 12.9 (10.2)
inhibit the haemagglutination caused by the protein. {Lo(D)) 125 (255)
212 D ic licht scattering. D i light . Rineas 0.145 (1.013)
.1.2. Dynamic light scattering. Dynamic light-scattering Runerse ) 0.139 (0.963)
(DLS) experiments were performed on a SpectroSize 300 Overall B factor from Wilson plot (A%) 31.8

instrument (Molecular Dimensions). Protein samples were

. —1
analysed at concentrations of 0.5, 1 and 7mgml™. 20 Deconvolution of the autocorrelation function was performed

measuremen.ts were made on each sample. The data' were using the CONTIN algorithm (Provencher, 1982).
analysed using the SpectroSize 300 software, resulting in

average hydrodynamic size-distribution profiles (Fig. 2b). 2.2. Crystallization

Crystallization trials were carried out at 295 K by the
microbatch-under-oil method in a 72-well plate, mixing 2 pl
protein solution at a protein concentration of 7 mg ml ™" in Tris
buffer pH 7.4 containing 30 mM Tris, 300 mM NaCl, 10 mM
imidazole and 10%(v/v) glycerol with 2 ul of commercially
available crystallization solutions from Hampton Research.
Crystals appeared in PEGRx 2 condition No. 29 consisting of
6% (v/v) Tacsimate pH 6.0, 0.1 M MES monohydrate pH 6.0,
25% (w/v) polyethylene glycol 4000 after 14 d (Fig. 3, Table 2).

2.3. Data collection and processing

The crystal diffracted to a resolution of 2.5 A at the home
source. The data were collected on an in-house MAR345
image plate mounted on a Rigaku ultraX 18 rotating-anode
X-ray generator operating at 40 kV and 80 mA with a copper
anode. The data were processed using MOSFLM (Leslie,

Only RBC RBC + PBS RBC + Mevo lectin RBC + ConA

5mgml’ 5mgml”
(@) 4)
1.0 T T T .
0.8}
£ o6l
8 04}
£ 0
02}
0.0 : . .
1 nm 10 nm 100 nm 1 pm 10 pm
Radius
(b)
Figure 2
(a) Haemagglutination activity of Mevo lectin. (b) Scattered intensity
versus hydrodynamic radius in DLS experiments at a protein concentra- Figure 3
tion of 1 mg ml™". Crystals of Mevo lectin.
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1992) and scaled using SCALA from the CCP4 program suite
(Winn et al., 2011). The crystal parameters and X-ray data-
collection and processing statistics are summarized in Table 3.

3. Results and discussion

A lectin from M. voltae A3 (Mevo lectin) with a C-terminal
His tag has been cloned, expressed and purified to homo-
geneity (Fig. 1la). Although the molecular weight of the
expressed protein calculated from the sequence including the
His tag is 16.81 kDa, the mass-spectrometric data indicated
the molecular weight to be 17.47 kDa (Fig. 1b), possibly on
account of post-translational modifications. The circular-
dichroism spectrum indicates an abundance of B-strands (data
not shown). The lectin agglutinates red blood cells (Fig. 2a),
but agglutination is not inhibited by simple sugars, indicating
that the lectin is specific for complex sugars. The protein
crystallized (Fig. 3) in space group P4,2,2 or P452,2, with unit-
cell parameters a = b = 169.45, ¢ = 192.23 A. The Matthews
coefficient (Vy = 2.46 A’Da™!, corresponding to a solvent
content of 50.1%; Matthews, 1968) and probability and
solvent-content estimates (Kantardjieff & Rupp, 2003) suggest
the presence of 16 or 17 subunits in the crystallographic
assymetric unit. The number is likely to be 16 as lectins usually
exist as oligomers.

DLS experiments indicate that the samples are substantially
monodisperse, with the predominant species at all concen-
trations having a hydrodynamic radius (Fig. 2b) that would
roughly correspond to the molecular weight of a tetramer. If
Mevo lectin is a tetramer, as indicated by the results of the
DLS experiments, the crystal would contain four crystallo-
graphically independent tetramers. There appeared to be no
ambiguity in the space group and unit-cell parameters or in
the quality of the intensity data. A twinning test performed
using TRUNCATE from CCP4 did not indicate any twinning.
None of the non-origin peaks in Patterson maps computed
with data in the resolution ranges 10-5, 10-4 and 10-3 A had
heights greater than 20% of that of the origin peak. Thus, the
Patterson maps do not indicate significant translational
noncrystallographic symmetry in the crystal (Read et al.,
2013). The self-rotation function contains one prominent
peak, indicating noncrystallographic twofold symmetry. It is
not clear whether this represents a single noncrystallographic
twofold axis or has resulted from combination of more than
one axis. Assuming that each tetrameric molecule has 222
symmetry, the crystallographic asymmetric unit would contain
a minimum of 12 noncrystallographic twofold symmetry
elements. It is perhaps too ambitious to try to determine the
orientations of each of them from the self-rotation function.

Among the plant lectins with known three-dimensional
structures, tetrameric ipomoelin (PDB entry 3r50; Chang et al.,
2012) exhibits maximum sequence identity (22%) to Mevo
lectin, indicating that the molecule probably has a B-prism I
fold. A global search showed a slightly higher sequence
identity (26%) of the lectin to the S-prism I fold lectin domain
of a zebrafish aerolysin-like protein (PDB entry 4zno; Jia et al.,
2016). The structure-prediction software I-TASSER (Zhang,

2008) gave an acceptable model of the lectin subunit, which
superposed on the lectin domain of the aerolysin-like protein
and on the a subunit of ipomoelin with root-mean-square
deviations in C* positions of 1.7 and 2.0 A, respectively. A
similar result was obtained when Robetta (Kim et al., 2004)
was used for structure prediction. These results additionally
support the assignment of the S-prism I fold to the archaeal
lectin. The carbohydrate-binding sites of B-prism I fold lectins
are characterized by a G ... GXXXD motif. Lectins in which
one, two or all three of the Greek keys in the fold carry a
binding site are known (Sharma et al., 2007; Chandran et al.,
2013). From careful sequence comparisons, it was suggested
that Mevo lectin has only one binding site (Abhinav et al.,
2016) situated on the Greek key comprising the N- and
C-terminal stretches of the polypeptide chain (Table 1).
Repeated attempts to solve the structure by molecular
replacement using various S-prism I lectin subunits and their
oligomers as search models did not succeed, presumably on
account of poor homology or inadequate structural similarity.
While these attempts will be continued, efforts will also be
made to solve the structure using ab initio methods such as
those involving anomalous dispersion.
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