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Crystal structure of the mouse galectin-9 N-terminal Carbohydrate Recognition Domain
reveals the basic mechanism of carbohydrate recognition
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Figure 1

Crystal structure of the mouse galectin-9 N-terminal CRD. (a) Ribbon
model of the monomeric structure of the apo forml of the galectin-9
N-terminal CRD is shown. The five-stranded (F1-F5) and six-stranded
(S1-S6) B-sheets and one short helix (H1) are indicated by the letter-
number code. The carbohydrate binding site is shown by a dotted box.
(b) The dimeric structure of the galectin-9 N-terminal CRD is shown.
Two monomers in an asymmetric unit in the apo form1 crystal are shown
in red (chain A) and green (chain B), respectively. (c) Close up view
of the dimer interface. The amino acid residues involved in the dimer
formation are shown in ball-and-stick model. The carbon, oxygen,
nitrogen and sulfur atoms are shown in white, red, blue and yellow
spheres, respectively. Hydrogen bonds are depicted by red dotted lines.
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Figure 2

Protein-protein interaction of the galectin-9 N-terminal CRD in solution.
The galectin-9 N-terminal CRD was immobilized on the surface of the
sensor chip and steady state surface plasmon resonance levels (RU)
were measured by BIACORE at flows of analyte solution with varied
concentrations of the galectin-9 N-terminal CRD. The continuous curve
is a theoretical curve fitted by a 1:1 binding model.
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Figure 3

(a) The dimeric structure of the human galectin-1 CRD (PDB code:
1GZW) is shown. Protein molecules are shown in ribbon models. The
carbohydrate binding sites are depicted by dotted boxes. (b) Electrostatic
potential maps of the dimer surfaces of the galectin-9 N-terminal CRD
(upper) and galectin-1 CRD (lower). Positive (blue) and negative (red)
potentials are mapped on the van der Waals surfaces in the range -10 k, T
(red) to +10 k,T (blue), where k, is Boltzmann’s constant and T is the
absolute temperature. The orientation of the galectin-9 N-terminal CRD
dimer is same as Fig. 1b.
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Structures of the galectin-9 N-terminal CRD-ligand complexes at the carbohydrate binding site. (a) Superposition of four carbohydrate complex
structures. The main chains of the N-terminal CRDs and the carbohydrates are depicted by rod model. The amino acid residues that interact
with B-galactoside at the non-reducing end are shown by ball-and-stick model. The complexes with lactose, T-antigen, N-acetyllactosamine and
N-acetyllactosamine dimer are colored by orange, cyan, green and yellow, respectively. (b) Structure of the carbohydrate binding site of the lactose
complex. The lactose molecule and the amino acid residues that interact with the lactose are shown in ball-and-stick model. The atoms of carbon,
oxygen and nitrogen are shown in white, red and blue spheres, respectively. Hydrogen bonds are depicted by dotted lines. (c) Superposition of
N-acetyllactosamine complex (protein: cyan, ligand: white) and T-antigen complex (protein: green, ligand: orange). The amino acid residues involved
in GIcNAc and GalNAc recognition are shown in ball-and-stick models. Hydrogen bonds in N-acetyllactosamine and T-antigen complexes are shown
in red and blue dotted lines, respectively.
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Figure 5

Crystal structure of the galectin-9 N-terminal CRD-N-acetyllactosamine

dimer complex. (a) The galectin-9 N-terminal CRD dimer and
N-acetyllactosamine dimer molecule are represented by ribbon model [11]
and rod model, respectively. (b) The electrostatic potential of the protein

dimer in the complex is mapped to the molecular surface of the protein

as in Fig. 3b.
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(Appendix)
Table 1. Data collection and refinement statistics

Data collection statistics

Crystal apo form1 apo form2
Space group P4.2,2 P2.2.2
Unit cell (A) a=b=58.1,  a=48.4,
c=221.7 b=56.4
¢c=58.6
Beam Line BL-6A NWI12A
PF PF-AR
Wavelength (A) 1.0000 1.0000
Resolution (A)* 50-2.50 50-2.50
(2.59-2.50) (2.59-2.50)
Total reflections 149,680 39,448
Unique reflections 14,051 5,937
Completeness (%)* 99.9 (100) 99.8(98.2)
R erge (%) 7.2 (35.2) 10.7(31.5)
/o T 35.0(7.3) 15.9(3.9)

Refinement statistics

Resolution range A) 35.3-2.50 48.4-2.50
No. of reflections 13,283 5,646
No. of non-hydrogen atoms
Protein 2,355 1,243
Water 102 95
Carbohydrate - -
Glycerol - -
R o (%) 20.8 18.2
R ;. (%) 28.3 24.7
R.m.s. deviations
Bond length (A) 0.015 0.013
Bond angle (°) 1.595 1.388
Average B - factors (A?
Protein 28.6 11.4
Water 27.6 13.6
Carbohydrate - -
Glycerol - -

“Values in parentheses are for the highest resolution shell.
* N-acetyllactosamine
*%* N-acetyllactosamine dimer

lactose
P2.2.2,
a=56.6,
b=58.5,
¢c=92.0

BL-5A

PF

0.9780
50-1.60
(1.66-1.60)
267,553
38,497
93.7(98.0)
8.8(34.5)
22.2(4.4)

19.6-1.60
36,396

2,425
699
46

18.5
232

0.011
1.438

11.6

32.1
10.4

LacNAc*
P2,.2,2,
a=56.7,
b=58.6,
¢c=92.3

BL41XU
SPring-8
1.0000
100-2.00
(2.07-2.00)
142,939
20,106
93.6(100)
11.8(25.6)
18.4(7.5)

92.5-2.00
19,081

2,513
305
52

17.4
23.1

0.014
1.545

12.0
21.1
15.7

T-antigen
P4.2.2
a=b=58.1,
¢=222.7

BL-6A

PF

1.0000
50-2.7
(2.80-2.70)
155,963
11,336
100(100)
8.6(30.7)
41.3(11.4)

56.2-2.70
10,721

2,351
58
52

24.0
29.6

0.007
1.103

28.5
23.5
52.9

FOL DS 5

LIN2**
C222,
a=57.38,
b=94 4,
¢=56.5

BL-5A

PF

1.0000
50-1.78
(1.84-1.78)
105,531
15,123
99.8(99.3)
5.8(30.2)
28.5(6.0)

56.5-1.78
14,364

1,212
132
51

6

18.2
21.2

0.012
1.459

22.7
36.3
30.4
43.6



