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Figure 1

Crystals of VIP36. (a) The crystals of VIP36 CRD (residues 51-278).
(b) The crystals of Ca*-bound VIP36 CRD with stalk domain (residues
51-301). (c) The crystals of Caz*/Manz—bound VIP36 CRD with stalk
domain (residues 51-301). (d) The crystals of Caz*/Man3GlcNAc—b0und
VIP36 CRD with stalk domain (residues 51-301). A black bar indicates
0.1 mm.
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Figure 2

Overall structure of the exoplasmic/luminal domain of VIP36. The
secondary structures are highlighted (B-strands belonging to the
concave B-sheets, red; B-strands belonging to convex f-sheets, blue; B
-strands belonging to B-hairpin, cyan; B-strands belonging to the short
B-sheet formed between the stalk domain and one of the loops of the
CRD, magenta; helices, green), and the loops of the CRD and stalk
domain are colored gray and white, respectively. The bound Ca** is
shown as a pink sphere. The bound oligomannoses are superimposed
from the VIP36 complex structures with Man-a-1,2-Man (Man,)
and Man-a-1,2-Man-a-1,3-Man (Man,) and are shown as a yellow
stick model. The reducing-end mannose residue in the Man,-bound
form is omitted because its position is almost the same as that of the
Man,GlcNAc-bound form. The surface models () are shown in the
same orientations as in (a) and colored according to the electrostatic
surface potential (blue, positive; red, negative; scale from -10 to +10
kTle).
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FIEL Tz (Fig. 2b)e LA LAENDS, BRLIZF 2P
ERGIC-53 &3 572D VIP36 DRJEFEAEAIIE Ca® D 1 f&
FTDHTH>z. TR 7 F 2% ERGIC-53 Tl, VIP36
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UHAY REMEENT 27 2 /EEEE (Aspl31, Asnl6o6,
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Figure 3

(a) Overall structure of ConA monomer. The bound Mn** (S1) and
Ca?* (S2) are shown as large black and gray spheres, respectively. (b)
Comparison between VIP36 (green) and ConA (cyan) metal-binding
site structures. Residues of VIP36 and ConA are labeled in black and
cyan, respectively. The Ca?* in VIP36 is shown as a large pink sphere.
Because the position of Ca’* at the S2 site in ConA is almost the same
as in VIP36, it is not shown. Water molecules found in the S1 site of
ConA are shown as small white spheres and are labeled W3 and W4.
(c) Overall structure of ERGIC-53 CRD. The bound Ca?* are shown as
large magenta spheres (M1 and M2). (d) Comparison between VIP36
(green) and ERGIC-53 (purple) Ca**-binding site structures. Because
the position of Ca** at the M2 site in ERGIC-53 is almost the same
as in VIP36, it is not shown. Water molecules found in the M1 site of
ERGIC-53 are shown as small orange spheres and are labeled W5 and
W6. Residues involved in the metal binding are shown as ball-and-stick
models.

His190 His190
O v

Figure 4

Ca’-binding site and its conformational changes upon Ca** binding of
VIP36. The Ca*-bound and metal-free structures are shown in stereo
and colored in green and cyan, respectively. Residues coordinating
Ca?* and those with notable conformational changes are shown in
ball-and-stick models. Water molecules are labeled W/ and W2.
Ca*-coordinating bonds are solid lines, and hydrogen bonds are dotted
lines.
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Figure 5

ST WA

Carbohydrate ligand-binding site of VIP36. (a) Structure of mannose and Ca*-binding site of VIP36. (b) Structure of
Man-a.-1,2-Man (Man,) and Ca**-binding site of VIP36. (c) Structure of Man-a-1,2-Man-a-1,3-Man (Man,) and Ca**-binding site
of VIP36. The bound carbohydrate residues are shown as yellow stick models. Residues of VIP36 binding to the ligands are shown

in ball-and-stick models.
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¥ salivary
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cytoplasm

Figure 6

Model for binding between VIP36 and high mannose type glycan
(Man,GlIcNAc,-Asn). (a) The high mannose type glycan is indicated by
a stick model. In the oligosaccharide, the part determined in this study is
colored in yellow. The modeled D2 and D3 arms and N-linked chitobiose
moiety of the high mannose type glycan are shown in purple. The types
of glycosidic linkages are also indicated. Residues involved in the ligand
binding are shown as ball-and-stick models. (b) Model for binding
between VIP36 and salivary a-amylase carrying ManGlcNAc, in rat
secretory vesicles.
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(Appendix)

Crystallographic data

Data set

Space group

Unit cell

a/b/c(A)
a/B/y ()

Data processing statistics

Beam line

Wavelength (A)

Resolution (A)

Total reflections

Unique reflections

Completeness (%)

Rmerge (%)

I/o(D

Refinement statistics

Resolution (A)

Ryon

Rie

R.m.s.d. from ideal values
Bond length (A)
Angle distance A)

Ramachandran plot (%)
Most favored
Additionally allowed
Generously allowed

Number of molecules and atoms

Protein atoms
Water molecules
Ca® jons
CI ions
Glycerol atoms
Sugar atoms
Average B, (AZ)
Protein atoms
(A/B/C/D/E chain)
Water molecules
Ca™ ions
CI ions
Glycerol atoms
Sugar atoms

Table 1. Data collection and refinement statistics of VIP36

VIP36
c2

171.0/45.2/117.1
90.0/132.6/90.0

PF-AR NW12A
1.0000

50-2.10 (2.18-2.10)
128 308

38945

93.7 (78.9)

83 (31.4)

134 (3.7)

20-2.10
22.5
27.8

0.012
1.34

87.5
11.8
0.7

3913

194
0.5
4
18

32.3/46.6

36.5
334
44.0
479

VIP36/Ca**
2

170.1/45.4/116.1
90.0/131.5/90.0

PF-AR NWI12A
1.0000

50-1.80 (1.86-1.80)
228 854

62 420

97.8 (97.1)
5.9(38.5)

14.6 (3.1)

20-1.80
20.5
24.1

0.012
1.33

88.1
11.4
0.5

3957
421
2
11

21.2/28.1

29.9
235
29.4

VIP36/Ca**/Man
2

171.2/45.0/117.0
90.0/131.9/90.0

PF BL-5A

1.0000

50-1.80 (1.86-1.80)
191 856

62 207

96.1 (84.5)

9.9 (28.2)

9.1(2.9)

20-1.80
20.6
24.5

0.011
1.33

89.0
10.5
0.5

3974
429

2

13
24
24.4/29.5
329
21.8
32.0

23.0

VIP36/Ca**/Man,
2

171.2/45.5/117.4
90.0/132.7/90.0

PF BL-5A

1.0000

50-1.65 (1.71-1.65)
283 509

30 482

98.4 (91.1)

5.1 (28.6)

14.4 (3.4)

20 - 1.65
19.9
22.8

0.011
1.32

88.5
10.8
0.7

4071
418
2
8
12
46

22.9/32.0

33.4
20.0
335
33.1
27.6

FOL DS 5

VIP36/Ca**/Man,GIcNAc
P2,2.2,

57.2/151.2/177.1
90.0/90.0/90.0

PF BL-5A

1.0000

50-2.50 (2.59-2.50)
350729

54228

99.9 (100.0)

13.3 (37.6)
8.8(5.8)

20-2.50
22.1
27.9

0.013
1.41

86.6
13.3
0.1

9617
66
5

80
24.0/28.9/23.8/
26.5/36.7

20.6
254

39.5





