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Fig. 1. Biosynthesis of the Nlinked Mannan of Candida Cell Wall
(A) Biosynthesis of the Ninked oligosaccharide in the endoplasmic reticulum. (B) Biosynthesis of the Nlinked mannan in the Golgi apparatus.
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Fig. 2. Structure of the Cell-Wall Mannan of S. cerevisiae

M denotes an a-D-mannopyranose residue. The acetolysis
cleaves the a-1,6-linkage of the mannan to produce side-chain
oligosaccharides.
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Fig. 3. Sequential H-1-H-2' Connectivities of Mannose Residues of the f$-1,2-linked Mannooligosaccharide

(A) Mannotriose; (B) Mannotetraose; (C) Mannopentaose; (D) Mannohexaose. The right side of the diagonal shows COSY, and
the left side of the diagonal shows NOESY. Primed letters indicate interresidue H-1-H-2" NOE cross-peaks and unprimed letters the H-1-
H-2-correlated cross-peaks due to J-coupling. Arrows indicate the direction of the sequential connectivity from the reducing terminal
residue to the nonreducing terminal residue.
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Fig. 4. 'H NMR Spectra of the $-1,2-linked Mannooligosaccharides (A) and their Corresponding Alcohols (B)

(1) Mannobiose; (2) Mannotriose; (3) Mannotetraose; (4) Mannopentaose; (5) Mannohexaose; (6) Mannoheptaose. The capital
letters from A to G refer to the mannose residues from the reducing terminal.
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Fig. 5. Conformation Analysis of the §-1,2-linked Mannooligosaccharides

(A) Relaxed-residue steric energy map of the f-1,2-linked mannobiose as a function of the @ (H-1-C-1-O-1-C-2') and ¥ (C-1-O-1-C-2-
H-2') torsion angles. (B) Lowest energy conformers of the f-12-linked mannohexaose obtained by simulated annealing from 900 K

molecular dynamics.
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Fig. 6. Structure of the Cell Wall Mannans of Candida Species

D al 6 al 6 a1 al 6 :
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Ta1 Tﬂ] T«u Tﬂ.1 ?H protfln
M lT'iz hT‘a I\T‘ = :
M M M 'Y
C. glabrata mﬁ'

(A) C. albicans serotype A, (B) C. guilliermondii, (C) C. lusitaniae, (D) C. glabrata. M set in outlined type indicates f-D-
mannopyranose residue. These mannans contain the f-1,2-linked mannose residues at the nonreducing terminal side of the side-chains as
well as at the phosphodiesterified oligosaccharide moiety.
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a-mannose

8 g-mannose
w

Serotype A

Fig. 7. TOCSY Spectrum of the Mannan of C. albicans

The boxed regions in the spectrum indicate the H-1-H-2-
correlated cross-peaks of the a- and f-mannose residues in the
acid-stable polysaccharide moiety. The circled cross-peaks
correspond to the f-1,2-linked mannose residues of the
phosphodiesterified acid-labile oligosaccharide side chains. The
broken- and continuous-line arrows indicate the shifts in the
cross-peaks caused by the addition of the $-1.2-linked mannose
residues and the a-1,2-linked mannose residues, respectively.

Table 1. Assignments and Additivity Rule of the NMR Signals of C. albicans J-1012 Mannan

Cross peak ¢ (p.p.m.)

Residue #

Cross-peak shifted by the addition of:
(A of H-1/H-2)

H1 H-2 Manfl—2 Manfl—2(Manfl—2),
1 555 421 Manf1—2Manal —phosphate 2 (=0.01/-0.02)
2 554 419 Manf1—2 (Manf1—2) ,Manal —phosphate
3 538 4.10 al—2Manal—3Manal—2
4 529 410 Manal—2Manal—2
5 526 4.10 Manal—2 (Manal—2) ,Manal—2
6 524 410 al—3Manal—2Manal—2Manal —2
16
Manal
7 514 407 Manal—3 13 (+0.11/+020) 14 (+0.08/+0.18)
8 510 4.00 al—6Manal—6Manal—6Manal —6
12
Manal (—=2Manal) ,
9 508 401 (—6Manal—),
12
Manal (—=2Manal) ,
10 505 4.07 Manal—2 15 (+011/+021) 16 (+0.10/+0.19)
11 492 401 Manal—6
12 491 400 Manal—6(Manal—6) ,Manal —6
13 525 427 Manpl—2Manal—3 14 (-0.03/-0.02)
14 522 425 Manfl—2(Manfl—2) ,Manal —3
15 516 4.28 Manfp1—2Manal—2 16 (—0.01/-002)
16 515 426 Manp1l—2(Manfl—2) ,Manal —2
17 503 4.21 al—3Manal—2
18 501 4.37 Manpl—2Manf1—2Manf1—2Manfl—2Manal —2
19 491 440 Manp1l—2Manf1—2Manf1—2Manal —2 20 (—0.01/-0.02)
20 490 4.38 Manf1—2 (Manfl—2) ,Manf1—2Manfl—2Manal —2
21 493 4.14 Manfl—2Manfl—2Manfl—2Manfl—2Manal —2
22 491 414 Manf1—2Manf1—2Manf1—2Manal —2 18 (+0.10/+0.23)
23 485 4.26 Manpl—2Manf1—2Manal —2 24 (-001/-0.02)
24 484 4.24 Manpl—2(Manp1—2) Manf1—2Manal—2
25 484 415 Manf1—2Manf1—2Manal —2 19 (+007/+025) 20 (+0.06/+0.23)
26 478 404 Manf1—2Manal—2 23 (+007/+0.22) 24 (+0.06/+0.20)
a 483 4.07 Manp1—2Manal —phosphate d (+0.08/+0.23) c (+006/+0.21)
b 485 417 Manf1—2Manf1l—2Manal —phosphate e (+008/+0.24)
c 489 428 Manf1—2 (Manf1—2) ;Manf1—2Manal —phosphate
d 491 4.30 Manf1—2Manp1—2Manal —phosphate
e 493 441 Manf1—2Manf1—2Manf1—2Manal —phosphate e (—0.02/-001)
f 493 416 Manf1—2Manf1—2Manf1—2Manal —phosphate

a)

Chemical shifts are for mannose residues in bold. n>0
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Fig. 8. Structure of the Cell Wall Mannan of C. albicans Serotype B
This mannan contains the 3,6-branched mannose residues at the side-chains. The f-1,2-linked mannose residues are present only at the

phosphodiesterified oligosaccharide moiety.
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Table 2. Substrate Specificity of the Mannosyltransferase Activity in the Enzyme Fraction from Candida spp.

Substrate (5 mM)

Mannose incorporated (nmol/mg protein/h)
f-1,2-Mannosyltransferase

C. albicans C. albicans C. stellatoidea
serotype A serotype B
Manp1-2Man-PA 0 -2
Manp1-2Manf1-2Man-PA 0
Manpl-2Manal-2Man-PA 20
Manf1-2Manf1-2Manf1-2Man-PA 0
Manal-2Manal-2Manal-2Man-PA 0 - -
Manp1-2Manal-2Manal-2Manal-2Man-PA 29 56 35
Manpl-2Manal-3Manal-2Manal-2Man-PA 29 - -
Manf1-2Manf1-2Manal-2Manal-2Manal-2Man-PA 0

C. guilliermondii

B-1,2-Mannosyltransferase ? a-1,6-Mannosyltransferase

Manal-3Manal-2Man-PA
Manal-2Manal-2Manal-2Man-PA
Manal-3Manal-Z2Manal-2Man-PA

Manal-3Manal-2Man-PA

|6
Manal
Manal-3Manal-2Manal-2Manal-2Man-PA
Manal-3Manal-3Manal-2Manal-2Man-PA
Manal-3Manal-2Manal-2Man-PA
| 6
Manal
Manal-3Manal-2Manal-2Manal-2Man-PA
| 6
Manal
Manal-3Manal-3Manal-2Manal-2Man-PA
| 6
Manal

13 149
0 0
1 41

52 -
1 49
6 97

52 B

60

48

a) Not determined.

b) The f-12-mannosyltransferase and a-1,6-mannosyltransferase activities were calculated from the amount of an a-mannosidase resistant

and susceptible enzyme reaction products, respectively.
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C. albicans Citeromyces
serotype A C. lusitaniae matritensis
[en 6, _al ] [en 6,  al s] [a1 6, at s] [al 6, al s] [‘ifM:lf] [ﬂfM:—f]
G1 (11 [+ 5] a1
2
1::1 Ton Tcn TG‘I 151
e S~ -
a1 al B1 1,2 -
— DT‘ 0 B-tranI:fae:'l::esj’C
IMT B-1,2-mannosyl-
transferase-1B
p-1,2-mannosyl-
transferase-1A
Fig. 9. Hypothetical Substrates of the f-1,2-Mannosyltransferase-I of three Candida Species.
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Fig. 10. Pattern Recognition Receptors Sensing C. albicans

The C. albicans mannan induces interleukin-18 (IL-18) and IL-23 secretion in a Dectin-2-dependent manner and induces Th17 cell
differentiation. IL-17A from Th17 cells recruits neutrophils to the inflammatory sites.
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