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Fungal cell wall is composed of variety of carbohydrates and proteins and has enormous structural diversity.
Pathogenic fungus Aspergillus fumigatus has a five-membered ring type galactose, galactofuranose (Galf), on its
cell wall galactomannan (GM). It is believed that GM plays an important role for host infection, but its regulation
mechanisms remain poorly understood. In A. fumigatus, biosynthesis of Galf sugar chain has become gradually
evident, while degradation process of GM has not been defined. In genus Penicillium, Bacillus and Trypanosoma,
Galf sugar chain is hydrolyzed by their galactofuranosidase (Galfase). However, it is unknown whether Galf sugar
chain is decomposed in A. fumigatus because Galfase is not identified so far. In this study, we purified and identified
a putative A. fumigatus Galfase (AfGalfase) from culture supernatant, and characterized its enzymatic properties.
AfGalfase is an approximately 90 kDa protein which is dominantly secreted from hypha. In vitro enzymatic analysis
revealed that AfGalfase exhibits specificity for Galf and arabinofuranose with acidic pH optimum and broad
temperature optimum. Importantly, AfGalfase had hydrolytic activity for both f1,5- and [1,6- linked Galf residue.
Furthermore, it specifically cleaved non-reducing terminal of Galf sugar chain, suggesting that AfGalfase is
exoglycosidase.
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Fig. 1. Structural models of Galf monosaccharide and GM.

Man: Mannose
Galf: Galactofuranose

(A) Existence of Galf and Galp monosaccharide in aqueous solution. (B) The representative structure of A. fumigatus GM. Modified

from A. Kudoh, Y. Okawa, N. Shibata, Glycobiology. 25, 74 —87 (2015).
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(A) Comparison of Galfase activity between the fraction of culture supernatants and the cell extracts. Galfase activity was assessed
by using the p-nitrophenol-Galf (pNP-Galf) substrates. Black bars and white bars represent culture supernatant (Spp.) and cell extracts
(Cell extracts) Galfase activity, respectively. Values represent the average of three independent experiments, and error bars indicate
the standard deviation (S.D.). (B, C) Time course of A. fumigatus mycelial wet weight (straight line and white circle) and media pH
(dashed line and black circle, media pH) (B) and culture supernatant Galfase activity (C). A. fumigatus were grown on AMM media
up to 96 h. Values represent the average of three independent experiments, and error bars indicate the S.D.
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Fig. 3. Isolation and purification of AfGalfase from culture supernatant.

(A) Strategy of isolation and purification of AfGalfase. (B) Procedure of stepwise elution on an anion-exchange chromatography. A
broken line indicates the NaCl concentration of mobile phase at the time. “Fr. XX" means fraction number eluted by each NaCl
concentration. (C) Galfase activities of each fraction were determined using pNP-Galf “Whole” indicates the sample prior to processing
on chromatography. N. D. means “not detected.” Values represent the average of three independent experiments, and error bars indicate
the SD. (D) Galfase activity profile fractioned by a gel filtration chromatography. Fractions 25 to 32 from the superdex-200 column
were pooled as a Fr. A. (E) SDS-PAGE analysis of the Fr. A containing protein(s). Representative data are shown for three independent

experiments.
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(A) Temperature dependency of AfGalfase was tested in acetate buffer (pH 4.5) for 60 min. Values represent the average of three
independent experiments, and error bars indicate the SD. (B) pH dependency of AfGalfase was tested on 37C for 60 min. Reactions
were performed in citrate buffer (pH 3.0-6.0) or phosphate buffer (pH 6.5-80). Values represent the average of three independent
experiments, and error bars indicate the SD. (C) Substrate specificity of AfGalfase was tested in acetate buffer (pH 4.5) on 37C for
60 min. N. D. means “not detected.” Values represent the average of three independent experiments, and error bars indicate the S.D.

pNP-Galp % pNP-Glep (Z#/F U T it % R & ¢
—J7C, Galf EAEFERIZHELIT % pNP-Araf #E %
WK BiEEZ R L7z (Fig 4C). M EofEH
5, AfGalfase 125 BB Tdh % Galf X Araf
I EWEEREE AL, 6 BERMEED Galp X
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12, Galf M)~ —%H\W72ATClE, 6 Frflfts
WZIE ¥y A ~—rmtish/z—hH<T, £/~v—Ii%
NEDENT24BEBICHB SN, [k, 7



78 M R EAARHEN, PHE SCRL S B2

Galf 1-5Galf-PA Galf B1-6Galf-PA

120 120

10 -
o 80 S s
2 3
g 60 S 60l
2 »
5 %

40 - i
K § 40
20 20
0 I I T T T T 0 T q T ; . ,
0o 1 2 3 4 5 6 0 1 2 3 4 5 6
Time (h) Time (h)
B o Dimer
0 1%

g Monomer

G .’_.__JL)L

z | 12 1~*_A,JL Galf p1-5Galf-PA

£ Galf dimer

§ 24 A A ( )

= 48 L fL A\

o b N Trimer
g _I IJ\inu—r
() L._ﬂ.._..__,JL__,k
El° “[
b 12 GalfB1-_§_Ga|fB1-§_Galf-PA
c
@ Monomer .
£ (Galf trimer)
5 | A~
=
w+MJJLQ;~**WM~

0 N AT
T Dimer 'ﬁimgr

13 P Galf p1-5Galf p1-5Galf 1-5Galf-PA
B er—u—

Monomer (Galf tetramer)

XN A

ag Moo

Retention Time (min)

Treatment time (h)

Fig. 5. AfGalfase has exoglycosidase activity toward non-reducing terminal of f1-5 and £1-6 linked Galf oligomer.

(A) Sugar linkage specificity of AfGalfase was tested in acetate buffer (pH 4.5) on 37C for 1, 3 and 6 hour. Galf-dimer derived from
E. crustaceum or M. pachydermatis used as f1-5 or f1-6 linked Galf sugar chain, respectively. Galf-dimer peak area at 0 h was defined as
100% persistence. Values represent the average of three independent experiments, and error bars indicate the S.D. (B) Kinetic
degradations and generations of each PA-labeled Galf-oligomer. Each point were monitored measured by HPLC at the time point in the
presence of AfGalfase. Arrows represent corresponding Galf-oligomers. Circles represent disappearance of an indicated molecule.
Representative data are shown for three independent experiments.
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