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Aureobasidium pullulans is a fungus that has multiple cellular forms, and preservation and growth of this
fungus has proven to be challenging. 4. pullulans produces the extracellular polysaccharide f-glucan, but
the relationship between cell morphology and f-glucan production in this organism remained to be
elucidated. In this study, we investigated the complex life cycle of A. pullulans strain AFO202 and studied
the relationship between cell morphology and production of f-glucan. In logarithmic growth phase, the
cell morphology of the strain changed from a conidia to a mycelial form through the germ-tube, and the
formation of an endoconidium inside the mycelial form was observed. Yeast-like cells proliferated by
budding and division of the conidia. In the stationary phase, both the mycelial form and the yeast-like
form became swollen. Swollen mycelial cells then became segmented and changed into yeast-like cells.
In the early stationary phase, the number of swollen cells increased and these cells changed into
chlamydospores. The chlamydospores then germinated and resumed proliferation in response to
environmental changes. Microscopy of the swollen cells, stained with Indian ink, revealed a poly-
saccharide layer formed by f-glucan. When this strain was cultivated in rice bran medium, it produced
f-glucan but no pullulan. Our results revealed that the swollen cells of both the mycelial form and the
yeast-like form are involved in the production of f-glucan. These results suggested that shortening the
time of differentiation of the vegetative cells, i.e., differentiation of conidia and mycelium into swollen
cells, and increasing the duration of the swollen cell morphology, are important factors in the highly
efficient production of g-glucan by this strain.
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Fig. 1. Colonies of A. pullulans strain AFO202. (A) Colonies incu-
bated at 25°C for 7 d on 1/6 potato-dextrose agar (PDA)
(left) or PDA (right). (B) Colonies incubated at 25°C for 14 d
on 1/6 PDA (left) or PDA (right). To observe the colony
morphology, the coloring from melanin and the viscosity of
the colonies, PDA [2.4% (w/v) potato-dextrose broth (BD
Difco), 1.5% (w/v) agar, at pH 5.2] medium was used. To
analyze colonies under limited nitrogen, 1/6 PDA medium
[0.4% (w/v) potato-dextrose broth, 2.0% (w/v) glucose, 1.5%
(w/v) agar, at pH 5.2] was used.
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Fig. 2. Life cycle of A. pullulans strain AFO202. The mycelial and yeast-like forms of cells simultaneously propagated in A. pullulans strain
AFO202 have a complex life cycle. They are differentiated from vegetative cells such as mycelium, and have thin septa and germ-
tubes. Conidia form cells bigger than vegetative cells, such as swollen cells and chlamydospores, depending on growth conditions
and cell age. A, conidia; B, germinated conidia; C, hyphal; D, endoconidium; E, yeast-like cell (budding and division); F, swollen
mycelia cell; G, segmentation of swollen mycelia cell; H-1, swollen cell (yeast-like cell); H-2, budding and division; H-3, budding; H-
4, division; I, chlamydospore (mycelia form); J, chlamydospore (yeast-like form); K, germinated chlamydospore; L, coated layer

around chlamydospore cell. Scale bars indicate 5 gm.
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Fig. 3. Micrograph of cells of A. pullulans strain AFO202 cult-
vated on rice-bran medium and stained with Indian ink.
(A) Unstained cells (conidia). (B) Stained cell. The poly-
saccharide layer around the cell (swollen yeast-like cell) was
observed by Indian ink staining. (C) Stained cell. The
polysaccharide layer around the cell (swollen mycelia cell) was
observed by Indian ink staining. (D) Gomparison between a
stained cell and an unstained cell. The Indian ink formed a
ring around the cell, defining the cell. Arrows indicate the
outside of the polysaccharide layer around cells. Scale bars
indicate 10 gm.
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Fig. 4. Cultivation of A. pullulans strain AFO202 on rice-bran
medium. The time course of cell numbers, and residual sug-
ars and extracellular polysaccharides produced by A. pullu-
lans AFO202 on rice-bran medium [0.2% (w/v) rice-bran,
1.0% (w/v) sucrose, 0.2% (w/v) ascorbic acid, at pH 5.2]. 4.
pullulans strain AFO202 was cultivated in 350 ml of media in
a 1/ flask at 25°C for 72 h, while shaking at 180 rpm on a
rotary shaker. Symbols (A): L, total cell numbers; @, conidia;
O, swollen cells (yeast-like form); <, Indian ink-stained
cells. (B): W, sucrose; @, fructose; O, glucose; A, pH. (C):
[, polysaccharide; <, p-1,3-1,6-glucan; 4, pullulan.
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Fig. 5. Cultivation of 4. pullulans strain AFO202 on defined
medium. The time course of cell numbers, and residual
sugars and extracellular polysaccharides produced by A.
pullulans strain AFO202 on defined medium [0.06% (w/v)
(NH4)2SO4, 3.0% (w/v) sucrose, 0.2% (w/v) KHyPO,, 0.02%
(wfv) MgSO, - 7TH,0, 0.01% (w/v) NaCl, 0.04% (w/v) yeast
extract at pH 5.2]. A. pullulans strain AFO202 was cultivated
in 350 ml of media in a 1-/ flask at 25°C for 72 h, while
shaking at 180 rpm on a rotary shaker. Symbols are the
same as in Fig. 4.
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Fig. 6. Micrograph of swollen cells of A. pullulans strain AFO202 SN . s
cultivated on defined medium and stained with Indian ink. TEMIC) > VTR EEI NS E U > 7K

Arrows indicate the o.uts‘ide of the polysaccharide layer BN WIS I N (Fig. 6). BRI Hy LD
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FOHITREE S B O > 2N, RN IaOM ok DRFIRDHE TR\ T HKIERH & o pEsId Rz
[Z1Z17%DB-1,3-1,6-7 VAV BEENBDIH LT, B DIEASBE I N, p- 7 NV DR KRR
BT~ ClLIMBBER D B-1,3-1,6- 7 )V 71 > i 37%2 3 TIEA 7 O— ABBRENRESB-TIWH o DEERN
L7eEBELTWEZERD, B-I VAT d > Tl BN, BEBIEHMTIIA Y O — ARG RINTRITT IV
DIRAMEDSHEL T a 2 b FEIN, EEETFOMIE TV Rp-7 NI HVERE ST\ (Fig. 4-B, Fig. 5-B).
BEAMANT IR S L7 MR D B D B-1,3-1,6- TN H v AT A= ADDREENB-I N> DEEEBTYET S
ThorREEORFFEETH 5. DPISHBROBETDH 5. KEFEMTIE, FHBREHI
BEADRANCAE T 2 EEEE LTI VTV L B- HARTE-TWAh Y OEERDNR LTI 05, K
1,3-1,6- Z VAV BHHNTHEY, ZNHEBEOERE B-TNAEEDOFRYENFET 5L b FREINTE,
HEELT, IV ETNVTF—EIL L 2EEENI L A. pullulans BRI TV T > R AFET 5 2 L1354
LTCwW3—KT, f-1,3-1,6- 7 )71 > DE mikImEL L C WEINTVDY, A. pullulans D2 WEEBRERIZ DWW T
Wi, ZORRELTLS-TNVHF—YEB-1,6-7 EBRENTER ST, TVT D%k MR REORE
N T =Bk D2MEPRTIII NI —AE TRERIY BZOWTEZEXER AR H 7. — T, p-7N
BTERVWIENETHND. Figd-C, Fig. 5-CThAHD T BT 2HE AT DB OV TRES N
NBDTx /)= VHRBECLLD2LLBEELFERICLS TW2HDW% L, A pullulans D -7 )71 > DHERE &M
B-7 WA EDEL, BEOBRIEIZLEE-INVAYD FEEORBEE 2R WM 3w, TV T AR LR
ERIHENRD 2 L TFRENT. RFETEL-ITNVh TEREIZBE 9 2 #8512 8> T Simon 579 % Bradly? 5 13,
DE BT U ZE THREL iRk A ET 5 RIS T 2 oRiile & B T8 7V 7 > A
B-TNAT—EREH L ABRRIL Y FHTHE LTWwaiilaTh 2 EHEL THY, Simon 579 |F/ER
D, A. pullulans AFO202 3HERISHTABET B 8- 7 VA1 BT DFR IR E ATRRHER D TN T > D3Ik o> R
BEINI—AZETHRTET, ¥ FFEL—2%T R L o THEHHICTE T 2 EHEL TS L L,
STV -, FIFY ML -XEVotd ) T RPZETET IV T R L MR RE DB (3R T X
BNEFEL, - TNADERICEENEC L ETFHL ol l b, FE S DR E L Auer & Seviour!?
72, Liehio T, A. pullulans AFO202 D B-7 )V > B DI L —B LT —T5, A pullulans D -7V h > A
Tz /= VRBEIZ L 225 EREDL L TN T BERR Y B 2WEICOVTE, BRI T A Ve BAR
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Y s & TRERS~DMEEMEIL, g-7 a4
EMEENTCEMEELICLIREINTVEIRET
BH DY, KHRITBNTD, A pullulans AFO02D -7
WA PHEEICZEACERY Lo il R B R
%L, BERTIMLT 2T DM Tdh 2 iRl
WEZB-TNVH Y REELTOREEZ LN Lk
o TA. pullulans AFO202Z8-7 W h ¥ R & L A BE
TRLDITE, FETFDLEMBENOMLOEMEL
EEEMEOMRPEETH D Z Ehbh o, 5T,

A. pullulans AFO202 D -7 )V H > A BE DEFITIE, Bt
RN & BB EMROBI PR ITHEILD T EHAK
WFFERE R T S ITR o 72,

= #

Aureobasidium pullulans | I %2 MR ELZRL, ED
RIFERBEOHEMIE L. F7:, AEKOMIDREE
B-7 V71 2 RE DBSEMEDRIA X TR, KSR T
(&, A. pullulans AFO202 DAETEBOMRY &, HIfRRE &
B-7 VA R DOBEMEICOWTHRE L, WECEEN
KAEKE, DETFH»OMERTEAZE TEA MM
R0, WEREFPBEIN:. —F, BEEMRT
B EFPHEFPNHELBOERT I ECL > THEML
7o, EHMOHEAPEREMIGE, BRARNEBTL,
WA EME, 25 2 LTk - TEHMFERM
falc 2 e Uz, BE IR IR m L, kT
ERERFANEBLLIeh, Z0R, AFREOZ(ITS
UTRFL, BHMELEE L. Bl T ORI
BT, B-INAVPERT 2 5EEOBEICE, BT
REOEDAEDTH o7, KPR TR, KEKIEIT VT
VREERTICR-INVAVEEEL, BEAYLERIEZED
W REMESEES L ThD 2 e LR, K
ARV TRHRLLB-INH L REET B1DITE, 4
FFRE A Lo TRREMED O ZIRMIAANO MU E
T ORMOEN &, WRMEOMRFPERETHL LN
R XN

X )

1) B A BEE =ZRCE BT, 31, 253-
262 (1984).

9) B B, BEEW BRI RN ERE, 33, 279
954 (1986).

3) BRI MR E R AT SEER , 35, 119-

20104F Z12%

12)
13)
14)
15)
16)

17)

19)
20)
21)
29)

93)
94)

25)

927)
28)
99)
30)

31)

124 (1988).

Hamada, N. and Tsujisaka, Y.: Agric. Biol. Chem., 47,
1167-1172 (1983).

Hamada, N. and Watanabe, Y.: Biosci. Biotech. Biochem.,
57, 1348-1349 (1993).

FHER, HHEES B LT, 64, 31-135 (1990).
Simon, L., Caye-Vaugien, C., and Bouchonneau, M.: J.
Gen. Microbiol., 139, 979-985 (1993).

Simon, L., Bouchet, B., Caye-Vaugien, C., and Gallant,
D. J.: Can. J. Microbiol., 40, 3545 (1995).

Simon, L., Bouchet, B., Bremond, K., Gallant, D. J., and
Bouchonneau, M.: Can. J. Microbiol., 44, 1193-1199
(1998).

Catley, B. J.: J. Gen. Microbiol., 78, 33-38 (1973).
Hermanides-Nijhof, E. J.: Studies in Mycology, 15, 141~
177 (1977).

Ramos, S. and Garcia-Acha, 1. G.: Trans. Br. Mycol. Soc.,
64, 129-135 (1975).

Kockova-Kratochvilova, A., Cerndkova, M., and Slavik-
ovi, E.: Folia Microbial., 25, 56-67 (1980).

Silman, R. W., Bryan, W. L., and Leathers, T. D.: FEMS
Microbiol. Lett., 71, 65-70 (1990).

Sevilla, M. J., Isus, P, Gutierrez, R., Egea, L., and
Uruburu, E.: Trans. Br. Mycol. Soc., 68, 300-303 (1977).
Seviour, R. J. and Kristiansen, B.: Appl. Microbiol. Biotech-
nol., 17, 178-181 (1983).

Auer, D. P. E. and Seviour, R. J.: Appl. Microbiol. Biotech-
nol., 32, 637-644 (1990).

West, T. P. and Reed-Hamer, B.: Microbios. Lett., 67, 117-
124 (1991).

Reeslev, M., Jorgensen, M. B. B., and Jorgensen, O. B.:
J. Biotechnol., 51, 131-135 (1996).

Madi, N. 8., McNeil, B., and Harvey, L. M.: Enzyme
Microbiol. Technol., 21, 102-107 (1997).

ILEER, £ B HAKRFEEESRWERE, 45,
28-35 (1988).

Rho, D., Mulchandani, A., Luong, J. H. T., and LeDuy,
A Appl. Microbiol. Biotechnol., 28, 361-366 (1988).

Park, D.: Trans. Br. Mycol. Soc., 82, 717-720 (1984).
Reeslev, M., Nielsen, J. C., Olsen, J., and Jacobsen, T.:
Mycol. Res., 95, 220-226 (1991).

Campbell, B. 8., Siddique, A.-B. M., McDougall, B. M.,
and Seviour, R. J.: FEMS Microbiol. Lett., 232, 225-228
(2004).

NERFETF, WH # T RET, SRBE, BAS
£ JUNRFEE SRR RLE, 3, 51-56 (2004).
Dubois, M., Gilles, K. A., Hamilton, J. K., Rebers, P. A,,
and Smith, F.: Anal. Chem., 28, 350-356 (1956).

Nelson, N.: J. Biol. Chem., 153, 375-380 (1944).
Somogyi, M.: J. Biol. Chem., 195, 19-23 (1952).

Brown, R. G. and Lindberg, B.: Acta Chem. Scand., 21,
2379-2382 (1967).

Brown, R. G. and Lindberg, B.: Acta Chem. Scand., 21,
23832389 (1967).

641

NI | -El ectronic Library Service



