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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. A. pullulans produces the extracellular polysaccharide g-glucan, but
the relationship between cell morphology and g-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 f-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 culti-
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) Comparison 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 pum.
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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): I, total cell numbers; @, conidia;
O, swollen cells (yeast-like form); <, Indian ink-stained
cells. (B): A, sucrose; @, fructose; O, glucose; A, pH. (C):
[], polysaccharide; O, p-1,3-1,6-glucan; ¢, pullulan.
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Fig. 5. Cultivation of A. 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) KHoPO4, 0.02%
(w/v) MgSOs - 7TH0, 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
cultivated on defined medium and stained with Indian ink.
Arrows indicate the outside of the polysaccharide layer
around cells. Scale bar indicates 10 gm.
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NHF =Bl EEENRTIZI N T — A F TEEITH
fRCELRNWI ENETHND. Fig4-C, Fig. 5-CTHDH
N7 x/)—VHBEIILD22LHELEFELICID
B-7NHhrEDFEIL, BEOERRICLDE- IV D
EEICHEND 2 L FREING. KR TEL- 7NV
DTERITYHFTEE THBEL 7o ik AR EET 2
B-INHhF—EERFEHLIPABEIT NTH BT
B, A. pullulans AFO202 D3RS EFES 2 -7 V71 >
PONA—AZETHMTET, Yo FAEF -7
1TV =R, FIFY M VA—REVSTA ) T
WEFL, -7V A DOEEICEENE LI ETHL
72, L7ehio T, A pullulans AFO202D -7 )V 71 > &l
Tz /= I)VRBIEIC X D 24 HEEN LTIV T EERRY
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7ETH D EHERIL 72

A. pullulans AFO202 [ZRFHIF 73 D8I & 0 #Mifastic
HET 2 HBEOMHBECHMIEEEZ L Z EDbh -
7o, SKBEEEHICIE, EWB-INH P RAEREL, FDARE
IR TH - 72, —h, W7 > E=V L %2E
FEFRE LEABIETIE, BT NVT o REELTE
D, BHREEC L DIEEMIEDY > 7 TEBIZ AR T
Hote. KEEFHITIHWTYH, PEERHMICIB VTS B-
TINANFEEZINT S, By b L < 3
EOWTNHB-T NI > DEFEEITRNEEL 5 2 20
ERHTH 5. KR TS e TRy >
TSI NI, PEREH TR REIC L -
THZARMIRC ) > 7T DBl S sl s V) > 7T
MEI NP BE I N (Fig. 6). KB & A
PR TR DR b B 2. 7TV T DA
ZAET B A. pullulans TRA8 TIX BT REEIC L 5TV
T UREMBOHGIITERr o722 &b, FEREE
T3 BIERMIIRD ) > TR DT, MiELD%
WEWB-TNH > ETNVTDEFHFEELTEY, FA—D
MR TN T EB-TNH Y BEELTHTS, TIVT
VX o THRENAEI NI Z P HEE I N, B
DR FVEDHEIT B\ T b KR & AR R
LIAAIDRE I NI, p- 7 VI A RE DSBEE T K R i
TERZ O—=ZAWDRINGNHL-7 VA U PEEZ N
h, LEBIEH T A7 O— AW ME N kic T IV
TR B- TN WIAREZ LT\ (Fig. 4-B, Fig. 5-B).
A7 0 — 2D REDB-T VI > DEFERITHET S
DIMFESEDOBETH 5. KR TIE, FEREHIC
ARTB-7 I > DEFEMEDR ET 22 06, KX
B-7 WA EEDFRWENSIES 52 &b IR
A. pullulans 3RS TNV T > B EFET B 2 L1354 L
WEZNTVRDD, A pullulans D FEE BRI DOWT
BRI NTE ST, TINT > O LM ED RS
HleonwTiFX g Agrd o7z, —hT, B-7NV
71 BT B WA IS DRI O W TEE S 1
T2 DN L, A pullulans D B- 7))V F1 > DHERE &l
Fel s RE D Bk 2 /R 3 et i e, TV T AR E L
TZREICBE 3 231512 B\ T Simon 579 % Bradly® 5 (3,
IKIRME 7 Cd 2 Bskiifa & IERa 7217V 7 > &k
LTCWaHifaToh s EHEL THY, Simon 579 (FEE
felF DY TR L TR D TN T > D3Ik 5y fiee
RICE o TR b 2 EMELTWL. LAl
KFETIE T IV T > e & MR RE D B HLbE | SRR T &
Rirolz T EM b, FHE D DWSER; RIFAuer & Seviour!”
DG &=, L. —Ji, A pullulans D -7 )V 71 >
KR 2HECOVTIE, FFIET 2 AN ezl

AT 8%



med 2 & CRERFADMEEIEIL, g-7 VA4
BEPMREINT:Z EMERLICLORESINTVLREET
BB+, KWFRITEHB VTS, A. pullulans AFO202 D -2
IV EBEEITIR B ATE PR & v o 7ol AR I B R
7% L, BERITLs 2 EiERRE DM TH 2l
MELB-TNVAYREEL TS EEZ LN LT
o TA. pullulans AFO202IZ -7 )V 71 > 53R & L A pE
B D720ITE, FAET» HIEEMEAND MO LML
EIRAIADMFRENEETH 2 Z ERbhroTz. T BT,

A. pullulans AFO202 D B- 7" )V 71 > HEPEDERITIZ, BRIt
Rl X 2 B EEEMIRA DB IS K NITRILD Z 3K
WEERE R T ST o 72,

= #

Aureobasidium pullulans (% HEE M ELZRL, WO
RAF L RS DOKIHENH L\, £, KEKOMIAE L
B-7 A A PE DB DRI S T, KEFET
I, A. pullulans AFO202 DAETER DR &, HilaZiE L
B-7 N HEBEDBIEMEIC OV TR L7z, ORI
CARERRE, D2 o R 20 Tl AP
2220, WESETPBIEIN:. —T5, BT
EEFPREFPTAZBREYRT I EITL > THEL
7. ERHOEA PR, BRM~EBITL,
WA RMRL, 2EY 5 &Ik - THRIEE R
Jalc 284 U fe. @R 3 amiassfim L, knwT
BN E L LTS, Z DR, AFBRREOZMITIN
CTHRFL, ML RGL 7. B T ORI
BWC, B-7NVH BT 2 4 OB, AT
ROEDEDTH o7, KEFEHTIE, KEKET VT
SEEEETICR-INAREEL, WA EERIED
WM 5 L C0a T ENHLICR 52, K
PREROWTRIRI L B-INA > BEET H7:20121E, 5
AFREA Lo TREMIE D S RO LIT
¥ oM O &, WRMEOMFREPEETH D Z &N
R X 7.
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