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structure, MS), HE K @B T UM A A Kegmie £ R, LT 54 Ah iy min kR, b Fsae
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REGRARE), BERME(YL)EERFEHERNME FEH, ERrrRZHERENET
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Exploration of cell polymor phisms and factor sinfluencing cell
differentiation of Aureobasidium pullulans
LIU Xiao-Pang® WANG Hong-Yan> ZHANG Ning'? LI Bing-Xuge’
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2 College of Land and Environment, Shenyang Agricultural University, Shenyang, Liaoning 110866, China

Abstract: [Background] Aureobasidium pullulans belongs to “black yeast” and can synthesize melanin.
A. pullulans displays characteristic polymorphic cell types, such as yeast-like cell (YL), swollen cell (SC),
chlamydospore (CH), hyphae (HY), monilioid hyphae (MH), septate swollen cell (SSC), meristematic
structure (MS). The swollen cell can be further differentiated into chlamydospore, monilioid hyphae,
septate swollen cell and meristematic structure. The differentiation of A. pullulans can be regulated by
various factors such as pH, temperature and nutritional conditions. [Objective] To study the effects of
different oxygen density, temperature, osmotic pressure, pH value and nutrition level on the morphology of
A. pullulan cells. [Methods] The microscopic techniques and methylene blue staining were used to
observe the effects of different conditions on cell morphology of A. pullulans. [Results] Growth of A.
pullulan was not observed under completely anaerobic condition. Under high oxygen condition, the
yeast-like cells budded at the early nutrient-rich stage. However, once the nutrient was gradually used up,
the yeast-like cells started to form swollen cell and then to chlamydospore. Under low oxygen condition,
the yeast-like cell grew into HY through SC at the beginning of incubation when nutrients are rich. The
different nutrient concentration had significant effects on the polymorphic differentiation of A. pullulans.
Yeast-like cells were the main types of cellsin the yeast extract peptone dextrose medium (Y PD) medium
with high nutrition and optimal ambient conditions. The YL cell differentiated into SC or HY to adapt to or
escape the environment in the potato dextrose agar (PDA) medium. The malt extract agar (MEA) medium
was nutrient deficient, therefore the SC or HY differentiated into dormant cell CH or MH. The 10% NaCl
depressed the growth rate of A. pullulans and inhibited the synthesis of melanin. The effect of 10% KCI or
10% NaSO, on the cell differentiation of YL was the same as 10% NaCl, which suggests osmotic stress
prevented the differentiation of yeast-like cells into hypha or chlamydospore. The SC was more resistant to
high temperature than YL, but less resistant than MS. [Conclusion] Nutrition levels are the key factor
regulating cell morphogenesis of A. pullulans.

Keywords: Aureobacidium pullulans, Cell differentiation, Cell polymorphisms
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112 $EHHE

Fh 15552 YND (g/L): #i%ifE 20.0, NaNO;
6.4, BRI H 0.2, KHPO,1.0, MgSO,-7H,0 0.5,
pH 6.0+0.5,

+ SRR I PDA (g/L): #ZikE 20.0, -+
7. 200.0, pH HK.

YAD H53:5E(g/L): (NH4),SO, 5.0, BEERE ¥

0.2, MgSO47H,00.5, KH,PO,41.0, pH 6.0+0.5,

FRRERE SR YPD (g/L): #i%HE 20.0, HE
20.0, BEEE=H; 10.0, pH 6.0£0.5.
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BHEA R A
12 FHi&E
121 MFiRIES

4 PDA R®Hi T 28 °C ik 24 h i TR Tl 42 Fh 1]
YND W iRRE 5735, 180 r/imin YR %1555 24 h1E N
TR T, DAARFIEL 198550 YND M ikEE 573,
180 r/min JR 7 5 5% 24 h AR F
122 BEIEFEHE

15 PDA 21T 28 °C iififk 24 h By BRI 2R3
BN LERN ] PDA. MEA 2554300, 28 °C
FIEEESR 7d, BRWEREIEFHE,
13 M CREZmER

TRGTANTR) 25 A XoF H 25 6 4 25 4N 22 T 3
BF, A ARG TR A R 100 pL 6l R, AR
WEERL R, FRREEE Mk B, 485 PRI 100 L il
J, SR 5 TE B AR ALY B ATLZE R 100 > HL4H i
PEAT A LT A WE AR/ . B Aegedn i, i
SEHEAIEZS, MIE 844 (Olympus) il 2 40 ifs K /N .
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Mo 4 ODsgo 24 3.0 (WA 100 pL, IRHTEFZERIF
RSP Hir (9 cm)Z% 1T, 28 °C 1555 7.d. 7ERZHURE
TR 1 emx1 em BiigHe , &K B0 W gL 1R i
TE XS TR R A 2 T 43 Ak s e
134 BE

14 ODseo 2 3.0 [T+ 100 L 4281 T 5 mL
PDA WRKEFRIE, 4351F 28 (W), 32, 34 °C
PR 180 r/min PR35 537 24 h, BURE 100 L il A,
3 B LG IR B X R AR 20 A 22 T A AR i 52 ) 7R
3B B P L LA T B ATLZE L 100 A~ FR A, 3

*1 HFEEEZHMMEmETT

SR A L %) B0 (38 =2 e B XA FETE A ML, 9]
T, BEAEE 3 RE R
2 HR54W
21 HIFRESHMBEM

o 2 R S TR R X A R B 2 i 2 0F PR R
fiE, HAREERRANM . B2 R A0 . R IE I R
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H 2R NG 7E[S1& PDA K534 I, 1-2d
R V& O FL AR, RS PR, Sk 22
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WA, 76 MEA Pl b, T EFHAL PDA F
w, RS NG WYKL KA, WO
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ANEik, TEEEB(E 1D).

Tablel Characteristicsof various polymorphic cellsof A. pullulans

Characteristics cell type Polymorphism size (um) Thickening of cell wall Melain  Physiological function
[asy il RN - - Ak
Yeast like (YL) Ellipse or long round Growth

(8.28+1.01)%(3.76+0.71)
g A 4t i (53] B 4[5 - - Ak
Swollen cell (SC) Round or long round Growth
(10.8+1.21)%(8.76+1.54)
A R A 2 L FEEEIR - - P
Septate swollen cell (SSC) Short chain Resistance
JE R R 1E i + PRHR
Chlamydospore (CH) Round (10.93+1.08)%(8.98+1.39) Dormancy
LR 22 224k - - £/
Hyphae (HY) Filaments Spread
RHIRE 2 KZBRR i + PRHR
Monilioid hyphae (MH) Long monilioid Dormancy
S L) g3 A HZUIR - - Pk
Meristematic structure (MS) Meristematic Resistance
F: +: A - WA

Note: +: Have; —: No.
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Bl 1 HEFEEEEEEFHE
Figurel Characteristicsof colony of A. pullulans

¥: A: PDA FHi; B: MEA FAi; C: YAD FHi; D: YND il

Note: A: PDA; B: MEA; C: YAD; D: YND.

23 FREIFHXHER SRR
231 |SE5RE

2P AR NG & Tt A B - 72 = 22k
RS2 (B AR, T BRIR AR TR B 5% 4 T 10
A KT (1-2 d) ) 2 2, 7RG 3R (3 d) 3Ry I
ZiFES YL %3 SCTE AL CH & AL B (K 2A).
TEEFFFERE RN (-2 d), 52 2R B g%
RZ AP A2 (M )RR EZ A ES YL &4
SCIEM HY RAMAEK (K 2B I 2C). HrIElJZE L
HRIZEAMEN, HY ERK, AT Rk R

ER7S T
232 EFFH

TE R EFR KR YPD AR L, 2R AR EE NG
PLYL AR Z5E 0 3, 7 dJ5 AR /DI AR 6 CH,
W% HY RRE(E 3A). FEREREERIFR
K- PDA A b, el YL AR Z5E R E, 1d
JEHiA KaE SCH CH &F, [ HY HBLER
&M% (F 3B). TEMREFRKFH MEA 4 |, A
RELL YL M A K%, 1d 5B AL IR HY, 7d
JaTE i MH #EARIR (] 3C).

Bl 2 SSREXLIZFEESHEBRSLHTE

Figure2 Cdl differentiation of A. pullulans affected by oxygen concentration

H: A RE; B: BESE; C: PHE.
Note: A: Surface layer; B: Subsurface layer; C: Mesosphere.

mzm
Figure3 Morphology of A. puIIuIanscoIonles affected by nutrition level
TE: A: YPD EARTEINEZ; B: PDA WikZk 2 504k; C: MEA 2R

B3 EFRFHMLFEREBERN

Note: A: No hyphae (HY) generate on YPD; B: HY generate at colony edge on PDA; C: HY type colony on MEA.
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HEEEEE NG 7E 1% NaCl “Eil FAK T
M ; 5% NaCl Pl b I8 AR 24 h; 7E 10%
NaCl VAl FAKAER 24 h, HEIEAZSE ) FEiAR
PLA: R EAEIE BLFL A B T 1 R B Y5 (K] 4D) .
PR AT RRR 20 M 3=, WO R0 o R R At , It
JELIE I F G 229 . LA 10% NaCl i 114 21 it
FERITE PDA VAR, PEVEAS A HRIK o

10% NaCl Jifpi8 BRI AR A K B, ikl e R
A . 10% NaCl #5433l HY K& MH JE R, 4
PL YL A FEAERKEG (K 4D), 7EAH [F 5 vk
(10%) 1Y KCI 8¢ NaxSO, B iE A 45 1F T, 4tz
TEVER A K YL %3k, HY R MH g, 3im
11 30 B L T TR 200 L o B 22 AR B A A

LA

B4 EMHETHFEESEERHE

J3Ak(1& 5B #il C).,
234 BE

2R NG 78 28 °C PDA JRiAEF: L YL
AR (K 6A), YL M ZEA 5 15 4 i a5
97.13%:+1.33%, 1A i 4kl SC (2.87%+1.33%).
1£ 32 °C YL 43kl SC, SC Hib& 43 249 il SSC
s8¢ 2EE i SCB (%] 6B), SC F1 SCB (5 1 4 Jifd
FL A3k 79.09%+7.76%, YL (VA 18.92%+8.92%.
£ 34 °C il rib 54T, SC 5 SSC £ 11 733408
B MS (B 6C),MS ik = BLAH g S 7Y (4 86.37%x
3T6%)KPT T . YL FFE TR Bl IR T = T
i, TE 28, 32, 34°C 7514 36.50%. 75.93%F
94.23%; SC WILT-HIHAREFTE 30% LLH
(K 7B).

Figure4 Characteristics of colony of A. pullulans under salt stress

Note: A: PDA; B: 1% NaCl; C: 5% NaCl; D: 10% NaCl.

E5 miEhaembaEsmmosit

Figure5 Céll differentiation of A. pullulans affected by osmotic pressure

Note: A: PDA; B: 10% KClI; C: 10% N&;SOs.
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6 EERMMEBFMLFEESERS

Figure6 Cdl differentiation of A. pullulans affected by high temperature stress
TE: A BERRIRANNE 28 °C W ZFAEAH; B: WRANNE 32 °C 2 alififfi /33 ; C: 34°CIEMUrEAZ RS M. F7R: 10 um.
Note: A: Yeast like (YL) budded at 28 °C; B: Swollen cell budded or septated at 32 °C; C: MSwas formed at 34 °C. Bar: 10 um.
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[
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i
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Figure7 Thecell death rate of yeast cell and swollen cell under acid stress (A) or high temperature stress (B)

¥ *: P<0.005; **: P<0.0005, LA pH 6.05% 28 °C Sy} .

Note: *: P< 0.005; **: P<0.000 5, compared to pH 6.0 or 28 °C respectively.
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Figure8 Cell polymorphisms and factorsinfluencing cell differentiation of A. pulluland®
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