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Production of Pure Pullulan from the Pigment-Deficient
Isolate of Aureobasidium pullulans GM21
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Abstract — A fungal strain was isolated as a pullulan-producer from plant leaves and identified
as Aureobasidium pullulan GM21. With A. pullulans GM21, culture conditions were optimized for
the pullulan production and the changes of the molecular weight of pullulan produced were investi-
gated according to the culture conditions. We obtained maximum conversion yield of pullulan
about 58~60%(40.8~42.0 g/l) from 7% sucrose at 25T, initial pH 7.5 by the batch cultivations
either in Erlenmeyer flask or in jar fermentor. The molecular weights of pullulan produced at
initial pH 6.0 and 7.5 were 820,000 and 260,000, respectively. Compared with a conventional pullulan
producer, A. pullulans IFO4464, the isolate was unique in that it produces nearly the pure pullulan
into the culture medium without the contaminations of melanin-like black pigment and acidic or

other neutral
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polysaccharides and that it produces pullulan as high as 60% conversion yield.
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(a)
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[FO4464 GMZ1

(c)

Fig. 1. Comparison of the islate GM21 with A. pullulans IFO4464,
(a) Colony morphology; (b) broth cultures of the fungi on AYS media; (c) the exopolysaccharide recovered by

isopropylalcohol precipitation.

GM21 GMS1  IFO4464 PF-20 PULLULAN

s 1 2 1 2 1 2 S

Fig. 2. Products analysis of the pullulanase-treated exo-
polysaccharides produced from sucrose (1) or soluble
starch (2) media by the isolated strains, GM21 and
GM91, and A. pullulans 1FO4464.

S, standard sugars; G1, glucose; G2 to G7, maltooligo-
saccharides. PF-20 is commercial pullulan of Hayashi-
bara Biochemical Laboratory and Pullulan is authetic
pullulan from Sigma Chemical Co.
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Table 1. Characteristics of the isolated strain GM21
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A. pullulans

Characteristics GM21 [FO4464
Morphology
Hypha Transparent, septated
Spore Non-sexual
Blastospore, chlamydospore
Blastospore Amerosporous
{(conidia) Glolosporae
Hyaline cell-wall
Phialo-type
Assimilation
Glucose + +
Glycerol = —
2-Keto-D-gluconate — <+
L-Arabinose + +
D-Xylose + +
Adonitol — —
Xylitol — =
Galactose — —
Inositol + +
Sorbitol + +
a-Methyl-D-glucoside — —
N-Acetyl-D-glucosamine + +
Cellobiose — +
Lactose — —
Maltose + +-
Saccharose + +
Trehalose + +
Melezitose + t-
Raffinose + -+
+ . Positive response, —: negative response.

[FO4464
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Table 2. Effect of initial pH on the cell growth and
exgpolysacchanide production of A, pullulans GM21*

Initial pH Dry cell weight Exopolysaccharide

(g/]) (g/h)
4.0 10.6 0.3
5.0 10.8 16
6.0 9.3 17.2
7.0 .8 20.1
7. 5.8 29.3
8.0 5.7 28.9

‘A. pullulans GM21 was cultivated for 5 days at 25C
on AYS medium containing 5% sucrose as a carbon
SOUYCE.

evoraE——
Fig. 3. Microscopic morphology of the isolated strain GM21 and A. pullulans 1FO4464.
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Table 3. Effect of culture temperatures on the cell growth and exopolysaccharide production of A. pullulans s

rereeereeee PP T T PeT P T PP PePT Y-y vy e b veeere -t
pra——— B s e e s — e

Temperature Dry cell weight(g/l) Exopolysaccharide(g/!)
(C) -
Initial pH 6.0 Initial pH 7.5 Initial pH 6.0 Initial pH 7.5
20 8.3 4.5 17.9 27.1
25 11.3 6.1 19.1 31.2
30 9.1 5.8 115 24.8
37 0 0 0 0

‘A. pullulans GMZ21 was cultivated for 5 days at each temperature on AYS medium (initial pH 6.0 or pH 7.5)
containing 5% sucrose as a carbon source.

Table 4. Effect of carbon sources on the cell growth
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S molcl AEl 718 A
Glucose 9.7 15.0 p ullulans GM21 Xy, Woprd el 7paA
Maltose 7.3 16.1 g o83l 73t A ’1‘]" UL deks
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Table 5. Effect of the concentrations of sucrose on the cell growth and exopolysaccharide production of 4. pullulans
GM21

Concentration(%) Dry cell weight(g/D Exopolysaccharide(g/l) Yield(%)
Inmitial pH 6.0
3.0 5.0 16.3 53.3
5.0 11.3 20.7 41.3
7.0 11.7 22.6 32.2
10.0 11.3 10.0 20.2
Imitial pH 7.5
5.0 6.9 28.0 56.0
7.0 6.9 40.8 58.3

10.0 4.7 31.6 31.6
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Fig. 4. Time cources of cell growth (open symbols) and
exopolysaccharide production (closed symbols) of A.
pullulans GM21 on AYS medium containing 7% sucrose
at initial pH 6.0(O, O) and 7.5(00, W).

A AR vl 5U7ER] HxIHer Sl A=
& Bk Ha xS ol &3t 27| pH 7.5, 200 rpm,
0.7 vwmm, 25C ZF7o % 38]¥ uwjks 3= AS 7%
delo g Hel ot 645 e 42¢g/1¢] EF3H3 58
g/le] #AAAE L& F U] AHEHAIAY R
g Ao v HAYr)E vt RS &t
AAck AAEeAFTAY Y BAF UM FY
Mg 7‘43’] AAEER] edskem, Sl A Al w42
o375 45 ddoh =7 pH75§ A. pullulans
GMZIE Wi oFdhe A R ZolE ¥ &
23 AAdE skl o FAbE Ao "‘0}3 At

EFYU ZX2o| 3}
A pullulans GM21 3ol &siA A== EF
o) Rabekg AAs7] 9 7 A8 TRHEE
&1 o7 o2 HE] Buligad®} Brant(29)2] o g
el EAEE A ARSI cHTable 6). w2 Z7]
pH7} 6.0 w EF3te] Exske ok 820,000 Hx
24 FHHE Huew, 7] pH7) ojAXE} FobA|
Ao} ropa|w Halegko] 23| 7tAdte S Hod
pH?%oal wl 2F 360,0000] 0t} &Aad 2] FRHdl mE
23} Bajere] xlo)E v AMele] B9 Bxjefo)
?P‘o‘* oo, 7R dEe S 21000008 71

Kor. | Appl. Microbwol. Buotechnol.

Table 6. Changes of molecular weight of exopolysac-
charide produced by A. pullulans GM21 according to
the culture conditions

Culture condition  Intrinsic viscosity Weight-average

(dl/g) molecular weight
(X 10%
Sucrose 5%, 25C,
5 days-culture
pH 50 1.2 480
pH 6.0 1.7 320
pH 7.0 1.4 610
pH 75 1.0 360
pH 8.0 1.0 360
25T, pH 6.0,
5 days-culture
Glucose 5% 1.0 360
Sucrose 5% 1.7 820
Maltose 5% 0.9 310
Soluble starch 5% 0.7 210
Sucrose 5%, pH 6.0,
5 days-culture
20C 1.2 480
25C 1.7 820
30C 0.8 260
Sucrose 5%, pH 7.5,
5 days-culture
20C 1.3 540
25C 1.0 360
30C 0.6 160

ot} wffE e wWE EF 3*2}%94 xle]Z
B %7] pHel| we} ob& z}el 7} gl=dl, 7] pH7}
6.0¢] 7F-oll= 25C o4, 7] pH7} 752 ZA-Fol=
20C oA EFH FxEFe] M A vEbkid)
A. pullulans GM21 571 BAsl= E5F4+9] A4
< w7 wel yWlE 160,000 458 FAE
820,0000] o]E2&= 7o % ‘—JrE’r‘xh‘—’-‘ﬁ &7 AN
o Wale WX 9 £7) pH, B449] TF, WPLw
9] d-g AA W FleE LJrEPrlEJr £-3] uf =] 2
7] pHell oj2ba] QA== EFF2] FAlgke| 24
2} A=t Table 7oA B v} 7o) 27| pHE
6002 HF vikste -5 wlFrZte] 7)1t
o}zl EFe] HExalgke] 890,000 4 670,000 Alo]
vielul wiefgell FAREFY] & W3 v AoE
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Table 7. Changes of molecular weight of exopolysac-
charide produced by A. pullulans GM21 according to
the culture fime

Culture condition Intrinsic viscosity Weight-average

(dl/g) molecular weight
(X 10%
Sucrose 7%, pH 6.0
1 0.6 160
2 1.7 820
3 1.8 890
4 1.8 890
5 1.7 820
6 15 670
Sucrose 7%, pH 7.5
1 0.2 30
2 14 610
3 2.4 1,390
4 1.2 480
5 0.8 260
6 0.7 210

A Zbo) S7Hgel| alebr FA 3] 7HAsle] wiek 6U )
210,000 Hx® FZoAEdrt 3ol Wiley S(30)-2
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Table 8. Compositions of the exopolysaccharides pro-
duced by A. pullulans GM21

Polysaccharide composition{%)

Strain  Cabon source
Pullulanase- Pullulanase- Acidic

sensitive resistant
GM21 Glucose 93.8 N.D.“ N.D.
Maltose 975 N.D. N.D.
sucrose 08.3 N.D. N.D.
Soluble  starch 88.8 N.D. N.D.
PF-20 (Hayashibara 96.3 N.D. N.D.

Biochemical Lab.)

“N.D., not detectable.
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