CHAPTER 1V
RESULTS

1. Isolation of fungi

Aureobasidium spp. were successfully isolated from several habitats in various

northeastern and SOW isure: ts included plant leaves and
painted buildings a ent wall is important to note that

recovered from a range of

Aureobasidium was not al

leaves including Artocarpus fruit), Annona squamosa
Linn.(Custard apple), bi ‘ Cucumber tree), Bambusa multiplex
Lour., Bauhinia tomentosa Li = vectabilis Linn., Cassia fistula
Linn.(Golden showgr), Desyt__a_a}?‘ Eugenia uniflora Linn.(Cayenne

cherry), Hibiscus ros ....,.._......_.. ...;‘e...»._-.-;;:;:..-;.',:i acidus Linn. Skeels. (Star
il WX

{ ;
gooseberry), Polyalthia lor % opoia Linn.(Nasebery), Psidium
¥ : .

guajava Linn. (Guava), Sandoricum koetjape (Burm.f.) Merr., and Thuja orientalis. In
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Penicillitim, Rhizopus, and Trichoderma.
Nine (9) isolates of Aureobasidium spp. were recovered using MEA half-

strength agar while other six (6) isolates were recovered using CMA half-strength.
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Figure 12 Sampling sites in Thailand where Aureobasidium spp. were found.
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Table 5 Aureobasidium spp. isolated from habitats and locations in Thailand

(Saraca indica

Linn.)

Isolates Habitats Locations Culture media
BK1 Bathroom cement Bangkok CMA
wall
BK2 Leaf of mango Bangkok CMA
(Mangifera indica
Linnxa%
BK3 Leaf ot gkok MEA
——
( dich | S —
BK4 - 0 MEA
paint: fac ,:‘
e
BK5 Fl ) ok MEA
LB
iOlive
BK6 Ba € angkok MEA
=i
BK7 wLeaf 0 — angkok MEA
ﬂ ¢ I 'Y
1]
NRM1 4 eaf of rain tree akornratchasrina CMA
¢ o
WA IFEAUNIINY G
ARG 1INY1qE
(Jacg.) F. Muell.)
NRM2 Leaf of asoka Nakornratchasrima CMA




Table 5 (cont.) Aureobasidium spp. isolated from habitats and locations in Thailand
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Isolates Habitats Locations Media used
LB1 Leaf of tamarind Loburi MEA
(Tamarindus indica
Linn.)
LB2 Leaf of tamarind Loburi CMA
LB3 MEA
SK1 MEA
SK2 ] CMA
[I
. Linn.)
L. -
30 ﬂ HIYNEN Wﬁl‘g’l’ﬂi e
(Tamarzndus zgdzca o
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2. Fungal identification

2.1 Morphological examination

2.1.1 Colony characteristics

The recovered colonies of all isolates were examined after growth on solid
culture medium (MEA) for 7 days (Figures 13-16). The isolates grew rapidly.

Colonies were smooth, slimy and creamy, though some colonies became black with

time. Indeed most colonies were b‘ a”/er, colonies of isolates NRM2 and LB3
were pink while those of isolal &ere red and yellow, respectively.
;.j

The colony sizes range e MEA after 7 days.

2.1.2 Microsc

observed. Large swollg cells and da k-wall la.nﬁiospores were also revealed.

The size of coni ﬁbﬁtﬁ%ﬁ Er chla%-fdospore's] raﬁed from 2x5 pm to 8x10
ogy of the cells grow ang’ll'
¢ o

pm. The morp n in solid iquid cjure media is illustrated

=ERRIANNIUANRTINGN A%
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BKl1 BK2 BK3

BK4 U OIBKS A, BK6

Figure 13 Colony characteristic of Aureobasidium isolates from Bangkok area

—=25cm.



LB1 LB7 / LB3

Figure 14 Colony characteristic of Auref_)’basidium isolates from Loburi area

arca

SK1 SK2 SK3

Figure 16 Colony characteristic of Aureobasidium isolates from Songkhla area

—==2.5cm,
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Figure 17 Mor;ﬂvlology of isolate BI%I (A) hyphae (B) dark swollen cells,
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and arthrocomdla (E) conidia
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Figure 18 Morphology of isolate BK2. (A) hyaline hypha, (B) dark hyphae, (C) dark

chlamydospores and arthroconidia, (D) dark chlamydospores and arthroconidia, (E)

conidia
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Figure 19 Morphology ef isélate BK3. (A) Kyaline hypha,(B) dark arthroconidia, (C)

dark chlamydospores and.arthrocenidia, (D).conidia.
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Figure 20 Morphology of isolate BK#. (A) dark hypha, (B) hyphay(€) swollen cell
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Figure 22 Morphology of isolate BK6. (A) hypha and conidial apparatus, (B)

chlamydospore, (C) blastospores and budding, (D) blastospores, (E) conidia
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arthroconidia, (D) blastospores
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Figure 24 Morp ology of isolate LBi. (A) hypha,(B) hypha withgonidia, (C) dark
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Figure 25 Morphologﬂf iso ) da( arthroconidia, (C) group of

= mR Thandwenns
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Figure 76 Morphology ‘of isolate .55 d4) hjpha with cosidia, (B)ihgphae with
conidia, (C) chlamydospore, (D) dark chlamydospores and blastospores, (E) dark

arthroconidia and conidia
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Figure 27 Morphology of isolate NRM1. (A) hypha, (B) dark hypha with conidia, (C)

dark hyphae, (D) conidia
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Figure 23 Morphology of isolate NRM2. (A) hypha, (B) hlamydospores and

blastospores, (C) blastospores with budding, (D) arthroconidia and blastospores, (E)

conidia
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hyphae with several groups of conidia, (D) conidia

65



66
o/

=4

¢

i%%ﬂ.ﬁ)ﬁ%,ﬂfﬁrﬂ!ﬁamydospmes, (C) dark

q

YRIANNIUANRIINYIAEY

Figure 30 Morﬁo%
arthroconidia, (ﬁl) conidia
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Figure 31 Morphology of isolate SK3. (A) hypha, (B) hypha with conidia, ©)

blastospore with budding, (D) chlamydospores and blastospores, (E) conidia
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2.2 Nuclear Ribosomal DNA Internal Transcribed Spacer (ITS) sequencing.

Five isolates of Aureobasidium spp. (BK4, BK6, LB3, NRM2, and SK3) were
taxonomically assessed by ITS sequencing. The PCR products of the ITS region are
ranged between 650 to 850 bp, the appropriate size of the ITS region (Figure 32).
Sequences of isolates BK4, BK6, LB3, NRM?2, and SK3 were identical as assessed

using the ClustalW program, and also identical to other 4. pullulans in GenBank

: ‘szm (ATCC 42457), AY139395 (CBS
VA

@ﬁCBS 110375), AJ244236 (CBS

F-371), AJ276062 (MZ 58)

(using BLAST program), includir

110373), AY 139393 (CB

101160), AY139391 (
and AJ276061 (MZ6 r SK3 differed slightly from the

other four by a single e 35) and a single deletion

WaS=€0

program based on theB IT 1 Aﬂlack yeast Pringsheimia sp.

was used as ﬁ:ﬁﬁnﬁs. The ITSEeﬁelmce of isolate SK3 slightly differed

from those O:ﬂ f(a. e&(llzluid p gflg:,ljll ‘Lze was able to confirm

% LR L) h (190
a s W ﬂ mra pEIu ans strains in

GenBanﬂ.
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850 bp—
650 bp—

Figure 32 PCR proﬁgcts of ITS region for all five Tl_fal isolates on agarose gel
electrophoresis ) )

Lane 111 kbJDNA loading marker

Lane 2: PCR product of ITS fegion from isolate BK4

Lane 3: PCR product of ITS Tegion from‘isolate BK6

Lane 4: PCR product of ITS region from isolate LB3

Lane 5: PCR product of ITS region from isolate SK3

Lane 6: PCR product of ITS region from isolate NRM2
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Color Key for Alignnent Scores
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A pullulans LB3

| A. pultulans CBS 110374
4 pulm NRM2

A. pullulans BK4

A pullulans CBS 110377

A pullulans BK6

pullulans VKPM F-371

CBS 110376

CBS 110373

CBS 101160

lans CBS 110375

s UWEP 769

tulans SK3
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AUt InnIneng L
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CBS 100.225
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CBS 933.75
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TRN 135

96 | A pullulans

CBS 701.76
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CBS 584.75

CBS 14797

Figure 34 Neighbor-joining tree of 4. pullulans isolates based on ITS sequences
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2.3 Nutritional physiclogy tests

The carbon and nitrogen assimilation patterns of the isolates correlated with
the assimilation patterns of the control strains (Tables 6 and 7). A diverse range of
carbon sources was utilized including cellobiose, dulcitol, fructose, galactose,
glucose, glycerol, methyl-a-D-glucoside, raffinose, sucrose, xylitol, and xylose.
Cellulose, chitin, p-coumaric acid, sodium succinate, and sodium salicylate were not
assimilated. Intra-specific varia M’x ) idium isolates and standard strains
was found in the assimilation- d&mme, glycerol, rhamnose, and

sodium citrate (Table 6

tilized included L-arginine,
creatinine HCl, L-isoleucing trate socdium nitrite, and L-
tryptophane but not creati ne. Different cell growth in
nitrogen assimilation a dpdarg strains was observed in L-

alanine, L-glutamine, L-g nylalanine (Table 7).

ﬂ‘lJEl’J'VIEWﬁWEJ']ﬂ‘i
QW?&Nﬂ‘iﬂJ UA1INYA d



Table 6 Carbon assimilation pattern of Aureobasidium isolates from Thailand.
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Carbon substrates\ Strains

BK4 | BK6

SK3

NRM2

LB3

NRRL
Y-2311-
1*

NRRL

7469*

1. Caffeic acid

2. D-cellobiose

3. Cellulose powder
(1% fibrous)

4. Chitin (colloidal)
5. p-Coumaric acid
6. Dulcitol

7. Fructose

8. D-Galactose

9. D-(+)-glucosamine
10. D-glucose

11. Giycerol

12. Lactose

13. Maltose

14. Mannitol ‘
15. a-Methyl-D-glu€os
16. Myo-inositol

17. Quinic acid

18. Raffinose

19. Rhamnose

20. Ribose

21. Sodium acetate
22 Sodium citrate
23. Sodium salicyla
24. Sodium suec
25. D-sorbitol

26. Salicin m
27. Starch (solub
28. Sucrose

0 “e“ﬁﬂ 7

31.DXyl

*
o | e ,
[EE AL A ELE By R

| s

5
‘.
4
~
e
L

+

1

F e ®
31%
i

+

Y
P

-

+ &

D+E++

I S A

+ 4+ + +

+ 4+

T T Ik i A s e

Crrdrdt+++0 0 4+

+

t+++++HF+FFE A+

+

4+t

+ 4+ +

+E+++++++++E 0

N

%

* Standard strains, A. pullulans NRRL Y-2311-1 and 4. pullulans NRRL Y-7469

+ = assimilation, - = non assimilation, w = weak assimilation
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Table 7 Nitrogen assimilation pattern of Aureobasidium isolates from Thailand.

Nitrogen substrates\Strains BK4 | BK6 | SK3 | NRM2 | LB3

NRRL
Y-2311-
1*

NRRL

7469*

1. L-alanine
2. L-arginine
3. L-asparagine

4. L-aspartic acid

5. Creatine monohydrate
6. Creatinine

7. L-glutamic acid
8. L-glutamine

9. L-glycine

10. L-histidine

11. L-isoleucine
12. L-leucine '
13. L-lysine

14. L-methionine
15. L-ornithine
16. L-phenylalanine
17. L-proline
18. L-serine
19. Sodium nitrate
20. Sodium nitrite
21. L-threonine
22. L-tryptophane
23. L-valine

+ o0+ +

+ 400+ +
+ 4+ 0+ 4+

s

£ Ft + v + 0+ £

o
-

+ + +
TR T I 2 i e

+ 4 + o

+ 4+ +
+ 4+ +

< +
+ +

FH+++++++ A+t

+ +

+t+++++++ A+

+ o+

g

* Standard strains, L pulians NRRE-Y=23 H=t-andapullulans NRRL Y-7469

+ = assimilation, - = nm assimilation, w' aK 2 simi@ion

AULINENINYINS
RINININANINYAY
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3. Exopolysaccharide (EPS) production

A. pullulans were grown in liquid production medium (PM) with initial pH
adjusted to 6.5. PM contained glucose (5%) and (NH4)2SO4 (0.06%) as carbon and
nitrogen sources, respectively. Cultures were cultivated at room temperature (30°C),
at 150 rpm for 7 days. The comparative of EPS yields among the isolates are shown

Table 8. The comparative EPS yields was obtained from A. pullulans BK4 (7.9 gl

after 7 days. The factors governin /) were optimized for five high-yielding
A. pullulans isolates (BK4 K6, ] @3 L

Strains were ¢ ntaining either glucose cor
sucrose (5% w/v) with i oom temperature (30°C), 150
rpm for 7 days

The EPS producti o > re similar (Figures 37, 39, 41,
43, and 45). The EPS yield jual f day 1 and reached a maximum
yield at day 6-7. The EPS yield frofn isolafes B4, LB3, and SK3, decreased after 6

on glucose. The greatest

EPS yield (23.1 gl )J/as produced b

source. Higheﬁ ﬁ ﬁﬂ %’ﬁ gjjﬁ LB3 (day 6), NRM2 (day
7) and SK3 (day,6) were respective y 1

ﬁlzwflgﬂ“ﬁ’ﬁ%’ﬂpﬂﬁ‘] ANYAY

trogen sources included (NH4),SO4, NaNOs3, and peptone. Isolates BK4,

ay 6 with sucrose as carbon

BK6 and SK3, with optimal yields on (NH4),SO4 the highest EPS yields (g.l' ) being
23.1, 17.0 and 10.4, respectively, and all with sucrose as the carbon source (Figures

38, 40, and 46). Peptone was optimal nitrogen source for isolates NRM2 and LB3
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with 25.2 and 15.0 g.I"", respectively, as the highest EPS yield (Figures 42 and 44).
None of isolate preferred NaNOj3 for EPS production.

Table 8 Comparison of EPS production from 4. pullulans isolates

Aureobasidium strain EPS (g17) Production period
(day)
BK1 3T 6
BK2 3.7 7

BK3

7
BK4 6

BK5

BK6

BK7

LB1

LB2

LB3

NRMI

NRM2 o

SK1 I : 7
“Hut INengnens
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During the production period, cell dry weight, cell morphology and pH were
examined. It was found that, for all isolates and conditions, pH sharply decreased
within 24 hr from initial pH at 6.5 to around pH 3 and remained along the production
period. The morphological characteristics of the isolates were found to be the same.
They were mostly in yeast form (blastospores) and then started to germinate at day 7
(Table 9). Isolate SK3 also produced hyphae. Typical pigment isolates (BK4 and

BK6) released large amount of since day 3 of cultivation. Color variant

isolates remained cream

associated with that of

AUEINENINYINS
RINNINANINYAY
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Table 9 Morphological observation using bright-field microscope of Aureobasidium

isolates during EPS production

Aureobasidium strain Production Morphotype
period (day)

BK4 3 blastospores
5 blastospores

7 germinating blastospores
BK6 blastospores
blastospores

N W ““germinating blastospores
LB3 7 A blastospores
= _ \ blastospores

er nating blastospores
NRM2 blastospores

blastospores

germinating blastospores

.";l lastospores

b ' tospores + hyphae

. I )T?is%res + hyphae

AN TUNNINGA Y
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4. Exopolysaccharide (EPS) analysis

4.1 Total hexose content

The EPS samples were analyzed for total hexose content by the anthrone
assay, with digestion in concentrated sulfuric acid. All EPSs had a high hexose
content ranging from 95-99% (Table 10). The EPS from Aureobasidium SK3 had the

highest hexose content (99%) while the lowest ones were EPSs from Aureobasidium

BK6 (97%) (Table 10).

The EPS of all i , ties to pullulanase between 56-97%

(Table 10). The EPS n :- /' as the highest pullulanase-sensitive
EPS while the EPS fro he lowest pullulanase-sensitive
EPS. Degree of pigment pined b ‘ izl observation showed that EPSs from
Aureobasidium BK6 had t. én c

4.3 Infared analysis = l .ﬂf

Infared spectra (IR) o e pared to a pullulan standard (Sigma

including alkane, carb nyl, et d oxylaonding in alcohol, primary

alcohol, and a- ﬁlﬁ arison 6fthe IR spectra was presented (Table 11).
The speﬂra om ﬁ ﬁl njvw ﬂla ﬂ jh other and were very
iR W@‘ﬂ“\ﬁ"ﬁ‘ﬁﬁi"ﬁ% R 11 1

1nd1cates the a-configuration. Thus the IR analyses aided confirmation of the nature

of the EPSs are pullulan.



Table 10 Total hexoses and pullulanase sensitivities of all EPSs.
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*Degree of pigmentation

EPS from strain Total hexose (%) | Pullulanase sensitivities Degree of
(%) pigmentation*
BK4 98 97 +
BK6 97 56 +++
LB3 98 80 +
NRM2 ++
SK3 : 2

AULINENINYINS
AR TN TN




88

]
1200 400
Wave number (cm'!)

 Figure 47 Infrared (IR) Spectral (A) Pultulan (8igma), (B) EPS from Aureobasidium

LTI T

BK4, (C) EPS from.Aure 5.from Aureobasidium NRM2, (E)

d

'l

EPS from Aureobasidi
1
4

AUEINYNINYINT
ARIANTAUNNIING A Y



Table 11 Functional group of pullulan and EPS detected by IR spectra

Functional group IR spectra (cm™)
Pullulan EPS EPS EPS EPS EPS
(Sigma) from from from from from
BK4 BK6 LB3 NRM2 SK3
-OH 3438.0 | 3438.0
-C-H 2929.0 | 2928.0
C=0 2076.0 | 2064.0
-C-OH 1420.0 | 1423.0
-OH bonding in
alcohol 1384.0 | 1382.0
C-0 1083.0 | 1082.0
a-configuration 854.0 856.0 852.0

AULINENINYINg

PIAINTUNNINGAY
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4.4 BC-NMR Spectroscopy

Structural characterization of the EPSs by BC-NMR spectroscopy yielded
spectra that were typical of pullulan standard (Figures 48-53). The NMR spectra of
the EPSs confirmed the homogeneity of pullulan and absence of other glucans. Three
signals of anomeric carbon region were revealed at 100.8, 100.4, and 98.4 ppm. The

signals at 100.8 and 100.4 corresponded to the attachment of C-1 to neighbor C-4,

indicative of the two a-1,4 glucosidi linkages. Another signal at 98.4 ppm correlated

to the a-1,6 glucosidic b ..nm___:. 3 The results indicate a pullulan

; J 4:1,6) which correlated well
1s shown in Table 12.

(Gorin, 1981) with a rati

with the structure of pu

ﬂTJEl’JVIEW]ﬁWEﬂﬂ‘ﬁ
ammn‘imum’mmaﬂ
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Table 12 Comparison of chemical shift of 13C-NMR spectra for all EPSs

97

Signal 13C-NMR chemical shift (ppm.)
Pullulan | EPS from | EPS from | EPS from | EPS from | EPS from
(Showa BK4 BK6 LB3 NRM?2 SK3
Denko
KK.)
C-l1ofa-1,4 1 0.8 an d | 100.8 and | 100.8 and | 100.8 and
100.3 100.3 100.3
-1 of 01,6 84 | 984 98.4 98.4
o4 "I 794 and | 79.4and | 79.4 and
A4 *m: 79.2 79.2 79.2
O-substituted C-6 i’ M‘}; 67.1 67.1 67.1
67.1 /4612 and |¥612and | 612and | 612and | 612and
C-6 | 6 2 60.9 60.9 60.0

AU INENTNEINS
RINNINANINYAY
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4.5 Molecular weight and viscosity analyses

The EPSs were recovered at days 3, 5 and 7 and their molecular weights
assessed using HPSEC using light scattering and refractive index for detection (see
materials and methods). The molecular weights of the EPSs decreased late in culture
from a range of 547,000-2,450,000 Da at day 3 to 10,200-167,000 Da by day 7 (Table

13). The highest EPS molecular weights were from isolate BK6 and NRM2 namely

2,450,000 and 1,770,000 Da on d allest EPS was from isolate LB3 being
10,200 Da at day 7 (Table 1@ @Ilulans BK4, two high-molecular
weight polymers were re hpm—— ay 3 th smaller by day 5. On day 7,

only a single EPS d with the EPSs from A.

Wémo cular weight EPS polymer

N

pullulans LB3 and S
s“Werc recovered on day 3, and

they were reduced to tw molecula : ymers and an apparent single

lower molecular aﬂ:f_'rY:-z DSV G- Lo SOt pullulans NRM2 and they
were degraded into anjpﬁé'r t single plecular Efight polymer by day 5 and

day 7 (Table lﬁ The tfend from hl% molecular weight EPS to a smaller size was

niverst i e b £ 114 BT
‘Qsﬁ”ﬁﬂ’ﬁfﬁ‘ﬁm UAIAINYIA Y

The viscosities of the EPS were recorded using a Brookfield viscometer. The
viscosities of the EPSs were compared to the molecular weight data (Tables 13 and
14). The viscosities decreased from 17.41-3.49 cP on day 3 to 2.63-1.53 cP on day 7.
The highest viscosity EPS was from isolate BK6 (17.41 cP) on day 3 and the lowest

viscosity EPS was from isolate SK3 on day 7 (Table 14).
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The decrease of EPS molecular weights and viscosities in late culture might be
the result from extracellular alpha-amylase or pullulanase enzymes. It was decided

that such enzymes should be assessed from all strains.

5. Enzyme assays
5.1 Alpha amylase screening

Aureobasidium cultures

‘ffyd for alpha-amylase activity using a

s the plates were flooded with

iodine solution an X und the colonies assessed. All

5 and day 7 were assayed for ﬂj& a nd pullulanase activities. Substrates
were borohydnde- ; pullulan respectively. All
cultures exhibited alpl -;my ase acti , an @llulanase activity (Tables 15

and 16). The lase activity' was from Aureobasidium NRM?2 grown
on starch on@xy g ,33 5’“ lEJX’.ll\ﬂ gllulanase activity was
QWA 0 SN TR
pullulanise yields were from Aureobasidium SK3 on day 7. On sucrose (1%)
medium, A. pullulans also produced alpha-amylase, ranging from 0.024 up to 0.408
U.ml”, and pullulanase ranging from 0.002 to 0.013 U.ml™' dependent on the culture

(Table 10). The highest alpha-amylase yield from sucrose grown cells was from 4.

pullulans NRM2 on day 7 (0.408 U.ml™") while the highest pullulanase activity was
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from Aureobasidium BK4 (0.013 U.ml") (Tables 15 and 16). Clearly all
Aureobasidium strains tested produced alpha-amylase and pullulanase when grown

either on starch or sucrose.

Table 13 Molecular weight of EPSs from A. pullulans at day 3, 5, 7 of production

period
EPSs from Production | . Numibk Molecular weight (Da)
SN\
idi i t‘ \ D )
Aureobasidium period -.E ; | :
strain
BK4 580,000/ 335,000
" 151,000/ 86,700
13,300
- d \‘N
BK6 - '; .7 \ \ ,450,000/ 562,000/ 27,000
"‘ ‘ 372,000/19,400
22,400
LB3 = ‘ 85 000/ 162,000
m 27,500
10,200
o il
NRM2 1,770,000/ 1,320,000/ 30,500
‘ = ./
I 5 0
R VERE:
167,000
SK3 3 2 ' 470,000/ 113,000
5 1 149,000
1 1 147,000
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Table 14 Viscosity of EPSs from Aureobasidium spp. at day 3, 5, 7 of production

period
EPSs from Production period Viscosity (cP)
Aureobasidium (day)
strain
BK4 3 15.26
5 ™ 4.50
| 2.50
BK6 | - 17.41
7\ 2.84
« 2.15
LB3 #; . 6.05
i;-“ 2.63
2.60
NRM2 7 15.25
3.18
7 & 215
1l ‘VEEWI WEI']ﬂ‘iZ'::
¢ | e (Y,
RN TNNNINY IR
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Figure 54 Alpha-amylase/iodine. screening of Aureobasidium  strains. (A)
AureoBlsidim 'BR4N (B) Aureohasidium BK6, (C)" Auregbasidium LB3, (D)

Aureobasidium NRM2, (E) Aureobasidium SK3
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Table 15 Alpha-amylase and pullulanase activities of culture supernatant of

Aureobasidium grown on starch (1%) medium

A. pullulans Alpha-amylase (U/ml) Pullulanase (U/ml)
Day 5 Day 7 Day 5 Day 7

BK4 0.250 0.402 0.036 0.020

BK6 0.153 0.230 0.040 0.024

LB3 0.247 0.029 0.010
NRM2 0.016 0.017

SK3 0.033 0.009

Table 16 Alpha-amylagé and/ pullulanase act ties of culture supernatant of

A. pullulans Pullulanase (U/ml)
Day 5 Day 7
BK«4 .907 0.013
= 70,005 0.009
'Iﬂ 0.004 0.002
f] ﬂ% 0.005
0.004 0.004
A oLA Aot
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5.3 Alpha-amylase zymogram of native electrophoresis gel

Crude culture supernatants of the Aureobasidium cultures grown on starch
(1%) and sucrose (1%) were subjected to native electrophoresis gel and assessed for
the presence of alpha-amylase activity via iodine staining. The electrophoresis gel was
soaked in 2% starch solution (in 50 mM acetate buffer pH 5.0) for 3 hr at 50°C.
Alpha-amylase activity was detected by staining the starch based gel with iodine.

The culture supernatants

eobasidium strains grown on both

substrates produced amylas gown on starch, Aureobasidium

BK4, BK6 and NRM al ylase activity while strains

Aurecbasidium LB3 orod c -\~ - d. Furthermore only a single

» .. \ __
on jall cufiure -. cre grown on sucrose. The amylases
= W\
sntration in that staining with Comassie Blue failed

y \ e activity bands. However they

activity band was produ
were in extremely very |
to detect protein at an equivals

were of high specific activity inorder (o have been detected.

ﬂummmwmm
ammﬂ'sm UAIINYAY
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Figure 55 Native electrophé.rpsis:géls of alpha-amylase activities of culture

supernatant of Aureobasidigm strains grown on starch and sucrose medium. (A)

Culture supernatants from stark-':hf (1%) -;';raeaium, (B) Culture supernatants from
ald -

sucrose (1%) medium S 2

Figure 55 (A) st Y-

Figuye 55 (B)

Lane i: alpﬁaiémylase (Sigma)

Lane 2: negative control (culture medium)
Lane 3:Adkeobasidiuny BKA

Lane 4: Aureobasidium BK6

Wane\5: Aureobasidiunt NRM?2

Lane 6: Aureobasidium LB3

Lane 7: Aureobasidium SK3

Lanel alpha-amyiase (Sigma)
Lane 2: Aureobasidium BK4
Lyane:3: Aureobasidium BK6
Lane 4: Aureobasidium NRM?2
Lane"5: Aurégbasidium LB3

Lane 6: Aureobasidium SK3
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6. Enhancement of the molecular weight of EPS

From the above results, Aureobasidium NRM2 produced high yields of
pullulan (25.1 g.I") by day 7. However this pullulan can be of reduced molecular
weight detected by HPSEC analysis and viscosity measurement (See Tables 13 and
14). The smaller molecular weights could be a result of alpha-amylase attacking the

pullulan in the late stages of the culture. Thus in order to attempt to obtain high-yield
and high-quality pullulan, amylas ﬂ’f ants were prepared. The use of an
amylase inhibitor present in @ & ullulan production was another
approach considered in W
6.1 Preparatio/

mutagenesis. A range of rations (504100, 200, 400 pg/ml) of NTG was used,
v Ly

and cells were incubated wi I} M phosphate buffer pH 7.0) at 28°C for 30

Aureobasidium ANMD(Figures 5 rain A@’ll was subcultured for five

generations ﬁﬂﬂ%ﬂw ﬁ tarch agar plate and in
liquid medium (1% starch). This strain did not grow on star either liquid or solid

neda R @ﬂﬁfﬂ‘ﬁ%‘?“ﬁ VR

using HlsSEC (see materials and methods).



107

100

% Survival
=

Figure 56 Survival curve of Aureobusidiun 2 treated with a range of

concentrations of é’ Q) ; ncubated at 28°C for 30

min ) |
AULINENINYINg
AR TN TN
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Figure 57 Alpha-amylase plates screening 65amYylase negative Aureobasidium strain

-

NRM2.

Figure 58 Alpha-arr;)‘;lase plate screening of Aureobasidi'ifrh ANMI1 (amylase negative

via NTG mutation) withsno.growth or alpha-amylase production
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6.2 Inhibition of amylase activity by incorporation of an amylase inhibitor
(acarbose) into the EPS fermentation medium

Aureobasidium NRM2 was cultured in the presence of acarbose (50 mg/ml) in
sucrose based medium. EPSs were recovered at days 3, 5, and 7 and were subjected to
molecular weight analysis using HPSEC.

These molecular weights of the EPSs from the wild type strain in the presence

of acarbose compared to the contr i carbose are illustrated (Figures 48
& | //

6.3 Molecular w:
negative mutant (AN ain NF the presence of acarbose
All EPSs tested, i ing contr F EPS e wild type strain NRM2

without acarbose, EPSs '  : ', gative m itant strain (ANM1), and EPSs

multiple smaller polylt‘}r; at Was obsﬁ'ed with the major peaks of

EPSs eluted at o‘ﬂd ﬁ.@'—hin estimated 425,000 Da. However, the major elution
peaks of EPSsﬁw train Q/IE g“hnre e:dﬁcgoflﬁx day 5 and day 7 were
¢ o
B LA N L

of the EPSs from strain NRM2 in the presence of acarbose (30,000 Da) was less

severe than those from strain NRM2 without acarbose (25,000 Da).
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Figure 59 Molecular weight profiles of EPSs from A. pullulans NRM2 (without

amylase inhibitor). (A) EPS on day 3, (B) EPS on day 5, (C) EPS on day 7
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T —

Figure 60 Molecular weight profiles of EPSs from an amylase negative mutant

ANMI. (A) EPS on day 3, (B) EPS on day 5, (C) EPS on day 7
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Figure 61 Molecular weight profiles of EPSs from strain NRM2 in the presence of

acarbose. (A) EPS on day 3, (B) EPS on day 5, (C) EPS on day 7
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