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Enzymatic Production of Fructo-oligosaccharides from Sucrose
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Three different strains of Aureobasidium pullulans were grown in batch cultures to compare their abilities of enzyme
production. It was found that specific enzyme activity was the highest with strain ATCC 9348 and the enzyme
production was closely coupied to growth. Studies on morphology during the growth of A. puliulans revealed that
mycelia cells were dominant at the initial stages of growth. However, yeast-like cells and chlamydospores were
dominant in the latter stages of batch culture. The pattern of morphological changes during the growth period was not
affected by pH. However, it appears that the ratio of intra- to extracellular enzyme activity tended to increase with
fermentation time irrespective of the pH employed, suggesting that the secretion efficiency of intracellular enzyme to
broth likely depends on cell morphology. Using molasses as a cheap source of sucrose, enzymatic production of
fructo-oligosaccharides as a feed additive with A. pullulans cells could be achieved successfully at 55 and pH 5.5.
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9348, ATCC 15233 -18]3 ATCC 12539 & o|glom, &=
Y EHEME (Korean Culture Center of Microorganisms)
T FAANLAE §HAL3) (Korea Research Institute of
Bioscience & Biotechnology)oll A 793t ARR-8l4ch. #3F
HE wjxE ZF4 1 Lol sucrose 50 g, yeast extract 2 g&
Y1 pH 552 2 T I AN AF= st
3 4T B3t

B Ao el ZxELend EFAE(GF, GF,
GFy)+< Wako Pure Chemical Industries (Osaka, Japan)©. 22
B 73t AME819, molassess CJ Corporation (Seoul,

Korea)© 2 B.E] 45-¢t}

Yz 3

ZSdulR] (1% sucrose, 0.2% yeast extract)ol] 28T =
AoA 29zF MFst inoculum 5 mL-S Eujkslz] (10%
sucrose, 1% yeast extract, 0.5% K,HPO., 0.05% MgSOs
TH,0, 1.5% NaNO3)& 45 mLol| 2}7#(250-mL flasks A}8)3}
of 28TCollA 347 g wjdstch & vl pHO| JTFS
ZAFH7] 98le]+= 2.5-L jar fermentor (KoBiotech, Korea)S
ARESATE MSHRA Foll 5 mLe) HEAL FHelo BAE
AAEY7IZ 10 27 283 & J5de gHdaELY o
ZHEAe ARESIRTE g AR T AR HEe
085% NaClgio2 5 mL7}A AdE A7) & FAWEL
7t F30) ARSsIcE ARTAHFHDry Cell Weights:
DCW)= S49] Wyog 105ToA 20417 ARAA 234
At WG HE F A pullulans ©] Fejsty E4wshe &
u]7% (Olympus BX-50, Japan)& AR&-3le] #23}9ct.
MEA

¥r3d FEEAML glucose kit (Sigma catalog number
315-100)2 A}&3}a}  spectrophotometer (Hewlett Packard
8453, Germany)2 505 nmollA F3%Z2 2454t molasses
%9 g2 dinitrosalicylic acid method (13)2 &3} a1,
FEZ9 sucrose FEE A /RS W 39 dUdTE &
4 & 2 2} 0955 Fak] AT AFE(K.HPO,)
£42 Taussky ¢} Shorr WH(14)& AE3}9ttk. TLC (Thin
Layer Chromatography)&4& & Auk-3-o8 A|8 3 yLE Silica
gel Fass (Merck, Germany)ol] R &3} A7)-Lvf (water:
nitromethane: n-propyl alcohol = 3:4:10)E A7|(15)3}
AZxAIZL ¥ 03% phenol8 (3 g phenols ZgHaat
5 mL3} ethanol 95 mLojl £3HE 73kl 100TA SET
WAAA ZHAESIIFY S IASATE Eh whE
HREQ e ELe e ABEA LS Kromasil 100-10 NH,
(250X4.6 mm) column (Eka Chemicals, Sweden)S A}g3}od
HPLC (Hitachi L-6200, Rl detector)2 #2135}tk Acetonitrile/
water (7.3, vfv) T89-& mobile phase & A3 HP F&
£ 1 mL/min ©])2™ column& %+ 40C o)At
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H HhH(16)S ARSI &, 80%(w/v) sucrose 7.5 mL o
0.1 M citrate buffer (pH 5.5) 2.3 mLE %1 49 02 mL
& /I8t 55ColA] 1A1ZE dE-A1Z] &, 100ToA 1587
g2 star YAE glucosed] ko ZRE Aetgct ¢ uk
SZHANA 187 | umole glucose 7} HAHE airzs

I unit® A3

A2 £ dURRH mEZ2| gl Hj=
A e 99e 7|32 st &% 55C 18la pH 55
¢ i wbEAHL Eae V)2 g3
(B9 A$= FUol 9 sucrosedS AH) 10 unitsE

$-S ZAA17] £ HPLCZ EA43}49r}.
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4F 58L& Figure 194 @ 4 J=A] FFEE e Zo|y}
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A A FAW specific enzyme activityy= ATCC 93480]
2.4 units/mg - DCW= 1.0 unit/mg - DCW?Q] ATCC 15233 H
o " =4 Jepgdth wepr B Qeas ATCC 9348
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A pullulans= B|oF2700] W} yeast-like cells, chlamydospores
2 mycelia 5 Je]&8]e Aol3t morphologyE UEllE A
02 &EA UAH20). Yeastlike cellst single cell24] 5-
10 ymo]d, o]Xt} & chlamydosporess= 702X BE 4
(pairs) 2.2 YEFIH, myceliar long chain FEj2 A=
d, A pullulans ATCC 93489 A3 A2l fermentation
population®] #w|7d A& Figure 2] WeERRACE wjekz7]
(10-20 AIZHoll= & mycelia cells Fef 2 e, vk
o] FYPLHEA HA} myceliaZ} £ FE yeast-like cells
9} chlamydospores FE| 2 ®3lE ATt 12t} Lee T2
A. pullulans ATCC 420239 ]38} pullulan ZEAM B AF
Anskes o2A wiYg pHel 2J3iA morphology7t ZAA(S,
pH 2.59 A= mycelial cells 18]35 pH 4.59 4 yeast-like
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Figure 1. Comparison of enzyme production by different Aureobasidium pullulans strains. (@) intracellular enzyme activity; (O) extracellular
enzyme activity; (A) dry cell weight.
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Figure 2. A typical micrograph of Aureobasidium pullulans cells 0 10 20 30 40

illustrating different morphologies. Time (hr)

Figure 3. The ratio of intra-to extracellular enzyme activity with
cells)El= ZACE HI =, olE FF9) wixe 2AR} fermentation time at various pH values. (A) pH4.0; (@) pH 6.0;
olo] w& ZAxz ALE ) Cell morphologye} & A(FA (A) pH 80.
Y FA) 4y A JRUAT QA 24 9
&tod pH 4.0 - 8.0 oA batch fermentation kinetics®dT-Z £°] pH 69 ALET Aidoz FA Yehts Aoz B
APstAch. ke 2.5L jar fermentorZ AMEEET H% of ol#g FTH pHollMe TANEL7 FALA=9)
pHE 4N NaOH Tt 4N H,80, £do8 AZzasiqgch HiZo] & dojux] g=d WE AxE Y7Ec
A whE FAWEAY FALEAee FAHILE

Figure 3ol JehAlch Figure 3o)4 B9 ujcka|zie] 104] Hi2F pH2l phosphate 57} SAMA0| OJX|= st
el F 24N AA FYHEA Highe ole QARAARE b Wi pHYF EAKL ] nAle dgE 24§
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Figure 4. Effect of pH on intra- and extracellular enzyme production.
(M) intracellylar enzyme activity, () extracellular enzyme activity.

productiong ZFAlslgt). UAbgo] 1 g/l FFEAME vlSF
o phosphate7} 1z (limitation)= 131, 1 A3 1ZF A ¢
e AFHTh ZAA] 20% AstHATE e 2 gL
ol AL AT dAEY 3L dojuA ekskAwt
4 g/l A7INA wlF3A F 2-3 gle] Jo Qe F=
7b FA8) o Aol o] FoF tHdata not shown).

Ao = dalale oE2e| g0l MA
A7ke] ARAE ZHEZFNFTS A8 flEde
R g XHdo| ul$ ZFasirh AFF sucrose R
molassesE AlR-6le] T ELE|NTF AYjto] AFAAE 2
Abat7] g8l HlmEAHOoZ 4 sucroseZHE ZHELT
1% ANATE B HPrt. b v sucrose(molassese] 7
2= molassesol] &-FH sucrosed] g AFIAEL) g9 10
unitsE AMSSFEAL, A4 ¥hE2 55C 28]al pH 55 279
A 24A17F o stk €4 molasseso] = sucrose ]l
= 3AFo 2 X glucosed} fructose?} AF ROl ok
50% sucrose % 45% molasses(sucrose£4] 28%)E 7)|AE A}
f31e] ke A7t WE 4R34 e] TLC chromatograms-S-
Figure 5¢) YehAITh Figure 5904 & 4 IE=A] GF, GF,
GFs, GF,7} 9834 TLC plate “dollA] 25U Re e
Z+7} 0.51, 0.38, 0.31, 0.240|3Uc} WS- 8A|7F BoMe= AT
Zeo] GF,9b ¢k7te) GFs7b A AR, HhE- 18-24 4170l A
E 238 GRhEe 47t Zadx 49Ee GF:et GRoF A4
gk wed At A oniger (7), A japonicus (22), A
pullulans (23)8] EAE AMEZ wSoA T dojFTh HAR
sucrose® FWEAZ 3ol AAHE TeESH L
GF,, -2 GF;, 1 thg9l GF, 522 943 &
e AN AgHEE Aoz L4EA gioiie).
45% 2'Y (sucroseZA4] 28%)S 71AE sl ZHE
< A4HFigure 5 B)RE 399 &F sucroseE AHEAS
3

o

8 offt R[> rx

)

o ro B

2 A9l FY3HA e

Tz wE (58% reducing sugars, 36% as sucrose
equivalent) & A}g3te] ZAEL DT AAEEEE A
3ty o AFE Figure 60 YERPRITE 36% sucrose7| A ZH

Korean J. Biotechnol. Bioeng., Vol. 17, No. 6

A B
GF= ® ¥ ®
GFomw % % % %
GFaw @ # s
GFim  # .
1 2 3 4 5 1 2 3 4 5

Figure 5. Thin layer chromatograms of time-course enzyme reaction
products obtained using A. pullulans cells at 55C and pH 5.5. (A)
50% sucrose; (B) 45% molasses. Lane 1, standard mixture of GF,
GF,, GF; and GFs; Lane 2, glucose standard; Lane 3, 8 hr: Lane 4,
18 hr; Lane 5, 24 hr.
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Figure 6. Batch enzyme kinetics with molasses (36% as sucrose
equivalent) at 55C and pH 5.5. (A) glucose: (@) GF, (O) GF;
(2) GFy; (HD) GFa

B 2447t 54uke 948 Fo ANE F ZHELINT
(GF+GF+GF)& 16.6% 24 ZYUELYTT F8&2 0469]
At} o] £ £43 sucroseE 7|HE AME-EHS w(10)
9} B3P B4%RFFoR, oy T B

Fdo] 10-15% FHo] 37 wiel] o3 FUFe] &
uke-ol AAZ gyl WEoR(16) Als®th @H
molasses® 1 AAZE FEAIZHMAZ AFEEH 7] o
Fo 22 7122 &9 AYitE ZYEZIEE HER
AA Bed Ha glo] AaNEAe AH ARHIAR A
£3 ¢ Utk HEF ZYELIHNIY FE&EE T©F sucroseE
7127 39S wWryg ozt HHAR, § A7 d#HE 2
Bl A. pullulans AEZ A3l feed additiveZA]e] ZHE
S FE R FURRE Aol rgdide dES IS
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