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Abstract — In order to convert starch to the fermentative sugar, the effect of pullulanase on the
saccharification of starch and pullulanase was investigated. The optimum pH and temperature
for the enzyme activity of the glucoamylase and the crude pullulanase from Klebsiella pneumoniae
NFB-320 were shown to be identical as pH 6.0 and 60C, respectively. The crude pullulanase
was stable between pH 5.0~6.5, and up to 40T, whereas the glucoamylase was stable between
pH 4.0~6.5, and up to 40C. When pullulanase and glucoamylase were engaged together in the
sacchrification of starch, saccharification yield was increased by 3.2% than the yield obtained by
glucoamylase, alone. And the two enzymes produced sugar from pullulan 18 times much higher

than the single use of pullulanase.
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lulanase(pullulan 6-glucanhydrolase, amylopectin 6-
glucan hydrolase) 5-¢] 2lt}. Isoamylaset amylope-
ctin, glycogen 59 a-(1-6) glycosidic linkage &
F-3 3t amylosed] 24] o}FHE YA Aol
v§(3), pullulanase+ amylopectin®} glycogen-g -3)
& 4 9% #vi2], maltotriose”} a-(1->6) Ao
o] F1Al pullulan®] o-(1—6) Al Solxeg 2
B-3le] HE o 2 maltotriose7}A] B3 2] 71 cH2).

Pullulanase+ glycogen, amylopectin 5-& &%
224 ogie F2E #eled o] 4341(2),

75~80%2] amylopecting- 3k 2 RS
B-amylase®} g7l 2}8-2]3)° 24, maltose syrup
S ¥3) 3 pullulane]] 2HEA|A £5 HS mal-
totriose & A2 H, HEF G| ¢ 83 &
28 oA dew(4), Bacillus stearothermopilus(s),
Aerobacter aerogenes(6,7) Sl FrzA A7)
o] Fo]x Yr}

X5} syrupd Aol lel4 amylopectinel] a-
amylase7} 2}g-s]4 AJAE o-limit dextring glu-



200

e eYeTe
KOO W e

o >({ )i}x)"}{)\ﬂfh M\(L RPN s >wé’

&W

Reducing end

(> Glucose
{ < Maltose

Maltotriose

0200,
OO+ Maltotetraose

Fig. 1. Mechanism of starch hydrolysis by amylase.
Point of enzyme reaction («); O; a-amylase, [J; B-am-
ylase, A; Gilucoamylase, @; Isoamylase or pullulanase
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A S A A sk o] o Rl Y2} acetone-d 2ul
Hd7lsled sh5wt ok 4C oA AAAZIe) o] AA
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k& 520 nmoll A FHEFE FAHTFo =M At

a-Amylase®} glucoamylase®] 7-%-oll%= 9] Hid
off F3tE 7IAEMN 7HAE-E 1%7F HES 50 mM
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Table 1. Bacterial strain and medium used for the experiment

_ Medium
Strain Comments
Component Amount (g/)
Klebsiella prneumoniae NFB-320 Pullulan 10.0 Genetic marker pul™, nif”
(for pullulanase production) Yeast extract 15.0 Chung ef al (9)(1985)
K,HPQO, 2.0
Mg504 ) 7H20 0.2

pH 55
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Fig. 2. Effect of pH on the activity (@, W) and the
stability (O, 1) of pullulanase.

®, O; Na-acetate buffer, M, [1; KH,PO,-NaOH buffer,
Substrate was 1% (w/v) pullulan solution.
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Fig. 3. Effect of temperature on the activity (@) and
the stability (O) of pullulanase.
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100%2] A& 4§ fAsgon), 50T dAe
80%= HABIE 3, 70C olAdlAE 17% o|3l=
ZrAshednt. ol Aevobacter aerogenes® 735-9)
AAA 74 {-AFEFI 2 H6) Bacillus acidopulluly-
ticus®) 73 55C 7}A|(16), Clostridium thermohydro-
sulfuricum | 735 90C 7}=] kA de] FAE}E

Hug)ehs Abelstadoi(Fig. 3).
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Fig. 4. Effect of pH on the activity (@, W) and the
stability (O, [J) of glucoamylase.

®, O; Na-acetate buffer, M, [J; KH,PO,-NaOH buffer,
Substrate was 1% (w/v) soluble starch solution,



Vol. 22, No. 5

ok
-
—
»

60 -

40

201

0 20 40 60 80 100
Temperature (C)

Fig. 5. Effect of temperature on the activity (M) and
the stability ((0) of glucoamylase.
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Fig. 6. Effect of temperature on the reaction of pullula-
nase and gluicoamylase mixture on l% pullulan,
Reaction time: a; 10 min, &; 30 min.
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Fig. 7. Effect of temperature on the reaction of pullula-
nase and glucoamylase mixture 'on 1% soluble starch.
Reaction time: ®; 10 min, W 30 min.
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Table 2. Effect of pullulanase and glucoamylase on the
saccharification of polysaccharides

Reducing sugar produced

Kind of e
polysaccharide! by enzyme reaction® (g/l)

20% (W/v) Pullulzanase® Glucoamylase! Both®
Pullulan 6.2 3.2 110.5
Soluble starch 0.6 114.0 119.7
Corn starch 1.1 111.8 117.2
Flour 0.2 4.5 7.0

tAll the polysaccharides were liquified by a-amylase
at 90°C , 1 hour before saccharification. * Saccharification
condition: pH 6.0, 40C and 24 hours. *Pullulanase(P):
20 U/mi. *Glucoamylase(G): 20 U/mi. *Both: P (20
U/md) and G 20 U/m{) were mixed.

20%(w/v) =x2] 7]l pullulanase(20 U/md), glu-
coamylase(20 U/mf), 12]il ¥ &9 E3AE 24
z} 7}sted pH 6.0, 40T oA 24417} HEZA]A HES-
Aol Fedctaks A

Pullulan®] 7-$, pullulanasee| 23A= 6.2 g/,
glucoamylaseol] siA& 32g4, F Ea F-3HeYo
s A= 1105 g9 o] AAEHKAG F 22
B3l 2j3) AAEHAR UG &L A F 7
eke] 619 A7} =9l pullulanase®} glucoamy-
lase 2 wE wREAIR) 7ol ¥l ZH7} 184l 364l
Ax 9T

7184 AEe] 7% pullulanase?} glucoamylase
2 z}7] Aelgr AS$e= 06g/09 114.0g/109
cho] AAE o} F a4 £ g Yy
119.7 g/i24] glucoamylase® *2]3F B9-Rr} 32%
o] w33} 40| F7EHUT

o 2 B.0) AL pullulanase$} glucoamylase&
7] H)d A $ele 77 L1g/de) 1118 g/l 3t
dedo] AAHA e, F Fa4o 3 AR 1172
g/lo] Bcte] WA= gl o glucoamylase W A
215t 7ol vl 3.0%9 23 78] F7HEU

SHEE A0 2l BRESAE

Glucoamylase”} a-(1—=0)7Z2 %l 2H8-grell sleo] 4]
FAa0) 22 5 e HA 99 E =ABELAL mal-
tose$} maltotriose % &7} dFE 10g/! &
£ A8 FAsty AAE 20U/mle] 352 A
7}8led pH 6.0, 40T o A1 1A]7F k&A1 §F 107-7h
FZo] w2 HRA 2, AR Eehs 233
(Tabhle 3).

AAE Feel ol rleRal = maltosed] 7

Kor. ] Appl. Microbiol. Biotechnol.

Table 3. Glucose produced from some saccharides by
glucoamylase'

Kind of Glucose Degree of  Relative
saccharide  concentration® hydrolysis® percentage

1% (w/v) (g/D (%) (%)
Glucose 0.00 0 0.00
Maltose 6.21 69 78.40
Maltotriose 7.92 88 100.00
Pullulan 0.63 7 7.95
Soluble starch 6.21 69 78.40
Corn starch 5.58 62 70.45

1Glucoamylase: 20 U/m/. ?Analyzed by glucose analy-
zer. *Reaction conditions: pH 6.0, 40C, 1 hour

(zlucose
Maltose

Maltotriose

Starting Point

Fig. 8. Paper chromatogram of mono, di, and oligosac-
charides produced from pullulan by enzymatic sacchari-
ficaion.

A; standard, glucose, maltose, maltotriose mixture. B;
blank, no enzyme. C; pullulanase. D; pullulanase and
glucoamylase. E; glucoamylase

© 621g/, 69%%]3 maltotriose] 7§ 7.92 g/,
88%<ith o)Z4 Al AM-F glucoamylase”} 4F
o5, o) el & whe-3ked a(1—4) A4S F-slishe
FAS 7R oleS #alsioich

Glucoamylase”} pullulanel] 283t wEl® EX%
o} o= 063g/lR HREilEe "%l Glu-
coamylase:= a-(1—4) 28-S A 7I-Esdhd -
(1—6) Aie JA 75EasA] Zgoja ¥ s o
9] (2), pullulan® maltotricse”} a-(1—6) AP oE
AAxe] glowmZ pullulane] glucoamylaseell 2]
FrEEE ARE ZHEA HEe] hrdsike] H
sealed 10%<l E3stsdct

cthdFoll A4E vietd 9Ed uf AAEE J8
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Fig. 9. Paper chromatogram of mono, di, and oligosac-
charides produced from soluble starch by enzymatic sa-
ccharificaion.

A: standard, glucose, maltose, maltotriose mixture. B;
blank, no enzyme. C; pullulanase. D: pullulanase and
glucoamylase. E; glucoamylase

%2} 8Hel-g 98 pullulan®} 724 A& pullu-
lanase(20 U/mi)<} glucoamylase(ZO U/ml) 5 &42
Z AL ] dlod 6A|7F ubS-A| 7]l E AJAIE] HES AL
& paper chromatography=. E}D &kl ol

Pullulanel| pullulanase& * 2§t BF3-=2] 7 $of
< Bacillus stearothermophilus7} 4= pullula-
nase? 73¢9l 7o)(13) maltotriose’} Eelxlad T,
pullulanase ¢} glucoamylaseS 37 2] A$oll=
maltotriose®} ¥ = o] #H<lxigic}, Glucoamyalsent
S gt 7 Folle Ergute] vlefsiAl vieh}A
glucoamylaseqt w502 pullulans] =83 AS$
e e = e - Ry R = Y T ) )

7Fe-A] AR EAE Meld ¥kgE-¢ paper ch-
romatogramell 4+ pullulanase *]g]ol] £]3F WAL
ool Arfur AtTred AAEL FlxR] sk
ow et wdk vjehla] dsioh 7 fAe] &g
2]l 2% vh-3-E(lane D)9 7§ F A 49 A&
w2} oligosaccharide”t ¥ =ty gHA A Alxiglow,
glucoamylased]| 21§ 733 % FEvto] selz|g]r}
(Fig. 9).

2 %

2 aAfA4lel Al Eoke R EE Fug AAnA
Klebstella pneumoniae NFB-3200] A Alshe= &
pullulanase & glucoamylase$}t 4] o] &3+ 5

Fsjoll cistel <1F-sledch.
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Pullulanase & 92| A4 pHel 22+ 7}
:q» pH 6.0, 60C o]gﬁ_l_ ]:lH a]—‘:ﬂﬁ%;}. cgc:]»:z-lﬂ pH
5.0~6.5, 40C 71%] ot sloich Faka A <) glucoam-
ylase?] A &A pHel &%+ 7Hz} pH 6.0, 60T o)
%L, pH kA A1} At A1 & pH 4.0~6.5, 40T 73]
Aol FA=H A} 74 A2 3tel] pullula-
nase®} glucoamylaseS &7 o] £3We o FFas
nhe ARERE 7R 32% AE @3 o] =5
3t 12, pullulan®] 3lell F A4S 4 AH43lm
A pullulanaseyh-g ©]8-3 7-9-¢| v} 18w}

FAFE Ak
A

€ 97T SHARRY A x T)eNEAlgl ]
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