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Abstract

The extracellular and intracellular inulases from Kluyveromyces marzianus were purified
and characterized. The maximum production of both inulases was achieved at stationary
phase in a pH-controlled medium at pH 5 with yeast nitrogen base as organic nitrogen
source. Each enzyme was concentrated by tannic acid precipitation and separated into two
fractions by DEAE-cellulose chromatography. Electrophoretic analysis showed that the four
fractions had three glycoprotein bands each. Only main glycoprotein band, however, had
both inulase and invertase activities. There were no significant differences between two
enzymes in the optimum pH and temperature. But the intracellular inulases had higher heat
stability and less affinity toward inulin than the extracellular enzymes do. All the purified

enzymes were considered to be exo-inulases using hydrolyzate analysis with TLC.
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Table 3. Effects of organic nitrogen source and pH control on enzyme production

(Unit : units/ml/min)

Tnulase acti\}ity )

Invertase activity

Org. nitrogen pH culture
source after Extra Intra Extra Intra
YNB normal 2.7 0. 33(0. 75) 0. 42(0. 49) 6.72(0. 87) 15. 9(0. 64)
pH control 4.9 0. 44(1) 0. 85(1) 7.3 24.7(D)
Yeast extract 5.4 0. 32(0.73) 0. 08(0. 09) 7.2500. 94) 3.5(0.14)

Initial pH: 5.5
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Fig. 2. DEAE-cellulose chormatograms of intracellular enzyme
4-—s—e—e—e4 : Inulase activity X2, @--——@ : Invertace activity
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Fig. 3. DEAE-cellulose chromatograms of extracellular enzyme

+=~e—r—e—e+ : Inulase activity X2, @-—-@ : Invertase activity

DEAE-cellulose® &% 2 fractiong #7]
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wimd ¥ w ol FHrst w2 339 bandule]
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lular enzyme-2 37019 bandz jebutct (Fig. 4).
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£ 25314 o} (Fig. 4« activity).
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Fig. 4.

0% Polyacrylamice gel electrophoresis
of DEAE-cellulose fractions of extracel-
lular and intracellular enzyme.

EC : Crude extracellular enzyme

I1C: Crude intracellular enzyme

E1~E3, 11~13: DEAE-cellulose fraction
I~1I1 of extracellular enzyme and intra-
cellular enzyme, rezpectively.

Zo zAew Ar9ES - periodic-schiff A
ko 7 glycoproteingd w4 dled coomassie bril-
liant bluez A3 A3 v xd A3} intracellu-
lar 2@ extracellular inulasel= =% glycoprotein
o]l o= DEAE-cellulose® A A3 fractions] =
inulase 9o F/M9 glycoproteine] B8z &
AEE & F Ao Fig. 5).
Coomassie  periodic-schiff
E1 E211 12 1211 E2 K1

Fig. 5.

Electrophoretic patterns of intra and ex-
tracellular enzymes on 10% polyacryl-
amice gel
Coomassie :
liant Blue R-250
Periodic-schiff :
cchiff reagent

stained with Coomassie Bril-

stainel with periodic-

A pH: ®EF fractiono] inulasex pH 5. 0]
A], invertaser pH 4,544 3 4L ¢ in-
tracellular inulaser} extracellular inulase<] u] 3}
Sa de 999 pHAA Fe 4L e
A 9ol 47hA Tad A pHe e HolE & F
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Fig. 6. Effect of pH on inulase and invertase
activity
0--0 : Inulase activity
+—+ : Invertase activity
El: DEAE-cellulose fraction I of extra-
cellular enzyme
E2: DEAE-cellulose fraction II of extra-
cellular enzyme
11 : DEAE-cellulose fraction I of intra-
cellular enzyme
12 : DEAE-cellulose fraction Il of intra-
cellular enzyme

g9 ok =}, intracellular enzyme fraction 112l
12¢] invertasewto] oF& fraction®+ 22 pH 5.0
a4 24 &4& 214 Fig. 6).

#H4 &% : Extracellular fraction I & 40°Celj 4]
7}% &£ inulase 4%, 45~50°CelA &2 in-
vertase 4 Vb oz (Fig. 7, E1), extracel-
lular fraction I19] A $-& 40°CsF 50°Cell A} A7
inulase ¥ invertase] AHAd 4L YeEhgdh
(Fig. 7, E2). 3% intracellular enzyme®] 7 $-
fraction I9] inulase activitys 40°Col 4],
tase activitys 50~55°Col 4 FHzE o]F% o
(Fig. 7, I1) fraction Il A &= 40~45°Cs} 50~
55°Coll Al 27+ )9 inulase ¥ invertase acti-
vity® vebl A ek (Fig. 7, 12).

RE fractions? 40°Cell A}
A & 2o extracellular®} intracellular
inulase zhol o] E Bolx] ¢goy invertased]
7 % extracellular enzyme£ 45~50°Coll 4], intra-
cellular enzyme& 50~55°CelA] Hu] AL

inver-

inulase activity+

o
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(=]
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relative activity, ¥
wu
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relative activity, %

30 40 S0 60 70

30 40 50 60 70
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100 °\°100 . o
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2 2 4
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Fig. 7. Effect of temperature on inulase and

invertase activity

O--0 : Inulase activity

+—+ : Invertase activity

E1, E2, 11, 12: Refer to Fig. 6

B o] intracellular invertases} 5~10°C o &&
LxdA A 2L 29¢ & F At =G
inulase$} invertase X5 A 2 intracellular in-
ulases} extracellular inulasee] uld thx B
WY exda & 4L e = (Fig. 7).

Q ¢4 4 : 7 fractiong 45~65°C A}l o 4]
Azgz d47% F IF 24& 34¢ 24
intracellular inulase: 45°Coll A 147t A g Fof
82~95%% ¥AE HAF 44 (Fig. 8, 1,12)
extracellular inulase’= 58~73%9 &A1& FA 3}
o= (Fig. 8, EI,E2) 50°Coll A& 14 A3 ¥
intracellular= 58~70%, exrtacellulari= 35~39%
9 #4¢ FAstm=A intra} extracellular in-
ulaseo] H3} do] AY AR T ¢ F
9193 = (Fig. 8) o] ¢} 7L AL invertaseo] A =
Hl &HA vE stk (Fig. 9).

Km, Vmax: 7 fraction?) inulin3} sucroseo
o} & Michaelis A< (Km)<9} Vmax ;& Linewea-
ver Burk plotg o] &3}e] F3 A3 Table 49
e A ek

Inuline] 98 Km3zko] extracellular inulasez}t
9.41~11, 54 mM=Z A 15, 93~18. 99 mM¢] intracel-
Fe Eue=s
inulinef o gt A3te L extrar}l intracellular inu-
lasentt B £8& ¢ + A¥-

Sucrosed] ™3 Kmzhe 12,09~14, 73 mMZ A4

lular inulases] ¥ e
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Fig. 8, Heat stability of intra and extracellular inulase with preincubation time
El, E2, 11, 12: Refer to Fig. 6
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Fig. 9. Heat stability of intra and extracellular invertase with preincubation time
E1, E2, 11, I2: Refer to Fig. 6
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Table 4. Michaelis constants (Km) and Vmax values for inulin and sucrose

Inulin Sucrose
I1 12 E2 11 | 4 El E2
Km, mM 18.99 15. 39 11. 54 9.41 12.8 14.3 12. 09 14.73
Vmax, g moles/min 20. 34 19. 66 9. 05 18. 72 8. 46 9.36 4.9 13.58

11, 12, El, E2: Refer to Fig. 6

inulin®+= 22 extra ¥ intracellular enzyme 7t
o, =& 7 fractionzte] Fa3k Aojst gl ot
Inuline] & Vmaxg-g extracellular enzyme
fraction I(E1)¢] 9.05 ymoles/minz ¥t o v+ t}
£ A fractions® 18.72~20. 34 gmoles/min .4
¥ g g2 2@k ¥ v sucrosed] o 8 Vmax
e 4749 fractionso] 4. 9~13.58 umoles/minZ

E1

FS I
[1

10 30 60 120 360 720

F S T 1 306 120 360 720

4] fractionztel] o] & weolx 9l gl

W8 B0y HA : Intra ¥ extracellular en-
zyme?] 7} fractiong inulins} 124 7}7}2] ukS-A
2 3 A4 FH4EE TLCA 98 AAS A
3t BE fractionel A A zke] A A G} whzt FF
X7} £ oligosaccharides BAE 4 g ot in-
uline 2 %8 2§ = fructosed ¢o] Frtx Ao

E2

F S
12

I 30 60 120

£ S I

10 30 60 120 360 720

Fig. 10. Thin-layer chromatograms of hydroysates of inulin at various reaction time.
F : Fructose, S: Sucrose, I: Inulin, Numbers : Reaction times(min.)

El, E2, 11, 12: Refer to Fig. 6
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do W3 ¢4 A= intracellular inulase7} extra-
cellular inulase® vt A ebykch. Km values

intraz} 16~19mM, extracellular inulaser} 9~11

mM=4 extracellular inulases} inuline] =& A
go] o 9ot BF exo-typed inulasez #
cEEE
o2 3
1. Kim, K.C.: J. Korean Agr. Chem. Soc., 18
42(1975)
2. Kim, K.C.: J. Korean Agr. Chem. Soc., 18:
177(1975)

3. Nakamura, T. and Hoashi, 5.: J. Agr. Chem.
Soc. Japan, 43 : 599(1969)

T. and Nakatsu, S.: J. Agr.
Chem. Soc. Japan, 51 : 681(1977)

5. Nakamura, T., Hoashi, S. and Nakatsu, S.:
J. Agr. Chem. Soc. Japan, 52 : 105(1978)

6. Nakamura, T., Kurokawa, T., Nakatsu, S.
and Ueda, S.: J. Agr.
52 : 159(1978)

7. Nekamura, T., Maruki,
Ueda, S0 L
(1978

8. Guirau?, J.P., Deville-Duc, T. and Galzy,
P.: Folia Microbiol., 26 :147(1981)

9, Guiraud, J.P., Daurelles, ]J. and Galzy, P.:

4. Nakamura,

Chem. Soc. Japan,

, Nakatsu, S. and

. Japan, 52 : 581

S
>,
=6C

Agr. Chem.

Piotechnol. Ficeng., 23 : 1461(1981)
10. Demeulle, S., Guiraud, J.P. and Galzy, P.:
Z. Allg. Mikrobiol., 21 : 181(1981)

11. Chung, K.Y., Park, S.0. and Lee, K.H.: J.

23 : 211(1980)

12. Guiraud, J.P., Viard-Gaudin, C. and Galzy,
P.: Agr. Biol. Chem., 44 : 1245(1980)

13. Chautard, P., Guiraud, J.P. and Galzy, P.:
Acia Microbiol. Acad. Sci. Hung., 28: 245
(1981)

14, Grootwassink, J.W.D. and Hewitt, G.M.: J.
Gen. Microbiol., 129 : 31(1983)

15. Vandamme, E.J. and Derycke, D.G.: Adv.
Appl. Microbiol., 29 : 139(1983)

Korean Agr. Chem. Soc.,



— 178 —

HEELEGE F30% (198D

16.

17.

18.

19.

20.

21,

22.

Ryu, Y.W., Ghim, S.J. and Kim, S.I.: J.
Korean Agr. Chem. Soc., 27 : 45(1984)
Nahm, B.H. and Byun, S.M.: Korean Bio-
chem. J., 10 : 95(1977)

Negoro, H. and Kito, E.: J. Ferment. Tech-
nol., 51 :103(1973)

Negoro, H.: J. Ferment Technol., 51 : 879
1973)

Negoro, H.: J. Ferment Technol., 56 : 102
(1978)

Edelman, J. and Jefford, T.G.: Biochem. J.,
93 : 148(1964)

Rutherford, P.P. and Deacon, A.C.: Biochem.
J., 126 : 569(1972)

23.
24,

25.

26.

27.

28.

29.

Melius, P.: J. Chem. Educ., 48 : 765(1971)
Negoro, H. and Kito, E.: J. Ferment. Tech-
nol., 51 :96(1973)

Roberts, C.A., Jomes, C., E.J.,
Bowman, G.C. and Blackman, D.: J. Chem.
Educ., 53 : 62(1976)

Segrest, J.P. and Jackson, R.L.: Methods in
Enzymol., 28 : 54(1972)

Collins, F.W. and Chandorkar,
Chromatogr., 56 : 163(1971)
Wise, C.S. Dimler, R.J., Davis, H.A. and
Rist, C.E.: Anal. Chem., 27 : 33(1955)
AAA AN =E, ohFRTdz A
(1983)

Spencer,

K.R.: J.



