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�������� The fructan-producing enzyme, fructosyltransferase (FTF), was immobilized on the surface of 4 differen
hydroxyapatites by simple incubation. Among the resins, the Type I (20µm) hydroxyapatite gave the highest yield in
terms of immobilization yield and enzyme activity. The fructan synthesis activity of the immobilized FTF was simila
with that of the free enzyme, and were about 70-80% on fructose basis with substrate at 100~200 g/L. The binding t
between the hydroxyapatite and FTF was terminated within 2 h, and the binding capacity of the Type I (20µm)
hydroxyapatite was above 60 U of FTF/g of the resin. By immobilization, the FTF stability against proteolysis, was grea
improved by approximately 3-4 fold. Thus, the present study demonstrated that immobilization of FTF on the surface
the hydroxyapatite occurrs in simple reaction and the binding strength is strong enough to produce the fructan. 
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40�2-3). 05, 6789 :;<=(fructosyltransferase, FTF)

� �>0 1?���/@ �4AB �4C <=� �(DE�

FGAH 1?I/@� �� JKLM N'0 )*� OP��

QE� ��� ��4). 1?I/@ FTF� R	/ OP�� �

"� FS�T 6UV� WXY93 �40�. ;Z �4A�

6UV� 1?���% /[\]E� ^_�`a b� ;c �

��; ��% .�/ def g �hi hM�� ^_� 0

�5-8). FTF� jkI/@ �lC )*� ^_�� Q� �G0

m�, ��% .�/ N'C )*� 1?% n?/ op� �

�� Q; q QE� �	C�8). rs% t1 N�/ %��

��/ N'C <=� 1?I/ OP�� <=M u4; v�

�w u4� ajx�9). y3c�, Streptococcus mutans/@

�4C WXz �4<=(glucosyltransferase, GTF)�, _k-

/@ OPf ZM hydroxyapatite% .�/ N'�� {�/

<=^_E� �4A� WXz� )4�� |h"� |h"%

N'; }K~�9).

rs, GTFM FTF% DNA �  ! g�/@% t1 N

�/ %�� � <=�/@% v� ��0 u4 �, �/

�0 u;4, <=% m�d�% ����% 14, DNA ��

% �� homology $; ��\� ��10-11). Bacillus subtilis/

@ ��C FTF3 hydroxyapatite/ N'��� <=% m��

h� ���� �4C 6UV% F��; �=AH �4; }K

\� QE� ��A��12). S. mutans% FTF� hydroxyapatite

/ N'A� FTF-FTF% N'C )*� OP�B, �4A�

6UV% 4h ��A� Q; ��\� ��. b0 1?�

� ���� T� 1? ���/@(Streptococcus sorbinus, S.

mutans, S. gordonii, Actinomyces viscosus) FTF% �4; �

�� �Ea, GTF/ G�T FTF/ �0 t1��� -��

E� �� ��;�13-14). � t1/@�, FTF� 1?/@ ��

/ ��� op� 2��� �S hydroxyapatite3 � �¡¢

E� ;_�T FTF% N'£/ ��� ��c/ �0 u4�

G¤¥E�¦, 1?I/@% FTFM ��M% -§§¨3 ©ª
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1. ��
<=N'�¬/ �_0 4�\% hydroxyapatite� Bio-Rad

� ®� �_�«EB, ;¯/@  ! N'£; °H± u

4� ²� Type IE�� 20µm (Cat. No. 157-0021), 80

µm (Cat. No. 157-0041)% ³~�, -��E�  ! N'

£; �� Type II/� 20µm (Cat. No. 158-2200)M 80µm

(Cat. No. 158-8200)% ³~� �_�«�. 05, FTF�

Zymomonas mobilis ��% <=3 �_�«�15).

2. FTF-hydroxyapatite ����
Fl�C FTF (2 U, 5 mg/ml )M 100 mg hydroxyapatite

3 50 mM ��´µ_k (pH 6)/ ¶'0 · 4oC/@ 90F

¸¹ ºº» m��¼�. m� ·, m�k� ]½Fl(8,000

rpm, 10F, 4oC)�T, -$k(N'; ¹A�`a ¾¿�À N

'C <=)� Á:�(hydroxyapatite/ N'C FTF)� Fl�

«EB, Á:�/ �� ¸�% ´µ_k� �0 ·, PÂ ]½

Fl�T -$k� Á:�� Fl�«�. ¸Ã Ä+� 3ÂÅ

m&�T, rÆ�E� Ç� Á:�� hydroxyapatite/ N'0

FTF� �_�«�. 

3. FTF-hydroxyapatite ���� 	
���
100 mg% FTF-hydroxyapatite N'(3 10% �"_k-50

mM potassium phosphate buffer (pH 6) 1 ml� ¶'· 2-

4�� m��¼�. HPLC3 �_�T m��(|h", �", 6

78 Èl�", 6UV)% �4�� ��FÉ�`a16), �"%

<=� FS� �4A� |h"% >� ��FÉ�«�. m�

� ¯% 6UV% F��� GPC ÊË� Ìe0 HPLC3 �

_�T FÉ�«�16).

4. FTF� ��� �� � ��� ���
FTF% Í4h Î�� �"FS£� 6UV% �4ÏE� G

¤�«�. <=% Í4h(U)� F" 1 micromole% |h"�

�4��Ð Ñ�0 <=�E� �%�«�.  ! ¥� Î�

� ��T, Bio-Rad�% protein assay �Ò3 �_�«�.

6UV% ��FÉ� ��T m�k/ 3Ó% /VÈ� ��T

Á:�Ô Á:�/ 1% ��� ��T 121oC/@ 10F� Õ

Öl�T  "#� FS�«�. ��gFS�� NaOH3 ��

T ¯��Ô·/ 0.45µm T��E� T��«�. Tk 20µl

3 ��k(×�Ø8LKÙ(HPLC, Backman, USA)/ �Ú�

T ���«�16). �", |h" $ Û .�"� Û ÜhÝ�

20 µl loop/ �Ú�T Þß�«EB, Û ÜhÝ peak ���

;_�T .�àá� ^4�«�.
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1. ��� ���� ��� ��
Hydroxyapatite-FTF3 10% �"_k/ m��â@ ÇH~

m���/ 3Ó% /VÈ� ��T Á:�â@ ãg0 6UV

% ä�F��� 3!å }æE�(data not shown), ́: FS

�/� �"� ç=�% |h"E�å ;XH� ���. 6U

V% èh� éh� 
�¥/ êK �=�� Ãm�� �"#

% u4� ajI�EB11), 6UV Üh 7% ;�/@� g_

k-E� Ll� 7% ;-/@� ë -*� OP�«�16). ê

K@, 7% ;-% 6UV� 1?/@ ìÀ jk/ %0 ��

^_E� `A\ í� u4� �;� QE� î C�.

2. Hydroxyapatite-FTF ��  !"
� �¬/ �_0 hydroxyapatite� .�% u4; �w 2�

\3, Ll� ÛÛ 20µmM 80µm% ×�% 1)% hydroxya-

patite3 �_�«�. � �¬/@ �_0 Type I� �w  !

/ �0 N'£; �� QE� ��~ m�(>25 mg of

lysozyme/g), Type II�  !N'£; -��E� �� QE

� ��� ��(>12.5 mg of lysozyme/g). �% 4�\% 4

� ×�� @� �w 4�\ hydroxyapatite(10 mg)M 0.5 U

% FTF3 2 ml% ´µ_k(pH6.0)/ ¶'�«�. 360h ã:

�� Ì�3 ;_�T, ¶'�� |¥0 tube3 90F� ºº»

ã:�â@ hydroxyapatiteM FTF% N'� �h0 ·, ]½

Fl+E� -ïk� Á:�� Fl�T ÛÛ unbound FTFM

bound FTF� �_�«�. 4�\% hydroxyapatiteM FTF%

N'� 60-80%� v� �ðEB, u» Type 1(20µm)%

hydroxyapatite3 �_�«� Z �Ì �� N'£� �«�

(Table 1). FTF% hydroxyapatite/ �0 N'£� FÉ��

��T hydroxyapatiteM FTF3 m��Ô ·, ]½Fl+�

ñS -ïk� ò0 · N'; ¹C <=% >� ��FÉ�

«�. ;Z �¬2n� hydroxyapatite (10 mg)3 2 ml% ´µ

_k(pH6.0), 2 U% FTF/ N'�Ô ·/ 90F� ºº» m

��¼�(Fig. 1). �¬N�/ %��, hydroxyapatite/ N'C

FTF <=% >� Type I(20µm)>Type II(20µm)>Type I(80

µm)<Type II(80µm) óE� �ð�. N'C hydroxyapatite-

FTF &'(3 �ô0 ·/ ]½Fl�T ãg0 -ïk�(1Â

�ôk), Á:�/ �� ¸�% ´µ_k� ��T �ô�T

]½Fl0 -ïk(2Â �ôk)E�dõ FTF <=Í4� Î�

0 N� 1Â �ôk/@� �_0 :(Í4% 2.7-3.1%, 2Â

�ôk/@� 0.1% ;�% <=Í4� ÛÛ ajI��. êK

@, � t1N�� �¬/ �_0 hydroxyapatite% ×�M Æ

#/ q Â;ö; hydroxyapatiteM FTF <= �;% N';

v� ?�À aj÷� �T���. 05, 4�\% hydroxyapatite

¯/@ Type I(20µm); FTFM �Ì �� N'£� �;�

QE� ajø�Ð, ;� ^� ×�% hydroxyapatite� �Ì

�� .��� ù�� Zú� QE� î C�. Type 1/20

µm% hydroxyapatite/ N'f g �� FTF% >� v� �

�@, 1 g hydroxyapatite/ N'f g �� FTF� 60 U ;

-;�EB(data not shown) û�C <=M hydroxyapatite%

����� �� Effect of hydroxyapatite properties on the binding
yields of the fructosyltransferse onto the hydroxyapatites

Hydroxyapatites
Activity
added

Activity in
washing

Activity immobilized

Theoretical Actual

Type I(20µm)
Type I(80µm)
Type II(20µm)
Type II(80µm)

100
100
100
100

25.3
35.1
35.9
38.2

74.7
64.9
64.1
61.8

86.1
69.9
65.9
62.6
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N'/ Ñ�0 ��� v� ü�@ m� · 30F/� û�C

<=% 40%, 2��/� 90% ;-% <=� N'�«�(data

not shown).

3. Hydroxyapatite-FTF ���� ��� ��# !"
4�\ Hydroxyapatite/ 0.5-2.0U% FTF3 ��T �4C

N'(3 ;_�T N'C FTF% <=Í4� Î��«�. ;

Z, hydroxyapatite� `C <=3 �2�¬ýE� ;_�«

�. <=Í4� þ� <=Í4 Î�� ��T Qpÿ(specific

initial glucose production rate)�, Ll� rÆ <=Í4 Î��

��T �� �"E�dõ |h"E�% :��(conversion

efficiency)� Î��«�. �2ý/@� �_0 <=% >;

0.5 U/@ 2.0 UE� 
�fgi Qp ÿ� conversion efficiency

� 
��T, 2 U% <= �_�, Qpÿ� 0.188, conversion

efficiency� 95%3 ajI��(Table 2). 05 �¬ý/@�,

Type 1(20µm)% hydroxyapatite3 �_�/ �Ì �� <=

Í4� ajI��. 1.5-2.0 U% <=3 �_0 {�, �2ý/

@ �_0 <=/ GS � 70%% <=Í4� �«�(Table

3). � �¬N�/ á�t1�c/4,8) %�T ��C FTF�

hydroxyapatite% .�/ N'�«�� N�3 ��Á�� N�

� � �¬/@ ��C FTF-hydroxyapatite% <=Í4;

FTFM ×À ��\ í� Q� hydroxyapatite% u4- FTF

� hydroxyapatite% .�/ N'�� Q/@ ��0�.

4. Hydroxyapatite-FTF ���� ���!$	
% &'
(��

Ãm�E� 1?I/�  ! FS<=3 |¥0 �� =�

<=� |¥AH ��.  ! FS<=/ %0 hydroxyapatite-

FTF N'(% ¹�4� G¤�� ��T hydroxyapatite-FTF

N'(M FTF3 ÛÛ chemotrypsin, proteinase K $%  !

FS<=M 1�� m��Ô ·/ ÷� �� <=Í4� Î�0

N�, hydroxyapatite/ N'A\ í� <=/@� <=Í4; ´

:» `C m�/ hydroxyapatite-FTF N'(/@� <=Í4

; 40-50% �h ÷� ���(Table 3). Hydroxyapatite/ N

'C FTFa GTF <=% Í4� u4(r� pH, r�éh)

��/ �0 �O% t1 N�/ ê��, N'(% )4� �

/ �0 u;4� ����`a 	� pH ��/ �0 
�

h3 �=�â, �ç�E�� k-/@% <=m�� �w N

�3 ajx�12). � t1/@�, FTF� hydroxyapatite/ N

'�/ <=% 3Â]�� 12� �)AH@ 1?I%  !

FS<=% ù�/@h Í4� ajI� QE� î C�.

 �

� t1/@� 1?���/@ �A� FTF <=%

hydroxyapatite/ �0 ��hM -��% N'/ op� ��

�=c� G¤�«EB, hydroxyapatite/ N'C FTF <=%

<=Í4� v� ¹��E� �� <=Í4� �«�. N�3

���� �R� ��.

�	
� �� Residual fructosyltransferase activity during immobilization
and following washing procedures. Abbreviations: T, total
activity; UB, unbound-; W1,W2, W3 and W7, 1st-, 2nd-, 3rd
and 7th washing; B, bound fraction. 

����� �� Effect of the enzyme concentration on the sucrose
hydrolysis activity of fructosyltransferase bound to
the hydroxyapatites

Amount
of

enzyme1
Qp/CE2 Free

enzyme

Immobilized enzyme with;

TypeI
(20µm)

TypeI
(80µm)

TypeII
(20µm)

TypeII
(80µm) 

0.5U

1.0U

1.5U

2.0U

Qp
CE
Qp
CE
Qp
CE
Qp
CE

0.074
85

0.120
86

0.175
90

0.188
95

0.042
71

0.067
75

0.133
84

0.143
90

0.04
43

0.068
63

0.123
81

0.140
90

0.04
43

0.068
63

0.123
81

0.138
91

0.04
51

0.052
63

0.083
79

0.133
88

1For immobilization, 0.5-2U of fructosyltransferase were added to the
mg of 4 hydroxyapatites.

2Qp; specific initial glucose production rate:g of glucose/(0.5 g of sucro
X hours). CE(conversion efficiency) were obtained from 22h incubat
samples.

����� �� Effect of proteases treatment on the relative activities
of hydroxyapatite-fructosyltransferse and free fructosyl-
transferase

Incubation time
(min)

Chemotrypsin Proteinase K

FTF1 HA-FTF FTF HA-FTF

0
10
30
50

1002

70
20
0

100
91
74
55

100
64
11
0

100
85
65
36

The reaction mixture contained 1U of the enzyme and 10µg of each
protease in 0.5 ml potassium phosphate buffer (pH6.0). Digestion wa
carried out at 37oC for up to 50 min, then the residual enzyme activity w
determined.
1Abbreviations: FTF, fructosyltransferase; HA-FTF, Hydroxyapatite Typ
(20µm)-fructosyltransferase.

2The relative sucrose hydrolysis activity of fructosyltransferase w
determined.
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1. FTF� ��3 ���T �_0 hydroxyapatite/ v�

��� ?�À N'�«EB ;�0 N'� hydroxyapatite

% .�-*M .��/ op� �� QE� ajø�.

2. Hydroxyapatite/ N'C FTF� �� 6UV �4Ï�

�T, GN' FTFM G¤�, � 70%% <=Í4� aj

I��.

3. N'C FTF� GN' FTFM G¤�,  !FS<=%

FS^_/ �0 �� ��4� �T, hydroxyapatite/

N'C <=/@� 3Â]�� 12� ��� aja� Q

E� î C�.
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