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% Pullulanaseisofhighindustrialvalueinthefieldsofstarchprocessing,functional
medicinepolysaccharidepreparationandbeerbrewing.However,thehighcostsoftheseparationand
purificationofcatalyticproductsandnon-renewabilityoffreepullulanaselimititsindustrial
application.Magneticnanoparticlespossessuniquefeatures,suchasreusability,magneticrecovery
andspecificsurfacearea,whichishelpfultosolvetheproblemsofindustrialapplicationoffree
enzymes.The immobilized enzyme complex Fe3O4@Histidine/PulASK was prepared by
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immobilizingPulASK from -"#$%&.()**+, sp.SK3-4 onto theFe3O4@Histidinemagnetic
nanoparticles.Theenzymaticpropertiesandkineticparametersoftheimmobilizedenzymewas
investigated.In comparison with free PulASK,the optimal reaction temperature of
Fe3O4@Histidine/PulASKincreasedfrom60! to65",whiletheiroptimalreactionpHwasthe
same.Theresidualactivityofimmobilizedenzymewas62%after7hincubationatpH6.0under60
#,whilethatoffreeenzymewasonly30%.Theenzymekineticsdataanalysisrevealedthat/mof
thefreeenzymePulASKwas4.7mmol/LatpH6.0under60$,whichwas1.47timesasthatof
Fe3O4@Histidine/PulASK.The0catvalueofFe3O4@Histidine/PulASK was350s-1,whichwas
comparabletothatofPulASK.The0cat/1mvaluesofFe3O4@Histidine/PulASKwas1.57timesasthat
ofPulASK.Furthermore,Fe3O4@Histidine/PulASKremainedmorethan50%activeafter9cyclesof
usage.ComparedwithPulASK,Fe3O4@Histidine/PulASKobtainedremarkablethermalstabilityand
reusability,exhibitingpotentialapplicationvalueinfoodindustry.
!"#$%&'() pullulanase,immobilization,magnetic nanoparticles,enzyme characterization,
reusability

!"#$!

/0 &#1#23(2

"%&'()*$+,#

-./012)*34$5678$!"#9':

;<=569'

!'2

#

4

'(>?78@5$

526

% 7

8-AB$CD$EF$GHIJKLMNOPQR

ST

516

#UV78WXYZ[#\&9]78$^0

_`a)*

!72

#

(

'(>#bc78d0ef)*

UHgSThiIgjkl% !"#$m1)*5

678

!'2

#

4

'(>?0n#opV78'qYr

[stuW!"#$vwx'q$yzI'q{

y|}#~U�l78���?�q�% op#!"

#$VAB$EF$GHICDM��1�RP�

O��

5&6

% �-����f!"#$P�q2�I

��a��# ��1PX��R�P$a�d�

�#~U��V78XO���� y%

$¡qm1¢£¤¥#¦§¨©$ª l2I

«�¬.M_­#®¯¨:V°IP¦§±²³´

9qµ¶g·:¸�Pª #p$¹&º»EHP

¼½¾¿�R% V$PXOq y[#À�q$o

<m1¨Á¢byIÂW��Ã_­#1Ä&Å�

ÆÇIÈ�fÉ#~UÊwX�ËÌ#oÍ$PÀ

�qV´9XO$�qYZ[P yÎÏÎÐÑ%

V$PÀ�q[#Ò�RP-ÓÔ¶�PÀ�qÕ

Ö#��´9×T!ØlÙ�

5(6

$ÚÛ

586

$9ÜÝ�

546

$

Þ%1ßàá×T

596

:;âaÝ�

5:6

"ã¨ä y&

$PÀ�q#<[åaæçèT�<=éê?À�

qèTëì#m1íîïð�$$ñÕzl$ÆÇò

óI��a¥Ãô­#\pÎÏÎõ�ö<VXO

� yP÷n%

!"#$ø¼�:Ïù1

4;

9úPûü#�

ýfPþÿQR![V"��Ï#P!"#$#$

�ù1Ï#&

!"#$%&.()**+, <= 2:'22

5>6

$

2.()**+,

".3."#4",),

52;6

$

-,5463)**+, .7.8#6)

5226

$

9:468#;#3.54;6#5:)*.

5216

Ã.%&!"#$ä'(I

î)% VXOq y*ï#+�!"#$�q2�

�,

52&6

$-.-/��a0

52(6

$È�fÉ1qX�2

3

5286

Ã.%&So45<·:67XOqP8�#

UÀ�q$\&m1¨�2by$ �l$P��

a$19&È�fÉI�ÈX�:qÃ_­äÐÑ

 y% �;<!"#$PÀ�qþÿ9![V=�

>¶*ï#Ø9y?@.$AB'�CDEIâa

FÙ'"GÃÕÖPÀ�q#�$P=�À�qb

HÕÖ·:�29y# IUJWKÀ�q³L#�

:M½¨NÀ�q1O&!"#$P�29y$¸

�ÕÖPÁ¢byIPQ$P��a#ÒRS,!

"#$PXO y³L% 9y

?@

&

A

(

7

FÙ'æçT

UÀ�q!#$#<$ÀÕz¿

>43( BCDC

#$VW

X�YZ

>834E

# ®[\:

?@

&

A

(

'

FÙ'æçTU

¿]^PÀ�q$�2by

4

_`ab$VcV

¿Sd$VP

:9E

5246

% þÿefgYîïhijk

ElÀ�q!"#$

?@

&

A

(

F0=0D)G,7)/H7IJ,D

)K<7LM!4

#mY

N&

_�2by#ab$Vc¿nd

$VP

4>E

5N96

%Ï#&

<"#$%&.()**+, !"3 -.&7(

P!

"#$

)*+,-.

V

"L 83;O93;

$

8;O4; !

¦§±Va

�l# <$µa�o¶XOq78'qPª ¦

!%



!"#"$!%& $!'(%)"

*&$+, &-./01

!

02 .3

"

(44561317.2158 59 :-33-3.8.;0 :-3$#< 9=54 !"#$%&'()**+,

;>? #<@AB .8C (2; "87D4.21E :=5>0=210;

FGH!+$) GI IGGJ #%("+%" $+J K(G'"%&+G)G,L M53N BO (;;-0 B OPQR

!! "#$%&

!"#$%&

'()*+,-./0

'(

)

*

+

,-./0.1.2(

1

3456

!2('(34563578

7-

9:;! <='(34>?@4)ABC9D

963EF5GH!IJK2(L'(34MNO

PQ5RS! TUVWX4

8"9:;&

'(Y-./

0

'(

)

*

+

,-./0.1.2(

)Z[\]^]3_Q5`

a."

!"!

!"#$%

8"9:;&

bcde

!"#$%&'($') (*+' <=>4

#

?@)

$

fg

ABCDE(2

hi%

8"9:;&

jk #

AF<G

lmn &

H8I)JJ)5

$& opjkqrst\8Ypuvdw

c5xyz{3!$%

,-% GK.$* G

4|}~��w

c��

7@LM>48"9:;&

%VWX��&fg

;.NOP

h

i%���9���&fg

*Q*G?

hi%����

�������"

=<

��j&���

4R NK=

!���

S NK=

!

APF9

4R NK=

!

4>4 !

�d

4S O.2

"

!"#

&'

!"#"!

!"

8"9:;&

#$%&'( ���5wc

��

7@TM>48"9:;&

��

<=>4

'

U@)

$!��)��

:O7

'

4RR !NKO=

$5

=<

��j�!

)J !

(

>RR VKO.2

�� 

*U

WRR 2O

¡�

RXWYRX5

! ¢�£¤;�

RX>

OOB9K=

5

G8TZ

!

45 !

(

>RR VKO.2

¥¦wc

4W [

) @

§¨©¥¦��5dª!Q«¬­®¯'

>R OOB9K=

8<; 7- JX+

!

4SR OOB9K= APF9

!

4R OOB9K=

°± $N

²dª!³Q´µ��¶·¸¹!

>R RRR VKO.2

(

+ !

º§

WR O.2

!¨©1»¯¼Q* ½Y

7@TM>4P

'

\

$¾

�¿ÀÁÂÃ!kÄMÅQ

<]^BZB91

T_

-./M0DN

Æ0

t\Ç5�È�5�3!ÉÊQ

RX+S !O

ËÌ%Ë

1»¯!Í¹ÎQÏÐ¹5Æ0)

+ !

ÑÒq

4 [

!

Ó¹QÏÐ­®¯ '

>R OOB9K= 8<;

+

7- JX+

(

4SR OOB9K= ADF9

(

>R OOB9K=

°± $

S

ÔÕªÖ®

×! 7¹Q×Ø­®¯ '

>R OOB9K= 8<;

(

7- JX+

(

4SR OOB9K= ADF9

!

SRR OOB9K=

°±$ ×ØÇ5��

�! Ù

;U;M8:ZH

Ú2¹�Ç5���Q

SR &

Û

Ë¤ÜÝ'

_.99.7BV]

!

`;:

$Þ\Øß¤Ü¹¼Q"

!"#"#

!"

8"9:;&

#)*( àá(â�3¹5

8"9:;&

¢�ã�â�

4 N

äåQæq­®¯'

>R

OOB9K= 8<;

(

7- WXR

(

4SR OOB9K= ADF9

$ ÏÐ5-.

/0

']

)

*

+

,-./0.1.2]

!)

+ !

Ñæq

> [

!Í¹ÎQ

-çèé-.Æ0sêë1»!$%ì(1»í¯

��È��â'î'(�È�5â$!>

8"9:;&

ï

ð5¢�âñòóôõ '()-.ö01�È

�5â!÷�

']

)

*

+

,-./0.1.2]

5'øâ"

'(344ùúûF5üýhþÿþ

4

!"&

4ùúûF'

a

$

b/K0

'

4

$

þ�&

/

�'(345#ù!

`KON

%

0

�ïð?@4

5#ù!

`KON

"

'(34$¨F5üýhþÿþ

>

!"&

$¨F'

a

$

b1

'

K

'

2

4

M2

R

$ '

>

$

þ�&

2

'

�'(3454ù!

`

%

2

4

�ïð?@45

4ù!

`

%

2

R

�'(3¹1»54ù!

`

"

!"#"$

+,-./012345!

;@_

" %[5&

'(z)*+,-½

-.0Dc[. ;`5R4R

´�./0

12&'(z)*+3õ"

!"#"% &

6786,9!

QdU

"

Q

245267½

U5 U./eBC]V f.ggVDc0BO]0]V

'

!bRX4S+ RSW 2O

!

+"KO.2

!

>"

&

4R"Y hR"

$3õ"

!"#"' 8"9:;&

:

i]

)

*

+

,-./0.f.2]K8"9:;&

#;<=

*

8"9:;&

ù.5ì(8Q

)

!

SM

9:j;<Á

'

UA;

$=>ì(!?_ª@A�

4 O=

�â�6

>a

VWB��!

4RR OOB9K= 8<;

'

7- WXR

$!

WR !

;Cú

:

4S O.2

!DE¿¢�

4RR != 8"9:;&

'

RXR4 !NK!=

$!

?_üJ

4R O.2

!?_ÒF¹¢�

4 O= UA;

í¯!

G;C

S O.2

!)

S+R 2O

Ñì(èH;" )IIJ

KÑ!?_L¢4"�MN" 4ùO}

`

5(P�

)1QR(5ù.ì(JKÑ!S�T63VWB

���UVrñWY

4 !OB9K=

XY�5KZ�!

[54â"

!"#"(

>?@

8"9:;&

A)*(@

i]

)

*

+

,-./0.f.2]K

8"9:;&

@B<C,9

4

$ 7 8 ? _ : ; 5 ì ( �

8"9:;&

9

i]

)

*

+

,-./0.f.2]K8"9:;&

)LI:;'

)R

(

+R

(

SR

(

WR

(

JR

(

5R !

$ JKÑì(4ù.! �7´ùD(�

4RRa

%

>

$78?_

7-

5ì( )LI

7-

¡'

)XR

(

+XR

(

SXR

(

WXR

(

JXR

(

5XR

(

hXR

$!ì(

8"9:;&

9

i]

)

*

+

,-./0.f.2]K

8"9:;&

5ù.!�ìõ57´ùD(�

4RRa

%

)

$:;\(.5ì( :;\(.5b]½

ì(

8"9:;&

9

i]

)

*

+

,-./0.f.2]K8"9:;&

)

SR !

(

7- JXS

LIú:J^5_�4ù`ar! ÉÊ�

8"9:;&

9

i]

)

*

+

,-./0.f.2]K8"9:;&

�b)

SR !

!

!!!!

!

""""

"

####

#

&&&&

&

((((

(

SSSS

S

QT



!"#$

!"!#

%&

$!

'&

$

(

!"#$%&'()

!"#!$" %&'

!"#$%&'()**+, !"# $%&'(

()*+

)*+,-.

,-./0+12345

"/ 0#1

!"#

231 4

!$%&'()*+,-!*.

-/012345

1 567

!67

8#2#1

89:;<=

>?@A!BCDE

)*+,-.

;@AF

9::;

"

!"#"$ )*+,-.

6

<=

&

>

(

?/6!@6A67=B)*+,-.

+781

9: GHIJK>?;LMFNOPQRST

UVWX #

:32C( 5DB5E

$!

9:: 55F+BE )G-

! 1

"/

H3I

%

H: !

;LM!YZ

9: 567

! [\]^

)*+,-.

1NO_`aS;YZbc%;dA! efgM

JKL"4)LA )K6!5 M13I

&

JKL"4)LA -FN@OLK=

!

-L7 P6=DF

!

Q,

!

R-,

$%

S6T4L=+6!'S=7@=7

<hi]

)*+,-.

j

<=

&

>

(

?/6!@6A67=B)*+,-.

YZ;

-

5LU

j

.

5

' kl>

m;

/

5LU

nC:op

&

\]

0

TL@

n"

/

5LU

V0

TL@

(

W

&

X

$

p%(

(

W

Fq;aS)

!"#"% <=

&

>

(

?/6!@6A67=B)*+,-.

;<=>?@9:

1

<=

&

>

(

?/6!@6A67=B)*+,-.

;rst7u,>?

%!dA>?<=O

8Y2Y1

!v%w,xyzA{|

0}~��3��B7+��b�;���&

8II

55F+BE )G-

!

"/ HYI

$��zA{|0��>?�?

�q

<=

&

>

(

?/6!@6A67=B)*+,-.

;qd! C�+,>

?;dAF

8II;

"

#"! &'()*+

)*+,-.

�����

GE28

&

PW&

$

B"WZ'2[)*+,-.

1

8[

!

%

\)ZJ

�aSF

IY2 55F+BE

;LM!! ����

��

8H 4

! ���������N ` ! ¡7

G=]FJF+A

ZS

/6!'@LD

¢|£�0!�

-P-'),JW

¤>

&¥

8

$!¦§¨©PªF

[I III

!«

)*+,-.

¬­¦

§¨©Pª+®!¯°[ef±²³´µm

)*+,-.

[ A��"

S

(

"KF@=67 5LK^=K

*

8

(

)*+,-.

)

/

! &'()*+

)

*,*-&)./

01

012" ! *,*-&)./ 343(5616 78 &'()*+

#"#

234567801

C

<=

X

>

(

?/6!@6A67=

j

<=

X

>

(

?/6!@6A67=B)*+,-.

{|F¶·§¸!¡7¹º»©¼½¾¶·q�?

01¿À±(jÁÂÃAP§

<=

X

>

(

?/6!@6A67=

{

|;ÄÅ!ÆÇÈ¥

_

)

<=

&

>

(

?/6!@6A67=

{|&¥

_

&

L

$$jq�?�0;

<=

&

>

(

?/6!@6A67=B)*+,-.

&¥

_

&

`

$$ }ÉÊ}ËÌ¿Í! v%¿À}1

&IC(I 75

ÎÏ!Ð°q�?�§

<=

&

>

(

?/6!@6A67=

{|Ñ°¼

;AÍÄÅ)

9999

9

::::

:

!!!!

!

/

#

234567801;<=>?@ABCDE

012" # */9 1:32;6 78 :324;<1= 4347:3<;>13(6 34? 1::7@1(1A;? ;4A5:;

!%



!"#"$!%& $!'(%)"

*&$+, &-./01

!

02 .3

"

(44561317.2158 59 :-33-3.8.;0 :-3$#< 9=54 !"#$%&'()**+,

;>? #<@AB .8C (2; "87D4.21E :=5>0=210;

FGH!+$) GI IGGJ #%("+%" $+J K(G'"%&+G)G,L M53N BO (;;-0 B OPQR

!"# $

!"#!$%&

! "

! "

# $ % # & ' ( ) * + , -

#$

%

&

'

()*+,*-*.$

./0!1234

/

56"789:

;+<=

0$

/

&

1

()*+,*-*.$

>?@A6

2

BCD.

%EF #

3!4/567!

$

/862!

$

1/67!

$

8/62!

$

896:!

$

27;9!

%!

GHIJ&

<=>?@ 5:A::::

%KL!MN

@BC$DD$D

O

PQR!

0$

/

&

1

()*+,*-*.$

.STUVW

/8 .E

XY'

'

# $%

!"#!%&()*+,-./012

&'(" # $)* '+,(-. /0 +,(1-2'3 1,1/+,2-4',5. ,16 '++/%

7'5'8-6 -189+-

!": ;<5=>?

3

&-

#

@

:

AB'.2'6'1-C;<5=>?

425

)6

!":"D

!"#

F)

$%&'()* WZ[\]

&

/G

$

15

$

85

$

25

$

95

$

H5 "

% ^_`\]-+

>IJK@L

9

0$

/

&

1

()*+,*-*.$M>IJK@L

.ab./0! 123

4

1

&

N

% 56!

>IJK@L

9

0$/&1()*+,*-*.$M>IJK@L

W

8GO9G "

cdefghi.ab! jk!

>IJK@L

.lm\]n

2G "

!

0$

/

&

1

()*+,*-*.$M>IJK@L

.l

mo"\]p

>IJK@L

.i

8 "

!n

28 "

"

34

1

&

P

% 56!

>IJK@L

9

0$

/

&

1

()*+,*-*.$M

>IJK@L

.abW

F)

n

8;GO9;G

qrahi!s

F)

tu

8;G

viu

9;G

q!

>IJK@L

9

0$

/

&

1

()*+,*-*.$M

>IJK@L

. a b w x y t !

>IJK@L

9

0$

/

&

1

()*+,*-*.$M>IJK@L

.lm

F)

@n

2;G

"

!":"!

!"$%+,'()* W

2G "

!

F) 2;G

z{^|+

>IJK@L

9

0$

/

&

1

()*+,*-*.$M>IJK@L

.

}+b" 4

8

12A6!;+<r

0$

/

&

1

()*+,*-*.$M

>IJK@L

~�

9 C

=��

27Q

.ab!�

>IJK@L

�

��

/5 Q

.ab"

'

:

783

EB

9

;<5=>?

3

&-

#

@

:

AB'.2'6'1-C;<5=>?

:)4;<

&'(" : F00-32. /0 2-+E-4,2<4- ,16 EB /1 ,32'G'29 /0 ;<5=>? ,16 &-

#

@

:

AB'.2'6'1-C;<5=>?

!"H ;<5=>?

=>23/012?@5A)

W

>IJK@L

.;+<�Pk!��

>IJK@L

��

�.��! r;��Z������

H/;7 ERMR

=

Z���!��

0$

/

&

1

()*+,*-*.$

lU;��n

H/;7

ERMR

!W�z{^!;+<r.���n

98Q

!ra

���n

S7Q

"

��Z[���]��� ¡n¢£!:¤¥

¦.§£G¨©ª«¬­¥¦®¯

/A

°ª

A8A

©ª

«¬­! ±§£²³=W

81G .E

|+´µ].¶

<·�|¸¥¦¹º" ��»{

TDNFC>N- >D*+E

U8;G

k

V*BCN$J*+AV$.,$.

OPQR:¥¦.

!

ENW

9

"

E

!�¼"½¾&

X

%QR

#

BN,

¿!À2ÁÂ

:

56" W

2G "

!

F) 2;G

.ÃÄ^!ÅÆ:

>IJK@L

.

"

E

n

1;9

EEYJMZ

! n

0$

/

&

1

()*+,*-*.$M>IJK@L

.

X;19

Ç (

0$

/

&

1

()*+,*-*.$M>IJK@L

.

#

BN,

¿ È

/8G +

AX

! G

>IJK@L

.

#

BN,

¿És)

0$

/

&

1

()*+,*-*.$M>IJK@L

.

QS



!"#$

!"!#

%&

$!

'&

$

(

!"#$%&'()

!"#!$" %&'

!"#$%&'()**+, !"# $%&'(

()*+

)*+,-.

,-./0+12345

-

/01

2.

3

!

)*+,-.

"

4567

#! $%&'()*

89

!

!

": 859

+ , - ! . / 0 1

;<

&

=

(

>:?!1?@?A<B

)*+,-.

203456781

)*+,-.

"

)

!

*+,

"#$%&'

-

()

*

+

,

-./01/2/3)4"#$%&'

./0

123

(/56 ! 788)910 :8 1);<)=>1#=) :3 01>?/$/1@ :8 "#$%&' >32

()

*

+

,

-./01/2/3)4"#$%&'

4

A "#$%&'

5

()

*

+

,

-./01/2/3)4"#$%&'

6789:;<

B>?$) A '/3)1/9 <>=>;)1)=0 :?1>/3)2 8:= "#$%&' >32

()

*

+

,

-./01/2/3)4"#$%&'

C6D ()

*

+

,

-./01/2/3)4"#$%&'

=>?@AB5C

D./0EF

9:6781!./01";<=%>?@A

BCDE!FGHIJKELM!NO./01P

QRE"ISTU=%!

;<

&

=

(

>:?!1?@?A<B)*+,-.

*

V

6

L"IJKEWXY!1Z[:\/!3]^

*

CDE

G _ ! ` W

F

L a b K E c !

;<

&

=

(

>:?!1?@?A<B)*+,-.

"deZ[f]^*

69E

G_" gh\/[@i!

;<

&

=

(

>:?!1?@?A<B)*+,-.

*

( !

-jk

&9 @

c! f3]^

C9E

G_"Z[!l

mn)

;<

&

=

(

>:?!1?@?A<B)*+,-.

opIJKE[q

rs"\/[!op%/"PQREt4"

l6uvw1opx%[yz

!G4

!

8

{|}

"34!H~

!H

��1�{01���KE!�*

��#��q0P�����"RE

IJK

" �V��q

� � � � ! u v w 1 � � � � � � � �

$

)LM3MNO3<PJ

%q�3�$

=)QRS,TUH4DDD

%���

 !����¡6��¢£��"¤¥¦§" �¨

©Y!ª¡*PQREY!781«¬­3IJK

Eq-7®0WXY¤S¯1�°±²³P´µ

Xq¶�³�"·¸¹º­D61*PQ_"R

E

I4FK

!º./01«»1./*­¼6y"½¾_!

opHabKE# gk\/[sq¿6À8�Á

±!¹ºHÂ0¶�P´" ÃÄÅEÆ[ÇÈÉÊ

;<

&

=

(

>:?!1?@?A<

! »ËÌÍÎÏÐÑÒ"uvw1

)*+,-.

Å E Ó q Ô Õ " @ Ö . / *

;<

&

=

(

>:?!1?@?A<

_! »Óq®0q./0�×?%

Ø!

;<

&

=

(

>:?!1?@?A<

ÙË.ÚO>?

C&5J 3VBV

!*

m+,-!./01"BCÛ?

76W

!1Z]ÜÛ

?

FJE

" Ýc¡Þß./01

;<

&

=

(

>:?!1?@?A<B

)*+,-.

*1à[¾q1á4à@i9¡6781

)*+,-.

";<! ×âãß./01"IJKEL

M" ¨©äå!1./0æç51"èé[

IJDHJJK

!*

�¨©Y!9:6781

)*+,-.

!

;<&=(>:?!1?@?A<B

)*+,-.

"Ùêëìç5

6 !

!í*

8D !

#

": 85D

+

,-

;<

&

=

(

>:?!1?@?A<B)*+,-.

îï

7 X

Gcde

8JE

"Z[!º781

)*+,-.

ðp

&6E

"Z[!«

m

)*+,-.

./*Æ[ÇÈÉÊ

;<

&

=

(

>:?!1?@?A<

c

èé[ñòßç5!$pó6ôõuvw1

)*+,-.

"KEö÷!êR­ø"P´S¥!øùëì"ç

5H·¸úRûÛ

IJ&K

!*5ë-]^Z[pó6ç

520üÛ!ýþ¶�³�&./01*ÿLIJ

KEWXY!!"#$q%&"'(4æ²³1)

*q*Z!«m./01"IJKELM%+*

6Y

46

L

IJ(K

!º�¨©KE"Æ[ÇÈÉÊ9¡6,ã

&�"./0ÉÊopHIJ./1#DEÆ�-

H./

B

BC./1qÞÑi0Ë�Á±!Ù1./

01

;<

&

=

(

>:?!1?@?A<B)*+,-.

*V

6

L"IJKE

WXY!de1Z3]^*

CDE

G_!`W

F

La

bKEc!

;<

&

=

(

>:?!1?@?A<B)*+,-.

"Z[f]^*

6DE

G_!øù./01

;<

&

=

(

>:?!1?@?A<B)*+,-.

"

202M

-

/01

B.

3

!781"

4567

#!34~567

./0uvw1

I48H47K

*.ÚOqIJKE[_8p

%/"ç59:! ;Æ[ÇÈÉÊ

;<

&

=

(

>:?!1?@?A<

./0

)*+,-.

*��# ��q<=0PYfop

rs"REV>"

1

.

3

B

$

3VB3U

%

-

/01

B!

H4

-

/0

B.

3

$

3UB

$

3V

'

!

%%

)*+,-. (57"D5( &6D"J457 7(56

;<

&

=

(

>:?!1?@?A<B

)*+,-.

&5J"D5F &7("475C 4485F

GGGG

G

HHHH

H

####

#

!%



!"#"$!%& $!'(%)"

*&$+, &-./01

!

02 .3

"

(44561317.2158 59 :-33-3.8.;0 :-3$#< 9=54 !"#$%&'()**+,

;>? #<@AB .8C (2; "87D4.21E :=5>0=210;

FGH!+$) GI IGGJ #%("+%" $+J K(G'"%&+G)G,L M53N BO (;;-0 B OPQR

!"#$"

[1]DUANX!CHENJWUJ.ImprovingthethermostabilityandcatalyticefficiencyofBacillusderamificanspullulanasebysite
directedmutagenesis[J].!""#$%& '(& )(*$+,(-%(.'# /$0+,1$,2,3

!2013!79!4072-4077.
[2]HAKIGD!RAKSHITSK.Developmentsinindustriallyimportantthermostableenzymes"areview[J].4$,+56,7+05 8509(,2,:;

!

2003!89#1$"17-34.
[3]NIHANiA!BURHANA.Anamylopullulanase%ApuNP1& from!"#$%&'(()* +,"-.#("#/#-%0* NP1"biochemicalcharacterization

anditspotentialindustrialapplications[J].!<+%"'+'.$*% 4$,09%-$6.+; = 4$,.509(,2,:;

!2019"1-9.
[4]MARTINLS!CERONA!MOLINARID!etal.Enhancementoflipasetransesterificationactivitybyimmobilizationon!-

cyclodextrin-basedpolymer[J].>,7+('2 ,? @,2AB52 @0$5(05 '(& 8509(,2,:;

!2019!91%6&.
[5]CHAUHANGS.Evaluationofnanogelsassupportsforenzymeimmobilization[J].<,2;-5+ C(.5+(D.$,(D2

!2014!63.
[6]WUL!LIUY!CHIB!etal.Aninnovativemethodforimmobilizingsucroseisomeraseon"-poly-L-lysinemodifiedmesoporous

TiO2[J].E,,& F95-$6.+;

!2015!187"182-188.
[7]XIET!CHIL!LIUR!etal.Immobilizationofenzymesonmetal-organicframeworksanditsapplicationinenvironmentalfields

[J].F95-$GD2 H(&76.+; D(& I(:$(55+$(: J+,:+566

!2019.
[8]ULU A!NOMA SA A!KOYTEPES!etal.Chloro-modifiedmagneticFe3O4@ MCM-41core-shellnanoparticlesfor

1-asparaginaseimmobilizationwithimprovedcatalyticactivity!reusability!andstoragestability[J].K""2$5& 4$,G95-$6.+; D(&

4$,.5G9(,2,:;

!2018"1-19.
[9]!"!#$!%&'!(.)*+,-./012345678[J].9:;<=>!2014!30%1&"119-128.
[10]?@!ABC!DE!(.FG/012HIJKLMNO3PQRS[J].TUVWXY!2018!34%10&"93-99.
[11]PZ[!\]^!?_`!(.+,-.-a/0123bcde62=fgbh[J].VW;iXY!2019!40%4&"81-87.
[12]jk!lm!noo!(.2,"-.#+#345"+-#5,'(4 /012pq3rsRS62=gtbh[J].uvwix==y!2018!52

%3&"404-411.
[13]z{|!\}!~�.�aKLMN/012Hx�MNO3RS����e[J].VW6��!2018%5&.
[14]��!���!���!(./012 N�45� CBM68�2=gt3��[J].v�x==y%��X=�&!2018!51%4&"

95-101.
[15]���!�"!?�!(./012HVW;iO3��[J].VW;<!2008%2&"18-20.
[16]LONGJ!WUZ!LIX!etal.Newmethodfortheimmobilizationofpullulanaseontohybridmagnetic%Fe3O4-#-carrageenan&

nanoparticlesbyelectrostaticcouplingwithpullulanase/chitosancomplex[J].L,7+(D2 ,? K:+$G72.7+D2 D(& M,,& F95-$6.+;

!

2015!63!13!3534-3542.
[17]WANGJ!LIUZ!ZHOUZ.ImprovingpullulanasecatalysisviareversibleimmobilizationonmodifiedFe3O4@Polydopamine

nanoparticles[J].K""2$5& 4$,G95-$6.+; D(& 4$,.5G9(,2,:;

!2017!182%4&"1467-1477.
[18]RASHIDZ!NAEIMIH!ZARNANIAH!etal.Facilefabricationofnickelimmobilizedonmagneticnanoparticlesasanefficient

affinityadsorbentforpurificationofhis-taggedprotein[J].ND.5+$D26 OG$5(G5 D(& I(:$(55+$(:

!2017!80"670-676.
[19]TISCHERW!KASCHEV.Immobilizedenzymes"crystalsorcarriers[J].P+5(&6 $( 4$,.5G9(,2,:;

!1999!17%8&"326-335.
[20]RAGHUS!PENNATHRURG.Enhancingthestabilityofacarboxylesterasebyentrapmentinchitosancoatedalginatebeads[J].

P7+Q$69 L,7+(D2 ,? 4$,2,:;

!2018!42%4&"307-318.
[21]CHOUYL!KOCY!CHENLF!etal.Purificationandimmobilizationoftherecombinant6-4**'&4 #("-4&"4 Chlorophyllase1

%BoCLH1& onDIAION!CR11aspotentialbiocatalystfortheproductionofchlorophyllideandphytol[J].N,25G7256

!2015!20
%3&"3744-3757.

[22]JUNLY!MUBARAKNM!YONLS!etal.ImmobilizationofperoxidaseonfunctionalizedMWCNTs-buckypaper/polyvinyl
alcoholnanocompositemembrane[J].OG$5(.$?$G R5",+.6

!2019!9%1&"2215.
[23]IYERPV!ANANTHANARAYANL.Enzymestabilityandstabilization'aqueousandnon-aqueousenvironment[J].J+,G566

4$,G95-$6.+;

!2008!43#10&"1019-1032.
[24]WANGHT!YANGJ!CHENKI!etal.Hydrolyzationofmogrosides"immobilized!-glucosidaseformogrosidesdeglycosylation

fromLoHanKuo[J].E,,& OG$5(G5 D(& S7.+$.$,(

!2019!7#2&"834-843.
!!"#$"%&'#

RS


