
! !"" ! ##
$""%$ #%

& ’ ( )
&’()*+, ’- ./012,/ 3/4/+)56

7’,8!" 9’8#

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
&+*8 $""%

!"#$%"$:!;%<$#&$""%’"#;""=>;"?

!"9[H9:};<<2&R

张瑞萍#，$，蔡再生#

*#8 LK-( .(./#P&/^(01(n $"#=$"6$8 au-( .(./(015E au $$=""<>

7 8 j-{~~|-jxx0c$uK‘q1[^ .@xB~|’&TU.:1;< .@xB~|‘qK75
h^UVWXYZ.@xGM75.(v@:\-jxx0c@:B~|$uK‘q12~|’&Xlxy1{I
eS#6.@xGMH.~|AB-j78%hKygU~|K-jxA.@xgwx0cK\*/pjZ-jx
B+C^] #D*’8 E8 ->1-jx B+Ch^F‘!" F2*1GHP > I %6.@x^] $D*’8 E8 ->1.@xh^F‘:" F2*1GHP
= I <6b%*j $"J#1Ae*j:" K1y/p@:;~|’&K0c"j$8%!D1Xlj!>"8? 91Xl‘a"?@
c<8?DU
9:; ~|6-jx6.@x6f0c675
<=>?$%.B #%$8::$ !@ABC%L

#$$%&’()&*+ *, )-(+./%0(1&+(.2 )* -21234 *, 5**% 3(1(/2

MHL9@ 3(2G2*N#，$，OLP M+246/*N#

（#Q !"##$%$ "& !’$()*+,-，!’$()./# 01%)1$$,)1% /12 3)"+$.’1"#"%-，4"1%’5/ 61)7$,*)+-，8’/1%’/) $"#=$"，!’)1/；

$8 !’$()*+,- /12 !’$()./# 01%)1$$,)1% !"##$%$，9/1+"1% 61)7$,*)+-，9/1+"1%，:)/1%*5 $$=""<，!’)1/）

#6.)-(’) R’’, -+S)254 E/)/ -2*246/T E216 .@ /*UVF/ 2* ’)T/) 1’ T/5)/+4/ 16/ T+F+N/ ’- E’’, )/4(,12*N -)’F
+*12;-/,12*N 1)/+1F/*1 E216 G)’1/+4/ 8 .6/ )/F/TV /--/51 ’- .@ /*UVF/ 1’ 16/ T+F+N/ ’- E’’, E+4 41(T2/T8 P1 E+4
46’E* 16+1 .@ /*UVF/ 5+* )/F/TV 16/ T+F+N/ ’- E’’, 5+(4/T SV 56/F25+, G)/;1)/+1F/*1 +*T G)’1/+4/ +*12;
-/,12*N -2*2462*N12*5)/+42*N E’’, -+S)25 41)/*N16 +*T T/5)/+42*N 16/ +,W+,2 4’,(S2,21V 8 .@ E+4 5+G+S,/ ’-
5+1+,VU2*N 5’C+,/*1 5)’44,2*W2*N ’- E’’, G)’1/2*4 8 .6/ ’G12F(F G)’1/+4/A.@ +*12;-/,12*N -2*2462*N 5’*T212’*4Z
T’4+N/ ’- G)’1/+4/1#D*’8 E8 ->612F/1!" F2*6GH X > I %6T’4+N/ ’- .@1$D*’8 E8 ->612F/1:" F2*6
GH X= I <6S+16 )+12’ $" J #6+*T 1/FG/)+1()/1:" K 8 .6/ G/)5/*1+N/ +)/+ 46)2*W+N/ ’- 16/ E’’, -+S)25
1)/+1/T SV 1624 ’G12F+, G)’5/44 E+4 $ 8%!D116/ 41)/*N16 E+4 !>" 8? 9 +*T 16/ ,’44 2* 41)/*N16 E+4 5’*1)’,,/T
E2162* < 8?D 8
724 5*-3. E’’,6G)’1/+4/6.@ /*UVF/6+*12;-/,12*N6)/F/T2+12’*

DEFG%$""> Y "$ Y $? HIFG%$""> Y "= Y $"
,JKL%江苏省科技攻关重大项目（Z[$""=!?<）；南通大学自然科学项目（"<M"$!）

MNOP：张瑞萍（#%=?—），女，教授，博士生。研究领域为生物酶在纺织品功能整理中的应用。[;F+2,：U6+*N8 )G\*1(8 /T(8 5*。

q?18h~|f0ciOm^K1/umK
u.P\u.A)+2iPU- $ iOPMu.@
:jED1‘ouXe1BABXl‘q-1zu~
|@:1/7AcK-]GoB|o2.& L]^
*LS4’)S+S,/ ’)N+*25 6+,+N/*>_3,bZ14-cAB
7_RSnoH5Um$N18hn66McPK
t11@ L]^K(Z1c-ifgS1bZ7ZK
xPx0cuj;<Xxf# Y :gUt_-jx1/#

x1QH./#h^’Y[PcX]18‘6hUP
’76GOru,-‘q1-11@Q/:.[^
K&8deU

(MsBOEu.P\-jx.:7AcK~
|‘qde1;<- .@xB~|‘qK75h^1
M{~.(Ei\-jxB~|ABhUK‘q1
M#j~|’&P&xx0c.:K/:.78
MTU

Absent Image
File: 0



! }R|>

!"! }R;UV}4
<~|’&_@l*.:<ne!"#$% &’( ) $1

%:<ne $*#+ &’( ) $1.n $", ,-!. /01%n
$!+,-!. /01une%!. 1-0$>U

buVX9Gb*2334 /:^>1IuGb*8
Y<>1ra/ %.5*8Y<>1/bc*/:l>1-
jx 6789:7;’!+< 9lj$. ... =-0<*9BL>1>?
x*09/@AB97C &@7:;1C=&709:7;’>9lj!.. =-1*E(>U

!"# }RWX
6DEF*$bAtu/bw1G?H.!2 3’ac/

"E/o1G?.$+3 ;%’&Xl81I4$..% ;%
/MU

!"$ }RYZ
! "$ "! s2g

D$J$ @:qpZD$J$ ,. 0<-<1/bc! 1-<1:
?i! 1-<1AeK. L1b%$. M!1F‘+. 09:1NDP
* O "U2334@:qpZ|Iu !51Ae$K L1b%
$. M!1F‘+. 09:1NDP ,#.UP73CJ@:qpZ|I
u !51Ae$K L1b% $. M !1F‘+. 09:1NDP %U
Xu/pZP7$6J% %5*A#QR S>1Ae%. L1b% $. M

!1F‘$. 09:1P7$3J% => NDPk * O "1@:F‘

* 09:1Ae,K Lf+gU
! "$ "# 92g

,W/pMtG@xJ1p~|#<Q71cT
ZAe@:TZF‘1!oYQ1DZ0c"WXlW
{IeU

!"% @}YZ
! "% "! :}()250q@AV=J

z\&! $#... 1 YQb,K~|EH1̂
.#! 0AC-<‘a.bIJ!.. 0<_+K Ltu@:! T1
:V1O^pq/\!. 0<-<Km;G()k7N1
_ !.K O !!. LYkb,f+gU{Ie ! KCS0
1j

! U $#...*! V ">V #
$#...*! V "> ) !..5

17Z" j[/"156# j{@:;4-EHK7
]11U
! "% "# >?,2@AV=J

M% ?W !!.K!~!"*"!|s’&.o(;K}
?P0.pcE/OP"1XE-> H..."~!"""!|&’

]l.o(;K}?P0.pcE/OP"1B0c
"TUDZ\CSUud0.pc" $ KCS0
1j

$ U*% ; Y # ; V % ;# ; -!..>) !..5
17Z% ; U* %Z[ V %X[>-%Z[1# ; U*#Z[ V #X[>-
#Z[6%Z[j}?;Le1006# ; jM*geBCM
."156%X[j0.;Le1006% ; jM*LeB
CM."15U
! "% "$ Fx)z2@A

M% ?W-> %"$%#!~!""H!&’l ’&7ZNO
! !U8ZWYXl\WYZL"KDZ qHP"
B’&KXlTUDZU

# [\V]^

#"! &’9be{2gt:};<2H9
m^’(a.i D$J$W2334WP73CJ1L !($(!

KOPB~|’&TU@:1\;^ >? x@:U
>?x^] ,5*A#Q# S>1AeK. L1b% $. M !1F‘
,. 09:1NDP + O HU%/ >?x@:?;~|’&
KXl\{Ie1VWcd !W$=eU

d ! >?xB’(.(?@:~|’&XlKRS
X91R! \SS’/& AS >? A: &’:;9C’ ;&@’:1&T AS QAAC
S7B@9/; 7S&’@ ]9SS’@’:& /T’09/7C N@’&@’7&0’:&;

@:?~|’&KXlj ,!. P1{Iej
!K#.!5Utd !W$G/ZD$J$ @:’&. >?x@
:1Xlt%,%#+ Pxk,,*#+ P1{Iet !*#%,5
#k !+#.%562334 @:’&. >?x@:1Xlt
%.K#+ Pxk%+* P1{Iet !*#"K5#k !H#!$56
P73CJ@:’&. >?x@:1Xlt$"K#K Pxk
%K$ P1{Iet !*#KK5#k !*#$K5UM(VW
XY1>?x@:GM2’(a.v@:~|KXl
7E1{IeS#U-TOu1t_c >?xKH
.h^12~|-jhU[P’zyg1~|-jK

}"+}! !# o>0 DZ>?xc75~|‘q7K[^



d ! "#xB’(.(?@:~|’&{IeKRS
$%&’! ())*+, -) "# -. /01/0% 2-034%0%,5 -) 6--0 )/47%+2

/),*7 8%))*7*., +9*:%+/0 ;7*,7*/,:*.,2

.(bZN7E6}n1cDhjCEuoF1~|

.:a.##;K^8%GMu: "#xH.yg
,~|-j(12~|K{Ie#$UM(VW\
"#xKH.fN8YXY "#x@:GM75~|
Ka.‘qU

!"! #$9b@A9B>?:}2;<H9
m^ <!=! ?@:#-jxVwB~|’&T

Ux0c.:f>g1<!=! v@:qp( %&’&%U-j
x@:qpZAe?@ A1b% B C !@1F‘D@ :%.1;<
P E F GU!/VWcd H=eU

d H -jx@:B~|’&Xl\{IeKRS
$%&’H ())*+, -) ;7-,*/2* /.,%I)*0,%.& -. 6--0

)/47%+2 2,7*.&,9 /.8 /01/0% 2-034%0%,5

*d HEo1vw-jx^]Kxy1’&Xl
S#1{Iexy1XYAB‘qy"1jY-jx
@:*’1:BKtXPg*h/#1JAcw’
*hK_5/#fEgU

m!’(deK "#x1M <!=! J-jx J "#
x/pB~|’&TU.:1"#x@:qpjZA
e?@ A1b% B C !@1F‘D@ :%.1;<P K F >U!/
VWcd D =eUtdGT1vw "# x^]Kx

y1’&Xlxy1\EOx<5,HG?L> M1{Ie
S#1\$@, B>L?N1XY "#xGM75-jx
f0c.:uNKAB‘qU

D "#x@:B-jxxc~|’&Xl\{IeKRS
$%&’D ())*+, -) "# -. ;7-,*/2* /.,%I)*0,%.& 6--0

)/47%+2 2,7*.&,9 /.8 /01/0% 2-034%0%,5

"#x1TiBHx1jM=87K>DCD4
E(K!ICDEhjCE8o1,WCEuo’
(1GMH.cS|[fGgU

B>-j77ODG4EK!IDEhjCEuo
F1H.-j7K #0.*>DCD1#03,/:%.*>4E\
O52*ODG1O52%.*>4Em‘Kyg|[1tu-j
78%h\8%‘"I*!I>DCE>ODG=8\V
=812-j78%[Pyg18%]xyU

P!!

=

#0. M<! J M<!~O52 "
"#

P!!

=

#0. M<~O52 J M<H

!>cDhjCEuoF1H.-j7MP=8
7>DCD4EK!ICDE\cDm‘KCE B
H|[1tu-j78%\^8%cDm‘KkJU

P!!

=

#0. M<! J QM<! "
"#

P!!

=

#0. M<Q J M<H

(h|[c-j7W#=MPcDm‘-<{
281p-j78%yg%NU

H>6’AccDF1/_ujCEKuo1[P
XDE.|[U

P!!

=

#0. M<! J <=< "
"#

P!!

=

#0. =< J M<H

t_~|AB7>DG7]8tj BDN1OD
G4Ej HN1"#xGMH.~|AB-j78%

}@>} &’() ! H@"



hKygMP-j7\DEGm‘KkJ1yX~
|AB-j78%‘Kygh^f!"g1*z2~|a
.‘q\-jx#‘q+,75U

!"# C:2g>?’e
j-TTiF. #$xc~|P&xx0c/

p7K[^1m^ %&’& ( -jx ( #$xgw@:
L^1M-jx )*+^]W#$x^]W-jx )*+h
^F‘W#$xh^F‘j ,;TC1}C8yE/1
Mud0c"\Xljsw18yE/VWcX !
=eU

l $ ED}R[\!>fl
%&’"$ ()*+,- &./ &.&,012.3 45 -6) 47-6434.&, -)*-

E/N
)*+x
^]-.
*/0 10 2>

#$x
^]-.
*/0 10 2>

)*+xh
^F‘-
345

#$xh
^F‘-
345

E/sw

0c"-. Xl-6

! "7& "78 &" &" 97,: ;<"7:
& "7& ! 0" ;" ;" :7=8 ;=879
; "7& & 0" ," ," ,7<& ;=97:
, "7& , 0" 8" 8" ,79= ,"87,
8 "78 "78 ;" ," ;7", ;987;
: "78 ! 0" &" 8" ,78< ,""7&
9 "78 & 0" 8" &" ,7<9 ;<878
< "78 , 0" ," ;" :79" ;=87&
= "7< "78 ," 8" ,7<; ;:87,
!" "7< ! 0" 8" ," ,7<& ;987:
!! "7< & 0" &" ;" ,7<& ;="7<
!& "7< , 0" ;" &" ,7<, ;=&79
!; ! 0" "78 8" ;" 8798 ;:"7=
!, ! 0" ! 0" ," &" ;7<< ;9"7&
!8 ! 0" & 0" ;" 8" &7=; ;<"7,
!: ! 0" , 0" &" ," 879, ;<<78

!! 87=& 87"& ,7<; ,78<
0 !& 878" ,7=: ,7;: 87"&
c !; 87:8 ,78< ,7;< 87"8
" !, 87": ,79< ,7=; ,789

" "7<: "7,, "789 "7,8
!! ;=,7< ;9"7: ;="7" ;<&7;

X
!& ;<=7! ;<87, ;<:7" ;<879

l
!; ;<!7! ;<<7: ;<&7! ;<,7;
!, ;987" ;=878 ;<!7& ;<97=
" !=7< &,7= <7< 87:

tX ! G/1B0c"RSK?4jZ-jx
)*+^] >-jx )*+h^F‘ > #$xh^F‘ >
#$x^]UBXlRSK?4jZ#$x^] > -
jx )*+^] >-jx )*+h^F‘ > #$xh^
F‘URwTU+o~|-jx-#$xgwx0c
K\*/pjZ-jx )*+^] !.*/0 10 2>1-j
x )*+h^F‘;" 3451?%P < @ =6#$ x^] &.
*/0 10 2>1#$xh^F‘8" 3451?%P : @ 96b%*
j ! A &"1Ae*j8" BF1~|0c"j &7=;.1
’&Xlj;<"7, 61Xl‘a"j 97,.U

# [ ^

!>#$x@:GM75 %&’&WCDDEW6*DF’a.
v@:\-jxx0c@:B~|$uK‘q12
~|’&Xlxy1{IeS#U#$xGMH.y
X~|AB-j8%Kygh^U

&>~|-jx-#$ xgwx0cK\*/p
jZ-jx )*+^] !.*/0 10 2>1-jx )*+h^F
‘;" 3451?%P < @ =6#$x^] &.*/0 10 2>1#$x
h^F‘8" 3451?%P : @ 96b%*j ! A &"U^)
/p@:F~|K0c"j &7=;.1’&Xlj
;<"7, 61Xl‘a"j 97,.U GHIJ

tu!@%

f !g KLML6L N0 E??FO45P ?Q/RS*TST R/ U/52SQ 43?Q/+SV TWQ45X
QST4TR*5US R/ 1//FfYg0 Y)CD1!==:1!!&*!>Z: Z !"0

f & g Y’ME6D[D \0 E U/3?*Q*R4+S TR]VO /2 R1/ 1//F S5^O3S
RQS*R3S5RTf Yg0 [5V Y G4_SQ #S‘R NST1&""&1&9*,>Z
,"< Z ,!:0

f ;g D’N6LKK1N[ML##0 #WS 3/V424U*R4/5 /2 RWS T]Q2*US V422]Ta
4/5 _*QQ4SQ /2 1//FfYg0 Y)CD1!==;1!"=*;>Z&=: Z ;";0

f ,g )%L6E[ M E0 b//F S5^O3S QS*UR4/5fYg0 [5V4*5 #S‘R4FS
Y/]Q5*F1&""&1!!&*!!>Z!"= Z !!"0

f 8g KLML6L N0 b//F 24_SQT /2 S5W*5USV F]TRSQ /_R*45SV _O
S5^O3*R4U QSTU*F45PfYg0 Y)CD1!==81!!!*;>Z;8& Z ;8=0

f :g J@A 0,./p!/fcg0 EFZ78&’oGH1
!==&Z:! Z :&0
Y[6 I4*5‘4*5P0 COS45P *5V G454TW45P L‘?SQ43S5Rfcg0
JS4d45PZDW45* #S‘R4FS e E??*QSF \QSTT1!==&Z:! Z :&0

f 9g Bx(1CCC 0?@:c~|s’&-jxx0c
.:7Kh f̂Yg0 |&9Q1&""&*,>Z&80
GE6 HS5PF]1CE[ Y45d450 EUR4/5 /2 ?QSRQS*R3S5RT 45TWQ45X
QST4TR*5US /2 1//F 2*_Q4U RQS*RSV _O ?Q/RS*TSf Yg0 b//F
#S‘R4FS Y/]Q5*F1&""&*,>Z&80

f <g eM_ 0xc&’7K[ f̂cg0EFZ78&’oG
H1&""&Z&"! Z &;;0
H%’f bS5F/5P0 E??F4U*R4/5 /2 L5^O3S /5 RWS #S‘R4FSfcg0
JS4d45PZDW45* #S‘R4FS e E??*QSF \QSTT1&""&Z&"! Z &;;0

f =g S7/15w1<D 0kP& #$xKY[#[ f̂Yg0
El9(1&"""1&!*=>Z: Z <0
D%E6$ HW/5PO41Y[E6$ J/1bE6$ HW*5P0 CS+SF/?3S5R
*5V *??F4U*R4/5 /2 34UQ/_4*F RQ*5TPF]R*345*TSf Yg0 G//V
)U4S5US1&"""1&!*=>Z: Z <0

f!"g D’N#LH Y1J’66LN \ K N0 $N[GG[6 c0 E??F4U*R4/5 /2
RQ*5TPF]R*345*TS 45 RWS 3/V424U*R4/5 /2 1//F RS‘R4FSf Yg0
L5^O3S c4UQ/_ #SUW5/F1&"",1;,Z:, Z 9&0

}!9}! !# o>0 DZ#$xc75~|‘q7K[^




