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im FE M iz BY HRP 44 K B 2 A T B8 By = R E £ #0 3] 14
B8 MBS B W ThE K OF Haw'”
CHRAET MR 25 TREE B 201620)
CIMKEREI AT SEWAFTRRE BB 90095)

B OE BRI ALY BE (horseradish peroxidase, HRP) g H 45 45 [, N-5% T4 3% T 5 19t Bie ( NIPAM) g B,

R FH R T UE B A7k 76 37 °C,NIPAM Al HRP Jit & [b J96: LI 5506 T, il 4 T RLAR K/ 13.7 nm, zeta B
A (=3.7+ 0.3) mV A R A AL BUR i S 1k W e 2 K e B (nHRP) . SR T 5 A Bl O A 8 HE R AT I 1)
B3 A% (MALDI-TOF MS) i 5 1 55 (TEM) |3l 35 6 T 42 ( DLS) A58 k=71 WL 5l 43 560 B i (UV-Vis ) 45 %
HRP (BB, nHRP B ROMES A4 RLARE I/ AR I M R B2 i 07 4 RE A EAAS E MR RE EAT T R AE. AT FE R B,
i # FY BRORR 3o S 1 0y 8 0 K I 9 B3 TR A 5 7 PR R E v T 33 C I, nHRP 1 LA 17 A8 b, HORE AR R/
AR 2, BT s nHRP A L HRP J5URS A A% A2 1P 2 35 42 55 550 C i, 8% nHRP & @ &0, Wl 2 A

RCH 43 B m U
ES- 45|

PR 3 S AL ¥ B ( horseradish peroxidase, fiij FR
HRP) & —Fh 52 5l , i 32 (A ) Rl 2 (I
BRIMELER ) 455 T8 W — Fh i bk 2 1 5. AR R 3¢
TR Sl B B R R 22— HRP 78 B 5B 50 58 20 A F
A ) A2 SRS 1) A SR A5 i AR Tk 2 A DN R A= ) 4 A 40
SRz FORCE R R R I A 2
Pva T A B 2 A A R L Y
W 7. SR, R 28 [ 5E 9 HRP LG , 25 B R Ah 3L 2%
PR AT 2R 1, HLAS B o 52 fdi A 73 B DAL R
HRP [ 7, i A7 LU 2 B iy i 4k w5 ok (an 2
N ik 1B S d I IE | R A N QB
VTR ) A < AT — AR S
WF5E N B B5 3 7 1w HG v 3 T A% G A I ] G AL
77 1%, 52 B HRP [ 5 A 8 T B 32 24 975 W B 11
s TR L B SR BB R T ik
HRP [ 5E 75 24k 1 J2 fie B B0 O id (&) 5E 1 19 7
We O (B o e B R AR - B N R A
[ B o DB TS L BT A g
) HRP 28 T /b I8 rp 3 5 I3, [ 5 g 1)
A 43 AR A B R TH AR 5 IR L, A 3
ARGt A S B AR S A
1 HRP AL TE B Fh ik 2 v, B 4 1y 1 il
0 [ 2 . ELJE S B Y 5 N HD S ) 1 A 4 3
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TR 17, SR S, V=S5 DO R TR A T e, AR I, TR [ o

T ) A4 A TG S B AAIG L T LA, £% 0 i 2 A Y
D7 LA — E AR b k3 TR B AL T R A R
M (ELJR e FLRE I 5 — 4 R R R[] 3
R D GRS S = A LITER (A 4i0E S N

%97 SE B HRP B 5 2 [ A, vl R i 1 Ak A
P ARG SE VR B B 5, OF 22 e /N R B T R
fy ] 2 P 25 DL 4 98 0 7 FH 4008, BT 58 A B0 4
KRB, Akt £ T 2 F T 5 B4 [ 5
HRP''® 2 Hop (5 — 2 00 2, — Flop7 28 A 3 T
A7 293 K i 4% b 2 A Sfe ) £ 7B 1140 K i 4 1 U7
eI A B E AL UK W B B A B R 4
TN %07 v S T SR i A T R A T 1Y
FWRIGTE B IS T ik — 25 B KR, 7E 4
FTEERE—ZREAY. ZROVEKIE 5
T A T L PR B 0 K A 3 3 X R 4%
F) 8 42 T LA A0 3 — A i 43 T O B TR 1 4K
B2 B . %7 1 T 4 1 HRP 494 2K Jie 28 L 3 4 41
JEAE A 5 %0 HRP B[R] 76 77 L {3 30F 1 1Y
JEE 90 ) 3 T 2o G v S B R A 2K
0 750 T 0 K e 0 o A 7 B AR L S T R Ak
AL A0 M P9 5 8 1R R R 2R 1R L W5 R T
SEZATBR N B HRP SCR R T RIFIEA.

75 52 B 28R S B T I A A A TR T R
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52 1) S0 75 A G R T Rl i ] A A A
W7 T 1 A R A B T e G, TR R
A [ Tl R] E R Y IR B e 7 i DA
W5 LR T A W e 24 A AR G A TR g i R O S 7
il [ 5 1 75 36 AT 92 45 08K e 1 R ) L R
N-55 V9 HE T 04 8t i ( PNIPAM) AR e A AR R PE Y
R AW, ARG A% A5 B (LCST, 2 32 °C)
A DL it 22 By AT TE 2y W RO AR
S A A H A AR G i B O L A A L
WF 5215 5, A B 5% 1 BT 8 o0 1 NIPAM, R ] i
PLUTTE R G5, 1 & T SR ot R A kAR
KN L 9K 0 I B i i B HRP 44 oK g 48
(nHRP) . 38 i3 8l &6 HU X (DLS) Fin 4 4h-1] b,
A6 EE 1 (UV-Vis) % %2 T nHRP [y ki A2 -1
JEE 1) 7 1 B N AR RS E M AR I T BT A 1 L T
N7 F6 it 140 K s 2 11 T 11 2 T R 43 I A ) A
AT T IR

1 LIGER4

1.1 FZEiRFMUF

BRI S ALY (HRP) , (RZ 2.5 ~4.0,250
~ 330 U/mg); N-F2 Kt 3% 31 W% 0 B N & BRI
(NAS), 4l i = 90% ; N-5% 1N 3 N ¥ Bt i
(NIPAM) , 4l Jif = 99% ; N, N'-\F FF 3£ 5 75 4% ik
Jig (BIS) 2l = 99. 5% ;53 Wi iR B (APS) , 4fi J&
=98%;N, N, N', N-lUH I Z — ¢ (TEMED) ,
LiSE 2y 99% 5 — W LI AR ( DMSO) |, 4 i
99.9% ;4-( — W & Jk) b E ( DMAP) , 4 i
99% ;3,3",5,5"-D4 B LI A e (TMB) |, 41 J&2
99% ;i FAL A, R FBUIR JE 30% 5 5% TR (SPA) ,
i) = 99% ; DL g 1 T Sigma Aldrich
(EE) 2w Bl Eh 2% Wi W (10 mmol/L, pH =
7.4) 5 WL ER 2% thi W (10 mmol/L,pH =8.4) 3%
FAbRHEZE vy o, S50 % H AT IC

7X7 CER AP RBEAE & (L E VWR 2 5])
Voyager DE-STR %4 J it fj Bly 3506 i W /L B K AT
i 8] i 7% 4 ( MALDI-TOF, 3£ & Applied Biosystems
2] s DUPT30c 4 5h-AT LS 43 58 o6 B i (3%
Bechman Coulter /3 &) ) ; Biological LP %I ¥k #H {0, i
( 2% [# Bio-Rad /A ] ) ;Nano-ZS B 44 K 67 & Fl zeta
B 57 43 HFAX (%2 [E Malvern 23 7] ) ; EM-120 %% &)
HL 4% ( 35 [# Philips /2 #] ) ; Sorvall Legend 14 %5
D HL(SE[E Thermo scientific 23 A ) ; MaxQ 6000
W N H B B % #Z IR (36 [E Thermo scientific 2%

AR\

F]) ; BAS-5000 AfHRAX ( H A< Fujifilm A 5] ) .
1.2 ZEgmfiai®

e, AEUUVE R A Z ATk HRP iE 47 7 4b 3.
FRUL— € & 1 HRP 7€ 4 C IR JBE & T, 1 10
mmol/L pH =7. 4 [ 2 5 28 vh W& 4l fk. 45 2
h B4 — G BT R, 33 AT RS, TE 4 20 mmol/L
pH =8.5 ) HEPES ZZ s & A1 2 h Ji5 , il HoAE
FEAE P 403 nm (1 W2 A, I AR 40 L 7R T 06 &R
Bt HRP Ak B LK, ok H NAS X HRP
M. B NAS ¥ T DMSO B il i 1% (3% W, 4%
I8 HRP I NAS A9 BE/R LS 1050 BERE. IF HAE
MR Z i B8 DMAP F HRP it [ 1210 A
DMAP 1% HRP ({247 551, LA B 1 i 3 4 e ip
Wk B v [ 7 1 4k B A B T A R v g AR AT R
BUBGIEPE R AR, WA T, R 2 h J5, R H
10 mmol/L pH 7. 4 W) B IR Eh 2% vhil, 75 4 °C &A%
BTG, T 5 AN 43 0 ol BE I AA T Ak 3
J& HRP (¥R B2, R i 25 .
1.3 HRP kR EMNHE

FE RS R & L3 dE R K RO o R
I E 5 H 78 37 °C. ¥ NAS & 1ifi J5 () HRP F
NIPAM iR A J5 , 1) % W T 28 1% 38 A /< 10 min B
SR JE H IR 1 T RORE LG, AR O AR A
DMAP, 35 B %] BIS, 8] % %] APS f1 TEMED, 5| %
B, AT 2 fz 07 AR ZR e af BH A T S Bk
A BARE. 37 CHEMT, JEAPIE R 1 h
J& AR (435 45 5 Sephadex G-75 73 B§4lifl, %
B AL B2 L% HRP A AP ok 52 17 B 4 F 22 B
FIAE/NGF 15 5] HRP 40K i 4.

Table 1 Mass ratio of reagents for preparing nHRP

Mass ratio ( reagent to protein)

HRP DMAP NIPAM BIS APS TEMED
1 0.1 6 0.3 1 2

DAV BE M1 HRP AR X6 i, >R H BCA 75
JEJIT i £ B9 HRP 94 0K JIiE 4 ik 2. 72 & A 25
mmol/L BCA 3.2 mmol/L [R5 it 0 1 % 15 28 v
VW (pH =11.25) ffom ARG B9 nHRP, 7€ 60 °C 5%
A FIEE 30 min J5 8 A 2 ER, FEEFAR AL B
HAE 562 nm HYWCEEE , 115 nHRP (1Y L.

1.4 Mk 5RIE
1.4.1 HRP {17 4 B AR B2 000 ik

¥ HRP Ji i F1 R F NAS & 4fi 5 i) HRP, 7£

B 5 B O A W R SR T R [R) BT A L R AR
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FLR I 2 B0 7 S in 3 HL R & 25000V, FE SR
A 600 ns, ¥ O SR OB R 1202, % R
2000/ spectrum , 1 1 3 57 H 5+ T2 .
1.4.2 RiARR/NHL zeta #4703

¥ HRP J5U i A1 BT 1 #5 19 nHRP ] 8% 2 5 2%
W (10 mmol/L,pH =7.4) # B %] 0. 1 mg/mL,
A HC500 pL % A — MR P, i A Nano-ZS
TRYYORAL BE TN zeta FL A A3 AT A 64T R0 A28 /NI
O3, LA zeta HLOE A0 0K 2% R LR 152 BN
HLEE 25 °C BRI R R 4
BRI S5 A 3y =30 OB i, AR /N 4
A AL 6 UK, zeta LA 3 VK, BOF- 244K
1.4.3  HRP K i %% 1 I8 50 R AL

AT, R 1% pH =7.0 (1 55 R
(PTA) ¥ nHRP ¥ {8 J5 , 78 EM120 % 335 §f iy 5%
B HORAEER R 1 <1075 4246 F , WL HRP 44>k
I HE T 5.
144 [ 10 M 0 ik

HRP 3% £ Al nHRP #8200 3% 2 I 3 5% FH
F9 e SCHR AR 30 A R I 7 a2 L S AT O 4y
O BE R Ry i A A R 2 7 kKR
655 nm ZcfF R HEATR . B 5E, 78 e b oim A
0.9 mL &% 5 2% #h i (100 mmol/L,pH 5.5) , 4k
JEMA 0.05 mL 3 4 4k & (0. 02 mol/L) F1 0. 05
mL TMB (0. 02 mol/L) , ¥ [t €5 L5 4% 5] B — IR
5], FE 655 nm F A R, 3545 HRP R4 9 15 5t
{0 B(AAgs,min) . SR 5 BT — > Lo A L, AR K
A 0.9 mL B2 3 2% wh ik (100 mmol/L,pH 5.5)
0. 05 mL 33 & 4L & (0. 02 mol/L) F1 10 wL HRP 5§
% nHRP (0.2 pg/mL),0.05 mL TMB (0. 02 mol/
L), 78 655 nm Z5 {4 T M AR A5 MK E T ( Adgss,
min) CREIEE T 5 Y8 S B AH W34S
e
1.4.5 nHRP j5 B 7 P RE i il it

B 300 L ¥R 0. 1 mg/mL A9 nHRP ££ 5,
B N —UCHERE b b A G ROk BE A HR R AT
T W A% 1 LA TR BV 1R 25 ~ 45 °C, TR/ B
TR IRIBE Ry 2 °C, A3 kIR EE AR 4k 5 B 30 min FR
LB, R 3R 40 BRI p A 3 O 3R BOE R
BRI R ORAE 6 WSS R 1 S TR
A RLAR R /INAS AR, A T TR B B
Ja R 2 b P R IR A% R TR AR R R 11 AR
PR L. % SR 4 B B AT BT ), 2 — TR
TEIR T Bk A2 A8 AL il 28

1.4.6 A EAARE 1 A I X

58 R R TR K T AR BE O 60 C L FRE
30 min , B AE 5 DA B B0 8 AR IC JE TE K I IR
5 min. K5, K HRP J5EE A nHRP 43 5] ] 100
mmol/L pH = 7.4 /Y # B2 £ 22 vp & B 1 A 0.1
mg/mL YA, B HFE S 03 6 DB LA IE
TKBEFIHE. 20 #AE 5 min, 10 min, 20 min, 30
min, 1 h,2 h i [6] GUORE 4% I8 3R HRP 9 3% H
W7 T 2k A i HRP (%3 4 , DA B nHRP 1) 3¢ 0
TR BT 2R SR E G 23 B I, 2ol RS i e it
147 i B w7 2 [ e it 4 3000 3

AT K RO ALCE TR A D R IR AR
(1 BE BB 50 CLRRE 3 he SR, 900 w1y
nHRP(1 mg/mL) 732 F 3 4~ 0.5 mL .08 H,
300 /4. HEOEBMAEOH T ERE S min
J& T RRES O 43 B B O ALY B B E S 14000 1/
min, #5.0 B [8] 30 min. 8.0 450 5, nHRP JL3E +
B R, W bR WA EEIn A SRR AR B
TR ER 22 PRV VL, THCE T 4 °C VKA o R 5 BTV A
J& B R AT BCA 0005 nHRP ¥k FZ R H) |3k
T P 0 75 X A R T AT ) AR 18 4 A T
HEATINE . FE LA B SRR A B I 3 9K, T
B nHRP e B A P22 40, W4 e ] 48 1) it 82 i
2 HRP 999K J5e 38 Y 6 70 15 150 iR 808

2 HR5TR

EHEIEERELEY
SR FH 5 5 Al B R8O 1 P, B A R i B X
( MALDI-TOF MS) X%} HRP J5 fiff ( native HRP) Fl1£2
NAS i) () HRP( HRP-NAS) #E47 % AF, &1 1
JiF 7 . A6 6 5 F) i ( HRP-NAS ) (9 43 7 1 Jy 43613,
LR Z B HRP [ 4> F 4t 43350 AH I, 89 0m T
263. L HEE - A HRP 294 4.9 2 9%
b, W3 2. 1 HRP [ 420 R 5% S5 80k 5 4 (4
AERI, 1 AR ™ BT LUEL T B4 3 8K
T X T HRP B HE Y 74 5 15t 4k 16 1

Xt ok 26 M i) HRP J5U 22 NAS &4 J5 1
HRP F1 5 03 58 45 i 46 19 HRP 209 4 i 3 11 fi
A3 P4 BIHEAT T k. i3 2 A0 2 7] UL, HRP
76 25 NAS WM J5 1 LR 529 98 % A X5 . 1D
76 37 CHAEF, R IERS 1 h 5, H & 57
15 69 HRP 49K [ 42 47 SR AR 1 45 B8 T 24 90% Y
R X 3% P 33 T R ) 5% P A5 2 N 0 R A

2.1
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Native HRP

20000 40(|)00 60000
MIZ

Fig. 1 MALDI-TOF mass spectra of HRP before and

after modification with N-acryloxysuccinimide (NAS)

5T RN AR R EE R RF] DMAP B8N, 5 3%
AT B T HRP 3% 4 oo il b ok B e i) i — 40 2k

100+

80

40

Relative activity (%)

20+

Native HRP

HRP-NAS nHRP

Fig. 2 Relative catalytic activity of the native HRP, HRP
modified with NAS (HRP-NAS) and nHRP

A TN T 16 A 0 90 K TG 3 1) SR 5 S o e
HR AL, TR G ) DR A T LA A 35 1

Table 2 Degree of modification of HRP with N-acryloxysuccinimide determined by MALDI-TOF MS

Molecular weight Mole ratio Molecular weight Number of Relative activity
Name
(MALDI-TOF MS) (reagent to protein) increase vinyl groups (% )
Native HRP 43350 — — — 100
HRP modified with NAS 43613 50 263 4.9 98

2.2 HRP XK EBEHNRIRNEH

WE 3 R, % b HRP J5 i Fl HRP 44 K it
W, 0T LA ] £ 00 o HRP 52 90 43 5, HORE 42
KN AE AT 4.8 nm 1 KRB REF M 13.7
nm,zeta LA —9.7 mV $255%] 3.7 £0.3 mV.
R A% K /NI 22 T zeta B0 9 AR Ak SR O
1 HRP SMu3E T — 2 PNIPAM. 3 — 43 it ] 4
o nHRP () TEM B8 5 AT UL AT 1 45 () HRP 40 K %
P 2B BRI 08 AR AR, 3L T M G HiRGE , Yan
SEUOR R A i R R AR A TORLARLE 1S nm £

40
o —0O— Native HRP
35y —o—nHRP
30§
o 25+ 4 9
< o
5 20t
=)
E 15}
Z
10+ Dli\l S
S5t po \
Of a Ium‘Eéuu pﬁuc-ol-o—o—q—o—q—o

0 20 40 60 80 100
Size (nm)

i) HRP 94K e 48, IF R RL A2 K/ Ry 1.4 nm (1)
x5 U S HRP 90K g 38 #E 17 hR 10 f5 , TEM
WA B FHBN R ET RS 4 amT
R, — HRP 23 UE B T 0 461 45 10 44 K fie 4% R
Ly A S ELP N E L 78 A JS PN I E TN
5% R FH B T UE 2 G 1 O 1% il 4% 1) HRP 44 K
JieERE AR A 13,7 nm, PR o 3 0 T 4% 14 3R B i)
o BB HRP 48 2K Ji 48t o 2 AN AL 5 — 4~ HRP 43
T BB AR

120
5 —o— Native HRP
100+ o —o—nHRP
o 80} a1l
X
2z 60 ,
2 u]
£ 40 /
20 5 9| 3
[ o
b &
0 jpoooopoooogd-0 DjDQooopooooqooooo

-60 -40 20 0 20 40 60
Zeta potential (mV)

Fig. 3 Size and zeta potential distribution of HRP and nHRP determined with DLS
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Fig. 4 TEM image of nHRP showing the formation of

nanocapsules with spherical morphology

2.3 HRP 49K E 58 0908 B I 7 4 Bt

g T X B A% HRP 44 K i 2 0 47 3 i
NV BE AR, T ATToR F DLS X il % 19 nHRP £
i R AT R R AR AR A 3 B AR, T AR SO
b R R e AR Ak AN 5 TN, 7E T TR B AR T
33 CHf, HRP 444 s 4 i BL 42 K/ 13.7 nm,
MR = 33 CH AR B s 2 SR TR
£ 250 nm Z2 A7, T Y i TR 2 35 CHE, &k
BRI K/ A TR, B B2 230 nm 245 1
FhaE. P ROF R T e (T R AR
A 2% 30 0GR /)N, B e AR R E R E (E I B
S, FEIE N S = T PNIPAM () S5 A% I 5t
% R B (LCST) i), B — 4~ nHRP b 2
PNIPAM 3G ¥ )2 #8 JF 1 Hs B0 Tk 132 ) 17 4 2% Ak,
BRIV F 7 7K T A I R ) £ 1A TR [ A% 0 2R
a5 VR 5 R, AR HRP G4 K 5 2 78 5 7K
T 45 e R 52T, AT SR B K A SR A AL X
UM RE T S PR BT R T e B 33 C i, DLS
T 25 L 5 TR R A T B 0 B 4 I 2 IR 0 — 4P
This, & BT R KA KN T RET 20 nm A4,
SR G PR R AE , AN AT B B AR b X 4
ATRER P S £ 4> nHRP FF B B Y B8 4 1K 4 41 )2
PNIPAM 7 &5 b /E N i2F — 25 iy il 4, 24 0 45 35
SR Ja A — N A k. B S h i
7N, 2 HEAT e A Uk ) R I DU X B, nHRP ) 6L
PRI B T R v R S e 7 AR AR X3
BT i 25 1 HRP 499 K Jie 58 5 Rl 396 1 ik 132 i)
NP A 38 S nHRP 7 0 57 B i e 0 B8 X
Fo (i 6 {ion ), ol LA 2] nHRP A & iy mi R i
V18 375 D 8 3 AR A B 8 Sy i I JS ) FL 1 R
A, 3K R 22 0 B AT UL B G AR A dE B T
nHRP 1 ik B w7 1 .

350

—0— From 25°C to 45°C
300 —0—From 45°C to0 25°C

250}
200

Size (nm)

150+
100+

50

0 " i . L L L
24 27 30 33 36 39 42 45 48
Temperature (°C)

Fig. 5 Temperature responsive property study of nHRP by

a temperature trending circle test

Fig. 6  Photos of nHRP sample at different temperatures,

showing its thermal responsive property

o Native HRP
o nHRP

Relative activity (%)
(=)
o= |

40+
20+
0 . . . . .
0 0.5 1.0 1.5 2.0
Time (h)
Fig. 7 Relative activities of native HRP and nHRP

incubated at 60 °C, demonstrating nHRP with enhanced

thermal stability

2.4 FBEHBHHR

15 70 £ 110 R BEE i 197 R0 HRP 44 K Ji 9 47 il
F18 i1 5 2050 SR AR 43 5 LSRR A DT Al oK HRP 442k
J BERE SR 50 °C 254 T 50 30 min, A FH 78 5
Tk 25 A R AR 1 I kB e 1 R X LR AT
BN A, S a4 R AN 8 . AE4 T 3 R THIR
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1o TS 0 4y B AR RS AR SR AT LA IR K 24 90% 1)
nHRP FE 5, JF B[S 6 nHRP 5 0] LLAR B K
2y 80% MY AHXT I k. 455G & 7 o nHRP 7£ 60 C %
TR, E 2 h G T 85% A A WA XI5 1k , X
B nHRP 7E 50 C AT ,3 W # & .05, KA

100 I (HRP

P (o) o]
S (=] (=]
T T T

Residual enzyme (%)

[
(=]
T

0 1 2 3
Recycle round

B M ORAT T LA ICHE 23 (935 T dhy AT UL, HRP
e 28 52 90 K I8 9 ] 72 b Ak PR, A S8 PR R AR 2
FHI P e, RMETE 2008 s B O i 45 F T, AR SR
A LAAR e ot O R LA AR 35 1, L BE 08 A7 2003 B (]
LhaiIEE DR

40

Relative activity (%)
D
S

o
S

1 2
Recycle round

Fig. 8 Residual enzyme amount (a) and relative activity (b) of nHRP during three heat-up separation and recycling rounds

3 &g

R FH AL T UE 2R 0k Wl & 7 EL A TR e o P
FE (14 A 2o A 0 Tl 20 K e 8. ST 3R, g ]
& TR RN R 13,7 nm B3 HUH) HRP 44 2K jg
B2 HEFRBR B v T 33 C i, nl LR AR I
IO, & B0 A 0 ) T o 1 A A S B A B4, DLS

S50 BR FORAR R/ 13,7 nm J5 3 3] 250 nm
Ze A7 ;3 B HRP 90K IR 42 5 HRP J5UAR A, H A4
T M U S 4R v 5 R HRP 499 K Jie 48 1 308 158 i) i
Rt Al L2 A 200 s A ] WA e 3 Rl T iR
JE Wi 7 7R B P A DK 58 4B Y- 3 A S5 B R A R 440 £ 1
SE L ALY BR[O £ R R 2 — 2 4 T
HRP 7 A AL i1 AR W) B2 T 45038 1) 15
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THERMOSENSITIVE NANOCAPSULES FOR EFFECTIVE IMMOBILIZATION
AND RECYCLING OF HORSERADISH PEROXIDASE

Wei Wei'?, Juan-juan Du’, Ming Yan®, Jun-rong Yu', Lei Chen', Zu-ming Hu'
9 J 9 tel 9 g 9 b g
ollege of Material Science and Engineering, Donghua University, Shanghai
(" Coll Material Sci d Engi i Dongh University, Shanghai 201620)
(* Department of Chemical and Biomolecular Engineering, University of California at Los Angeles, Los Angeles, CA 90095 ,USA)

Abstract  Thermoresponsive horseradish peroxidase nanocapsules ( nHRP ) were prepared wia in situ
precipitation polymerization using N-isopropyl acrylamide ( NIPAM) as the monomer. As an example, nHRP
was prepared by a NIPAM/HRP mass ratio of 6, under the reaction temperature of 37 “C, it showed a
monodispersed size distribution centered at 13.7 nm and a negative zeta potential centered at ( —=3.7 £0.3)
mV. The modification degrees of HRP were characterized by MALDI-TOF mass spectrometer ( MALDI-TOF
MS) , while the enzymatic activity of the free native HRP, modified HRP and encapsulated nHRP were
determined by conducting a standard enzyme activity assay and followed by monitoring absorbance change
through UV-Vis spectrometer. The particle size and morphology of nHRP were characterized using dynamic
light scattering ( DLS) and transmission electron microscopy ( TEM ). The results showed a monodispersed
nHRP was prepared successfully. Compared with the native HRP ,nHRP exhibits significantly improved thermal
stability , according to the HRP activity assay. Thermoresponsive behavior of nHRP was examined from 25 °C to
45 °C by DLS studies, where nHRP showed a responsive temperature at 33 °C and a reversible response
property. Accordingly, high-speed centrifugation was applied to separate and recycle nHRP at 50 C with a
well-retained activity. This work provides a new delicate way to immobilize enzyme based on thermoresponsive
enzyme nanocapsules, which is of great interest for effective enzyme separation and recycling and other
applications.

Keywords  Thermoresponsive, Nanocapsule, N-isopropylacrylamide, Enzyme immobilization, Enzyme

recycling



