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Abstract

In this paper, the effects of horseradish peroxidase (HRP) with different purities on the catalytic
degradation of benzaldehyde were evaluated. Products A (RZ > 0.8, enzyme activity > 80 U/mg), B
(RZ > 1.5, enzyme activity > 150 U/mg) and C (RZ > 3.0, enzyme activity > 300 U/mg) were pre-
pared in our lab. The parameters including time, temperature, pH, reactant concentration and
enzyme amount were optimized. Using the optimal parameters, the effects of products A and C
were evaluated. The results indicated that products B was significantly different from A but simi-
lar with product C. Considering the economic issue, these results indicated that Product B (RZ >
1.5, enzyme activity> 150 U/mg) might be the best choice to degrade benzaldehyde for industry.
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B E AL P (horseradish peroxidase, HRP)E—Fl kA T HARMR &8 H M 20 R (B[] [2], #)72
EHTAEST3] [4] [5] [6]n HAMGT[7] [9]. BAKFAEGLRY[10] [11)5645038. stk i) HRP, T4l
JEARTE, WASAFAE R 22 57 (L) BBl AR =il RZ > 1.5 ) HRP #irk& A 136.8 J£/100 mg, RZ > 3.0
(1) HRP 44y 320.0 75/100 mg). LHL HPR 8 H H K15 BUAS IR T4, SRAS St L i) 07 282 Tl
TR Y] R AR — PP T SR i) 05 BT 32 TR it Bk il 2556471 [12] [13], Aok F
75— B LLSR ] HRP fiAk i b S i 16 FR[14]-[18] . SRTT, A SCHRIRIE HPR MR IS 3R
AR Z 8] 55 Z IR 5

A SR B Barnard [19]. Mohamed [20]%5 ALK Mejri [21]55 A S FU0f 2 MBIAR 2 4l
1 HRP FSR56T7775:, KRS P E5 R DR S L HRP 75:[22] LA J Carpenter 55 A 1% 88 A il 7103 [23], 153
F=h A (RZ>0.8, % >80 U/mg), 7= B (RZ > 1.5, f§iG > 150 U/mg), 7= C (RZ > 3.0, E#iE > 300
U/mg) =Rl AR 4l FE R BARE SE A . 2 )5, R B AR IS, (IR A SOSIINTA] L 3R RE
pH B SV B RO B 557 AR R S AR BN 4k A Befia s TEREESRAE T, HBG™ i AL B LA C 1
TUBEARBE ST . RPLFh B IR 577 5 C AT BBI 7= 54 (RZ > 3.0, 320.0 7G/100 mg)i% A #5127,
H57=5 AFFEREZE R S TR TR S, 5= B BA S EMEM L. A7 L& B A
ANFRIZERE HRP, PGS FH AR AL L

2. RS
2.1. &

BT600-2) iFEahaE, fREZMERERRAR,; 752 BVEHMAT WA ST, ZEFE AR A A
KQ-700E A4S kIF T ds, RILTTEA A RA A 5810R AUE.0oL, Eppendorf {X#8A R Aw]; pH
BREETE, MERrl) - FER ZAGRARA R BaBENE, RERE AR ERAR: BSM PR, b
SR TREA R A ERIERE, £E Spectrum AL LATHRAF .
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99.5% = e R A b, dbntE REFHEARA A HEAAER, SO EYE AR B AR A
Al KR, ERBEERNERAT; KK, EZGERNFRFEGRAT; HhER, EGEH
WHERFAIR A raimiiese, BRI ERA R A8, FERBERFERMARA
Ao 30%id E A, HAGEBNAFIARAR KPR, EAEIMEAAERAR. HRP RZ > 1.5,
HRP RZ > 3.0, BBI ‘LRl
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3.1. FIRT S BRI BBk

I BEAACP BRI 1o HBRR R UITE. RS AU Rl E IR B, 10 kD 7K ol FL I S0 25 [
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# N\ DEAE BifIRpE SR (Liltl, BRPEDEI G D8 RYE 5 1R T, 1592070 Bo BTl DEAE Bl Hlit iR
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C (RZ > 3.0, Mg > 300 U/mg). MRHEEEE THE =5 A ¥ 96%, 7= B N 62%, =it C 4 39%.
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Figure 1. Purification process
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3.2. HIMFHBERENEERIE
4 8 A0 6 B v (] ) 5 24 HR A 2 R RV GV BT, ARVRAE 250 nm AL AR O FEE A 5 08 R g
W RAE LK [24] [25]. BECHIZS FOAE SR (R 1), 78 250 nm 2 FARER 22 5 e BOUARURE IR 6 BEAE
1R AL, RSB A2, FEIE T AIA T LBRE (o), AT E A E AR -
a = (Al - A2)/AL x 100%.

Table 1. Compositions of the reaction solution

F 1. RRLEERR

SANEo N5 2 E(ml) TARAE(mI)
ik 2.10 2.10
AR 2 vh 0.32 0.32
30% i AL 0.16 0.16
I 0.32 0.32
WERR % vh il 0.10
HRP %) - 0.10

a) S5V )Xot 2R R RS B2 g 1D S

FE SR FE 40°C , BERRZE M pH o 7, R VAR B2 29 5 mmol/L, 30% % A E I Uk FE 4 0.5 mollL,
HRP ¥y 20 ug/mL #5443 BIEEUR S 0. 20, 40, 60, 80. 100 min I AIMOGEE(E, SR HA#

D) S5 FEE St 2 A e S 1 2

TES NN ()R, TERFRRZEM pH v 7, KW ESAEWIKE )N 5 mmol/L, 30% MmN
0.5 mol/L, HRP ¥4 20 ug/mL M6, 20l Sz R 10 20 30 40, 50. 60°CHI K HifEE
i) g e

C) ZEIRR pH X 2K FH I B A S 1 R T

T 5 S NN TR R B AR S MRS T, PR FFA B VAR N 5 mmol/L, 30% AL AR E N 0.5
mol/L, HRPIKFEN 20 ug/mL A4, HAEBERRZEMME pH N4, 5, 6, 7, 8, 9 W RHEKFEMHE, 53]
IR R pHe

d) PRZR 7 HE RS G A P 0T 2 P S AR A R 1 52 il

PSR SOSIIN R] L e SOSIIRBE « BeidE pH T, 4% 30% %A A A AR FE S 0.5 mol/L DL & HRP K i
N 20 ug/mL (I EAAS, SRR K HIBS R AAIKIE 1, 2, 3, 4, 5, 6, 7 mmol/L i, HR¥E K F % PR 1)
LR G S U AR PS5 T 52 L PR 52

€) IRZ T AR R X R S AR A R P

TE S SN ] S SR P Bi@ pH, @ R S IR IR T, BRI AL SR E 4038 0.1,
0.2, 0.3, 0.4, 0.5, 0.6 mol/L I} f{jF&A#E= .

f) PR BRI S A BER P X 2% H s P At 5 1) R

43 BB A YR R )9 10, 20, 30, 40, 50 ug/mL (OBEVATR, 7Ef R S TA] . fred R M
TR & pH, ol R R IIREE, B AAEIREE TN, IE R
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3.3. AN[E14k BE B nod K PR B 5 PR R A RO SE I8

ff & B (RZ > 1.5, BiG > 150 U/mg), it SR, KIK#E T RAER M A RER
PR EE . BOE pH, FOE oK R, ol S SRS MRS HRP K. 25, fERMmASFT
R A (RZ > 0.8, HiFyG > 80 U/mg)#1/= i C (RZ > 3.0, FEHE > 300 U/mg)s 2k F S 2 B R 152
M)
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Figure2. Results of single factor experiments
2. BRZTHLHER

1 F = B AE 5 2 A 1A 5 XS 56 FR R B, BT 60 min B AR 2R 5 5 R ) 28K T 36 0, 60 min B i
iKF 57.4%. ZJ5 ) 40 min 1N, [AMESRYERRAE 57.4% /47 HEASFERE IS (] E K AR 4k, D8I SMAE 60 min
R (1 2a). PRI, FRATEH 60 min 1ER 5 2L A& SN Z . B2 T RIRATH B T RS0 T A
BT DL, 2R SHRELE 10°C 2 40°C Y, 2R H I P4 23 Bl L P () s i v, 40 C I A A 2 HE 300
WA . R SREER T 40°C, B fl 2R i 5 IR i B f & R B3 (5] 2b). X — 45 R BoR, IR BERUIK
W, BRERAS, FEERMERIC, BEIREF R BE, Rt (B 40°C)E, MEaLRRNE,
TR I 1) oA 22 Tt HH L Bk o A DG SCRR A SR ALY 25 12 [26] o [ 5 SR [7] 60 miin, S MNEIRLFE 40°C,
VTG pH B, RIAE pH 4~6 2 (8], BRI MG TEREE pH (A AV KT 58, 4 pH E 211k 6 i, B
(VG T IS B 59.4%, B& =T pH A 7 B IIEIL, BRI SSBRFA TSR] T 1k S Ri(14] 2¢) o RT-AS R EE (1)
K, TEBGRE S 20 ug/mL B, FEARFAKIAYERETE 59.4% A 47, 1Z45 R, KPBYIIEIRE X 1ZKX
N7 AR SR AN K (1] 2d) [ 52 S S E] 60 min < 5% 40°C  pH {8 6. 2 B S (3% 5 5 mmol/L, B 20 ug/mL,
U A A SR FE(0.1~0.8 mol/L)J KB, 2R PRI VP MR 26 4E 0.5 mol/L 2 i Bl A5 VAR B2 PR 184 DR T 1K
£ 0.5 mol/L 2 5 4ERFAEIEAE 59.4% /A, Idk S8 A0 SR FBE (10 184 T ot e i 23 PR 38 i A R 3 4 (1 2e) . i
FIF=dh BAE#R L BT R SR R R, B8 M E] 60 min, ONSIEFE N 40°C, BERRZEIMAW pH N 6,
7 RS A FE N 5 mmol/L, AL SRR FE N 0.5 mol/L, HRP ¥R 20 ug/mL i, 7% BEE f) 4 i
% 50.4%. 4 HRP ¥ K T-25T 30 ug/mb I, 2 B () [ 2 ml ik 31 KA 64.7% (1] 2f).
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Figure 3. Relationships between HRPs with different purities and the removal
rates of benzaldehyde within 60 min

3. TNEISEHRT EHAIEE 60 min ASKRBERENXR

Pl 3 v FL AR 2 43 T AR AR ST =5 1] %45 B P = AP AS [RI 462 (1) HRP 7 i A (RZ > 0.8, g% > 80 U/mg),
B (RZ> 15, fi§i% > 150 U/mg), C(RZ> 3.0, fifif > 300 U/mg)LL & BBI /A & i /) HRP 7= i (RZ > 1.5
MIRZ > 3.0) Tufh/™= i, FE7¢ 1 PTECA S SR 2, FERAMLR S 264 T (R BRE N 40°C, BERRZEM W pH
96, ZKHEEEIARE Y 5 mmol/L, i EEAEIE I 0.5 mol/L, HRP ¥ JE 4 30 ug/mL, 60 min), [#
fife R S 221 . SRERZE IR IR, 770 A IR A FRiR2E N 28.7%,  LLIRIZ6AHI 77 i B AIK 36%LL ™ i C
fiX 42.8%, 7=l A IR 5770 B AT C A RBEMEZESR, 776 B 5775 C M 6.8%, MFEREN
ZE e B A C YT 27070l 5 BBI 2 w56 LR P i A — 3, W B b B AT C 5 BBI 4wl AH M) HRP
77 it R R PR ) e A A R A 2 N IE P VE A EE B RS, 7 C (RZ > 3.0 25 Y 14 B At R A Dl 77 b
B (RZ > 1.5)f 1.1 1%, M7~ 5 B 1 2.3 f5(LL BBl T MM NS %), 775 C AL AR i B
FONE 4, I RZ > 1.5, EEE > 150 U/mg 1) HRP 7= st 1T 25 B 0 e i S N LA S LR T B

E&WHE

VL8 B R R 45 (BK20190608) AT 75 44 18-t i R % 11 %1 (2019K 220) .
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