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Abstract: Apple polyphenol oxidase (PPO), a key enzyme triggering enzymatic browning in fruits and vegetables, requires
efficient purification for both mechanistic studies and industrial applications. To address the limitations of conventional

single precipitants (e.g., high solvent consumption and low enzyme activity recovery), this study aimed to develop a cost-
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effective PPO purification strategy by integrating mixed solvent precipitation guided by molecular dynamics (MD)

simulations with chromatographic techniques. First, MD simulations predicted the interaction mechanisms between PPO

and precipitants (ammonium sulfate, ethanol, acetone, and ethanol/acetone mixtures). Further purification was then

conducted using DEAE-Sepharose Fast Flow ion-exchange chromatography and Sephadex G-100 gel filtration. The

experimental validation demonstrated that the ethanol/acetone mixed solvent precipitant exhibited superior binding affinity.

Single-step mixed solvent precipitation (ratio of ethanol/acetone 1:1, v/v) at 50% solvent concentration reduced precipitant

usage by 33.33%, while achieving 89.85% enzyme activity recovery and a 1.24-fold purification. After chromatography, the
PPO specific activity reached 156362.78 U/mg, with a purification fold of 18.33. SDS-PAGE analysis confirmed a single
protein band at approximately 28 kDa. The mixed solvent precipitation approach proposed in this study based on MD

provides a novel approach for PPO purification, offering critical implications for advancing enzymatic browning control

technologies in fruit and vegetable processing industries.

Key words: apple; polyphenol oxidase; ammonium sulphate precipitation; organic solvent precipitation; mixed precipitant;

separation and purification
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B RA L, X PPO B /K PE A9 32 THE FH %5 47
(El 4a. b). X 5HTSCILG T L BEUTHERCR IS 4145
SAREAH B X, 2 R T 50T ah SRl gs
A FUCTE SR A BN o X R R X8 T PRI E
FY PPO 43 T b AT 4y T h 12 A 45 5L i (4
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PPO i) 38 LM LA a- M8 JE N 3=, FEh p-4r
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PPO B /K PEAR AL IR P A~ Xk 3= B R s 1
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Table 3 Quantitative data from molecular dynamics simulation results

(z=3 PPO P /TN T
SASAHJ{H (nm?) 100.82+1.56 101.27+1.83 102.82+2.01 104.73+1.98
RMSD¥J{E (nm) 0.16+0.01 0.20£0.02 0.18+0.02 0.24+0.03

RgfE (nm) 2.2140.01 2.22+0.01 2.22+0.01 2.23+0.01
S REEIIE (kJ/mol) ~783332.69+1475.72 —790115.77+1480.72 ~790002.56+1491.9 —790176.99+1485.57

TE: SASAGAT AT B R AR ) : FRAEEE [ ST 11 5 VA 0 4 fi ) T AR RMSD (X5 A 28 ) [ B F R SARRS T2 5 25 1) i 5 525 R (ImIF6242 ) il
IR B B SRR BRE L RGUETA RERE STRRAN LR S R, HT T ITAG RSB T . MEAE R K s AT
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Fig.4 Docking images of PPO molecules and tertiary structure of PPO after molecular dynamics simulation
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Table 4 Purification multiplicity of PPO after precipitation from different proportions of ethanol/acetone mixture
at 50% concentration

/PR L 5] 2:8 4:6 5:5 6:4 8:2

alifb 5%k 1.16£0.05® 1.19£0.05% 1.24+0.04° 1.16+0.06® 1.07+0.02°

T AT RING TR 22 5 .35 (P<0.05)
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Fig.6 Purification steps of apple PPO
7E: (a) DEAE Sepharose Fast Flow JEiiHIZE, (b)Sephadex G-100 Lk, (¢ )PPO AY SDS-PAGE K.

#5 SPERZEHEABFAD IR
Table 5 Purification steps of apple polyphenol oxidase

slifk A 9R #11(mg/mL) 7% (U/mL) LEBGHE (U/mg) LIRS
FHLG 0.10+£1.79x107° 845.83+89.77 8530.21+742.35 1.00
LT/ R A UTTE 0.12+2.24x107° 1535.83+127.04 12939.02+1242.15 1.52
DEAE-Sepharose FFJZHT 0.10£2.67x107 6577.50+173.55 66140.39+2245.57 7.75
Sephadex G-100)2H7 0.17+1.79x107 27000.00+212.13 156362.78+753.50 1833

53CHR [23] P 80% ¥k A LB ULTE PPO
G, ARTTEETTE 75% A VLEFIHE .. S5H1cik
Y 60% BA—A HLIEFNTLLE PPO A L, AS J7
4 33.33% A HLATIHE.

BRI, /PR AL G s R T A Ui 28 A nd alifk
FEECBAy 1.24, X R H P 2= 88 M RIS 2
LR, AT o AT E 28 R BR AR ER 1, ZRECAT
TWIFERY PPO BAZATAE T o PRI, SRS B/ DN R AL
BHFIUTTEY), Jo S ks sl & 313 FgE e HERH
JEMTAREEIE Ttk
2.3 DEAE-Sepharose FF & F X # 2 #7#0 Sephadex
G-100 E#fr

ARW5E 1 S5k DEAE-Sepharose FF B 132k
JENTHATIRE L LR, L LIS 0~1 mol/L
SEALEN A BERREL 22 % (0.05 mol/L . pH6.80) 77446
BEVRIGE, AR VR R v R B = AR g (AnfE] 6a
PRI AL BL C ), Hor C Slis J10 . RIS )
Rl 45 B C i, JFAET] 10 kDa o 38 A BEA Tk
45 . W 5 PN, 159 26 PPO B M Y L B TS
66140.39 U/mg, alifbf&5Eh 7.75.

FF| A Sephadex G-100 JZ M%) iR e 45 /5 1Y
PPO Piff ¥§ it — 2L JZ M1, 5250 vh L) 12 h % b ik
(0.05 mol/L. pH6.80) #AT¥e I, TEAE M PEMi L #2 v

K =AE HECUNE 6b Fiasiy AL B, C ), Hop
B SRS ST, ARPETE IR SE I AE B g,
10 kDa MUEE MHE . W3R 5 Fros, PPO [ 19 b
i 53] 156362.78 U/mg, difb Akl 18.33, X —
SEHE T P 2RET i3 251 PPO(15.16 U/mg, 4lifk
5 14.1) LI K 75 5 110 b 4 25 1 PPO
(17500 U/mg, 4lifbA540Ch 20.53)

¥ 2203 E AT ik S B B 1T SDS-PAGE Hi,
K, SN 6c s, Salifbfm, nliS 205 alidir
P07, PPO BY4 T R20°8 28 kDa, X FISCHRHR B
S sPPOP ' 43 Hi 4221 (30~31 kDa) .
3 g

AWM I X FUAR R % . R . DI K 2B/
B A2 A T TEFI XTI PPO MITTTERCE, 4560 T3h
JIEFA O ALEE FRE, REEVEAS T L5/ DN BRI 501
BER AT ATME . SEERREH, 101 Fe Bl 2B/ PR A
ULVE T AE 50% e BT &0 R B AR, g 3F ] &g 33K
89.85%, AALAEE N 1.24, PLHEF A R 2A— T HERI
U/ 33.33%. i#id DEAE-Sepharose Fast Flow B—F
AEHUEHTAN Sephadex G-100 JZHTiH—4lifk, 2R75 1
B A 156362.78 U/mg. 4liALf5ECH 18.33 1 PPO.,
SDS-PAGE 43T i /R 4alifb J5 B PPO & B — 35 i 4%
M, A FEEZ5Sh 28 kDa, IESE T 4lifk T 25 AR siett
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