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Effect of Pressure and Duration Time on the
Pressure -activation of Purified Polyphenoloxidase

Masashi Asaka, Ritsuko Nakanishi, Yoshio Aoyama and Rikimaru Hayashi*

Polyphenoloxidase of LLa France pear fruit (Pyrus communis) mainly existed in the soluble
fraction of cytoplasm at latent state. This enzyme was extensively purified to homogeneity by
ammonium sulfate fractionation, anion exchange chromatography with DEAE-Sephadex A-25
and then DEAE-Toyopearl 6560M, and gel permeation chromatography with Toyopearl HW-55s.
To purify the enzyme at latent state, addition of 10% glycerol to eluting buffer was required
because the enzyme was activated during the freeze-storage-thaw cycle without glycerol. The
purified enzyme was a monomeric protein molecular weight of which was estimated as 70,000
by high performance gel permeation chromatography and 65,000 by SDS-polyacrylamide gel
electrophoresis. While the purified enzyme was not activated by pressurization at 300 MPa and
20C for 6 hr, the pressure-activation of the enzyme occurred at 400 MPa or higher. The
enzyme activity was the highest at 600 MPa and 20°C for 6 hr.

Key words: high pressure, polyphenoloxidase, pear, Pyrus communis, activation,
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1. R)Z7z/—=NFF5—EDHEH %

REE L TRBRENHEFEFS (7 - 77 AH) WAL, #EL, S2R)BuLing
Fiva7z, HldhH (Buffer-extract) (ZPHEEF > (500 g ) (2250 ml @ 100 mM ') > BE &2 (pH7.0)
Mz, "EZHA Xtk w8 (10,000% g, 20min, 5C) L, FEBRAZELLATIEL T
7z, LRSS AT 3 M, SO REL, BB AR S L2z, PRI R AR
121.5% Triton X-100 Z @ L 72 &4 F v 1 Refidhi U 72, @05l L <197 L2 Rmis
MR (Triton X-100-extract) & L7z,

2. K 7x/—NFF5—EDHEBLE
BN 72/ NAX L F—vORBWIIES o IcH#L 22, Bl L, HiH K24

(0~90%faf), EA A 7= 7777 4 — (DEAE-Sephadex A-25¢& DEAE - Toyopearl

650M), FNER 7= 757 4 — (Toyopearl HW-55s) DIEIZ T - 72,

3. KYZ7x/—=NFF25—EDEFEHLIE
1) RN 72 /—NAXLF—LNEENRE BEEHHRZ0.25 ml FEEER) =FL oK FLE

ST, MERBEREEMFP-7000%! (=2HET¥) #Hv, &E20C T100~700 MPa D

JITHREEL 229,

2) R) 7/ —NAXL F—LNDSDSME Kk TREFIEWIC 1/10F | D 1 % SDS (sodium
dodecyl sulfate) &% HMEAL 72,

4. R)YZ7x/—NFF25—EEFHORRESE
BEK RG220 mM V) > BT (pH6.5) ICEML 225 mM Eu A7 a— &8 L, 30T

TAT- 72, IEYERE IR (EERERT) 2 AV, 410 nm DR EZE L2 BIE L 72, Bk

{EMEI2410 nm OWRFEEES 1 4 BlIc1.08mE 2% 1.0 unit & L 72",

5. K7/ —LFFL5—EOHSFRAURHZE
BN 72/ —NAXL ¥V—nGTRIZ, YVEBZu= T 74— ICEVREL.

b, SEk 7 o=t 757 4 —%E (BEWEN) I Asahipak GF-510HQ %7 7 2 (JBALREK)

Raxid L, 200 mM ) BRI (pH7.0) 28 E)HH L L T#i# 0.5 ml/min TH L, 280 nm NI

FEETHRHEL 72,

6. KV Z7x/—NFF5F—EOBTABERS *

1) 74 A 7EAKBERGE 74 2 7BRkENEIE, TRV T 7OANT I F7LVERY,
Davis D HEHEY IcfE-> TIT- 12, Z o30Sy Foglz 7= —7 1)) T b 70—z
INFrotz, RN 72/ —NA XL F—Lilth > Fomtliz, YVv2bEohT7a—)ViER (%
B) Ic@L TREERIGE A 2L N1T-7. ANEHEBEOEN N> Fi, kB L%
20°C, 600 MPa T 2 Wyl @ EALBE L 72 # 1Bt L 7z,

2)SDSHENTIZINT I P VERKBIERFE SDSKY T Z7YNLAT I FrLvBERlvkihki,
10%ENVTZ7VNLT 3 FA2L2HW, Laemmli DY ICHE-> TiT- 72, SHEiic & EHS 2 %

SDS, 5% B-ANAT7FLF /—NELETTI0C, 3oMmMEL TEESL, Fo7H

Ry Pz 7= —7N T2 7= L )T 2.

1. 9213 2BOERS %

Z o2 EDERIE, 280 nm DGR, Bradfordi3: ™ 12 TiT- 72,
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1. B¥FREROR) 7/ —LFF L5 —E0%K

— R IR EY) 72— A XL F—lE, AATRTBICESLKE (REEE
Flawml Cit) 2 3MREICERL 2 RKETHEL TWa Y, 22T, HAlH® - REiEs
BB K 7= /—NFd X2 F—EiGEHE2MEL 72 (Table 1),

R 72/ —NFXL F—iEEITHIMERIC 2K D5%LL LD b, FN#5 %DADE
HRTHY), B OBFFRIDESEN THAEL, BEAREF 222 SDSABEIC L) EikEdns, —
H, REGEERHERICII 2RO I B Eb T L2 bl ws, ZoBXIIEELE T}
EHELE N2 L D SDS B TR iEHILE N h - 12,

SHZEDL, BEFIORATIIE) 72 /— NI XL F—231T & A EDPESR TG
HICHERLZRKETHFLEL TWELnLEbLS,

2. RY7x/—NFF5F—EDHER

KGFDEEHRED b N HABROWGDR) 72 /) —NFd X F—L R 12,

MR IC T > =7 4 290% M1 TIRML, Hon22lhz10%7") to—L%8
10 mM V) > EESRT (pH7.0) (WS L, [ TEM RO L, 1970 FI M 2 il
GrELtz, ZOES#10% 7)) £a—)L2&L50 mM 1) > BT (pH7.0) TF#F{L L 72 DEAE-
Sephadex A-25 A 7 L 7 0=} 7774 —ICXNEILE, RN 72/ —NLAXL7F—FIIZD
BIRICMEINTICER LT, ZOl5%210% 7)) to—1L% &1:10 mM ) > EEE R (pH
7.0) T¥#&F{L L 72 DEAE-Toyopearl 650M# 74 7u= b 757 4 —Iic &) il 72, FOEH
NF—2FFig VIR, £) 72/ —NA XL F—E3MWaFIcahrnsz, Bal L 213G
HRTEEREEL L  (ISDSAFEIC LV @EMRNE L 72, —Fh, WG 3 I 2FENROBETH - 12
D, TDEEIEHLTHhLrROLN L2, KBGOFEEL RS L2l 1 2FELR) 7
/=LA XL F—l4r L LT, Toyopearl HW-55s Z w7 o= 757 4 —I2
INELICHMLZ,

T8, MUBRICBWTERY 72 /—NWF X F—RI3l#SEEPICAEER D S GRS
L7z, ZoEMEbid@EicER L T10% 7' ) ta—n2iHEm$ 35 Z & ThjikL 72 (Data

not shown),

Table |. Polyphenoloxidase in Buffer-extract and Triton X-100-extract of pear fruit.

Activity (units/g flesh weight)

Extract Activation treatment
No 600 MPa, 10 min 0.1% SDS
Buffer ( 1st~ 3rd) 1.62 22.40 27.89
Buffer ( 4 th) 0 0.19 0.40
Triton X-100 0.07 0.90 0.04
Total 1.69 23.49 28.33

Enzyme assay was performed in 3.0 ml of 20 mM phosphate buffer, pH 6.5, containing
25 mM pyrocatechol at 30°C. One unit of the activity was defined as a change in one
absorbance per min at 410 nm.
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BREBBMICBITAER) 72 /=LA XL F—LORRE L OHE% Table 2 (2R L 72, RV
7z /=t XLy — 3R oL T, SRS T 9 £, SDSALEREME T2265 1K
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Fig. 1. Elution pattern of polyphenoloxidase from DEAE-Toyopearl 650M
column.

See Table 1 for the enzyme assay. O, polyphenoloxidase activity
after pressure treatment at 600 MPa and 20°C for 10 min. The
enzyme activities in the fraction IIl were depicted as 10 times values.
---, A280; —,phosphate concentration in the eluent.

Table 2. Purification of polyphenoloxidase from La France pear fruit flesh.

Total Total Specific

Purification protein sty Pl Purification Yield
o (mg) (units) (units/mg protein) (fold) (%)
Buffer-extract 198 6,095 30.8 1 100
(6,129) (31.0)
(NH4)2804 15.0 1,657 110.5 3.6 27.2
(0 ~90% saturation)

DEAE-Sephadex A-25 6.0 367 61.2 2.0 6.0
DEAE-Toyopearl 650M 0.50 84.2 168.4 5.5 1.4
Toyopearl HW-55s 0.0643 18.4 286.2 9.3 0.3
(44.1) (685.4 ) (22.2) (0.7)

Protein was determined by Bradford’s method. Polyphenoloxidase activity was assayed after pressure
treatment at 600 MPa and 20°C for 10 min; (), the enzyme activity after treatment with 0.1% SDS.

See Table 1 for the enzyme assay.
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ZOEN T/ —NA XL I —FHiGET 4 A ZBAKENEIC TON L7z (Fig. 2), £ D&EE,
TN FIZRI0.43, i/ FIZRIO0.A2ICEFNEN L ANy FRRLIZ, T2 E
AL BAKBICH—~ZEY 72 /=LA X F—EHNEERTH LN LHKL, UK
BRizfit | 7z,

3. MY 7/ —AFFIT—ET N IHOME

HWML2E) 72— WA X F—EDgFH A XErvERsa~tr 777 4— (Fig.3)
T#170,000, SDSHEN T 7 1) LT 3 FrLEAKENE (Fig.4) T#65,000 - #HESI N2, ZD
ZEdb, YT/ —NA XL F—EI13470,000n HEAK L BbiLs,

ZOBEFRDENEIRI 227 }LlE, 272 nm 2K &2 AL 7z,

Fig. 2, Polvacrylamide gel disc electrophoresis of the purified polyphenoloxidase.

Electrophoresis was carried out on 7.0% polyacrylamide gel according
to Davis®’. A, gel was stained for protein. B, gel was stained for
enzyme activity. C,gel was pressurized and stained for enzyme

activity.
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Fig. 3. Molecular weight estimation of the purified polyphenoloxidase by high performance
gel permeation chromatography with Asahipak GIF-510HQ.

The purified enzyme or a standard protein was eluted with 200 mM phosphate buffer,
pH 7.0. The gel permeation calibration kit obtained from Pharmacia was used as the
standard proteins.

1, ribonuclease A (13.700): 2 chymotrypsinogen A (25,000 );

3, ovalbumin (43,000): 4, bovine serum albumin (63,000);

5, aldolase (158,000); 6, catalase (232.000):  7.ferritin (440,000):

8, thyroglobulin (669,000); @, the purified enzvme.
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Fig. 4. Molecular weight estimation of the purified polyphenoloxidase by SDS-polyacrylamide
gel electrophoresis.

Electrophoresis was carried out on 10.0% polyacrylamide gel according to Laemmli®’.
A, standard protein obtained from Oriental Yeast Co. as marker protein for SDS-
polvacrylamide gel electrophoresis. B, the purified enzyme.

4. BRE) 72 /- LA F 5 —EDFEHILCHTIEDS SURBBORE

FERBER TSI I R 2 2L 2B LT B ol ZeEwml & L T10% 7)) o —udid
MENTWSE, 22T, EELEIZL2EHLICNT 2 7)) to— B2 R LR, 7
o — L DFEMI 7Y o — VRN D EEEL L 2 IS, EELABRIC X 2BENE
AL 2R X #7: (Table 3),

FWRLK) 72/ —nFd X F—O@EE iz L 2 iEEic B33 0sE i & s o
WRAZ10% 7)) o— L2 5820 mM ) > &R (pH7.0) hTHRETL 72 (Fig. 5).
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Activity (units/mg protein)

Table 3. Effect of glycerol on pressure-activation of polyphenoloxidase.,

Glycerol concentration

Polyphenoloxidase activity

(%) (units/mg protein)
0 73.0
5.0 123.2

10.0 133.0

Enzyme activity was assayed after pressurization at 600 MPa and 20C for
30 min in each glycerol concentration.
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Fig. 5. Time course of polyphenoloxidase activation by pressurization,

Polyphenoloxidase activity was determined after pressurization.
A, pressurization at 400 MPa; A, pressurization at 500 MPa;

O, pressurization at 600 MPa: @, pre:

See Table 1 for the enzyme assay.

surization at 700 MPa.
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REEDIEMEILIC KT 2 B IE s A2 A5 L, 400~600 MPa O [E 1) i P T3 MBSy 1
K- TiHFMA AL EE L WAL 7225, 700 MPadEN TR F L LM KIBZED L h - 72,
—F, 300 MPa O Tid 6 BEEEEARE L 72256 bIZE28 & 117 H> - 72 (Data not shown).

—F, BEEOEEIC A 0RO E A4 5 L, iEME13400 £ 500 MPa ) [E ) T3 08 1
WL 2R TRBICHML, ZOBEMRINCRIML 72, 600 MPa D JE ] T3 B o R
ELAVviEEL ML, B 6 RER TREICEL 2.

EEARICEBEY) 72 /=t X F—LniEMAE, Hbh B R P Ti3200 MPa bl EDES
THZ Y, 400 MPa DEH TI AR 5 M TRECBEICET 2., Lo L, WMBLLCEBET
12, LN KELEDLEBRERHILICLEE LS,

FEMRE) 72 ) —NA XL F—XIEV IR, Y254, F+F, k7L Vry,
TRIF, 22 l—24A, 7F7RUHEBTHEEIEDLNTEY, BT 0H,
REEMER, 707 T7—+, R%E, BHEL YO0 L) EE LI N2, oz kb,
HERE TIINE 7 9 7 T —EDEH, pHZEILSSHNED RETEMRIVER 2 FFoaor 7 L%, |EL
Bzt R) 72/ — WA X F—niGHbicBE L T2 el H 5,

® #

FEFLTIRE) 72/ — WA X2 F—RiHT LA EHXAEMR CHIREIC % L 2 KETHF
ELTWwWie, ZOBREWLTE, BAA R I7o= 777 4—, YIEBR7a=+ 777
A —ICEDAESR TR 22, FHREBERIEARKBCE TR TH -2, R BRI
S mA970,0000 B EAK & HEE 2 472,

B EOEENRIC L 2 EHbicd 208 FE ) & B OB 2 BRET L &R, XD
WEMEALI2400 MPa Ll EOES TlEMAL S 41, SRR 27 L R o - THKL 72,
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