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Abstract

Pectinesterase(PE) has been definitively established as the causative agent for clarification of citrus
juice and gelation of frozen concentrates. This enzyme is present in multiple forms in citrus fruit.
Although representing a minor fraction of the total PE activity, thermostable pectinesterase(TSPE)
accounts for the severe time/temperature processing treatment required to inactivate PE. This study
was undertaken to separate and purify thermolabile pectinesterase(TLPE) and TSPE from the crude
PE extracts of Valencia orange rag-pulp powder. The approach taken was to carry out the three
kind of chromatographies of CM-Sephadex C-50, Pheny! Sepharose CL-4B and CM-Biogel A to the
unheated crude PE or the heated crude PE. All of them used could increase the purity of PEs and,
specially, Phenyl Sepharose CL-4B chromatography could separate crude PE as the mixture of PEs
into two forms of TLPE and TSPE. The purified TLPE had specific activity of 1,005 units/mg, yield
of 13.6% and purification of 35 fold, while the TSPE separated from the unheated crude PE showed
specific activity of 3,115 units/mg, vield of 1.5% and purification of 100.5 fold, and another TSPE
from the heated crude PE was found to be specific activity of 1,803 units/mg, vield of 15.4% and

purification of 140 fold.
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Fig. 1. Chromatography of unheated crude pectinesterase
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A. Increasing gradient elution (0-0.5 M NaCl, pH 7.5) pattern from CM-Sephadex C-50 column chromatography of
unheated crude PE. A preparation containing protein 68.5 mg with activity of 20,600 PEU was applied.

B—M, Absorbance, ®—<¢, PE activity

B. Decreasing gradient elution (2-0 M KC|, pH 7.8-pH 7.0) pattern from Phenyl-Sepharose CL-4B column chromatogra-
phy (HIC) of CM Sephadex C-50 peak fractions. A preparation containing protein 22 mg with activity of 12,250 PEU

was applied.
@—®, Absorbance, C—C, PE activity

C. Increasing gradient elution (0-0.5 M NaCl, pH 7.0) pattern from CM-Biogel A column chromatography of HIC
peak 1 fractions. A preparation containing protein 0.25 mg with activity 155.9 PEU was applied.

©®—®, Absorbance, C—0O, PE activity

D. Increasing gradient elution (0-0.5 M NaCl, pH 7.5) pattern from CM-Biogel A column chromatography of HIC
peak II fractions. A preparation containing protein 6.34 mg with activity 2,036.64 PEU was applied.

B—8, Absorbance, ©—<&, PE activity
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Fig. 2. Electrophoresis pattern of 8% HDPC-PAGE
mini gel stained with Coomasie Brilliant blue R-250
A. Unheated separation procedure

Lane 1: ammonium sulfate 30-75% fraction, Lane 2: CM-
Sephadex C-50 chromatograpy eluate, Lane 3: Peak I
elute of HIC, Lane 4: Peak II eluate of HIC, Lane 5:
CM-Biogel A chromatography eluate of HIC peak I, Lane
6: CM-Biogel A chromatography eluate of HIC peak
I

B. Heated separation procedure

Lane 1: heated ammonium sulfate fraction. Lane 2: CM-
Sephadex C-50 chromatography eluate. Lane 3: second
HIC eluate. Lane 4: CM-Biogel A chromatography

CL4B& ##%3% column) loadingdled 453 Zie
Fig. 12} Bs} 7ot} 2H2 peak(peak 17} 1.95~1.85M
KClo] ¥sjell A 225 B} 2 peak7} 1.80~145M
KCl(peak D)ol 4 &&=t 2H7ko] peak F8-& 2o}
1087 70T A 71d 2 =l3F Foll 84& 543 A=

Table 1. Separation of PE" by unheated procedure
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Helgez ydide] g 548 Balvh 2822 peak
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TLPEz}3 = A 3s}eic) o|9hzte Aste TSPE7} TLPE
B} AagAjel 2Hgg HojF, TSPE7} TLPE Xr}
ZdAde} Ache AubHe) Ak PiEE Aeldrh

HIC columno Z4%€ 4%3 F712] peak Fig 29
Aol lane 37} 4oll4] Ri= us}l zho] <F7ke] oA chdl
o] Z3rE o] glo] HAE o] YT 322 Versteeg?
7} 2}43 CM-Biogel A columnel loading3l¥ increa-
sing gradientA]# ¥3t® dwAg £F A3k HIC
peak 12] CM-Biogel A chromatography®] A ¥+ Fig. 1
9] Co|al HIC peak I+ Fig. 19] D} #stt). Fig. 19
Ce| peak ¥-%3} Fig. 19} D9 peak ¥¥ zZt24-& =Ho}
&3ty 4249 pH 3oz FAsle AH7|9d5Y
A2k Fig 2¢] Aell lane 59} 6|4 R s} zto] A9
ol gk bandE ebgith Fig. 20l AE B oM F
M E 2ol 4] PE ol9)9} @& b a-& CM-Sephadex C-
50 columndA] AA=i, HIC columng TSPE<}
TLPER #3A1zlen o1& vz <] uiadg
2335 CM-Biogel A column® 7|35 2|3t
27t 79 @d¥ bandE JeblE 7 HEER
Fejsigivk owde) ¥e) 3 AR LE Table 1o 2
opsjoirh. TLPEE 1,005 units/mge] w| &4, 136%2)
%3 352 HAI=L, W TSPEE 3,115 units/
mge] &4, 15%9 &3} 100.59 ] HHMEE Bk

Seymour V2] TLPE®] w®]&*o} 776 units/mg
TSPE2] wu]&tAdo] 540 units/mgo) T, Versteeg®2
TLPE®} PE o] 694 units/mg PE II7} 762 units/mg<l
W} vk, $ieh 3ol Hal AR BALE 259
&9l TLPEE 13w TSPE: 584 nv|&Ade] $71&

Activity” Protein?  Specific activity =~ TSPE Yield Purification

Step (Units) (mg) (Units/mg) %) %) X)
Crude PE 5,196 169.000 31 7.03 100.0 1.0
Ammonium Sulfate
30-75% Fractionation 3,149 21.330 148 5.03 60.6 48
CM-Sephadex C-50
Eluate 2,759 5.620 491 1.40 53.1 15.8
Hydrophobic Interaction
Chromatography Eluate

Peak | 90 0.099 909 94.00 1.7 29.3

Peak 11 1,291 1.782 713 0.69 24.8 23.0
CM-Biogel A
Eluate

HIC Peak 1 81 0.026 3,115 95.00 15 100.5

HIC Peak II 708 0.652 1,005 0.34 136 35.0

"The results of two purification procedure were averaged.

YActivity and protein values were calculated per 100g of Valencia orange pulp-rag frozen powder.
YBased on remaining units after heat treatment (70T, 10 min) of various step.
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Fig. 3. Chromatography of heated crude pectinesterase

A. Increasing gradient elution (0-0.5 M NaCl, pH 7.0) pattern from CM-Sephadex C-50 column chromatography of
heated crude PE. A preparation containing protein 302.4 mg with activity of 2,670 PEU was applied.

B—N, Absorbance, ®—&, PE activity

B. Decreasing gradient elution (2-0 M KCl, pH 7.8-pH 7.0) pattern from first Phenyl-Sepharose CL-4B column chroma-
tography (HIC) of CM-Sephadex C-50 peak fractions. A preparation containing protein 22.896 mg with activity of
1,782 PEU was applied.

B—W, Absorbance, ©®—&, PE activity

C. Decreasing gradient elution (2-0 M KCl, pH 7.8-pH 7.0) pattern from second HIC of first HIC peak fractions.
A preparation containing protein 0.344 mg with activity of 145 PEU was applied.

®—@, Absorbance, C—O, PE activity

D. Increasing gradient elution (0-0.5 M NaCl, pH 7.5) pattern from CM-Biogel A column chromatography of second
HIC peak fractions. A preparation containing protein 6.34 mg with activity 2,036.64 PEU was applied.

B—W, Absorbance, &—®, PE activity
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Table 2. Separation of PE" by heated procedure

A E2 s A 27dE A 55 (1995)

Step Activity? Protein?  Specific Activity Yield Purification
(Units) (mg) (Units/mg) (%) X)

Crude PE 50,780 1,652.000 30.1 100.00 1.00

Ammonium Sulfate

30-75% Fractionation 25,520 232.000 110.0 50.30 358

Heat Treatment Eluate 1,377 104.980 131 2.70(100.00) 0.42(1.00)

CM Sephadex C-50

Eluate 1,050 13.490 77.8 2.10(77.78) 2.53(6.02)

First Hydrophobic Interaction

Chromatography Eluate 673 7.892 843 1.30(48.14) 2.74(6.52)

Second Hydrophobic Interaction

Chromatography Eluate 431 0.943 4570 0.85(31.48) 14.80(35.24)

CM Biogel A Eluate 211 0.117 1803.0 0.42(15.56) 58.70(139.76)

DThe results of two purification procedures were averaged.
DActivity and protein values were calculated per 1,000 g of Valencia orange pulp-rag frozen powder.
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