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Partial Purification of Fig Pectinesterase and
Characterization of its in sim Activity

Won-Nyoung Hou, Myoung-Hwa Kim and Eun-Kyoung Go

Department of Horticultural Crops Breeding, Mokpo National University

Abstract

This study was performed to purify fig pectinesterase(F-PE) and characterize its in situ activity. Three kinds
of F-PE were partially separated by using ammonium sulfate fractionation, Q-Sepharose column, CM-cation
exchanger column chromatography, and HPLC. One of those was anionic protein and the others were cationic
proteins. All of them had approximate molecular weight of 27,000 and lost rapidly their activity during
storage. Therefore alternative crude enzyme was prepared by suspending the freeze dried and milled fig
powder in 0.1 M NaCl at pH 7.5. F-PE had the optimum pH of 8.5, the optimum temperature of 50°C with
activation energy of 7,671 cal mol 'K™' and stability up to 55°C with 10 minutes heating. Optimum activity
was obtained in 0.2~0.4 M NaCl with optimum solubility at above 0.8 M NaCl.
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T 19979 1096l A o AtER Frdelld &
3 Z& -25°CollA A AFsPHA A3t

EA0 F& Y i situPE =X

PEQ| 3358 BF<l T3}l 3} 4% NaCl& 5:
1 (viw)e] vl &2 &3, vhslisle] 5°CellA] 24 hr £}
HFX|8F & cheese cloth2 od3}slgdc}. 18]y 1 oY
& 30~75% frddAiElel A41E2](4°C, 27,000 g,
20 min, Kontron instruments, Italy)d}ir 1 JH-5&
A2k} 10 mM tris buffer (pH 7.5)0) =<9 F 4]
Fa]sled AbAlel& 0.1 M NaClg 2§3}:= 10 mM
tris buffer (pH 7.002 T3t & Fa 4N A}
43kt

AR ZAlE YERIN25°0F 395 =1
o, 78, A2 §2)ska, o] 52 zH7} waring blender
2 vhfsled Wi AZ7) freeze dryer (Labconco Co.,
Kansas, MO)Z ¢} 24 hr Z¢} W% 7AZ% ¥ 1 mm
Aol Aeld ez FAshAA 75Co] BastA
in si PE 24802 AF2-3}9ch. In sim PEE ut
38 A FA &2 0.1 M NaCl (pH 7.5)2 209 (3-20.3
g/6 mL) Z Ay o g g s Eob WAAk
eoll A vhA]§E ¥ pH 7.58 238t Ag-3hsich

Ao B

FZFE 45 AHA3}7] ¢)8] 1] Q-Sepharose chro-
matographyE A A13lgcl. Column (1.5%5 cm)’}ol]
Q-Sepharose (Sigma, St. Louis, MOYE 47 & 1
mM NaN;2} 0.1 M NaCl-& &-§-3H= 10 mM tris HCl
buffer (pH 7.5)% H 33 A)A, =4 A4+ E column A
Foll 913ka F4 buffer2 £ Bulwix g4 280
nmol| 4] EF=7} 0.010]57} & wi7bx] washingA)
Zlc}. Columnell F3H5l A A(PEYE 4347171 $8
5 2h3foF 0.1~1.0 M NaCl linear gradientd}s]
o9 flow ratet= 10 mL/hr2 8}3 fraction collector
(Isco, Inc., Lincoln, NEB)YE- A}-8-3}o] 5 ml4 233}
L gAe] gl -9l A S wgle) e $ol
& w5 FAHR %S washing F¥e] §ET
wjzlut-g ®o} CM-cation Exchange Chromatography&
A A stede}. MR column (1.5X5 cmyAtel] CM-cation
exchanger (Waters Co., Milford, MAYS $34]7] & 1
mM NaN;¢} 0.1 M NaCl& §--3h= 10 mM tris HCl
buffer (pH 7.0)2 H¥3}A)H, Fol2adhr]] vl F
2 el A& 3913} 57 0.1~0.6 M NaCl linear gradients}
oj.on, o]elo] S8l 7712 Q-Sepharose chromatogra-
phy$} 5-d3}c}. 92} 2 F 79} chromatography &

e izl 3709 YAdpeak H-E-& o8 A Az}
HPLC (Waters Co.)2 AA3lgt}. & So]& aihs
Z| o} oFe] 2 m|R| o F2 4453 A PEES
boiling*2]¥ 10 KDa £-x2}3| =} (Millipore Co., Bedford,
MA)e. 2 F&3l7 YA #2](10,000%x g, 4°C, 20 min)
ate] 272121 AlE 0.5 mLE HPLCY| 39l
o] | columng Protein-Pak™ 300. SW 10 um (7.8 ¥
300 mm, Waters Co.)& A18-8l52 5 0.1 M NaCl-&-
FE3H8l+= 10 mM potassium phosphate buffer (pH 7.0)
2 F¥3] columng FAIAR F A8E 743
3 NaCl 0.1~1.0 M7}#] automated gradient controller
(Waters Co.)5 linear gradientd}s]t}. Flow rate:= 0.4
mL/minZ 3}37 280 nmeljx] O.D7} 0.1 o]Argl BB
£ 73 &3k

Hods

12% sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE)o]| 2]3} #7352 Weber
2} Osborne] wWh]®el] uwlz} F-asdct. A7dF
2 Mighty SmallTM Il dual slab cell unit (Hoefer
Pharmacia Biotech Inc., Sanfrancisco, CA)9} power
supply (Minebea Co. LTD., Kondo, Japan)& A}-8-5}o]
Fastart. odE F gel 9 44-& 40% methanol¥} 10%
acetic acidE& EF3F &Ml 0.1% Coomassie brilliant
blue R-250 (FisherBiotech, electrophoresis grade, Fisher
Scientificy& &3} 8led AL-8-3}s] 2., 40% methanol3}
10% acetic acid®] E§t o2 HGAX A} 51 B
A 2334 $F iz 2 glyceraldehyde-3-phosphate
dehydrogenase (36 KDa), carbonic anhydrase (29 KDa),
trypsin inhibitor (20.1 KDa), o-lactalbumin (14 KDa) &
FEZ AHg-3lsdc)

EAo @@y &3

PE2] #4222 Seymour'™9] titrimetric assay *§-&
A3 vhH 22 1 mM sodium azide®} 0.1 M NaCl-&-
X3} 1% pectin (Sigma, from citrus fruits)7] 2
(pH 7.5) 25 mLell 32 H 4+ 0.1~0.2 mL, 28] 37 in
situ PE®] #=t-L 0.2~0.4 mLE A7}3le] AL6A
ksl A pH 758 248 ¥ 5% ok FHAA
Aw5lE 0001 N NaOH ¢}& pH 718 stat titrino
(Metrohm Lid., Switzerland)® 23] 3}gic}. PES] &
A =9l £ 1 umole?] FHEALF-S frejdhe &
Ao gA FH2EAE B4 mLd didt, a-jx
in situ PE®] & &}o)-& g dry mattersl] tis}e] chg- 4]
ol =l3) Fstsict.
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PE units/mL or g dry matter =
mL NaOH X Normarlity of NaOH x 1000
min X mL sample or g dry matter

Zt A8 33 WhE & ste] Yaghe g Jehygl
o 2td AR A4y 23S JEdzrd A8
0.01 g& NaCl ¥=& =e|gt 05% pectin 7|3 25
mLel| o] 9o} 2o whhow ZHsigc} 3 9
column chromatographyol| 4] 3§} &40 AbRA &
A 84-& A7) 98] Hagermann} Austin'®2] u}
HE NHE Seymour?] WVl wle} hew} zlo)
T8} 84 33L& 9% pectindye AL 3
mM potassium phosphate £+3=24(pH 7.5)0l] 3:7¢] u]
T2 S55E &3l 0.04%2] bromthymol blueE
H71_E 49 7.5 mLE 0.5% pectin 100 mLe} £t} 5
pH 752 A F A4 Leko| 150 mL7} H 5= 3}
of ARg-313dct. F8lell 3 mLe] pectin-dye &E-§oi-&
F(E7] Awre HOE blank 2 319]-& @ 1.1~1.25) 100
HL®] PE Al85 7kt Hbe-g A1Abeleda Anol
A% %= enzyme kinetic accessory7} R-EE UV/
VIS spectrophotometer (Hewlett Packard, West Germany)
AN 7|Esst. F5ETA44 S22 galacturonic
acidg AH&-3lg.2m, AA620 (galacturonic acidS ¥
3= pectin-dye-89) E§ Y3} galacturonic acid®
7)Ao pectin-dye 3R] A0 x})o] 0.85
(3 mL2} pectin-dye &4 3} 0.16 pmole galaturonic
acidyZ} == Y713} galacturonic acid®] ool 2}4]A}e)
v BAE dellich 25349 Axake] Wl
Al PEAIE.2] AAg/ming 73519 PE unit (YAIE Ab
pmole/min)2. #H4ksh= ] o] -4-3l¢]r}.
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ghiE o] Mzt

sl o} Qe Lowry ™ ol ma} 24 shdc}. of
AH8-3F E &bl A8 Bovine serum albumin (BSA)
°l3, BSA¥EE @elsted UVHA 656 nmollA]
2] OD. g& A5t A8 & 7|29 524
& o]83ch. 218]5L columnollA] E#g ghulale
Aws FA 31 v waigdr}.
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#2572 (Dongyang science co., Korea)2} glass jaket
& 94833 grass jaket 9F2] pectin’]A 25 mLE
10~65°C Wi9)2] 24 52 24 ¥ 33 549
o Ba detlg 2H7) AHrlsle] BAS 23 vlws}
RAet.

Bt X] % Qk

AR Bl HHL5E0] ol g H A0
4 9] Logakg plottingdl Arrhenius plote] slope s
B 78}, Qued- Segele] g ol o sled Faledcl™,

| 48 pH
& A2 YL pH 6.0~10.0, £ F=te] e pH 6.0~
11.07b7) #8}A12) 1% pectin 714 25 mLol| 22 &
A2E Hlsle] FAHEE Fabsbde).
g ok
FLLZ R 20~90°C W91l A exs Wiy
A FE 54w AAEENS 22 108 9 3
213 F 7 545 /1A M)l wreAA gdwste
ZArslg ok
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NaClo] &4-9) €20 ojk|&= AHE

1% pectin 7)) NaCl ¥% W3} & 0~1.0 ME &}
of Bxdstde] gHsE zAlsly w3 05%
pectin®] NaCl X5 0~1.0 M 9|2 W 3}A) 7w 4]
F2AFE 2] in sitw PE 0.01 g-& Hrisle] gxiuizse
ZAFA L)

NaClo| 2o s} QtE Mol ojxj= LE

NaCl ¥5% 0~1.0 M2 248% ZF<5ol F4te)
ol in siu PEE &83}o] 283 AV 43558
24 hr Fok WA o2 X3 F ARE PAl B4,
27,000x g, 20 min)dle] AbA Y3} A E 2 Fe]A)H
AR e A o2 ddela) @A 150 BwsE
A ste] B34 QH A& vkl

M 2E7F HA g0l o)k o

FELAY BN F4E Ldag 4o)d) g
o} 41 -2-(20°C, desiccatorol] X, 5, 25, -75°Ce] &%
o BitslHiAd S F4E 59 7R o R, Eakake) o)
in sim PE= detf o 2 zaste} 104 71222 6003
A Feke] ¥AME Al c)

da ¥ oF

%% PE

0.30~0.75 ¥£3}%e] gatnfon A3l PES
4% %, 1 mM NaN:¢} 10 mM NaClE Z3tsh=
10 mM tris-HCI (pH 7.5) sk&ol o 2 985tz Q-
Sepharose columne}] loading®}e] chromatography&t 7
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Fig. 1. Chromatogram of fig PE by Q-sepharose.

= Fig. 134 Zsictl. F 3 3A17) b3 o) 5od3t 2
FhoR SENAS W F2hEA) 2 Al A9}
B, F 7}¢] PE&A] peak7} 85591 columnol] F-%
ol whafAl-L 0.20 M NaCl 5%.2] gradient ] o]
A v 3A #Ae] & peak CE 8-F= v} Valencia
orange PEE2] S%1% o] > 8.38"", papaya > 9.0°", kiwi
PE 7.3*, lemon PE >113} 9%, tomato PE 8.2, 8.33}
8.5™¢] ofol Al wAg]e 2 DEAE & -Sol&
AgFR oM = A FEHEA] Y5 CM 72 oo
AR A T2 £E5E Zlo] dubzal Aoy
o1} B £3l7} PEE o) adkpr|o 2 459
o234 919 g o J%E 2ot & Lin 5
o] 5313} PE(pl 3.5)°] AAlellA] vebd A3 FA}s}
A Fold Al d¥rE F3 £FH Aeld O
Sepharoseol &3] ¢t £FH A%}l B peaks]
WjA]S Roli| F&3} t}8 CM-cation exchanger ¢l
loadingdle] £-&3%t ZAs}b= Fig. 29} ZAgpch wE#
HRA] w@Ao] okt peak At 025 M NaCl
gradient H-tollA] w12 £& w]GA]E Mol peak
B7} vlelytcl. o]4b chromatography Z 3ol F3}a)
PEE ool 247 Sol2ds 2+ F F77t 74
PES] o w o] 20| w|efsle] ofo]l 3} Ho] -t
zlof] A =R 92 PEX F7F Ed= o qlvkar oA

Table 1. Separation of pectinesterase from Korean fig fruit
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Fig. 2. Chromatogram of non adsorption fig PE on Q-
Sepharose chromatography by CM-cation exchanger.

Zc} olEe Adg A HAEER A= ddes
Table 13} 3gkon] FAE HEE dolrr] 3t A
71°4§% A= Fig. 33 29k}, Table 194 BojF
= u}o} 3ro] ammonium sulfate 34 (3.0~7.5)8F 2] 1]
gAJo] 050541 ©l} uks}e] Q-Sepharose chromatography
9] peak C %3} CM-cation exchange chromatography
2] peak B -2 zlo] uj&Alo] wrelH zpz} 0.052
o} 0.0760]g 7 AAEs FHAL] 1.549F 22665
vehgl e o4 FA4% PERC) 949 660 & 7
A8k A9E Wl Aba, Cox's orange, pippin £
A2 2] 3 tomato2] PES] EAlu|-g-o] 1:200:5,800:
24,0000]2}3= Pollard 579} Hz}oll4] M50 v] A
wol ATHAR tomator} 2.2 =]ol} H]ste] £ EA
= Aol g Wb ohv)e} AAizate] zledel wiet
thia o] WiAjo] elojut= &, Mol 2 ARE
vehd e 24 HAE o APshs 1S ofeE Aol
ek F 744 FRel A PE A& e 83 94
FA A7) 2R A4E SDS-polyacrylamide gel2 A7
5%+ A3 Fig. 3¢} 2ot Lane 32] Q-Sepharose?]
peak C %32 lane 29} 94 £AE a0 Fg
7} vto] H o]l 2 lane 48] CM-cation exchanger2]
peak B¥-H-2 o ¥ #Hojglr}. o]E & o] band7}

Purification step Total volume Total protein Total activity Yield SpeciﬁF activity  Purification
(mL) (mg) (umol/min/mL) (%) (units/mg) (fold)
Crude enzyme 5,000.0 15,042.46 506.50 100.00 0.034 1.00
Ammonium sufate fraction 34.0 138.14 69.72 13.76 0.505 14.99
Q-Sepharose chromatography 45.0 18.99 0.98 0.19 0.052 1.54
CM-cation exchange chromatography 10.0 20.18 1.53 0.30 0.076 2.26
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Fig. 3. 12% SDS-polyacrylamide gel electrophoresis pat-
tern of fig PE by separation setp. Lanc 1: protein stan-
dards (o-lactalbu-min; 14 KDa, trypsin inhibitor; 20.1 KDa,
carbonic anhydrolase; 29 KDa, glycealdehyde-3-phosphate
dehydrogenase; 36 KDa), Lane 2: ammonium sulfate fracti-
non, Lane 3: Q-Sepharose chromatography peak C eluate,
Lane 4: CM-cation exchange chromatography peak B eluate.

PE band?l7}2 Salsled ¥zl #7)odE3E gelol]
pectin paperg Azj3te] st} shglevt, PE
gAjo] vjefsle] HAY 4 gemg 7o 47
ol 4] & BAHE-S v} Protein-Pak TM 300. SW
10 um column & ©}-8-3}led HPLCE F3 (AL =14
AN&F A3}, Q-Sepharose?] peak CollA& 172 &4
peakS, CM-cation exchanger?] peak Boll4+ 27)¢]
4 peakd d2lo o] &5F #71945¢ A= Fig.
49} 7refrh. HPLCE ¢1& 37)9] PE7} % Ex}ek
27,000 M x4 UAgH 5 7§2] band7} FUZ) £
o] glgic}. 1ejr g o] 54 ¥2]&leld ion exchange
chromatographyv} gel filtration o]2]2] t}& whd-& 7}
TFaledo & 7o g AR, o] &L EAtFo] 2
A MR a2 A dAY B FYEHA 8t

36.0 KDa

29.0 KDa
20.1 KDa
14.0 KDa

1 2 3 4

Fig. 4. 12% SDS-polyacrylamide gel electrophoresis pat-
tern of fig PE by HPLC. Lane 1: protein standards, Lane 2:
HPLC active fig PE fraction eluate of CM-cation exchange
chromatography peak B eluate, Lane 3 and 4: HPLC two
kind of active fig PE fraction eluates of Q-Sepharose chro-
matography peak C.

A= glvjete dtAske] A& & isoenzyme S E
o AR}, B F3l3 PES] Hajeke Lin 599 jelly
fig PES} F-zlef 38,0005 & xlo]E Hold o]&=
FF712] Aolof 7ilSle AoE o AxIch

2310} PES} AME

AR Aae) HAL dolne A T4 o
T-ofl F23HA A A e Aol ute} PEEA
o] F438] ZtAaEBE o o4 AH-2 M T H
o= ozl fo] UL, mEqt o] EO] A4H A T
Batastl s A2 F3hae] Mg A sy Al
= §3la z2pale] B AR 9y PEE FE317
U2 in situ AR 0] B3 Ao 1R, King®™ Fol
A% &} in situ AFEle] PES} @4 54 PEX AR %
ghslo] F 71X ¢] A& 2ALSE] R

HAo AAAL: 540 5o g AL oo}
B7] 95t &b AlEe) E G4 AL 271Y
7b A Adslia gadel wslE 213 A¥= Fig 59
zaskel. A, -5, AAE BuElgl A gES AP
v & G4 Zhav) A itk 58] gAaAR-$rt ot
4 & PE &A% 713 slslen A 7|7t 7hast
cir}t Fobsla, S AAr|3E 5ok shukslA| F71
&he, A= 7 FFasichr) et 27HE Bedoh
w3 5°Co} ARZol| A AAFEE A -25°Ce} -75°Cell A
A2 28 vlas] 2 241713 gl Ao &
AJo] A viepydrt. o9} k2 Arh= Al 299} 3}
& Yo EA3t= PEZ)F M2 Aale] ofE isozyme
o Zelet o A= F5tate] 74l 9o 53] PEZ}
gol EAlghs A2 e whA 7t ddlEelA|=
dax #H Ao d oAz w PEV} AR}
3 A E:y®@x) A Agska qlel PE7} o539
AgA s}l pxrsle] wel vz ol B4
2718 Jehlls o2 Bodxirl 3% PER 24}
<= 9 A 213l HAA A o] Wbt gle
AL 7H ek eyt A A Eolrb whA
7k Well 2843} Blojx)= A& TEILL Y BT
E4 7] felel 7alsle Aojefa o A4l

23 Wk-g pH: 23 pHE TR} A3= Fig. 69
vehd vle} 7ho], BubX g w5 pH 8.50]3 =&
A4y pH 9584 323401 4 ARE dEAA
ZAZ AAvc) pH 1 AR £ e Foll4] A
ukg-2 vehliglel. PEE 714 0] 94F Fxod 93}
A pH7} Wslsm g™ 2k dFer A &
gk 73 viss) 2 Per) qlglnh G1F So] vz
3 ¥ A A% Valencia orange PE'": pH 7.0} 7.0~




YFAEAGA] A 30 A 5E (1998)

1174
60 60
Whole fruit Peel Flesh Ex-PE
50 * We B 50
%
£
g4o 40
§
2
>
S22 20
B
<
10 10
0 i 1 1 ] L e 0
0 10 20 30 40 50 60
Days
Room temperature
60
50
ko
g40
g
230
2
>
g 20
B
<
10
0 i 1 . 1 A 1 L L " { i 0
0 10 20 30 40 50 60
Days

Storage at -25°C

60 60
50 - 50
40 - 40 -
£
>
30 - =
hd
=
)3
20t 20<
10 10
0 i I " ] 1 1 " i 1 0
0 10 20 30 40 50 60
Days
Storage at 6°C
60 60
50 - 150
40 140~
I E
" S
0\ X
- =
B
" i\/——Q\ 3
10 110
0 ! 1 " 1 l 1 0
0 10 20 30 40 50 60
Days

Storage at -75°C

Fig. 5. PE activity change accoding to storage temperature. Whole fruit, peel and flesh sample were in situ PE preparations
which were freezedryed, powdered and storaged during indicated period in dessicator. Ex-PE sample was ammonium sulfate
salting out fraction. Unit of in situ preparations sample was U/g dry matter and uint of Ex-PE was U/mL.

8.0, Marsh grape fruit PE‘®= pH 7.05} 7.8% & 3}
# F& 5adc) Iokth xg EUARE ARSE
Bramley apple PE® 73-9- 34 pH 10.02.2 ¥u3}4]
71 5-8}3}9) in situ PEZ} ©] -2 2 pHE el
Sk 21 AlJellM ozl AY 32 53¢ PEE
A Axe 245 A3ska gl PES] B4 E 2§
&3 glond & A a4} vl £« A
pH7I 1 A= =4 vepd o2y M o} 24 pHE
vehdgicl Bk B4 AAAQ pH 84 TAL
Fxo SEAL F4 A7 Fake] ek AlE ukeddt
o} B 4= 9lv}h PES| §5& duko g 2 pH &

g ooy

7.0 7574 3P3A]ut SFqe] o Fxo}
pHollA A Zbel] A FEabA] Hlug o 2704
o} YA E mejEo]o} girta Abusld ¥ 313
PE9] pH A el v 84 Al deelel pH
W= 4.5~5.0 RLE AN 2 o] W E A H
AL ehix) odgkel wel in sim 239} pHE
o 4 @A PE= 22 pHollA A S frRlghe
b GAJL g2 7103 o ARIr).

A ﬁ&v{’:‘i 3 o QPgAl: 2 wistel ok PE
o] 42 Fig. 7ol Yehdt ve} 2o, BAd] AME-
g AHE L5 50°Cell A 71 e 8d-g vehyoh A
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Fig. 6. Change in PE activity with pH. The PE activity
was measured at various pH adjusted buffers.
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Fig. 7. Depedence of PE activity on temperature. The
PE activity was measured at various temperature.

A g L.8x] PEP"+= 60°C, papaya PE®+= 60°C, 12} 12
in situ Aeje] FdAR dgdg A2-3F Bramley
apple PE® < &] 60°C3l Zof| n]3le] 2 §3}3} PE=
Y& HA 2§ vepiddd). 4 E dgee] b
225 20~50°CH Y42 /T(K)l| & log initial
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Fig. 8. Arrhenius plot for the reaction of fig PE.
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Fig. 9. Effect of temerature on the stability of fig PE.
The PEs were incubated at various temperature for 10
minutes and the remaining activity was measured at room
temperature.
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Fig. 10. Dependance of PE activity on NaCl concentration.
The fig PE powder sudpension and 1% pectin substrate
with various NaCl concentration (0~1.0 M, pH 7.5) were
incubated following measured PE activity at room tempe-
rature.
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Fig. 11. Dependance of in situ PE activity on NaCl con-

centration. In situ activity was examined by adding samples

of the dry ground PE powder to 1% pectin solution with

various NaCl concentration (0~1.0 M) at room temperature.
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Fig. 12. Soubility and stability of fig PE in different NaCl concentration. The fig PE suspension (0.3 g/6 mL distilled
water) with various NaCl concentration was left at refrigerator overnight and then samples of the solution assayed for PE
activity using the same method as for crude enzyme preparation. Samples (4 ml) of the suspension preparation were
centrifuged and soluble and precipitate fractions assayed separately for PE activity.
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