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Protopectinase A§AMREE, Rhizopus sp. R29|
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NZzAL Bl thEs}sls B4, protopectinase AAbshe the] v B A Feldldtt olE
2a)s v PSe] wljokod Aol N Aoyl ZALE ZHApzAel] Ml DAEsie AAATE HAF 5 et ©]
E ]S Zo H|ZA L protopectinase?] EL P L Hols FFE Hsh Hejtd AA2HE Rhizopus
sple o 4 9ot AWE FZF Rhizopus sp. R28] vkl o)A o] protopectinased o443t ZAztz=e)
DA E3}E A x5l 40°C, pH 4 3tollA 2] Fruke 20E Bt
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cellulose”} FA33-0]™, hemicellulose, pec-
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AEAL LA DA DA FAIste] 23]
o] Are A} dubd oz opAlFe A2y A3t
A& wel whdatA Hu wdeld 25 Fol
=9 3Aslo] g chkaAlch el A9 dubdoR
Sz7e webeln, g wrl P 7]
odzte] 2A-& dolu] W7o HFsA (). Al EH
A BhpElEe] tialel Hefdhs EAEE AEA AEL
o] Aol o)8% 4 glon, E3] cellulase, pectinase
o Fa osbEw FHloh 2 ok 44 wyE IR
AlE9) A zel glo} & FAE A JleEAe] AEAS
Agsta lek@).
HE AL Al B o] WA F-¥E3}H, galacturonic acid
2} methoxylation’sl -FEA|ES FAE SR 3= heteropoly-
saccharideo |t} HelAe A o)A FE2HE = A2

L= TE"T0o

& she Ao ded glod, Tl &4, AlErkl
Ao} g, ok AdF2Ae] 7% Sol g ek Camp-
bellz} Palmer(1y= =&l S slebd, Fe)d Aol w2} pro-
topectin, pectin(pectinate), pectic acid(pectate) 522 731
=l (Fig. 1), o]5& A2 UAHE AAE zh=r}. Protopec-
ting- Bg4A o2 #Heo) w7} wuy, AlEAZel gle] Al
F9} A E7 9] Fod ¥(middle lamella)e] FAEE o] 23 )
ow, AEA7E 49 we} d¥vt 7HAd A"es A
ghElt}. Prototopecting- H&lol] )& v]$- Z Fajeks 714
o], 7}2 87| 9} AlEye] thE RS9 47|19 ol 2H
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protopectinase(PPase)2t #atn], ofg] od ol o 1 247|
23k F57F EREACHT,9,10,11). PPase®] 7]94& wH5-
tjekste] E3] A159| Rafjo] Hojshs vl wol A

e Zle® oA glon], 7 2Ha-2el celluloses}t A
H #AEe FAMG AAEE B384, homogalacturo-
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Fig. 1. Interrelationship of the pectic substances.
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FE-S WEICH3). PPaser 2 AE, ookalq]ol 4]
pectin4H6.8). 124 AExAS] 2AE 9Ja wha s
(13,14), 1A E£2] protoplast 4H3, 12) Sof $-8A412 7}
Aeksr Bwsgl o), Fuel4]e] ol vjojgl Aok

g, ¥ 1}?77}/\] A4ed%] PPase 4= T2 2ol
Aspergillus niger, Asp. saitoi, Asp. sojae, Botrvtis cinerea,
Rhizopus sp. go|vh. Takahashi 5-(13)0] Rhizopus sp.o) 4]
.TLoJ 24 o §L.Q_7})—‘6} PPase"] —E’«E]% 51_317{# }?]’U‘i, o];g
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PPase@Adof cdt ¥ w7} glu}

2 Aol M= e Y HA4AFZS PPased2] o zH oL
88 ol Adael ol AR IR ok
VA EEE B o2 o)elgl vhokal <44
=5 A“/&]-g]_‘—‘ _14,.4.0] _1;_0].0

nan

=)
¥e shdsieic). w
0

1

= a ~ =9
el ool el PRased AARIS Fas] Papuel
P25} vie] lojal zEAAS o] g3 BT
L‘}xﬂg L2 5_5].0% _q}»o]g]_oziorq o]E F ool 2k @K;’;
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M= 3 Al
2 oditoll AREE pectinase, cellulase, hemicellulase, car-
boxymethyl cellulose, locust gum. pectin $-& Sigma*}ol 4]
Todatelom, AlEel chiE A 2E 9|8l v]i FE PPase
= dEe deu]t AFe] MACEROZYME R-10-& “-9)3}od
sttt olgel A% A g oke Difeorkel s T
stdo, v} Aok B3ES Agslsict
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PPasc MAF 2 € <
5hoh 2ol opth ol meks AFaalh AN ¢

PPase MAHRZ0| 27|
w2 Elxﬂ,g—} ] sﬂ ],01 7:]L1 n] A]— 24 } /&]zl
} =15
FARE el Aden 38 sdse] el wA(E-

mineral 97| : &7 FFE 10%, (NH,),S0O; 1%, KH.PO, 0.3%,
KCl 0.05%, MgSO. 7TH,0 0.05%, FeSO. H,0 0.01%. agar
2%, pHS.S)e A7) AR "ekels wutsjed 30°Cel|4] 29
o ekl 3 efrlo R Rhizopus sp.2] EAEL Holls
ol Z 12} Aldakeivt 12k #elwl 5= potato dex-
trose agar WX (PD v%]; pH 5.5)el4] t}A] wjoksled sefe}
548 2asleleh PPase AAbFel sl 1A oz
ujefod -G o] Gslo] AlEAlE ZAo digh kAl A4S
A ew ghalslel o, 224 22 protopectin®] -3l oll
oJste] frel¥l pecting Hepd o2 ghelabeict

weltFe o] Geoe] iz Zirte) #54-% PDY
AniAa ] ek Wk E algslel pARA A -
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PPase0i 2|8t EHM|Z3| &HM &5
PPaseol] 2|gF AlExx]o) chalzsl sl 73ape] A
W32 Egl By =z A (1312 o]23lo] Altjzie) 3H4
= ZAshovt. 524 PD Mafulx] 2] wjoko]ol e A o]
3’P’: ““”ﬂ] TH 5 & S 50mM citrate buffer(pH
o] gk ubel| i) zhzh AlAjledc). w
1= lofolal S 109 Feelab gol
< o] 8-3ke pH4Z ,EXJSLP 250 mlel) A2 A7 1x1x
%

1em2 Akste] chalzzh 9o & X7tof| wWhE A7 w3}
= Stk s Es Jre feldS olgste] 147h 7}
Aow PAsglch a4 UrRUg o] 88 A% 28

2 AREERE 1%} HEE fdg & g8 50 mld
e el

PPase M =X

PPase #H4J<> protopectin ©. 2 %€ 2] 5= pectin®] oFS
carbazole-sulfuric acid el 2ls] %3J8}9ich(10). 20 mM
sodium acetate buffer, pH 5.0, 2mlel| protopectin 10 mg$-
He B gl 05mlE Arbste] 37°Cel|A] 3087 vkeA)
2D F dgdelld 2k F7) 47k wheRS Toyo filter
paper No. 22 ¢i3ta} 1 o) 2 0.5 mlE 3 3}e] 32N &abat
0.5mie] 0.2% carbazole 4-M-& A7} F 80°C 3 S22
o4 2087 ukS-A)7] 5 525 nmel|A4]e] FFrE 235l
of. 4234 1 units 93 3% mlw f2lE s D-galac-
turonic acid®] pmolZ vlepligic}. ofw) AF2-¥ protopectin
<> Sakai®} Okushima2] "Whel whel 4l 25)9ic}(7).

Cellulase &M &H

Cellulase #4-2 carboxymethyl cellulose(CMC)Y2 7]

olgstel frelslt guUtel kg 2al ﬂolawﬂr(z).
0.05 M citrate buffer(pH 5.5)] CMC7} 1%7} %A =<] 7]
gl 05mlet 2EA4N 05mlE 3 Egsle] 37 Cow
2207 mbgAl ek 304 % 100 w2 # sl dinitrosalicylic acid
Alob ImlE 7Fhar 3z Fella] 552F A delsh & dale
2] (900 g, 10:F, 4°Cysled gl Aol St oA S o]
&ato] 525 nmell M FF = F FA sl

Hemicellulase £M =&

Hemicellulase #+4]-2 Locust bean(Galactomannan poly-
saccharide)©_& 7€} -ﬂ-L];Hj g4l wh(D-galactoseyS 23] 8}
of ghelstelrh(2). =& 429 0.5 mlo] 0.05M citrate buffer
(pH 5.5)¢ll Locust bean-g 1%7} 57| =al 7}”—9—0‘“’ 0.5
ml 7}alo] 37°Col|A] 2417F vb A} 308 & 100 ul=
# 8l dinitrosalicylic acid A]¢F 1 mlE 718l &= Eof4]
SE7F dAelsla AR (900 g, 108, 4°C) & AF=ale
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PPase= Al E A|xHe] B84 protopecting A&z o7
Fal|sted 7H8-A pectind}ste] AT AAE At A
7} Aoz RE felde] wa F3gch4). Takahashi 5
9] AF13)0ll wWel Rhizopus 49 FFol2HE w|wA
PPase AAbgo] 8 457 S2lgol 2haksie] Fe]Lul
2lellA A&A12] Hejgel AL SACRE 13 A
sloict wx], €oks B9 oR sto] dAFEHES FAHE
22 ke #el wir|abolA] Ao 753t oF 50572 Rhi-
zopus sp.2] el BAL Hol:= FFPo|E Elsigirh.
olF 1A 2 Feldl FHolE thhe R PPased| Aike
& FA}skgic). PPased] AJAbe-E AR 2 55
o]ty 30°CellA 47t Ax|ufofste] deizl woke g
olgsle] A2 2R GAE AikgHEo R 3qlsle]
v} Fig. 2= 7hapzA]ol PPase Mabeg AW Hejie] &
F4oWg Ae|gt Anke] UHZA, PPase?] HrlEA | digt
wheARe el RS duiges #eld £ glyl
th PPase AJAHFS FollA] AAH oz = A E3} 84
& Mol 6579 45 Aldste] SF Ao o] g3fsirt

ql
30°CE wiokabed FHAvIAE T8 ASFVIE £ He
W32 aellch 1 AR o] I FAke) A

Fig. 2. Microphotograph of separated potato cells (x100) by
treating potato tissue with crude enzyme from isolated Rhizopus
sp. strains.
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o] ¢lu TEX¢} rtg s A colonye
7248 oot 28z 2k 2 o] A 739
Fapdst £8x|9] ARl E o)kl xahdHS JHA 1
9le} Rhizopus %2 FeleA 545 ot Feld 5059
Fgo) 5 155 A5} AE2AS M2 5 ol PPase

Ak Aoz zalEgich olefdt Hejul&e EoF
o} FollAl Rhizopus 40] the 42| Fdold| n]a}o]
9423 PPased] AAbeg AU AR FFHEHW, o)
Takahashi®] 17 AsH13)kE 2x)3hgich.

o of mju

Cellulase, hemicellulase, pectinase £ ZTA}

WD PPase® olgale] 2AE AEEAY AR
& AEd $8ab] e ARTFEYE GO 2E
4 Folle AlE Fallo Foish= cellulase, hemicellulase,
pectinase 52 4o wlefalrAc Faslel 914 welo} &
sttt ol T AEH LAEATS 4EAS ATHL Bl
slo] A|zetukg A protoplast AVl Q] whA| 2 Al EFH
o] F& Azt A o 9N 279 FAT Wit we}
47 =g+ glek

PPase, 7.2] 3. %3 cellulase, hemicellulase, pectinase&- ©]
43le] A48AE Bk 2EAE o] 43 pectinase,
cellulase, hemicellulase % PPase®] #41-g v|w3lt Aile=
Table 13} Zc}. o] 5 Fol|A] A]#+2] PPase R103} &4 M|
gAoa] & AolE Mol o e dFEl vlste]
pectinase, cellulase, hemicellulase E-AJo] ¥]Ad v|eks}
Fl R2& AAsle] wiekgt £ dojal £HAE o] &5to]
Al E2A 8] A 23S A a2 7E A ESch

PPase0f| 2|5t 2tXIZX|Q| BHM|ESL0| O|X|= pH| HE
2 Adellx] #2]= Rhizopus sp. R29| wjoFe) o 25 e
ZA)9 PPase ZH42] FAlo] vk pHE) depe 7 E
sldrk. 2EA B 1%2 sl] pHE deldt wheale
Aol 742t AR} 4, 5 PPaseol| ja whaxe] A
AAEE zARslch RS 10 10X 10 mm2 Aokl &
40°CoAl A R2 FF8] 284 FHAe Azl A7bdR

Table 1. Activities of each crude enzyme prepared from culture
filtrate of six screened Rhizopus sp. strains

Activity"”
(units/mg) Pectinase Cellulase Hemicellulase Protopectinase
Strain
CSE? 4 2 3 10
R1 3 2 2 5
R2 2 1 3 8
R4 3 2 1 6
R13 3 1 2 6
R22 2 1 2 6
R25 2 1 3 7

"Specific activity (units/mg protein) which is an average of
duplicate measurements.

PProtopectinase purchased as macerozyme-R10 from Yakult Co.,
Japan.
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Fig. 3. Effect of pH on cell separating activity of protopectinase
prepared from culture filtrate of Rhizopus sp. R2. 4 pH 3,
pH4, & pHS5, > pH 6
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Fig. 4. Effect of temperature on cell separating activity of pro-
topectinase prepared from culture filtrate of Rhizopus sp. R2. -
20°C, M 30°C, & 40°C, > 30°C
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ABSTRACT: Isolation of Rhizopus sp. R2 Producing Protopectinase and Optimum Condition for Pre-

paring Single Cells from Potato Tissues

Seung-Cheol Lee, Bo-Sung Ko, Hyang-Mee Kim, Ki-Woon Kim and Yong-l Hwang*
(Department of Food Engineering, Kyungnam University, Masan 631-701, Korea)

Several microorganisms capable of producing protopectinase, which catalyzes dissociation of plant tissue to sin-
gle cells, were isolated from soils. Crude enzymes prepared from culture supernatants of the strains released po-
tato cells as a single cell from potato tissues. One of the isolated strains showing higher activity of pro-
topectinase was selected and identified as Rhizopus sp. from the morphological characteristics. For preparing sin-
gle cells from potato tissues, optimum enzyme activity of protopectinase, which was prepared from culture filtrate

of Rhizopus sp. R2, was obeserved at 40°C and pH 4.





