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ALEA =82 cellulose, hemicellulose 52 -5 2]o] mid-
dle lamellas} primary wall AFelef] pectino]2t sr3lE2g
FTEHeR 7R 9lv) ] pectin® Cu8l&lel methyl ZF
712 o282 D-polygalauronic acidE& FI3E= D-
galacturonic acid¥] o-1,4 A2 FHL 71212 heteropolys-
acchatide® A, 258 A TRl 28k gel 4%
= 71 Pectin® ] olelat B4 wiie] srEAE, ook
A& 5 FYH o8] MY =2 AR deA vkl

o]#3l pectivd g Fallgl 45 pectinasen) & T2
A A, dakEalA], vEge] EEAHAE TR A FEsel
AHgER| 2lal] TR, FHelle AEE dex olive
oite] Az 59 AErlE B9 opd, BAbEel R &
=R gioh, "HA7bA] L33 pectinase= WE AR paly-
galacturonic acid{PGA) AFo]8] w3 (glucosidic linkage)2:-
e AE A7) 9l Fo 2 Hddl: pectin lyase(PNL;
EC 42210, 2ol|~e|2 2% polygalacturonic acide] A 52
7254 3] (free carboxyl group) WEFY] AL Acksl=
pectate lyase(PL, EC 4222, 3 o823 Hx 9=
polygalacturonic acid(PGAY] -2 71284 275 A3
ksl polygalactironase(PG; EC 3.2.1.15), =l=3l€ pectin
£ o8| 23} &= pectin esterase(PE: EC 3.1.1.11) S(16)2
2 vppelaet

o] FollA] polygalacturonasels 218 M x¥e] Fa ARq)
pectrg E3|8Ra1, W A E 0 H(phathogen) AEAHE-L-
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T ool #edale ARl e e Ao dHA
sich. #T AE. 2lgakdel A9 polygalacturonase AA4H(14).
AEH 22 protoplast A4H6), HEA AEAe] 2AFE 4
g TR EEHT) el 84S REIda Barse] ghet =
Heilre 2 Aabde] wiw)gk Ao,

Polygalacturonasel™= -2 w45 qle|r M=) A
T == Azl Y2=i3] polygalactaronase TAAE HEE=
AF, TF, £ SolA geA oled, AlAde] A a7
= ofg] gFelA FelEgdet T8, polygalaciuronase oA
chillzlo] EXle) #gt ATRE Aspergillus o)A o AT
He gk ghH, Bl 9lelA] polygalacturonases] 343} <+
T S, cerevisiae®l A exopolygalacturonase®} pectin me-
thyl esterase % pactate lyase®] A4S 2AH(ElET}. o7
gt I552 polygalacturonase”} ARHEFel|A] AlEe] 477
2 Ay 79 SRlEiAdEs BaEe] B3 ghdasto
Aobel ool slent, ERe] A wdFA-0] Fa)H) 4
7} 7Es3l2 2 3% host-vector system®] 53 Z#|A) -]
HEEAY A S D] vEAEs) g e A
o= Azt=Ee, ol4w|, polygalacturonase 77 HAHE S50
HRAME 7l53shd 3% o8 § EIH4 7ladTE
g 5 dg Aoz AAE, ]8T polygalacturonases]
g3k Ay AT AR Al o]Fei 9o, &
Folxe ool 58] wlwlat A el

whzpa] el o]EE ookl S-S AT e
polygalacturonases vl HH|sle= Cryprococcus spp. CS-2
F AuFez Fel - FREedR, 3 dekEs 2 opoly-

galacturonase FFEE71S =4 5, 24 48 455k
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Polygalacturonase 74 A4k Ee]5kr] §lsle AF=
AT R gl 9218 Hah A Bok Akl B
g4 A 2R AlMslelch ok AR wirEEes B AL
UL YM oA (dextrose 10 g, peplone 5g. Bacto yeast ex-
tract 3 g, Bacto mall extract 3 g/l HF3dle] 30 °Co| A
Sk wlekEl F, AdEel s YM A A ] Eakskal 30 °C
ol A 3~4dzt wiokstydo), 12)eled At colonyS-S- pectin-
ass =¥ (pectin 10 . Yeast extract 3g, ammnomum sul-
fate 2.5 g. sodium chloride 2.5 g, magnesium sulfate 1g.
potassium phosphate, monobasic | g. ferric chloride 0.5 g,
zinc chloride 0.5 g1, pH 8.0% pickingdlZ 30T+ 62
wiekslds), 28 oFS Conge red indicator solutions 7}
ghal, oAl 1M NaCle- o] 583 54 & yellow halo
zone®| 27| et el $2 WEE 13 ALl o
glal LA polygalacturonase 20418l replicasted 30 °Cel]
Ao wlekslat IN HCE: 71l clear zonee| =7
wept B4e] 2 deS 23 Abdelsint o7 A
T YAk F ekl BRSNS 236y
polygalacturonase #Ado] 7H8F ARE 2= AWSlT o] F 4
ol o]-&-5]9le}. Polygalacturonase 4] S48 522 &
e eEra, wopEd, geldsE BHL skl The
yeast a taxonomic sudy(12)¥} Yeast characteristics & iden-
tifcation{1)+| Fste] Edslgr}

Hj2F CHAIY cHElo] ofalts)

HEFTE 0.85% NaCl 402 A ste] wjx) HES ¢
ol B 1107 cells/mle] | =F YM iAol AEAF 30°C
oA 19H B 64t wjeksluiAl FAFGIEE o] @ A2 A
A2 Spectrophotometers AREFke] 600 nmell 42 FgES

Bipo] ME 542 REFY

ghAfle]] wE polygalacturonase FFE=HH-ZE YolH 7] 3]
714l =iy vk E polygalacturonic acid, pectin, glu-
cose. galactose, glycerolZ Zhzh 19% FH7lEl wi=x|e] 30°C
oA 34z vleFEled F=F polygalacturonused] 42 &4

afsder.

B3| FFE polygalacturonase F-mefAlelA] 30°C, 34z}
AoFaled wljefeddl-E Agiv). of wiokdS- 214142 (3,000 rpm,
10 miny3le] g2 ARFee] 50mM calewm chlorides 7T
B3 gl M 1417 wERIEE obS- sl ER) (3,000 rpm,
5 min@te] FES|ER| 92 polysalacturonic acdS #)FFhT
2RA FojeR ol galgicl ZEA fdo] $EHLE 20°Ce
Al B methanold 4°C)A 312 mliming] 452 A}
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B 20°CH A 122417 R F AR (12,000 rpm.
20 mink T 1/102 FE3te] AM-(32)5-

Polygalacturonase &4 =H

Polygalacturonase A S42- Sakai 52 ¥ (13 o=}
polygalacturonic acid 10 mg®F 50 pg/ml bovine serum albu-
min{BSAYS 73t 40 pmol acelate buffer(pH 5.0) 2 mbs
Este] 37°C, 10EY WARE F 05 mle| 2EA E9E
H7)sled 37 °C, 30851 ¥F2-4)Ziv}, Conwol blanks G2
Sl RHE Gl LHA SN AgHGT W] B F
o Yo HER|sle] ¥lE-S THA|A)F]E Toyo No. 2 filter
paperE o[ &3}l 4T o} 05mlE I vlF 32N
H,S0, 6ml, 0.2% carbazole2 I3t ethanol < 0.5 ml
& 27 Arlel] 80°C, 2082 AXIesled Algell WA
F 525 nnellA FREE SAsEE EAEE ik
37°C, 3087t We-Edtde] mid 1 pmol] D-galacturonic

acia 12713 T o= Az,

I
d AT Lowry WP e S5l lalglen, 25
TAL 243 84 BSA(Sigmays: AMEEledc)
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1=
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(el 21z sl sk 248 415 % marker pro-
tein®. 2= [-galactosidase(116 KDa). rabbit muscle phosph-
orylase h(97 KDa), bovine serum albumun(66 KDa), egg albu-
min(45 KDa), bovine erythrocytes carbonic anhydrase(29 KDa)
2 Ahgeisich

chd EbA2I0] mME chyE kMol Hat

GlucoseZ el =higloz sle] wieksh 49 catabolue
repression®] 2.2 2 RIS glycerolt polygalactwmonic
acidE 2 2l wAslo® s Abaf|ela] 397h wieF
gle] wieked g whEe] methanol AH YL o] 43le] &7}
¥, SDS-PAGEZ- #j3le] o]f2] ghiglel] o} f55 by
A e v)a2Etd.

Eafogal

Polygalacturonase] 243942 Thomas W (15)0] <738}
o Falgvl. £, 0.67 mg/ml polygalacturonic acid€l 100
g/ml Ffibrinogen-g &-3-3F 12% acrylamide gel® SDS-
PAGEE 4ToA] 8 ¥ 20% isopropanole] So]gli=
0.01 M Tris-HCI buffer(pd 83)= =] SDSE s A
Azl Ze]al, 001 M sodium acetate(pH 4.5)2 3] 70]
F L 0.05M sodivm acetate. 020M sodium chloride
(pH 4.5) Yol g 16417 F<t Aol sekslelc) o)
ofe] Ewh F, Tris-HCI(pH 83180 e2 SA94FT 0.1%
Toludine Blue O= {A&}iLl Tris-HCl €80 = et &
elalodet. S Mgl Hogl= Native gelllA] ASeh= e
EEe] electroelnuondle] Tl Z=sledc),
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Fig. 1. Plate assdy of a polygalacturonase from yeasl stram CS-2. 1.
pectinase activities on the medium containing 1% pectin; 2.
polygalacluronase activies on the medium containing 1%
polygalacturonic acud. A, isolated stramn CS-2 ; B, K. marxianus var,
marxianus 7155 1 C. 8. cerevisine 7913

A =X BaH &3

%2 polygalacturonasee]] &1+ 7hal =4 5355 e}
B7] $)8le] Nakamura 2] 2 10)S 255l 2A3go
Z ZAE SmmX3mmxsmm YY FFE e} 50 mM
Tris-HCI(pH 95) buffers} @A el @1 37°CHA 16
A7 HEA)7] B 8o 2 BAAH S Felslgv)

it 3 DE

_,—.,Lx__l A-|t£ al Ex-l

2t o] Bk R 22E plae assays 58] poly-
galacturonaseZ sl 7EFE BElEgdvh o] FelAd 4

A weks E3) polygalacturonase L_Ié‘}'éc’l AL
FHE AdFig. 1sle] o] 5 Aol Abgsisivt. He] I
A2 Polyﬂﬂlacturonase FA8AF ERel CS-2F malt ext
ract H]-]R]f*ﬂ wjoFsl = s} "ol o aEr ek B4
& AR #@s), BRlEHelr =Z7)E= 13X 2.9 umE multiple
buddingg- & ascospore’s EAHF= Hla, pseudomycelium
- gue mycelium® £ ehslvh (Fig. 2). YM g4

Fig. 2. Microphotography of isolated stram CS-2(X1000). Bar is
1 pm.
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Table 1. Morphological and cultural characteristics of the isclated
yeast CS-2

Characteristics CSs-2
Cell shape ellipsodial
Cell size(R) 1.3 %296

Vegetative reproduction mutiple budding

Ascospore present (1 ~ <)
Pseudomycelium absent
True mycelhum absent
Culture in YM
Pellicle absent
Ring absent
Growth on YM agar
Form regular
Edge entire
Elevation flat
Swface pulvinate
Color creamy
Texture mucoid

+ positive, - negalive

of wjek3l & 3= colonyf‘—] 24 dale] Al A3}
colony’ |H 2R A FHo| T, Y22 cream¥ o|3le, Fi
Fa] Az Eed EAS A H# Diazomum blue B
{DBB) color test®} urease testo A SF9HE-2, acetic acid -
citric acid “BAA14 . starch test, ester ¢§3}A]E]. gelatin 2
sIAlg, far Bl AR E SRS vER . 2e]al 7
A% °} Zale|ME galuctosed] Tl FAANRES Lield o,
A4l BF HAMESS el givk. mat 30 °C A A
Zslgont 35°C o]Ake] X, 50% o|4e] glucose TE
twiw), 001% cyclohexamide, TZ2]3 1% acetic acidsi|r]=
A7 sk EEde(Table 1, 2).

ol b2} elElE, wiokehE . AelslEhRel F4 & Ed s}
o] The vyeasts taxonomic sludy(12)®} Yeast characteristics
& identification(1)¥] %-&]7|E] w2} Cnprococens 22
FA=Ee] Crvprococcus sp. CS-28F 85l

HHRFEA|E CHE o] 2FaiS;

2§42 polygalacturonase?} polygalacturonic acidell <3
SR o)) ool AAA ol AN R A
H==2 #alslgdct. Polygalacturonase”| lag phase 371
sE=ele sAE] AR 248 A3 ek 3~494
O e RS Uerger 39 304 A B 248
HERIGE, 2ol B] $AS 2450E 9 A
akalzPYd Pwie) oke 0.72~3.23 mg/mle] ST vy
o wjek 3dA 7]-;4 =9 el ok L}E}q]gjt;‘l. e}
Wjekal 7 ploygalacturonase®] #A-S wlawst Ak 39U
0.2 units/mlE 7FY =2 248 vlehlgdehFig 3). ofe)k 7
= s S ce?ewszaeﬂ]f\i 30°C% 497 wjaksled S o
7B wE #34S Feve Ba) Bobe gdskedh N
crassaol 30TE 3970 Wopskae o g B e BHS v}
Epfigivie 2asel Fakeksivt.
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Table 2. Physiological charactenstics of the isolated strain C5-2

Characteristics CS8-2

Assimilation of carbon sources
Galactose

Kylose

Sucrose

D-Maltose

D-Trehalose

Cellobiose

Melibiose

D-Lactose

Raffinose

myo-Tnositol

Dulicitol

Dextrose

Assimilation of nitrogen sources
Nitrate -
Nitrite

L-Lysine -
Growth at

23°.., +
30°... +
35°... -
37e... -
420 .. -
Growth with

0.01%(w/v} Cyclohexamide -
0.1%(w/v) Cyclohexamide -
40% Glucose +
50% Glucose -
60% Glucose -
1% acetic acud -
Additional characteristics

Diazonium blue B color test +
Starch formation -
Ester production -
Acetic acid production -
Citric acid production -
Urease activity +
Gelatin liguefaction -
Splittng of fat -

+ 4+ + o+

+ : positive, - : negative

BtaRol B F40 ¥y

Yub= 82 polygalacturonases 7494508 FAlsis A3}
FreAgl A BEE Bade] glon], feAeR AAlE= A
52 cambolic repressionel] 2|3 2L W= Aoz dgux]
s}, wEhM, Cryptococcus sp. C8-29) Bhiflel] ohE poly-
alacironase FEENS B polygalacturome acid®} pectin
H7FA 22} 6.1 units/ml. 5.9 units/ml® T2 4L e
glv}. Polygalachwonic acid$} plucose® 22| pectinad
glucose®: Fe] H7gE A5 HAe] 77t pEo = Az|gs
o B} ;QH}E—E-— oA 712 Hol catabolite repression
o] 28-S o 4 YA E galactosed ‘4%1 etiglow s
of wjeFat 78'“?‘ 3.42 units/mlE. V)24 £ TS Ve
21} glycerol®] ZA-fell= 0.09 um’ts/m]i polygalacturonase
gAde] 719 glag o o Usih
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Fig. 3. Growth rate, protein content and polygalacturonase activity of
Cryptococens sp. CS-2. Growth rate of Cryptococcus sp. CS-21n YM
media was determined OD 600 nm. Time course of protein and
polygalacturonase from Cryprococcus sp. CS-2 cultivation was carried
out 30°C for 6 days using polygalacturonase inducing medium.

Polygalacturonase SMT 3 CHHE ggF =5

Cryptococcus sp. CS-2¢] polygalacturonase A-4d5S o}
H7] $ate] BA 2o} e kg ZAe Av I
A7 250~ 255 mils/mg®. Kluvveromyces marxianus var,
marxianusS}y Saccharormyees cerevisiae 3vh 22 #4& 1}
b3l Polygalacturonic acid plate assayﬂﬂfﬂ 44 Crvp-
tococcus sp. CS-29] EAle] 78t halo zone2 vERe] K
marxignus var. morxionus®} S. cerevisigeo| ¥ 5L &
T UV Fig. 1), ¢19} 2 Fis 2EA] FHE =L
N. crassa®] 75 532 unitsimg(11)H 0 Wi ow), Bacreroids
thetaiotaomicron?] 735~ 0.67 units/mg(9) R =< wolge},

TEA CHiEo| MI[YE 3 BEM

polygalacturonase”} A FEL]Z HH|EE chifo]r] o Ee
vl dEe] AR el vl Balr) Eoh aiRdE B
¥]E polygalacturopased Rob 1/108 %2247 SDS-PAGE
E AXgE 43} 95 KDa 42 KDa, 40 KDa, 35KDa, 26 KDa
18] 23 KDaoll A TRl i=E gAsls AE 4 4 9l
ot (Fig. 4). ¢|A-2 A J1zﬂer«] 4% 68 KDa, 45 KDa, 278
3L 30 KDl 7 =S Wgdvle Raraosls Ze)r)
). ol2]d} Aol 7} T whlAl A 7l Ea)7)Ek
whE Rje]q] 7oz P

chl Bkl e ':"“—'Pé Qkabo| His}

Cryptococcus sp. CS-2F glycerol® polygalacturonic acid
T A iy g R sl Faw)R)el] wijokst o wlA
Lﬂi H#2)% polypalacturonaseE F=A17 SDS-PACES 4
Agie] ol F] wholo) whel T WL PSR
A oF 46 KDaell A-gsh 2238 wl=7] elycerol 7ol
My F2AHA] grol o] #i=7} polygalacturonic acidell 2|5
%= polygalacturonases] thizlo)gl QAZkgchFig. 4).
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29~

Fig. 4. Partern of (otal soluble profeins m extacellular extract of
Cnypfococcus sp. CS-2 Lane M, molecnlar weight marker: 1,
extracellular extract from 1% polygalacturonic acid containing media;
2, extracellular extract from 1% glycerol conlaining media; 3, purified
pectinase from Aspergrilis niger.

EHM
FAl9AL Toludine blue 02 9452 polygalacturonic
acidel] ZHFksl= Whal, polygalacturonases] ]z 71" o] 2l
B & clear zoned| HAHE= HEE of-238 Aolo}
FAEA A7) 55 THA BAL of 45~66 KDeol| 7
S el = A e dlslee, ol AREA

=

KDa 1 2

116~
97~

66 ]
| -—57KDa

45

Fig. 5. Activiry staining of polygalacturonase [rom Cryptococcus sp.
(CS-2 Lane 1, polygalaclronase from Cryptococcus sp. CS-2; 2,
purified pectmase fram Aspergilius riger,

Kor, J. Microbiol.
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Fig. 6. Electropheerographic determinaiion of molecular weight of
Crnpfococcus sp. C8-2 polygalacturonase by SDS-PAGE. A. rabbit
muscle phiosphorylase bMW 97,000); B. bovine serum alburmn(MW
66,000), C, egg albumin(MW 45.000): D. bovine erythrocytes
carboe anhydrase(MW 29.000)

2 whale]7] dFelelat Ak TR 8x 1077 units
(5 gl #Els AAE A nigers] pectinase= ¢k 37 KDa
o) AFgehe FE9) WIS BIY 2 YLekEg 5). WM

poly-galacturonic acidel] 28] F%%+= polyzalacluronase®

A B

Fig. 7. Potalo partial macerating acuvity of the polygalachwonase
prodeuced by Cryprococcus sp. CS-2, Potato partial was soaked in
S0mM Tiis-HCl(pH 9.5) with A. diduted enzyme solution; B,
denaturated enzyme soluton. After standmg ncubation 16hours at
37°C. each test tube was shaken gently, The unil was expressed as the
amount of enzyme which give OD 525 nm equivalent to 1.0 umel of
D-galacturonic acid in 30mmute ar 30C
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srz o] BEL clectroelutiondle] SDS- PAGE‘:'"- g F
marker proteinsd W|@Er Fs} 46 KDa®® F4E vi(Fig.
6). o= APrRelA SDS-PAGE 3 :gzg,,ﬂ_ Bzjeke)
4 N. crassa| A 36.6~37 KDao|glvh= {119 F4)s)
et

ZIX} =X SuE &

#2]% polygalacturonase? | ’3‘—]%74]3] Z245 A 5
WE=7E odebiz] S8 AAE AWgt deled] w53 BAE
7yl 2 Az BEEESEA 5 ]fﬂ 7ﬂ‘% = < ASAch(Fig.
7). dubH ez Al ‘33%_‘{?—"] AEA g o Mz
AES- FAISLIL 2le pectin FE FH vPE S0
]Ur"”' U8 Higashi 3(3)°] Bgt AT poly-
galacturonase2} 72 A&\ Cryprococcus sp. CS-2 E3t

AT Qe FPeRe] ek A7k,

il
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ABSTRACT : Isolation and Characterization of Cryptococcus sp. CS-2 Secreting Polygalacturonase from

Soil

Hee-Kyoung Kang, Myeng-Nim Moon, Chae-Young Limm, Young-Ki Yang* (Department
of Biological Science, College of Natural Science, Chosun Universily, Kwangju 501-759,

Korea)

A ploygalacturonase-producing yeast was isolated from Cheju soil by selective enrichment media. One strain
which has the highest activity of polygalacturonase was selected. The characterstics of the strain C5-2 were as
follows: CS-2 utilized xylose, sucrose, maltose, rehalose, cellobiose. melibiose, lactose, raffinose, inositol,
dulicitol, and dextrose, but did not utilized galactose, nitrate. nitrite, and lysine. Growth of CS-2 was inhibited
by cyclohexamide, [% acetic acid, and high concentration (over 50%) of gluceose. It grew at 30 °C but did ‘nol
35 °C. The cell size of the strain CS-2 was 2.9 um in length and 1.3 wm in diameter. Vegetable reproduction was
muliiple budding and ascospre was present | to 4. Psendomycelia or true myceliua formation were not observed
m any of the cullures. These results suggest that strain CS-2 is most likely a strain related Cryptococcus spp.
(Cryptococcus spp. CS-2). When polygalacturonase of the yeast was induced by addition of polygalacturonic
acid, polygalacturonase activily was detected in culture supernatent. There was a peak of specific activity at the
mid-stationary phase(3 days culture) of growth. Polygalacturonase specific activily of Crypiococcus sp. CS-2
was 2,96 units/mg. The molecular weight of polygalacturonase was showed to be 46 KDa by both SDS-PAGE

and activity staining.



