mERSR e 901 - 83-89. 2001
Jour. Korean For, Seoc. 90(1) : 83 - 89. 2001

HERRUAM SUWHARS Cd FMDF TEN WSt X'
WORE . R KEWEP

A Study on the Cd Accumulation and Tolerance of
Pisolithus Tinctorius in Vitro™
Sim Hee Han*, Kyung Joon Lee’ and Jung Oh Hyun2
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£ d-E gATIT 5 2F5d 0§ U] 4% Ao A e RIAEHATEY Cd &4
i A BAE dhel Al St zAwAlES 19979 A Fe FEHAA B Aoz
MMN s =]l CdSO; - 5H:0% 0, 0.2, 0.5, 2, 10pe/me2 Hriste] 7oA wiekstgict, wiekg Al
A F dFd A es Ud B AR WARSE Ao, 40d Fode TS o3y
Cd @3}, superoxide dismutase(SOD) &4, glutathione reductase(GR) #4¢ &A3tdc}. 71u wi
" mAWMAFE Cd 2u/mt Mo o] rasg on, Cd 10ue/meel HeloMe Aae] A
o] A sedch, 2T Cd Ao AAek vlz A" wigwAlde BadA$e Cd A8 3=
7} Z74gtel wel Yxp FAsks g Jelw o) Cd 0.5x8/mest Cd 2pg/mt A2 el 144 A
3 & ofA Frlsteich, malde AT FAM Cd 35+ Cd A8 5 Frtd wel Frlsiged,
B3] Cd 10ue/mt Aele] F4H) Cd FE+ 854ue/go 2, Cd 0.5u/mt A2 FAM % 12.3ue/g
B 70w gk, mepiAlFe] SOD @4 Cd Fx4W Hztel & Aol & Holx] ygirt, )
GR #4-% Cd 0.5¢e/mt A= Pl dz2pact ¥3ten Cd 2ug/mol s 2P0 dhvh, &
Ao g gt AFE Cdel F57F Holvdnl, Cdell gk AL vzd AyEdA 48t atel
A Z7he) g BA AlA 71AE Biled Velhdtin wdEc), gt mgAde AFEE o9
B 234 edx9 A Ble] o]fo] sty £,

ABSTRACT

This study was conducted to test the Cd accumulation and Cd-tolerance of Pisolithus tinctorius(F).
Pt was isolated from Pinus thunbergii forest in Muan, Chonnam Province in 1997. Pr was cultured on
MMN medium supplemented with CdSO4 - 5H:0 at the final concentration of ¢, 0.2, 0.5, 2, and 10zg/
¢ for 40 days. Growth rate and tolerance index of the fungus were measured every week, while Cd
concentration, superoxide dismutase(SOD), and glutathione reductase(GR) of the fungus were analyzed
at the end of the culturing, Pt showed growth reduction in vitro at 2ug/mé Cd in the medium and
almost stopped growth at 10ug/m¢ Cd. Tolerance index of Pt decreased with increasing Cd
concentration. Cd concentration of Pf was the highest at 10ug/mé Cd. Activities of SOD did not show
significant difference between Cd concentrations, but GR of P! increased at (0.5¢g/mé Cd, and decreased
at 2ug/m¢ Cd. Consequently Pt could be called Cd accumulator with a tolerance mechanism to Cd.
Their tolerance to Cd were expressed through the higher production of antioxidants such as GR. Pf
may be used for revegetation and decontamination of soil polluted by heavy metals,
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2L A BHA o] an, F34& o]
ol AHE7 F& 71283 HFsa 71 Fel
Efd EAFe FFE FeEHel et
(Wondratschek and Roder, 1993), Z@iv &8
& o] & EelMe T2 4ol Aad
}(Jones and Hutchinson, 1986). F&-FolA v}
e 234 BAL 22, I 8o o) 4
%9] vhall, AZ o At P o)l &,
T2 Wy, B4 A3, Mxete gl Fo
cHOchiai, 1987), FAAYU FF&% EHL &
Aol gl FFE Ax FAELRY HFEFozn
el Aztse}, BA FFEo] Wi 27 AEge
4L 9% B4 Axd ASE F7ie AxEy
ol B4 olRE, B8 K'eo 48 siHext
(Laurence %5, 1989). &% %49 71434l 7
L ARr9 w43 fgEEed, Afe A
E3tA ] AN EAES doiste g wdd 3
o3 ghtH(Gadd, 1993).

EA F2E4502 29% BoklA Aolrte
Fe didql W3E 293¢ Asted, fAAQ
A& AUE F4% $F459 4 243147
= U S o] $-lA] Alelrbe, ¥ B4 v
Ell+= superoxide dismutase(SOD)s} 28 R &
A7t &, AR A AG1E AR
(Greco 5, 1990; Galiazzo %, 1991). A& ANl
T8 5A4E 5 oA #4L glutathione
reductase(GR)o) 2l8|4 =A4EcHCarlberg and
Mannervik, 1985). & GR-& GSH(#-+13)2} GSSG
(4t318)2] vl FA FATCEN HEAE BE
3 8% 9Ee @itk (Foyer %, 1997).

Toe] FF%l g WA 712k metallothioneins
olv} y-glutamyl peptides?] #A& £ 3
&3t A wkgsld FF4 B oz Ry Aebhd
= A& szt 3 54 2 8733
HEE il FFE B2 Aohd 7]y
A 7o g el At Morselt 5, 1986, Howe
2, 1997). ¥ #TTEY 3% WA BEAL
B egAolAe] Al QB FF&e] A3l
TETE EA R o]4% 4 gle AR By
= e Tam, 1995).

Wk B de % FFE edxe A4
B3 2F% Ao F2TE o887 #so
FETE F 255 9 WiAe) S sew

deix glve mAwsAFY Cd £33 Wy B
A& gelaxt s9set,

H¥ W Fik

1. SHRMED

S|}l Sl Al Pisolithus tinctovius)
< Marx(1975) #3led $F4508 245 ==
o} vk s xjoll A gAbe] St FF OB Y
Zl »p 9ir},

E 7oA Abgdr #e 1997 A F-9ke]
&Y g sleE Addgn 9t
Al RFE vbol Mg dm AYAY e EA
2l 3 A7 AN Adhelpsle] Bgs 2w A&
Al-4-8t¢d o},

R ATY FE4 W8S &4 5HE ¥
7+8t7] $iste], MMIN(Modified Melin-Norkrans)
vl 2] (Marx, 19691 CdSO; - 5H:0% 0, 0.2, 0.5,
2, 10ug/mie FE2 AH7istech, 24 A28 WA
o= MMN =)o Aehujeks] F4xd F50M
Aol kAt Zphgale HEHE 3mmX3mm =
712 Axhsls, AA 9emel Petri dishi MMN
iz 8] Fafof Aatatelel, F A4} Fol 24T
ofl 4] 247t wiekslglon, 2 MaEld 1pEe
2 AAEY. F9% FEe $43EA 24
€ ¢ FAHE 100mle) A2 Eelazd 94
MMN #}#] 50mle] 3mmX3mm #Z7]e] FALR
g @, 24T 4097 weFstglc,

2. £ RESH Ttk

BT FA AL 4 £ 159
AR FAlAMYE W W S8, F
F(colony area)d #A4tste A sgc), AR
e datet 2t 234 Ao AAsk v
o]4-8le] Colpaert and Van Assche(1987)9)
ol upzl AAbsgr),

WA 2 4(Tolerance Index @ TI)

B e i I ' SO
Az7el AR

3. Mk Cd

MMN < Asi=] oA 4047F s FAle 5
Fro2 AMste Ax2g F $22 HEAC. &
Ab ¥ 0.1gel 15mie] ¥-# A4 (HNO; : HCIO; :
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HyS0: =10 : 4 : D& A7 ¥, 220C9] 7hEs
Abolla] 7t Eajsla, Fslede] B4 £uid o
a7l £859 Aez sqct, F&rl ¢5d A
Be sldaaedd e JdpAg F RS
50mlz skAs] SejAlyia, 429 AH{A R A3
T F = A zelaol st 24920 (inductively
coupled plasma spectrometer : ICPS)E& ]3]
o #Fi W9 Cd $5& 2t ctORkkER
WHREHER, 1972).

4. Superoxide dismutase(SOD) &Eit

SOD #¥Ae] &#2 nitro blue tetrazolium
(NBT)-xanthine oxidase el =a} $stgc}
(A% ¥, 191). MMN g4 wiz)ollA] 407t wi
ol wHALE FRrE AT ¥ B8 93] AA
slgdct, #AF 0.1gell 1.5mie] 3-8 Qo Fais
Az}, e 3,72mg4 EDTA(ethylenediamine
tetraacetic acid)s} 1g2 PVP(polyvinylpyrrolidone)
2 50mM KH:PO,(pH 7.8) 100mlel]l £3j4#A
Azstgdcl, A ABEE 20,000x g4 15
¥ Fah AR F AEAL 45dE o]l 8F
of 15 FAstgdct, 0.3mle] AERE 2004
M<] NBT 0.6ml¢} 53xM*#] xanthine 1.8ml&
TR ukg- Ao AHrtsigic,

ul2-2 60ug/mle] xanthine oxidase 0.3mlE
uhg- g HrisbdA AAEEE sid, &
A %%+ Unicam UV Series spectrophotometer
(ATI, USA)E °]&3l4 530nmeilA 120& &<
o 3= F7HE Ao FA g, SOD
A& Asada S(1970) wel V/v-12] Ao £]
A Aarstgder, Vel v 2 SOD7F §ig o
9} s1€ W, NBT9 #4 4%& e},

5. Glutathione reductase(GR) &

GRY] &4d-& 5,5'-dithiobis(2-nitrobenzoic acid)
(DTNB)E ol-&3te] &4 sl9dch(Smith &, 1983),
MMN oA wizell 4 4047 wiFd FAb= 7
+E o] gsle] AHF F Er|E shHE AAs.
ZFAF 0.1g9l 5%(w/v) 5-sulfosalicylic acids}
6.3mM DTPA(diethylene triamine pentaacetic
acid)® Axd &9 1.5mlE M7} F d43H4
713, 15,000x goll A 1082t A4 #elg F 45
4 ol83lgrl. 22 143mM sodium phosphate
(pH 7.5)¢} 5mM NaEDTAZ A x3}sieH,
& NADPH¢ DINBE Z4 2mMz

tmMe] =HA ¥ F, 2mM NADPH T00u¢,
6mM DTNB 100, 5% 1754%F 1.5ml f 2
o b3 & 4 F J0TAA 1582 F=lehedct,
o171l 20mM  GSSG(glutathione oxidized) 0.1ml
o} Bbpee] A BE Hrlste] whg-Alzle, Unicam
UV Series spectrophotometer(ATI, USA)E o]
48t 412nmelH 584 2719 FEHEE 293
o 71 &3

6. Wkt 2R

EA$AL SAS System for Windows Version
6.12(SAS Institute Inc. USA)E ol &slgrl.
7 )] &AM aE SASY GLM HAE o) &3l
of FAEME AAE T Mgt vlaE Duncan
9} oA L ol 835,

E ]

1. Cd B3 ol e &R WL

Figure 1& Cdel A7 wix]elAe] ey
Age] AAekg vehd Aelvl, nddAFL
Cd 0.2ue/méot 0.5ue/mil A= A=A A4E
vebwl ovt, Cd 2ue/nl o) 4bel A= Aabae] 3
g, Cd 10ue/mt o] Al A= Aol ALl A=
sadeh, mateAlFE ¥Rl Sl A
Aol zdhdhe HA-E Jelul=dl, Pb 10ug/meel
A Aol A A A #e(McCreight and
Schroeder, 1982), Cu 200ug/mtollA = Aol A4
Hele14F %, 1998). Darlington and Rauser(1988)
& FE- oA (Paxillus involutus)® A+ A%
2 Cdell sl A Alxe Aol As=le] wlzher

Days in culture

| 4= CNirol i 0200/t b O3 05wl w0 Cl 2/ —thon Gl gl |

Figure 1. Growth pattermns of Pisolithus tinctorius
on MMN supplemented with different
concentrations of Cd.



Q0
(=2

8- vhehi e whababgte g o] FAl 44 £
B AR o wel Zagetn st

£ el o]4¥ mAUHATS vy W
Aol gx3te, HupA], 2 27t & R,
pH7 & 3, $¥e] 358 F ol & A¢
8ti, FES5 L9AAAE WS wE ARE B
ol Aoz A4A gleHTrappe, 1977). & Cd
2 F=E7F 10pg/gelstd A2 deAl I
24 EfddAe maewAT AAe) =A 9
¥ HA] g Ao wddo,

2. Cd B3 A0 THE Wtim

Cd A7 F=d & =dgmAFe] WA
TE 47 AR dx7s) Cd AdT9 A4
A w2 AAsdedl, Figure 2404 HE v}
o #o] Cd A2 F=ef met Ael7} Qe Cd
o w3t WAL Cd Mzl ¥=7F F7hadel wet
A Fadte A% dehgled, 28 Cd Ae
TollA wieke] A=HE A YAl 7H 2 WA
A4E viebliet, 149 A 5 ulad Ag=al 2u
/mt Cd A Fole Aol F7isle A%E
ehflort, Cd 10pg/meell e F71E)R fste,
o] A& Ate] 7] 4ol Cdell s AsE
o7t ol AR Hg7)gke] At Felle Aate)
A& g o] FoA 1 UFE Yehdr,

¥ 85883888

Tolerance index(Ti)

|

Days in culture

["—e—Cdo2mini -CdOsm/M e Cd zm/ni Gl 10u/ ™

Figure 2. Tolerance indices of Pisolithus tinctorius
at different concentrations of Cd. The
different letters within the same date
indicate significant difference at p<
0.05.

FETY F545 WA A7 5 2% 55
o wE AYFETES UHEE AAHI S8
FF ol &=, oy |7 AHEL FFE
g WAdel Fxkoll Aol7} gle-& MeFET), o9t
¥ 47 % Jones and Hutchinson(1988)-2 W&

HERAN A B el Cd B Bk MY WR

A4 A (Scleroderma  flavidum)©)  Lactarius
rufusEct Cust Niell ois] & =1zbstz, Colpaert
and Van Assche(1992)€ ¥ Ameanita muscaria)
o] v} AFIFRr} Cdell | H3alelw shgicl,

3. PR MEL WikA Cd W IR

Figure 3& 4049 %< 71l viokal =alint
WAHEe Cd #e ¥ w& FA Cd g
€ XA% Zlelrk, mYYHAER Cd g F=
F7tell mel Cd &4 %7 Frlstgel, £3)
Cd 10ug/mol A = 854ug/g 28 vl ¥ & ¥5 &
vebll =], olsldt Aube maApgwiAFe AF
& a7 R WAdE AAAR Ao Bl
& AYApo| zhAasly] AlAbgE Cd 2ug/meet Cd 10pg/
il 2] FAM & e Yol FAH o
ol Foidw Cd 0.5ug/mollAle] &4 Fx) 12.3ue
/gt 24k 5eie) 7068 E4kr) o Eelct,

RH-Ee] FHiz A ERY o g g F
F5& 4% 5 ed, o)Al & dAY g1
Ag 7Bl aF §FY Belgt sz, A=
A BA w)Fo)rWandratschek and Roder, 1993).
ol#igt FAke YW Yoz A g £ gle
o, B & g F7A 2559 &
+F 2342 4 9lch(Gadd, 1993). =¥ Cd &
Aol Frigle] uhe} FALASY WErl ZobEle
W, 927 ¢ FAHE 9B 3@ AL
o Cdell © 3o, gy 29F &89 Cde o
#@ol Hf¥ 4 girHDarlington and Rauser,
1988), AbvbA M A (Telephora terrestris)= TA}
2l 33E B SFE dE =% HEE 7}
24715, 25AE2Y Cd F4+¢ F4Ad 5
g1 (Colpaert and Van ‘Assche, 1992).

200
700

Cd {(ug/g)

588888

. c, S e

V] 05 2
Cd concantration{ug/ms)

Figure 3. Cd concentration in fungal mycelium of
Pisolithus tinctorius in vitro at different
concentrations of Cd at the end of 40
days culturing, The different letters
indicate significant. difference at p<0.05.
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4. Cd #58 a¥0il B superoxide dismutase
(SOD) &Ll Mt

Figure 43 Cde]l #7119 magwAlde SOD
g4 isE bl Zolnh, vk AEe] SOD
g42 dx7, Cd 0.5¢8/me, Cd 2ue/miA 2]«
zkzt 348.0unit/g, 463.4unit/g, 326.0unit/gE vi=h
weort, Cd #H8 F=7t 2el7t |, Fig. 2
ol A Bz ulel zhel MAbe] HAH o g Jehie
Ca 0.5ug/meell M= WA & frAl8ked SOD7} 7|
gk Ao g Mo, Age] FaEe] FAJe]
ehubs Cd 2ug/meell Al SOD &4 e zbag
g Ao £ 4 9lth, SODs} seid #
o A7 o$ 358 Helnl, Greco (199002
Cu& AN el® Saccharomyces cerevisiaed| ] SOD
o] Aol #E Aol AR Ty vl AEE
5718 AAS7] 93 superoxide dismutase
(SOD)2} 2 Aarstase A4S F7HXFd
Basrgvh,

vt # A SOD #Adel FHA 3}
ol & Rolz| & A& AHulzk welrst r] Wi
A Ao getsled, B2 AFyEg Cd He
Tl SOD &Aje] F7istAlwt asx Cd A
2lolA & Cdel BAe2 SOD #Ao] #Hag A
o2 HeiEc}, o9} Z& dl= Eickhoff $(1995)
9] AT HAsbellA zbel B 4 glEd, Cdo Pbel
el Wz oA AdA HAF(Profeus mirabilis)
2] SOD 4] 50% A= FHasdvtw i
vl glch,

E BB EEBE B

SOD activitylunit/g FW)

g 8

o

0 05 2
Cd concentrationug/ml)

Figure 4. Superoxide dismutage activity in fungal
mycelium of Pisolithus tinctorius in vitro
at different concentrations of Cd. The same
letter indicates no significant difference
at p=<0.05.

5. Cd B3 ol CHE glutathione reductase
(GR) &S Wt

zghm Al Fe] GR 42 Figure 5al4 ¢ 2
o] Cd Az} FXe wat F3E Kol & o 79
o}, 2y AlEe] GR #42 Cd 0.5ug/meell 4]
12.6nmol/min/g& vieplet Bz 12, Inmol/min/g
# falslgd o, Cd 2ug/mel M e ShETFRo
7+4 & 11.1nmol/min/g & el lcl,

GR2 Ar3¥ glutathione(GSSG)-4 glutathione
(GSH)e.2 #elalvle A4E S9ste fiol
o, glutathione redox cycle® $1#4 wr=2A o
8% 5842 AXENAA GSHY ¥=F HFsA
FAl sk 98¢ gt (Dolphin, 1989). ¥ 4
T4 e GR A= SODS) A3 vlarlA| &,
il AEEdAde GR 49 Z71E E4d
GSHel A4t ZAgezn Cdo 9y 5%
S 7 AR Holuy, IEEdMye Cdel
o8] GR Aol 7Fa3t(Schickler and Caspi,
1999) Figure 29} %o} WA & AE Aoz @
v},

GR activity.
(nmol/min/g FW)

4] 05 2
Cd concentration{/mf)

Figure 5. Glutathione reductase activity in fungal
mycelium. of Pisolithus tinctorius in vitro
at different concentrations of Cd, The
different letters indicate significant differ -
ence at p=0.05.

s Om

£ d7e dAEeST F FES Y A
o] +% Ao 4HA e ZWUHATY
Cdel A3 WA HA& vzl Azt

zgeiAlFe AL Cd A F=7F F7)
Froll wat Ha gFasted Cd 10ue/m A2l ellA
Ao Ak, ZatAEe WAL Cd A
2l Fx7b Foheel vt A3 st ovt, Zue/md
olate] Cd Al 14de] #d F iAol
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Z7tE e A%E 2vk, 2AUAAEY Cd &
AL Cd M g7} 2714 uel 984 F
7}&ked e},

Cde]l A71= =X SOD $4& A
gzt & Aol Mo FxA gstvl. a8} GRY
4L Cd 0.5u/mé H]FollA Z7F8 Wb,
Cd 2pg/mt He]Foire 288 Aisle 4L
B4yt

Ao r neAFEE Cdel F57F #
o] Cdoll ik VA& 248 TF2A, 23
HAFS] Cdoll oy WiAdE vlad #Exe
gAst AL g4 Sole 2L B4 AA sl
3] FrlElng HEER o9% F34 09
A A o] AlA Bflof o)8rtsElriy Kol

51 B X R
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