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ABSTRACT: Isoenzymatic analysis related with cadmium adaptation and detoxifying mechanism
were carried out upon Rhizopus oryzae. When cadmium was added into R. oryzae culture, activities
of malate dehydrogenase (MDH) and glucose phosphate isomerase (GPI) related with carbohydrate
metabolizing pathways were stimulated. Novel isoenzyme CAT-2 related with removing intracellular
toxic peroxides, was induced lately and derepressed very highly. On the other hand, lactate-cataboli-
zing enzymes such as lactate dehydrogenase (LDH) and alcohol dehydrogenase (ADH) were repres-
sed. These results strongly suggest that, under cadmium stress, much of derepression of enzymes
relating with central metabolism such as TCA cycle that produces high yield of energy and relating
with removal of toxic peroxides should be necessary.
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(1) Alcohol dehydrogenase (ADH) ; 25 m/ 0.05
M Tris-HC1 pH 8.6 buffer, 0.3 m/ EtOH, 20 mg
NAD, 10 mg MTT, 4 mg PMS.

(2) Lactate dehydrogenase (LDH): 20 m/ 0.05
M Tris-HCI pH 8.0 buffer, 100 m/ Ca-Lactate, 10
mg NAD, 5 mg MTT, 2.5 mg PMS.

(3) Malate dehydrogenase (MDH) ; 25 m/ 0.1M
Tris-HC1 pH 8.0 buffer, 350 m/ L-malate, 10 mg
NAD, 7.5 mg MTT, 5 mg PMS.

(4) Alkaline phosphatase (ALP);5 m/ 0.05 M
Tris-HCI pH 9.0 buffer, 50 mg B-naphtyl phospho-
ric acid, 50 mg fast blue RR salt, 10 mg MgCl,-
6H,0, 10 mg MnCl,-4H;0.

(5) Acid phosphatase (ACP) ; 100 m/ 0.2 M ace-
tate pH 4.0 buffer, 100 mg a-naphtyl acid phos-
phate, 100 mg Fast Garmet GBC, 10 mg MgCl,*
6H,0.

(6) Catalase (CAT) ; 30 m/ 6 mM Na-thiosulfate,
500 mg soluble starch, 70 m/ 5% H;0,-100 m/ 15%
KI, 1 m/ acetic acid glacial.

(7) Esterase (EST) ; 2 m/ a-Naphtyl acetate, 40
mg Fast blue RR salt, 50 m/ 0.2 M phosphate
pH 4.3 buffer, 10 m/ 0.2 M phosphate pH 4.0 buf-
fer 5 10 m/ H;O, 2 ml/ acetic acid glatial, 10 m/
Methanol.

(8) D-Aspartate oxidase (DASOX) ; 50 m/ 0.5 M
Tris-HC1 pH 80 buffer, 200 mg D-Aspartate, 8
m/ FAD, peroxidase 500 unit, 25 mg 3-Amino-9-
ethyl carbazole.

(9) Glucose-phosphate isomerase (GPI) ; 10 mg
0.5 M Tris-HCI pH 8.0 buffer, 20 mg fructose-6-
phosphate, 4 mg MTT, 6 mg PMS, 8 mg NADP,
20 unit G-6-PD, 16 mg MgCl,-6H,0.

(10) Phosphoglucomutase (PGM) ; 10 m/ 0.5 M
Tris-HCI pH 7.0 buffer, 40 mg G-1-P, 5 mg MTT,
4 mg PMS, 5 mg NADP, 0.5 mg G-1,6-PD, 20 unit
G-6-PD, 40 mg MgCl,-6H,0, 05 m/ 1 M NaCN.

(11) Glucose-6-phosphate dehydrogenase (G-6-
PD): 25 m/ 0.2 M Tris-HCI pH 8.0 buffer, 10 m/
G-6-P, 5 m/ 0.2 M HgCl,, 5 mg NADP, 7.5 mg
MTT, 5 mg PMS, (12) Amylase (AMY)-100 m/ 0.02
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M K-phosphate pH 7.3 buffer, 10 g starch soln.-
20 m/ KI-I; soln.

(12) Amylase (AMY); 100 m/ 0.02 M K-phos-
phate pH 7.3 buffer, 10 g starch Soln. ; 20 m/ KI-
I Soln.
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Fig. 1. Isoenzyme electrophoretic patterns in R. oryzae under various culture conditions (1. St, 2. S7P~, 3.

Cd™ 24, 4. Cd™ 48, 5. Cd* 24, 6. Cd* 48).

LDH: lactate dehydrogenase, G-6-PD: glucose-6-phosphate dehydrogenase, DASOX: D-aspartate oxidase,
ACP: acid phosphatase, MDH: malate dehydrogenase, ALP: alkaline phosphatase.
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Fig. 2. Isoenzyme electrophoretic patterns in R. oryzae under various culture conditions (1. St, 2. S™P~, 3.

Cd™ 24, 4. Cd™ 48, 5. Cd* 24, 6. Cd* 48).

ADH: alcohol dehydrogenase, EST: esterase, AMY: a-amylase, GPI: glucose phosphate isomerase, CTA:

catalase, PGM: phosphoglucomutase

T ZoA 2709 bandE ##E 5 glo] polymor-
phism& ®o Folew k=g #H7F Wk ()=
Zo g olpshz ACP BHELESE 7 FAo] 41
WA= s eKFig. 1).

PGM*] FHire S(+H)Fo® °l%3l mo
nomorphic enzyme®.2 olz] wFZ 74 79
frake #4-5 BoickFig. 2).

GPI®] E%& 4 pattern® oH+)Zo® 1749
band7} &(—)F 2.2 37§¢] band& “}el = poly-
morphic enzyme® 24 £3] 7l=F A} nlfa
anodal movement 3h= band 1, 2+ %43 Wi
band 3& F7}stdch(Fig. 2).

ADH+= (H)F e g 17, (—)&o 2 2749] band7}
¥ A== polymorphic E91 &4 HHES 3 ¢
o Fheg H7F g AFofA] (—)Fom o
3} band 2, 39 &Ado] zhasied 7] =] A]
&Sk Fig. 2).

AMY®} CAT+ 33 (+)F2e g o]%3k= mono-

morphic enzyme® 2 lelytonm JlEH 37l
ojgh edgke Aol bR ekskeh(Fig. 2). CATS]
2A2 vlg Eold wkgk A2 JI=F AHo) Wl
ofsto] A& AZ(CAd™ 48)o1A4 band 29} (—)
Fo 7 o]EHE E¢98 49 4o induction H-&
o4 T dslch

EST®] 4% (+)Fel 174 (=)=l 27§ &A=
polymorphic enzyme®. % jelytorn] 7tz A7}
wl kAl (—)F o= o]F8 band 29 AL AHEH
ubw, band 32 ZF=goll thale] H3o] Bt HE
(Cd™ 48 H)oll A= &40 &Ao] 2l Z derepres-
sion=| 3 vH(Fig, 2).

kl
]

AEW FANA 3 LA 2o
HEF) e 2] 93] AR FAEL
A B, Sk P Re o, -



90 THE KOREAN JOURNAL OF MYCOLOGY, 23(1), 1995

tosolic®} mitochondrial F$] &4 2 typee] &4}
3, TCA 3Zd) F(Doonan, 1990)3-= MDH=3}
glycolysis, gluconeogenesis, pentose phosphate cy-
cle, glycoprotein 34 % inositol 4 Sl I
(Morgan &, 1990)3}= GPl T$& 4 % band 39
EST 541845 & band 3+ #4jo] Z7id w4
LDH, ADH, ALP, EST 9184 1, 2 5& 74
Hlck 2|2 opr|kil tAlel] Bedsl= G-6-PD,
DASOX % Foll g x|
wtch ey Bol¥ wigl AMdE EA3astE
AAA Bqs= CATH 3¢ N2L FHaxr)
inductiong-g& < 4 stk

Z, 7}=F <333}l 4= carbohydrate metabolic
pathway”} ZA(MDH, GPI)® b lactate S o]&
3l enzyme(LDH, ADH)& #A4E AlAde 34
dgfstell Al AE] AT o)X FFE $3
Al go] 22 lactated o]§dh= AZ¥ohke
iR $8o] ¥ TCA 3= zLsle 45
9ol EATAZE A A B AA(CATIE
2] o] ge derepressiono] Rslcle AL o4 F
s1sich

FH=F H/MA FaURE Aol A" GPI
(band 1, 2)¢} ADH(band 2, 3)¢] S-¢i 4L ulx|
W 2o Ay g 2F 278 3283L 9 carbon-
catabolite repressible type(Wills, 1990)Y Reo=
&g 5 9k

T o)Al thAtel] Feddh= G-6-PD, DASOX
W AMY $-9o FHEA4Y #Xe] A AHew
u)§0] Fk=g gt E il A 9 o
o]0 o3 AT Asiutx] kerhes AL
4 4 9ok

A= =gl A7 Aeld AF5H oo s
t=F A 2 A5FHAd Jds AZEL, sugar
metabolizing E4-(MDH, GPI) ¥ SA 341315 A)
Aol Fodsles BA(CAT)Y FHEL FA9 271,
lactate ©]& AA(LDH, ADH)] =854 849
a2 XA Y 24 Ws 53 2o o
&g Al As3tA EAYAL AR WsE B4
Tt=F A%, #57]3te] o]Fe|Rin B & itk

H e

Rhizopus oryzae®] 7}=F A& % #5723

ol #aA=l AEW Az|-Asshd WsE 2AlE
Ak R omyaaes FY=gS A7b Wl S W s}
ZF <%slol A carbohydrate metabolic path-
wayel]l #=1¥ &4 ZX(MDH, GPDo] &3i=x
FA3E A Aol Podshs Bart MEA FE(CAT
2= vy , lactate ¥ o|-&3= A A(LDH, ADH)2|
gA4o] 7&' 2 AL FEE dFgsieA Al
A3} iz FF-S H8 ] 8o Y lac-
tateE o]g3 AZBTE A Fgo] ¥

TCA cycle A2l &3l ELE5 54 4&%

AA Begsle &9l ] Be derepression©]
Feshle Zg o 5 Uk
Al Al

B eRe deEAd ARTEIa] Q7]
. 6. 1.~1990. 6. 1.)9] 4RZ FaFHYS.

BN

Clark, D.W., Tkacz, J.S. and Lanpen, J.O. 1982. Aspa-
ragine-linged carborhydrate does not determine the
cellular location of Yeast vacuolar nonspecific alka-
line phosphatase. An. Soc. Microbiol. 152: 865-873.

Doonan, S. 1990. Isoenzymes: Genetic determination,
evolution and function.-Aspartate aminotransferase
and malate dehydrogenase: Patterns of evolution.
Biochemical Soctety Transactions. 18: 167-171.

Emori, M., Takagi, M., Maruo, B. and Yano, K. 1990.
Molecular cloning, nucleotide sequencing and exp-
ression of the Bacillus subtilis (natto) IAm1212 -
amylasegene, which encodes an -amylase structu-
rally similar to but enzymatically distint from that
of B. subtilis. 2633. J. Bacteriol. 88: 4901-4908.

Francis, K., Patel, P, Wendt, J.C. and Shanmugam,
K.T. 1990. Purification and characterization of two
forms of hydrogenase isoenzyme 1 form Escherichia
coli. J. Bacteriol. 88: 5750-5757.

Goldman, S, Hecht, K. and Mevarech, M. 1990. Ext-
racellular Ca**-dependent inducible archaebacte-
rium Haloarcula marismortui. J. Bacteriol. 88: 7065-
7070.

Lee, K.S,, Kang, S.W,, Kim, Y.H., Kim, E.A., Kim, KH.
and Choi, Y.K. 1990. Cadmium detoxification me-
chanism of Cd-resistant Bacillus sp. Isolated from
industrial sewage. Kor. J. Limnol. 2: 115-127.



Cadmium Detoxification by Rhizopus 91

McNaughton, SJ. 1972. Enzyme thermal adaptations.
The evolution of homeostasis in plant. American
Naturalist. 106: 165-172.

Morgan, M.J,, Walker JIH., Redmill, AAM. and
Faik, P. 1990. Molecular genetics of glucose phos-
phate isomerase. Biochemical society Trams-actions.
18: 183-187.

Onishis, HR,, Tkacz, J.S. and Lampen, J.O. 1979. Gly-
coprotein nature of yeast alkaline phosphatase. J.
Biol. Chem. 10: 11943-11952.

Pradal, E. and Boquet, P.L. 1988. Acid phosphates
of Escherichia coli, molecular cloning and analysis
of age, the structural gene for a periplasmic acid

glucose phosphate. [ Bacteriol. 86: 4916-4923.

Sugahara, T, Konno, Y., Ohta, H,, Ito, K., Kaneko,
J., Kamio Y. and Izaki, K. 1991. Purification and
properties of two membrane alkaline phosphatases
from Bacillus subtilis 168. ] Bacteriol. 89: 1824-
1826.

Trewavas, A. 1976. Post-transcriptional modification
of protein by phosphorylation. Ann. Rev. Plant Phy-
siol. 27. 349-374.

Will, C. 1990. Regulation of sugar and ethanol meta-
bolism in Saccharomyces cerevisiae. Cri. rvev. Bio-
chem. Mol. Biology. 25: 245-280.



