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The Effects of Cadmium on the Enzyme Activities in Cadmium-Tolerant Yeast Cells. Tae-Shick Yu*,
Eun-Kyoo Park and Jong-Moon Park. Department of Microbiology. Coflege of Natural Science, Keimyung
University, Taequ 704-701, Korea — An extremely cadmium tolerant yeast, Hansenula anomala B-7 used to
determine the modification of the intracellular enzyme activities by cadmium ion. The activities of alcohol
dehydrogenase, phosphofructokinase, and cytidine deaminase were decreased up to 90%, 40%, and 86% compa-
red with the control by 1 mM cadmium nitrate respectively, but the activities of malate dehydrogenase, 6-
phosphogluconate dehydrogenase, cytochrome c oxidase, and alkaline phosphatase were increased up to 440%,
136%, 260% and 155% compared with the control by 1 mM cadmium nitrate respectively. These results show
that the activities of the enzymes participating in Embden-Mayerhof pathway (e.g. anaerobic metabolism) were
reduced by cadmium, but those involved in hexose monophosphate pathway and tricarboxylic acid cycle (e.g.
aerobic metabolism) were stimulated in contrast. It has been suggested that the diminished activity of cytidine
deaminase in pyrimidine nucleotide dissimilation occured due to the inhibited nucleotide dissimilation by
cadmium ion; the enhanced activity of cytochrome ¢ oxidase was specifically required in order to oxidize
a raised amount of NADH and NADPH due to the increased aerobic metabolism.
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z“*’ﬁ’ﬂ °4:TLEH *51 Uck(15-17). 7h=F Ul Aol
Hg A+F Fh=Fo] 1,500 ppm 6‘%51 Bl 2] of] A &=
go] gk Pseudomonas aeruginosas 52| o]
AEFA g #3230 mge] 7t=EFe] SA%Iche B
31(18)9} Klebsiella rhinoscleromatis7} 1,000 ppm<] 7}
=g EASINE dgeie] AxFA g 27.3 mge)
FlEdS FH¥chs Hu(19) Sol gk FuelAx
cheFgh A47F AaEe] 7L=F 1,500 ppme) ol A uj 2]
M= A&, Axdd g 78mge 7S &
Hsl= A7b AlFal Enterobacter cloacaes -2 %
73t v} leM20). Staphylococcus aureus=. 7V=-F 500
ppm2] A A 2o WA S vehdl= FF7) -‘?’*ﬂﬂ"dfﬂ—
(21), 2,800 ppm2] 7ZF=gell W& vepile] AzF A
g9 286 mge] Fl=F& HH3= Erwinia % A o]
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A weke 250 mi APzt Zelsie] YM-7| R
B (1% *.%%, 0.5% peptone, 0.3% &R F2E
0.3% Wol+&& pH62) 100 mi 5 Y3 1kg/em?, 15
i G L3 e *&“EZ'%POJ WZAZ] X, FAFE AHE
shod 28Coll 4 72417k 3]Z(130 rpm) 2 ebel oks}el o},
7w AH7F Ao A= wlx)E A W2 3 A
F AAe 7l=FS FdAHo R #Hrtsledch FAF2
WSy = B3 By AHitachi UV 100-40)2 A}£-5)o]
Bﬂﬂnmﬂlfﬂ ajofi el F3w(0D) 2 HAxdA Tk
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w okl FAl & AR s Adst FRTE 23
M A stodch M AE A& 100 mM Tris-HCl gb5o8
(pH 7.5)0]] 3 EkA]7] 1 zgcga;} 2Fe] alumina® #7}3)
+&, 120 Hz2 2087 2533 SR Hc) g5
Ng PAFeste] FAE AAskL 1 gEAe 2a
Lol e @ Abg-slglon, HEUe =AHH IR ]
Ao SFFoe| T4 w|A ofske .LE%EPO%
FaANES 4T A 10 mM Tris-HCl 25-<4(pH 7.5).
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Alcohol dehydrogenase(EC 1.1.1.1.), malate dehyd-
rogenase(EC 1.1.1.37. )91- 6- phosphoglumnate dehyd-
z} ::f_}
7172 2] g3l {ﬂrﬁ ﬁ.}%ﬁ* NAD* ""’o*iﬂr NADP" =&
w333 Al(Hitachi UV 100-40)& A}-82-3}o] 340 nmel]
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Alcohol dehydrogenase®] &4 &A1& Creaser ¢
WH28)E 7t FASI] SR on], A4 uk-gAe
273-2 500 mM ethanol, 1.5 mM NAD™, 100 mM Tris-
HCl st(pH 8.0)34 Z& Ao 05 m/gle, malate
dehydrogenase ®4°] #AL Zimmerie®} Alter?]
HPO)S oFF SAste] SAPon, Kl kel
A& 8.3 mM malate(pH 10.0), 1.5 mM NAD', 100
mM Tris-HCl StEol(pH 74)3 2 & 49 0.5 m/gdom,

A Hbgole) Beke 3m) %A shgdc) 2] 5 6-pho-
sphogluconate dehydmgenase4 axgdid F7#3-2 Ma-
rks2{ HWH@E0)o| Fa o, A vkl Z:AJe 10
mM 6-phosphogluconate, 25 mM NADP*, 100 mM
MgCl;2} 250 mM glycylglycine $+3¥(pH 7.5)3} &
Aou 051115951 m:} K- u}_ ______ ,.,01]_4 -g-a]:f-? 25 mif _rd;.ﬂ
stlch. Ea IA w9l 25Col4] &4k 7] 1
7] 340 nmel| A4 F3x el 27} 0018 1 unitg 3
o},

Phosphofructokinae(EC 2.7.1.11)¢] &4 A &%
2 Stellwagen¥} Wilguse] ¥H(31)e] F3lod 3.3 mM
fructose-6-phosphate, 1.67 mM ATP, 56 mM Tris [hy-
droxymethyl] aminomethane, 5 mM MgS0,, 10 mM
ammonium sulfate2} 5.6 mM 2-mercaptoethanol2- &
&g 2olo] pHE 7607 TA3)e] 7] Lelo g )
280, 44 mM NADH®} 20M ammonium sulfate
A-olto]l 10 mg aldolase/m! = A &3lgt LAz} 28 M
ammonium sulfate #<Y¢l| 10 mg glycerophosphate de-
hydrogenase-triosephosphate isomerase/mf = A £-3f
3 Golg 247t pH 6022 2hated Ba So40 2 4}
Balic} o] 5 Sl xFE4NE Fgslo] 25T 4] 1
H7F 8.4 k82 AlA 340 nmell A F33 59 734 0.01
S lunit® 8}

Cytochorome ¢ oxidase(EC 1.9.3.1) #Al2 Yama-
naka®t Fuynel HHH(E2)H] &=3)om, g4 4¥k-22 15
uM 3113 cytochrome ¢Z F£&35= 75 mM <l4F 2
ZApH 6.0)oll =B ALNE vHEA|Fc) A4 &4 <
A+ 25T 4 18-7} cytochrome ¢} 4+3FE 550 nm ]
S35l 7h4 0018 1lunit® 3ch

Alkahine phosphatase(EC 3.1.3.1) #&AJ2 Sakurai
2 w33 3o, 4 ukgde] AL 20
mM p-nitrophenylphosphate, 100 mM Tris-HCl 2+
(pH8.0)3} =& AN 1m/le, &t HFQ-"“QJ S
50 m/ = A 3} 30Co A 15-ZF uh-$-A1 71 F, vk
500 mM trichloroacetate-8 2 7}3}o] E’“HP—~-% A1 =]
A17]132 1 M sodium carbonate Z =8 A1 400 nmeol] A
G4 g "5 Fawo] A} 0018 1unit® ol

Cytosine deaminase(EC 3.5.4.1.)2} cytidine deami-
nase(EC 3.5.4.5.)2] &A1& cytosines} uracil, cytidine
#} uridine2] 290 nmel| A2 F3% 25 =A s Sa-
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kai BI(34)e. 82 =3}y Aok e] 242 20
mM Tris-HCl 2F3od3) 04 ml FELNE Y2 a8t
H}-g-oMel|, cytosine deaminase &43Z4 4| 0.2 mM cy-
tosine<, cytidine deaminase #4354 4] 0.2 mM cyti-
dineS A7}3}e] AA L= 1mi7} =HA shedch 84
A =22 37T A 1417} vR2-A17] ¥ 4 mie] 0.1N
HCI-& E_"H}‘*"JMI H7bsle] & 4ukE-S AHAAA
FZauke AFelAe] 290 nme] FF=e] Fa2 HA
ok £43HA1 9 w9+ 147kl 1.0 uM#] cytosine,
Z.2 cytidine-d ©olv|3} A7 A lunit®
ghrt,

B AR E7]E 100 ml v Ao A wiedx] A
HAEHE 52 A atsFew FAISch

Al

A1&lell Al43F NAD*3 NADP', 6-phosphogluco-
nate(trisodium salt), a-glycerophosphate dehydroge-
nase-triosephosphate isomerase(rabbit muscle), aldo-
lase(rabbit muscle), cytochrome c(horse heart), p-nit-
rophenylphosphate2} Tween 202 Sigma Chemical
Co.(US.A) AEg 9 AM&3lem, cytosined} cyti-
dine2- Yamasa Shoyu Co.(Chiba, Japan)&] 5 *1¢F
& Al8-3}e] o™, cadmium nitrate(Cd(NO;)-4H.O)=
FA#ZE(Japan) A3, peptoneS i HEHE (Japan) 3
o) EFAlefe A3t ERFEET WolaEFw

2 DIFCO(USA) A5 Abgstsick 2 o] 99 A]ef
ﬁ_. Al BFajeke Al&s)lad)
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Alcohol dehydrogenase(ADH)$£} malate dehydroge-
nase(MDH), phosphofructokinase(PFK)$¢} 6-phospho-
gluconate dehydrogenase(PGDH)P»] A Aol v]zl= 7}
g9 dges EHAslr] 3] sluge] FEE U=

Al 2A]F YM-o 7]l F-R]HE A Eul oFstod AW
a48de S0

8712 chAbA 8] key enzyme<] ADHe] A A2 0.2
mM F}=F bl oM Fteg TRl vlaEl
74.4% 7Faslelon, 1mM ojike] st=s #Hrlodl 2
3 = 90% 0]"‘“ dagewxn] vz Fof FlEFO
ADH®] A& dA-sA 3Har7le 7] Fal=sdct
(Table 1) ]‘"E}”"] A= A9l &7y Al 7}
7}HE 2o 2ls] WHaEske el )

:LEJ v} e Adel 714 dAbAlQl tricarboxylic acid
(TCA) cycle®] F03% &4¢ MDHS] AL sz
Zo 7l=F X7} Zuhstell wel ADHe| Ao} 7t
_____ ek Aabe R, 0.5 mM 7HEg SR A 120%,
1mM> 2mM Zt=F £S04 440% % 400%% &
gAde]l AA F7dicHTable 1). 53] ik 7h=§9
3mM FxoAd= B FATe] MDHe| A& oA
Hx] oty 238 asAMde] 140% S7hslch

olzigt Hal= o] AHo| AT Al7]d FteFs
H7lsld A AW e] ADH2F malic enzyme(ME)2] 2 A
o] 5"}5‘5“3’4] ojsf od#xlvie Barel o =]shich35).

slctA §4 5 Embden-Mayerhof Pathway(EMP)
th AFA| 2} Hexose Mono-phosphate Pathway(HMP) o}
LA 2] key £4¢] PFKe} PGDH A .49 AlA]-2 sl 7
28] 71 F Fxof disle] Adubsl AaE elfigich
Z EMP diAA12] PFKe] AA L o W 2] Fe] 7}=-H
%E-»—] Z 7}l wiw) | st 7hasted 1.0 mM 7F =g
2jate] of 40% FFAi=sle.w, HMP w44 PGDH
o] A& =g 9 F7lel v H o2 FrhEe]
02~1.0mMe] e Fol 2oJsled ek 130% o|Ate =
2 F7HE vEPHcH(Table 1),

Q]AW] At HE] Jl=ge &3 MDHe} PGDH
BAe] Zrbe FtEEe SAlRE I E 7] o3ty
whe} FAje] AHEAS 9t s KE- 7t
71 a4 o] W& olx|E Bas A il o]z{gh
STFE FEA7)7] Y8 EEA 713 dyr] A4

Table 1. Effect of cadmium concentration on the alcohol dehydrogenase, malate dehydrogenase, phosphofructokinase and

6-phosphogluconate dehydrogenase activities.

Cadmium Total activity (units/100 m/ borth)

conc. {mM) ADM MDH PFK PGDH
0.0 25000 (100.0%) 100 (100%) 352 (100% ) 312 (100.0%)
0.2 640 ( 25.6%) 100 {100%) 280 ( 79.5%) 412 (132.0%)
0.5 320 ( 12.8%) 120 (120%) 244 ( 69.3%) 418 (133.9%)
1.0 240 ( 9.6%) 440 (440%) 220 ( 62.5%) 426 (136.5%)
2.0 60 ( 2.4%) 400 (400%) ND ND
3.0 0 ¢ 0.0%) 140 (140%) ND ND

Hansenula anomala B-7 was cultivated and the enzyme activity was assayed according to the Materials and Methods.
ADH, alcohol dehydrogenase; MDH, malate dehydrogenase; PFK, phosphofructokinase; PGDH, 6-phosphogluconate dehydro-

genase; ND, not determined.
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GL(36-38)eF Flrgoll ofstel 7= WAqrel Klebsie-
lla aerogenes7} A A L= sllvdA| _Q._.xm ol glucose-6-pho-
sphate dehydrogenase #4382 7F4-¥ 3t phosphoglu-
cose isomerase 32 938|e] Z7)E o] 7IEFE WA
At Al Algage] sl R 248 gEgss
Hael A= ich26). W& Bacillus megatertum©] bl
WAl 7h=ge] Mn® o Fo8 AiFoeEx & v
o] Mn**-& ¥ 2 & 3} phosphoglycerate mutase 2|
ghA). & #&}x]7]A)uE,  fructose-1,6-diphosphate aldo-
lase % lactate dehydrogenased] 42 23]8] &3l
A Zlehs B a27) sl =B 9o oI AN Tk E
etehAd-g 7hxIvt L AbgE sl
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Cytochré)me c oxidase2} alkaline phosphatase 44
Aol o|xj&= Cd** e d&

Cytochrome ¢ oxidase2} alkaline phosphatase2] 3

A o] u] 2= g} gl of &8 =32 §} 7&41»—_ Table 29|
el e,
Mitra “5(25)-2 Escherichia coli7} A A4 3= zinc me-

talloenzyme<2! alkaline phosphatase®] #4de] wljz] &
I ﬂ}ﬁﬂﬂl sal s aH 46%9] o Aol FAlEA|RE
5 Ao WHale gl
f:”_ff%, £ i@wa] 9“4% trﬂeﬂ 7tEH-8 A 71e alka-
line phosphatase &4je] 656~70% 7}FAi=Fgicty gl
“1efu} Table 201 vlepygt wjpel zho], Al 7L=
Foll 9)3te] Mz} M4 f. A4l cytochrome ¢ oxidase
o} otzte] A ¢l4bs} & 49l alkaline phosphatase A4
o g Fre) 2ol mAder FohEge Cy-
tochrome ¢ oxidase A4- 1 mM 7F=gol 2|sfoq 2
260% Z-7}&).e, alkaline phosphatase §4d-2 155%
% 7Fl ek
EHI =g % WA &5l Hansenula anomala
2 FtEgol] oJste] E71A chApAle] A S
“5‘?}&4 Wt

Table 2. Effect of cadmium concentration on the cytoch-
rome ¢ oxidase and alkaline phosphatase activities.

Cadmijum Total activity (units/100 m/ borth)
conc. (mM) cytochrome alkaline

c oxidase phosphatase

0.0 53.40 (100.0%) 5.99 (100.0%)

0.2 93.20 (174.5%) 9.34 {155.9%)

0.5 10040 (188.0%) 9.30 (155.2%)

1.0 140.00 (262.1%) 9.34 (155.9%)

Hansenula anomala B-7 was cultivated and the enzyme ac-
tivity was assayed according to the Materials and Methods.
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o] 2ol AT HE] Fl=Fol 2lsle] EMP thAMA R
t} 3713 wjAbA el HMP 9 A4 &a-<l PGDHe A
o] Z71=le] TCA cycle 52 £4:¢9l MDHe| A=
7 =Sk o] 2|jt e A F7iel oel A
NADPH<®} NADH-5 4F3}A)7]7] #]8tod cytochrome ¢
oxidase Aol Z7R= Moidael Aza}l & 2= 9u}

Pyrimidine nucleotide S8l CHAIA FA AHA|
D|x|= Cd2+eol st

Cytosine deaminase(CODase)+= pyrimidine nucleo-
tide tAFA]ol] 4] cytosine®] 4¥iErA 2] oln| 7] E &
obm gt Al A uracil® ammoniaZ A3IHA) T+ 7HP
ol @A 4], 7] levelo| A uracild YA vwhg-
off H Al A Aoty(39). 22} CODases A3
AN Al n| Gz Ex |t AEe| zl5Hgho] U«FEP
A8 AdE aaE erer glow(40), A Ev|yE
T2 8.2 Hansenula anomala B-72] CODasesl| J{}§}
AT+ 7*'_4.31 s Ele] ol2] o) upebx A8 CO-
Dase A5 7t=wel] &gt 5434 H3 =&
Trael7] flske] YM-al#] F9o] 7w X & o2

A& A FAFE wieFsle] CODase &43 &3A3}
Atk FAl2 w1 F e g Fxe A sle] CO-
Dasee] &7}k =z ¢4 zZle® BolTable 3)
Hansenula anomala B-7 CODases g3 ¢+
Hog shelselek

75 WA FA 23 Hansenula anomala B-7-2
cytidine deaminase(CDDase)& v}tz A A 7|+= o7
o], ADH A b glol #7] Zof AR
7t=g-l 2|3 CDDase ] &73] %’iﬁ}%i—bfll.
Al Foll 1mM 7k=+el| 2)ste] CDDase2| A4+
80% oA 7ZrAEglew 2mM FlefF 72 CD-
Dase&] A& 95% ol ZFAgledciTable 3).

. —“‘lf‘l:ﬁ“" C()DaseW );H’** 5}2] ?;‘jl CDDase?

160t1d€-4 tﬂ "‘}*f: J-“o"’*‘g_*éf-‘”}‘ 7ol Cytldyl A& nucleo-
Side leveM]fH CDDasei‘i] ZFv| 2 cytidineS uridine

T Ee AR 9=,

Table 3. Effect of cadmium concentration on the cytosine
deaminase and cytidine deaminase activities.

Cadmium Total activity (units/100 m/ borth)

conc. (mM) CODase CDDase
0.0 0.0 (0.0%) 164 (100.0%)
1.0 0.0 (0.0%) 32 ( 19.5%)
2.0 0.0 (0.0%) 8 ( 4.8%)
3.0 0.0 (0.0%) 4 ( 24%)

Hansenula anomala B-7 was cultivated and the enzyme ac-
tivity was assayed according to the Materials and Methods.
CODase, cytosine deaminase; CDDase, cytidine deaminase.
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FIEFol 93l 1% FreF WA B RS Hansenula
anomala B-7 A FEW FAAAL W2 #isled o
AHAI S W3S A

1.0 mM 7l=Fo &]ste] A2 alcohol dehydro-
genase | AA-E F-FH7toll w])dte] 90% oA a3t
malate dehydrogenase®] A& 440% Zrt=le], 7}
Exol o3t 3H71A drAlE A £713 4}
Al TCA 312+&= FA 3=}

222 1.0mM 7H=gell oJste] FA|Fe s
#2429 phosphofructokinase 2] A2 ok 40% 74T
Hoh el 371% Fslldi A Al 249l 6-phosphoglu-
conate dehydrogenase®] A& <F 136% 7=,
7tegell 28te] EMP WAl A= w2 574
F-ef ) AbA @] HMP oAl Al 243 8= gl o) o] 8-0] 1.0
mM F}=Fol| &)3le] F-X]H2e] cytochrome ¢ oxi-
dase®} alkaline phosphatase®] AAl2- 7}7F 260% ¢}
155% Z7}=gich.

olire]l AFAE FIBIH Fl=Fel st 37|H
PAHA S A, 3714 diiAl= A48, o=
olste] QAlxl cieke] NADH2} NADPHS| 4h3l= $)
3le] cytochrome c¢ oxidase®] &A3}l= delydo =
8- gl

28] 5L pyrimidine nucleotide W3t A}A] 8441 cy-
tidine deaminase®] A4S 1.0mM 7L=Fol 2]sled
ok 86% 7ZrAaEe], 7}=H-2 nucleotide #3slE <A gk
o2 5% 4 st

#A2 &

B d4E 3Ryt 1994ds SeodF =
Aul(FHA 300 02-D-0435) Aoz o] Fo{z o, o]
of Zlo] ZHAl=givic)
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