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BEMBEFOS5—T73I /L7 EEKEEF (ALA-
D, EC 4.2.1.24) ¥, #OiEMEFRERATHR
KT3I eds, KEBOHRBEROWBELELT
ﬁfﬁ’( » % (Hodson et al., 1977 ; Johansson-
Sjobeck and Larsson, 1979 ; Schmitt et al.,
1984 ; Larsson et al., 1985). ¥7:, b2 EDHKK
Bk HEBT %34 Cyprinus carpio DI+
ALA-D bKOBFEFROEEFEL LTHERZI LVHSL
& Ni: (Nakagawa et al., 1995). & b o
#H ALA-D 805 ROBWEBEL L THYWLNT
WaDS, SIZL A FOBERKISFRFEETHL L
HE SN TV A (Granick et al., 1973). S 512,
EZBTHDHH F3I YLD flounder Pleuronec-
tes flesus DIFEFIIEWO ALA-D EH OB KL+
9 Z LA, B|ESIN T B (Johansson-Sjobeck and
Larsson, 1978). ARFE T, $hB LU FI v A
12234 mfED ALA-D EBHEEH#K % in vitro
BRBRBIUINLESBIERAIOVTRET AL &
b2, Ml ALA-D EHEPSHERATHEMITIET
THHEHEEFHEAL,ICILA. T2, ZOBEORICEE
WZxtg % KIS O pH 8 & USUSIREDR B 72,
* REREKERERN Y v 5 - BRI

** BHEbFETEMEE, Laboratory of Pro-
tein Chemistry and Engineering

AHFEEATIIH7D, SHEBIUH FITLBEH
FEOTHEATHW N KER R v & — Ol
EEEHLIIECBILE L EITS.

AR R O3

A R Lo FBEREORASE P OB AL
7z, Bt (Nakagawa et al., 1995a) Zf€o THt
RETHEBTKICEEL. HRAATHE I~1lem,
HEN~28g Tho7-.

ALA-D &MHHIZE : ALA-D iEHHEIXEI/LE K
HAEFH LW BETITo 72 (Nakagawa et al.,
1995b). 7721, BEOFEMHMEIIITCTITEE
L7:. ALA-D &M, $2bbR0EE (V) &
Hodson et al. (1977) OHBERXIZHE - T, R
(RBC) 1ml %0 1 BHIZEKTLRLALEY) )~
4~ (PBG) &, BEl® nmol PBG/ml RBC/h T
FL72 B, ROBIUATFZY v b (Het) @
HEIXEHR (Nakagawa et al., 1995a) 1> T
fTo7z.

ALA-DEMICN 35 KGO pH O EHER -
0.1 M @Y v BRE# (pH 5.0~8.0) 5% UFEEEE
& (pH 5.0~6.8) THML M4 % pH O ILHE
T, ALA-DESEZARIZEL, ZOEMEICH T 5 KK
O pH DF B T

ALA-D EHICH T2 RINRE OB AL . ALA-
D it % FOSEEIO~100CHO&ETHZE L, 01
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Hioxtd 5 SREORE L H#H .

ALA-D HFHE50% HET 8B LA FI T LR
BOBEHRE B BEOHBLIUIFITLAEEA
REET7 I/ L7 YEERVWRBESI, Ml
NTHBEL /2. FOBRBELML, ALA-D Htk%
HMEL, ALA-D EME50%HETLH-BLUOT F3I
TLABEYEHLA., RBRLL-ESEORER, 0
(#®X), 0.01, 0.1, 1.0, 10, 100, 10008 L ¥
10,000« M TH o7z, B, i) VEERERIE
W70, SREERO KIS OBRE I I20.1M DOBEER
RE Y v,

$BLUA FIYAIZE A ALA-D iBEHHERER
DOFEHT : In vitro TO ALA-D G HERR OMKRE
21k, Ao ALA-D {&EM50% fHE R R0 5
EEEM0RRERET 2ESBBELIOLM 2 iFMN
L7z % fivarz, R 288 LU0 FI v AiER
OB ALA-D EHEHERXORE 121X, 3HEMZ
NEFNOBELSBIZBE L -0/ 26 L 2@ % B
Wiz, %8, Fig. LIIRT LI, REFRIT A MK
W OWTEERGEMATOREREDSL (1/S)
ERISEBEDMH (1/V) DT 7h—KRKI% B2
LIFBiD o TREELTEB V., 20OKE, Km s
#0.75mM THho7zZ Lh b, RIBHOEEORRK

» »

1/V (nmol PBG™! + mI RBC - h)
N

N

-2 0 2 4 6 8 10
1/S (mm1)
Fig. 1. The Lineweaver-Burk reciprocal

plots of carp blood ALA-D activ-
ity (V) and substrate concentra-
tion (S). The activity was meas-
ured by using the blood of uncon-
taminated fish.

HEEAY0.2, 0.428 £ 0%0.83mM T ALA-D &M%
T o7z, HEHN OB Lineweaver-Burk
buig g7 A u T N Al SO AN

SEB LU FI A7 B (Nakagawa et
al., 1995a) I2fE>T, $BBLUH FI 7 4880k
I ZIRE L7, 2 HAMOBREABRRK, M#E ALA-D
EHOBELRTH L& b2, MBICHEETLIHBL
Uf FIwAa0MmEKS £ MRS O BE % #~
7o, SHEMOBBREE, HBLTHFITAHE
4 DMHIZDOWT, ALA-D ESHEER BT L.
BEABIBAEIL, $5T100ppb (0.48«M), H NI W
AT54.3ppb (0.48%2 M) 3 & U'100ppb T o 7:.
%P, $HEAE100ppb (ZBRFE L7204 WD ALA-D
EHERETTALI &, TTIRHEINTYW S
(Nakagawa et al., 1995a). REHH %@ L K
iRi226~28°C, Bk pH 137.4~8.0TH o7z,

MERB L CMPERSTFOSHEBEUH F I 7 ABEE
B XU F I AHBRAOMBIZOVT, MERB &
VIS FOHBLUON FI v ABELZHAZ. I
W 5 IMERE & MRS OB TF O L 51247 -
7o, Mg #&EEE (2,0000pm, 5min) L, EE
W MRS & L7z, Llic0.9% ik 2 dmmeL,
BB S BEEGHRE L. HEYOREB IO
RILAMERILE 3 EiTV, WEMBE D 3EEED0.9%
K CRE SRS E MRS & Lz, £, M
Koo Het i BlE L, #hFN Het-1BL O
Het-2& L7z, £, MERB L CMFRTHOEHE L
U F 3y LiBEOSITIEESHR (Nakagawa et al.,
1995a) 12fE-> CTiTo 7z, MIRBAT DB LT A F3
v LEREIZ100/Het-2%FE LA L TEH L. B,
MEDFEERIEIANE D ESBOHRELERT 572017,
ERFE RO, BRI RATERL-.

[N (%) =[|MEk S D ELEIRE XHet-1/100
+ MM B 55 o B 2B 4 FE X (100 — Het-1) /1004 /42 1fn
BWOELEBRE] X100

ERBLUER

1. ALA-D EMICHT 32 REHED pH DR

$4 7 pH ORISHIC BT 5 ALA-D iE# % Fig.
21T, V) VEEREEOBE, ALA-DEED S S
74t pH 6.01BAY —2 %%+ 5 pH 55~650
HhVWHEETEWEEERL 2. =Y < X Oncorhyn-
chus mykiss DI ALA-D 15 & SUSHEO pH &
OBFRERT 7 7 CHRBZBEIRESIN TV
(Hodson et al., 1977). TOE—7HFEVI &I,
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Fig. 2. Variations in carp blood ALA-D
activity according to the pH of
the reaction mixture. The activity
was measured by using the blood
of uncontaminated fish. O:0.1 M
phosphate buffer; @ :0.1 M ace-
tate buffer.
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Fig. 4. The effects of Pb and Cd on carp
blood ALA-D activity. ALA-D
activities were measured in reac-
tion mixtures containing different
Pb and Cd concentrations.

ALA-D BEHEIEDER pH O b$h 2 ELT e
KEYVEELZWIEHRRLTWS, BBEBEROS
%, pH 5.8~6.80#BH TRV IEM AR L7z, ALA-
DEHLFISHED pH L OBBRERT I 5 745,
CERREW MR EW L TA LEL 2 EREAHT
H5b.

2. ALA-D &S T 2 RISBEDRE

PUSIREEIZ & 5 ALA-D &0 ZE L% Fig. 3 127
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Fig. 3. Variations in carp blood ALA-D
activity according to the reaction
temperature. The activity was
measured by using the blood of
uncontaminated fish.

¥ FOFERIE0CE TRE LR L L IR
L7278, T0CLL L ORE T EBUIEENET L7,
COBERPBIRERBETHL I LRt e bz,
EEAEOBREOEICEEILELR I E#RLT
Wah,

3. M ALA-D E 2 50%AET 5L U H
KIoLBE

TEALBEOHRBLITI FIYAIZX 5 ALA-D
EHHE L Fig. 4177, Z2OEEME I BIX 0fF
HE100% & LBEOHEMETRLTCH S, $HBL
CHRIVABED LR E &L IZERIIET L.
ALA-D {EMS0% HEBREZ, $THaM, A F3I Y
AT20uM THoz.

4. |MBELUTHKFITLICES ALA-D 4R
#X

SRBLUNF I AD ALA-D {EH50% ML
AN M Tl ALA-D iHHHEEHR 2R L
7B (in vitro), ZHBEOHEYK (1/3) BLURE
HEDHEL (1/V) % Lineweaver-Burk O 7o
MiftoT7uy L7275 7% Fig. 52T,
BITHFITLFMEEHIZ ALA-D O Km fE%*
L ERT, Vmax 2Bk ens, Bk
CAFITLI2E 5 ALA-D EHRERN TSRS
BHECHLLEZOND. —F, #BXUHFIY
LITFHER L7 4 D ALA-D EHHEEER 2 )
& L 72 @ Lineweaver-Burk O 7 » F ¥
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Reciprocal plots of carp blood
ALA-D activity (V) and sub-
strate concentrations (S) accord-
ing to the addition of Pb or Cd
to the reaction mixture. O :not
addition ; @ : addition of Pb (10
#M) ; & :addition of Cd (10#M).
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Reciprocal plots of ALA-D activ-
ity (V) in Pb- and Cd-contamina-
ted carp blood and substrate con-
centrations (S). The fish were ex-
posed for three weeks to water
Pb at a level of 100ppb, and to
water Cd at levels of 54.3 and
100ppb, respectively. O :uncon-
taminated fish; @ :Pb-contami-
nated fish; & :Cd-contaminated
(100ppb) fish; A :Cd-contami-
nated (54.3ppb) fish.

T 7% Fig. 6 1IRT. SAGERATIEIRTRAIZILN
T, ALA-D ® Km fBIZF L TH» 545, Vmax 2°%
L5 2 5RO in vitro T ALA-D &M
EHEX L FARCERFUHECHLLEZLNE. X
B3I ABRMERTERALIZEKE ALA-D IG5
EERTZEMNS, B FITAIZLD ALA-DEHH
HEIR S h o7z, I AL M ALA-D
OEEAEANIERFWEELHEESIN TV S
(Granick et al., 1973). U EoER» 5, $HidE
B L IHOBIHEES L, ALA-D OEMEEA % 1565
THIERL, IOBRICES LIEHHRELEZ T
Zzxbhb, 8, Figs. 1 BXUSIIRLA Km
fiL Fig. 6 1IRL7: Km & ORI, ETENTH
BB, THRRMEEORERET, HEKRE
HIZEA I R EHIBTL /2.

5. BLUHKIILERIA QMRS & UME
BROYPOBBSLU DRI ILIBRE

RBLON FITAIC2AMBE S22 MO
My & CIERDFOELEBE L Table 11278
T, WMBEOMEFS FI Y A BEFFELROILE
DOEILEAH61.4% & v DA, EHXRIZ97.4~115.6
% 7% DT, MEOMIKE & MBSO 5 HERIEIC
S MEEEIER SN, HERATIINEAIZIL
NMERBEA P OSBBENE L BRETHLOIINL
T, MUEESHOBEZIZIZEDLS hhoTz Thb
%, MEAICECD A T 2SR mERR R ISR RIS
EREEISN. —F, SEBAICSTH FITAFERA
OIMEKB L CMEFSFOH FI T LBEIZE SICH
KLU7AS, SRERAOMIRESHOFBRED L) I2F
OBENELLERTLI IR BB, 85
B O MERTTFOHBEIFTBEDOZNLL D H{E
D, KBEQ/OIZEI > -HIEEELEZ SN

6. WPLUHFIJTLBELIINAD ALA-D
E

BBIVHFIVAIC2ABMBRES NI A MED
ALA-D {&M% Table 2R Y. $#FHRAD ALA-
D iEMEI A BADERD43.5% KT L7z, —4,
7 K3 % AR D54.33 X U'100pph ~OBEE R T,
ALA-D OB TIIBE I 2 h o /2.

Fig. 4 1R L7288B LU A FI U AIZLH ALA-
D iEM50% MEREORBRERBL U Fig. 512K L
721in vitro TOSHBLI I FI T AL 2 EHMEE
BAOMEHER, S, Ml ALA-D &M HEE I MR
WSRB LU FITARBMT 2 LI ZOT, EHE
REIISRICL o TR ARBMLZUSTIE 2. L
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Table 1.

Pb and Cd levels in the blood corpuscles and blood

plasma of Pb- and Cd-contaminated carp.

Pb and Cd levels {ppb) in carp blood

Exposure concentration (ppb)

Pb Cd
0 100 0 54.3 100
Total blood 24.6 1658.5 0.7 18.1 29.8
Blood corpuscles  86.0 6225.8 1.1 26.0 48.0
Blood plasma 3.6 1.6 0.2 19.3 23.2
Recovery (%) 101.7 101.5 61.4 115.6 97.4

The fish were exposed for two weeks to water Pb at a level of
100ppb, to water Cd at levels of 54.3 and 100ppb, and to control

water (Oppb), respectively.

Table 2. ALA-D activity in the blood of
Pb- and Cd-contaminated carp.

Exposure concentration (ppb)

pb Cd
100 4.3 100
ALA-D activity 43.5 98.2 106

(% of control fish)

The fish were expose for two weeks to water
Pb at a level of 100ppb, to water Cd at levels
of 54.3 and 100ppb, and to control water (0
ppb), respectively.

L7%A5, Fig. 6 BL U Table 21573 X9 (2, I
#® ALA-D EHHESSRBERAIIESY, A FIY
ABRATRIS VI LI, ROLHIZHBEINS.
T4 OEPSE DA E NS, Table 1IZRT &
2, MEOMERETHFIHFROICERT 2018 L
T, # F3I9ARMEOMEKS & MRS ICHRE
T5, RSN LD ICMBRE S ICEBECE
BehbZ ik, M# ALA-D ZRIMBRIZHLE
TOBETHAHOT, MBRESHICHFERNIIEAEE
BENLHIRME ALA-D DEL B S & 4
RWITEEST S, AL, MBRSPICHEET 280
A ALA-D FHHEECEREERET S, 2O &5,
341 ALA-D {EHAEDSRE R A THRERICE
ZABHATHD.

a4 Cyprinus carpio fIEFDS—T I 7 L 7Y
UEEBKEEE (ALA-D) 1%, $8 (Pb) HHATH
BWICFDERIETTHI 05, KBEDHFRD
BELLTHATH S, FFETIE, T4 MK ALA-
DIZoWwT, PhBLUA FIwa (Cd) 12k 5
WHERRERFTLE L LIS, PbHERATHEY
WEFOEESETT28EE, 615, TOBEOK
IEEIINT S pH BLURBEBEROFEY AN, 2L
TO#EREBF.

1. BUSHE® pH 233 5 ALA-D 07 5 7
i3, ) BB ERO%E pH 6.0CBKE~ 2 2 H T
% pH 5.5~6.50EVEETEHVIELR LR LA £,
FEEE R B DS pH 5.8~6. 80#HE TH VIR R
L.

2. ALA-DEMIZ, RISRE60CE TIRE LA &
EHIZEBIIH AL 225, TOCLLEOBEE TIZaEI
KT L7

3. In vitro RERTIM# ALA-D [HEE % 50% HE
T5H5PbBLUCAdEEX, PbT5x«M, Cd T2
rMEBETH- 7.

4. Invitro BT PO BLUCAdizkoT, Pb
HHRATIIRBERAICERT, BEEEOMMIME
ALA-D OBEERIGD Km % Z{L &3¢9, Vmax
RS E/Z Ed D, ALA-D IEMEERIZIER
SHHECHLEEZOLNS. CAERAR L RFLA
LIXFABL ALA-D FHERZRTOT, CAIZE5E
HHEIIRZ S 2 h o7z,



56 B — -l

A BB E B —

5. Pb %M TEMERE S ICE L HRED
Pb AS#AE L 7-7%, MSERSH MRS Id K 75 et & 12
FELL b7z, —7F, CABEFRAOMIKE L UM
SRR O Cd HRE i RIE ST A THIA L7255,
MERFETHO PhIBEDOL I ICE LI BEEIZELS
Lol

6. ik ALA-D &M MEL, PbiERATHEE S
NBH, CdBERATREAESL . I OEHIEL
FTOLSCHBENL. #LH)AT 47 Pb i
O MBREE A |~ B - BHK T 525, Cd it Pb @
&3 BB IS R CERE NS 2 E ik,
1 ALA-D AR MIKICHELES 2 BR 20T, MK
BOHRICHBEICER SN Pb & ALA-D &6
+5. Hit, MIREHIZEMESN Ph ORA ALA-
D iR E DR % PE T 5.

X [N
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Summary

5-Aminolevulinic acid dehydratase (ALA-D) in blood of carp Cyprinus carpio can be
used as an indicator of water lead (Pb) pollution, because ALA-D activity is inhibited
by lead contamination. The present study was performed in order to examine the type
of inhibition of ALA-D activity in carp blood caused by Pb and cadmium (Cd), in order
to explain the reason why the blood ALA-D activity of Pb-contaminated carp is particu-
larly depressed, and in order to ascertain the effects of the pH of the reaction mixture
and the reaction temperature on the ALA-D-catalyzed reaction of carp blood.

The results were summarized as follows.

1) In the case of 0.1M phosphate buffer, a graph of the pH of the reaction mixture
versus ALA-D activity showed a broad peak between 5.5 and 6.4 with the maximum ac-

tivity at pH 6.0,
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2) At temperatures of up to 60C, ALA-D activity increased rapidly with elevating re-
action temperatures, however, this activity decreased sharply at temperatures greater
than 70C.

3) Under in vitro ALA-D-catalyzed reaction in reaction mixture containing Pb and
Cd, whilist comparing the blood ALA-D of Pb-contaminated fish with that of control
fish, increasing substrate concentrations were not found to alter the Km value and
shifted the Vmax (maximum velocity). Therefore, it was concluded that the type of in-
hibition of blood ALA-D activity caused by Pb and Cd is non competitive inhibition.
Since the activity values of Cd-contaminated fish were similar to those of the control
fish, the exposure of carp to water Cd did not inhibit blood ALA-D activity.

4) Pb of remarkably high levels was accumulated in the blood corpuscles of Pb-
contaminated fish. However, the Pb level of the blood plasma was similar to that of
the control fish. On the other hand, in comparison with that of the control fish, Cd lev-
els both in the corpuscles and in the plasma of Cd-contaminated fish did increase, how-
ever unlike the Pb levels in the blood corpuscles,they did not increase remarkably.

5) An inhibition of blood ALA-D activity was observed in the Pb-contaminated carp,
but was not observed in the Cd-contaminated carp. The reason for this can be ex-
plained by the following. Pb taken up through the gills became accumulated at a re-
markably high level within the blood corpuscles.However, unlike Pb, the Cd taken up
did not become accumulated at high levels within the corpuscles. Blood ALA-D is an
enzyme which is present in erythrocytes, and erythrocyte ALA-D combines with Pb
within the blood corpuscles. The inhibitory degrees of blood ALA-D activity caused by
Pb, depend upon the amounts of Pb which become accumulated within the blood corpus-
cles.




