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22tF HEF 28NS WRAEY biomarker2M Y HEAEE ATl o 4
MABEQ Ao (Caprinus carpio) ) B3 $eby ToA 3tz A dolvte ogrtx] &
A9 AgE ZARAT olud aAgHLY WIE $Ew WHEHAHQ biomarkerZA
7bed g 7HAL e ATAFAE oS 2o D 64AAA fEAES FASA HEY
ol xel AMeABFe Ad Fastn Aok 2) MEW Iysosomethol F3FL UE acid
protease$} B-glucuronidase®] BAEE 6UA 5o 7% A E7F 2453 Ut 3) Alkaline

phosphatase®] 3% 645 2w
AL 64A $EF

FoqF7A Frbstn en W2 acid phosphatase?]

FEMA BAEI FA8 £7189 D glutamate oxaloacetate transami-

nase®] ¥4 EE 4N3HA F718k1 A} 4) Creatine kinase?} §A =+ 49§ Z4E Holn
229 malate dehydrogenase®= AW Sty
Sty 5o Fdde 24E7 A9 JehtA gad

Key word: lysome, AT
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WA e e EA QL BPHIEE FHo
biochemical indicator system®] 477} AlZHg
& HZ9 doln 53] A # EFA4E
doz B0 Qe FEHLH AHEHL HA
T7b &asitiy, 2, 3, 4, 51. 13 biomonitoring
71ee A2 Wol UVlE AT H|Lo] AY
HQl WA &4 Folgutd doz
AgstE Hwo] Ak, Wl biomonitoring®] &
Adel BE oo FTFHZol YEAE 77,
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o Zo] SAxrt F43] #AsAR 3YA

gFse Wyolth I ¥ AJel g A
Bl A2, A5 vzt g 1 713 723
A7 biomonitoring®l Wt FH R E &A= 8
o0E #AE BolA ggich 28y 1xgd A
Aol g FHed T 2 PANER
5 O g EA dig AgA ] e B
A7t ARl w2t AAFHA A HEH
F A HAden 53 AEAI oA AL
dEdd =29 AL AAWN FEA X
Aged Qe dstg FAFe=N YEAL
NAste FH37 QEREE HHF R Yrtg
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4 gon 4u8a g2 e 4 Ao 48
ol HBIFE 2R 847} AP} BB
BolAE WA AYe) WA S s}
53 gtk o) W 4AL L PujFo) HYAo|
47 M@l A% Aole} & $ Ak A gz
(contro) A A% HBEFEZ ALEDT Y AY
E9] antibiotic-resistance M7 B X9} A2
A}, MW EEN 1 AGYBE5e) QARE
s HEo] 299 4A4e 2/ATY $ 9n
Agre] AYE Y 74 g Foi6]. &
HEAE BASHEA) =Y AL S42 o)
53 AUl FYDRE A olE Pl A
dr1de suzs B4 AEds Ao
2Aste) Wse doygn madel o7l
olg® SHBYSE SHEAY ER9 AL
del 480 Hak E4L westy] qEo) 87
29e BAY 4 Y& biomarker2A FLo|
bsdtth meba ReAT YRS ZHs) @
97 %t S8 daad) WHRE BFR

A%HA BFoA My 9, AvRAY

AU $ 84L& H7Hst=1 biomonitoringS 8.8
AXNE AAste)T AzrEct. JBA ) AbEo
e oldg Ao AR + Qe A I@
2ggut Ze o LABA) AL k@l
A WY ER2H oo FEE Fuy
o2 tehhe EHQ ot oleie 422
BRI 0F 2 PAMTNEe] 2/ AE 9
st olel g ThYSA wWsse mAAe 84
£§ 29502M B840y AEo} WPAML
PP AN AR aRg 4y 4
o2z 428 BHLUELSE BeERo
71801 o, A% F3& Tol AAWA
A A ¥ 3} (biotranformation) & Yo 7| Av} 874
de4d3 2HE 4 Y& A=e B0 1zA
TAN FEHEZ[S 9, 10] ¥ AFE FA4

2279 JA7A AeE Wz s
s,

AEixE 9wy

1. 79| et Mg Y A

- ATFAY 2dR (A 20X 25cm, AT B
300g) 9] 4o (Cyprinus carpio) S 2 F A )A 30
X150X90cme] 2ol X% 10—157t2]] AR E
Wol 3—497 F2AA B, ¢35} (acclimatiza-
tion) At 1F A% HQ AHKE & 18°Coll A
F5/9 pellet HolE Fo] aerationg AlF|HA

Mgt

2. 22tz gefl ¥ Xa)

AYPANA AHEE S8 e Uranyl nit-
rate hexahydrate(UQ,(NOs),. 6H,0) €4-& A}&
B lysosomal &A%l acid protease, acid

phosphatase, B-glucuronidase$} alkaline phospha-

‘tase, malate dehydrogenase(MDH), creatine ki-

nase, glutamate oxaloacetate transaminase(GOT)
T E4=9sE A3 dstod A&
1500ug uranium/kg-carp/dayE 19 131% 6Y3t
2752} (intraperitoneal injection)3F.2.5 o
o & H&38 —60°C deep freezerd] B,
AH-g-8k oo

3. AlZe| =H ‘

194, 347} 624 $et5S 548 Yojgd
2T Jog #Estd FA e Ay
on dAFFE e Y47 10mM9] phosphate
buffer(pH 7.5)2 43} &3¢ 718t §2 homo-
genizer2 33t ATk ol FAAL 4°ColN
231%& d4EE712 105000g904 60% F 2
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ALY 2 AFde ahAY AT W
3}E ZAde ANg 2 oA AFL 4P Nae
AH&-3H Ao

4. CE Mzt

@9 d HFS Coomassie Brilliant Blue G&
AH&-8to] Bradford(1976) ¥ & Agatglen
BEINAZE bovine serum albuming A&}
Aot @9 d P AL g 2o wyew
THETH11]. Coomassie Brilliant Blue G 50mg&
95%, ethanol 25ml%] %o} W27 stirring gt}
A% 85%(w/w) AXH(H;PO)EH S0miE &
= ohf 500m! & %3] Wha-
tman No. 1 filter paper2 insoluble E&& A A
A7 & E4& Spectrophotometer{Perkin El-
mer Lambda 3B) & 595nm A EBFEE 243}
act

2 volumes

Ih

b. S0 g#4r &H

&4& 71289 1% bovine
serum albumin(BSA) 1mi%} 1M sodium acetate
buffer(pH 35) 2ml, A8 05miE 4lo] Algg
HA B NE=EH 25°CAlA 30221 incubation
NZAF 15% Trichloroacetic acid 1mlS H7}3}bo]
108 %l 500g2 AHdE2lste] 2 FEAL 280
nmll 4 3894} Acid protease 1unit& &%
F2=9] W (AAm)7E 00010 HA s Fh
o} 422 A ol3l9rt. Phosphatase 34 = W3le
%7337 Sgtede 71224 30mM p-nitropheny-
Iphosphate & AM&-3}o] Alkaline phosphatase2] 7
¥ 713, 0.1M Tris-HCI buffer(pH 8.0) 2 A& &
st 25°Cel A 4—587F incubationAl 7] o
410nmol A 3—48 7 F2 =Y AF(AAWE &
A3ttt Acid phosphatase®l 7 -$-o)= 0.1M So-
dium acetate buffer(pH 35)& A}&3slgon =

Acid protease®)

A& alkaline phosphatase$t % U3t c}. Pho-
sphatase 1unit® ¥% 1lumole2] p-nitrophenyl-
a3 AE #
Ae Bae] Foz FAdArt. MDHS FH 2
71324 625mM oxaloacetateS AH&-3ted 177
mM NADH, 100mM Tris-HCl buffer(pH 9.0) ¥
AEE 41°] 340nmolA NADH ¥3fel we &
Bz} s 38 MDH lunite #3931
umole®} NADH7} NADZ 7tEsiA1d + A&
aael $o2 FASATHI213]. Creatine ki-
nase, GOT, B-glucuronidase 52 sigmarldlA]
Y& kitE A4 2T 2 AHTS 44
WAAY AgstRer 2+ AT A4 &4
A= HHL g8Y WEEHY. oEE &4

ZAge 7 A9 HaEge Feha iAge 2
©]& mean +/— standard error® X &3t}

phosphate”} p-nitrophenol® 7}¢E

-

HTEY % DY

0

S8l Solol o3 clum
Tof s}
ool $oHE FolF zoln AT
WSS FASHAT $HEe Tolax ge

44 g4

Table 1. Total protein concentration in carp
liver injected with uranium. The ex-
perimental data represent mean va-
lue+ SE

total protein concentration

uranium injection (mg/g fresh-weight)

control 672 + 4.7mg
first injection 59.2 + 10.3mg
second injection 428 + 6.8mg
sixth injection 224 + 44mg
Jole] M= 67.2mg/g-fresh weighto] .21
AAA SE FoiF H2@ ool polME
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59.2mg/g-fresh weight, 3UA $BAFE T
Jole) LM E 42.8mg/gfresh weight, 623k
Fdqg Yol e 224mg/g-fresh weighto = &
A gastn YAHE D.

e g WL K40l A SAwd 9gos
Axotel waz Q¥ lysis EAT AX A
(necrosis) W& dojute dAolza & &
ek oz Jolel oA alkaline phospha-
taset oW VAEE Holx odx s} A
A sty Fo4F HEF oA 04X107°
unit/mg protein®] FAHEE Rolu glon 3Y3
2 2E Fo4FE 0.83X10 %unit/mg protein, 6
Azt SEEE FAFE HEE dolg TdAe
7.8X 10 3unit/mg protein 2 3¥ % FAF Zv}
Ag Holxn Ydk(2d 1).

P

8
=
]
4
x
€9
]
g4
e
7
c
S o
I‘/'.-’//;
i T 3 & & 5
Days [Uranium Injections]

Fig. 1. Alkaline phosphatase activity changes

in carp liver injected with uranium.

(The experimental data in all figures

_represent mean viaue +/— standard
error.)

B X alkaline phosphatase= 7}, bone, A3
R ME HL vE2 EAD Jon 199
GE z2FdAe dAFol SA3 L qdch uekA
osteosarcoma ‘LA A, HAHd AEHUE F$
T AGAQY AR ole] YoARE Afde

@A) alkaline phosphatase® 4%7F 7}
A g Ensxn o1l ae=2 dA
BAHQA dole) BN E BHARE Ro|A g2
2l¥ alkaline phosphatase®] 7% 647t %y
Fd¥ 4= FUMEAGE AL Aoz
2zA 9] ool ALt T& thg 239 olFo g
gy & F alkaline phosphatase’t {tZ 2 02
#9498 Jteds Aok aEg oY Wt
A0 d9 A#E3 indicator2A 7HeAdol 3
e AHdE wA" £ glo

MDHE tA7lso2v kZA 4] oxaloace-
tateS malateZ 7t H 02 ABAYLEA ma-
late-aspartate shuttle, < HAA, @A

- A AEZEJ 71#Q mitochondriadl M+ B EA

o7t SAs TCAZ 2 #A3te 5 VHEE
DAL7 o) R R 3 FHLeF A
olgta] WzA3A W38 sbeAdel Atk oHE
MDHE -2t F4dF 8Ax9 wsleg A
Ak dzT Yol X HE G Lol A9 MDHE
8.9X 10 2unit/mg protein®} R 2o0, RAHUA &
EoZdE 0.9X10 %unit/mg proteing X F
A3 FAHE} gade 4L BJx 3¢z
S&F FoAFee ¢4t JehtA gt (2
g 2). w&hA 43719} alkaline phosphatase 52
ZFREAE g 98 UgsHA Bedtn Jees
A £ ety FRth J& 2dF F
Zol A WRu Zo HseF AR 2 A9 7HeAol
& ez Asdd.

Creatine kinase®] A =¥ 3¥4A &8 ¥
FAAE ¢9F BAE9 FUME4S Bojtrt
647 +EE FAF FolAE 1.84X107 unit
/mg protein® 2 thZFoA 2 BAE 3.20X107!
unit/mg proteinE.t} 56% FE9 FAHEE Ho
A gastn A2y 3). AAgelv nEF

B9 12%9 Fad AR F9 < GOTH
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Units/mg-protein [x1.0E-02)

o

3 4
Days [Uranium Injectons]

Fig. 2. MDH activity changes in carp liver
injected with uranium.

LI ] 9
—

)

Units/ig-peotein [x1.01-01)

) a
Days {Uranium injections}

Fig. 3. Creatine kinase activity changes in
carp liver injected with uranium.

@

o2 @

Units/mg-protein [x1.0E-01)

[

3 4 5 & 7
Days [Uranium injections]

Fig. 4. GOT activity changes in carp liver
injected with uranium.

Ao gJolo] tzT-ol A= 3.54X107 'unit/mg
protein, 39 ¥ F-ol & 4.39X 10" 'unit/mg pro-
tein, 637 FoFoj= 511X10 ‘unit/mg pro-
teinZ WZTET 147%9) BAHE F7HE Bolvt
g aagAdze Wilhths Wste o] X
AYTHTE 4).

2. Lysosomal enzyme

Lysosomal enzyme A X AbE g 7] &8
s} B Y Aew 5 HAAAFF 5T
Aad 71%g deda gl Aoz 4 A Jdoh
) EX Q) lysosome A< acid phosphatase®] &
AxE BE2F dole zXME 301X107°
unit/mg proteinol &M AW A $-2HE Fo Fol
= 281X 10 2unit/mg protein, 3P A< 1.91X10
“2ynit/mg protein® 2 AAAH o2 A3t 6AU3L
S2ES Fol g grol A 0.89X 10 2unit/mg pro-
teino. 2 hE2T 9 38%4 BH=E Hola Ut
(19 5). o]RL alkaline phosphatasett &2 ly-
sosomal &4l acid proteasel} B-glucuronidase
b= wgEdoes SA4o] 23 febEol AH
Aol old P A ALY o] E4AE T=E
SAHAAE A sEA ofE lysosomed

¢

Units/mg-protein [x1.0E-02]
L

3 a 5 [ 7
Days [Uranium injections)

Fig. 5. Acid phosphatase activity changes in
carp liver injected with uranium.
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@

Unitsfmg-protein
[

% i 3 3 3 E 3
Days [Uranium Injections)

Fig. 6. Acid protease activity changes in carp
liver injected with uranium.

Al# acid phosphatase?] W&& FE3lo o]
ol EATR T 9% E Fol 4= F4
e HEE 4 79 8 ¥ g€
Ago] a7 Ht)l o3& acid phosphatase™
gFoz Fad 8L 3} ded AEA
o 23 ool Arid dANd A=}
Z7vslAl €}, whebA] o] 213k acid phosphatase
gA4x=9 Wslyt £a% H5ed A8s) € )
Sl Utk

22 lysosomal enzyme®] H A X acid protease}
B-glucuronidase®] 7%+ $dbw Foo gl &
Azel F7HE Bola Yth 2T Yol T
A& 133unit/mg protein, AUA 2y FoA X
o= 1.51unit/mg protein, 393 $ebE FoiFo)
£ 2.43unit/mg protein, 6Y 7t $-2HE FoFol=
Yo B-glucuroni-
dase®] 7% dlZTNA = 3.23unit/mg protein, 1
A Fo] Foll= 3.86unit/mg protein, 3P A Fo
Zol 6.67unit/mg protein, 17.36unit/mg protein
o2 dzTEY 536%2 AT BA=FE
Holx UMW 6, 7). 2} Acid protease<]
4= Fr7ihe A71d e a4XY 5P A
429 HEE FAHT Ao} ol lysosomeu ol

A& total protease® ZFAE HOIE =2 cathepsin

Jo

o rlo mu

2.86unit/mg proteing Ho|i

Unitshng-protein
e & 3 B

»
3

° 7 ? 3 S 5 ;
Days jUrantum Injections)

Fig. 7. Beta-glucuronidase activity changes in
carp liver injected with uranium.

D 9] endopeptidase® F4o2 EelAA7} o
Fold A3 548 wilc 3 o] biomarkerZ
Mo o] 715 AE AAY F e FL WP
A" ol#HF Mg g4z WEE &
A FITEo|} FAHEZD AYANRRY {
e AAE 4+ I+ biomonitoring?] T2 <1
A7t 8 4 A

—

gd &

YA 712 Ad =&
Ao BAGgEe St=Fold %
ol do g frafstct. wEtA &3

i} o] W&o} WAAEAL] =FA
olE #AT 4 I biomonitoringl & E F
%1% biomarkerel| #3te] 3, gAsAch -2
F o3 353t lysosome A ¥ alkaline
phosphatase, creatine kinase, GOT, MDH®} &4
9 ¥slE #AF IFEHE g3 Zoh o
ol $EHEE FABIY HEH No2NH @
WA gAe AR 2T 6dA A FAG 3
oA AEe) APER Q3o WA GHAZFL AS
484}, Iysosome E4:9) acid protease, B-glu-
curonidase} 73§ $-EF FAb 64A7A &4
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o
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Ho Oi)l fr
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=7} Z718ka Qe b 22 lysosome &A%
acid phosphatase® -2} FA 64 A 7HX] Wil 2
BAE7E BaFAE Holx Sivk HelgHeg
F23 T2 o} AAY A I EA] alka-
line phopsphotase 84 =& $E 5o 64 A7 A
F7hehe 84S Roln lew GOTEA=
GAl F7HE3S Hold ATt creatine kinase,
MDH= $-ohd 593 we} 84271 gashes
d4e Y 53 MDHe ¢& a4gE 2
ety FAF o $ v 84z Wy E B
ola ANk ol Wt A E s F &
At FHe P Fad X2 &LE Uk

oz
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Enzyme activity changes by intraperitoneal
injection of uranium in the carp liver

In-Gyu Kim, Kug-Chan Kim, Jin-Kyu Kim, Sang-Bok Kim,
Ki-Chung Chun, Hyo-Kook Park, Kang-Suk Lee

Korea Atomic Energy Research Institute

ABSTRACT

We examined various enzyme activity changes by intraperitoneal injection uranium
in the carp liver. These enzyme activity changes can be used as biochemical indicators
of internal exposure to uranium. The results were followings ; 1) Total protein concentra-
tion decreased by intraperitoneal injection in the carp liver. 2) Lysosomal acid protease
and B-glucuronidase activities increased in the liver until sixth intraperitoneal injection
of uranium, but Lysosomal acid phosphatase activities decreased in the liver until the
sixth injection of uranium. 3) Alkaline phosphatase activities sharply increased and Gluta-
mate oxaloacetate Transaminase activities steadily decreased in the liver until the sixth
injection of uranium. 4) Creatine %kinase activities steadily decreased and malate dehyd-
rogenase activities sharply decreased in the liver after the primary injection of uranium.

Any malate dehydrogenase activities was not detected after sixth injection of uranium.
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