HEgAZes A A 198 A6 E 20008

(8

A e}Ato] Superoxide Dismutase?)
Carbamylation® 4] wvjx|= 33

Adoistn o)adigt Wadmd, Asitnd’, ARFATFL
M upay - 2

ImE TN

eb)

DA A #$x1e] Y FoM superoxide dismutase(SOD)S) #43& ZAste] Lr)AY-AH
FAelA SODe) #A4do] ZAaHY UFE #QAsta, 247 SODO i §4 Ao ojw
g2 ¥ + YeAE HES) Si5d, Al¢Hls SODE weAA Btk E2Y @4%9g At
sted Alghatol 9%k SOD B4 W3]l tig FL FFEHGCE AVARAH B € 2
HET72 SODY 4L A vl Ziase] USAch 500mM At SODE A2 37
TollA whgAF T QAT A 72412 71A) AE At AZE o, SOD2) @48 Azte] Ag
of wat ZAEHAR F olvxer|E AAsHe =3 20mM, 200mM, 500mM 2 1M ¢k
A3 SODE WHgA7I3 48A17HE A NS W 2 @4 AR FEVF S5 uiet
a3 8ol gASHT #E olvlxerl: TStk E¥UlE SODe Alghate] g Hstst
%e o SOD9) ¥4 #Ha7t YAHUSL

el o] @xe] A Lr|ARA BAdAM AlHEE SODE A& HAAIE el &
Eog zgalelel A, Yy gzl AGie] it F7EE FtESE, ©1Y
Arare]l A AA oA Algrabzt kg Azte] AW L4E SODE carbamylation o]
2 248 9% o #asels Azdoh 23 4RRe o F3E 7ldo] 44X AT SOD9

carbamylationell ¥ FE 22 AAHY ojd] Y A/t esn AZdrt

M B

g4 AtA(oxygen free radical)e #& o|Fx &
= AXE R BAR $8] B2 ouA A4 A,
AAAQl AR Al #A 2 A AAE T Y
glo) #A4 A48 AR ? aeoz o) Yele
NI E AASANE 7HEYH A9z FE 8v
ohuz}l A Wagt 333 2Ax WAYstA| Rk
ey 3le EAHA e ¥ ALE AT &
Ae o] Z+E FAWE YodE Yoz g
olglg fal A4 ME &4 FJEe) FHE Fu
AL AN APA FT EAE 194
Ao Firelgd XU
Tel : 053)250-7398, 7399

Fax :053)254-8168, 250-7434
E-mail : sbpark@dsmc.or kr

Az, A% A%, o, =3, 1 59 A3vA AR 9
ARAY 5L wdste Aoz geiA AP 53
AR @il EI] GHHEE FHARF, W
Y, 47 Fol ¥4 A2rt Bdge] gy Yot
AN o8 FFe FuasAst EAFHAT S
Z3a dAE Hozy s AAAE olop]
% 4+ en o7)dle superoxide dismutase(©]dt
SODZE <ksh), glutathione peroxidase % catalase’}
QH, ol ma F SODE AbaJ ARAE ol
A4 5)E superoxide anion® HAbdlgEiE HEAF]
e aaolt! o xas A4 F A4HL Ay
F A+ glutathione peroxidaselt catalasesll 23] <l
Ao FastA wiHA FHol AL HA gEEY
A2 SODY z2t&7 e AztEva & 4 Qv

U139 o)gl7) SODE superoxide anion® THibEl42A

- 1121 -



— The Korean Journal of Nephrology : Vol. 19, No. 6, 2000 —

2 uppo] FomM RV Azel sy WA
431 F8% ¥ e Aol EF ¥ AF
AHEY 21 w2 SODe] 4o UYrARA @)
M Faxol lom o]zl SOD ¥4 Ashs #
A Ao A% &4E &oldtA FoEN Z+F g
2& HUY ROE ATAYD Yo O,

gE, wrjAdRd oM E A9 wid, By
23 7179 Fejz QF A&88H, o4, TE, 9
# a%E 2 4E, V8 € 28 Y 59 885
o] zAFEul® olgiw 2529 U F AY F2
g 99 F9 st 847 AZHT A gy
3o 840 FZe 85F9 FFE94 X 4§
o 88 J4 AEZ AHEHD AP 229 08
% ArdY AddlA zdH ez Aeitez upg o
A a9 APEE AJedM HY JHE FAG
9 olg g Aletabe wulAg wRg Z4E A 3
2 HBAIE oz g AT Aie A
A 84 B4, 53 ozl Aggen oy
carbamylation Al71H, @A o2 T7E FolA
t #8 olxrigt 7bd 4Al ¥g3led carbamy-
lationAl7le Aoz deid YT wrjand @
A 249 8% FE7F A2 v Fon wety
g5 Ay weE A vls] & Aoz &
A4 AG?. dAE oz Qg AF FHZo| AT
EH/Q'O] 5]5'- 9,1‘:]'17' 23.24)'

2 AgedAe ZrARA X Y FoA
SODY #4& ZAste #7|ARA @4 SOD
o] gAgdo| Faso JY&S Helsn, 847t SODe
et §4 W od dug ¥ = JeAE HE
8l7] $13ted, A¢hatd SODE WHEAA H§ith =
g LrjARA #@xle] Abuba AgRO¥Fe] #d
o] ol Aoz udA QUofA, ¥AH GRS H7}
sta] Alekate] 9% SODe| B4 W3l Uiz 3
£ BEsAh

oia 3 Uy

¥ FH2 e WAL B2 F 1499 @A
£¢ 4oz BF Yot 4SruMAen dAst 9
W, ARk 5Pelgith dEEL AZls ¥ AA A
£74 A4 £7€ 29 13922 o859 BZ ol
E 431241920 dAst 109, A7 39elUch

AT AL dz=T 2ZFA 84 dbe) d%E
A vitamin C%4 EE HAT 1Y oW AMS& 7
ol e B, HIT 1Y ool YL e A
ol A& FAc APTAM ALl YAEH L
polymethyl methacrylate dialyzer(Filtryzer; Toray,
Tokyo, Japan)& AH4-3t%lch

SOD ¥F, xanthine oxidase, xanthine, nitroblue
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1. 8F superoxide dismutase®} §M&T

B71A5d 829 83 SODY €42 Fig. 1%
o dz2Td ALY EFeAM SODe ¥4

2.67*1.74unit/mL/ming 2.0y, F7)A%A $Hato] ¥
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2. 8T superoxide dismutase®| @MT
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2 842+299% o, B AFH @29 HY TN
£ 51142002 Aol Hla| 39%7F FAstA
&5 1A TH(p<0.05).

3. ggﬁ S0 M superoxide dismutase2|
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2 IM AghtE 37T F8A FolA 48AT whEA|

2.67+1.74 p<0.05

3
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Fig. 1. Superoxide dismutase activity in plasma
ESRD : end-stage renal disease.

Zl ¥ 33 wE SHs9E o SODe| 4 ¥Ee
Fig. 33 o & 20mM, 200mM, 500mM % 1M
I 9hgAIZE W SODe 84L& Zz 0.721001,
0.60£0.02(p<0.05), 0.43+0.06(p,0.01) 2 (p<0.001}
49lden dzToeg SODE AleHitat wHgAl71A]
RA 37T F4Y FolA 48A17F wX T SHE o
SOD9] #4& 0.7420.01 A%t

4. AlgHatajo) i AlZH0l M2 superoxide

dismutase?| #4

SOD EE 0.75 299 500mM Aj¢H4k3 37C
£ FolA gzl F 0, 24, 48 ¥ 721l 7
33 wrE &A% SODY ¥4 ¥MFL Fig 49 %
ok £, 0, 24, 48 ¥ 72A7e] SODY #A& 77
0.75+0.03, 0.73£0.01, 0.43+0.06(p<0.05) ¥ 0.22*
0.03(p<0.01) THHey, dE2FLoZ SODE AI¢
Abgt wkeal7]R} 3w 37C FRY FoiA 0, 24,
48 9 T2A% B WHAEES 9 SODY ¥
Zbzb 0732001, 0721001, 0.74=001 % 0.71=%

8.42+2.29 p<0.35
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Normal ESRD
Fig. 2. Superoxide dismutase activity in RBCs.

0.741+0.01 5 7240.01

0.8 0.60£0.02°

0.6 0.4310.06"

unit

0.4

0.2

0 20 200 500 1000

Concentration of cyanate{mM)

Fig. 3. Relationship between the cyanate concentra-
tion and superoxide dismutase activity. "p<
005 vs OmM, 'p<00! vs OmM. 'p<0.00I
vs OmM.
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5. AloK E==0ff IHR carbamylation

SOD EF 075 999 20mM, 200mM, 500mM
T 1M ARMEE 37C F89Y FoA 48413 934
7131, 4% sodium hydrogen carbonate(pH 8.4) &7
8ol A 0.1% trinitrobenzenesulphonic acid¢} ¥-g3}
t AXEEA carbamylation ZEE Hrisiag |
SOD9 & ohwrlrt 24HE A& Fig 5%
2 &, 20mM, 200mM, 500mM ¥ IMelA SOD
o f8 obxrZt AdEE ARe 72 38%, 65
%, 81% ¥ 100% %t

6. AlgHtalo| HHE AlZHY OHR carbamylation

SOD EH& 0.75 @91¢ 500mM Algatg 37C &
E4 FAM AT 0, 24, 48 R T2A T WgA

0.75+0.03 0.734+0.01
0.8

0.6 0.43+0.06"

unit

0.4 0.2240.03f

0.2
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Carbamylation time(hours)

Fig. 4. Relationship between oarbamylatioq time
and superoxide dismutase activity. p<0.05
vs O time, 'p<00! vs 0 time.

100
80r
60
40

20

Loss of free amino groups(%)

0 20 200 500 1000
Concentration of cyanate{mM)

Fig. 5 Loss o free amino groups by carbamylation
depend on the concentration of cyanate.

713, 4% sodium hydrogen carbonate(pH 8.4) &4
&l - 0.19% trinitrobenzenesulphonic acid$} ¥Hg3
t AX2AM carbamylation F=E& Hrlge o,
SODY #¥ elvlxrlst A4EE FEE Fig 6%
2o £, 0, 24, 48, ¥ 7223t SODE #2 ol
717 245E AEE 7 09, 65%, 81% R 100%
%t

7. Attt Szof THR SIelo| HE

SOD #F 075 @99 4zt 200mM % 500mM
AlQhabg 37T F8 FolA 482 HEAFIHEA
479 FEE S0ug/mlo]l HEE TYsta 33
e 23 SOD9] 84& Table 13 Zh F A
& FE 20mM, 200mMF 500mMeAH FHTE
Et3hx] F3kE W] 4L 42 0711001, 060+
0.02¢ 043+006 @9Poy L¥RE EYAE
e 7z 0.7410.02, 0.70+0.02(p<0.01)3#% 065+
0.06(p<0.01) SHZ ¢FNg EFH3A FHE "ol
H3) frol ¥ F718 BArh

1000
80r
601
401

201

Loss of free amino groups(%)

0 24 48 72
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Fig. 6. Loss of free amino groups by carbamylation
depend on the carbamylation time.

Table 1. Effect of Albumin on the Carbamylation
of Superoxide Dismutase Depend on the
Cyanate Concentration

Concentration of SOD activity(unit)

cyanate(mM) Albumin(—) Albumin(+) p value
20 071001 0.74£002
200 0.60£0.02 070002 <0.01
500 043+0.06 065006 <0.01

Albumin( +) - mixed with albumin 50 ug/mL
SOD : superoxide dismutase
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Table 2. Effect of Albumin on the Carbamylation
of Speroxide Dismutase Depend on the
Carbamylation Time

Carbamylation SOD activity(unit)

time(hours)

Albumin(—) Albumin(+) p value

0 075003 0.77+0.02
24 071001 0.75%0.04
48 043+001 065008 <001
72 022003 054%012 <005

Albumin( +) . mixed with albumin 50 ug/mL
SOD : superoxide dismutase

8. AlchMatol HEZ AjZHO) mME QAo HE
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3 dide Aoz DdAAE carbamylation
A7H, g oy A7|E FolAde fE opvlx
719} 7+ 4A w83 carbamylation Al71E Ao
z geid Ao, gely SODE YF TwAE]]
THE Algtite] Frtoll ols| carbamylation Flo] L
g4o] AdE & UL FHolth

B AgeA 500mM AlSHE SODE- A=24] 37
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e SODS 4L #AaATlE shve 8% 83
2 AGEd. EF o] 489 HAAzZ B w wrUY
A @A Aty ExSt FAEA FHESE,
TG AQrake) A AAZE oA AR v Al
Ztol AW A+ F superoxided] AL A% o F&
szt Hztdch

=g B AN 500mM Atk SODE AL
9 37Tl HrEAFIL 0AIZINA T2R|ZH7EA] AIRE
€ 7Z3A71z SODY K elvlx7)7} carbamyla-
tion & HEE AN o, & o7t
carbamylation o] A EE AEE Al7le] A
wet 7180k =E 20mM, 200mM, 500mM %
IM AlgHdat SODE WHEA171 2 48A13H8 A3 AR
< o SOD2 #2 olvlx7|7} carbamylation = o}
#AaHE AR Ao g we FrHEU &,
SODE Alghate) Fx7F F7hge) wet a2lxn Aljt
Ak} wbg- Ajgte] F7lgel wel o€ o carbamyla-
tion o] F& olvlx7|7} FAHIALE F, o] A¥9
A7z B o YrjARd A Alde] wE7t
Z7E® F71ES5E, 23 AlRMEY AW AAY =
ojz Alghitzt ¥hg- A|7te] AW A4E SODE car-
bamylation o] #2 opv|rl7t ZaHe2 HzHE
o} #9, 50 ug/mLe ¢RTE SOD9 AHidel w
o] Hrla5lS o SOD B4 7A Fol #id
g} ol I AL 7)HE BHR AT gEwel
SOD®| carbamylationg #AFozH Jelhd Az}
7} ohdrt Azgch

ojAte] A¥ Axiel E¥AAY nAZ E 9 %A
B g@ate]A Ajetabe SOD9 AL #AaAIE
shtle] 8% o2 2gstelet AzEn, Toils
A RN Alate] Fist FUMEYE FZrESE,
T Ajgkabe] A AT R Akt Wb Al
zto] W A4E SODE carbamylation Mol 1 %
Ae df o gastast AZEch x2g g¢F9e 2
28 7o) AR ¥R SODS carbamylations
g Aoz Azl $oz of FAd diEiA
E B AAH A7) glojor & Aoz 4ZEn

= Abstract =

Effect of Cyanate on the Carbamylation
and Biological Activity of
Superoxide Dismutase

Sang Hyuck Seo, M.D., Kyo Cheol Mun, M.D.’
Sung Bae Park, M.D. and Hyun Chul Kim, M.D.

Department of Internal Medicine,
Department of Biochemistry”™ and Kidney Institute,
Keimyung University School of Medicine,
Taegu, Korea

The patients with end stage renal disease show
several complications such as artherosclerosis, ane-
mia and increased susceptibility to infection by dam-
age due to oxygen free radicals. Superoxide dismu-
tase(SOD) is directly linked to the fate of the highly
reactive oxygen metabolites. If there is an alteration
in the activity of SOD, this alteration may contribute
to the complications by reactive oxygen species in
patients with end stage renal disease. In this experi-
ment, SOD activity and the effect of cyanate on the
activity of SOD was studied to understand the mech-
anism of several complications mediated by oxygen
free radicals in patients with end stage renal dis-
ease. SOD activity in the plasma and erythrocytes
from patients with end stage renal disease was sig-
nificantly lower than those from healthy controls. It
is known that underproduction of SOD leads to ex-
cess production of superoxide and reduced iron fa-
voring hydroxyl radical formation. The results in this
experiment suggest that there is an overproduction
of superoxide anion in patients with end stage renal
disease. The overproduction of superoxide anion may
contribute the patients with end stage renal disease
susceptible to oxidant damages. To evaluate if cya-
nate could carbamylate SOD, SOD was incubated
with cyanate.

The level of carbamylated SOD increased as the
time of exposure to cyanate increased from 0 hour
to 72 hours. Furthermore, the degree of carbamyla-
tion of SOD increased as cyanate concentration in
the incubation media rose from 20mM to IM. There
appears to be a maximum degree of carbamylation
at a concentration of 1,000mM cyanate. To test the
hypothesis that in vitro carbamylation of SOD alters
its biological activity, SOD activity was measured
after incubation with cyanate. The activity of car-
bamylated SOD decreased as the time of exposure
to cyanate increased from 0 hour to 72 hours. Fur-
thermore, the activity of carbamylated SOD decreased
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as cyanate concentration in the incubation media rose
from 20mM to 1M and when albumin was added to
the reaction mixture, the loss of SOD activity was
prevented. These results are consistent with the hy-
pothesis that SOD is also carbamylated and lost bi-
ological activity in end stage renal disease patients
by cyanate, and that the degree of carbamylation
depends on both the concentration of cyanate and the
length of exposure. Also, these suggest that albumin
may prevent carbamylation of SOD at least in vitro
condition.

Key Words : Cyanate, Carbamylation, Superoxide
dismutase, Uremia
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