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Abstract | . '

- Project Title : Comparative Study of Pb and Cu Binding on Ceruloplasmin
! Name of the Investigators : Suganya Soontaros

| Year: 1999

|

| Ceruloplasmin , the copper-transporting pmtem in human serum carried 8 atoms
of of copper (Cu) per molecule. The protein alsc possessed oxidase activity, of which
fts full function required the presence of coppers The resuits from atormc absorptlon
spectrophotomety demonstrated the tead (Pb) could also bind to this protein by _
replacmg the former metal. The binding of both metal reached maximum at pH 6.0, the

| lead-bound complex was stable fOI‘i about 3 days whrle stored at4 ° C, the amount |

- decreased with time, only 35 % remained on day 18 . However, copper could only

; partially replaced by ieéd Pb, atomic absorption spectrophotometry showed that only 2

I atoms of lead were found on ce_ruloptasmin moleculle. Moreover, lead binding, copper

: mlease-and.decrease of oxidase activity were concentration dependent and .

| corresponded very well with each other. ; |

| Three metal chelators, namely 2,3 Dimercapto-1-propane sulfonic acid (DM?S),

Ethylenediamine tetrasodium - salt (Na,EDTA) and Penicillamine, were used to chelate

! copper from ceruloplasmin, DMPS was the most effectivg agent. The degreases in

! oxidase activity was more pronounced with metal chelators than with lead. In isoslectric
focusing gel polyacrylamide electrophoresis of pH 4-6, copper orlea'd could not shift

‘ceruloplasmin band . The dissll.lss_ion of metal binding sites in ceruloplasmin was

lincluded. Co i
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ygnannnnsaudslanzuda aglananaiudell oxidase activity Femadniilu
ferroxidase ﬂqmﬂﬁm‘mﬂﬂﬂﬁmﬁ’u Fe(I1) 1w Fe(It) WegdadnszuminnadanmsiEy
(heme) sig'l adwq‘hﬁmmmﬁﬁwmﬂﬁuﬁﬂﬂﬁwmumﬁﬁhﬂﬂﬁ’um ianataaTulunsgae
Iti“dﬂﬁﬁ?‘ﬁﬂﬁ'ﬁﬂﬂ'ﬁ‘] (Holmberg, 1951) Aufluihsdladdlensiadlduiumeglanana-
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mauumqLﬂuﬁ'}mv}ﬂwuwmmm anemia 'l.uﬂu’l‘i'ﬁ?ﬂwwmvnwnﬁoﬂ
| Tﬂmnwuwmmqﬂ?*ﬂmmem:mﬁ‘?ﬂumﬂumsqumwmwﬂ\mmm‘*m*nﬁﬂﬂ
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metal~chelahng agents

i 4 8YNNs94el
1. ﬁ’;ﬁ‘mﬁ ursABvhmedse | |
1.A851A % I A ' ! |
111 waslanmaiiu _'uaqmiﬂmn Sigma Chemical Company kaziinf |
u“ﬁ"ﬂ;w‘ﬁfﬁuﬁw DEAE-cellulose column chromatography ‘

142 TaveRldAneamedumena Lead acetate (Analytical grade) 99N B.DH

: 113 Graphite furnace atom:c absoption spectmphotometry mmuﬂ'l-mmqqm ﬁ
Tawe Wun Pb, usz Cu 311m5g14a1n Normex Farmitaria Carlo Erba usziilu atomic 4

| . absorption grade . 5 o i

| 114 F5LAATLENEIS oxidase activity 1un p-;;henylenediamine.HCI {10 Sigma, sodium

| . acetate, sodium azide, U8 glacial acetic acid (analytical grade) 31n Merck _

: 1.1.5 ®1TLARANA Isoelectric Foculsing Polyacrylamide Gel Electrophoresis (IEF-
PAGE)

Acrylamide, ammaonium persu!fate glacial acetic acid WA absolute
ethanol Analytical grade {INUTIN Merck

N,N-methylene-bis- acryiamlde N,N,N,N-tetraethyimethylene

(Electrophoresm grade) unz Coomassie bnlilant blue R-250 /71 Slgma '
‘ Ampho[yte pH 4-6 "1’1ﬂ Pharmmacia Fine Chemlcal
Copper sulfate (Anaiyttcal grade) 97N Reidel i|

- ' X



~1.1.7 Protein determination o-Phosphoric acid, glacial acetic acid, absolute

ethanol 87N Merck ! .

3
1.2 iadasils

Power Supply, Model Power Pac-3000, Biorad Laboratcies. USA
Mini IEF Cell, modei 111, Biorad Laboratoies, USA |

UV-Visible Spech’éphotometer. model 7800, Jusco, Japan

Hot -Air Oven, Memmert ,

Imaging Densitometer, model GS-G?O Biorad Laboratoies, USA
Graphite Furmace Atomic &somt;on ‘Spectrophometer, model SpectrAA-300,
Varian, USA

1.3 TBmsnaaes
L W
@ 1] & 1] a° o 1] J
ynmmaaes etaiae 2 A% Bkalndideiy luudacnmasaaing 11 Aiiaus

Tunanaaaadludniafyes 3 Al
13.4 maviaanglanaaiuliiZgriineau (Partiaz—Punﬂed

Ceruloplasmin) , .
Inelflannlinrfuuunedinidian DEAE-cellulose (DE-52) 4 equilibrate

#tl 0.01M acetate buffer, pH 5.5 #msialumess tuaanfl - wAssnld

! - YR - - ' | )
iweglananaiiu uds Spedinifen e fifusunisganfnuaiinaingng

goanau 280 nTusmsiiinthumud Sevmeglanaradueenanmedinion
4138288 100 mM NaCl 14 0.01M acetate buffer, pH 5.5

182 mansaedalanean graphite fumace atormc absorption

spectrophotometer (F-AAS)

Rnausatansnedan 0.02 M HNO, ufadndin F-AAS dwFnsiamei
d’ﬂcnrmwmwmq‘ﬁqmﬂu 283.3 m’iumm? ua"ﬂﬂquﬁm 324.8 1
wims AL 7 peak height mode ua*mmnr‘hmm slit 0.5 mTumm |
{oel internal standards #ay Brnmesnifian 16 w 0.4 M H,PO, URY |
palladium I emulsifier qnmqum:ﬂmmmﬂuaumunmq'lummﬁ 1

| _



d . ' ! .
£13713%1 1 Condition 1un714 atomic absorption spectrophotoretry

STEPNO. | TEMPERATURE TIME GAS FLOW |
°c) (sec.) (1/min.) i
1 85 5.0 3.0 '
2 120 30.0 3.0
3 . 500 5.0 * 30
“ 500 +10.0 3.0
5 500 20 0.0 |
6 ' 2100 0.8 0.0
7 2100 2.0 0.0
8 2600 5.0 3.0

1.3.3 NM9M9239A ferrooxidase activity A4 cerulop{aslmin_(Woif, P. et al, 1973)

tneFnsannseantlod p-phenylenediamine 737 °%. 1140.1 M acetate
buffer,pH 6.0 %ﬂﬁﬂﬁmﬁmﬁﬂuamﬁ (Wurster's red) f'i'mmﬁ'a;]mnﬁuum'lﬁﬁ'

530 W lumesiog specfmphotometer _ ]|

ceruloplasmin unit = Ay, X1,000 | '

1.3.4 mM3An= ceruloplaémin Mgl isoelectric for:using'
WA mﬂﬁﬂwmﬂlﬁu gl isoelectric focusing WLILIME STLLIMMIUEY -
14 chamber WL Mini IEF Cell, model 111 1Lﬂ:‘lﬂ'l‘f_f electrode buffer 1o
maq?ﬂ:mﬂmaa‘i’qmumu'lummﬁ 2 AATIMINIUNTZAN wile supporting

film



o maviuluusiazvaen 1 8. mmmumﬂﬂﬂwmﬂumw"ﬂﬂnmﬂ void volume mﬂ'

| mwgmnﬂmtmﬂ 280 wnluwws Lo :

1 | . !
, uuuumhw rmm.r‘n eIy |
[
r . DOTRLnTaYNT ey

| i b

= |
AW 2 qmmﬁ‘wﬁﬂu isoelectric focusing gel pH 4-6

AN9REANE UZFums (uﬂ.)l _ [
vnéusrandeas | " 1.39
30% acrylamide = ' 0.90
1% N.N'—Memylene-bi%acry[amide 1.28
ampholyte, pH 4-6 ' 0.25 | |
50% sucrose _ 1.19 ‘
10% ammonium 'persulfate 0.03
TEMED (4) 1.5

AN gel pollymerize usn UNZNIZANBAN ummats‘ﬁﬂﬁhq 3-15 pl mhu
Laahﬂlﬁnsvmqmwwmm 0.2 X0.5 18, gadiiasdinating udannadinaaLy
UHLLAR m"l IABALIU grephite electrode 184 chamber mmmmﬂmmﬂﬂw
4o, WinszualWiafipasindingdmai eehasiedinesai daausn 100 volt wm
15177 200 volt 1 15 171 UAZ 400 volt 1.20 1.

nmmnm lsoelectnc focusing U9 ﬂmmi‘mmanmm‘lﬂﬂw utiaaluans
Az maﬁmu 0.04%Coomassie Brilliant Blue R- 250 0. 5% CuSO, 4 27% |
ethanol 10% acetic ac:g WU 3 Tu. Lmqwn.,ﬁﬂﬂnmamw,ﬂuw 1 ﬁa 1= '
Usznaugdiagl 12% ethanol, 7% acetic acid, 0.5% CuSO, luiaan 2 1. uaz
f9RsAERTEIA 2 Salsznaudan 25% ethanol, 7% acetic acid n 15
1l Al tfinualaensdnegy)

T

1.3.5 mesmBannlissiu A% Dye-Binding 204 Bradford M.B, 1976

1.3.6 msusnigaslanaaiiuaanammenadase eld Sephadex column
chromategraphy 1479 1'x 20 cm uﬂ"Tﬁtfl‘ﬁ'ﬁWMﬂﬂuﬁﬂulum?ﬁ'}ﬂf'_i'm s |

' equilibrate WRZTZ coiumn FINNTIE 20 NR./TH. LFumeanssiaeeing I.I.ﬂ"'ﬂ‘l-&"lﬂ'llﬂ\'l

| ’ - |
t
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1, anesmuanzanlumsdusleeInznauy ceruloplasmlin
WinnmasauvmBnamesuaddumaguulalameglonanaiy |

(holoceruloplasmin) ua”ﬁmq:'?{mm*ﬂu%mﬁm:ﬁoﬁzﬁuﬁu‘iﬂ?ﬁuﬁ Tmﬂwhﬂmu'u

_TﬂTﬂL'aﬂg‘iawﬂ'muunum..m'luumwﬂa*n pH N [ARufmasnAILAN %Q“Lmu.n'fa'iﬂ

t'ﬁﬂg‘f.awmﬂuumﬂ‘luumvm LLﬂ'Juf_lﬂLE!’1L'JIEITTﬁ‘lNmﬁuuﬂWUHUTﬂﬂtﬂﬂﬂQ’]ﬂTﬂﬁ“

|
- fdre mww'lﬂqmr‘mﬂmﬂmumuﬂ Fl"ﬂ‘) ’

Effect of pH on metal binding .

I Cu in control
& Cu in Pb-treated
Pb in Control

I rb in Pb-treated

o . .
711 1 newes pH sian1sdushgeddazuumagiananaily

tneglananlugiazet dafanz (4 M) M 1.8 ppm lead hqﬂ lead acetate T 0. 01 M
acetate buffer, pH 5.0, 6.0 usz 1.u 0.01 M Ttis-HCI buffer, pH 7.0 ?‘I 37° a1, 1haan 30 m‘n wein

L-nﬂz‘iﬂwmﬂuu@ﬂnmnmwnqmsmwﬁaa Sephadex G-25 ( 1% 20 cm) Aaidalude 1.3.6 ufiath

weglananadiulalioni mm?au:uﬁfm F-AAS daedsiude 1. 3 2 ;

{,



uﬂmmmﬂﬂuﬁ]w 1 apadnil pH 6.0 w"wuﬁmm‘iﬂwuu'l‘uLﬂqmmrqﬂg‘iﬂw

mﬂuuquqm nan9Ae Jfunumes um’lnammnmwmammqu‘mm Holmberg Gk
8 azmansalala mﬂgiﬂwmauu 1 Tuiana ua o pH i m.mmmmmuwuﬂ
naq undligeiian Ao 0.63 f!a:mﬂw uanaveameslanaadiy AilsnndnBund

' wmumqnﬂﬂé\ﬂﬁaﬂﬂﬂnumﬁnﬁﬂﬂ (0.96 azmen / luianaravmezlawaalin) nae
VIARBIABINHAZT pH 6.0 e . )

= ol e ws o
2. anmsimansanlumsiiu ceruloplasmin IeuUNuUseN

Storage of Pb bound Co

125 = |
|
I
2 4 '
5 1.5 -
=
B
: e K
i
0.5 o
|
0 '] 8 [l [} ] [ [ ]
1! 3 8 9 12 15 18
Time (days)

]
d I S . a v o dod o ;
a2 Anuateseymndefaurzninuragianaaluiunzia 7 4%, |

duaaglonaraivasy Nafnns (4 pM) Al lead acetate (28,8 ppm lead) Ilu 0.01 M acetateé
buffer, pH 6.0 1 37° 1. Thaaan 30 w1 weanfsivesnannazfivdaszdan Sephadex G-25
column (1 X 20 cm) ﬂﬁ:&-ﬁ%ﬂ%‘ﬁ"ﬂ 1.3.6 uﬂamm:mﬂmsﬁuﬁb‘iﬂamﬂuﬁmﬁmﬁﬂﬂ'}Lﬁuwﬁ B
a. dlefanefiszyl¥lummeaes wiliéou Sephadex G-25 column iWerhdnmziadnsyaanan

: ] [ ] - 2 " c}
pFavide udadailudmFunculavesian F- AAS (-;l'Iﬂ 1.3.2 ) uan1vasettresudluaatesn
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3. ﬁ_'nud’uﬁ'ué'egudwnwﬁ’wmmzr?q pia oxidase activity 184 ceruloplasmin |
Lﬁﬂﬁnmrmuﬂ'uﬁ’uﬁ'luﬁq stoichiometry ﬂmmsﬁ'm:ﬁdwm:ﬁ"qﬁ'u'immz]ﬂﬁﬂg_
IL'ﬂﬂgT.ﬂwmﬁﬁuFiﬂ oxidase activity Vinadauandlugli 3 Foazidiulidn dlelld
mita Talaaglanataiuineswaseginlans 8 exman Waiunsiaadluans -
pinating wmumw"gnﬂﬂmﬂﬂﬂﬂﬂﬂnmnmﬂg?ﬂwmﬂuu wmuqnumwuﬁqmwu%u
V0T m?Lﬁﬂﬂuuﬂmﬂﬁmmﬂmﬁwmmamunum’mLﬂuﬁuﬁmwmﬁlﬂum?
- NARAY ﬂnwm:m"zﬂmnmmtﬂmmu hyperbola aginalsfiau Fhimifansaands
ﬂﬂmmqﬂ‘ldﬂﬂnmnﬁqmﬁm 5 azmanvind SeufdesfiBunnsmeiaslu
- aavinathaauila 278 axmes / Tuanavaaeglawatauuda innaamewssids
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