X"/(‘v'v"r “ 1‘5}‘\ i~
Dy " .
ey yane®

STUDIES ON THE Ca®'-ATPase OF
THALASSEMIC RED BLOOD CELL MEMBRANES

UDOMPUN KHANSUWAN
2

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF
THE REQUIREMENTS FOR THE DEGREE OF
DOCTOR OF PHILOSOPHY (Ph.D.)
(BIOCHEMISTRY)

With cowpl:ients
of

Fuc,u”!yof')roo/mww QWJ’GS‘. Mah;clof‘ imi"v"/?ﬂ'

4

IN
TH FACULTY OF GRADUATE STUDIES
Udle MAHIDOL UNIVERSITY

1995 1995



& A A A d 2 o o ~ A A A
YBIDIIMNUTIUNUS ﬂ']'iﬁﬂH']ﬂ"ls'V]’]\T]u‘l]ﬂﬂleulquullﬂalcﬂﬂ“ 0N wniod W@g

[ A a
Tu  wouradidiadonia Faliwoianmiulsa
A A
sy
VA @ 4
4398 RANAMN YIAgITINU
Yy Uivaqupiuda Gual)
J

ANTNTIUMIAIUANINIUNUS
Uszwus Flased ph. D.
GIYNT  gNENA  D. Phil.
Usznda Innsvia  Ph. D.
N7 $AUUTINNGI Ph. D.

U

Juiiduiamisany 27 wouman WA 2538
U 1
UNANED

lsasaadifloiiulsaficwneamaiugnssy  Harufanily
mauanvausaddiaidoauns  aungueslsaifaeniinsdunszaiolnadu
v ] s A ' L ) A A A =) o
ote liaugad Nswaun waddadoauasiidusaa@it Sunaduuseey
't cd A ad Y 9 =
azaweglimamn  TugadladoauatvssnulndiinnududusewnaiFou
= c'y x§ o : = va d' 9 o
spoudmIn Famsnuquinldlas 2 naln fle 1. queiAveudeofuwed
Tumsi@eniidanisiunafondoowiidivad oz 2. nmsduunaFouses
d o 1A a a g =) o A
poNINERA lamsianedwlilsydnsamvenon vl unaiFou 1o 7 i 1oa

2 W to A&y J
WQHQWQﬂgﬂULUﬂTPJIWaﬂ

P a s A A z:; o Vv d' o =
ﬂ’J”IiJNﬂ']Jﬂﬂ‘UE)\HE]ullmiJ IDNA oA ‘nmwumﬂuuﬂm%u

Y o = wva ¢ ] [y
waaslitiuldlaonsfinm  qaauiferisiion, mnovaussdensnszdu



il

voen1a lugadun uaz arududuveunaldoudoou  way msfiaasAInad
4 t [~
Woa Tvlioulasd wuh usouFon 10 1 1ver  nadiladoauas I Hile
a = 1 a wa 4 o~ =
nniagYIFINIIRO VA UDIABAE lugady AuautiAossilsafen
U A @ o ~ = o U (Y
nanfe gannesisitloan 32w wwhl  uaz  AwdsuveImsn
Y aaa o =) sy ¥ A A o -
sequ Ufisemanas waz Huuaadoun lannsomaslonnyids gadoni
PN ' w 1 y 9 o U
auwnsolumainadeaTionlsidnme  sdunamartuaasituan ms
MWUD9 19 1 A 109 Uaz MITUAUAATOY  FDPANAWMUIAUUY

4 ¥ o
Tuanavesiuuaadon lagnuenvineeniinfiu

d' [ Y = ] =~ o =
aungMildinaaud@enionn uaaidon 1o # A oa  lusang
AaA YA o = o n'J o o
F13e 1aduarnlifmamsiiannzoendiatulaseyyadaseyoioondian
= 9 o o o A a ° Aaan a a @ a 9
e ladueuradladoauaslnd unhlgisofumsesndiasunatoyia 14
un wuwdy windama uilaleas®u  mesiFeSuanalelasies
o =t = 3 &2 £ [-97--% o =1
ponlwe uaz u¥UTU ponFad  URIVeANNY AuavtAsIsiniiva Asaou
] o a =t =3 ' '4
auosABms lugadu  uazunadon  mansneassuaas Iimuineu lmion
< P a ~ = -~ { wa
Wadeauaingnoendlad  saoeyyadaszuseendouiimsouguaulia

1 [ 1 Y d' 13 o d' o A
anaaanany 1) ludnvaznadedsuinululsamanadie

b4 v
uenINHINIsNAaed lanueyyadassyososnFoulinaIiy

° = 9y 1 A = Y
MIUHWAAUFIUIUVITIUALODALANBNAIY

= d” =2 1 = d < A
‘1umsmmu ‘Nﬁi.l]'l'] AT TULADLITYY “luwaammaaﬂ
LLﬂQﬁ']ﬁ'lﬁ‘HDJEJfT']U'ﬁﬂlﬂﬂ‘llullﬂ MIVINMTYUIINITNNWNIUVON LUAAIKIUN (@ TN
a a Y = ) ¢ 2 A A =
W 1D LUASMITINUNITRIUUBILADLBB UYL AR %QLﬂNNﬂ’dULNBQUT‘BTﬂHﬂﬁ
a = a H g 1 o {
wanoyyadassvevenFIuIwINMeluradotwmnme  Aondnhs Ly

Tnatiuanaznouiuuwiteiuzadiiadoaiag



iii

Thesis Title Studies on the Ca2+- ATPase of
Thalassemic Red Blood Cell Membranes
Name Udompun Khansuwan
Degree Doctor of Philosophy (Biochemistry)
Thesis Supervisor Committee
Prapon Wilairat, Ph.D.
Yongyuth Yuthavong, D.Phil.
Prayad Komaratat, Ph.D.
Kavi Ratanabanangkoon, Ph.D.

Date of Graduation 27 May B.E. 2538 (1995)

ABSTRACT

Thalassemia is a genetically inherited
hemolytic disorder caused by imbalance synthesis of the
globin chains. Accumulation of calcium ions has been
reported in the thalassemic erythrocytes. Regulétion of
very low concentration of Ca® ions in normal human
erythrocytes is accomplished by two mechanisms: slow
inwards transport of the ca’** ions by selective
permeability of the membrane and high efficiency
protrusion of the Ca®*' ions by the membrane-bound ca?*-

ATPase.

The abnormalities of the Ca?* pump-ATPase have
been elucidated by study of Arrhenius curve , response
to calmodulin stimulation, Ca”Fdependency, and the
formation of phosphoenzyme intermediate. The Ca’*-ATPase
of erythrocytes from all types of thalassemias showed
loss of calmodulin response, changes in the Arrhenius
properties with the disappearance of the discontinuity

at 32°C, a decrease in the value of activation energy at
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temperture lower than 32°C, and an incréase in the
Ca?'/calmodulin-independent ATPase activity. The Ca®*
pump-ATPase from all types of thalassemias showed
loss in the ability to form phosphoenzyme
intermediate. These observations suggest an
uncoupling of the two activities, ATPase and Ca<?+-
translocation, which locate on different active centers

on the plasma membrane Ca2?* pump.

The cause of the damages to the thalassemic
Ca’'- ATPase was investigated by examining the oxidative
effects of oxygen free-radicals. Normal erythrocytes
were treated with various oxidants (phenazine
methosulphate, phenylhydrazine, tert-butylhydroperoxide
and xanthine oxidase) and the Arrhenius properties,
calmodulin response, and Ca’'-dependency were examined.
The results showed that the changes in the properties of
the enzyme from oxygen free-radical treated
erythrocytes were very similar to those observed in

thalassemic erythrocytes.

In addition, the effects of oxygen-free
radicals to increase in Ca®*-permeability have also been

observed in experiments on human erythrocytes.

It was concluded in this study that an
accumulation of Ca?*ions in thalassemic erythrocytes
could caused by both uncoupling of the Ca?* pump and
increase in Ca®*'-permeability. The effects could be the
conseqguences of intracellular overproduction of oxygen
free-radicals following precinitation of hemoglobin onto

the erythrocyte plasma membrane.





