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SYNOPSIS 

This thesis comprises . results of the a.uthor 's 

experiments to delineate the., role of a dj,.meric hemoprotein 

reported :trom thi~ laboratory ~f! a put;ative prostaglandin 
. -

endoperoxide < PGHz > receptor < 67 >, in platelet aggregation. 

The thesis 9omprises of 6 chapters. 

In ·the intr?Gluctory .chapter, curr:-ent ideas 

regarding mechanisms . of stimulus-response coupling tn 

platelets are briefly but critically reviewed fQC1JS1ng on 

ari{lchidonate liberat;l.op ana metabolism and the dawn of the 

idea of a hemoprotein reeptor leading to its purificat.ion in 

this laboratory <67)~ 

Chapter II documents the Materials. an(l Methods 

employed in~the study. 

In c::hapter III~ the modiffcation of the purification 

procedure to . :t.mprove the .yield along with some of the 

properties of the protein are described. 

revealed the presence of,lysine as the ~ote amiqoterm~n!l. 

reslQ.\.1~ test!tyin9 to the homogeneity of the m~otein •.. ;Am:I,J)o 

acid analysis showed a preponderance of hydrophobic amino 

acids in the protein. ~he p:r;otein w~s touno J;~y ... li;~1man's 

reagent,. to pos~~ess two sulfhydryl groups J?er molecule. 

S~ectralproperties of its pyridine hemochrome d~rivativ~ 
.i 

- establisned. the prosthetic 9roup as. heme b. .. Ext;r:a:ct;l,.on of 

the heme into CHCl::$ after acidification of the protein gave. 

absorptio~ spectra char.ecteristic of 2,4;cethyl substitute<:} 

chloro trt;otopg;phyrin IX. · Quant:ttation of the he¥J~.e frof!\. 



molar absorbance values showed the presence of two 

heme per mol of the protein. 

In chapter IV, results of difference 

measurements of the binding parameters of a number 

ligands are presented together with consequences of 

interactions on the protein conformation 

chromatographic, 

experiments. 

immunodiffusion and 

Among the ligands st~died, PGH2 showed 

large spectral shift' with maximum affinity <half 

saturation concentration, s.=>. '=' ::;1-2 pM > and lowest ',,u ... ,.:s.'a'"'' 

excess <2> at saturation, followed by 5,8,11~14,17-e 

pentaenoic acid, hydrogen peroxide, oleic acid, 

acid and several other unsaturated fatty acids~ 

interactions of these compounds exihibited 

cooperativity <h>l> in. Hill plots and 

conformational changes of the protein. 

brought 

Large-zone gel-exclusion chromatographic data 

that the protein existed in 

equilibria which the ligands could modify.·. The 

characteristics of the prot~in was changed 

ligands as detected in ion-exchange 

acrylamide gel electrophoresis. 

The binding parameters of a given ligand depended· .. · 

the protein concentration, 

the protein, determined by the A ..... '=''=':A:;;;:e.•'-"' ratio which 

around 4 for the native protein and it decreased~pon 

bindipg or storage under aerobic conditions. 

Binding of common heme 

imidazole did not lead to 

xvii 

ligands like 

chromatographicallY' •· 



immunologically detectable conformational changes. 

In chapter V, results of immunological experiments,. 

spectral measurements and ion-exchange chromatographt:c 

methods were used to draw a parallelism between the liga:nd,-:-

induced conformational changes of the purified protein ~nd. 

conformational changes of the same protein during activation 

of gelfiltered calf platelets <GFP> by different agonis~~~ 

Immunofluorescence experiments employing anti-lt)l0 

<rabbit> showed the presence of an antigenically sim~l~:t€ 

protein on GFP. The,importance of this protein for plat;ell~t 

activation was established by showing that anti-IgG but n<;!!t; 

normal-IgG at equivalent protein concentration, dq~~-

dependently inhibited rates of aggregation of GFP by AQf, 

hydrogen peroxide and the c~lcium ionophore A23187, assated 

by the spectrophotometric method <68>. Time-coursE;l o,~ 

conformational change of the protein during A23187 ind,uc~d, 

platelet activation followed by immunodiffusion experim~n~~ 

showed that it occured even at 7 seconds i.e. before. any 

aggregation had begun. 

Similarly to the binding interaction of PGH:..; with t·l:\e 

purified protein, the kinetics of aggregation by A23187 

followed an apparently cooperative pattern but the kine,t;ics 

of ADP- induced aggregation followed an apparently 

positively hyperbolic pattern < 68 > as analysed by · t'Q;e 

sequential shape change and interaction model of platele't 

aggregation proposed earlier <66>. The spectral and 

immunodiffusion patterns obtained with extracts of GFP 

activated by various stimuli were also similar to those 

obtained upon ligand binding to the purified protein • 

Gel filtration of 50-:90 % ammonium sulphate frac.ti(m 

xviii 



of crude extracts of ADP activated GFP, in a 

column, showed the emergence of an earlier 

band protein, whose proportion increased with the 

ADP. The 280 nm absorbance of the protein from 

GFP was higher after gelfiltration, compared 

protein from control GFP, at the same Lowry's 

Comparison of protein yields after the 

A-50 column step from equal numbers 

before and after activation by ADP, showed 

characteristics of tbe protein changed after 

80 % of the loaded A4o~ units 

normal GFP whereas the recovery was 

respectively, when platelets activated 

were employed. 

In the final chapter VI, the results are 

discussed in the light of currently 

platelet activation, and the hypothesis 

ligand~induced conformational ch~nge of the 

question is an essential 

of platelet activation and that similar 

operate in other cell types. 

Projections for future lines of 

xix 
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CHAPTER I 

Platelets play a central role in haemostasis and 

thrombosis by responding to appropriate stimuli. Under 

physiological conditions they respond to collagen, thrombin or 

ADP, resulting in release and aggregation. The released 

components and the substanbes present on the activated platelet 

su~face contribute, along with many other substances in blood 

plasma and blood vessel wail, to the formation of haemostatic 

plug, that seals a break in the vesselwall. In different 

circ.umstances, ·or in some pathological situations, a similar 

mechanism leads to the formation of a thrombus that can obstruct 

circulation and cause a heart attack or stroke. The number of 

components involved in th~ombus formation is enormous, but 

platelets are ra~ed as a major one. The functioning of platelets 

alone involves a large number of compon~nts which interact in a 

mutually dependent manner. In Paft. A of .this introductory chap-

of the participation of al~ the ~om-

ponents involved in haemostasis and. thrombosis is discussed 

briefly, with special emphasis on the role of platelets. In Part 

B the molecules involved in the s~imulus- respons~ cpupling in 

platelets and the current ideas about the mechanisms of signal 
... 

generation and transduction are disccissed in detail. 

Part A: MECHANISMS IN HAEMOSTASIS AND THROMBOSIS: 

Haemostasis is an important physiological defence 

mechanism to arrest bleeding from an injury. The formation of the 

so-called haemostatic .plug is complex, involving vascular 
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responses, activation of blood coagulation, activation of 

fibrinolysis and adhesion and aggregation of platelets. Throm­

bosis has been described as haemostasis in the wrong 

place'<84>. However, thrombus formation is even more complex, in­

volving variability in the relative contributions of the vessel 

wall responses, blood coagulation and platelet aggregation, and 

the mutually dependent reactions occur simultaneously within the 

various components. A thorough knowledge of the mechanisms in­

volved in thrombosis is necessary for the pharmacological 

manipulations in the prevention and treatment of thrombosis. A 

brief outlfne of the participation by each component is given 

below <95>. 

I.A.l. Role of Vessel wall: 

In all blood vessels, a continous monolayer of endothelial 

cells is in contact with blood. It serves as the first line of 

defenGe against the process of thrombosis. It also has a suben­

dothelium containing basement membrane, collagen fibrils, 

microfibrils rich in fibronectin and glycosaminoglycans. 

Of the elements described , collagen fibres are highly 

reactive to both platelets and the coagulation system. Platelets 

readily adhere to collagen even in the absence of calcium ions, 

tha. latter being necessary for platelet aggregation. Collagen 

fibrils are known to activate the coagulation system by means of 

Factor XII activation. 

I.A.2. Blood coagulation: 

Two pathways are known to operate in the activation of 

blood coagulation, namely, intrinsic and extrinsic. 

The initiation of intrinsic pathway starts with the activa-
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tion of Hageman Factor <FXII> to FXIIa by collagen, or a foreign 

surface or by kallikrein and high molecular weight<HMW> kininogen 

is a cofactor at this step as well as at the subsequent step 

where FXI is converted to FXIa by FXIIa. The conversion of 

prekallikrein to kallikrein acts as a feedback that hastens con­

version of FXII to FXIIa. FXIa converts FX to FXa in the presence 

of protein cofactor FVII, phospholipid and calcium. 

The activation of extrinsic pathway involves exposure of 

blood to tissue factor, a lipoprotein, and calcium and FVII! is 

also required for the conversion of FX to FXa. The intrinsic and 

extrinsic pathways provide alternative mechanisms of activating 

FX to FXa. There are many positive feedback steps operating to 

amplify the formation of FXa. 

Once FXa is formed it converts prothrombin to thrombin/. ca 

reaction which is greatly accelarated by phospholipids, at the 

platelet surface, by calcium and a large protein cofactor FV. 

Once thrombin is formed it splits ·off fibrinogen to fibrin 

monomers, which undergoes spontaneous polymerization to the 

fibrin clot. Thrombin also catalyzes the conversion of FXIII to 

FXIIIa , a plasma transamidase, which crosslinks the fibrin c1ot, 

thereby promoting its resistance ·to lysis and increasing its 

mechqnical stability. 

The clot which 

eventually dissolved, 

fibrinolytic system. 

forms a localized seal at the injury is 

to maintain patency of the vessel, by the 

Many ot the pathways that promote clotting 

are accompanied by parellel pathways ~that promote fibrinolysis. 

For e.g. Hageman factor, in addition to activating FXI, ais6 ac­

tivates prekallikrein to form kallikrein which in turn splits 
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plasminogen to the fibrinolytic enzyme, plasmin, which then 

causes lysis of fibrin .. 

I.A.3. Role of platelets in haemostasis: 

a> Morphology: 

Platelets are anucleated, disc-shaped cells, 2-3 pm in 

diameter with a concentration in normal blood of 150-400xlO• l- 1 ~ 

The electron microscope reveals a complex organization of subcel-

lular structures <37, 55). Inside the platelet membrane lies a 

circumferential band of microtubules. The cytoplasm contains 

mitochondria and a number of granules which include, dense 

bodies, glycogen granules and ~-granules. The dense bodies con-

tain sera ton in ( 5-hydroxy tryptamine> 1 calcium, adenine 

nucleotides and pyrophosphate and these contents are intimately 

concerned with platelet aggregation. ~-granules contain a number 

of platelet protein including platelet factor 4, ~- throm-

boglobulin 1 platelet derived growth factor and fibrinogen. The 

contents of the cytoplasm include microfilaments, probably the 

morphological representation of the contractile protein, throm-

bosthenin. An open canalicular system, for communicating to the 

surface of the cell, and providing an excretory pathway for the 

products of cell metabolism, is also present, in human platelets. 

b> ~latelet function: 

Platelets interact with a number of agonists resulting in 

shape-change, release and aggregation. The formation of haemos-

tatic plug depends on the adhesion of platelets to the damaged 

blood vessel wall~ through their affinity for subendothelial col­

lagen, then tl1e accumulation of more platelets on the initial ad­

herent layer <aggregation>. In physiological situations, the 
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platelet stimuli may include: ADP that can be derived from in-

jured tissues <including red blood cells> which can affect the 

platelets in the vicinity; collagen exposed by injury to the ves-

sel wall to which platelets adhere; microfibrils around elastin, 
'· ' 

also exposed following vascular injury, which can activate 

platelets in presence of von Willebrand factor; and thrombin that 

can be generated when the blood comes into contact with tissues 

other than endothelium in the injured vessel wall. In addition a 

number of non-physiological agonists has been identified which 

stimulates platelets among which are tumor promoters, such as 

phorbol myristate acetate, ristocetin, concanavalin A, 

phytohemaglutinins and other plant lectins from a variety of 

sources, cationic polymers such as polylysine, zymosan with ad-

sorbed components of the complement system, latex and other par-

ticulate matter, tumor cells and divalent cation ionophore 

A23187. As a result of the interaction of these agents with 

plateletsi a series of events can be initiated at the plasma 

membrane, within the cytoplasmic mat:tix of platelets and a.t the 

level of platelet granules. However diffetent agoni~ts activate 

different pathways within the platelets that are linked through a 

common effector path. 

b.i. Shape change: 

A circumferential microtubule ring maintains the disc 

shape of platelets<97>. At this stage, the cytoplasm is dense and 

no filamentous material is seen <7>. When the platelets are 

stimulated, the platelet granules become concentrated in the 

central area of the cel1Cl34> and cell shape changes from disc to 

sphere and narrow, long psuedopods are extended <2>. Such 
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psuedopod formation results in an increase of effective surface 

area, facilitating contact with neighbouring platelets. Studies 

with the calcium ionophore A23187 suggest that both pseudopod 

formation and granule centralization result from a flux of 

intracellular calcium<47,78). Following the initial shape change 

there is a reorganization of the cytoplasmic contents, internal 

contraction within the cytoplasm sweeps all the intracellular or-

ganelles to the centre, still surrounded by the microtubule ring 

and sometimes by a band of microfilaments < 136) 

The contraction within the 

secretory granules into close proximity 

cytoplasm brings 

with the surface 

the 

con-

nected canalicular system into which the granules are emptied 

<45). Further contraction then squeezes the secreted components 

into the plasma. 

Several lines of evidence suggest that pseudopod forma-

tion results at least in part, from an interaction of actin, 

actin-binding protein and ~ -actinin<l21> and this interaction 

may be controlled by phosphorylation of actin-binding protein. 

Granule centralization is currently believed to occur as a result 

of actin-myosin interaction which produces tension <24,44). 

Actin-myosin interaction in platelets appears to be primarily 

controlled by calcium interacting with calmodulin and a protein 

kinase to initiate phosphorylation of myosin light chain<l, 

26,59,74). Actomyosin appears to provide the force for the con-

tractile system, although the molecular mechanism by which it 

acts is still unclear<7,22,23 1 110, ). 

b. 11. Release reaction: 

Many substances provoke degranulation of platelets, which 
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include ADP, adrenalin, collagen, thrombin, immune complexes and 

metabolites of arachidonic acid and platelet activating 

factor<21,64~81,83,93). The nonphysiological agonist, the calcium 

ionophore A23187 causes degranulation of many granule types in 

the platelets of many .species<47> but some degranulating agents 

are effective on platelets of some speGies only; e.g. acetyl-

choline in dog <93>. Some agents, e.g. ADP induce the secretion 

of certain categories of granules only<dense bodies and«-

granules but riot lysosomal granules). Thrombin on the other hand 

induces secretion of all types of granules including 

lysosomes<64). 

Heterogeneity of platelet granules has been described by 

many authors. Dense bodies can vary in composition in different 

species, in different subjects and even within the same platelet 

<125). There are unknown numbers of different types of ~-

granules which contain fibrinogen, fibronectin, factor VIII 

-related antigen, FV & FVa, and low affinity platelet factor 4 

<124>. At least 3 types of lysosome is present in platelets<l24>. 

Though the reasons for the existance of _several types 

of granules in platelets are not clear, it may be that,- certain 

granule components may not be packed together on account of their 

structure or chemistry. It is also clear that different· granule 

types are discharged in different situations, for e.g. platelets 
' 

can act as carriers ot growth factors and deliver them to a site 

of injury with great precision and without releasing lysosomal 

enzymes< 71 >. 

Exposure of platelets to release-inducing agents causes 

a change in sha'pe that is correlated with the movement of granule 
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to the centre of the platelet<l35>. However it is not clear 

whether this movement is causally r~lated to secretion; if 

centralised granules are those about to be qischarged, those that 

will not be discharged or some of both. 

Much evidence suggests that secretion is initiated as a 

result of a raised cytopla~mic calcium level 

<20,32,33,34,137,138>· Secretion probably results from a combina­

.tion of contraction<granule centralization>, and fusion of or-

ganelle membranes to membranes of 

canalicular system <granule labilization> 

the surface connected 

<45>. The mechanisms 

inducing granule labilization are at present unknown but it may 

be significant that membrane fusion is facilitated by 

. calci urn< 102 >. 

b.iii. Aggregation: 

Stimulation of platelets with an agonist results in the 

exposure of receptor systems on the surface of the cell. These 

receptors, once exposed can interact with selected proteins 

<ligand> present in the subendothelial matrix or released from 

platelet stores. These ligands include fibrinogen, fibronectin 

and von Willebrand factor, and the binding of these 'adhesive 

proteins• imparts specific adhesive properties to the platelet 

< 109 >'-· Two independent groups demonstrated that u~·.e•r labelled 

fibrinogen interacts in a specific and saturable manner with 

platelets exposed to ADP but not with non- stimulated platelets 

<10,86,90>. Other than ADP, a variety of platelet agonists can 

induce the platelet fibrinogen receptor, including 

epinephrine<l07>, thrombin <106>, collagen <105), arachidonate 

<56>, prostaglandin <PGH~> and stable analogues<ll>, calcium 
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ionophore and platelet activating factor <88>. Thus the existance 

of a common fobrinogen- dependent pathw~y of aggregation has been 

postulated <88,105>. 

Synergistic effects between ADP and other stimuli have 

been observed. Collagen epinephrine br thrombin at concentrations 

that fail to induce fibrinogen binding, do so in the presence of 

ADP concentrations as low as 10- 50 nM. With other agonist com­

binations, such as collagen plus Galcium ionophore, additive 

rather than synergistic effects are observed <88>. These observa­

tions may be ·of physiological significance in vivo, as platelets 

may be exposed to subthreshold concentrations of stimuli during 

the haemostatic response. 

A large body of evidence suggests that Glycoprotein <GP> 

IIb/IIIa complex plays the role of fibrinogen receptor in 

platelets<87>. The component of the complex which interacts 

directly with fibrinogen may be GP IIIa. However an unidentified 

membrane component may be present which associates stoichiometri­

cally with the GPIIb/IIIa complex and which interacts directly 

with fibrinogen. 

A sequence of reactions is implied in the process of 

platelet aggregation including 

1. Interaction of an agonist with the cell. 

2. Induction of fibrinogen receptor on the platelet surface. 

3. Binding of fibrinogen to its platelet receptor <which is as 

sociated with platelet aggregation) 

4. Stabilization of fibrinogen-receptor complex. 

These tour basic reactions are postulated and is illustrated 

in Fig.l. to describe the relationship between. fibrinogen and 
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platelets l.n the pathway of fl.brinogen dependent 

aggre.gation< 86, 88, 108·>. 

STIMULATION INDUCTION REVERSIBLE STABILIZATION 
INTERACTION 

. ADP AFg~ -~ 
dpinephrine~ 7~ --~· 

Collagen ADP 
Thrombin 

ADP 

co++ 

E ndoperox ide 

TXA • . 2 

SECRETION 

.·, 
Fig.l.l. Sequence of reactions in fibrinogen-dependent 

aggregation. 

S.ince blndtng of fibrinogen is induced by an array of 

plal.(~lol: agoni~tb>, It ·is ] i.lwly tl1i'J1: tho reaction 1 can i.nvolve 

multiple cell surface events and or receptors which activate a 

variety of differ~nt biochemic~! ·~vents. Mobilization of 

platelet associated ADP, arachidonate meta.bolism, changes in. cAMP 

levels and calcium translocation ~re•possible signals responsible 

for initiating the induction of· fibrinogen receptor. 

This reaction tnv~lves subtle rearrangement of membrane 

associated glycoproteins or 'thier mibroenviornment, and divalent 

cal.Jons rn<ty play a ro1e :i.n thts n:wct'.ion. 'fhe ussoctation -of 

fibrinogen with its induce9 receptor is dependent on tl1e divalent 
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tions rind is the rate-determining step of the overall reaction 

It has been re~brted~~~at th~ endogenous lectiri of humarl 

is an o(.'.::..grantile component( 38) and fibr:i~ogen is its;= 

Th~ s tildies of G~rtn~f· et al. < 41,42 > also su'g(~J'e~t 

platelet- platelet stickiness i.s analogous to a lectin-

with the ;lectin;. on one 
.. 

platelet and re~eptdr interaction, the 

on the other • . Frain" l~ter studies of Gartn~r < 4CH 

would appear· .that/ several different pla bilet-plat~let ·bridges·' 

··~.Bridge no.l shows glycoprotein l,Ib/IIIa and fibrinogen bound to 

·it, acting together as a lectin receptor, while fibrin binds to 

platelets and functiohs as lectin. 

F'1g.l.2. Platelet-platelet bri.dge form.ation during. aggregation. 
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From 'studies suggesting that a secreted substance <not 

can bind to the platelet membrane and function as the 

lectin, the second interplatelet bridge is postulated. Other 

studies suggest that neither of these concepts applies to ADP­

. induced primary aggregation, so the exist~ance of a third· inter 

platelet bridge is postulated. Fibrinogen may also be involved in 

bridge '( 96). 

B: STIMULUS-RESPONSE COUPLING IN PLATELETS 

Platelets can b'e activated by a variety of agonists. 

OiffereDt agonists , however, seem to activate different pathways 

_,~ithin the pl~telets that·~ie linked through an apparently com-

mon final effector path. 
. .. 

Response of platelets to stimuli may be grouped into 

three broad categories; 

1. The respons·e to ADP in the absence of release reaction; 

2. The response to agents such as collagen that involves the ini~ 

tial adherence of platelets to fibrous collagen followed by 

3. The response to agents such as thrombin or PAF that can induce 

aggregation and release independently of released ADP or forma-

tion of thrombaxane A:;.\!. 

Many of the agonists.to which platelets respond may aug-

ment or synergise each other so that their combined effect is 

greater than the sum of their individual effects. 

I.B.l.Endogenous mediators of platelet activation: 

When an agonist interacts with its receptor on the 

platelet membrane ,. phospholipases are activated. Phospholipase C 

activation which can occur without an increase in cytosolic 
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calcium leads to hydrolysis-of phosphatidyl inositol 4,5 bi-

phosphate <PIP~> to inosrtol 1,4,5- triphosphate <IP~> and 1,2 

diacylglycerol which are regarded as important second messengers. 

The diacylglycerol can be acted upon by diacylglyceride 

lipase and subsequently by monoglyceride lipase , and arachidonic 

acid can be freed <8,77>. 

The lP:::r. can by an unknown mechanism, cause a rise in 

cytosolic calcium thought to be required for the activation of 

phospholipase A:;.=· Phospholipase A:.~ 1can cleave arachidonic acid 

from membrane phospholipids, in particular phosphatidylinositol, 

phosphatidylcholine and phosphatidylethanolamine<9,16,17, 

l8ill6,118,119,120). 

Phospholipase A~ activation seems to be the major pathway 

for arachidonic acid release in the platelet and availability of 

arachidonic acdi is the rate-limiting step in its metabolic 

conversion<l5>. 

Arachidonic acid once liberated is acted upon, primarily, 

by cyc.looxygenase(52> and its site of action is localized as 

platelet dense tubular system<48>. This results in its conversion 

to short-lived prostaglandin endoperoxide intermediates,.PGG~ and 

PGH~ <85,94> which are acted upon by a variety of enzymes depend­

ing on the cell types. In platelets the membrane bound throm~ 

boxane synthetase converts these endoperoxides to a short-lived 

product thro~boxane A2 which is rapidly converted to an inactive 

end product, thromboxane B~ <53>. The formation of these end 

products of arachidonic acid metabolism appears to play a major 

role in the synergism between pairs of aggregating and release-

inducing agents to which platelets may be exposed. 
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The relationship between phospholipid metabolism ac-

tivation of arC:tchidonate pathway and protein phosphorylation is 

summarised in scheme I. 

AGONISTS 

! 
RECEPTOR 

! 
ACTIVATION OF GUANINE 

NUCLEOTIDE PROTEIN 

! 
ACTIVATION OF 
PHOSPHOLIPASE C 

~ 
MEMBRANE .INOSITOL 
PI~ PIP._ ____ ._ 

ACTIVATION OF I ~ 
r---=-::::-::-::-::-P..:.R:.:O;..:.T..=Ec:.:,IN. KINASE C 

PROTEIN . · . 

PHOSPHORYLATION '·
2
TCYLGrROL J 

1 

p~gr~v~6~~.~r c 

DIGLYCERIDE LIPASE FREEING,OFyl 
MONOGLYCERr LIPASE 1 Ca ' 

I ARACHIDONIC ACID I ACTIVATION OF 

Scheme I. 

\ . PHTPHOLIPASE A, 

PHOSPHATIDYLCHOLINE 
PHOSPHATIDYLETHANOLAMINE 

Thrombin-induced aggregation and release are accompanied 

by phosphorylation of two platelet proteins one having an Mr 

40 1 000-4 7 1 000 and anot11er myosin light cl1ain, having an Mr 

20,000 < S8 ). NiDldzul~a and his colleagues < 99) have shown that 

phosphorylation of 20kf1a prot;ein occur·s through a reaction that 

is inudi<-~Led lly d c<Llcjuw <.tnd culmodulln- dependent protein ktnase 
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and phosphorylation of the 40-47 kDa protein is mediated by a 

calcium and phospholipid-dependent kinase, protein kinase C that 

is activated by 1,2 diacylglycerol. 

·J.B.2.Second messengers of platelet activation: 

The action of stimuli on their respective specific surface 

receptors activates coupling mechanisms which allow the signal to 

be carried < transduce.d > through the membrane to the cytosol, of-

ten leading to formation or liberation of intracellular second 

messengers which in turn act on targets inside the cell. The 

second -messengers may influence effector molecules such as en-

zymes, transporters or cytoskeletal proteins, or they may cause 

the generation of yet other intracellular second or third mes-

sengers aciing on intracellular targets. The details of the 

operation of thes~ coupling mechanisms are not clearly understood 

at present. 

The second messengers most widely recognized as being im-

portant in platelet function are calcium ions and cAMP although 

cGMP and lf"'.fons have also recieved attention • Nishizuka< 99 > has 

assigned second- messenger roles for diacylglycerol and inositol 

phosphates. Calcium and diacylglycerol are proposed to be impor-

tant in platelet activation, and cAMP is thought to be the key 

for inhibition. The proposed role of each second messenger 

molecule may be summarised as follows: 

i. ealcium: 

In platelets calcium is located in the dense 

granules<63,123> and dense tubular system <25>. ~hen platelets 

are stimulated to secrete their granule cohtents the calcium con-
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tained in platelet granules and dense bodies is also released to 
) 

the outside of the cell<27>. 

The evidence for calcium being the second messenger is in-

direct and can be summarised as follows: ca~·.... ions do activate 

platelets, though the response remains below the basal level, ob~ 

tained with agonists<ll4>. Calcium ionophores can produce near 

normal platefet responses<36>. By using graded concentrations of 

calcium ionophore and external calcium, one can produce stable 

graded rises in calcium' and then construct [Ca:;:~ .... ]~./response 

curves for shape-change, myosin phosphorylation, aggregation, 

secretion, arachidonic acid liberation and thromboxane 

production<SO,Sl,llS>. Calcium ions are required for platelets to 

aggregate, but shape change in response .to ADP and thrombin oc-

curs even in the absence of calcium. The inability of platelets 

to aggregate in the absence of external calcium ha~ been at-

tributed to the important role played by calcium ions in: 

<a> maintaining the glycoprotein. IIb/IIIa complex and 

Tb> the blndirig~Of fibrinogen to the activated glycoprotein 

IIb/IIIa both of which are necessary for aggregation. 

Calcium ions may also contribute to the stability of 

platelet aggregates. 

ii. Diacylglycerol: 

Diacylglycerol is formed independently of [Ca~~1~ eleva-

tion, when agonist-receptor interaction stimulates the hydrolysis 

of inositol lipids by action of phospholipase C. Nishizuka and 

his colleagues showed that diacylglycerol can, activate protein 

kinase C and proposed it as an important part of activation cas-

cade, particularly in the reH'lase reaction, in platelets and inany 
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other cells<70>. Protein kinase C can be activated by 

diacylglycerol at or below basal [Ca 2 -]& in many cell types. At 

higher [Ca2~]~, but below the threshold to cause secretion or ag­

gregation, phorbol ester or exogenous diacylglycerol give a much 

more rapid and physiological- looking response <114>. Probably 

natural response reflect the synergistic actions of calcium and 

diacylglycerol. 

iii. cAMP: 

Agents that increas~ cAMP antagonize platelet response to 

stimulation. If the various platelet reactions to cell stimula­

tion are all activated by a common initiating factor, namely Ca2 + 

( 62), cAMP regulates the level of free caz- in the cell, or 

control the Ca'·;,~+· dependent reactions which are essential for the 

responses. The enzyme adenylate ~yclase is activated by pros­

taglandin Iz~ E1 and D2 and is inhibited by 2 adrenergic agents, 

ADP and thromboxane Az <35>. These actions are apparently 

transduced through the coupling G-proteins, Ns and Ni. Inhibition 

of c AMP phosphodiesterase can also elevate cAMP in platelets and 

increase the effect of cyclase activators. Elevation of cAMP in 

plat~lets produces a wide-spread suppression of stimulation by 

most agonists. A major effect of cAMP may be to stimulate Ca 2 -

sequestration into the dense tubular system and to prevent or 

frustate the second messenger role of ca~~ ..... ions< 72 >. cAMP also 

reduces stimulated hydrolysis of inositol lipids < 70,117). cAMP 

thus interferes with tt1e formation or mobilization of excitatory 

second messengers. 

iv.Other messengers: 

Inositol 1,4,5-triphosphate can release Ca2• from 
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sequestering organelles and can promote thromboxane formation, 

by calcium activation of PLA~, in permeabilised 

platelets<lOl,Sl. InsP~, therfore, may be acting as an agent for 

mediating the internal discharge of calcium ions. It may also 

promote phosphorylation of myosin light chains <76). Stimulation 

is followed by a rise in cGMP, but it is not known if it is an 

important second messenger. 

In summary it is apparent that no clear picture is avail­

able on the mechanism of calcium release or the role of this ion 

in arachidonic acid release and other platelet activation reac-

I.B.3. Approach to the proposed problem and its relevance: 

As mentioned earlier, the agonist- receptor interaction of 

many ligands at the platelet- membrane results ultimately in the 

rapid liberation of arachidonic acid from membrane lipids. Once 

liberated~ but not when it is bound to the lipid , arachidonic 

acid is converted by the enzyme cyclooxygenase to the prostaglan­

endoperoxide PGG:.o~ and PGH:;;-~. These compounds are then con­

verted to t.hromboxane A~ by the enzyme thromboxane synthetase. 

The calcium ionophore A23187 has also been reported as a potent 

inducer of this conversion <73>. The endoperoxides and TxAz are 

found to be powerful aggregating agents<53,54). 

Platelet-activating factor <PAF,l-0-alkyl-2-acetyl-Sn-

glycerol-3-phosphoryl choline) is generated when cells are ap­

propr~ately challenged. It appears to be formed from phosphatidyl 

choline containing plasmalogen that is acted on by phospholipase 

A:;;; and subsequently acetylated by acetyl coA < 13). The platelets 

respond to PAF independently of released ADP or the formation of 
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( 133). 

In summary. all these. intermediates of platelet activa-

including PAF, PGG2, PGH:oa and TxA:O:l are liberated secondary 

cell stimulation, but they are not second messengers. 

The arachidonic acid metabolites PGG:O:l, PGH:;;~, and TxA:z are 

inducers of platelet aggregation and secretion< 53., 54). In 

ew ;;f the pathophysiological importance of arachidonate metabo­

.tes in haemostasis and occ1usive vascular deseases<l26 >, the 
.. 

anisms whereby these compounds induce platelet activation are 

considerable interest. All three compounds appkar to activate 

atelets by combining with tt1e same plasma-membrane located 
'"~'' "' ' < - ' • ;-

The mechanis~s that link receptor occupancy to 

activation also have been investigated and it has been 

that these compounds might decrease cAMP <49,92>, induce 

efflux of calcium from the platelet dense tubular system to 

the cytosol<46) and stimulate the phosphoinositide hydrolysis and 

elevation of the cytosolic free calcium concentrationClll>. But 

the stable analogue o.f prostglandin endoperoxide 046619 

without any measurable change if) calcium < 122).. These observa-

tibns suggest an as yet unidentified transduction pathway • Rink 

r,;d a.l. < 113) have speculated that the conformatidnal change .in­

ducec:r.··in the cytoplasmic part of the receptor molecule following 

ligand binding could directly induce a cytoskeletal change such 

as the initiation of actin polymerisation. This would provide a 

membrane transduction process not relying on the generation of a 

soluble or membrane.,-retained second messenger. 

The· characterization of such receptors for PGG:;~, PGH2 
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and TxA:n:!, and the study of their structure activity relationships 

seems to be a highly prospective area in thrombosis research. 

Though these ligands are highly unstable, the availability of 

more stable synthetic analogues helped to design mimics of'the 

biological response. It was thought to be likely that the recep­

tor for the endoperoxides could be a hemoprotein because peroxide 

binding proteins are generally hemoproteins. For e.g. the 

p~oteins involved in arachidonic acid metabolism, prostglandin 

synthetase and thromboxane synthetase which have different af~ 

finitie~ for the endoperoxides, possess heme as their prosthetic 

group. A similar protein without catalytic activity but endowed 

with l~gand-induced conformational · change could form an ap­

propriate receptor molecule. This idea led us to look for such a 

hemoprotein in pJ,atelets, which <r,1Jlminated in i·ts purification 

from calf platelets in 1985(67). 

This thesis enumerates the results of experiments 

designed to sustaniate the idea that this protein could be a 

;i.;;-~--··-imt·-t·art:-'11:-VI~··receptor·o-:f I?GH: .. -:: ( 67 > and to define more precisely the 

role of the protein in platelet activation • 

... 



MATERIALS AND METHODS 
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CHAPTER II 

II.l. Materials: 

II.l.l. Blood source: 

Swiss Brown-cross-bred steers aged 6 to 18 months, wiegh­

ing 40-125 kg were used. The animals were maintained in cement 

floored sheds, and fed chiefly on fodder and Gold Mohar cattle 

feed supplied by Hindustan Lever <Lipton), Bangalore. 

II.l.2. Chemicals: 

All unsaturated fatty acids, imidazole, sodium azide, 

5,5'- dithiobis-<2-nitrobenzoic acid), N-ethyl maleimide, 

dithiothreitol, Triton X-100, fluorescein isothiocyanate, 

Coomassie brilliant blue, adenosine di phosphate , thrombin, the 

calcium ionophore A23187, the chromatographic gels<Sephadex G-25, 

Sephadex G-200, DEAE Sephadex A-50, Sepharose 2B> Agarose, the 

components of polyacrylamide gel<acrylamide, N,N'-methylene-bis­

acrylamide), Sigmacote and Sucrose were from Sigma Chemical Co. 

USA. The Freund's complete adjuvant was from DIFCO Laboratories, 

USA. The prostglandin endoperoxide PGHz, 9,11, methanoepoxy-15-

hydroxy- prosta-5,13-dienoic acid <046619) and pinane thromboxane 

Az were from Cayman Chemicals, USA. Sodium cyanide was from May & 

Baker, England. All the other chemicals were the best quality 

available in India. 

I I.l. 3. Equipments: 

A Hitachi model SCR 20 BA high-speed centrifuge and 

Hitachi model SCP 55H ultra centrifuge were used. 

A Shimadzu UV-VIS 240 microprocessor-controlled double-
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beam recording spectrophotometer equipped with thermostated 

cuvette holder was employed. 

Other equipments employed were as mentioned at the ap­

propriate places. 

Double quartz-distilled deionized water was used throughout. 

II.2. Protein purification: 

The protein purification described earlier <67> was 

modified to improve the yteld. 

II.2.1. Blood collection: 

Blood <425 ml> was collected into 75 ml ACD <Appendix A, 

i) as anticoagulant in polyethylene bottles. 

II.2.2. Preparation of platelet rich plasma <PRP>: 

The blood collected was taken in poly allomer tubes and 

centrifuged at 25' C in a Hitachi model SCR 20 BA centrifuge at 

93 9 for 20 min. The plasma was drawn out using a polyethylene 

Pastuer pipette and was centrifuged again at 60 9 for 15 min to 

eliminate the contaminating RBCs and WBCs. The packed cells ob­

tained <RBCs> after first centrifugation was suspended in Tris­

HCl buffer <Appendix A,ii) and centrifuged at 60 q for 20 min and 

the supernatent was cleared off the contaminating RBCs by 

centrifugation at 40 g for 15 min. The washing was pooled with 

PRP and thus '""85 % of the total platelets present in whole blood 

was recovered in the platelet rich plasma. 

II.2.3. Preparation of gelfiltered platelets<GFP>: 

The PRP was gel filtered as described by Tangen et al. 

<131 >in a column of Sepharose 2B. Glass columns <C26/40) ob-

tained from Pharmacia Chemical Co., Sweden, with attachments 

like polyethylene tubing, bed support screen and snap-on bed 
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support net were employed. The columns were silicbnized with 

Sigmacote. Sepharose 2B washed and suspended in Tris- HCl pH 7.4 

<130><Appendix A,ii) was packed to get a bed volume of 150 ml and 

a flow rate of 100-120 ml per h. 50 ml PRP was loaded each time 

and GFP were collected in the void volume. The gelfiltration was 

done at 32' C. The column was washed and reused. 

11.2.4. Preparation of crude extract: 

The gelfiltered platelets were sonicated in 30 ml batches 

using an MSE Soniprep 150 ultrasonic disintegrater at amplitude 

14 microns. The temperature was maintained 25' C by keeping the 

container in cold water and 1 min interval was given after 30 s 

sonication which was repeated 4 times. The sonicated platelet 

suspension was centrifuged in a Hitachi model SCP 55H preparative 

ultracentrifuge at 34,400 g for 30 min at 4' C The supernatant 

<crude extract> was processed for protein purification. 

11.2.5. Ammonium sulphate fractionation: 

The crude extract was treated with solid <NH4>2 S04 <31.3 

gm per 100 ml> added gradually with stirring at 4' C. The 

precipitation was allowed' to proceed for 16 h in a 4' C cold 

room. The precipitate was removed by centrifugation at 34,400 g 

for 30 min at 4'C and the supernatant was treated with solid am­

monium sulphate <29.2 gm per 100 ml> and the precipitation was 

allowed to proceed for 6-8 h at 4' C. The precipitate was col­

lected by centrifugation at 34,400 g at 4' C for 20 min and dis­

solved in 3 ml phosphate buffer <Appendix A,iii) and clarified by 

centrifugation at 5,500 g for 10 min. 

11.2.6. Gelfiltration of the protein: 

Sephadex G-20Q, was boiled in distilled water for 6 h~ the 
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fines were removed, and resuspended in phosphate buffer <Appendix 

A,~ii). Columns<lx55 em>, were packed and equilibrated with the 

buffer and the protein from step <II.2.5> was loaded and eluted 

with the same buffer at flow rates of 5-6 ml per h. One ml frac­

tions were collected using an LKB 2111-002 MtlltiRac fraction col­

lector operating in the drop mode. The elution of the hemoprotein 

was monitored by measuring the absorbance of the fractions at 405 

nm. 

II.2.7.Ion-exchange chromatography: 

DEAE Sephadex A-50 gel was soaked in phosphate buffer 

<Appendix A iii> for 24 h ,was packed into columns <1.5x30 em> 

and equilibrated with the same buffer. The Sephadex G-200 eluants 

with A4o~> 0.05 were loaded on the ion-exchange column, fraction 

by fraction without mixing, in the order in which they emerged 

from the column. The elution of the he'moprotein was followed by 

the A.:~o~2• of the 1 ml fractions collected. The percentage yield 

was estimated by determinig the Lowry's protein<80). 

c-JPhe~ --p-r~ete-in fraction with high 405 nm absorbance were 

pooled, sealed in Nz atmosphere and stored at -20' C. 

11.3. Preparation of antibodies: 

II.3.1. Antibodies agaist the purified protein were raised in 

rabbits aged 1-2 years, weighing 1.2-1.5 kg. The first dose was 

0.25 mg protein in 2 ml bqffer, mixed with an equal volume of 

Freund's adjuvant. 

Two booster injections were given on days 15 and 28 

after the first injection~ with 0.1-0.15 mg of protein in ~uffer. 

All injections were given subcutaneously. Blood was collec~ed on 

the fift~ day after last injection by puncturing the marginal ear 
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vein. Boosters were given as and when more antibodies were 

required and blood was collected on the fifth day ·after injec­

Serum was allowed to separate at room temperature <30' C> 

hnd the separated serum was clarified by centrifugation at 5,500 

g for 3d min at 4' C and then by filtration through a Millipore 

<Millex-GS, 0.22 pm> filter. Normal serum was used as the con­

trol. The serum was stored at -30' C, dispensed in small 

aliquots. " 

II .3.2. Purification of IgGr fraction: 

Purification of IgG fraction from normal and anti-serum 

done by ammonium sulphate fractionation and DEAE cellulose 

chromatography as described <43). After DEAE cellulose chromatog­

raphy the peak fractions obtained were pooled and concentrated 

using immersible Millipore ultrafilters. In all experiments with 

IgG, the Lowry's protein of the control and anti- IgG was 

adjusted to be the same. 

II.4. Charecteri~ation of the protein: 

;..--~.+-t-·•:4•1·· -N-t::e-r m4na-l··· ana 1 ys 1 s : 

The N-terminal aminoacid residue of the protein was iden­

tified by HPLC analysis of acid hydrolysates o'f the dansylated 

protein. The dansylation was done as described by Hartley<57>. 

200 pg of the protein was treated with dansyl chloride, dried 

and dissolved in 6N HCl and hydrolysed for 1 h.· The hydro"lysate 

was then dried and dissolved in distilled water <100 pl> and 

10 pl was injected. The HPLC was done in an LKB HP(.;C system using 

Lichrosorb RP 18 column at a run rate of 0.5 ml per min. The sol­

vant used was a gradient <Appendix A,iv) formed from methanol and 

0.6% acetic acid-0.008% triethylamine in water. Monitoring of the 
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nsyl fluorescence was done in a Shimadzu model RF-540 recording 

with excitation maximum at 333 nm and emis­

ion maximum at 510 nm. 

Amino acid composition: 

Acid hydrolysate of the protein was dansylated as 

<91> and the dansyl derivatives were then analysed by 

same experimental system described for N-terminal analysis. 

percentage composition was calculated from the area under the 

peaks. 

II.4.3. Identification and estimation of cysteine residues: 

The cysteine content w~s obtained after unfolding the na­

protein in a denaturant and treating the protein with 5·,5'­

dithiobis-<2-nitrobenzoic acid><DTNB><30J. Here the absorbance of 

the protein at 412 nm was determined and then 0.5 ml of the Urea­

DTNB reagent <Appendix A, v > was added to '.the sample and reference 

cuvettes containing 0.5 ml of protein and 0.5 ml of phosphate 

buffer respectively. After mixing well, the increase in absor­

at 412 nm was noted. The molar concentration of -SH group 

< c > was calculated from the expression c= .D. A-<~.J.:z/13,600 where 

13,600 is the molar extinction coefficient of S' dithiobenzoic 

acid. The -SH content per mol protein was calculated with respect 

to the Lowry's protein<BO> used for the experiment. 

11.4.4'. Test for the presence of disulphide bonds: 

The ~resence of cystine was tested after treating the 

protein with dithiothreitol<DTT> in the presence of a denaturant 

and then estimating the cysteine content. The unreacted OTT was 

removed by passing the protein- DTT mixture through a small 

column <lxlO em> of Sephadex G~25 prior to -SH determination. 
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II.4.5. Spectral properties: 

The complete spectrum of the protein was recorded in a 

Shimadzu UV-Vis 240 spectrophotometer from 700-250 nm. 

The reduced spectrum of the purified protein was recorded 

after mixing with a few grains of sodium dithioriate. The dif-

ference spectrum of the reduced protein was recorded after cor-

recting the baseline with protein in both the cuvettes and then 

reducing the protein in the sample cuvette. 

' 
11.4.6. Identification and quantitation of heme: 

Heme was identified from spectral charecteristics of 

alkaline pyrichrome of the protein. After adjusting the pH of the 

protein <0.8 ml> to 9.5 with 0.002 g · NaOH, 0.2 ml of pyridine 

was added and mixed. The spectrum of the pyrichrome was recorded 

against the buffer and a few grains of sodium dithionate were 

added to the sample cuvette, mixed well and the reduced 

pyrichrome spectrum was recorded. 

The heme was also quantitated after extracting into 

chloroform. The protein was acidified to pH 3.5 with acetic acid 

and mixed with an equal volume of chloroform. The mixture was 

centrifuged at 5,500 g for 20 min and the chloroform layer was 

drawn out using a Pasteur pipette. The spectrum of the cloroform 

extract was recorded against chloroform, from 600-350 nm. Molar 

absorbance values of 106 at 379 nm, 8.4 at 507 nm, 9.0 at 534 nm 

and 4.4 at 635 nm were used (19) to quantitate the heme content. 

11.4.7. CO binding spectrum: 

The carbon monoxide binding spectrum was recorded after 

bubbling CO through the protein solution. CO was prepared by ad-

ding slowly, strong formic acid from a dropping funnel to con 
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centrated sulphuric acid placed in a distilling flask. The im-
' ~\ 

purit~es were removed by passing the gas through KOH. 

!1.4.8. Effect of pH on the spectral properties of the protein: 

Effect of pH on " the protein spectrum was tested after 

raising the pH gradually with dilute NaOH or reducing the pH 

gradually with dilute HCl and recording the spectrum at different 

pH values. The reversibility of the effect was tested by 
/ 

gradually bringing the pH back to the original by adding HCl or 

NaOH. 

II.S. Ligand binding properties: 

Ligand binding to the protein was s.tudied by difference 

spectral measurements and the data were analysed using double 
/ 

rciprocal and Hill plots. 

1 ml <-o.7 ~g >of the freshly purified protein was taken 

both sample and reference cuvettes and the baseline w~s cor-

rected from 450- 350 nm. Small aliquots <1 pl> of "the ligand in 

an appropriate solvant was stirred.into the sample cuvette and 
~·~-~----··~- ··········-·-~·-- ~·-·-~-···-·. -- . 

an equal volume o.f sol vant to the reference cu.vette. The spectrum 

was recorded after each addition of the ligand. Th~ s.pectrum 

showed peaks at 420~425 nm and dips. at 405,..402 nm, depending 

on the ligand. The difference in absorbance between the maximum 

and minimum <A A> was taken as a measure of binding. T.he addition 

of ligand wa:;:; ·continued till there was n.o appr-.eciable change in 

A bet't{een the J,ast two ?J.dditions. Tf\.e double reciprocal plot of 

Af>..vs ligand concentration was done to g'et the AAmax and the 

Hill plot to get half maximal saturation of binding<So.~> and the 

Hill coefficient < h > indicated wh.e.ther or not ligand interaction 
\ 

is cooperative <h >l positive cooperativity, h <1 negative 
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cooperativity and h =1, no cooperativity>. 

II.6. Detection of change in molecular size due to ligand 

binding: 

Two methods were employed. 

i. Large-zone gel- exclusion chromatography: 

Small Sephadex 

with 0.05 M phosphate, 

G-200 columns <0.9xl0 em >equilibrated 

pH 7.4 were used. 1 ml blue dextran was 

loaded and eluted with the same buffer. Fractions <0.5 ml>were 

collected to determine the void volume<VO> of the column. Then 1 

ml of control, and ligand-treated, protein samples were loaded 

and eluted as before. The elution volume <Ve) of each fraction 

was determined from its A4o8 and plot~ed against Ve/VO. The 

schematic representation of the elution pattern of the ligand 

treated-protein samples were compared with that of the control 

protein. 

ii> Immunodiffusion: 

Double diffusion in Agar gel was done by the Ouchterlony's 

method<lOO>. 0.8% agar gel in borate buffered saline<Appendix A, 

v> was poured onto microscopic slides and was refrigerated for 1 

h before cutting the well patterns. Antiserum was placed in the 

central well and the native protein and ligand -bound protein 

samples were placed in alternate peripheral wells. The gel was 

kept in a moist atmosphere at 4' C for 48- 72 h for the develop­

ment of precipitin lines. The gel was then washed with saline 

for 48 h, with 3 changes of saline. The gel was then dried plac­

ing it inverted on several layers of filter paper. The dried gel 

was stained with Coomassie brilliant blue R-250. 



II.?. Detection of change of net charge of the protein due to 

ligand binding: 

Two techniques were used. 

1) Ion-exchange chromatography: 

DEAE Sephadex A-50 columns <lx8 em> equilibrated w.ith 0.05 

M phosphate buffer pH 7.4 was used. The control protein and th~ 

protein samples treated with saturating concentrations of 

various ligands, were pass,ed through a small column < 0. 9xl0 em) 

of Sephadex .G-25 to remove the unreacted ligands and the protein 

eluted from this column was loaded onto the ion exchange column 

< lx8 em>. The column was regenerated after each experiment by 

washing with 0~5 M NaCl, deionized water and then equilibrate~ 

with the running buffer. The elution of the protein was 

monitored by measuring both A·'l-•:•r.!!' and A:.~...,o:·. The percentage 

recovery of each sample from the ion exchange column was calcu­

lated from the sum of the 405 nm absorbance values of their 

column :fract~1ons and the initial value at the time of loading. 

ii> Polyacrylamide gel electrophoresis: 

Electrophoresis of native protein and the ligand~bound 

forms were done with fresh concentrated protein. The protein was 

treated with saturating concentrations of the ligands for 5 min. 

Ten per cent rod gels<Appendix A, vii> were used and the experi­

ment was run in 0.1 M phosphate at pH 7. 2 employing a. current of 

5 mA / tube. The gels were stained with 0.1 g· % Coomassie blue 

R-250, destained <Appendix A, vii) and photographed. 

II.S. Detection of modifications of the pr6tein in intact 

platelets on cell activation: 

Whole platelets were isolated and activated with various 
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agonists. The properties of the protein from activated platelets 

were compared to those of the protein from normal platelets. 

!1.8.1. Spectral effects: 

The spectra of the supernatants prepared from normal, 

ADP- activated and thrombin activated platelets were recorded and 

compared. 

!1.8.2. Immunodifusion: 

Ouchterlony's immu,nodiffusion was done with the whole 

platelet lysates obtained by lysing normal, ADP-, thrombin-, the 

calcium ionophore A23187- and cold-activated platelets with 1% 

Triton X-100. The experimental conditions were as described for 

immunodiffusion with purified protein. 

II.8.3. Gel exclusion chromatography: 

Platelets isolated for protein purification were divided 

into 2 equal parts. One part was stimulated with various con­

centrations of ADP prior to sonication and the purification steps 

were carried out. The elution pattern of the protein from 

Sephadex G-200 column was analysed by plotting 405 nm absorbance 

against Ve/VO of the fractions. The spectral property of each 

hemoprotein fraction from normal and ADP-activated platelets were 

also recorded to see the modifying effects of ADP activation, on 

the spectral properties of the protein. 

!1.8.4. Detection of change in net charge of the protein: 

The yield of protein after ion exchange chromatography, 

from ADP- activated platelets was compared with that from normal 

platelets. Three batches of ADP-activated platelets with 3 dif­

ferent concentrations were used for protein purification and com­

pared to the protein purified from normal platelets. 
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II.9. Localization of the protein on platelets by 

immunofluorescence: 

The accessibility of the protein for exogenous ligands 

were detected with flurescein isothiocynate <FITC> conjugated 

anti-IgG. 

II.9.1. FITC conjugation of the immunoglobulin: 

1 mg of FITC was dissolved in 1 ml of 0.15 M 

Na:;.::HPo .... 2H:;;;:O<pH 9.0>. To. 0.5 ml IgG <2.0 mg> 0.5 ml of the dye 

solution was added and the pH was adjusted to 9.5 with O.lM 

Na~Po4.10H:;.::O while stirring. The reaction was allowed to continue 

in a 4'C cold room for 16 h. The unreacted dye was removeq by 

gelfiltration through a small column of Sephadex G25<lxl0 em> in 

0.05 M phosphate buffer pH 7.4. 

11.9.2. Immunofluorescent label~ing of platelets: 

Plat~lets were isolated from calf blood as described 

earlier<II.2.3> and to 5 ml of the platelet suspension 1 ml 

<0~6mg> of the FITC copjugated anti-IgG for the test, and normal 

IgG for the control, was added. After half an hour the treated 

platelets were again gelfiltered through a 1.5xl0 ,em column of 

Sepharose 2B to remove the unreacted antibodies. 

The labelled platelets were then concentrated by 

centr~fugation at 100 g and a smear was prepared on a microscopic 

slide, air dried and fixed with acetone and mounted in OPX. 

The preparation was then examined under an 'OLYMPUS' 

fluorescence microscope with a blue-green filter. 

II.lO. Localization of protein on the subcellular fractions of 

platelets: 

Platelet membrane was prepared by a modified method of 
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Barber and Jamieson<6J. GFP w~re concentrated by centrifugation 

at 100 g • The resuspended platelet concentrate <-3xloe platelets 

per ml > was sonicated for 15 s employing an MSE Soniprep disin­

tegrator. The sonicated suspension <5 ml> was loaded on a 20 ml 

cushion of 27% sucrose at 4' C and centrifuged at 190,000 g for 1 

h in a Hitachi model SCP 55H preparative ultracentrifuge employ­

ing the RPV 50 T vertical rotor. The sediment containig granules 

and debri was preserved fqr immunodiffusion experiment. 

The membrane fraction found at the junction of sucrose 

solution was collected, diluted 1:1 with 0.01 M Tris-HCl buffer 

pH 7.4 and 5 ml of it was loaded on a sucrose step gradient : 40% 

< 4ml >; 35% < 3 ml >; 31% < 3 ml >; 23% < 3 ml >; and 15% < 4 ml > and 

centrifuged at 190,000 g for 4 h at 4' C in the same rotor and 

equipment as that used for the previous centrifugation. The sedi­

ment which contained the membrane, and the granule obtained in 

II.lO were lysed with 1% Triton X-100 and used as antigen in im­

munodiffusion experiments. In parellel experiments membranes from 

ADP-activated platelets were also prepared and used in immunodif­

fusion experiments. 

II.ll. Detection of antigenic alteration with time due to 

platelet activation: 

• Concentrated gelfiltered platelets <3x1oe platelets per 

ml) ~ere activated with 10 nM of the calcium ionophore A23187 and 

90 ul of the activated platelet suspension was transfered to 

10 ul of 10% Triton X-100 at 7 s, 15 s, 30 s, 60 s 120 s after 

stimulation and were used in the immunodiffusion experiments with 

1% Triton X-100 extract of normal platelets as the control. 
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11.12. Inhibtion of platelet aggregation by anti-IgG: 

Initial rates of platelet aggregation were measured 

employing the spectrophotometric method< 68 >. 1 ml of gelfiltered 

calf platelets <A~4o- 0.5> preincubated with anti-IgG or normal 

IgG <for control) were taken in each of a pair of siliconized 

glass cuvettes and placed in the reference and sample cuvette 

positions of a Shimadzu UV-VIS spectrophotometer. After tempera­

ture equilibration C32' C), the absorbance reading at 540 nm was 

set to zero. The agonist was stirred into the sample cuvette and 

the differential changes in absorbance were recorded as a func­

tion of time. The rate of aggregation for anti IgG and normal IgG 

treated platelets were compared at similar agonist concentra-· 

tions. The agonists used included ADP, hydrogen peroxide and the 

calcium ionophore A23187. 



RESULTS AND DISCUSSION 



CHAPTER III 

MODIFICATION OF THE PURIFICATION PROCEDURE OF THE 

PLATELET HEMOPROTEIN TO IMPROVE YIELD AND 

CHARECTERIZATION OF THE PROTEIN 
The protein purified by the original method 
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( 67) 

resulted in very low yields making structural and functional 

characterization of this newly reported protein difficult. Also 

the protein in dilute solutions was found to be highly unstable 

a~d concentration techniques like dialysis against solid Sephadex 

or ultrafiltration resulted in heme loss and aggregation of the 

protein. Therefore the purification method was modified to 

improve yield and stabilty of the protein. · This modification and 

characterization of the molecular properties of the protein 

constitute the subject matter of this chapter. 

III.i. Modification of purification: 

500 ml or more blood was collected instead of the 100 

ml in th~ original method, so that the concentration of the 

protein would remain high through the purification steps. 

Originally the hemoprotein containing fractions from the Sephdex 

G-200 column and the DEAE Sephadex A-50 column were pooled and 

concentrated by ammonium sulphate precipitation. These steps were 

dispense4 with in the modified method, because of the high amount 

of protein present in each of the fractions collected. Salt 

precipitation resulted in the loss of considerable amount of 

protein due to pH variation. In the modified method fractions 

from Sephadex G-200 column having A4o~ > 0.05 were loaded on the 

ion-exchange column, without mixing, in the order in which they 

emerged. Since the fractions were not pooled the peak fractions 

eluted from the DEAE Sephadex A-50 column also contained enough 

amount of protein for further studies and for raising antibodies. 
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of the protein with respect to the total soluble 

present initially, also increased. The recovery of the 

protein in the hemoprotein was -o.lS% of the initial, in 

original method It increased to ~0.65% in the modifie~ 
\: 

Antibodies to ~he protein: 

Th~ titre pf the arttiserum collected was determined by 

doUble diffusion in agar t?lates using a serial dilution of 1:2, 

1:4, 1:8, 1:20, 1:40. The maximum titre obtained was 1:8 and so 

for immunodiffusion experiments · repor.ted ,in· t'Dis thesis, 

Undiluted antiserum wa~ used. The homogen~ity of · the antigen­

antibody system was established by the appec:Jrence of a single 

precipitin line in immunodiffusion experiments with antiserum and 

the purified protein <Fig.3.1>; 

1 Single precipitin line was formed when the protein con­

centration was 2.1. pg or 2.8 pg which is an indication of the 

homogeneity of the protein preparation. Previously <67> single 

bang was obtained in .. the po1yacrylamioe gel electrophoresis of 

the native protein. 

III.iii. N..,terminal analysis: identification of !;.-lysine as the 

N-.terminal residue .. 

The chromatogram obtained by the HPLC ana1.ysis of the 

dansylated protein hydrolysate showed fluorescence · peaks 

corresponding to .dansyl deriV~tive pf L-lysine only, <Fig 3.2>, 

testifying this amino acid t~ b~ the sol~ amino terminal res:idue. 

This result confirmed the homogeneity of the prQtein preparation 

and ·lent support to the earlier conclusion that the subunits of 

the protein may be ±dentical<67>. 
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6 
'·.-

Fig.:3.1. Immunodiffusion pattern to show the homogeneity of· the 

'purified protein. 0.8~ agar in borate buffered saline <appendix 

A,vii) was used as the diffusion medium. The middle wells in A 

and B contained antiserum and normal serum, respectively, and 

the peripheral wells the purified protein. The amount < of 

protein in wells 1-6 were, 0.7, 1.4, 2.1, 2.8, 3.5 and 4.2 ... 
re:;;pectively. 
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Fig.3.2. Results of HPLC analysis of dansyl amino acid residues 

of platelet hemoprotein. The purified hemoprot~in dialysed 

exhaustively against distilled deionized water<200 pg in 200 pl> 

was dansylated, dri~d, dissolved in 6N HCl <200 fl> and 

hydrolysed for 1 h. The hydrolysate was dried,dissolved in 100 ul 

of distilled water, and clarified by centrifugation in Eppendorf 

tubes at 5000 g for 30 min. Ten fl of the resulting solution was 

injected and chromatography was done as described in II.4.i. 
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III.iv. Determination of partial aminoacid composition of the 

protein: 

Presence of unusually high proportions of hydrophobic and 

charged residues were detected<Fig.3.3) 

The HPLC analysis of the dansyl derivatives of the protein 

hydrolysate could identify 9 amino acids. There were two 

unidentified peaks 

modified residues. 

which may represent rare aminoacids or 

Using the total area under the peaks, 

percentage composition of each of the nine identified residues 

was calculated as 26% Phe; 12% Val; 8% Ala; 5% pro; 3% Lue; 17% 

Lys; 2% Arg and 12% <Asp+ Glu>. Out of the total identified 54% 

were nonpolar and 31% charged. 

Two mol of sulfhydryl groups per mol of protein was 

estimated by the DTNB method using the denatured protein. The 

same number of -SH group found after dithiothreitol reduction 

under denaturing conditions suggested the absence of disulfides. 

III.v. Molecular size, modification of size and stability of the 

protein by the sulfhydryl reagent N-ethylmaleimide: 

The moecular weight of the protein was reported as 40,000 

with 2 subunits of molecular weight 20,000 <67). However the 

large-zone gel-exclusion chromatographic patterns of the purified 

protein showed sharp ascending boundaries and diffuse trailing 

boundaries <Fig. 3.4, curve 1>. The elution pattern and the area 

under the peak were modified by N-ethyl maleimide, a sulfhydryl 

modifying agent <Fig.3.4, curve 2>. The elution positions were 

scattered from that of hemoglobin with an Mr.of 66,000 to that of 

cytochrome c with an Mr. of 13,400. 

The results indicate that the purified protein is in an 
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Fig.3.3. Results of the HPLC analysis ~f the dansyl derivatives 

of the protein hydrolysate. 'l'he experiment is described in 

II.4.2. 
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.3.4. Sch_E!_~!!_CI._t:~!.~ . .::~pre::3entation of the large-zone gel exclu-

sion chromatographic pattern of the native protein. A small 

.column <0.9xlO•cm> of Sephadex G~200 was packed and equilibrated 

~ith 0.05 M phosphate buffer at pH 7.4, One ml <-1 pg> of the 

control protein was loaded and 0.5 ml fractions were collected. 

405 nm· absorbance of each fraction was plotted against Ve/VO < Ve,. 

elution volume of each fraction and VO, void volume> <curve, 1>. 

Similarly Ve/VO of NEJ'vl-treated protein after loading 1 ml, and 

same protein co9~ent as the control was plotted <curve 2>. The 

elution peak$ of ,,hemoglob~n .and cytochrome C are marked by the 

·arrows. 
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association- dissociation equilibrium. Treatment of the protein 

with NEM shifted its elution peak position to the left so an 

association of the protein may be expected. However, the NEM 

treatment was found to stabilize the protein conformation which 

will be discussed in section <III.vi.) 

III.vi. Spectral properties: Conformation-dependent variations. 

The purified protein showed ferric hemoprotein spectral 

charecteristics with low intensity bands at 630 nm, 574 nm, 536 

nm and 495 nm and a well defined Soret band at 405 nm<F~g.3.5, 

solid linel~ The reduced spectrum showed bands at 620 nm, 550 nm, 

and 424 nm<Fig.3.5, broken line>. 

The difference spectrum of the reduced protein against the 

7.4 was estimated to be 1.47~ 0.12x10~ M- 1 cm- 1 <mean± SE, n=4> 

based on an Mr. of 40,000 and protein determined by the method of 

Lowry et al.<80> 

The Soret band showed reversible hypochromicity below pH 

7.0 and above pH 7.8 <Fig.3.7. A and B). 

Towards the alkaline side, when the pH reached 10.06, the 

Soret peak was shifted to the red , with a reduction in peak 

height But these changes could be reversed when the pH was 

brought back to normal. ,Similarly at the acidic side, at pH 3.25, 

the peak was shifted to 395 nm, with hypochromicity, which was 

also a reversible change. 

The protein had a relatively weak UV absorbance band with 

maxim~um at 276 nm and the band intensity was variable<Fig.3.8). 
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Fig.3.5. Absorption spectra ~f the oxidized and reduced forms of 

he~oprotein • Freshly purified ~emoproteiri in 0.05 M sodium 

. Phosphate buffer pH 7.4 <---':-) and the same protein treated with a 

few ']r<:dns of NaaS:.?o:Q.q. to get the t·eclucec1 form ( ---- >. 
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Fig.3.6. Difference spectrum of the reduced vs oxidized protein.\ 

1 ml .samples of the protein (-1.0 pgl was taken in both sample 

and reference cuvettes and baseline was corrected from 700~350 
! / 

nm. A few grains of Na~S~Q4 w~re stirred into the sample cuvette 

ari-d the ::>pectrum vJas recorded. 
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band absorbance of 

corded at pH 7.22 and the pH was increased by gradual additions 

of dil. NaOH ~nd spectra recorded at various pH values: curve, 2 

at 8.02; 3 at 10.06 and the pH was brought back to the original 

by adding dil. HCl and the spectrum was recorded at pH 7~2 , 

<curvei'; 4). <B) The curve,i is recording at pH 7.22. Then 'the pH 

was reduced with dil~ HCl to 6. 78 1 curve, 2;' 3.25, curve 3. Then 

the p_H was brought back to normal and curve 4, was recorded at pH 

5.78 and curve, .5 1 at pH 7.1. 
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Fig.3.8. Effect of aging on the absorption spectrum of the 

purified platelet hemoprotein. <J'he spect:ra of the protein im-

mediatel.y ctft:er purjfi.cation <---) and ctfl:er 24 h at -20' c 

<-----)were recorded in quartz cuvettes at 28' C. 



3-13 

The A .. ~·:••.!!': Azr;;;o ratios of apparently homogeneous 

preparations of the protein varied between 3 and 4. This ratio of 

a given preparation reduced markedly upon diluting it with 

buffer. Storing concentrated solutions at -20' C also resulted in 

significant changes in spectral properties which reduced 

A4o~:Az~o ratios<Fig.B curve 2> or otherwise increased Azeo. 

Spectral changes could be retarded or otherwise the protein 

conformation could be stabilized by storing it at -20'C in an 

atmosphere of nitrogen. 

Interaction of the protein with NEM also stabilized the UV 

band of the protein<Fig.3.9). 

So possibly the protein conformation was stabilized by NEM 

treatment while molecular size was altered. The effect of NEM 

modification on the ligand binding properties are described in 

chapter IV. 

Iri.vii. Charecterization and quantitation of the heme prosthetic 

group: 

Pyrichrome spectra of the protein before reduction showed 

a band at 395 nm which upon reduction shifted to 418 nm 

<Fig.3.10>. 

The 418 nm peak of the reduced pyrichrome is charecteristic 

of hemin b<l9>. The unreduced pyrichrome spectrum had also a band 

at 575 nm and a shoulder at 605 nm <Fig.3.11, solid line> and 

this is also a charecteristic spectral pattern reported for hemin 

b <19>. Chloroform extracts of the heme showed spectral bands at 

635 nm, 534 nm and 379 nm <Fig.3.11, broken line) characteristic 

of chloroprotoporphyrin IX <19>. 
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Fig.3.9. Stability of UV absorbance band after NEM modification 

of the hemoprotein. The spectrum of the NEM- 'treated protein 

eluted from a small col,umn <0.9xl0 em) of Sephadex G-200 was re-

corded immediately <-----> and after storing it for 7 days in a 
'. 

4'C cold room <---->. 
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Fi.g~3. 10. Pyrichrome spectral pattern of the purified platelet 

protein. The spectrum of the protein ( 0. 8 ml, 0. 84 pM > in 0. 05M 

sodium phosphate buffer, pH 7.4 was recorded<----->. Then 2. mg 
~ I 

of NaOH was added followed by 0.2. ml of pyridine. After recording 

the spectrum<-----> a few grains of Na2Sz04 were added and the 

f~duced spectrum was recorded<-.-.-~>. 
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Fig.3.11. The spectrum of the oxidized pyrichrome and that of the 

prosthetic heme extracted into chloroform. The preparation of 

pyrichrome was as described in the legend for Fig.8. and the 

spectrum was recorded from 600-350 nm <----->. The protein <1 ml, 

1.26 fM> was acidified to pH 3.5 with acetic acid and vortex 

mixed with 1 ml chloroform. After centrifugation- aided separa-

tion of layers , the chloroform layer was drawn out using a Pas-

tuer pipette, dried overnight with anhydrous Na~so4 and the 

spectrum<-----) was recorded against the solvent. 
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Quantitation of heme from the spectral data showed the 

presence of two mol of heme per mol of dimeric protein. 

Carbon monoxide was found to bind to the platelet 

hemoprotein. The binding caused hypochromicity of its Soret band 

and blue shift of the 574 nm band to 568 nm with a concomittant 

increase in peak height <Fig.3.12>. 

Upon reduction, the bands in the visible region merged 

into one broad band with maximum centered on 540 nm and its Soret 

band shifted to 420 nm with hypochromicity <Fig.3.12>. Difference 

spectral patterns of CO-reduced protein vs CO-oxidized protein 

<Fig.3.13> showed peaks at 570 nm, 540 nm and 420 nm. The 

spectral properties of the protein, its hemochrome and its heme 

in chloroform suggested it to be a ferric hemoprotein. Although 

CO is regarded as having little affinity for ferric hemoproteins, 

CO could bind to this protein. The sixth coordination position of 

the protein bound heme might be c1~ a weak ligand • The protein 

is found to loose its heme easity, even due to mild treatments 

like dialysis • So the protein - heme bonding may also be weak. 

Because of the trans-axial ligand effect of the protein Cl- may 

be displaced b~ CO to bind at the sixth coordination position • 

Ebel et al. (29> showed that CO can interact with the ferric form 

of cytochrome P-450. 

III.viii.Summary 

Modifications of the purification procedure introduced im­

proved the yeild of the protein. Storage conditions of the 

protein was standardized and antibodies were raised against the 

hemoprotein in rabbits. The only N-terminal amino acid identified 

was lysine, suggesting the homogeneity of the protein preparation 

~ -- ~~ -~ --~-~- --~---~~~~~---~ ---~~ ----~--~------'-----
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r----.:--.--------,--------. o.o4 
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Fig.3.12. Spectral properties of the binding in~eraction of CO 

with the purified platelet hemoprotein. The spectrum of a sample 

of the protel'in was recorded from 600-350 nm<->. CO prepared by 

adding HCOOH .from a dropping funnel into concentrated H:;·:SO .• ,,. in a .. 
distilling; p .. ask~ and purified by pass.ing through successive 

bottles cont;aining .J{;OH solution .and distilled water, respectively 

was bubbled through the protein for 4 min and its spectrum was 

recorded again < ----...... ). A few grains of Na:,,~s:,;·"O''t· were then added to 

the protein and the reduced spectrum<-.-.-.) was recorded. 
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Fig.3.13. Difference spectral pattern of CO-reduced protein vs 

CO-oxidized protein. CO saturated protein obtained as described 

in the legend for Fig.9, was taken in both reference and sample 

cuvettes and the baseline was corrected automatically. a few 

grains of Na~S204 were added to the sample cuvette and the 

spectrum was recorded. 
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and identity of its subunits. Two mol of cysteine residues were 

estimated to be present per mol of protein. The heme prosthetic 

group of the protein was identified as chloroprotoporphyrin IX 

Two mol of heme were found per mol of protein. Carbon monoxide 

could bind to the protein ispite of the iron existing in the 

ferric state. The protein exhibited association~ dissociation 

equilibria which could be modified by the sulfhydryl modifying 

Jgent, NEM. The absorbance ratio of the Soret band to ultraviolet 

region was found to vary from preparation to preparation. 

Dilutibn and storage ~ould also reduce the A4o~:A2~o ratios. NEM 

treatment of the protein could stabilze the UV absorbance. 



CHAPTER IV 

LIGAND BINDING TO THE PURIFIED HEMOPROTEIN 

AND ITS CONSEQUENCES 
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The reported putative receptor of prostaglandin en­

doperoxide CPGH~> isolated from calf platelets, could bind 

arachidonic acid and the PGH2 analogue U-46619 C67>. A receptor 

is not defined by a single agonist, but rather by a range of 

chemical structures capable of inducing changes in the state of 

cellular receptors that interact with it <79,112>. The criteria 

that must be satisfied to identify a receptor include: 

<1> affinity, specificity and reversibility of binding and rates 

of binding should be consistent with those observed for the 

agonist and the cell. 

<2> There should be a functional correlation between binding to 

the putative receptor and the physiological consequences of 

receptor activation <82>. 

So binding of various physiologically relevant ligands, 

their analogues and antagonists to the purified hemoprotein and 

its consequences on the protein conformation were characterized 

as a prelude to a study of the role of the protein in platelet 

activation. The results are presented in this ch~pter. 

IV.i. Ligand binding: 

As discussed earlier C III .v. > the existence of the 

protein in association- dissociation equilibria, its temporal 

conformational changes combined with the ease with which it lost 

its heme prosthetic group made ligand binding studies by 

equilibrium dialysis out of the question. Such studies could, 

however, be performed by difference spectral measurements as 
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exemplified with PGH~ <Fig.4.1>. 

The difference- spectral patterns of the PGH~ binding 

showed peaks at 425 nm and troughs at 405 nm <lower inset>. 

Double-reciprocal plots of the data were parabolic and Hill plots 

linear <upper inset) with h = 2 and Sc.: •• •:!!' =1-2 pM. Saturation was 

reached at a ligand : protein ratio of -2 which is also the value 

of h suggesting strong positively cooperative interactions. 

The binding parameters of a number of ligands determined 

by difference spectral measurements, employing the same protein 

preparation ( o. 7 having ratio of are 

presented in table 1. 

A variety of molecules including n-Hexane, a hydrophobic 

molecule, could interact with the protein. Most of the ligands 

exhibited positive cooperativity Ch>l>. The highest affinity in 

-terms of the So.• <1-2 pM> and the lowest ligand molar excess at 

saturation<-2> were shown by PGHa. 

PGHz was followed in affinity by 5,8,11,14,17-eicosa 

pentaenoic acid, oleic acid and hydrogen peroxide. Oleic acid 

exhibited negative cooperativity <~<1> at low concentrations and 

positive cooperativity Ct1>l> at higher concentrations. The 

highest S,:,. ~:· < >30 mM > was found for n-hexane, which apparently 

recognised the binding site of the methyl side chain of PGH;<~ on 
' 

the protein. 

Spectral properties of the heme prosthetic group of the 

protein were shown to be identical to those of chloroprotopor-

phyrin IX <III.vii> indicating that the sixth coordination posi-

tion of the protein- bound heme might be Cl-, a weak ligand. This 
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Fig.4.1. Characteristics of· the binding interaction of pros-

ta.g land.i n H:;a with purified platelet hemoprotein. 'fhe protein < 1 

ml, 0.7 pM >was used. PGH~ <1 ~1~ at a time, acetone solution> 

was. added to the samplB cuvette and acetone to the reference 

cuvette. Stable differehce sp~ctrum obtained after each addition 

was recorded, at 2a·c <right bottom insBt). The metho~ of ligand 

binding study is described in II.S. Spectral patterns shown are 

those obtained at ligand concentration < p M> of 0.28 <1>, 0.56 

en, o.s4 <3>, 1.12 <4>, and 1.4 <5>. A double- reciprocal pl~~ 

of the spc~cl:ral data is .shown in the mcd.n frame and Hill plot in 

the top-left inset. 
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TABLE 4.I 

Comparison of the parameters of the binding interaction 

of various ligands with the purified platelet protein. 

-----------------------------------------------------------------
Ligand 

< M) 

Hill coeffi­

cient < h ) 

Molar excess of 

ligand required 

for saturation 

-----------------------------------------------------------------
Prosaglandin H--" 

11-eicosa monoeno­

ic acid 

11,14-eicosa tri­

enoic acid 

8,11,14-eicosa tri-

enoic acid 

5,8,11,14-eicosa­

tetraenoic acid 

5,8,11,14,17-ei­

cosa pentaenoic 

acid 

Oleic acid 

Linoleic acid 

Linolenic acid 

Palmitoleic acid 

Imidazole 

1. 5xlo--·o 

132xlo---~, 

22xlo---_._, 

llxlo·-o 

5xlo·---·~" 

5xlo----· 6 

20x1o----·""' 

9xlo-·-6 

16xlo·---,-r,, 

1. 4x 1 o----;::!0 

2.0 

1.3 &2.8 

1.5 

1.9 

1.7 

1.8 

0.7&1.6 

1.4 

1.0 

1.8 

1.4 

2 

-15 

~20 

-so 

-100 

-2o 

-2xlO·'''· 

< contd. ) 



n-Hexane 

5xlo-<!:> 

14xlo·-Q 

3 .5xlo-·e 

1.7 

1.5 

1.0 
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>lOr."' 

Different batches of protein preparation <0.7 pM> having 

A"'+r.:•!!:i:A:;.::r::.~·::• ratio -3.5 were employed. The binding parameters of 

H:;.::O:;.::.were determined for each preparation and their agreement 

within 20% of that reported in table 4. 1 was chosen as a test of 

St]itCl.b:ility of _th~ prepa:ration for comparative binding studies. 

The repQrted parameters of each of the other ligands are the 

average of at least two determinations with different prepara-

tions. A Arn .. m values were determined from double- reciprocal 

plots when they could not be obtained directly <e.g. in the case 

of n-hexane >. Values of So.~ and h were determined from Hill 

plots of the data. 

I 
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could be easily displaced by a nucleophilic type of reaction by 

the peroxo group of PGH~ and H~o~ or by nucleophilic centers of 

other molecules and ions. Heme may also be a hydrophobic site for 

ligand interaction. The amino acid composition analysis also 

showed a preponderance <III.iv> of hydrophobic residues. So 

hydrophobic domains may be present on the polypeptide chain, 

which would interact with the hydrophobic site of ligand. Thus n-

hexane which cannot be expected to co-ordinate with heme iron, 
. 

could interact with the protein and produce spectral patterns 

similar to· those produced by PGH~ and H~Oz. Binding of many 

ligands like eicosanoids may also be explained as hydrophobic 

interaction, because they all possess a common methyl side chain, 

which could be a common site of their action on the protein. But 

depending on the nature of other variable groups ~resept, and 

their stereochemistry, the mode and extent of interaction might 

differ. Thus although pinane throm})oxane A:u: interacts with the 

protein, it did not produce significant spectral changes, while 

more spectral effects are shown by U-46619 <67>. The interaction 

of Pinane TxAz with the protein was judged by the method of Hum-

mel and Dryer<65>. 

Two other hemoproteins which interact with PGHz and 

thromboxane A-.,,f. are prostaglandin endoperoxide synthetase and 

thromboxane synthetase. However, these three proteins show dif-

ferences in aff~nity for each ligand. Thus So.~ of eN- for pros-

taglandin endoperoxide synthetase is reported to be in mM range 

<61> while that of the hemoprotein under study was 14 fM <Table 

1}. The S•:• .. •.!!• of imidazole for TxA:;.~ synthetase is 0.1 mM < 28> 
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while that of this hemoprotein was 1.4 mM <Tabie 4.1>. 

IV. ii. Effect of protein modification on ligand binding 

properties: 

The protein exhibited different spectral charecteristics 

<III.vi). and the molecule existed in association-dissociation 

equilibria<III.v>. So it was investigated whether the 

4. II> 

Fresh protein preparations wi~h A4o~:A~~o ratios of 3-4 

at a protein concentration of -o. 5 pM showed S,:, .. >::!' of 10+ 2 <mean 

±. SE, n=5 ) and h = 1. 8+ 0. 2 · with H;aO~. When the protein 

concentration was increased to 2.5 pM, the So.>::!' increased to 30 

to unity. These higher S;.;.~ . .,!!' and lower h values 

were also found at the same protein concentration <0.5 pM>, after 

the protein had its A4o~: A~~o·ratio decreased to 0~66 by aging. 

Thus ligand binding properties of theprotein changed not only 

with its A4o~:A~eo ratio but also with the protein concentration 

at nearly the same A4ol';l!I:A~eo ratio. 

b> Effect of ligand-induced modification on arachidonate binding: 

Arachidonic acid binding to the imidazole treated protein 

was studied <Fig.4.2>. 

The So.~ of AA binding to the control and imidazole 



Table 4.II 

Effect of A.o.:Az~a ratio and concentration of the protein 

--,-----------------------------.-~-----------------------: _______ ...,. ... ___ , 
protein concentrat~on Hill coefficient 

< pM> +atio ( h ) < pM>. 

-----------------------------------------------~----------------
"' 0.5 4:.11 1·8+0.2 lO.t2 

I 

0.05 0.66 l.oO 30.t2 
' 

.. 

2.5 3.1'"'' 1.0 48.t2 
-<-, • 

..... -~~~~~~-"'!'"'-~~!!'1"!!-~-'!"'!'"':--~--,"'----~;i'~--.t:-~------------~~..-o:------------~--:----·~~ 

Binding studies with 
/ - 0.5 pM prote~n . having the indicated 

A •• ::>,:,:A:;;;:F.!."~' ratios were done at 28' C. Protein sample with a lower 

ratio of A.a~:Az•o, was obtained after storing the protein for 24 

h at -20 • C. Average values + s.d. of two det~rminations are 
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treated protein was same < 8.5 fM) but the maximum binding <6Ar,,. .. H} 

was reduced to half of that of the control protein. 

So the modification of protein either by aging or by 

ligand interaction, resulted in the alteration of its interaction 

with other ligands. 

c> Effect of sulfhydryl modifying agent: 

It was also shown that, NEM, a sulfhydryl modifying agent, 

acted on the protein, resulting in the association of protein 

<Fig.3.3.) while maintaining its A4oe:Azeo ratio stable for a 

long period of time <Fig.3.9. ). So the effect of NEM modification 

of the protein on ligand binding properties of the molecule were 

also studied by difference spectral measurements<Table 4.III>. 

Arachidonic acid binding and Oleic acid binding to the 

control and NEM-treated protein showed similar h and So.~ values. 

But the AArn .. •>< or the maximum binding was higher when the protein 

was modified with NEM. For HzOz binding the h and So.e were 

higher while the maximum binding was lower with NEM-treated 

protein. So it is possible that different molecules recognized 

different binding sites and/or conformations of the protein. 

While reduction in A4oe:A2~o ratio by aging reduced the h 

of HzOz binding, the preservation of this ratio by NEM- treatment 

increased h. So modification of protein conformation by different 

treatments was found to alter the ligand binding properties, 

each in a different manner. 

IV.iii. Ligand- induced conformational change of the protein: 

a> Gel-exclusion chromatogrphic study; 

It was shown <III.v) that the protein existed in 



Table. ~.lii 

Effect of NEM treatment of the protein on the 

binqinc;:JpropE!rties. 

Lig,and qsed !?rote in hill coefficient 

{ h ) 

----------------------------------------------------------------~ 

A~achidonic 0.06 
-,-·i 

1.56 

acid +NEM 0.065 

--------------------------------------------~--------------------

+NEM 

Hydrogen -NEM 

peroxide +NEM 

1 rnl 

0.059 

.0.03 

1.~4 

1.83 

2.05 

3.66 

protein C2.5 pM> treated with 5 rnM 
' ·.' ,· I, :'·• 

were passed through a 

rnl ~ernoprotein fractions 

A4-<::•l!!l of the test and control 
{,. •\ 

justep to the same <O.llA> and used • 
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association-dissociation equilibria detected by large-zone gel-

exclusion chromatography <Fig.3.3>. Interaction of the protein 

with various ligands were found to modify the elution pattern and 

area under the elution peak. The ligands used included. 

physiologically relevant platelet agonists their analogues, , and 

platelet antagonists. A schematic representation of the results 

is presented in Fig.4.3. 

Out of the ligands used for this study, hydrogen peroxide 

and the prostglandin endoeroxide analogue U-46619 are platelet 

agonists and arachidonic acid which can also induce platelet 

aggregation independently of its metabolic conversion to PGH2 and 

thromboxane A".ii!! also has been shown to interact with the protein 

and modify the gel-exclusion pattern <67>. Other ligands which 

were able to modify the large-zone gel-exclusion chromatographic 

pattern were pinane thromboxane A2, ajoene, N-ethylmaleimide and 

dithiothreitol. Though all these compounds are able to modify the 

protein, no distinction was observed between the modifying 

effects of agonists and antagonists. 

b> Immunodiffusion experiments: 

This was chosen as a valuable technique to detect 

conformational change of the protein because a relationship 

between protein conformation and antigenicity was recognized and 
( 

it was shown that a subtle change in conformation was invariably 

associated with a reduction in immunogenicity and an alteration 

in antigenicity <31,75). 

For determining the change in antigenicity of the 

hemoprotein, antibo~ies raised against purified protein was 
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Fig.4.3. Modification of the large-zone 

chromatographic pattern of the platelet hemoprotein 

teraction. The protein <1 ml >treated with reagertt~ 

various ligands was applied to a column of Sephadex 

em> equilibrated with 0.05 M sodium phosphate bb~ter, 

4' C. The column was eluted at a flow rate of 

tions <0.5 ml> were collected 

nm were determined. The A_..,::>'=' of each fraction was, 

function of its elution volume <Ve> relative 

the sake of clarity. The left 

of the protein <0.5 pM> <1> ad the same amount of 

' with ligands as follows: 30 pM H~o~ <2>, 3 pM 

A~ <3>, and 12 pM 046619 <4>. The right panel 

patterns of the protein <0.8 pM> <1>, and the same 

of protein treated with 144 pM ajoene <2>, and 

ethylmaleimide <3>. 
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allowed to cross-react with protein treated with saturating 

concentrations of various ligands. Same concentration of the 

protein was used for treatment~~ith each ligand and saturation of 

ligand interaction was detected by difference spectral 

measurements <Fig.4.4>. 

For the Ouchterlony's <100> immunodiffusion experiment, 

which can demonstrate antigenic similarities or dissimilarities, 

tqe undiluted antiserum in the central well was allowed to react 

with the ligand- treated and native protein poured in alternate 

peripheral wells The ligands used included physiologically 

relevant as well as common heme ligands and the results are 

illustrated in <Fig.4.5>. 

The results 

eicosa trienoic acid, 

lines were formed 

showed that when arachidonate, 

or H~o~ was bound, only faint 

which contrasted with those 

or 5,8,11-

precipitin 

formed with 

authentic protein in shape and position. In the case of PGI;I~ on,ly 

a slight shift in position of the precipitin line towards the 

peripheral well occured <Fig.4.5.B-2>. The protein ,was, 

apparently, not saturated with PGH •• : as , may be judged f:rzom 

Fig.4.4B because of the limitations of the volum~ of the solvant 

<acetone> that could be added to the protein and instability of 

the compound. 

The precipitin lines formed in the presence of saturating 

concentrations of CN~ and imidazole seemed indistinguishable 

from those of the authentic protein <Fig.4.5B>. 
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5,8,11- eicosa trienoic acid <1>, 39 pM arachidonic 

.addect~ as their ethanolic solutions, and 

§,cP,l,lt:l.on ad.justeCi to pH 7.4 with dilute HCl > < 3l. SpE;!ct;.ta 

those obtained with 6 pl of. an acetone soluti_on of I?GB~ 

pM> <1>, 8.5 mM imida.zole <aqueous solut.ion .adjusted 

< 2 >1 and 56 pM H:.;;O:.~ < 3 >. 
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Fig.4.5. Immunodiffusion patterns obtained using protein 

saturated with various ligands as antigen. The protein samples 

<30 pl> from the sample cuvettes of experf~ents described in the 

legend for F~g.4. ~ere taken in peripheral wells alternated with 

the same volume of the contents of their respective reference 

~-~e-tW&t-t€s,.-- Wel-Jos~2-,4~ and 6 .contained, protein saturated with H:.-.!O:;;:i, 

arachidonic acid and 5 1 8ill- eicosa trienoic acid, respecti~ely 

in A and PGH:;;:i, imidazole and CN- respectively in B. Wells 1, 3 

and 5 contained 30 pl of protein from the reference cuvettes. 



Ligand charge 



Table 4.IV 

Modification of the net charge charecteristics of the 

purified platelet hemoprotein. 
___ ..;___, ___________________________________________________________________ "_ 

Ligand A~l·<::>''" after 

employed ligand 

treatment 

of A4oe after ratio 

Sephadex G-25 

ge1filtration 

% recovery 

DEAE Sephadex 

50 column 

chromatography 

-----------------------------------------------------------------
None 

eN·· 

C 30 pN) 

Imidazole 

ClO mM) 

H.-,,c:O.-,,,, 

( 30 pi"l) 

5,8,11-

···eicosa tri-

enoic acid 

0.065 

0.069 

0.058 

0.042 

< 120 pM) 0.053 

Arachido-

nic acid 

c 34 pM) 0.044 

81 2.94 72 

77 2.14 56 

74 2.86 53 

69 0.41 41 

83 0.65 27 

52 0.25 0 

.(contd.) 
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The protein< l ml, 0.44 fM, A4o~:A2~o ratio 4) was treated with 

a given ligand <final concentration in brackets) at 30' C. After 

measuring its stabl~ A4o~ value, the treated protein was 

gelfiltered in a column of Sephadex G-25 <lxlO em ) at 4' C to 

remove the unreacted ligand. Fractions <l mll were collected and 

their A4o~ and A200 values determined. The respective values were 

summed up to calculate the per cent recovery <third column> and 

the A4o~:A20o ratio (fourth column>. The fractions were then 

loaded on a DEAE Sephdex A-50 column <lxlO em) in the order in 

which they emerged from the Sephadex G-25 column. Fractions <lml> 

were collected and the total A4o~ recovered was determined to 

calculate the per cent recovery of A4o~ loaded Clast column). 



<II 
IJ 

a o.o25 
~ 
0 
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<t 
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4 .... 20 

fig.4~6. Ccmp.a.l"'ison of t.he A.·~.,:: ... !f~,:lib,~,,=, ratio of the ligand-treated, 

gelfaat·~:rr·e:Q: protein samples. 1 ml protein < 45 pg, A.·~··=·~~·=O • 088 > 

treated with various ligands .... were .pass.ed tbrough· cL columnr of· 

Sephadex· G.-25 .{ lxlO em} and 1 mL .tract±ons WJ.ere · i;:::i:Dlle:a.te¢1 •. ~' T~' 

~-. 

spectra .. given are thos:e of ~e:r.peak t:J::act:;i,o,ns ofr ~thh~ C.N;-; (1lfil: .. 

pM>treated.:. ,( 1 ).; imidazole <10 mM> treated- <? >; 5,8,11'-'B;i•o.o·s~ 

tr ienoic acid <120 pM) treated ( 3); hydr.ogenperoxide :< 30; p.M.): 

treated'- < 4 >; and arachidonic acid < 34 pM> .. treated-.< 5 > s(;[mp1es;,J 

eluted from the column. 



b > Polyacrylamide gel electrophoretic analysis: 

The effect of all the ligands on the net charge of 

protein couldnot be tested ion'"':'exchange chromatography 

, cause this amo.unt. of protein 

laborious. of the 

The 

'oved far towards 

protein was dr 

•;;f,t. under 

:::::t::":n:l::: : J~~~i~t~Y~i.~r:t:~ 0::::: 
''"'•-3 -' ' -~ ~:· :. -~,'- -:.-_ J;,, .. ·;-

band intens.i ty of o-4661'9 ~ttei!i'ted protein was fedi.tc~d. 

intensity of piniahe TxA:ai fitre~'tedptbtktn, 
. FS·~ .but'' the.~l,R·j<!l.!"Nascbigbe.;-:<:.(:;;Q~tlli·~·. ;J!>;a~c~e o:f:lt:J::l:ecp:pbt~­

i,}ec'i"~ 6 6 3;19; :•:a>ad tp;i!1l.~n!e :i'fx, ;A~ l £$eemelfl 

iUJilEU!.tl!l.ra·t:ed :ta.tty. ;aci;ds., :.p:r::ostagliand'in 'endopero~.iet~ <i~gli·~·~ti···aA'z$'·; :if·'f~i£:~'1£~~ 

amdogue U;..4~619 , pi pane thromboxcme A:;a, common 

azi(ie, cy?tfli¢1~ and hydrog~n Pero)(ide, 

like .. n'"':'he~ane; and all .of them 

enqoperoxide, 



Fig.4.7. Results of polyacrylC;'!.mide gel electrophoresis of native 

and ligand-treated proteins. Equal amount of protein (50 pg) was 

loaded in each tube.: PrOtein used in lanes l-7 were as follows : 

1, control; 2, U-46619 <12.3 pN) treated-; 3, arachidonic acj,d 

< 30 pM 1 treated-; 4, ajoene < 144 pM) treated-; 5, pinane 

pf1) treated-; 6, NEM <5 mM) treated--; and DTT <4 mM) 

Experimental details a:t"e given in II.7.ii. 



protein by aging , ligand interc:Iction or by variations of p:r:-otein 

treatment of. the protein .with NEMt .a :;:n!lclf(lydryl mo(ii.:fying agent, 
i ·~ ' 

also affeated th~ l:l,gcand. b,in(iing prqperties. L.ig?nd,. 

coi)fQrm<;itional c::hange qf the protein was detec::ted .. by 

latter tec:hnique c::ou1d distiguish the m.od:J;,fyii)g 

between the m.odifying e:f.f~cts qf agopist~.and antagoi)isi:;:s 

inquce,d,. alteration. of the net; c:h.a:pge of; th~ protein was. 

by i0n-.exchanqe c(lromatography where physiol0 gical1Y r.e].ey;<;ipt 

ligands SJ2ecifica1ly modi.fied the protein charge. 

gel e1ect;rophoresis .alsq d~t.ected chca+ge variations of 

. treated prot~in in te:r:-.. ms of their mobility aQd ban(i intensi.t;y. 



CHAPTER V 

CONFORMATIONAL MODIFICATIONS OF THE HEMOPROTEIN DURING AGONIST~ 

INDUCED ACTIVATION OF GELFILTERED CALF PLATELETS .... 

The ultimate goal of measurement of . ligand bi·nding. to 

receptor prqteins is to provide a. rational basi~ · tor. 

.· ~nd. · the understanding, the mechanism of their '.action. 

quantitative relationship 'between ligand binding and the 

,consequent response become an 

identification. Ligand-receptor 

important 

complex 

aspect of .r;eceptor· 

formation plet,ys an 

important role in the sequence of biochemiocal events leading to 

biologi-cal- action! 3,128 >. Ligand interaction ot .the purified 

Platelet fl.emoprotein resulted in the. alteration of its conforma~ 

tion and charge charecteristics< IV .tii.&iv >. Experiment~~ were. 

designed to test whether analogous modifications of the· prqtein 

took place on cell stimulation. Experiments were also conducted 

to asess :t:he a.ccessibi·li.ty and localization. of the :p.re~:tein in 

plateleit ;sub :·tract±:ons. 

·e::rTt.eria for. receptor identification are variCIUs, but· 

a: Nery .strong evidence for receptor identity can be. gaineii , if. 

arUs.±bClFehh~s. · against the purified protein sel-ectively blocK; a: 

rec.epto:r: system <60,103,132>. So the effect of ant·:t'~"' IgG 1 rai!s.~d. 

against the purified protein,. on the aggregation kine:t~es of. 

various ligands were also investigated. The results :et: these·. 

investgations are presented in this chapter. 

V..,.i •. Spectral effects: 

Binding of most of the ligands to the protein resul:ted iitl; 

a re.d:-shi ft: o.f the Soret band .. from 405 nm to 4J,O nm or 4HS nm 

depending on the nature of the ligand<~ 57>. In the crude. ex.tracts 



or the sonicated , clarified, platelet supernatants, a batch to 

batch variation of the Soret band maximum was observed. This was 

suspected to be due to varying degrees of activation of the 

platelets in vivo9r dur:i,ng handling and the consequent binding 

of low Mr ligands, that are released or generated in the platelet 

on cell stimulation, to the protein. To test this possibility, 

GFP, of which Soret band max;Lmum of crude extracts had previously 

rbeen determined to occur at 405 nm, were activated with ADP 
~ ~~ 

< 10 pM > and A2318'7' < 5 nM >, as being rep.resentati ve of stimuli 

acting through' cell-surface :rreceptor-dependent and -independent 

mecha-nisms. T-hese agents by themselves did not affect the Soret 

bands of the purified protein • . Tne Soret bands of crude extracts 

of the activated platelets were found to be red-shifted with 

hypochromicity compared to those of the control platelets 

<Fig.5.1> 

V.ii. 6hange in conformation, detected by immunodiffusion: 

a. Activation with· differ'ent ligands; Conformational change of 

--'fne --jiEoteln with ligand interaction was demonstrated using 

immunodiffusion <IV.ii.b. >experiments. Immunologicl methods were 

a,~lso •ellJeloy~ti to te~t whether sim:ilar · . .eonformatio~al ;changes 

c()uld lle induced in. platelet Q.u:r;in.g activation~· Thus when Triton 

x ... lOO ex.tracts of ~:the · activated platelet~· were,' ,u'sed !n 

Ouchterlony~s immunodiftusion experiments, double preC~ipitifl'· 

li~n~s~. ~ere ,pb~eJt¥eQ ,;where,a,.s onlY one .line cpul,d be . detected in· 

ext:r;;:Cicts o7f .pont;rol p1,ate1ets ;<Fig.s.z>. 

S9 it appeared that when the plc:ttelets are sti:mula.ted 

-l,igan.ds may be, Jli:Qer:ated .or r.eleased at specific sites pr 

compartments where they could interact and modify the protein~ 



o.030 .------.---------. 

0 ~~-~----~-~ 
350 400 500 

'Nove length, nm 

Fig.S.l. spectral properties of crude extracts of g.ell-fi.Iter(!d 

calf platelets before and after activation. GFP < 2 nU, oxlO~ 

platelets / ml were activated with ADP <lOpMl or A2Jl81 f5 nM) 

for 10 min at 30' C• Crude extracts of the platelets .were 

prepared as described < Il ~2.4.,) .and their absorption spect:ra re+ 

corded at. 25' C as in < II.4.5. >. The spectra shown are thos.e of 

the crude extracts of control platelets .~ 1 >, ADP- activated 

platelets <2>, and A23187- activated platelets<3>. 
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Fig.5.2. Typical immunodiffusion patterns of Triton X-100 ex-

tracts of activated calf platelets. GFP < 1 ml, 6x10"'' platelets ) 

were activated by lowering the tempera.ture <1 h in melting icel., 

with ADP and A23187 as in legend for Fig.5.1. and with 0.5 units 
../ 

of thrombin~ The activated platelets were treated with Triton X-

100 added to a final concentration of 1% < v/v) and mixed. 'l'he 

1'riton X-100 exracts < 30 pl) were then taken in the peripl-)e.ral 

wells, . .2 1 3, 5 and 6, .respectively. Similarly preparecl Triton x,... 

100 extracts of the control platelets and the purified protein 

were taken in wells 1 and 4, respectively. The undiluted an-

tiserum was in the central well. Other details were as described 

irr ( I I • 6 • i i ) . 
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The protein which is inaccessible for the formed molecules may 

remain in their native state. Thus double precipitin lines formed 

in immunodiffusion could correspond to : 1, native protein and 2, 

the modified protein. 

The implied role of this protein in cold -induced 

activation of platelets is intriguing. Enzymatic reactions 

undoubtedly occur by cold activation as evidenced by the 

'Phosphorylation of myosin light chain < 12,98 ). Arachidonate 

liberation could also occur since phospho-lipase A:.: might act at 

low temperatures <104). But metabolic conversion of arachidonate 

did not occur as we could not detect malondialdehyde formation by 

the thiobarbituric acid reaction<l4,129>. So arachidonate which 

might be released during cold activation could bind directly to 

the protein triggering the activation cascade. 

b. Time-course ot protein conformational change in platelets ac-

tivated with A23187: Platelet activation by the calcium 

ionophore A23187 is known to be through arachidonate release and 

metabolism <73 >. This agonist was used to measure the effect of 

time on the antigenic variation of the hemoprotein, using 

Ouchterlony's immunodiffusion technique. The intensity and the 

position of the precipitin lines were altered in the course of 

' platelet acti~ation by A23187 <Fig.5.3>. 

Conformational change of the protein ocurred at 7 s 1 the 

earliest time interval of manual sampling, after agonist addition 

and mixing. Spectrophotometric and microscopic examination under 

the conditions showed shape change of platelets but no aggrega-

tion < 69,127 >. 



Fig. 5. 3. . Time c::our.se vari.ations of irnmunopreci.pitin 

tained with lysates of A23187 - activated plateletS$. GFP (.1 

3xl0iii" platelets> were activated with 10 nM-, A2.3187. ~0 Jl,l of 

activated platelet;9 were trafl.sf~:rred iJ1tO tubes 

of 1 .% .~r iton X-:.J-00 at 7 .st. .1!) .s., 3Q s., . 60 s, 

st:imu1atton. The .lysa.tes were p(;rur.ed i.nto tl)e 

wells nos 2, 3, 4, S, and 6., respectively. Wel..l 

1 ~ Triton x .... IQO lysate of the no;~nal plate.lets.a$ ,c;::.9nt.:t.:ol~ 



-, 
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V.iii. Comparison of molecular size and spectral properties of 

the protein from native and activated platelets: 

In chapter IV.iii it was shown that ligand interaction 

resulted in the modification of association- dissociation 

equilibria of the purified protein. So it was tested, whether 

similar changes in the properties of the protein could occur when 

native platelets, whose crude extrcts showed Soret band at -405 

hm, were activated. For this study the elution patterns from the 

Sephadex G-200 gel-exclusion column, of the <NH~.>~so4 fractions 

of the hemoprotein, from activated platelets and native platelets 

were compared <Fig.5.4>. 

Whereas the protein from unactivated platelets emerged from 

the column as one narrow peak <curve,l> with Ve/VO value between 

2.1 and 2.2, that from activated plaelets emerged in a broad peak 

having Ve/VO values greater than 2.2 with a shoulder at Ve/VO 

less than 2 <curve 2>. 

The spectral recording of each of the hemoprotein fraction, 

originated from normal and ADP- activated platelets, after the 

Sephadex G-200 column chromatography was analysed. The Soret band 

of the protein in the ascending limb of the elution peak appeared 

at or near 410 nm, reducing gradually as the elution progressed, 

reaching 405 nm before the peak was reached when the protein was 

from apparently unactivated platelets <Fig.S.SA>. 

When the protein was from platelets activated by ADP , the 

spectral difference between such fractions decreased in 

proportion to the concentration of ADP used to activate platelets 

<Fig.5.5 B&C>. Their difference spectral patterns reported in 

Fig.5.5 D showed that when the fractions were from normal 



Fiq.S.4. Schematic representati'on of the el\ltion 

rc-~--~1llimlonrotein~i:SC:mrtia<a ___ t,_ ~om normal and NlP-act j,vated 

ml reilGh. of normal c:md 5 pM 

· ®~ ~\Qr, pt-~~ti~i~m;~ tt'!!J~l'a:,t 1r:0:n 
,: ::'"' ' - . --

9,,~~~ anun{m-i,um, c:sulphat:e ,:was; .diiss~lved in 1 ±Jlll 

b.~~f.-~ax-t ~hb 7,.,4 ·an!il ~'o~aeJil on a~: x::o.l'uml\1 .. of ,s;e~@i~u~~® '(~-~~~~i;}f:~l~'c:!:ffl1:''~1z;:;c; 
<.-- . 

+# · ~* ieQPirl i l:¢'ratled,iw:ilb:h; t:}li.e::: a<am~ :buf'te!'t: ..o .: 4.0:5 um· a;:b;:;s:orbanta:~ 

· mo~n ::Pr~~t:':i onp, ~or~·J...<ea:'b:e:~··.W~r-f3'··J.l lPJP:tted ,aCJ:Jiil i nl$.tt 

sent; e±:.ut;il.omu~~tt~erns· ·of: hem~pro;tei'li~ f:t'om'' nG>rma'1 

biMated platel:,~;t's•· res:pet:tively. : 
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chromat!og:raphy. The eKperiment .was .done. as 

described in the legend for Fig~5.3~ Spectra ot ~· hembprobein 

fraction ·train normal·. platelets eluted in the ascending; limb;.C. •'> 

and that trem the1 descending limb <---) bu:ti ·with similar 405 .: .nm 

absobance ate compared in <A>. In B and;Gsimilar curvesc®mpare 

similar pro'bein fractions iirom z pM and 8' pM ADP':"' act4vated 

platelets, respectively. D gives di~ference spectra of t&e t-o 



_ · platelets the difference was large with a peak at -425 

trough at 402 nm <Fig.4.o;-.-.> •· The magnitude o:f the 

di fferrence decreased and \the!:p~ak and trough appeared at 

and ""405 nm, respectively. 

. . 
Protein :fractions ]1aving ,. ~imi.lar A4<::•e 

normal platelets and pla~elet~. activated with 8 JlM 
. ,, _., .. ~:."· 

spectral variations sho~hn<~i~:S<Otll. 
' ,,~ ;,'<. ,; ; 

The fraction ·from A~P~ · ·~c'tivatea 
. . 

platelets 
·_: ·',~-'~_\·. :; . . >: _ .. -:t·~. . - ) -· .-:; '<' ': 

protein/ml> had its sa'r~t'bat}{l's1ightlyshifted to the 

markedly 4:ne:t-eased· ab::oor~anee in the/ fa+: ultra violet , 

cmnpared to the fraction from coritrol platelets < 6. 7 pg 

per ml >. 

Furthermore , the bindi,J)~.of saturating 

H;;.;O:.:a as a ligand to the protein from control 

gr~cr~er magnitud~ of spectr.al. ahange~-comparea· :to 

it;,s l;)inding to the protein from aetivated ·· pl:at~1et;s 

- ·-- ~ 

no .change 'in. S'='•'=' Cl2'pM> or h. Cl •. 6>. 
. . 

.. ,ComPa.r.tson . , o:f; the e,l.qt ion pa t.terns "'ot t.he · s.oil!u}z)i.:e iiTp.Ji.o:be'jt:f 

:h:~ ail:P:·~=u:e~t;ly. n;ormal a·nC AOP.,.. ac:::t i vatea plattel~ts .· 

lJ •. ;'J?he ,a,,s;.~,~~.ar!J:ed:.,)t,g;rmol··· ~h;e Pr.<c;>teintl <elutinfi, 

.• :{roftl;·~ith •n:ormal 'and+ac.t;i,vat,ed 
. . . 

·-at'c;;·~.f.Q ~Plf ;F,~fhJ~iS~!ilCta:t:ecl Jorm eluting lat~r ~;:fr;Onivtne 

~rom cAntr:~J:,~tli:a\tl:elets 'had:Sor~t ,ba~d at.'.;·4Hl5 ~lt(n ~but 

th~ prctte.in .. ;t~~•~ ~~~ivate.d p.late,le,ts :had 

In additi<?rf ~:b~~~r~prote,in. trQJfi .·:c:tct:t.vated platelets. 



toml;ictr':iS'bnV;df1 <::th~· 1 Specfbral' pro~r:tJ"(isL<'· ''Of 

from rfc:H?mal and''· AOP;_;,_ act-ivate\1•Vpt·at;e:l:e~s l'la.~i;~f;r 
,· > ' ••• 

tlie ·ex,pwth\t!~ta:a:l~s:~tem '·~~·-, 

f.o~; F i'g /5:. ~·; \ orl'e'· ···· tr a ciitnt:bn;J.Mch. ·"w~n cJ:u::,l.su~&' .. 

"':f'ir h;m t~J1:~ht r &:t• ~hd f'f~~ctrdhr om·a t @g~a1ns l ·. ~'w1.:·t!h "s!imltl ~,:rJ: ;"e i~!':t'9n. ~$s·i·J .: ····· "'(: 
:tbhc, ran·~· ; 4:9g· riftf ·al5~o¥~~n~e . Spect:i:- at ~b :f:<'tih:es;E$. ·~lfact:ibn.s\i.~:t:a 

!~on¥ 'siO'i)-25;0"'%1m Pi 'Sb'1'id '·~'ihtF·'r-:bp~es~J~,~~J~;.,1~~fh 

'~l::a~e:.t~~J> awa.t:;ibr~ol{.en':' '·::F:Hfe r :(t¥~tetst'; 8tll!':<itff :.~!)F"-

fractions were 'then used 

'1tre'r0>Ha~' ~15trltitfr9 '!i:'S "des'dl:i:bed <';:r:r~:sc~ •. >"~ T¥i~·,<af:t'i:J:.erJanee 

;p'attei¥ts~ '2~~~f~l-!u~::li~· t'l-!~· ·sa·t·tirY~lt!tl.rlcf' c:.~n;e.enn:r:&'f"aon' ot''the 

('if2·~.s·"p"r'1) '·f;1o r::~rtt'5~~~~~: 2~J,at~let protein<-_,._ 
"'.' ·. ···-.\_•' 

:i/fa t:e'i e't!·~I1t15ft ~~~(<dJ;.io~~ 1 ~:r:ec gi v~fi 
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of absorption at. 280 nm. <Fig.5.6> and altered ligand-

nding pro~~rti~s a~ e~ern.pli.fied with H20~. 

variations~ of .. the hemoprotein .due to plate~~t 

1 va ti.on.: . 

. ;rt wafJ shown. <IV. i 1:1,. a) that the net cnart;l.e of the 

,~~s alter.ed ?Y physiologically speci:f.ic.ligands and the 

was :re:t~i.ned .l:ly.· DEAE Sephad~?C ~~~0. C()l.umn .. in. Q .• Q~ 
;c' ' ' 2 /' ' 

at pH 7 .4. So if the spectrc:~..l apd f!Y.drody(l:g,l!kmi<;: .~i~e •.. 

ot the l?Z::~.tein A~ ... ~<;:ti v~ted P~Cit}:~,lets .w.e:re Clll,e t;.Q;.: 

....,c+·"::f'"'....,....~"'·*'""+f.......,~..,.....,..,.~ .. --.._,. ___ _cbar:g.e YariatiQDS analogous to that in the 

system ·might result in the retens.ion of the protein,:.at 
', . .'·. " ~;, .. ~. ·, ''t ,· ' ,. ·' i ,. 

the pUrification protocol, ie. ion- exchange 

in DEAE Sephadex A-so. So the yield of tne 

' trom . ion-e~p:ttange chromatogr,Ciphy, isolated f(t"Pm 

l?,e~qre ~nd aftE1r actvat.ion with various 

Da±a reported in Table 5.1 showed 

,sta~t;:ipg 1\.:t-,<;:•r.:i . and /.1,\-j)P, , 

~~~fl•::·x ,ttfre .f~SRY::e.l'.i~ ':p~. J:)l,:l:t::e .p~ote·i.n ... (;tft~:#·d~tthe 

1\.-:S.tq ,.c:;plu,n;tn d~cr.e,ased :~harply. apd in. Pt;PP9,f;"1:!:1ort. itO· /\fl£t4:•. t.' 

·· concent.rat:ipp,•:.·'Cl~arlc¥ -,. .the ,;g.ro.t:ein assumed , 1 J?rqgr~ssivel,y 

anionic ch&recter. after activation of·. platelets with in-

concentrations .of AOP. 

The flrotein fr()m the activated platelets showed greater 

DEi\E S~phadex; .,_1\~S.O .column in proportion to tne 
• ;;:. ,. 1 • • • ' • ~ 

dose of AD? used to stim~late the cell. 

The f·oregoing re&ul.ts, th~s ~ showed that the protein 

.. a.c1:tv(lted 



Table 5.1 

Loss of hemoprotein from activated platelet<absorbance at 405 

nrn, f.L<~<::":"; > at the DEAE Sephadex A-50 column chromatographic step. 

Source of 

protein 

Total A4o~ after 

< NH.q. )"'" so.q 

precipitation 

% A4oe recovery after 

chromatography in 

Sephadex G200 DEAE Sephadex A-50 

---~--~------------~-----------------~--~------------------------

Normal 

platelets 

Pltelets 

activated 

with 2 fM 

5 pM 

8 ~M 

ADP 

ADP 

ADP 

1.52 

2.99 

1.05 

0.906 

60 

58 

61 

59 

38 

14 

11 

6 

-----------~-----------------------------------------------------

Different concentrations of ADP, were employed to activate 

platelets prior to isolation of protein. Experim~rttal protocol i~ 

described in <II.2. ). The A4oe of the chromatogtaphic fractions 

was summed up to calculate the per cent recovery. 
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• tft. :>"::~:,Ji.d!=-:-L ·-: 
hY~~·¢d¥.n.amic stze as l:i.t;Jang binding 

properties • a.i te~ ed:. 
c _', ' • " ~ ./ .- ' -

ac-

pre,c;t.pitin 
'.-- ,..._, '-·'. """' 

.liRe§.. __ w:t:ttL •• 1'1;:Jtgn.~ -~)(1;.~act~. of meptb:J::; ane>. and, granul~ f~a.cttpns 
_,_,_ --" - - ' .: ' ''t ' •fr,_ ..,., ~ " - • ' ~, • .,) '. ~--

<Fig.S.8> interacted 
' - • :t 

with intact 

platelets both in the 

membrane protein also 

changed and so 

v.vi. agonist-indu.ced 

found to 

be In the case 

The. et.f~ct of. anti.~;IiJG gn t.he ~WE>- f1D9. H2()2- ,i~.~P:~~~ 

ag9:~:egat1on kil).et;i.C:? were. al~p ,:J;ovest:t.gated (TClble 5 •. JI.> •. 

With /illP a~ the. agoni.~t 2,0-40 % inh:i.bi tion of rates.~.~~/ . 

toqnfl~a.t low. Ap~ conceptrations <2 pt1> . but the inhibition ~.!it.~ 

ovf;!:r;come by ~11greas;i.ng. the ADP .• concentration. 

With H2€1:z as the agonist, inhibition occured at 





0 0-6 1.2 

[A23187] -1 x10 9 

1.8 2·4 

Fig.5.9. Effect of anti-IgG on the kinetics oi 

aggregation of GFP. Isolated platelets <-0.6 A at 

cubated with 62.4 pg of anti-IgG or an equal 

per ml of GFP was used. A typical pen-response pattern obtained 

with 0.42 nM <right) and 2.11 nM <left) are given at the right 

hand-side inset. The soltd U.ne represents the normal IgG 

treated- and broken line the anti-IgG- treated platelet 

tion. In the double reciprocal plot of rate of 

agonist concentration and Hill plot <inset>, the open 

represents the normal IgG- treated, and closed circles 

the anti- IgG - treated platelet aggregation kinetics. 

perimental details were described in 11.12. 
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Table 5.II 

EfFect of anti- Ig6 on rates of H;,~O:;,:- and ADP- induced aggrega­

tion of gelfiltered calf platelets. 

------~---..;.._ ....... __ , __ .....__~---------------~.;....-.....,. ________________ ~-----------------~--------

Agonist <M) 

ADP 1. OSxlo--,:" 

2 .l6x1o:--,,.b 

10.8 :x1o··-'" 

rate of Ciggregation 
_____________ ..... ____________________ ,_ 

with normal IgG with anti--lgG 

0.0446 0.035 

o. 056 0 .043 

o. 086 0.082 

percentage 

inhibition 

21 

23 

5 

--~---....,;. _____ .,_ _____________ .... ____________ ....,. ___________________ , _______ ~---------

H:;;,:O:.~ 5.5 x 1 o·····'"'' 0 . 026 0. 018 30 

7. 34xin··-::::= 0 .036 0.026 28 

9 . 17xlo·····=:o:' 0 .038 o. 074 ,_;95 

. The GFP :i.n the sarnple and reference cuvettes were incubCited for 1 

min with preimmune IgG o=r anti .... IgG. 



~h~~~<-:·.-c ,,· ;:··;sj,". ~ .·.. · ' 

'rl:l\Js tifl~" ef'fect1'; '()':f';;);,'f,ilftti.-'~"~}'IgG :, 

~'eF¥tt£ri~''1~n1~Uf,4l!{~~ose.·.·.•~J:>~g0n·is t ust\la, 
,~·::Z·s1.-~. ·(·i 

. · · :, '0ifc>: ltn'ta,,;,; ilgts: &i\,; ;til\e' ~~i ·a:q.cj~~~~(t·~ 1;:;,t~4t:le~ ;f5.'ClJ..a o varied. 
"" • .,1 .• . . 

·aggregation, induced by A23187 were inhibited 

without changing S<:>.~ .or h <Fi9.5.9>. 

induced a;ggre,gatiqn were inhibited 

concentrations Sind rate accelaration ~;tt higher agon;t.st 
;.. . -

tiona.. Since anti.,. IgG ca,nnot be expected to 

~~ .. ~.~··.:..·:·Ine~nQJ~:;.Ql(l.e.lt' ...... .a.-~ .... ~f.ect. n:tus±..be; exerted on the: protein 

which was found to be accessible in :l.nt;;tct 

IHtferent agonists · are known to operate 

releasing comp()nents from d:l.tferent q;t:anulel3• 

.. ponents may· .act at ait:tereri:t compartments and 

shown to be present :i..n granules, unavailable 

eti:cited bY various 

~~--~iii~il~~:ftir"'(~iw~~a-:o;5lim~t1 ... :~tie~tor pathway 

poi.n.t~ .roa;y 
,.,;~.,- . -. 

V ~vii •. Surnmmar y 

Analogous to the .modifications 
;/:•Y,,':i,·, y 

}J.~m~r~-peir( .~.1:ttt.;1igand frit~rac:tion, 
S~~',e<anil Chfi~fl~ C'I'Hjl~ecte(J.stiqs (lf··.· 

in ~h()l~ platelets 0\J~ tofts activatiort, 

The prqtein was .·t.ound 

Tryp:q:<)'l),the l?rotein .was 

was a}.'~~ d~tect~d. in the· 



fr.actions by immurtoditfu~lon:i~ Thetn\embrane 

its at)tigenici t~ on APP a~t:ivaiion c:Jf the cell. 

the protein iniluen'ced· th~. aggregation kinetics 

'plat.elets stimulated/ by various agonists, like the 

ionophore A23~87, AOP and hydrogen peroxide. 

''J 
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CHAPTER VI 

CON~Ll]SIONS AND PROJECTIONS FOR THE FUTURE 

Experiments tor this di~sertation were designed 

aim of delineating the role of a 

platelet function and t9 define the biochemical mechanism 

action. 

Minor . modifications of the or.igi.nal protein 
\ 

procedure ·r.eported by us < 67 > enn~bled me to get stable 

hofflpgeneous preparati.ons of .the protein in a,deq;11ate yield f<:>r 

Antibodies \;'Jere . raise~ · aga;lp~.t ·· the p\JrifietL protein in 

ra:bbits. The antibodies proved to J::>e powe:r-ful. tools to qb:~;ain 

\~Several major. results of this thesis. 

CharecteJ;"ization of the p.r-osthet i.e 

hemopr<rt;:ein was given prime importance~ . Spectral p'rQperties '·~;:f 

its pyricprome pr~apared in aJkal-in~ pyridine al');,d' th0se . . 9#'· the. 

heme ~a.xt.racted into cJnloroform s~ggested• it ~.Q be ef:llo:r;op:r;~p,Qf(;)r"" 

ph yr. in IX or hem:i,n chloride.. Other t;:h.an ;t¥D;;t;:mi.ng .c.oQr.d·ina1z,iPn 

cPmPo1lnds .. wi-:th suttaJ:;>lJ:,~;; ;.}..iga~d,,1 ,~h~ >h~ t:;otJ.J¢1. a.lso. ~e a 

hydr(l)Phobic site for ligand irrteractio'h lnspi te of t})e :i,rQJ.l. 

existing in the ferric state, carbon monox .. ide, which is a weak 
. 

lige,.nd of ferric .. heme., was found te. intera:e't rea.(},i..l.y ·rwith :~his 

protein .. Th~.s is an inte:r;esting pbse:r;vitt;:ion ~ 

The;. d.etectipp o:f L~· lyst:ne as; t}1e sP!l.7 N-teJ.!:minal ·P~:sid.9~e 

supported two. of the earlieJ;". findings < 67 > . . 
preparati<;>n was homogeneous as suggested employing PAGE; an·d~ i!;J 

'./~' ' -·~ ' " 

.subunit .molecular weight determination employing 
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Amino acid composition analysis as their dansyl derivatives 

could identify 2 mol cysteine per mol of protein. Out of the to-

tal identified aminoacids, 54% were nonpolar and 31 % were 

charged. One;half of the nonpolar residues was phenylalanine. 

The spectral properties of the protefn also supported 

ferric hemoprotein nature with a well defined Soret band at 405 

nm. Storage of the protein under atmospheric oxygen resulted in a 

' sharp increase of its UV absorbance, which is otherwise a low 

intensity band in fresh preparations. The detection of cysteine 

residues raised the possibility of -SH group oxidation, to 

increase UV absorbance. Both storage of the protein under N~ 

atmosphere at -20'C and treatment with NEM, a sulfhydryl 

modifying agent could,stabilize the UV absorbance. 

Interaction of this protein w~th common heme ligands 

resulted in a red-shift of its Soret band • This charecteristic 

property enabled me to study the binding of a variety of ligands 

including platelet agonists their analogues and antagonists 

rapidly without using time-consuming conventibnal 

methods employing rad,ioactive isotopes, ,or equilibrium dialysis. 

These methods are also unsuitable 'for applying to unstable 

proteins. Out of the ligands tested prostaglandin endoperoxide 

< l?Gt:J:o~ > showed maximum affinity and lower molar excess of· ligand 

at saturating con~entration of the ligand. 

Binding of many of the physiologically relevant ligands 

increased the UV absorbance, even after removing the ligandby 

gelfiltration. This effect may be due to 1) altered 

stereochemistry of the heme; 2> exposure of phenylalanine 

as a result of tl1e conformational alteration. 
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Irrespective of whether it is due to storage or ligand in-

teraction, the modified protein showed altered ligand binding 

properties. However, the -SH group may not be directly involved 

in the ligand binding, because even after modifying the cystiene 

residues with NEM, the So.~ of the ligand interaction was 

comparable to that of the control protein. The Hill coefficient 

or maximum binding was altered. So the -SH group may play an 

' important role to maintain the conformation of the protein for 

ligand interaction and ir{ modulating ligand- induced 

conformational changes. 

The possible conformational change evidenced from the 

spectral variations of the ligand-bound protein was confirmed 

employing immunodi f'fusion large-zone gel-exclusion 

chromatographic techniques. Immunodifft;lsion was found to be more 

f 
informative , because it , a;ould distinguish the· effeets of common 

heme ligands and physiologically rlevant ligands. 

Large-zone gel exclusiol"\ .. chromatography detected 

conformational changes< .changes in hydrodynamic size) even when 

no considerabre spectral changes were observed, e.g. pinane 

thromboxane A:u~. Since the protein was found to exist in 

association- dissociation equilibria, we expected that possibly 

agonists may convert it to one form, 
' 

for e.g. associated form 

while the antagonists may modify it to thE(! dissociated form. But 

no such distinction could be detected using l~rge-zone gel-

exclusion chromatography. 

Charge variations of the protein induc;ed by ligands \Alere 

detected using two techniques: . ion-exchange chroma t ograp}:l'i"f 

and,,PAGE. In the ion- exchange chromatography, specific ~cl:;lar<£1:~ 
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variations induced by physiologically relevant ligands were 

distinguished from those induced by common heme ligands. Poly 

acrylamide gel electrophoresis also showed decrease in the 

mobility of ligand-bound protein samples compared to the native 

p:t;:otein. The only ligand which was used in both ion;...exchange 

chromatography and poly acrylamide gel electrophoresis was 

arachidonic acid and· the·results obtained with both techniques 

~were comparable. Arachidonic acid treated protein was completely 

retained by the DEAR Sephadex A-50~ while similarly treated 

protein showed zero mobility in PAS·E.. 

Analogous variations in the spectral, antigenic and charge 

properties of the .pro.tein{ were detected in: w;h(!)le .plate:tets due to 

qctivation. The Soret bands appearing at -410 nm in crude 

extracts of agonist activated' pla~elets, compared to the 

appearance of the hand at· ;405. nm · in apparently unactivabed 

platelets may indicate interaction of the protein with ligands 

liberated in platelets upon acti.\Jiat.ion. 

Evidence for the conformational change include 

·ch:t::.omatographic patters .of the hemoprotein from activated 

platelets. 

Charge·. variations of the protein ~due to a:ctivation .was 

evidenced by the retension of a considerable amount of the 

hemoprotein by· the DEAE Sephadex A-50 column. The modification of· 

the protein isolated from ADP- activated platelets. detected by 

its incre,ased UV . absorbance, compared to that isolated 'from 

unaotivated platelets was. refl:ected in 1 ts altered ligand binding 
. . 

proper:ties. Thus a parall·elism was found between the behavior of 
I 



the purified protein during ligand binding and its behavior in 

intact platelets during platelet activation. This established an 

important role for this hemoprotein in platelet activation. 

Before employing anti-IgG to detect the active 

participation of this protein in platelet aggregation and 

kinetics, the accessibility of the protein ·for the membrane 

impenetrable anti-IgG was assessed by labelling platelets .with 

FITC-conjugated anti-IgG. The resultant fluorescing intact 

platelets observed under the fluorescence microscope established 

its accessibility to other exogeneous lig.a:nds on intact 

platelets. 

When anti-IgG was found to block the response induCed by· 

different agonists variously t the presence of the protein ~t 

sites inaccessible to anti- IgG wen~ looked for. Employing 

immunodiffusion, the protein was localized in plat'elet'granules 

and integral membranes. This subcellular p~otein was .also' 

affected by ADP activation. Thus a definite · role fo~ this 

hemoprotein is established. 

Using immunodiffusion technique it was shown that the~· 

antigenicity of the protein was altered even• at 7 s after 

stimulating platelets with calcium ionophere'1 A23187. This 

non~physiological agonist is known to function through 

arachidonate liberation and metabolism. Seven seconds was too 

early a time to detect aggregation induced by any ligand<69,127). 

So the conformational change may precede the signal transmittahce 

rather than occur subsequent to response. So the ligand~ induced 

hydrodynamic size and charge alteration of the 

is proposed as a biochemical mechanism of signal transduct~g~'ih 
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platelets. Wh~le Rink <113> speculated that ligand-induced 

conformational change in the cytoplasmic part of a recept9r 

molecule could be an as-yet unidentified transduction pathway, we 

presented experimental evidence to prove that such a mechanism 

exists. Further it was established that it was a hemoprotein that 

underwent ligand-induced conformational changes. 

Since PGH~.,~ showed maximum affinity for this protein; our 

earlier notion <67) that the protein may be a putative receptor 

for prostglandin endoperoxide is further strengthened. 

PROJECTIONS FOR FUTURE RESEARCH 

The topology of the ligand-binding sites on the protein 

and the amino acid residues involved in the recognition and 

discrimination of various ligands remain undetermined. The 

mechanism by/which protein conformatio~al change induced platelet 

shape-change and aggregation is also obscure. Calcium is an 

important modulator of platelet activation. Does it modulate 

conformational changes of the protein induced by other ligands? 

These are some of the problems for future research. Solutions of 

these problems by appropriately designed experiments should throw 

much light on the larger problem of mechanisms and modulations of 

platelet activation and pave the way for designing more rational 

platelet supressive therapies. ,. 
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APPENDIX A 

i) Acid Citrate Dextrose <ACD>: 

ii) 

Trisodium citrate.2 H~o 

Citric Acid 

Dextrose 

=2.2 g 

=0.8 g 

=2.5 g 

Made up to 100 ml with distilled water <pH= 5-5.1> 

Tris- HCl buffer: 

Dextrose =1.0 g 

Calcium Chloride =5.5 mg 

Magnesium Chloride =0.199 g 

Potassium Chloride =.0. 402 g 

Sodium Chloride =p.l2 g 

Trizma base =1.756 g 

---------
Dissolved in 900 ml distilled water, the pH was adjusted to 

7.4 with dil HCl and made up to 1 1 with distilled water 

iii) Phosphate buffer: 

Dis odium hydrogen phosphate. 2H:.~o =7 .14 g 

Sodium dihydrogen phosphate.2H~o =1.56 g 

Made up to 1 1 with distilled water 
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iv) Gradient programme for HPLC: 

Solvant A 0.6% acetic acid-0.008% Triethylamine made in 

distilled water 

Solvant B 

as given below 

fv1ethanol, the percentage of which was varied 

----------~------------------------------------------------

Time 

0 

1 

3 

5 

10 

20 

30 

35 

v> DTNB reagent: 

Urea 

Trizma base 

DTNB 

%B 

30 

32 

34 

36 

39 

42 

45 

48 

Time 

40 

45 

50 

55 

60 

70 

90 

100 

~ 4·.8 g 

:::: 0.0605g 

= 0.004 g 

Made in 10 ml distilled water 

%B 

52 

56 

60 

64 

67 

75 

75 

80 



vi) Borate Buffered Saline: 

Boric acid 

Sodium tetra borate.lOH~o 

Sodium Chloride 

A-3 

- 6.184 g 

=:: 9.536 g 

== 4.384 g 

-----------

Made up to 1 1 

to 7.6 

in disti1led water and the pH was adjusted 

vii> Reagents for polyacrylamide gel electophoresis: 

0.5 M phosphate buffer pH 7.2 <stock) 

Na:;;;HPOq .• 2H:;:,O 

NaH:;::PO."'. 2H:;c:0 

=13.54 g 

=7.83 g 

Made up to 250 ml with distilled water 

Gel formula: 

Acrylamide- bis acrylamide 

(30:0.8) 

b.s M phosphate buffer 

1.5% ammonium persulphate 

Distilled water 

TEMED 

""'10 ml 

=6 ml 

=1. 5 ml 

""12.2 ml 

:=0.015 ml 

Mixed well and poured i.nto glass <4 x70 mm) tubes 



Running buffer: 1:5 diluted stock buffer 

Stain: 

Coomassie brilliant blue R-250 =1 g 

dissolved in methanol, 45 ml; glacial acetic acid,lO ml; 

and distilled water,45 ml and ~iltered. 

Destain: Acetic acid, 70 ml; methanol, 200 ml; and 

water 730 ml. 
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APPENDIX B 

Abbreviations used are: 

ACD 

ADP 

cAMP 

AA 

Dansyl 

DEAE 

DTNB 

DT'f 

F< n) 

FITC 

GFP 

GP 

cGMP 

h 

HPLC 

IgG 

IP,:::: 

rnA 

NEM 

PAF 

PAGE 

PG 

PIP,.,,~ 

PLA:;.-, 

PRP 

- Acid citrate dextrose 

- Adenosine di phosphate 

-Adenosine 3':5·-cyclic monophosphate 

- Arachidonic acid 

- 1-dimethyl amino naphthalene-S-sulfonyl 

- Diethyl amino ethyl 

- s,s· dithio bis-<2-nitro benzoic acid 

- Dithio threitol 

- Blood coagulation factor 

- Fluorescein isothio cyanate 

- Gelfiltered platelets 

- Glycoprotein 

-Guanosine 3'!5'•cyclic monophosphate 

Hill coefficient 

- High performance liquid chromatography 

- Immunoglobulin G 

- Inositol 1,4,5 -triphosphate 

- milli amperes 

- N- ethyl maleimide 

- Platelet activating factor 

- Poly acrylamide gel electrophoresis 

- Prostaglandin 

- Inositol 4,5- biphosphate 

- Pho:_;plio1 j pase A,,; · 

- Platelet rich plasma 
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half maximal saturation concentration 

TEMED - N,N,N',N'- Tetra methyl-ethylenediamine 

Tris Tris <hydroxy methyl> amino methane , 
Tx - Thromboxane 

Ve Elution volume 

vo - Void volume 
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