STUDIES ON THE INTERACTION OF RAT SERUM
PHOSPHORYLCHOLINE BINDING PROTEIN (PCBP)
WITH PLASMA LIPOPROTEINS

UDAY SAXENA













STUDIES ON “THE X.NTERA‘CTLON OF RAT SERUM PHOSPHORYLCHOLINE

o -
BINDING PROTEIN (PCBP) WITH PLASMA LIPOPROTEINS

. v

. EY.’\‘\] .

©UDAY SAXENA B.Sc. M.Sc. . | ~—
‘

A thesis submitted to the S¢hool of Graduate Studies

' .
- in partjal fdlfillment of the requirements .

', for the degree of Doctor. of Philosophy

©. ¢ U.Department of Eiochemistr/ .

. Memorial University of Newfoundland : o
" 'St.. John's, ‘Wewfoundland
. S.e.ptember, i§B6

-~




...~ ‘! ‘Permiséion has beéen granted
o, to the National Library of
. Canada to microfilm this
. thésis and to lend.or sell
= cogies of the film.

. The authot (copyright owner)
‘haa :regerved -other
llcation rights, and

/n 1cher the
 extensive  extracts  from it
" may be printed or .otherwise

,writte 3 pe;;nlnion.
¢

ol ISBN

- d'auteur) se

thesis nor.

reproduced. without ’ hia/her"

0-315-43372-8 @ - "

L'autorfsation a &té accordée
3 la Bibliothique nationale
du Canada de microfilmer

"cette thise ‘et de préter ou

de vendre des exemplaxus du
fim. .

‘ auteur (titulalre au' droit *
réserve lps

autres droits de publication;

ni’ la - thdse ni\de longs

extraits de’ lle-ci ne

doivent &tre. iftprimés . ol

autrement reproduits sans son

autorisation écrite.




iy v

ABSTRACT
- . . ' Rat serum phosphorylcholine binding protéin (ECBP)-was
previously shown to inhibit heparin-lipoprotein=precipitation

reaction: [Comparison of.the effect of PCBP on hepa‘rin—

5, llpoptote).n precipitaluon reaction with similar. protsxns 5

s . from other species revealed a strxkxng difference between

the glycosylated rat PCBP and female hamster FP _ansl._the non-- !
&, . glycosylated varieties (human and rabbit CRP's). Wnergas FP,
shared the ihhibitory effect with rat. PCBP, humah and rabb':l.t e

B e 0t cnp failed to inhibit ghe preclpltatlon react:).cm sugqesting .

a role of the sialic acld residues. on PCBP and FP 1n the " - :

lsmen:hanism of th:.bxtlon cf heparin-upoprotexn r_ecipit.ati_on\_

‘reaction. .

The bindqag of Pcaﬁ' to muxulameuar liposomes pf\epared_ :

£ - N
. . . -with €gg phosp‘natd.dylcholl.ne (PC) “and lysophosphatidyléholine

%+ _(LBC) was studied and “the binding was found to be. Ca2+'

dependent and tecpu.red the incorporatlon of 25%" LPC 1nto- the

<11posome§- "n.e binding was mmnu—_ed by phosphctylchollne

o x
. (P-choline). Substitution of phosphorylcho].].ne ‘Heaa groups

by phosphorylethanolamine and phosphorylsérine on the BC of

the liposomes reduced the binding considerably .indicating-

involvemeng, of the phospho;:ylchcline he..ad groups in the ' o5 uy

E RS

b).nd:mg of PCBP to llposcmes. ]

.'Studies on: the binding of human prlasma lipoproteins to

'U PCBP 1mmoblhzed on Sepharose showed that vqu low denaity

»upoprotelns (VLDL) were partially bound - and the bound

fraction. contatned h:.qher amounts of apoprote:.n (apo) B and




- “E. ALL the Jdow density llpcprotexns (LDL) were bound to “the

column. In case of high density lxpoprot.e:.ns (HDL) only.a shakl

cL fraction was retaxned on the column but that bound fractl.on

contained all thé apo E an,d Lp(a) applled. The b:md).ng of
eluted by -a p-choline gradient. Prior equilxbration'of

of’ LbL but’ the removal of 'sialic ‘acid from PCBP had no
_effect-on the binding of LDL to 1mmob11i.zed desxalylated
PCBP. Chemi?.-al mod;fication of arginyl residues on apoc B in
LDL resulted in marked reduct:.on Df binding whereas modlflcation

‘ot ~lysine Fesidue .had no Effect. . The results suggest a

lipaprotzxns was Ca2+ dependenc and ‘the bound lipoprotelns were .

- Sepharose-PCBP column with P-gholine prevented the binding’

‘perferential binding of apo B and E,containing “lipoproteins’

T . with PCBP. = . . . . . .
. A Investigations to” examine the effect of PCBP on the .
bindipg-of K LDL—to-LDL—récepters—an—tiver membrames

h¥ - from estradiol treated rats showed sthat ECBP fnhibited the -

v . biné‘l’ing of LDL to receptors. Préincubatfion of livér'memﬁranes
’ with PCBP did not. aff‘ct the binding of: 1251-LDL to. the

b ” membranes. Gel £iltration analysls of the incubafion products

from the LDL-receptor assays shcwad a concentration dependent
binding of 1251-»::59 to LDL. These results suggést that the

.inhibitory effict of PCBP is probably. due to flhid phase

. . ¢ " o .
interactions between LDL' and PCBP- and not due to the binding

. . of “PCBP to the LDL receptor _site. . =

The effectiveness of Sepharnse PCBP columns to bind

B




plasma VLDL and LDL from control and hypercholestroléhmic

rabbits’ Whed used‘in & extracorporeal plasmapheretic’system.  +

was tested, Results showed that Sépharose-PCBP columns:

. bcund some. circulating plasmg lxpoprotelns and most (>90%)

* of the /bound upoprocem fraction contained VLDL + LDL. : :

I - The results cbta).ned in this study support the possimuty ¥

of a role of rat pcap and slnu,!.ar circulating phosphorylc‘noline O

.
" bmdmg protelns of other species in .lipoprote n-mé‘tabolism,‘ \‘
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CHAPTER I \

INTRODUCTION - A REVIEW

Lipids when transported in plasma exist as soluble

complexes wit‘n specxflc protel.ns termed a‘apolxpoprotex.ns ’
or apoproteins (apo). The lipid-protein complexes in plasma/
are termed as Iipoproteins. The function of lipoproteins is

to transport hydrophobic ljpids in the agueous, environm nt

of plasma from the tissue_s_that synthesize lipids to [the

tissues that utilize them. The transport function and

'metabolic fate cE lipoproteins ;ie;iend primarily on the

structure of’ upcprotems -and the interactions they undergo

in the physiological milieéu fi‘th Pthen cellular and e

cellular macromolecules. In this thesx.s, studxes ax; presented

on the interaction of 1i ing wlth a xlcholl.na
- binding protein (PCBP) t:cm rat serum. Therefore, the aim of -
this review—is to briefly “introduce _i—.he reader to the field '~
of plagma lipoproteins. In addition, studies on the intéraction
of lipoproteins with glycosaminoglycans have been included
which are relevant to the work reported in this lthesis.
\Fir}al_ly,, major poirts of inéo‘rmation 'on the .structure-and'
. " properties of C-reactive protelins - a family Df."protei‘.ns i
with: ligand gpebiﬁicity_towarv.;g phosphorylcholine, have been

B . N o

presented. ! " .
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s 1.1. Overview on Plasma Lipoproteins
A.  General physicochemical Properties

Lipoproteins represent the third most abundant group of

! extrawﬂ-u).ar mactoluolecules in the circulation of humans, only

albu.mxr@:;d gamma globulins being present in greater amcunta.

Amongst the plasma protexns, npoprnr.nns have a um.quel.y

low densu:,y. Depending on’ rt latvfe (mporticns of lipid and

protein’ in the 1ipoprote1n, the size and hydrated density of
lipoproteins vary .considerably. Plasna lipoproteins Yora
ﬂrst separated anfl classified 3ccord1ng to their dlffez‘antlal
electrophoretic nugrat:xon on scud support media xnto thcse
remaining at the originj beta- , pre beta- and alpha migrating

species (Tabje 1) (1). 3

r proprotems are now most commonly isolated on a large
scale‘ by sequenf.lal. ultrﬁtrxfugal tIoa:auon at l?creanlng

dengity solutions of so chloride or sodium bromide (2)..

" Ther? are four major classes of lipoproteins,. uol.at,ed at

different dénsities viz,, the chylomicfons, very low density .

lipoproteins (VLDL), low density lipoproteins (LDL) and the
high density lipoproteins (HDL). ~These are considered to
repr'esex;t the major iipcprotein species in humans. (3).
Within each class, subpopulations of particles have begn

. § .z . £
recognized when the more commonly used floatatlon technlquuu

‘were complemenf@d with denaxty gradienr. fractionation,

afnnxty and column chromatognphy, and aleccrophoretic

methods. In normolipidemic plasma, at least two subclasses
BN




Table I

Classification of plasma lipoproteins

5 +
Lipoprotein _° Density . Digmeterr Py Molecular Electio- -
<, class g/ml (a°) " :eig%c pmze«_m
o Chylomicrons <0.94  750-10000 . 103-104 o;igm
- VLDL » > ' 0.94—1-90.6 550 . 5.27 ’ Fre-beta
’ "IDL L 1.006-1.019 ° " 250 4.75 beta
. LDL . " 1.019-1.063 200 . 3.95 beta-
e HDLp A ‘1.063—1.125’{ vuo' , .0.22 alpha
HDL3 1.125-1.21 88 0.16 alpha
. oo )
b4 ®  Adapted from Dolphin (4). “ .
. Al
. - " " N
. -




of VLDL have been identified. ‘The LDL class has been divided
E % into two main subclasses, xntermedxate densxty iipoproteins
(IDL) of @ 1.006-1.019 g/pl and LDL proper of d 1.019-1.063
g/fl. Of theHDL's, the best defined suﬁclasses_ by flotational
/ . criteria are HDLj (d \.oss.»}.m') and HDL3 (d.1.420-1.210 g
/ml). The average chemical composition of the various
lipoprotein species is shown in Table 2. .Moving across the
Table 2 from chylomicrons to HDL3, .the -v:on-gent‘s of. L)fot&l&n.
./ enolesteryl ester and phasph_olig{ds xncreasé,\whereas the,

Thus the chylomicrons and the

_‘triglyceride content decreases

'y Lo, are relatively triglyceride rich wheread approximately
C half of the lipid in HDL paricles is phospholipid. The
" major constituent of the paoSphoTipils in the -lipgprotéins
3 . is phosphatidylcholine (PC), Ln addition to the above mentioned
¢ . major lipoprotein species in humans, Berg (5) has descubea
Lanother minot Lipoprotein, Lpla) lipoprotein, which is

') present in varying amounts in most normal individuals.
Lp(a) llpoprcteln is cholestérol-rich and. contains the

S - sialic acié rich Lp(a) antigen. < b

B.  Apolipoproteins . D .

Studies conducted dun.nq the last .several years-‘nave
,shown that in addition to the solubllizatwn of hydrophchic
lxpids in the aqueous envuonment of the plasma, the apoprotelns

~ " have important metabslic functions. The major blosyRthaetic

sites, the molecular weights and the various ascribed functions
e ®
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Table 2 . ) -
- ch 1 ion of plasma 1i ins
5 — 5
- N (percent by weight) -
. . ¥
. Lipoprotein
Chylomicron VLDL IpL LoL HDL HDL3
) Protein- - 2 8 17 20.5 46 61 | Ly
) Triacylglycerol 90 f ' ' 55 4 '29.5 571 . 2.5 1.9
Cholesterol 1.0 7.0 5.8 8.5 3.6 1.9 R
Cholesteryl. 3.0 1200 22,7 42.3. 188 4.2 |
ester N
Phospholipids . 4.0 - 18.0  24.2  23.6 28.1 20.0
. oL . : :
Xs % Carbohydrate i) > <1 <1 1.0 1.0
- » . bt . -
N Adapted from Dolphin (). - - <)
5 - g
. i s .
N . o
L ) : ! ] L-—
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of the major apoproteins are presented in Table 3. The
ncm\en:latu're of apoproteins introduced by Alaupovic

(6) is most widely used and has been followed in this thesis.
At least five major apopioteins namely A, B, C, ‘D and E have
been characterized. The A apoproteins, apo A-I, A-1I and A-
IV are three distinct proteins predominantly found in the LDL
density range in plasma and are also associated with ¢chylomicrans
(Table 3). Apoprotein—B (apo‘ ) e Ehe naior apopiateln oF
LDL and is also present isi VLDL ‘and chylomicrons. Apo B is
extremely insoluble in aqueous buffers ;fter the lipids have
sbeen removed from the lipoprotein. It is sensitivt; to

oxidation and ptoteases., Handicapped by these difficulties,

even the estim?ted .\)olecular \u__eight of this ‘apoprotéin is
uncestain. Recépegy, Kane et al. (7)’have shown that apo B
is heterogeneous and exists primarily as two: forms: apo B-
100 a higher molecular weight form and.apo B-48 the lower
moleculdr weight form. Apo B-100 is synthesized exclusively
by the liver whereas apo B-4B is synthesized by intestine
alone. The C gpoproteins (apo C) are represented by three

low molecular weight proteins designated as' apo C-I, c-11

and C-III. These ind are of chylomicrons,
VLDL' and HDL. Apo D, also termed as apo' A-II1 by Kostner.

(8), is associated with HDL. Apo E is a co‘nsr_ituent of
chylomicrons, VLDL and HDLY The amino acid sequénces Of apo
A-I, a-II, C=I, C-II, C-III aAd E are also known (9). Apo

~a-11,"B, C-I1I, D and E are glycoproteins (4).




Table 3

. Binuznthltlc Site, Distribution and Function of Apoprote.

Apupr‘ot_ein Molecular Major Distribution Function
» Weight biosynthetic
-(daltons) site
Al 28,331 Intestine, liver HDLp, ADL3 Activation of LCAT
A-1I 8,707(x2) Intestine, liver HDLp, HDLj, Activation of hepatic
lymph chylomicron lipase

A-1V 46,000 Intestine HDL, lymph, Activation of LCAT

E chylomicrons,

5 d > 1.21 gm/ml
B-100 549,000 Liver VLDL, LDL Secretion of VLDL,
: receptor binding
B-48* 264,000 Intestine Chylomicrons Chylomicron secretion ,
c-1 6,500 liver * Chylomicrons, Activation of LCAT,
. N VLDL, HDL LPL activator? ~
Cc-1I 8,837 Liver . = *Chylomicrons, Activation of LPL
e s VLDL, HDL .

c-111 8,240 Liver Chylomicrons, Inhibition of LPL

. VLDE, .HDL CE
D (A-III) 32,500 ? HDL), HDL3, d>1.21 ?
E 34,145 Liver Chylomicron, Receptor binding,

.

VLDL, HDLy activation of ICAT

Taken from Dolphin (4).




8

€ Structure of plagma Lipoproteins
Based on experimgntal and theoretical considerations

several models of lipoprotein structure have been proposed.
A commonly held concept, supported by physical and chemical
data, is that plasma lipoproteins are spherical or quasispherical
Pparticles having a core of triglycerides and/or cholesteryl
esters stabilised by a monolayer composed of phospnoupm-s',
cholesterol and specific apoproteins (3). p large body of
experimental evidence, favours the concept that apoproteins
playhnessentini role as determjnants of lipoprotein structure.
An ifportant step in the definition of specific, mechanisms
by which apoproteins perform their se.:!ﬁctural\fuqctio;\ has
been the establishment of the primary .structure of .mas_r. of

_the apoproteins. ¥
' segerest et al (10). and Jackson et al. (11) have proposed
amodel for HDL based ona lipid-protein interaction hypothesis,
knpwn as the amphxpathxc—helxx theory. This model is cons {ssent
with X-ray.scattering data. An increase in the '@ -helical
content of the apoprotein occurs, when apoproteins bind with
phospholipids (3). 1In an attempt to explain this association
of apoproteins with phospholipids,‘Seqerest et al (10)

proposed thay the apoproteins form a unique structure which

h \jllo’ws their interaction with phospholipids. The dutstanding

eature of the a -helical segments Of the apfproteins is that
they are amphipathit. One face of ‘the helix is extremely

hydrophobic and interacts with the carbons C-C4 Of the
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iahos?honpid fatty acyl chains. The opposite face of' the
Teiix is hydrophilic and contains acidic amino'.ac;ds near thel
centre which are frequently paired with basic amino acid
redidues at the edge of the helix. The authors pestulate
that there may be ionic interactions bétween the pairings of
acid‘ic and basic residues and the zwitter-ionic polar head
grm_;ps of phbspholipids. With this unique arrangement, the
apdproteins ‘can present a polar surface to the agueous
environment of the polar head groups ?f the phospholipids
and the plasma, and a ‘npn-polar surface.to the hydrophgbic
fatty acyl chains of phospholipids. :

Assman and Brewer, (12) have' p‘ro;‘:osed a model for le.L
wrl{icr\ places particular enphagis on the hydrophobic interactions
betwéen ;t\;ypeptides and.thé fatty acyl chains of- phospholipids
and views the apoproteins as icebergs immersed in a sea of
lipids. This model attributes only a minor role t6 the
ionic interactions between apoprotein and phospholipids.

The importance of hydréphobi_c'interactivns betv’leen.
phospholiplds and apoprotein in HDL is also emphasized in
the model proposed by Stoffel et al. (13) which rules out the
occurrer_u; of strong ele;lctrostaI:ic interactions_involving

the polar head groups of phospholipids and the polar gurface

of the apoproteins. . e

© The first model that attempts to consider all the

lipoproteins w.i’;.h a gommon .structure has been proposed ‘by

Shenetal. (14). They Mferred the structure £rom compositional
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analysis of the lipoproteins and foumil good correlation
between §Size and chemical composition of the “lipdproteins.
According to :his"'hydrophebic lipid core hypothesis', both
the apoproteins and the hydrophilic head groups of Phospholipids
are closely packed at the outer surface of the lipoprotein.
Chole§terol interacts directly with the protein but is not
exposed to the 7a.queous environment. The hygrophcbic cdre

consists of triglycerides and cholesteryl eftex‘s which is

surroundedvby the monolayer of protein, phospholipid ana

cholesterol. Phogpholipids and protein compete for, space on

‘the surface of the lipoprotéins. A model for the gereral .

structure of lipoproteins proposed by Shen et.al. (14) is

shéwa in Fig 1.° g

D.' Mechanisms of formation, secretion and degradation of
i N »
lipoproteins

Two organs have been shown to synthesize plasma

Lipoproteins, the liver and the intestine. Chylomicrons

originate from the intestine as & consequence of the dietary
ingax.e of fat and enter the-irculation through the lymphatic
system. In the circulation, there is a rapid transfar of
apo C-II, C-III and E from HDL to c&:ylomcrons. fTheae

ap*)rotein addlf_:l.o are accompanied by a loss of apo A-I,

A-1V qnd phosphollpids hlcg’appear +to be transfeéerred-to

plasma HDL fraction (15,1f). The acquisition of apo C~II, a

specific activator of the enzyme lipoprotein lipase (LPL)',

N




and PL) forming the surface

cholesteryl esters; PL,

s

monolayer. TG, triglycerides; CE;
. 4

phospi’mlipids 2

. (Adapted from holph‘in (4).)7

uc,

choleseqrol.




permits LPL ‘to hydrdlyse 20-303 of, the core triglycerides.
During the course of chylomicron triglyceride hydrolysis,
apo C-II and C-III are lost from the chy'tomicron_ surface and
transferred back éo the HDL fractior’l (15). The fatty acids
released on triglyceride hydrolysis are taken up by tissues
(mugcle and adipose "#br oxidative metabolism or storage.
The ch: lomxcrons, with their core t.n.glycerides depleted,
form smaller partxcles x:#(\:h have been termed as chylomlcron
remndgts (16)>  The prgsence of apo E on’these remnant
partiéies; mediates their clearance by liver célls via a'

receptor .termed gs apo ‘E or chylomicron remnant re/ceptor

Tlarnae. o '

‘VLDL is formed in-;he"li;}er and tie metabolic
transformations of VLDL upon entry into thé plagma compartment
are similar to those of chylognic.;rons.l Apé A—II’ and C-III
‘are acquired £rom plasma HDL. 'In addition, apo E content of
VLDL s supplemented by transfer from HDL (15). The dore
triglycerides of VDL are hydrolysed by LPL resulting in}he
forration of a smaller IDL particle (4Q). During this
procéss apo C-II and C-IIL are lode~from VLDL to HDL f{a‘ction.
‘Excess surface phospho)j;pi.df and cholestérol are transferred
mainly to HDL.fraction and small amounts of phospho}ipid and
cholesterol may form bilaminate vesicular structures (19!20)1
,'i‘hs' ID‘L pﬁrticles thus generated aré co'nverted to LDL, a
process medxated by -LPL'*as well as ‘another enzyme called

_hepaf.xe upase (15, 20). + During r.h:Ls proeess n\e residual
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apo C and majority of apo E £rom IDL are lost tolHpH fraction,
resulting in formation of LDL, whose major apoprotein is apo
B-100. Some of the IDL is removed from the pl-asma by the apo

. The LDL r is ai

E receptor ana/th;‘ LDL r

below. : %

A major diacov?zry has beén the recognition of the so-
galled L_D/L-r'eceptcr pathway,, which accounts for the uptake
and degradation of LDL by the peripheral cells and liver.
Agcording to the studies pioneered by Goldstein and Browne,
(21), *the'cr;h{cal c;mpongnt of this mechanism is a high a
affinfty’r‘ec‘epte‘r, i.e."the LDL receptor or apo B, E recept‘or,

o ' : .
localized on the plasma membranes of cells. ~Apo B-100 and
: e e 8 e

" apo Ehave been shown to mediate the interaction of lipogroteins

with, this LDL tece‘ptor‘. The binding of LDL~sets in motion a
series of events 'hy which LDL is taken up i':y'.l:he cglls
through abaorptlyc endocytosis, tran‘nferred to the lysosomes,
and hydrolyzed by a::]:d hyaruly'si‘s. This proceéss of LDL
ﬁpta’ke‘and 1ynolom:al degrada‘tion lead‘g to the 'suppregsion of
c?oleaterol aynthusis through modulation of the activity of
the énzyme 3—hydroxy;3-methylglut}tyl Co-A reductase, an *
inc}’ease ih the esterification of c,holeat\srot_ by the enzym
acyl fo-A cholsat;rol Séyl transferase and a decrease in tlle
number of LDL receptors exp;gsaad on t‘h? cell surface’. Thus
uptake of LDL by-the receptor-mediated process pex‘mit:s cells
to acquire ._eho-legf..erol from the lipoprotein and ‘f.hi.s in turn
not- er_ufyvprcvidu sterol for membrane synthesis but also for
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cellular regulatory actions that prevent over-accumulation

of cholesterol in the cells.

LDL carry the bulk of plasma cholesterol in man and elevated
levels of plasma LDL are correlated with increased risk of
atherosclerosis (21,22). The importance of LDL receptors. in
regulating plasma LDL levels has been confirmed by the
observation that denetic absence -(or defective fumctioning)
of LDL receptor r\esults in premature onset of athemsclerosis

(33,24). ,

As mentioned above, apo E-containing lipoproteins are

alsoapable of interacting with the LDL receptor and regulating -

cholesterol metabolism’ (25). ~This has been_ shown with
several subclasses .of HDL that do not contain apo B but do
contain apo E. These subclasses are HOL] and ADLg. Selective
o chemical modif¥cation ‘of arginine or lysine residues apolish
f.he ability of LDL and HDLc tO interact with LDL receptorS‘
on cultured .fibroblasts (26,27).. These studieg demonstrated
the importan&e of a lin{ited number of arginine and lysine
residues of apo B and apo £ St e SEaRECE MU roteln
interactions. . g
The biosynthesis.of HDL also olcc‘urs in both the intestine

and ‘the liver (28). There is strong evidence indicating

that *HDL is secreted as a 'nascent' precursor from these’
organs which is djscoidal in structure and consists of

‘phcspholipids, unesterified cholesterol:.and apoproteins (Apo

A-1 or.apo E) but is deficient in &Hglesteryl esters. The




15

Fig. 2. General scheme of plasma lipoprotein metabolism.

Dietary triglyceride and cholesterol enter the cifculation
in the form of chylcm’fcrons formed in the intestine. In the
capillarj.es of- adiposé and muscle tissue, the r_nglycerlde
core is markedly reduced through the action.of enzyme LPL
and the fatty acids are removed. The cholesterol-enriched
remnants are’ removed by live\r through ‘' the he’pAéiE remanant
rece‘ptors (apo E rec‘eptcrs). . Theirr\)olesterol is either

‘secrated as bile acids -into. intestine or packaged with
:zigq}ceride to formVLDL. VLDL ).s secreted-into the circulation-
and the triglyceride is hydrolysed by the enzyme LPC in adipose
or muscle tissue leading to . the formation IDL. Some IDL
is. cleared by the liver through the LDL receptors (apo B, E
receptors) and the remaﬁnder is transformed into LBL. Most
Of the LDL'is ‘taken up by liver or other tissues through the
LDL receptors and thus cleax‘ed from the circulation. H:DL
acquire's cellular cholesterol frcm peripheral cells which is
rapidly esterified,by the ‘enzyme LCAT. A portion of the
perip'hetal cell derived cholesterol est;rg may be{iransferred
to VLDL or IDL and ultimately-taken up by various cells

(adapted from ‘Brown and'Goldstein (22).
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1 "
maturation of di-foxdal HDL requires cholesterol esceriﬂcaJion

which is mediated by the lecithin-cholesterol acyl transferase

(LCAT) enzyme reaction (28). LCAT acts specifitally on

" plasma HDL by converting the lecithin znd unesterified

cholesterol .of HDL to cholesteryl esters and lysolecithin’
(29,30). Once esterified, the free cholesterol leayes the
surface coat and moves into the non-polar lipid core in the
center of the particle, leading to the transformation of
disc shaped 'nascent' .HDL into spherical 'mature’ HRL.  Apo
ReT, e Brifclpal Spaurcrets oF: HOL,, Lilan act}vator‘ of the
ie;;tion (31). ;o :

"In addition to ‘their ‘direct biosynthesis in the liver"
and intestine, the distoidal structures have been postulated

to form as products pinched off from chylomicron and® VLDL

% .
surface as the.hydrolysis of core triglyceride takes place

(19,20)." 1In-addition to the function of HDL to serve as a
reservoir for apoproteins, it is now beli‘eved that the HDL-
u:A'r system is involved in the reverse txansport of cholesterol
as cholesteryl ester from per:.pheral tissues to the 11ver for
utilxzaJion .and ultimate excretion of cholestero_l in the
bile taé). According to ‘this concept, HDL and in partigcular

the lipid 5 in. discoidal structure can’

acquire unesterified cholesterol from pe.ripheral tissues and
esterification of this cholesterol by LCAT leads to the
formation of n\lature HDL. The newly formed \choles.e.erol
esters now’ occupy the particle‘cor.e of HDL and from there are

N . . . ) g
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trandferred to LOL and VLDL ‘and finally cleared Ly thé liver
(4). HDL that contain apo E may e directly removed by the
hepatic apo E receptor and ADL that contain predominantly
apo A-I can interact with ce’lls via the hepatic apo A-I
peceptor (4,32). In keeping with the role of HDL™in cellular

cholesterol egress, an extensive literature has acgumulated

1 g y d .
supporting a negative correlation between plasma- HDL levels ¢

and incidence of cardidyascular disease’ (33,34).

T4 additicn to the enzyme-mediated processes menticned
above, -spe_clfic protein-mediated transfer of Iip-ids between
lipoprotein aéecies has also been shown. In the lipoprotein-

“free fraction (d > 1.2l g/ml).of human plasma, a protein
“ewaned as cholesteryl ester Y ransfer protein (hap been:
demonstrated that mediates the gxchange of core cholesteryl
estérs_;af each lipoprotein, €specially Ero'r:l HDL to VLDL. It
has also been postulated that such a process is accompanied
by back transfer of triglycerides from VLDL to HDL (35,35).
In addition a protein that may facilitate the transfer of
“phospholipids between 11poptoteins “Has, been reportad an.
This phospholipid .transfer protein from humgfﬁm‘ g
been shown to mediate the transfer of -pWospholipids from

vesicles of egg’ feci.:'hin to HDL. The purified protein has a

molecular weight of 41,000. (37). 5

From the above diacussion, n: .i-. apparent that a set of
< mechanisms is operative 1n ccntrolling the’ synthnlll of
N ¢ c .
lipoproteins, t)\eir.' secretion into blood stream, ahd their

e - O L -

/
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subsequent clearance. The net consequence of these processes
is_the delivery of lipids to tissues while the lipoproteins
acquire the app‘ropriate surface structure to int.‘eract with
cells and mediate control of their choleSterol production
and secretion. It therefore becomes pelevagt t;)Astddy the
interadeions of lipoproteins with virious plasma constituents
and‘celle in order to gain insight into the hoemostatic
controls of cxrculanng lipoproteins. ’

During the past few years considerable advances have
been made in the study of plasma lipoprotein in various
animel 'spscies: delective amspects of lipeprotein. structure
and metabolism in rats will be discussed here,’ since it has

relevance to the.work described in this,thesis.

© In most studies, rat ‘plasma l{poprote_ir;s have been
isolated by uitralentrif‘ugation and designated using the
density ranges est‘abl;‘.shed for human lipoproteins. The prat
has lipoproteins equivalent to all the major lipoprotein
species’ in’ human plasma.  The eeR DUASE AIpSpESEETA
species of r.he rat are HDL which carry, approximately 75% of

the plasma cholesterol (38). 1In addition to the HDL;, the

rat has another HDL=like 1lpoprote1n called HDL1 (39). " Both ~

HDLy ard HDL;. in ‘rats contain apo E in substantlal amounts
and it is,cthe major apopEotel,n[ccnst—x.tu_ent of HDLj.

g SN i s
In describing the rat plasma apoproteins, xnvestigators‘

. L B
have applied the nomenclaturé developed for human apoproteins.

. & - ;
Rat apo E has (70%) homology of amino-acid sequence with
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human apo £ (40). In addition ra#” apo C-I and C-II also
appear to be homologous to their human counterparts’ based on
similarities in amino acid compasition (41). The primary
structure of rat apo A-I is very similar ‘to that of human
apo A-I (42). Rat apo A-IV has also been described (43).
Unlike the human organs, both the rat intestine and liver
synthesize apo B-48 (44).

There are two major, differences in the m;tabolismuof
lipoproteins bétween rat and human. Th‘e rat possesses an
efficient mechanism for clgarance of VLDL from the circulation
due to interaction with the Hepatic apo E'receptor.” This
rapid clearance is attributed the presence of boch apo B-100
and B-48 in rat VLDL. The apo B-48 component; which is the
major proportion of the VLDL apo B is rapidly cleared from the
plasma and only a ;}onion' of B-100 forms LDL (45,46). This
causes low levels of LDL in rat ‘plasma’, ‘which may account
for the resistance of the rat to the development of
at‘_herosc].erosl.s compared to humans. * » =

The second major difference is the absence of cholesteryl
ester exchange protein in rat plasma as a resuit of which
there is\accumulation of cholesteryl esters in HDL and a

relative pal.\cl.ty of these mleculea in other lipoproteins (47)

w¥ N . %50
S E Ligogroce\m-glyccsaminoglzcan ‘interactions
A. 'Introduction . 5

The glycosaminoglycans are characteristic components of
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2 vertebrate connective tissues¢(48). They are long, unbranched

. carbohydrates which contain many acidic (sulfate or carboxyl)
groups. They do not normally occur as free polysaccharide

2 chains in vivo, but as proteoglycans in which many chains

. are linked at the terminal reducing sugar residue to a
protein nlt;lgcuie. -Glycosaminoglycans are primarily molecules
of extracellular space and ghey thus occur in greatesé
‘abundance in those tissues in which the extracellular space
is large. These are often tissues with a structural function
such as cartilage, cornea, skin and blood vessel walls. -In
other 'sofM. tissues such as liver, kidney and brain glycosamino-
© glycans are also. present, but in smaller amounts. Yo

.There are ‘seven differén€ types of gxycosamihoglyc;nsv %

(namely, hyaluronic acid, chondroitin 4-su1fa;:e, chondroitin=

6-sulfate, dermatan sulfate, keratan sulfate, heparin.sulfate

and heparin) that ate commonly found in vertebrate tissue

| (48). They are all( long unbranchea polysaccharides in which

the chai‘n is made up of disaccharide repeating‘units consisting

of a hexosan’u’.ne and a hexuronic acid. The amino groups of

bt ) the hexosamine residues arg generally substituted with N=-

( acetyl groups, ‘but can also contain N-sulfate groups in

heparin and heparin sulfaté. The presence of sulfate and/or

carboxyl g‘roups. on each disaccharide un‘it makes w chain

strcng_polyani(;ns and this domina’i‘.es to a large e;(tent their :
interaction with other mclecule‘s. In t1;|' ‘section information
on t-.'h'e interac;ioﬁ ofqucosan\inoglyeang with plasma lipoproteins

.
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will be reviewed. ¢

In 1955, Burstein and Samaille (49) showed that heparin
forms insoluble conplexes withserum lipoproteins inthe presence’
of divalent cations. Even in the absence of divalent cations,
heparin increased the electrophoretic mobility of f-lipoprotein
(LDL), thus showing the formation of a soluble complex with
g0 increased negative, charge (50). BDL and other serum
proteins did not form any. complex inlthe presence of 0.01l%
hex‘:ar&n. ~ Subsequently -Burstein ,and Scholnick (51) showed
that by a judicious use of different divalent cations and by
suitable adjustment of the concentration of heparin,
chylonicrons, VDL and LDL can/be sequentially precipitated.
The differential\precipitatich of ‘lipoproteins with divalent
cations has been used *for quantitative estimation of pa.rticular
lipoprotein classes in plasma (51). The inbe‘ractionsibetween

various glycosaminoglycans and lipoproteihs in vitro. have-

beén studied by a number of techniques. fThe early studies
by Bernfeld utiliced nephlometery and free boundary
electrophoresis (50,52).  Iverius (53) has studied the
binding of lipoproieins‘ Yo g“l‘ycosamincglypa‘n ‘immck;iuz,ad on
agargse. In addition these interactions Ahqva‘ alg;v been
studled by yei ‘fil€ration chromatography, (54) and by
prwcipltation SeNnLgeE (55) i» Caleium induced ‘precipitation *

has been widely used in measuring the interaction of lipopreteins
;s ! il atl

etric assays (55). Tl;esa assays are .

based on the formation of insoluble lipoprotein-heparin-

~ s
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calcium complexes.

8. Nature of lipoprotein-glycosaminoglycan linteracrions
/. The nature of interactions between lipoproteims and
g).yco‘samlﬁog‘lycans has been investigated in various studies. S
The following dischssion has been limited to selected studies
that outline the current understanding of glycosaminoglycan-
% . ~Tipsprotein interactions with particular emphasis on studies " ..
. that ur.”\used hédprin.
< L Iverius (53) investigated the interaction of lipoproteins
with heparin immoblhsed on Sepharose‘ The apo B containing

& 1ipbprpte1ns VLDL and LDL bound r.c hepann Sepha:oee in the

absence of divalent cations, whereas HDL did not bind. . The

: binding of VLDL ‘or LDL r.‘d'heparxn-Sepharose could be abolished
by N-acetylation of the lysiné residues of thé apoproteins,
suggesting’ an important role for the lysine residues. Since
both va; and LDL but not HDL verebound to heparin-Sepharose, L
it was proposed that -apo B in part was responsible for
binding of VLDL and LDL to hegarin.’, 5 A i RN -
© «\ Howsyer, HDL subfraceions ‘that contain apo E as the
exciusive or predominant apo‘protlein, namely " can;me HDL¢

' (56), a fraction of rat HDL (57) and a fraction oE human HDL

e & " (s8) have been shown to bind to heparin-Sephhwose. In their

" studics with canine HDLg, wahely et al. (56) reported that

1 . ucetylutian and carbamylation of apo E preven‘ted the bindinyg

'L : of HDLg to hepari -Sepharose ;hus ating, an 1mp_‘}rtant E
bl . T e 4 : ..




K

23

role for apo E in the binding.

i The studies of Shelbourné and Quartfort (59) have also
shown the importance of apo E in the@Bgnding of VLDL to
heparin. VLDL subfractions containing no apo E were shown
ot to bind: to heNvin-SepHarcas At physiological ionic
st'ngth and in the absence of divalent cations. Apo'E
isolated fr}n whole lxpop.rotexn was treated.with phenylglyoxal
2 d

to modify the argxnme residues and this modified apo £ was
not able to bind to hepa}m-s.aphaxose.

complex in the absence af divalent cations between heparin
and LDL by gel filteration chrcmat?g_x:aphy. No binding of HDL
or VLDL to ‘hepari: could be demcnstrated.l It was further
demonstratéd that modification of histidine, lysine or
arginine residues on the apoprotein resulted .in a loss in
heparin binding. ¥ : = ¥ _’/

On the basis Of the.studies mentioned above, it would

appear likely that the interaction of lipoproteins with

heparin invdlves the basic amino acid groups in the apoprt:teins .

(apo B and E). Iverius (53) postulated that the lipoprotsin
glycosaminoglycan éqmpLex formation is primarily ,cause(‘l through
ionic interactions bet’;ween basic amino groups of the apopfo}:ein
and the anio_nic sulfate qr’ups of gly‘cosamin&lycans (53).
Several studies (60,61,62) have also .e:'tamh{ed the
involvement-of the phospholipid moiety of upothein in

the interaction w;th heparm and other sulfated polysaccharides.

Pan et al. (54) have studied the formation of a solible °
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. Treatment of LD’L with Phos\pho'lipase C was shown to iFterEere

with its precipitation with heparin in the presence of Ca?*.

The- formation ofqinsoluble complexes decreased as the ciegxeec

“of hydrolysis of phasp‘hc\lip).ds increased (60). Girard and

Canal (51) extracted phospholipids frof human serum and

- * showed 4nteract:.on of the phospholipidé with;heparin in the

’ presencq and absence of Ca2.+ . In the presence of Ca2*, the

soluble phoﬁphol:.pid-hepaun complexes were con‘lerted into
insoluble pgeqipltate.

Qn; and Nishid‘?’ (62) have sh?wn that in ’::he preésence of

A €42+, high molecular weight dextran' sulfate _(molecul%r

el weight, 150,000) precipitates lecithin dispersions and
lysolecithin nicelles prepared from 6gg yolk. The precigitatio’n’
g, was proposed to.arise from two mutually enhaheing interactions
\ - lavolving bothpasitive and negative charges of the switterionic
. phospholipids, with one resulting from the interaction between
the posinve charge of. the nitrogen base in lecithin and the *
sulfate negative charge of dextran sulfate, apd the other

from Caz“‘ cross linking of ‘phosphate groups of nexghbouring

phospholipids. The above mentioned studies suggest that-

phosphdlipids are involved in the interactien- of heparin

with lipoproteins in the presence of Ca2+. § 2

on the basLs of the observations discussed in preceedmg.
- paragraphs and ot‘her ﬂxdence, it is generally agreed that
the interactions 1i ins and gly inoglycans

have following features: a)In the absence of ﬂvalent cations,

. . £ .
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the sulfated groups\ of glycesaminoglycans intel:act .primarily
with the basic amino groups 'of apoproteins (apo By and E) to
form soluble compexes: b) Independent o this, the addition
of divalent cations can bridge the sulfated groups of
glycosaminoglycans and lipoprotein phospholipid, thereby

promoting theé aggregdtion and insolubility of the complexes
C. Functional significance of ligog'rotein—g1xcosam1noglxcalls

interaction. -

(Fig. 3).

The functional possxbilitles of the 1nteractione betwean .

11poprotei,ns and glycosam1noglycans’ include ‘a role in the
deve}.opment of at‘herosclerus;s (63, 64) The most likely
mechanidm by which plasma ilipoproteins’can be selectively

5 R NS
retained in arteries is by ionic binding. The fact that

glyeosamnoglycans can form complexes in yvitro with’the

atherogenxc LDL and VLDL but not HDL (except apo E contaxninq
HDL) makés such_ putative interactions very 1mportant gor the
sequestration of plasma lipoproteins withih the artery.
Recently, attention has been Eocusse‘d& t‘e surface
charge of LDL in \:etms‘ of atherogenesis (65,66). In the
arterial wall, an electx’:‘ostatic interaction of LDL with
~ glyccsamlnaglycans may make the lipoprotein particles mote
electronegative. Unlike arterial smooth muscle cells, macrophages
bind and ihternallze only electronagative LDL by a high

affinity process lacking iR feedback co}tttol (es)h Such a
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[ APO B AND AP £ CONTARNG LPOPROTERS |

Fig. 3. ic illustration of the mechanism of i ion
7 =

between glycosaminoglycans and plasma lipoproteins in the

presence of ca2+.

s proposed by various authors (53,63,64), electrostatic
interactions govern the formation of insoluble lipoprotein-
glycosaminogfycan complexes. The sulfated groups of
glyCosaminoglycans interact with the basié amino groups ‘of
iyalne and aEgintne Testdues prensat 1n @po- B and E.  Die
positive charge of the phaspy'nupm choline nitrogen interacts
with the sulfate negative charge of the glycosaminoglycan.
The formation of insoluble lipoprotein-glfcosaminoglycan. '
complex is enhanced by ca2* cross-1linking cE the phospholipid
_phosphaté groups to the sulfate groups of glycosaminoglycans.

r ~
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process has been proposed to result in the Eormation of én:-
filled foam cells present in atherosclerotic lesioris. It is
of particular interest that 'exogenous sulphated
§1ycoeRNinoYlYca R AARLALILEER, £6 anim§ls have alleged
.anti-atherosclerotic effects (63,67). This behaviour-has been
attributed to their controlling the interaction of atherogenic
lipoproteins with arterial glycosaminoglycans.

. More recently, interest has been focussed on the interaction
of apo B af|d apo E containing lipoproteins with heparin
because of parallels between heparin binding and the interaction
with cell  surface LDL receptors (5%,68). - Heparin has been
shown to compete with LDL receptors for binding with LBL and -
-'has been used to dlsplace LDL bound to LDL recéptors (69).

Furthermore, there appearfs to be a correlation between

precip‘itability of LDL and HDL. with heparin and the binding
0P LDL and HDLg to receptors (70). The interaction of
Lipoproteins with both the LDL reéeptozs and heparin appears
to involve similar basic amino acids present on apo B amd
-apo E' (56) . . 2

1.3, C-reaétive protein and its homologs

A. Introduction '

The acute phase response consists of the increased
production of a number of plasma proteins which occur following
most forms of tissue injury, ‘inflammation, infection and
malignant neoplasia. .'l‘he c-reactive protein (CRP) was one”

. ; R . N ,
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of thé first acute phase proteins to be identified. During
the acute phase response, the serum concentration of CRP may .
increase 1000 fold or more (71). CRP was discovered in
humans by Tillet and Francis (72).in 1930 as a material that
pre{:ipl\ta}:ed with pneumococcal C-polysaccharide (CPS).
Abernethy and Avery (73) then characterized human CRP 'as a
proteln and identilfied the requirement for calcium in its
interaction with CPS. CPS is a heteropolymer consisting o
N-acetyl-galactosamine, D-glucose, N-acetyl-diaminotri-
déoxyhexose, ribitol and phosphorylchoune €74) (Fig, 4). The
binding of human CRP with CPS has been shown to be medlated
by the phosphorylcholine moiety of CPS (76).  .Since its
discovery in the sera of patients with various infections
and inflammatory diseases, CRP and its homologs have been
identified in various mammalian species, in certain £ish %nd
lven invertebrates (Table 4). The k;xown specificity of
hupan CRP? for phosphorylcholine in the -presence ?E ca2+ has
been utilized ¢o purify the various proteins homologous to
hunan CRP\using éither an immobilized CPS, phosphorylcholine
or phosphorylcholinre derivative affinity éd;orbents.‘ Ano;:her
protveir; in man, called serum amyloid P component (SAE) has
beeén shown to be related to cm>_"('77). It is now believed
that CRP and SAP belong td a unique family of proteins know
as pentraxins® (7). Human CRP is composed of five subunits

inits. e latter differs Erom CrP'

and sap cbntaxns ten ama
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Fig. 4. Structure of Pneumococcus C polysaccharide.
. ! Brundish and Baddiley (74) reported’ that Pneumococcal C
polysaccharide is composed of N-acetyl-D-ga"‘lactosamine,‘D—
J glucc;sé, N—acetyl-di\aminotri—deoxyhexose,_ ribitol and
phosphorylcholine. The dashed lines ‘indicate the,
phosphorylcholine unit which is the primary binding site for
N Juman CRP (76). (Adapted from Glaugenans (75).

s




Molecular Properties of G-reactive proteins’

Table 4

T

.

Human Rabbit Plaice Dogfrsh Limulus
CRP - cnpr CRP CRP CRP:
B , (71,77)* (82,78) (85) (86) (87) «
Molecular weight 110,000 115,000 300, 0V0 250,000 '500,080 "
. laaltons)’ . .
Subunits B 5 10 10 12
Association of on~- non- alent  non-
‘subunits covalent covalent covalem'. (d).sulph).de) covalent
Glycosylation - - + - +
¥ ~

Level in normal Trace Trace 0.05-0.06 0.4 501
serum {mg/ml) - : .
Induction due to 1000 1000 small ? 2

agute .phase, (fold)

*The numbers within the parentheses indicate the source of information.

(]2
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The defuutlon of a proe_em as a member of the pentraxin
family depends on the striicture Of subunits by electron
microscopy. The name pentraxinis Rerived from the observation
that the subunits of both CRP and SAP are arranged in annular'
discs with cyclic pentameric symmetry (77), The determination
of a CRP or SAP homology is currently determined by “the

ligand binding capacity of the protein. A pentraxin is

termedas 'CRP' if it ses Ca?* deper 3 ylcholine
binding specificity “and is termed- as '.SAP" if it binds to
agarose, in d ®alcium-dependent manner (78). 2 o
Besides the pentameric’ symmetry of its subunits, human .
SAP also shares.substantial (51&)' amino. acid sequence homoLogy
with human CRP (79). CRP and SAP are belxeved to be ptoducts‘
of gene duplication (78). The structural genes for both -
have been mapped to chromosoms 1 (80). SAP is a precursor of
amylo:ld P component w'hxch is found ln basement membranes and

associated with amyloid deposn. (51). In thu section some

pertinent literature on’ ‘the stfucture, ligand binding and

biological properties of human CRP and its homologs will be
reviewed. *

‘B.  Structure and ligand binding

Table 4 shows some of the properties of human CRP and
homologous proteins described in various vertebrates and
invertebrates. ‘Human and Rabbit CRP- comsist of five 'non-

glycosylatéd identical subunits which are poRecévalently

\
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L * .
dssociated, with evidence for the existence of an intrachain
‘disulphide bridge within each subunit '(8%,83,84). plaice
(Pleuronectes platessa-L.) CRP is exceptional in that it
contains non-covalently associated 'subunits of two different
molecular. weights of which only one type is glycosylated
(85). Dogfish (Mustelus,canis) CRP has been isolated and-
purified (86) and its molecular properties are presedted in
Table 4. The ‘invertebrate homolog of CRP ie. Limulus CRP
has been Aisolat‘ed from ,the haemolymph of—horseshoe crab
(Limulus polyphemus) using phosphoryl¢holine affinity adsorbent
(87). It consists of two types of ‘non-identical subunits
with moLer:u‘lar weights in the range of 18,000 ax.ld 24,000.
Both types’ of subunBes are glycosylated.  Unlike the human
and rabbit CRP, Limulus CRP is a wajor hormal haemolymph-
cclnponent at a concentration of approxxmate/E mg/ml (87).

The Ca2* dependent binding specificity of human CRP for
phospiforylcholine was first demgnstrated by Volanakis and
Kaplan (76) from their studies on the inhibition of CRP-CPS

precipitation reactiont = Gotschlich and Edelman (88) showed

“that eac‘h of the five subunits of* human CRP molecule probably

binds two CaZ*\jons after which CRP' binds one mole of
phpsphorylche%iné'per subunit. ' The ligand best bound by

‘human CRP is phosphorylcholine (76) but, otheér phosphate-

- moncesters are also bound with a stoichiometry of 1 mole per

CRP subunit although .with much lower affinity-(89). Young

and Williams (90) studied the ability of a number of small




33 . .
molecular weight compounds to inhibit the human CRP-CPS
interaction and emphasized the specificity for phosphate
monoester group. For instance choline basesulfonate or
sulfate were not inhibitory. .I§ was also found that increasing
the space between the phosphate and trimethylammonium group ’

by one carbon decreased the inhibitory power by twd fold.

Oliveira et al. (91) based on their studies of human CRP with

BSA conjugated with phosphorylcholine or phosphorylethanolamine
proposed the idea that two loci on each subunit of CRP are
involved in the binding of phosphorylcholine. Their results

showed that the binding site of CRP consists of two loci: a

. primary locis responsible for the calcium dependent binding

of phosphorylestef moiety of phosphorylcholine and a secondary

locus for binding’ the cationic group -of phosphorylcholine.
- 4 :

In another study, the binding of phosphorylcholine by human

CRP was shown to be inhibited by certain di and tripeptides

provided they contained both a free carboxyl and a free e

amino group thus confirming the zwitterionic nature. of the

binding site (92). |
The studies mentioned above suggest the specificity of

the binding site on human CRP for phosphorylcholine. However,

studies ‘Comparing the precip;tacion of human and. rabblr__(?k?

with BéA—phosphczylchoxine and .BSA-phosphorylethanolaming

suggest. a major difference in the binding pro;:er&lga of

human ana rabbit CRP (89). For humanCRP, precipisation required

both a phosphate group and either a secondary or tertiary |

-
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amino group at appropriate spacing, while wit{ rabbit CRP

only Ca* mediated binding of phosphate group was obligatory
.

for precipitation. The interactions of human and Limulus CRP

with spin labelled derivatiyes: > phosphorylcholine have '’

been studied using electron spin resonance spectroscopy
(93). It was suggested that the <phos§hq<1choline “pinding
sites’ on both human and Limulus CRP are quite shallow, not
.exceeding 5A° in depth..

The role: of Ca?* in-the binding of phosphorylcholine

‘has been explored in a number of studies (88,90,94,95). Results

& s . s

\ indicate that Ca2* induces a conformational change in tuman
CRP which is necessary for it to expres:}.ts charﬁristic

phusphorylcholxne binding property (88,90). The, existence

of Ca2-induced conformational changes in human CRP have, bden

confirmed usix'\é nonoclonal mouse anti-humanCRP antibodies (94).
Potempa et al. (95) hate reported thit] in the presence of
calt human CRP resists dénaturation by heatlng or by high
copcent{acions of urea. All these results indicate that
Tca2t 1nduc§g conformational changes in human CRP which may
be required for'it to bihd phosphorylcholine.

The other major. bxnd:.ng property of human CRl;yappears
to be its ability to bind polycations such as poly-L-ly,sxne

and poly-L-arq1nine polymers, lysine and aryinine rich

histones ¢ myelin basic protein and leukocyte cationic¢ protein

(77). It has been sho<n that in the absence of Ca2*, CRP

and polycation form complexes .At appropriate concentrations:

- . - %8 .

,
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,leading, to aggregation and precipitation (96). These
int;ractions were inhibited by ca2* but addit;ien of
phosphorylcholine in “the pres;:e Le ca2t promoted the
interactions (97). The interactiops bef eenCRPand‘pqucar:iona
were also modulated by hep,ann (98). It has been suggested
that ca2*" may be. responsible for modulation Lecween the
phosphorylcholine and polycatfn binding reactions. The
polycation binding site on CRP is proposed to be within or

‘close to’the phosphorylcholine binding site (77,96).

C. Aminosacid sequencé and assignment of phosphorylcholine
‘ S . ~ - *
binding region.. Lo ' A

‘  Impertant Jgdyances have Been made in, determinin?‘f,he
amino acid.sequence of CRP's frof some species. The cdmblete-
amino acid seqheyce of *humans CRP has been determined. by
sequencing the protein and also as derjved from complementary
DNA and genomic DNA nuclegtide analysis (79,83,99).

The complete amino acid sequence of raBbit CRP has been
elucidated (84) #ud partial amino acid sequené\of. Cimulus
(7) And plaice CRP\is also available (85). »

S Based on the Sequence data'. extensive homologies are
noted between human and rabbit CRP. Radbit CRP has 70%

ideptity to human CRP residue for résidud (8#). Comparison

of the sequences derived for, human, rabbit and Limulds CRP -

with SAP and~ the myeloma prctelns (a group of phosphorylchalina

binding 'immunoglubulins) has permitted the assignment of un\}no
E ¢ : Coe oy
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acid residues that may be involved in the binding of
phosphorylcholine. Since the sequence Phe 33 - Tyr 34 - Met
35 - Gly 36.present in the first hypervariable region of the

heavy Chain is common to phosphorylcholine binding myeloma

proteins, Young and Williams (90) have suggested that in®

CRP, & similar sequence, Phe 39 - Tyr 40 - Thr 41 - Glu 42
may be involved in binding ghosphorylc‘hollne. They postulated
that the phoaphofmcnne bind).ng site in CRP may consist

of Glu-4? and Glu 66 for the positively charged quarternary

ammonium ion and Lys 57 and Arg 58 for the negatively charged |
w

phosphoryl group respectxvely. iy N e

The eequance in the propcsed ‘binding site fc)wr
phosghorylchcllhe also revealed m&‘onanc variation between
human CRP and ‘rabbit CRP.” Glu 42 in human CRP has been

replaced.by Asp in rabbit CRP, Lys.57 in human CRP has been

‘replaced by Phe in rabbit and Limdlus CRP. Therefore, Wang

et al (84) suggest that since Glu 66 in human CRP is not’
conserved in other CRE, it is not U.kely to be involved in
the b{nding Of positively charged group of the ligand.

It is'of interest to note that wgo et al. (79) in their
search for, hdmlcgies of CRP with proteins.other than SAP 1n

the amino acid and nucleotide databases’-have suggested 28

»
homclogy between the first 25 amino acids of human CRP and snake

phuspholipase Aland human apolipoprote).n CII.

tlu 61, which is conserved in.all CRP speciés and also
7 . ; :

in hur;lah SAP togéthei‘with u/Asp at pc'siﬁion 42, was
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proposed to, be involved in bindiMm ion (84). )un ‘the
“other hand by.anology with other caltium binding proteins it

-has been suggested that tyr fesidues may be involved in the

. binding 9f Ca2* by crRP (90). .
~"D. Biological properties of CRP
B Numerous properties of human CRP have been described which

2 may bear relationship with the biological function of this
protein. The elevation of CRP levels in serum in response

J'to infection/inflagmation suggests that ifs functioil may be

related to' host defgpse and repair and this suggestion has

provided the:rationale OF much of the work.

. . B -
i. CRP and the complement system

N uFollowiné' tissue damage in rabbits, CRP has been shown
to be deposited on necrotic cells but n<;:t normal cells
(100,101). similarly, CRP deposition in experimental allergic
Tericephalbiylitls in rabbits has been lnvastigated and CRP
wa’s detec:e’d in some of the spinal cord lesions, the amount
‘of CRP correlating with the proportion of polymorphonuclear
N leukocytes (77)- i N
There have been reports of CRP deposition in inflammatory

P conditions inman (77). The deposits.were found in the cutaneous
with vasculitis and. also in association with synovial cell
/ nuclei in-synovial biopsies of p;tients wigh rheumatoid

NI ~ %, T

lesions containing mainly neutrophils of ,certain patients




arthritis.. N
Kaplan and Volanakis (102? were the first to report the
activation of h\.m\an complement by CRP-CPS complexes. It was
shown that addition of CPS to CRP containing acute phase
sera resulted in consumption of complement. The activation
‘of complement pathway was completely inhibited by phosphoryl-
choline. Vulanakisl (103) has shown that human CRP does not
bind to the intact ‘mel:branes of living cells but binds t;: damaged
or altereg cells. In addition it has been shown that CRP
can bind to liposomes and this binding theh activates the
complement pathway. It was demonstrated that the binding of
CRP to 1ipid emulsions consistin;}f either phosphatidylcholine’
or sphingomyelin with cholesterol led to complement fixation.
| Furthep evidence for the involvement of human CRP in
complement activation comes from the work of Gewurz and
coworkers as discussed below, whojnot only showed the CRP
initiated complement activation but also demohstrated that
ligands that were able to induce complement activation
included a wide variety of polycations and polycation=-polyanion
complexes mentioned below. o
Complement activation b} the ‘classical pathway occurred

when protamine was added to acute phase serum or When CRP

vand pra_\:amine were added to normal serum (104). Other.

polycations' shown to .react with CRP and consume complement
included homopolymers ;\E{ L-lysine and arginine, -histones,
g i . N . .

m’ilin basic protein -and cationic proteins from leukocyte
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granules (105). CRP was shown to enhance complement activation
by _polyanions 1jke DNA, hyaluronic acid and &hondriotin
sulfate (106)., '

Richards et al. (107,108) demonstrated that human CRP could
activate human complement upon binding to liposomes consisting
of dimyristoyl phosphatidylcholine, cholesterol and galactose
ceramide when appreciab‘le amounts of strong positive charge
(scearylamine) was .also 1ncorporated. Increased cholesterol

in the liposome and the presence of ceramide lipids enhan\e

* complement activation (109). The ability of CRP to initiate
5 : s .

complement dependent haemolysis was shown using sheep

erythrocytes coated with CPS (110).  *° =

ii. Interaction of CRP with ph tic cells and lymphocytes

Human CRP has been shown to' bix:d to human monocytes and
mediate phagocytosis (111). Using eryth{ocytes as particles
for uptake-by human monocytes, it has been shown that CRP
‘mediates phagocytosis of CPS-coated erythrocytes sensitized
with CRP in the presence of complement. Studies with mouse
macrophages }nd\x‘cated that C}IP may interact with a membgane
receptor, FcR, c"r_a cl‘osvely related receptor on rﬁonocy.tes
(112). 'Ehis conclusion was reached on the basis of observitions
that CRP-CPS complexes inhibited the uptake of 1gG coated
_drythrocytes by monocytes and that a selective inhibitor of
FeR activity, 2-deoxygiucose, blocked the effects of CRP-CPS

complexes on macrophagea.’ These in vitro eff,acts of CRP
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were demonstrable in vivo in a mouse model in which CRP
promoted the sequestration of CPS-coated erythrocytes by
spleen. This effect required both the complement and the
presence of CRP (113). ’ .

sinfe CRP binds to ces of Streptococus pneumoniae, . the
ability ‘of CRP to bind to bacteria and activate complement
system ‘has.alfo been tested (113). /It was shown that CRE
binds to Streptococus pneumoniae Tyf% 27 which contains
phosphorylcholine in its capsular polysacehari:ie and enhanc‘es
complement consumption. Using'a mouse model, it has beén
shown ‘that administration 'of human CRP provides protection
against’ pneumococcal infection ‘(113). This effect was seei-f
both in mice that lacked circulating antibodies to phosphory]z-
choline and in normal mice. .

Studies on the interactien between human CRP and péripheral
blood lympocytes show that: CRP by Hitself does not bindg to
the 1ymphocyvtes but requires the addition of a ligand {such
as CPS where‘upon CRP binds to a subset, g)f lymphocytes .bearing\)
the FcR receptors (114). Prefe¥ential binding to FcR bearing
lymphoéytes was also demonstrable when lymphocytes were
re§cted. with heat-modified CRP. The effects of binding of
CRP' complexes on lymphocyte functions such as natural killer
activity were investigated and CRP complexes or CRP has been
shown.‘to have no effect on thiz; activity (114). .However,
treatment of‘huma'n lymphocytes with anti-CRP antibody and

complement has beéen shown to abolish some aspects of natural
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kille€r function (114).

ili. Interaction of CRP with platelets B
,  Fiedel and Gewurz (115) initially reported the ability
5£.CRP o ‘dnnibit plitelet responsiveress to a \itds variety
of platelet activators. Subsequently a low molecula’t weight .
@rotor, co-eluting with human CRP isolated from pleural or
ascites fluids using CPS or phosphorylcholine aff‘inity’ adsorbents
was shown to be responsible for the inhibition of platelet
aggregation and release reactions (116). In the absence of
low .moleqular weight factor, CRP did not inhibit platelet
activatipn. me'inhibi:o:{calpaciﬁ of CRP~low molecular
factor was substantially reversed in the presence .of CPS.’
It was further shown that hea;-modified«cnﬁ-actlvted platelets
to elicit reactions of shape change, aggregation and release
6 denve GEARULS COHLILUSHES. In madLEieh, hestsmedisisd
CRP also activated platelets to generate thromboxane Az.
Intere;tingly, complexes of CRP and pglycations caused
similar activation of platelets (117).  More recently (118)
it has peen reported that pe'ptidb fragments derived ‘from the .
degradation of CRP are .associated with the platelet inhibitory
activity. . * = . \ '
There are two reports which suggest that human and
rapbit CRP can int&lk}i‘t platelet-activating factor (PAF)'induced ,
aggregation of platelets (119,120). PAE, a ;:ote}m platelet

aggregating agent, is a phospﬁorylcholine containing lipid




(121).

[ . ;
iv. Interaction of rabbit CRP with chromatin/

In a recent study, rabbit CRP was ‘shown to bind to
faclated ahrematin Ln the presence of calcium (122).
Furthermore, CRP \precipita’ted nucleosome core particles from
chicken erythrocvytes'. In addition, it has béen shown that
human CRP mediatesthe solubilisation of chromatin by complement

in vitro (123). Based on these results it has been postulated

that CRP may mediate the removal off chromatin fragments from
v . v
the body aftér cell death by complement mediated piagocytosis-

. g

V.  Summary.

' It appears from a variety of studies tHat human CRP can

mediate complement activation, enhance phagocytosis, modulate
platelet activity and scavenge chromatin particles after
cell death. All these properties are mediated through the 1igapd
binding specificity for phosphorylcholine and polycatiaas.
TheSe stuéies point'tb a role of CRP in host defense dlxring
ir'\juryrandl inflammation, a role in keeping with its effects
upon complement, platelet and phagocytic systems.

E. Syrian hamster femake grotei:n
A novel protein termed as female protein (FP) was
isolateg by Coe (124) from the serum of Syrian hamsters. FP .

was'criginally noted because i;: was a prominent protein only
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in female sera, but not in male sera. Subsequently FP was
shown to be a member of the pentraxin family of proteins
(125). However this protein has certain unique characteristics

in comparison to other members of the pentraxin family and

hence deserves-separate discussion.

¢ i

Structure and ligand binding specificities
FP has been shown td have similarities with both human
ca} and SAP. It is composed of five subunits, (molecular weight

30,000 of each subunit) held together by non-covalent bonds

and exhibits the pentagonal structure typical of the pentraxins

(126).  Like CRP, FP binds to phosphorylcholine affinity
adsorbent and requires Ca2* for this binding. Not only does
FP possess phosphorylcholine binding spec¢ificity but it also
binds to Sepharose in a Ca2* dépendent manner like SAP.
However, the affinity of FP for phosphorylcholine is greater

than Sepharose. &The phosphorylcholine binding site on FP is

believed to be involved in_the interaction with Sepharose

(1267).

The amino acid composition of FP was similar to that of
human CRP and sequence analysis of 23 of the first 26 residues
from the amino terminus showed 838 homology with SAP. The
protein was shown to be glycosylated (127). Recently a
complementary DNA dlone corresponding to FP was isolated and
used to determine the nucleotids sequence and derive the amino
acid sequence af‘FP (128). The amino acid sequence of FP was
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shown to be 69 percent identical to human SAP and 50 percent
identical to human CRP.

Although the amino acid sequence of FP is more similar
t6 human SAP thad to human CRP, FP has been shown to bind to
phosphorylcholine (126). On the obher hand FP has been
shown to be cons.tituent of hamster amyloid deposits, a
Broperty usually associated with SAP (126).

From the discussion.presented -above FP ppears to be a

homolog of hoth human -CRP and SAP. However based on the

current griteria adopted for nomenclature i.e. a pentraxin

that shows Ca2*-dependent binding to phosphorylcholine being
classified as homologous with CRP, FP would be defined as a
CRP homolog. It:s_amino' acid sequence however suggegts close;:
relationship with SAP. Therefore it appears that determination
of CRP or SAP homology cannot be based on binding criteria
alone.. ’ M

iii. Hormonal regulation™of FP

FP is the only pentraxin which has been shown to be
under stringent sex hormonal control (126). The serum level
of FP in adult female syrian hamsters is about 1-2 mg/ml
whereas the serum of adult male syrian hamsters contains
about. 100 folé less. The low level in male was sgggested to
be due to supression of'FP .by testostexone, since it was

inducible’ after treatment with diethylstilbesterol (DES) or

'by castration. -
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+ Rat serum phosphorylcholine binding protein

In 1973, Mookerj’ea, (129) while seéking the Eunctign of
choline and phosphorylcholine in lipoprotein metabolism
investigated the pos;ible role of phosphorylcholine in the
lnteraction between heparin and 1ipopr‘otei‘r\ in the prese‘nce
of Ca2*. These efforts led toa discovery that phosphnrylchonne
in minute amounts plays a role to accslerate the precxpuauon
of rat serum lipoprot€ins by heparin and Ca2* (129). Studies

conducted to test the specxflcity af the effect cf

'phosphozylchonne on heparin- npopgo:em precipitation

reaction showed that cholipe and & number of choline derlvatives,

inorganic and’organic phosphates, amino and nelitral sugars

had no effect on-the precipitation reac:ion, - These results
suggested the importance of phosphorylatel quaternary nitrogen

group in promoting the heparin-lipoprotein precipitation

reaction in rat. serum. }

_Further investigations vere:carried out to gain insight
into the specific enhancing’effect of pHosBhOLyLENSLIRG i
heparin - rat sérum lipoprotein precipitation (130). Attempts

to show the effect of phosphorylcholine on heparin-lipoprotein

precipitation, using purified rat chylomicrons and VLDL

proved unsuccessful, which suggested that the phosphorylcholine

effect was related to the use of total serum. The effect 'of

phosphorylchéline in promoting the interaction between

i >
heparin and pure chylomicrons and VLDL was regained when a

crude serun protein factor .of unwashed chylomicrons was

"
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added to }he assays, suggesting that rat serum Contaxns a
protein factor(s)-which normally inhibits theheparln—l.ipoptot_exn 0
precipitation reaction. =A number of further trials showed
that a protein fraction of rat serum prepared by precipitation
with 30-50% ammonium sulphate inhibited hepa.rin‘—vwr.‘ and
heparin-chylomicron precipitation reactions ina concentration
dependent manner. ‘fhe inhibitory effect of the protein
fraction was relieved when phosphorylcholine was added to
the assays. From these results it became apparent that rat
“serum ccntair:s a protein-factor which can i.mhlibit_heplazin-
lipoprotein preci.pi‘tat_ion reaction and addition :of
pi\dsphorylcholi}e coun;eracts tﬁe inhibitory effect of this
ymteln factor. " ¥ :

on the basis of\the specific effect of phosphorylcholine

‘cn this protein factor, a ligand b:.nding specificxty of the

fuctor towards phosphorylcholine: was antlcipated Subsequem;ly, ,‘

Nagpurkar and Mookerjea (131) purified the protein from rat
serum usang a phenyl’ phosphorylcholxne—Sep‘narose affimty
adsorbent, The protexn bound to ®he affinity adsorbent was
‘ eluted by phosphorylcholine, but_ could not be eluted using
acetylcholine or choline .chloride, On the basis of its
1igand binding property for phosphofylcholxne. t_he protein
was termed as phosphorylchoune bxndingvproteln (PCBP). The

. molecular weight of purified PCBP was found, to be 125,000 by,

‘QEJ.-l.uL aphy on 1 §<300. The molecular weight *

of the protein was also determxned by the soﬂium dodecyl

/o : '
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sulfate polyacrylamide gel electrophoresis -(5¥S-PAGE) and it
i sepErated) TAtS Ewo bands of ‘nfxecuxar weight 47000 and
. 24,000, attributable to a monomer and dimer of the same
ke, meducelonWith - narcaptotHaROL KRS L sain diss:cx\\ion
of the dimer, giving rise to a single band of wolecular weight
24,000, From these observations it was concluded that CBP
consists of five subuni:s, three of which are held together
-noncovalently while the c;ther two are covalently bonded/ﬁ,\
through a disulfide bridge. Amino abia analysis showed that
each subunit consists of 145 amino acids and the protein was
found to contain 18% darbohydrate. The' carbohydrate moitty
cons‘is_ts of glucosamine, galactosamine, hexosamine, neutral-
hexoses ‘and, sialic acia, PCBP was found to be présent if
normal’Yat ‘serum in substantial amounts (U.6-0.7 mg/ml) .
s, ; ; x;u:i'f.;ea PCBP when added to, heparin-lipofirotein

. precipitation assays using purified rat chylomicrons nf vLDL

inhibiteq the precipitation reaction and addition 'of

.pho'sphori(lcholine reversed the inhibitory effect of PCBP.
Antibody to PCBP raised:in rabbits produced a single precipitin
line against the pure antigeh thus confirming the immunochémical
identity "of, the isolated proteln obtained Erom rat serum.
However, the antjserum failed to produce any precipitin line
2 against rat éhylo.micron, VLDL, LDL and HDL thereby suggesting
that PCBP has no immunochemical identity with the apoproteins:
of the serum lipoproteing. The aﬁtiserum also failed to

cross react agaxnst human .CRP.nor did PCBP croas react with
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the anti-human CRP.

N

Binding-stud;es using the equilibrium dialysis techni§ue
showed thar_ PCBP binds 3 mol of phosphorylcholine per mol of
protein in tne presence of Ca2* (132). e eduenedin waa .
secretion cf PCBE by, the 1iver was shown using an isolated
hepatocyte system (133). Tunicamycing an antibiotic which
inhibits the glycosylation of the core linkage region of N-
glycoproteins inhibited its synthesjs.

Subsequent to the isolatién of PCBP by Nagpurkar and
Mookerjea (131), Pontet et al. (134) and De Beer et al.
(135) isolated an identical,protein from rat, serum and
termed it as SAP and rat. CRP resp;ctively., The cr.it.e:ia
utilized for namlng e protexn as rat CRP by De Beer et al
(135) was'its binding specificity towards cp§ b, Similarities
with human CRP were noted, i.e., pantagonal structure when

exanineg by electron microscopy and amino acid sequence

"homology with CRP, although only 30% of the amino acids from

the carboxyl terminal were sequenced and showed 71 percent
homology with &wpan CRE and 54 percent homology with SAP (136)%
While the amino acid sequence analysis, which by itself

is incomplete, supports the relationship of this protein to

_ human CRP, however, certain abberant features have also been

noted. . Unlike human or rabbit CRP, PCBP is glycosylated and

is present as a prominent constituent of norma rat serum

(131). In addition, rat serum PCBP/CRP, unlike  huiman CRE,-
£ails to activate tha complement pathway and does ot agglutinate

N L :
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or precipitafe soluble cps (78). Complete amino acid
-sequence analysis together with the use of’molecular biological
techniques may establish a more meaningful homology with
human CRP at the protein and genetic’' level. Based on ith
pentagonal structure, PCBP has been classified as a member

' Of. the pentraxin family (126).

1.4. Purposle of present research. . )

On the basis Of‘the observation that PCBP has an 1nh'£h1f_ory
effect on heparin-lipoprotein precipitation reaction and has
a specificity for phosphorylchol ine ligand, it seemed reasonable
that understanding the molecular basis of binding properties
of PCBP with phospholipids and plasma 1lipoAroteins would
sHed HIGHE & EHS EURGEIGHEN) S WHTE. Bretein. SEIUGIMGELSH
of its Ffunction Ln\i_‘i:ggprotein_mer_aboli'ﬂm.may alde advancs
the knowledge of other members of the pentraxin family.

In this thesis previous studies on the role of PCBP in .
heparin-lipoprotein interactions have been extended. A’
comparison of PCBP with e, %5 Of other pentraxins, human and
rabbit CRP, hamster FP on heparin-lipoprotein precipitation
rasciich has Basr wsde. TNe ¥olerof slalic Aeid residias on
"PCBP and FP in he;;arin-u'popm_cexn precipitation reactiona -
has.been investigated. These studies may throw light on the
nature and mechanism of the effect: of PCEP and other pentraxins
on heparin-lipoprotein thteractions.’ . § .

A systematic study on the binding of PCBP to phospholipid

’
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containing liposomes has been undertaken to gain insight
into the nature and specificity of PCBP-phospholipid
interactions. N

The bir:dlng of human plasma lipofroteins to imhobilized
PCBP has been characterized in order to identify the basic
features involved in the interaction of PCBP with plasma
lipoproteins. The characterization of the lipoprotein bound
and unbound 'to immobilized PCBP with respect to apoprotein
and 1lipid composition may help in understanding the nature
and specificity of PCBP-lipoprotein interactivbns.

The effect of PCBP on interactions between membrane LDL
recepcors and LDL has been investigated to expidbe the possible
funcucnaL effect(s) of PCBP-lipoprotéin interaction.
Finally the ability of Sepl:mtose—PCBP golumns'to bind

lipoyrote:.ns wheri used in an in vivo experimental plasmapheretic

system using {rabbit nodel Was been tested, to evaluate the
extent to which plasma VLDL and LDL«an be removed by Sepharose—

PCBP columns.




CHAPTER 2 '
MATERIALS 'AND F{ETHODS
2.1 Materials
A. Animals el
i) Rats
Male Sprague-Dawley rats (body weight 250-300g)
were obtained from Charles River Canada Inc., La Praire, PQ
and were fed purina rat chow ad libitum (Ralston Purina of
Canada Ltd., Don Mills, Ontario).
ii) Rabbits .

Mal® white New Zealand rabbits (body weight 1.5-2.5 kg)
were purchased from Charles River Canada Inc., La Praire, PQ
and were fed rabbit chow- ad libitum (Robinhpod Multifoods
Inc. St. John's). g A& t

B. Reag;nts and Chemicals < .

Unless otherwise specified, reagents and chemicals
were of commercial origin and best reagent grade available.
? c. serum and Plasma

i) Rat -serum

Kats were anesthesized lightly with ether, the
abdomen opened and .blodd obtained from the abdominal aorta.
The blobd was allowed to clot for 1 hr at room temperature
followed by another hour at 49C, then centrifuged for 15
minutes at 1000xg on a bench top centrifuge to obtain the
serum. Serum was used immediately or stored at =-209C until

use.




ii) Rabbit sdri ;

Blood was obtained by cardiac punct‘ure from rabbits
under anesthesia induced by intraperitoneal injection of sodium
phenobarbital, 65 mg/kg body weiglrt, fromM.T.C. Pharmaceuticals,
Hamilton, Ontario. ' Serum was prepared as described above
for rats.

{ii)” Human Plasma )

Fresh, 'rejecte/ plasma from normal donors prepared
with citrate phosphate dextrose as an anti-coagulant, was
abtilned crow vansales. Wed Cnoes Beslsey, S6 John's “and

ased within 24 hrs for isolation of lipoproteins. 1In sore

cases human plasma was prepared from freshly Arawn venous

blood of healthy human subjects. Blood was drawn into

heparinized tubes and plasma prepared by low speed

ceritri fugation. . ’
iv) Hamster sera

Serda from male,

\\alé, FP-depleted Eernale..
diethylstilbestrpl (DES)  treated male, and te‘stosterope-
treated female syrian hamsters were supplied by Dr. J.E.
Coe, NIH, Hamilton, Montana. The sera which pad been sent’

by air, packed in dry ice were used immediatély om arrival

- or stored at -20°C.

D. Antiserum .
Antiserum to PCBP raised in rabbits was available from

a previous study (131). Antiserum to rabbit CRP raised in

* goats was a gift from Dr. V.. Cabana, Department of Immunology,

Rush Medical Gollege, Chicago. Antiserum to Lp(a) and apo C
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II were made available by Dr. W.C. Breckenridge, Department
of Biochemistry, Dalhousie University, Halifax, Nova Scotia.
E. Human CRP and SAP .

s
Purified human CRP and SAP were purchased from Difcoe

Laboratories and Calbiochem respectively.

2.2. Treatment of animals
A. Induction of Lnflammaticn
Inflammation was Lnduced in both rats and rabbits by
the subcutaneous injection of commercial grade turpentine
(rats: 0.5 ml/lODg body weight; rabbits: 0.5 ml/kg body weight)

in the doreolumbar region, equal volumes bexng injected

either side of the midline. _The control group was i
in an identical fashion with 0.9% ?aline.’ Both groups were
bledt, 48 WoareaEtes nyactisn, and. Harin prepared. Thé serum
from inflamed rabbits was checked for the presence of CRP by
immunodif fusion énalysis using antiserum to rabbit CRP.

B. Administration of l7g-ethinylestradiol to rats

17u—et}{inylestradiol (Sign[a) was dissolved in“propylene
glycol at. a concenfration of 10 mg/ml and administersd
subcutanecusly 'to rats at a dose of 3 mg/kg body weight

every 24 h for seven days (137).

c. blnduction of MWypercholesterolemia in rabbits by
cholesterol diet o

A 2% cholesterol (w/w)-S5% cocomut dil (w/w) diet vas
prepared by dissolving vcholesterol: (Sigma) in hot coconut
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oil and mixing it with rabbit-chow. Rabbits were maintained
on this diet for per?ods ranging from 1 to 4 weeks before
use in plasmapheresis experiments. Control diet consisted
of ordinary rabbit chow.

2.3. Preparative Procedures
A. Preparation of Sepharose-phenylphosphorylcholine

affinity adsorbent.
The affinity adsorbent for chromotography of phosphoryl—

cholgne binding proteins was prepared as described by Nagpurkar
and Mookerjea (131). Typically, 4-nitrophenylphosphorylcholine
(0.6g, 1.19 nmol from'Sigma) in methanol was reduced with Hp

at 1 atm using 0.2g of 5% Palladzum on charcoal as-catalyst

for 2 'hdurs at room temperature. The reaction mixture was

filtered and the filtrate evaporated under reduced pressure,
The resulting 4-aminophenylphosphorylcholine was immediatély
dissolved in 0.1M NaHCO3 buffer (pH 8.3) containigg 0.5M Nacl
and added to 15g of cyanogen bromide (CNBr) activated Sepharose
4B (Pharmacia) which had been previously washed with 1w
HCL. The mixture was gently miXed for 4 hours:at “room
temperature, filtered and then washed -alternately with
buffers 0.1M NaHCO3 (pH 8.3) containing 0.5M NaCl and 0.lM
CH3COONa (pH 4.2) containing 0.5M NaCl. The Sephsrose-
phenylphosphorylcholine was treated overnight at 49C with IM.
eéthanolamine (pH 9.0) and finally resuspended in 5 mM Tris—
HC1 (pt 7.8) . Typically, the concentration of phosphorylcholine

incorporated was 26 ymol/ml of Sepharose.
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B. Purification of pentraxins

i) PCBP

PCBP w‘urified from normal serum and serum from
inflamed rats according to the procedure of Nagpurkar and
Mooker jea (1L31). Sepharose-phenylphosphorylcholing affinity
adsorbent was packed in a column (12x1.6 cm) and equilibrated
with 200 ml of“ mM Tris-HCl buffer (pH 7.8). Normal serum
or serum fpn inflamed rats (15 ml) was k‘:ro\ight to a
concentration of 5 mM with respect to Tris-HCl and applied

on the affinity adsorbent. The column was washed with

equilibration buffers until absorbance at 280 nm of ‘the eluant

was less than 0.02. The serumeluted by this washing represents
the PCBP-depleted serun. Thereafter, after _exhau’stive.
washing the bound PCBP was eluted with 50 ml of 4- mt_d.P-
‘choline in the same buffer. Thée elutsd protein was exhaustively
dialyzed against the equilibration buffer (4 changess 50
volumes) and stored at -20°C. The quantitative estimation
of pcBP 'in serun was Pouforned as described (131). A known

matographed on the affinity

aliquot of the serum was ¢
adsorbent. The bound PCBP was elut by applying a P-choline
gradient (0-0.14) and estimated b;
al. (138). Quantitative depletion of PCBP from the serum was
established by immuncdiffus‘ion analysis using the antiserum.
Fregpurity of PCBP preparations for each batch was established
by polyacrylamide gel electrophoresis (PAGE) according to the

method &f Davis (139).

he method of Lowry et




ii) Rabbit CRP N
Rabbit CRP was .isolated froy serum’ from inflamed
animals following idmptical procefure used for rat PCBP
using the affinity adsorbent D\). Rabbit CRP-depleted
._serun vas also ‘obtaired in a similac fashion. The complete
depletion of CRP from rabbit serum was established.by T
diffusion analysis using antiserum to rabbit CRP. The CRP
isolated, was determined to be free @f other proteins by
analysis on PAGE (139). Purified CRP was stored at -20°C in
5 mM Tris-Acl (pH 7.5) St a concentration of less that 1 mg/ml.
iii) Hamster FP
F? was lsolated from normal female hamster serum
essentially as described by Cos et al. (125). Female hamster’
serum (2 ml) was applied to a column (9.7x50.cm) packed with,
15 ml of ‘Sepharbse-phenylphosphorylcholine atfinity adsorbent
"equilibrated, with 0.1M Tris-HCl buffer (pH 7.0) c‘éntainipg 0.5
mM Ca2*. The column was washed ex.tensi\‘/e‘ly with equilibration
buffer and FP was eluted with a P-choline gradient (0 to 3.3
w) in the equilibration buffer. ¢ eluted was estimated by
the method of Lowry et al. (‘1]8). dialyzed extensively against
10°mM sodium phosphate (pH 7.0) containing 150 mM ﬁcn and

stored at -20°C. The purity of EP was checked by PAGE (139).

C. Preparation of desialylated pentraxing
.
i) Desialylated PCBP Y e

PCBP (10'mg; 80 nmol, based on MW 125, 000) was igcubated

in 20 mL of 5 mM Tris-HC1 buffer (pH 7.6) with 2.5U neuraminidase
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(£rom Clgstridium perfringens type X from Sigma; EC 3.2.1.18)
at 37szfor 12h. The release of sialic acid was monitored
using the method of Warren (140). After completion of the
reaction, the incubation mixture was applied to the Sepharose-
phenylphosphorylcholine affinity column (30 mL bed volume).
The column was washed extengjwely with Tris-HCl buffer and.
‘the bound desialylated PCBP was eluted with a g-choline
gradient (0-25 mM) in Tris-HC1 buffer. The protein was
dialysed against 5 mM Tris-HCL (pH 7.8) (4 changes, 50
volume;) and stored at -20°C.
ii) Desialylated Fp

FP (3 mg; 20 nmol based on 150,000 MW) was desialylated

by neuraminidase treatment by incubating in 10 ml of 5 mM™
Tris-HC1 buffer (pH 7.6) with 1 unit of neuraminidase (E.C.
3.2.1.18) from Clostridium perfringens type=X at 379C for
12h. Release of sialic acid was monitored using the method
of Warren (140). At the end of the incubation, the reaction
mixture was applied to Sephatose-phengylphosphorylcholine
affinity adsorbent (15 nl bed volune, 0.7x50 cm) equilibrated
with 0.1M Tris-HCl buffer (pH 7.0) containing 0.5 mM Ca2*.
Yhe column was extensively washed with the equilibration
buffer and the bound desialylated FP was eluted with a P-

choline "gradient (9-3.3 mM) in the same buffer. The protein

was dialysed extensively against 10 mM sodium phosphate

buffer (pH 7.0) containing 150 mM NaCl and stored at -20°C.

D. Isolation of human plasma lipoproteins
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Lipoproteins were isolated from 250 ml plasma units.
Prior to isolation sodium azide was added to ;Ae plasma at a
final concentration of 0.01% (w/v). Lipoproteins were
isolated by sequential flotation in a Beckman L5-508B
ultragsntrifuge according to the method of Havel et al.
(2), using a Beckman 60 Ti rotor. The plasma vas adjusted
to desired densities by the addition of solid NaBf.
Centrifugation was carried out in 36 ml pollyallomer quick

seal tubes (Beckman) at 129C. At the end of the centrifugation

tubes were sliced with a. tube slicer (Beckman), so as to

obtain two fractions, the supernatant containing the isolated

‘lipoprotein and the infarnate containing the remaining
lipoproteins. The bottom fraction was then adjusted to
desired d;nsit)f to obtain the next lipoprotein fraction. The
top, ifractlon containing fhe Lsclated Tipoprotein vas washed
by recentrifagnaiion, nk Ehie appropriske :densitys: The
Lipoproteins were isolated fol Towing the removal of chylomicrons
(17,'000 RPM, 30 min at 10°C). VLDL was isolated at d 1.006
g/ml (40,000 RPM, 18 h at 10°C). LDL was then isolated between
densities 1.030 and 1.063 g/ml (45,000 RPM, 15 h at 10°C).
HDL.was isolated between densities 1.063 and 1.21 g/ml (50,000
RPM, 24 b at 109C). Purified lipoprotein fractions were
dlalyzed for 24 h at 49C against 3 changes of 50 volumes Of
0.01M Tris-HCI buffer (pH 7.5) containing 0.15M Nacl and 0.01%
(w/v) sodium vazide. The prot‘ein content of the lipoproteins
me meagured by a modified method of Lowry using sodium
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dodecyl sulfate (SDS) to clear turbidity (141). The lipoproteins
were stored  in sterile plastic tubes at 49C and used within
3 weeks. The purity of the lipoproteins was ascertained by
examining the apoprotein content on SDS-PAGE using 4-30%
gradient gels (142).

E. Preparation of liver membranes from 17a-ethinyl

estradiol treated rats ¥

Liver membranes, were prepared essentially as described
by Kovanen et al. (137). Rats were killed by decapitation
and the livers yere immediately cemsvad. ‘and Placed in doe
cold 0.15M NaCl. Equal aliquots from 5 livers were weighed
and poole& for homogenuanon. All Eurther steps were
carried out at 4°C. One gram of pooled liver, was homogenized
with two lO-sec pulses in a Polytron homogenizer (Brinkman
Instruments, Setting No. 10) in 10 ml of homogenization
buffer (150 mM NaCl, 1 mM CaClp and 10 mM Tris-HCl, pH 7.5).
The whole homoéenate was centrifuged at 500xg for 5 min.
The resulti?g 500xg supernatant was centrifuged at 8000xg
for 15 min, and the 8000xg supernatant was centrifuged at
100,000xg for 60 min., Each 100,000xg p‘ellet was resuspended
in 6 ml of homogerrization buffer by £lushing 10 times through
a 22 g;\‘.\ge ne(e:i\e\ and the suspension was again resedimented
at 100,000xg for 60 min. The final pellet .was assayed
immediately or rapidly frozen in liquid nitrogen, atoret} at
-80°C and used within § weeks. . ]

— - .
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. F. Prearation of ghosghougxd containing iposomes.

Multilamellar liposomes were prepared to study the

~ X
binding .f PCBP ‘to phospholipid containing liposomes. Egg

PC, egg LPC, idyl amine, tidylserine,
synthetic dioleoyl- and dipalmit;;l.pholphatidylcholine, BSA,
‘fi’stf.y acid-free BSA were puz'chased from Sigma and syr;thecic
-oleoyl 2-palmitoyl phoaphatidylcholine was a g;ft from Dr.
K.M.W. Keough, Depar:menc of B:Lochemiutry, Memorial Unxvexsity

of Newf}undlund . ’ %

Multilamellar liposomes were pr'egured by disgsolving the

phospholipids at the desired concentration in choloroform

and evaporatihg the chloroform solution to dryness under
nitrogen. T‘he resulting lipid- nuxture was dxspersed 1n 2 mL

of 0.1254 Tris-HC1 buffer (pH 7.8). so as to give a final

phospholipid concentration of 10 mM. The dispersion was .

vortexed. for 3 min before using in the \assay in order to

produce an uniform suspension. °Freshly prepared liposomes

&
were always vad in_ the assays.
G. Pregaratiun of Sepharose-PCBP and Segharou-

delialxlnted-PCBP afﬂnitx adsorbenta.
Purified PCBP wan covalﬂhtly linked to Sepharose in the

following way:. Fiva ‘grams Jof CNBx_— activated Sepharoa.e 4B
(Pharmacia) were wa-hs;d with 1000 ml of -1 mM HC1. S;aphaxcua
van then, tilnrud almost to dryncu- and 18 mg PCBP in 25 ml
oE 0.1M -odiun bicarbonaf.azl:(uffar (pH 8:3) cbntaining 0. 5M
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NaCl were added. The mixture was gently mixed at 260¢ and

. filtered after 2 hrs. The resulting Sepharose-PCBP was

treated for 16 h at 49C with 1M ethanolamine(pH' 9.0). The

protein content of the filtrate was measured (138) to determine

i the amount of PCBP not coupled to Sepharose. The amourit of

PCBP coupled to Sepharose was determined by'subtracting the

~ptotexn present 1n filtrate fmm total protein added for

g coupling# With this -procedure, 1 ‘mg of PCBP was coupleﬂ per

. ml of Sepharose. The coupling was tested by the' ability of
Sepharose-PCBP to bind antibodies to PCBP f:mp‘-the antiserum.
Desialylated PCBP (prepared as described before) was co‘uple_d
in’an identical fashion to give a concentration of 1 mg
protein per ml of Sepharose. Blank Sepharose was also
prepared by treating CNBr activated Sepharose 4B as described

. _ above except that no protein was added for coupling.

‘2.4. Radioiodinitation procedures

& F o " s A.  ECBP, - .

Radioieaim{:ed'?csp wis prepared enzymatically with
lactoperoxidase ané glucose oxidase using radioiodination
‘s"'y".igtem fror‘n,New England Nuclear following the manufacturers
instructions. A typical labelling reaction mixture included
,0. 168 ng PCBP in 100 ¥l of 5 mM Tris-HCl (pH 7.8) and 1 m(.i
ot Na1251. Unbound Na125: was removed by gel filtration
chromatagraphy on a sephadax G-50 column (20x1.2 cm) / 1257.
PCB? was further purified by sephurpse-phenylphdsphcrquholine

.
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affinity chromotography. The 1251-pCBP prepared by this
method had a specific activity of 0.43 nmol of 1251/ mol of
PCBP. g7 *

B. Human plasma LDL

Human plasxaa LDL was radiociodinated by modification
of the method of McE‘arlane (143) as described by 'Wong and
~Rubtnsteln (144) ua1251 (100uCi), Iodine monochloride (80

‘ nmol), pll glycine NaOH buffer pH 10.00 (0.2 ml) and LDL (1

mg protein in 2'ml) were added sequentially. After 30-60

sec, the radioiodinated LDL was applied to a Sephadex-G25
column (1.5%26cm) and eluted with 0.05M Tris-HCl buffer pH
7.4 to separate. labelled LDL £rom ‘Eree iodine.® The 125I-LDL
protein concentration ranged from 0v25 vi\g.co 0.32 mg/ml, the
specific activity ranged fmm_lzi-zqs dpm/ng protein.  An
average of 5% of the 125I-radioactivity was extractable into
ethanol-ether (3:1) and greater than 95% of th¥" 125I-radio-
activity wgs precipitable by incubation with 10% (v/v)

trich'\or'oacetic acid. Labelled LDL was stored id 'sterile

plas!ﬂc tubes at 4°C and used within 2 we of preparationdt
prep:

Before each’ ‘experiment 1251-ppL was dialyzed overnight
;against 0.01M Tris-HCl buffer (pH 7.4) containing 0.15M Na@l

to remove any residual free iodine. .

2.5, Analytical Procedures .
& A, Circular, Dichroism (CD)

CD.spectra of PCBR and dpsialylated PCBP were
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measured on a Jasco ‘J-20 spectropolarimeter at 250C.  PCBP
and desialylated PCBP samples were prepared in 5 mM Tris-iCl

buffer (pH' 7.6). .The results are p’,ésented as mean residue

ellipticities ( ) in degree.cm?.dmole~l, using the mean

residue molecular weight of PCBP and desiaylated PCBP as

112.2, based on amino acids. ' $ . &

B. SDS-Polyacrylamide gel electrophoresis of apoproteins
! «Apoprotein content of lipoproteins was ar;aly:ed on sr;s—
PAGVE"l'us‘ing 4-30% qradién:. gels prepared according to the
method of O'Farrél (14_2) . Prior to electrophoresis, lipoprotein

fractions were delipidated for 16h at -20°C with ethanol-

. ether (3:1 v/v). The delipidated apoproteins, were dissolved
in 0.2M Tris-HCl buffer (pH 6.8) containing 3.6% SDS and 10%

3—mercaptoéthanol. The gradient gels were run at 30 mA per
e . -

‘slab for 4 hours at constant. amperage.- Following

N
elec‘trophoresis. gels were fixed in ethangl-water-acetic

acid and stained overnight in 0.025% Commassie brillidnt-

‘blue. Gels wére destained by diffusion in 10% acetic acid:

. ®

The apoproteins were identified by their desi?ed molécular
- "

weights determined from calibration standards run together

with the samples.

D. .Electroimmunoassay of apoproteins .. > ‘
i) Apo B i
Apoproteins were qéantitated individyally by an

electroimmuncassay ('Rocket' eiéctrophoresis) Ecilwing the
procedure of Laurell (145). [The conditions and validation'of

i # e
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the 'Sg;xs for apo B, E and A-I have been described previously
-by Dolphin et al. (146). 'S ) i

I The electrode buffer for the assay of apo B contained
0.06M sodium barbital Buffer pH 8.6 with 1.5% polyethylene glycol
6000 (PEG-6000) (Sigma).and 0.0025M calcium lactate and was
used also as the sample diluent. The elegtrophoresis was
Performed in 1% agarose ltsé’akelm L.E., +Marine Colloidu,
-l“tocklan‘d, ME) containing the electrode buffer and 50 g
rabbi.t anti‘human apo..B gamma‘qlr;bul"‘in\pe-r m)‘. agarose.
Electrophoresis was performed vat 2.5 v/cm, for 18 hours at
12°C using a Bio-Rad Model 1415 electrophoresis cell. Aéteﬁ
e!.e‘ct.‘rophoresis the pla‘tes were washed in distilled Hp0 for
‘1 h, covered with Whatman No. 1 filker paper, dried at 60°C
‘and ‘stained with coommassie-brilliant blue R-250. After

staining for 1 hour, the plates, were destained in methanol:

\
acetic acid: water (5:5:1).
A standard rafeiencg human serum was used for construction
of ‘standard curve. The assay ‘sensitivity was between 0.08,
[3 =

and 1.Q.9-apo B. Rocket area (rocket height x width at one

__};alfuléngth) as a function of a‘pnprotein concentration was

‘measured to plot ‘the standard curve. Fig. 5 shows the typical
relationship ‘between rocket height.and apo B content of the
reference serum. . ,, L z

ii) Apo E ) o )

The electroimmunoassay conditions for apo E were

identical to those for apo B except that 116 g rabbit antihuman
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- apo E qammaglébuli_n per ml agarose was used
range of the assay was between 0.02 to 0.20ug apo E (Fig. 5)
iii) Apo A-1 )
The- electrolnmunosssay Of ‘ape A-I. enployed L.8%
agarose,

0.06M sodium barbital buffer, (pH 8.6) with 2.5%

dektran T-10 (Sigma) replacingithe’ PEG. The sther electroimmuns-

asgay condxtions were -identical to t:hose of apo B. ’rhe‘

assay was used in the range of 0.02 to 0.2ug apo A-I (Fig 5)

. iv) Apo C-I1

The electroimmunocassay of apd C-II was performed as

described by Tam and Breckenridge (147). A 1.3% agarose gel

with 2% PEG 6000 was prepared in 0.05M sodium barbital

buffer (pH 8.8) containing 0.01% Triton X-100, 0.0l ml.

BSA/ml gel and 75:g antibody per ml agarose. The electrophoresis

was run at 2.5 V per cm/18h at 4%. The plates were soaked

successively’in 0.15M NaCl for 1 hour and in distilled water

| for 15 min,~covered with Whatman No. 1 filter paper; dried

at. 609C and stained in coommassie brilliant blue R-250.
v) Lp (a) ,

_For the electroimmunoassay of Lp(a) a 2% agarose
gel was p:epared in ‘0.06M sodium barbxtal buffer (pH 8. 5)

containing 0.4% PEG-6000. The electrophoresis was run at 2

V per cm for 21 h at 4°C., The assay wag standardized. with

isolated Lp(a) which was a gift from Dr. W.C. bBreckenridgé,

Department of Biochemistry,

g o5 A

Dalhousie University.

The operational -

°
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Fig. 5. Eléctroimmunoassaz of apoproteins.

The typical rockets obtained with standard reference

serum (in case of Lp(a), isolated Lp(a) was used as reference)
are shown. The validation and conditions for apo.B, E and

.have. Been described: previously 159 Dolphin: et al. (146). -
-

electroimmunoassay for apo C-II was performed following
conditions described by Tam and Breckenridge (147). All

assays showed a linear rélationship between the peak

area of the rocket and the apoprotein content of standard

reference serum.
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Analysis of apoproteins by high performance liquid
chromatography (HPLC)

The separation of.apoproteins of isolated VLDL and from

the plasma Eract;ons ‘bound to Sepharose-PCBP was perfo}-med
on’a Perkin-Elmer, 'Series 4, HPLC System. Seéara\;ion was
performed on a TSK~250 gel filteration column (300x7.5 mM,
Bio-Rad). The samples (containing about 1004g protein) were
delipidated with ethanol:ether (3:1) at -20°C overnight.
’I'Y}e apoproteins were dissulv'ed in 100Kl of 0.2 M Tris-HCl
(pH 6.8) containing 3.6% SDSvapd 10% Z—Qercaptoethanol. Thev
sample solution was filtering through 0.454Mfilters. An
5041 a‘liquot containing about 50Mlg protein was used for each
chromatographic injection. The column was eluted with 0.5M
sodium sulfate, 0.2M sodium phosphate buffer (pH 6.8) containing
0.1% sbs. The eluant was monitored at 20 nm at absorbance
unit full scale (AUFS) of 0.32. The column was run at a
flow rate of 1 ml per min.

F. ' Lipid Analysis® . ’ .

The lipids in the lipoprotein and plasma samples were
quantitated by gas chromatographic (GC) total lipid profiling
method _(148)'.- T::tal lipids (50-300ug) were first extracted
Ry ‘chloroform/methatfbol (é:b..;//v) following the method of

Folch. et al (149). An internal standard; tridegafioin, was
7 . . 7

‘ added p,:‘i.m'L to 'the lipid .extraction. Phospho_lipasa C was

added (for digestion, by vigorous agitation at 30%¢ for 2

; ‘l‘u‘).tq aliquots of lipid samples algng with Trig-HC1 ﬁpffer
. . -
"o
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reaction was tRen stopped by addition of 0.1N HCl (5 drops).

. (pH 7.ovrf‘ca%:rizo (108 w/v) and ethyl ether (1 ml). The

The organic phase was evaporated and the lipid residue
treated with TRISIL-BSA (Pierce) and stored at =-209C until
Gc analysis.' The lipid profiles were analyzed on an automated
Hewlett Packard 5440 Gas Chroma’tograph using nickel columns
(I/Exzo in) packed with 3% OV-1 on Gas chrom 0. The columns
were programmed from 170 to 350°C., Response factors were
established for each of the lipid components by analysis af
standards. In some cases serum triglyceride and total
cholesterol were estimated enzymatically on a Hitachi 705
Random axis analyzer using the Boehringer Mannheim automated
analysis system. Total cholesterol was measured by the
cholesterol. esterase/cholesterol oxidase technique using
commercial kit (CHOD-PAP test kit from Boehringer). The
triglycerides were measured by the glycerol 3-phosphate-
oxidase method (Boehringer). v

G. Chemical modificdtion of LDL

'l'he lysine residues of LDL were modified by acetoacetylaticn

using freshlv» distilled diketene (Sigma) as described by .

Weisgraber et al. (27). Diketene (either 1.29 or 4.0umol)

was added to LDL (1 mg protein) and the reaction ‘allowed to

proceed ‘for 5 min at 250C. 'The reaction was stopped by

dialysis agaxnst 0.2M sodium carbonate/sodium bicurbonate

buffer (pH 9 5). Control LDL was treated 1n similar fashion

except that diketéne was omitedd.
: ene e e
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1,2-cyclohexanedione (Aldrich) was used to modi fy
selectively the arginine residues as described by Mahley et
al (26). LDL (2-3 mg protein) was mixed with O.ISM 1,2
cyclohexanedione and incubated either fo’x':' 2 or 3 h at 359C.
The' sample was dialyzed for 40 h against -0.15M NaCl at 4°C.
For control LDL, 1,2-cylohexanedione was excluded from the
incubation mixture. The extent of lysine and arginine
modification was determined by amino acid analysis as described
below. . ’ ’

H. Amino acid analysis .

Amino acid analysis Of the various LDL samples was
per formed exactly as described by (26,27). Hydrolysis of samples
(0.5 mg protein) was performed in 1 ml 6N HCL at 1109C for
24h in sealed tubes flushed with nitrogen and evacuated.
The analysis was pefformed on Beckman Model 121-MB amino
acid analyzer. Values reported were averaged from duplicate
samples. '

2.6. Assays and binding studies .

A) Dipoprotein-heparin-Ca2* precipitation assays

i) Assays with serum

The assays were performed essentially as described

by Mookerjea (i30). Serum from normal and inflamed rats and
rabb.lts, male and female hamsters, DES-treated male hamstera
and testoetarone-treatef female hamsters were used for the

hepar!.n--11;mprol:s.i.n-E.‘uz+ precipitation assaya. * Gerum £rom

animals depleted of .their PCPB, CRP and FP, as required, was
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also used in the assays. The depleted serum was concentrated
back to its original volume in a Amicon ul;.racentrifuqation
cell using a UM-10 membrafe at 49C before.use. The standard’
assay mixture contained 50 mM Tris-HCL buffer (pH 7.6), heparin
(50 units) CaCly.2H30 (concentration as specified for individual®
assays) P-choline (added at cuncentranons indicated for
individual assays) and the respective seruh (15081) in a
total volume of 2.5 ml. The assay was initiated By addition &
of the serum. ‘In experiments where the effect of a partlcul{alr
protein was to be tested, the protein wRs also included in
the incubation mixture. Incubation was carried out at 400C
for 1 hour-with shaking. The turbidity developed as a
result of lipoprotein precipitation was measured at 600 nm
in a Bye-unicam spectrophotometer. Results reported are
representative of-at least three assays. Variations between
the assays was less than 10%. N

ii) Assays using purified human plasma lipoproteins

The assays were performed exactly as ‘escribed |
above except that purified human. plasma (lipoproteins were¢
USEA: FELEAA OEWHOLE Gathn. “THE protein concentration of VLOL
or LDL used were 2.2 mg/ml and 2.6 mg/ml respectively.

B. Binding of 1251-pCBP to liposomes
)\.ssayw mixtures to study the binding of 1251-pcBp to-

liposomes contained 15 mM rris-tcl butfer (pH 7.8), 1351-'
PCBP' (0.9 g), speczfied amounts of PCBP, BSA (0.1% w/v),
diposomes of specified composition (600 nmols phospho-

lipid). either in the presence or absence of
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various concentrations of Ca?* in a total volume of 0.5 ml.
Speciffed .concentrations of P-choline was included in -the
,incubation mixture to examine its effect on the binding.
Incubation was carried out in eppendorf centrifuge tubes at
379C for 1 hour with shaking. The bound and unbound PCBP were
-separated by centrifugation at 12,800xg for 30 min. The
amount of PCBP bound was calculated by counting the 125L-
BCBP in the sedimented liposomes using'a Beckman 5500 gamma
counter. The efficiency of liposome sedimentation was
monitored by phospholipid phosphate analysis of .the sediments
(150,15197 Each experiment was performed -at least three
times to compensate for variation in liposome preparation and
representative values were used for the resultsg The variation
between each assay was less than 10%. ’

“c. Binding of lipoproteins to Sepharose-PCBP

Sepharose-BCBP columns (0.7x15 cm) were used to study

thie BInding 1of hunen; plasne and, rat werus Tipoproteins: (e

. columns were equil)’.b_rated with 0.01M Tris-HCl bpffer (pH 7.4)
containing 0.15M Nacl and 10 mM Ca2*. Plasma or isolated
lipoproteins were. brought to 10 mM with respect to Ca2+
concentration to study the binding in the presence of Ca2+t,
After the application of the sample,® the column was Washed
with the same buffer until absorbance at 280 nm of the eluant
was leas than 9.02. ThHe 'qoiumns were run at a flow rate of
20 ml per hour-at 260C and 2 ml fractions collected. The

+ unbound fractions were collected and pooled. [The bound
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lipoproteins were eluted using a 0-250 ndl P-choline gradient
in the equilibration buffer. Further elution with 1.4H
NaCl did not elute any additipnal lipoprotein. Sepharose-
PCBP columns used for lipoprotein b:.ndxng studies were
regenerated after one use in the Eoucwing way. The columnb
were washed consecutively with 4 bed,volumes of 0.1M Tris-
HC1 buffer (pH 8.5) containing 0.5M NaGl and 0.1M CH3CO0 Na
buffer (pH 4.5) containing 0.5M NaCl and 10 it EDTA. Finally
the column-was washed extensively with 0.01M Tris-HCl buffer,
(pH 7.4) containing 0.15M NaCl:. '

D. Studies on the effect of PCBP on ‘the binding of‘ LDL

to rat liver meri\b;ane receptors

i) Binding of 1251-LDL to rit liver membranes

The binding assays we-re'carried out essentially as
described by Kovanen et al. (137). On the day of the experiment,
the membrane (100,000xg pellets) preparation’ was-’thawed and
resuspended in 1-AINof 20 mM Tris-HCL buffer (pH 7.5) containing

50 mM NaCl -and 1 mM Ca2* by flushing ten times through a 22-
\

gauge needle. The suspension was sonicated at 0°C for two

10 sec bursts in a sonifier cell disrupter (Model W185, Heat
systems Ultrasonic Inc), using a microprobe at setting no.
é. The protein concentration of each suspension was.aéjusted
wit}{ the same buffer to 10 mg/ml. The binding assay was
performed by incubating the liver membxan—fa‘ (100-120““23

protein), specified amount of 1251-LDL, buffer A (20 mM Tris

HCL (pH 7.5) containing 20 mM NaCl and 20 mg/ml of bovine

-~




}Q!ter-
contained either a2t (5 ) <on ED’!‘A (20 mM) Diffarent ’

cancenttatlons ‘of PCBP we:e 1nc1ude\lin the- ass: y

. its effect on’ bxnding. Incuba\t)}ms vere carried out in iz

bBath using Beckman nucrofuge tubes (1 8, ml capaci&y) at: ‘0oC

2 fcr 20 min with shaklng‘ After .anubatioh, 75u1 of assay\ 3
o dd s mlxture was layered onto zoowx of Eeta]. calf sarum and’
050)(9 ﬁoNu

'l‘he supernatant waa aspirated and- replaced with

i a. Becknmn Type 25 rotor ‘at 92

o !SOul of ‘fetal ‘Gare; sex:um and the rlfugation :epee@d

for 10 min. The ?upernatant was. ‘then removed and the whole -

~tube assayed for radxoactivity in a Beckman 5500 gamma

oy g eo\mter. Contrcl assays concaimng iodinated .lipoprntains

o A end pcnp were :|.n‘cubatea exactly as. described above— exc Bt
X . L+ “.that these’ assays were carried out without any membranes. In
these assays the radloactlv;ty associated with r.he .asgays
Cubes was found to be less than l%lof the tctal radxoactivity,

Th‘e results of the bz.ndxng assays and gel fiu-.raticn scudies

che (descnbed below) are from a ty;ucal one of three . separate 8

expet ments. The' results in ‘eqch case ' were reproducible..

~

data point

t‘ne average' of duplicate incubaticns

o 'ii) Preincubatlon of liver membranas with-PCBP. *

~
reincubaeion of 11.vet .membranea N§: 20 ug ‘pror_ein)

with 1ncteae1ng concentrations cf PCBP in ‘buffer A' was ' |

o carried out for SO\min. at 0°c a total volumé of 150,;1. The’




ex\cencrifuged at 12 800xg for 301 at 4Qc, whxch

'resulted in quanntauve eedimentation of the membranes as’

determined bY, the quant;tat_ive recovery of membranz, protein_

“in seﬁiments. -The supernaﬁa'm; was aspiratea and replaced
. \
g wnh 1251-LDL, (48.ug protein/ml) and buffera’. The meNbranes

 yora gently» 5 and. i Emn adaitional 905 ..

nih-at nOr- #d—then trifuged 4 ibed For—the i

@ e ¥ e -
-mgmbtane bindixig assays. . “The -amoyht of 1251-LDL bound_ to .

tha, livet memhrane~v was determined from the radlou/ctivity

B assocxatad with the membrane sediments. The r,ggu__lms_ presented

“are a glverage cf duplicate assays. *In a sepayate expgrirx\eni,

l.iv\er mem‘b:anes \(lZOug) were ncubated. ‘the presen'ce of'

lug of 1251 -p:.us uniabelled PCBP to g.we xnd).cated 2 \ 5

P concentratl.ons, and 'b £er A' fbr 90 min at gec, in'a finalA

- - volume.of 150}‘1. The incubation mixture was cem:rifuged at

s - °12,800xg for 30 min and the $uper: tants discardea Tjne-_: Ty

tth\’buffez "A" and

of 1257

=ty % membrane aédimpnts were washed (twice).
»

L N
oy § T counted for’ radlcactxvny‘ £0 determine the amoun

"pcBP bound. P o .

= R ) Gel-filtration exgeriments .
3 -7 0L (0.6 ‘mg protein)-and: 1251-pcsp (0. 5y 125x-pcsy et °8

“~ ailuted with 36: Sug-unlabelled pcsp) vere’ Mcubated ¥n 0. om 5
»’l’ris-!lcl buffer *(pH 7 4) .containing 100 m NaCl either -in
the abuence\or presence of ° ca2+ (5'm) in a \:cta). volung of ..
g 2 L at o°c fc}so min and- -the’ 1xture applied to a &ephacryl =




f % mﬂ (1.5 x 45 Me coluin was =1utad with 0.0l .~

“ . 'l‘n.s-HCl buffer (pH.7.4) containing 100 mM NQCL,

‘and ca?*. (5

mn),at,,a ‘flow rate of 24 ml/h. v'l'he fractions (2 ‘ml) were

L
colf€a. for radioactivify in a Beckman 5500 gamma 'c'ounur.' (
- Y .. The elut:.on volumes for LOL and 1251-PCBP were determined in .

BQarate axpirimsnta. « The void volume of the columrr was - o

: _determined ug;ng Blug gx&r;n:i_D_O_D_.__, i
© I set of exp ,'che_ rnatants (10041) .

“£rom fthe LDL rebeptor bindlng aauays currled ont in byffer, A

(contain ng 2 mg/ml B_SA 1nstead of Zb mg/ml) were. chx'omutegrnp\qﬂ

on sephacryl $400 column as descri.bed abpve. }‘he supsrnutpnts

& © i owere ,obtained by cnntrifugation of -the anaay mixtuxa at‘.
i @

LE . 12,800xg for 30 min at 40¢. -, 3 S
. 2.7. Plasmapheresis experiments L - =5 € 2% g
. . . #.- In vitro'studies : - ' S vt ® . . "

=5 * _’ Sepharose-PcBP, ‘for thela studiés, wa;; prepa.red“
- & exuctly as described be{oré t_o give a concentration of 1 mg
. = X PCBP per ml of Sepharose. To study»the binding of proprotalnl

. from plasma, Sepharoae—PeBP columns (2 ml bsd volume; 0. 5x10.

a3 cm) were equiubras:edﬁwitLD‘DlLTxu—Hcl buffer eontainlng

(pH 7, 4). In’ experimentu where f.he effact-of o

Caz“‘ concen:rat_ion on the bxnding of lipoprcteinl h—om
i 3 ; plasma was™ to be utudied. the equinbration buffer contained Y '..
- .. the desired amount\of a2+, The plusmu uample before appncar.l.Sn

to the colu(nn wu»brgugh: to the dellted ca2+ concentration. .
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plasma on the binding of plasma. 1lipoproteins, gincredsing

volumes of hypercholesterolemxc plasma were a.ppl;ed to

W " Sepharose-PCBP. In all the in vxcro experiments the cclumns

S were’ operatad at.a flow rate-of 2, mi/h at 25°c and. 0. 5 ml,

-fractxens were collected. The e.l.u

t was contip_!:u‘sly,monxtpred, w W8

at 288 nm and the’ columns. were eluted until no furiggr
i e >, =

Pralti ma:erial absorbz,ng at 230 nm was eluted T'he ‘bound fra’c’tions

e T were eiated by 20 mM ‘EDTA solutlo Subsequent to this’

A "

elution passage of ‘either mo m- P -&hliné or an Nacr. dx&

il
not elqte any addictonal l:.poproteins tﬁus inFy'éating_ that

tl;e elutien by ED’l‘A ‘was quantxtatxve. "

- columns were escimated by enzymacic method as desqnbea

before. HDL-cholesterol and VLDL + LDL cholester?l ccntenr_

9f the plasma samplee and jbound Erac\::l.ons was measured after B
5 the, px.‘e(:).pltation of VLDL +. LDL fractxon lusxng a,

hepa:‘:.n/manganese precipltati&h\p}:oceduré (152). By thl.s .

’ procedure the apc B conta;.ning lipcprmteins, VLDL and LDL, are

pr_acip'tated. leaving HDL and its. associated cholesterql ‘in.~

S T the aapexnseanc. The atfferénce between tc&tal cholesterol
N K contem: apd the HDL cholesterol gwes the VLDL + LDL cholesterol

% A"' values. 'l‘hehepann/manganese prec:.pitatidn assay wgs perfomed i
e ARt Yas follows: . ) i .-

S v B '!‘o ea:h ml of plasma o “the " bound fractxon. 40 u1 of

heparin solution (5000 unlta/m]) and 5011 of 2 M MnClg solution iy




¢ % _were added, followed by thordugh mixing after each addition.

The samples wére incubated iot 10'min &t 25°c ther eentrffuged

for 30- min at 1500xg__at 4°C. The supernatants were quickly LN

s transfetred and’” stored at 4% until cholesterdl estimation-

by the~enzymatxc methodv descrlbed before-- Prcteln content

: modlfxed method of Lowry. et 51. (1a1).

B. Ih Vivo studtes
Li Vivo Studies

i) 'Surgxcu Proc 'dure At Rod B ‘_"
s, gy Anesthesxa-' ‘The- rabbit was: ‘aneschetized,by an

1nr_ramuscu1ar 1nject1.on cons:.s‘txng cf the anesthetic ketamine

N at.a, dcsa of 35 mg/lgfg bo\iy weight ombAned with the~ -
I s@dative/a.ua.l.gesxc xylazxns (Rompum) at 5 ‘mg/kg body weight. » -
Y el BT i\fter the anlmal had a\:tained the surqxcal plane of

'_«anest‘nesia. the néck region, back region and the areas ovgr

I Tthe nght and e “femoral arcénes were shaved, The rabbi.;

~'was, then transferred to_ the operating .table ana positioned

: - wlth.m a cradle restraine: in a supxne positxon. ‘ A heatxng

& pad and a grounding plate were placed under lthe rabbi

Each limb was taped securely to, the cradle to malntain the Ty
|

proper posicion. . RO R i .

° Hal‘othane, nitroua oxxde and Qxygen were admlnxstered
to the anﬁnal 1n concentrations of 1%, 0.4L and 2L respectively.

.'l‘he respiratot was set at a rate of 35 breaths per, minuCe

thh a’ tidal volume of 250 ml/kg. Prior to trachecstomy,

'1h15 m).xeure was‘a’ﬂmxnistered via a respi:utor mask. * Ohce
~ ' .




S thg tracheostomy was perfatmed, “the, r

3 B “-to ’Lhe tracheal .tube. o

£ g et b) . Tracheostomz _and Vessel Isolat1on . ;'

: K¥ventral: midhne i.nc:.sion was madd’ in the neck‘

through the skin and’ subcutaneous txssue uémg electrocautety. N

ny’ brbod vessels trafsected by, the incxsxon were: cauterlzed. &

The midlu\e of ‘the exposed muscle layer\ was' found and Blunt

disseched using Metzanb‘aurm scissors. . The, trachea was " thus b

S 2 oo &y

expnsed. Fi 0% G

An incuion was made - in the trachea uslm; a #22, b].ade )

Fittea onia-¥4 scalpel handle A tracheostomy tubie of ;

ap :o[ai:iaee "sL;e“?s insaér.edi.’ Moistened umbilical tdpe was. .

in place.. as stated"prnviously, the respirator was ‘then

hooked up\to the tube. < P . -

The carotid artery and jugular ve:.n wej:e_isalat.edAby—f—i

© blint dissecr_ion t:hrough the fascxa. “a pxece of 4= 0 mersilene 7 <

was ' passed atound “each vessel and clamped with mosquito Lo

he .neck anision was then covered W/lth moistened

-le) Famoral Arterz "Isolatlcw " An “oblique ventral
inciston was made 1% thie right hindleg of “the rabbit. amr}c“'

Two p!. ces cE 4 0 mersxlene were . passed around the

X
vesse1 and the’ 'vesse1 was Liﬁat a dist_auy. A small m.ck was



_made in the vessel with Potts Smlth cardlovascula‘c acissors
P and_a, PE-90" s s msen-.ea. The _second’ piede of
'mersxlene was tied securely around the cannula and vessel o

“such that ‘the cannula would not s],ip. The external end ct’

the gannula was attached to an artenal pressure tranaducer‘.

The ,inCisign was covered wx.th moxstened qauze. P A T N

. w0 - (d) Cannulatlon of the Jugulark\lein and k.‘arctid Arte x:

A amall nick was madE —in .

vessel to promnte vessel dilatio

the Véssel and alsize 8 “French cathbter was 1nserted. Al

& piece of 4 0" iersilene was useéd

o iecure .the cannula in"

. place. The éxternaiend. of the cathéter ‘was' attached' to” an

IV set wh ch war n turn connected _to the bubble trap a8’ per '

¢ s . .
- —Pfgure 6+ .

similarly, the carotid artery was h.gated cranially. ‘ale

e * * gmall nick was made in the vessel and a PE 190 cannula F

Moo inserted: Mersilene (4 0) was used to secure (:he cannula i.n ". .

* The ‘exteérnal ¢ end of . the cahnuL “was ;cach,ed to ths

) o k tubing goxng through P as per Flgl!l‘s 6. The incislon area

: ‘xn t'he neck was :overed with moiar.ened qauze. . % N

* heparin and subsequsntly heparinized avery holr with. 150 - %

‘\ iu/kg body weight. The temperature of the rabbit wag mbnitored S

thrcugh the use of a tectal electrotherm thermd eter. Blcod

samples for hemar_ocmt determinat’.ion! wez‘e taken, ftom venoua




L S 1 & ‘ Tl ¥ v g ‘ LI .
E‘ig'. 6. . Illastration of the experimeéntal sxtracorgereal -

vl
circuit for' Elasma@eres:.s. 5 LT S § '

Blood was thhdrawn from the carotid artery (n) ana run
through peristaltie pump (P]_) to a. plasma.- separator.' 'I'he =
y!.asnm waa separated from the red. blood cells (RBC) and was ', bR

channelled into a” sapharose-EcBP column. Cac12 2H20 (5 mM) Sy,

was’ dripped from a’ reservoi,r ‘into t:he plasma before n.-‘\

entared the “co umn. “‘After ‘flowing t‘htough the column, the

), N
" plasma .was returned’ to nix thh the RBC's th‘h t,he heJ.p of . =

perlataltic pump (Pz) The mixture was passed t'hrough a
padintrie bubble trap (B T ). and thé "blood returned to, the e

jugular

ein (z) The arrowe’ :.nd:.cate the ditection of i

blood/ plasmg.






__catheter. B et - e

ii) Plaemagheres%s system i s B

=X © 7The carotid artery cannula was attached ca silastic

3 B tubing (oD - 5/16, ID = 3/16) which was run through a penistaltic

‘was. drawn Erom r.he aztez‘y ar a rat‘.e of - 22l ml per mxn. T‘he

i | plasma was aepau:ed fron the Rec' s and was channelled into

a sapharoaa-BCBP column.

. IThe mixture was pauea through a Pediatric Bubbge Trap ana

"+ 'the blood was Teturned tq the jugular vein, ?{: a'rate of 5
“pl per min.. . =S R

- N

o Priqr tQ experimencation, the system was primed #ith

Laccateq Ringets solution (130 m1) contaxnlng 0.2% heparin

2! rheomacodsx and ad]usted f.o a pH of 7.7. Arterial blood

4 sumples were mcnito):ed before pasaing through the plasma

L uaparator .and vsnous blood sampl,es Just prLor to reinfusmn

intc ;he .:nimal f.o determine pre-,

ha post- plasmaphareaia

the amount of llpopme.e.in boUnd to' Sepharoae-PCBP during’

plasmapherenis, the coluhn was washed exhaqst:waly with

pump_| (Pl) to a TravenoL plasma sepataco:~(hg. 6) Elood.

~dr1pped Anto the Qlasma befox‘e it enc.ared the cLlumn ar. -a
rate of 1. ml per m}.nute into the plasma at stopcock A through 5
+éhe’ Toiigti OF Ene experiment. E After _flowing throug‘n the X
Sepharoseﬂ’CBP column, the glasma was retuxned, ‘to mix with .

the :ed blood . cells, with the help of:paristaltx.c pump Pz. P

\ N
< nl:entrat.ions nf albumin and total ptor.ein. To detérmine

T
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__'Ca?* till the ‘absorbance at 280 nm of the eluant was below

"B \\ 0202. The bound lipoprotein was then eluted with 20 mM EDTA | R %
i S . S . . ) o ; §

@ and the eluate fractions analyzed for total cholesterol,

- VLDL + LDL cholesterol, HDL cholesterol, triglyceridés, and - -

total protein, as described for the in vitro experiments.




‘ i * ., CHAPTER 3-‘ ®

a
. S’l'gglES ON ’I'KE EP?B(_‘K‘ OF PCBF, FP, RABBIT AND HUMI\N CRP_ON

b HEPAR!N-L!POPRUI‘EIN PRECIPLTATION.

3.1. !nr,roduction .

PCBP was~ previously shown o inhibit heparin-seriml

lipoprotein precipitation in the presence of Ca2* (131). The

results of this study suggested ’tha,t' PCBP. due to its

that ocher/pho_jphorylcholme -binding pentrahns may also

s ‘dempnstfate sinilar inhibition of ‘heparin-lipdprotein

L precipitation. . . ‘e

the effects of PCBP, FP, rabbit agd human CRP on

- he()ari.n—lipoproteiﬁ precipitation. The effects of'pentraxins

e T on heparin-lipopr‘otei—n précipitaticn'rea—ccion have been

atudied uuxﬁq serum from animals with dlffetent treatment.s,
Ls. rat‘ uvnd rabbits vu.th 1nflammatxon. male and female syri.an
hamsters ’craatsd wn:h sex hormones. Anxmals treated as
above are kno&in to hnve anreased or decreased 1evels of

pentrakins in their serum (78,82,126). stulies: Were done

as rather! general terms.through out the text' in describing
lipoprotain-hepatin interactions, it is well recognized that
only apo B _containipng lipoproteins (VLDL arid LDL) :form
%vslgc)nuble comp.lexen with heparin in’ the™- presence of Caz

phosp‘horylchoune binsihg prope:ty, may ir’\teracf. with Pc'

molecules exposed on the su:face of the lipoproteins and

The purpose of the present investigation was to study.

= 1althouqh the words 'serum lipoprotein' haye been used .

. thereby prevent the preciplt‘ation. This leads to the ‘hypothesis ~
=7




-

N A, ca@anson of heparin-ligoprotein precipitat{on using serum

lt—.\vrc: fold. Heparin-iipqgt_ot—ein ﬁre:lp‘t{ati‘(’&réacticq meagured

also bys addition of purxfxed pentraxlns to the

hepann-upopmzem precipitation says, usmg d-LEEe;emr 4
kinds ‘of sera. !*6 addxtxon, studies §re ﬂhe usi‘ng purlfud e
VLDL and Lﬁ- instead of whdle serum as a source of hpoproceins

to monitor the effect of pentraxins on heparm-upnprbr.ein =
precipitatxon redction uncbmplicatqd by the effects.of other -

%,
protems preaant in whole sera. L

\-

Smce the hepurin-lipoprote preciplt_atton reaction (u

directly’relatéd to the cdncentution of 1iprs i.n the aara -

: (55) % the' levels of triglyceride and tdtal cholesterol i~

different ‘sera ysed have been measuted. : : %o e T
'['he role af sxalic acid resxdues present_ on PCBP and FP  *- @
in the&r eEEects bn_heparin- upoproteﬂ- precl[zltatlbn has Foi

been examined . . . -

. These studies may provide added iffsights -into’ the.,

nature and mechanism of the effect of pcBP .and otHer pentraxins : - Z
on heparin-lipoprotejin precipitation- reaction. £, = Z4

y ; . & g

3.2. Results o o . E s Tme TE TS

from gontrol and ﬂeated'anlmals. = F

(i)Ra_t',‘- ."

The results '-'rable 5) show no slgnl.flcant differehce Ln

triglycetide angd totu cholesterdl 1eval.s in. inflamed’ uerum

comparer] with con-t»rol serum, Wwhile PCBP levels increased _by g




Tab1e5~‘_‘ ey o © s g

Eauson ‘of lipid and phusphcrylchollne bind:

ng pentraxln levels in ‘serum of ccm.rol o

and exper].mental .an:unals

— 3 - . =
= % B

Tng1ycenae v Tocals«, ~peEP A ~ FP .,
5 cholestérol. . g @ i Y
» . (mg/dL) (mg/dLY » | (mg/ml) , * (mg/ml) [ (mg/m1), ey
% 2 7
.t . * ; w2 %
‘Control ..+ -~ 138+6.25 64+2.Q 0. szm S =
Inflamed - 118%10.10 60¥b.9" ‘li21¥a.3.0 . " 30
= f b v
. v j & ik Y (P«/Tor/om) &, s
Rabbit . b . :
ontrol 87+10.18, 35+7.45" . . ca ' '
Inflamed;: " ‘ 1753726 28" C7178:92. . - 0.11402 ° -
2 s ;  {p<0.025) 4 -
Hamste: v = s g o e o
‘Male 168;146 - 1067114 . .« oy B
Female 131:129 105;108_ . S - 0 1.00;1.20
_ DES treated Mal! *247+76. 30 ) 216+13.37 X * . 1:07240.13
Testosterone - . k? % ol E 4 e, T :
treated female 267438.04 ~ ( 15149.77 > +  0.058+0.013
L g (P(O uozs)' 2y : R V(P(Q.ffcnl)' L
L € 2 - = %

Note: AJ.]. values are expressed as the.mean + SI‘\,of the 'mean except the/results of’
-...control male‘and female hamsters wh;.ch repregent “the ss.rum‘values from two animals. Serum &%
from, five animals was examined in-each’group for -.pats; DES treated male ﬁamste:s and !
testosterone treated female hamsters.’
group for rabbits. Statlst\cal Slgnlflian e wag alculated w1th Students unpau‘ed,

t-test. .

*indicates - statlstxcally -sxgnlfl ant -difference
Total - cholesterol. and- triglyceride were. estimated by-enzymatic method using .the

-Bqehringer Mapheim automated analysis system ofi-a Hitathj: 705 Random Axix cgnalyser-

The concentrations of PCBP, CRP and FP were detsﬁuned as descr'hed in Chap(:er 2.

3 -mdicates not present Wi il x\ y .

zo'm DES treatea ma!Le hamsmer .serum.




. 4 s = - k i
\ -. as’'a function_of ca2* 'was lower with serum £rom“inflamed’

©. . rats compared to csnérox serum (Fig. 7a and b). ‘Addition of » %

161 M Prcholine resulted in. increased precipitation in the™* *

j . N . - -
*e ¢ ¢ .région of 10-30 mM Ca2* in control ‘serum, -while -addition of

8 in precipitatian with serum.from inflafed rats (Fig. 7a and

b). Ey o - =

(ii) Eabbit L . S -

ye A latge increase in trzglygerid . total cholesterol and

CRP 1evels was.ﬁeen in serum . from inflameé tabbits as compateu

to cntrol -serum (Table s

Heparin- upoprotem ptecigif.aticn

-reactlon was greatly J.ncreased‘ in .assays, wit:h serum Erom
~

inflamed rabbits™ ‘compared- l:c con;rol rabbit serum (Pig. Ba

andb). A & v mpw 2 _A. i

ol = . '(ii}) _Hamster . <‘ | " A

% : - The serum trxglyceride and total cholesterol levela

R end
. (Table 5), but. ds expected “Erom, the work -of Coe (126); the'

e 5).., A compaxisbn of heparin—lipoprctein pre\ci,pita

\;\:a a
: function ‘of ca2+ congentration s wed lower.-precipitation

. reaction in assays with female serum than male s, (Fig.' 9).

PR ; inereased precipitation (Fig. 9).
. S ’

up to 32uM P-choline was®equired to produce maximum increase '

‘were nct sigrlificantly different between n‘le and £emE’le hamatezs

. - leval of FP was markedly hj igher in the femals hamater (Table.

A i .‘ ' Howaver; depletion. of FP from female .serufi resulted in:




Fig. 7. Co arison of he) aun—serum 1lipo rotexn reci ;L@tion

“TriglHCL' (50 mM; pH 7:6). were present in all assays in a

‘mixer Before readzng the absorbance at’ 600 nm.

reaction in control and serum Eom Lnﬂamed(ra.ts as a functinn %

of ca2+ conéenttatiun. Assays \are carrzed out using 150 w1
serum Erom (a) contrcl rats -(b) inflamed raf_s e).ther in_the

absence or preaenee ‘of 16° M P-chol:.ne £or; {a) and- - othex

concentrations _as indicated for (b) Heparin (SDU) and‘

final volume of 2.5 ml. The ‘tubes were indubated. with

shaking at 40°C for - 60 min and then mixed using a vm—tex i R




B 12} e A .
’ . p g 98¢ o A
. = Ao [ P .

d . - s
¥ | . ok :
g P 0 L 1 L i‘-‘l
Z o b - - A
LIRS 24 LR
600 , [ = 2
- iy e : *
L 0 5 W BN B ERER N
A S GaM) . Py i
. Fig. 8. Cog\gariten of hegarin—serm ligogrotein precipitation” L=

reaction in control rabbit uerum ‘and serum from inflamed

e = ‘rats as a-function of Caz* concanr.raf.ion. Assayu were

perfomed using 150 1 of (a) Inflamed rabb:n. sntum and (b) - : *

Other axperimental detailﬂ an -

control * rnbbit éwrum- (m

i o as describad in the” 1egend to Fig. 7. : -




N0 5, 0 B2 5 NoMg t-

. Fig. 9. cam arison of he; arin—serum' lipoprotein preci itation

=reaetion in male, female angd FP— d_p.eced fema1e hamster B

serum as a function of Caz‘* concentratlon- Agsays were

gsrfoqu using. max_e (0 _)/. female ( ]:| )and FP-depleted

. 150 wi of serum was used.in

female hamster seirum §=

'eucﬁ case. * netails _of the assays are ag desnribed in legend

to f}q.»ﬂ. In case of mule and female serum. results‘are
v
presentef{;s range of valuea (bars) and mean of values

(symboxs) where nUmber of sera exanuned =3,




$ ’ : 4 i . -
The esults with serum from DES and testosterone treated

hamsters showed that the total cholesterol 1=veia were lower
in the testosterone treated .female hamster serum compered to e &
= “

DES treated male hamster’ serum, while the trigl¥cerlde ~ R

levels were higher in the former: Since FP is regukated by
sex hormones (126), DES treatment in male hpmsters Lnduced FP

i A (compare with: contral male hamster; Table s) and “testosterone "

_treatment in female ha’mseers -réduced FP levels (compare wm}

. control female hamsters Table 5) ’ When hepatfn-1ipoprotein

precxpmauon was.stuéxed as -a” function of Ca2+, the

prec).p),tat),on reaction was Lower in DES created mala ssrum

compar\d to testosterons treated female sarum. (Pig/ 10)

-5

depleted rat serum (131) xn the pnesent study the nhibitory .

using CRP depleted serum Erom inflamed rabbxts d contrql !

rabbit. serum. ' As shown in Fig. 11~, addition of 1ncreas.tng,: }":':




I I T R

E‘{q 10. Comgarison of hégarin;sermn lipoprotein grecigitatién

. g raacticn in DES treuted male hamster Snd testoste;one tfeated-

Eemale hamatet serum as 'a function of Ca2t concentraticn.

'rhe assays wefe per formed wit‘h 150 u:l. of DES treated g6 Ak

- mala aerum (o A BN ax;g tescoate:one tuated Eemale serum,,,

R G §

Detaila of the assays are as dascribed in “the

legend te £ig.. 7.. Results are presentad a.s ranga of valuaa

” (bata) gnd mean of Values (symbola) when number nE sera i

examined = 3.




v g ~ i 2 .: * " 3 *
Fig. 11. Bffect of addition of increasing amounts L'E PCBE on

hegatm—serum lipoprotein grecigu‘.‘aticn reaction. 3 o g
’ % Assays contained éither 150 Wl of CRP-depleteéd rabbit’

Z.serum (O ) or, control rabbit serum ( U ) and were peyformed

i presence of .10’ ca2+ other datails of the assay ‘are




N

2 FP regulted in inhibxudn of the precipltaf.io V,

(11) Rabbit CRP . @

© CcrRP hexated from inflamed serum was addeq in chxeaslng
-amounts to assays uung "crEZdepleted rubbu: serum and
PcBP-depleted rat serum (Fig. 12).- Additiod of up Yo- 300 we

of c# shoved no 1nhibitory effect on the serun upoproe‘éin "

s precipltation reuction usinq either serum.’

= Njai a5 d . -

(iidi) F.P i & 9 o

The eEEect of additicn of FP on serum llpoprotein

preqxpitaticn reaction uaing\male hamster or FP- depleted

femaxe ham er serumis shown anlg. 13. Addition of incteaaln§

= ambunts oE»FP to aqsays with’ bo}h.sera usul_ted'in inhibition’

of lipoprotein precipitation reaction. ? . o . "

Al s

grotem EteCigitation uung human VLDL and LDL.
individuau.y in’ increa:ing amcunts to assays usinq puriﬂ.ed

human VLDL or LDL (Fig. 142 -and b). The addition of PCBP or

auays with buth upoprotexns. In contrast xabbit and"humaq

CRP showed no 1nh£b1tory effect 6n the precipitat;nn assays

uaing puri fied lipaprctelns .

(8 Human SAP ana Fetuin are aialic acid containing
qugoptotelnl which do.not bidd ta phosphorylcholine liqand

017) Adaition of thesé proteins to d:says using VLDL

PenJaans, Vi!. PCBF. PP, rabbit and human CRP were added

reaction. 1n{
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r.‘ Fig. 12.. Effect -of addition of,increasing amuunts of rabbit

‘CRP on hegar:.n—serum llgogroteln Ereciguatxon reaction.” The °
“ assay mixtuxe contained elther 150 ul of CRP-depleted serum

from 1h£1ame_Q rabbits ( 0 ) cr PCBP-depleted ccn‘,rel rat,

»
serum ( A )} and were peri-ormed in the prasance of 15 mM_

Ca2_“.’ Other experlmental ‘details are as described in legend

to Fig. 7. i ' B TR ST

N
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_Fig. 13. Effect‘of-addition of increasifg of FP.on
- hepatin-serum:lipoprotein precipitation reaction. .Assays -

contained 150 y 1 of either male hamster Serum’( W ) or

4 R g ' #
FP-depleted female hamster serum ( ‘@ ) and wére performed

at 10 mM ca2+. oOther details.of the assays are as-described

.in legend to Fig. 7. . ' . o .
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14, CompArison of the effect of “addition of increasing

amcunts of pentraxins pn heparin-lipoprotein preciéit.at.ion
: s 7

reaction.  Assays contained increasing amounts of &ither
one of 'the following pentraxins ~ pCBP ( O .), FP ( )
‘ rabbit CRP ( A ), or human cRP ( O ') and weigvca't'tiéd out
wi;.h' eith“exf‘ a) human VLDL (100 \l.l; 220u g prot‘ein) or b)_
humZI'JAlv LDL (lDP ul; 260 ug‘prgtei\n) . ',M.l' assays were perfbmed
at 10 mM ca2+: Other deetéi.ia are as d.eucril;ed in legend to
pig-. 7. oy . ) ’ y




showed no inhibitory effect on the heparin-VLDL precipitation

reaction (Fig. .15). ¢ ; -

. P i v -

& © D. Comparison of the effect of desialylated pentraxins with.'

native pentraxing on. hepaTin-lipoprotein precipitation.

(4 BCBE, ) : §

. S ——— pcap with neuramln).dase énzyme led to 933

deplatign nf sialicacid (Tab‘leB) . Th& deslalylated PCBP showed
; reduced mobility on PAGE (139) when co'mpared with PCBE”(Fig.
:, e 16).- Daslalylated ;cap bouné to Sepharese-phehylphosphoryl— .
~cho}xns- affinity adsorbent could be efuted at an, mentlcal
concentr;ition (7.25 mM)’ of .phosphorylcholine teqpireé for
‘ the elution of PCBP (Pig. .17).: The dgsiqul;ted PCBP cross ‘.
reacted against antisgrum to PCBP .and m‘aj:m'.ained a- cpntinuous
lJ.ne of J.mmunocheml.cal Ldentlty. with pesb (ng, 18). .Thé cp -
spectra ‘of desialylatad PCBP in the aromatlc andluv regxon ’
of the spectrum was essannau)‘r the same as that of (Fig.
19a and b). These’ rssulcs suggested that no de:ectable
denp‘tuz:ation\had occurred on,desialylatzon. chever wﬂbn
., . desialylatéd PCBPwas added (upto 500ug) toheparin 1¥poprotein

D %
iy precipi:atlon assays with human VDL, it showed, no inhibitory

effact on 'the preclpltauon reaction (Fig. 20). Free sia'lic

aczd in the presence or abaence of deslalylated PCBP had no
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Fig. 15.

- P componen?

Netuin -

PROTEIN (ug) _

o

Effect of addition of increasing amounts of human
SAP apd fetuin on hebarin-vq,nL precipitation reaction.

. Assays were carried ot usl.ng VLDL (50ul;

or fetuln (0) and were per formed using 10 -mM ca2+.

- the" presence of :anreasxng amounts of e:.f.her human SAP ( D b

2 'de«-.ahs of lne assay are.as described in legend to Fig. 7.

serumamyloid

uoug proteln) in

Other

"




. Table 6 . .-
_Desialylation of PCBP and FP. By» neiraminidase treatment’ '

Ambunt of sialic acid . Amount of sialic ac
ptesent :

% Removal
released by meuramini. * of sialic agia

PCBP

10 6 mol/mol protein 9.66. lnol[mol -
- . PRCE

s . L
7.4 ﬁﬁl/mo} protein

" Des?}}lyl‘ation of both pantraxins was ‘performed, enzymati‘cally by neuraminaue Lreatment.

© ecep (10 mg) or FP (3 mg) were lncubated Ln 5 nﬂ&xs—ﬂcl buffer” (pH 7.6) with 2.5

»
Unxts and 1 Untt of neuraminidale fesp‘ctiVely Qt 379C for 12h. Release of sialic *

acid was followed using Watren s met.hod (140) Eor sxah.c ,acid eatimation. 'cther

details of t‘ne xm:ubation are du_uu.d in chapter 2




® F:Lg 16. _PAGE of purified PCBP, desxal lated PCBP anda mixture

of PCBP and desialxlated—PCBP.

N o

to the method Of Davis. (139). -

Gel A: ’desialylated -PCBP (10 Mg).

mixture of PCBP and des.i.alyl.ated -PCBP (H)uq each) .

Yoget Gel B: .
7 )

A &S TET . Gel c. BCEP (lzug).

PAGE Was performed on 7% polyacrylamide gel.s according,







Gradient ‘elution of PCBP and desialylated PCBP
¢ . bound to Sepharose-phenylphosphor. Loioline atfinity adaorben
B by P -c{{oune.
: PCBP and desuylated PCBP were appl.ied sepurar.ely to.

,‘ ! épharose-phenylphoaphgrylcho1ine columns (30 ml bed volume).
\jhe bound proteins were. eluted at 7.25 myi P-cholime-upon N

. application of -a P-\:holine grqdient (0-25 mM). The :ééovak‘y
* for both proteins was 94!




102

Fig. 18. OQuchterlony double diffusion analysis of the

desialylated PCBP using antiserum to PCBP.

Center well has antiserum to PCBP raised in rabbits.
Wells #2,4 and 5 contain purified PCBP.

Wells #1 and 3 contain purified desialylated-PCBP.



ig. -19. Circular. dichroism spectral analysis in the far-uv
an: arcmati.e s'xstem of PCBP and desialzlat'ed PeBP.' 4
(a) Circular dichroism spec{:ral analysis -in the far-uv

region ‘of ecBp and desialylated FcBR.  PCBP g—-‘- )\o +5 mg/ml
in 5 mM Txis—HCl buffer (pH 7.6). and  desialylated, PCBP'

(-——-) (0.48 mg/ml in 5 mM Tris-HCL buffar (pH 7.6) verd, used
, to perform the spectral analysm . E‘.kperiments were perfermed
ag 259C- (cell length =0:1 cm) (b) -Circular dichroism !

spectral analysls of PCBP and desialylated PCBP i{: -the

aromatic regian. Experlmente were performed‘ under exacﬁ?‘"'*’

su\ular c'onditions as- mentioned ‘in (a) except that 'the cell’

length was' 2 cm. e
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Aasays’ were ,ca:ned\cut using VLDL (10011 :,220ug protein)

either in tha presence of increaalmg amcunt;a of PCBP (O ) ‘or

'des:.alylated BCBR ( @) and were performed using 10 me

/

Ca2+ dther detaxls nf the assay a:e as descntbed #n! lagend

toFig-7.-. \ g Ee g W
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Fig. 21. Effect.’of addition of increasing amourits of sialic
acTd. on heparin-VLDL' Erecigiéatien, reaction. 2%

27 ‘Assays wit.h :.ncreaaxng amounts oﬁ .sialic acid in f£he

W .. absence (0) or presence ( ' ) of desialylated PCBP were carnied

out using VLDL (Soul. 1.10ug protein). Both assays were.

perfox‘med at’ lo—mM Caz"’ Other details are as described in . T

2 &

Lo Y “tne legend to Fig 2. . ' o0




“ serum from inflamed rats ina, CRP Lsolated from inflamed

’

(i1) EP
e

Tr of FP with nidase resulted in a partial
desialy].aticn (Table 6). The desialylated PP on PAGE (139.).

appeared as a alowqr moving band distinct Erom FP (Exg. 22).

Desialylated FP retained its 'abxl.xty tobind to Sepharone-phenyl-

phosphorylcholine affinity adsorbent and could be. eluted

with a phosphorylcholine gradient (Fig. 23).  But, the

‘déuiaiylated FP when added to precifitation assays with

‘ huRan VLDL showed reduced inhibitcry effect ccmpared to

natdve FP (Pig. 24) . '_ N

N
.E. PAGE and mmunedif:usmn analxuia of PCBP isolated from

N p

control ahd 1nqamea rats. -~ . - . "

PAGE.(139) profileswof PCBP from control serum.and

rabbit serum are shown 1n ng. 25. The’ mopility of PCBP

1solate§‘£rcm inflamed raf serum is identical to PCBP 1solated

“.-from control rat serum but. is diucinctly different from

rabbit CRP. Lmmunochemical reactivity of sefum from inflamed

rats against. antiserum to PCBP and ‘antiserum to rabbit CRP

was analysed in agarose gels (Fig. 26). Inflamed rat serum

_;:roadcéd a single pr'e}:ipitig ‘line’ in ldantlt‘y with control '

serum and puriffed',-?(:a? from control tat‘ué:um. However
m from inflamed rats failed to crosa-l-ra‘uctlg_alnlt

antiserum to rabbit CRP.

L
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fa Fig. 22 PAGE of purified. FP ard desialylated \FP PAGE was
. performed on 7% polyacrylamide ‘gels according to the method
of ‘Davis (139)." Gel: A: pupified FP (15 ug.protéin), Gel . -

: ‘mifxture of -purified FP'and desialylated FP (15 ug of each

= 8 protein) and Gel C:-desialylated FP ‘(154\9 protein)..
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& and t.he recovery was 91%.

330
2-6l»§
- Q
MRSy
1324
=9
.0:66 -

Fig. 23. Gradiént ‘elution of desialylated FP from

Sepharoserphenylphospliorylcholine affinity adsorbéent by

P-choline. - s

Desialylated FP (2.9‘0; mg protein) was applied on .the

affinity column a'na_exu‘ted By a 'P-choline gradient (0-3,3,

mM) The desialylated Fp was eluted at 1. B$ nM P-choline
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Fig. 24. Comparison of the effects of addition of increasing

-amounts of FP and desialylated FP on heparin-VLDL precipitation

reaction. R R
Assays with -Increasing amounts of either ¥p ( {. @ or
desialylated EP ('. -) were carried out using .VLDL (100 wl;
k . v

220 p4§ protein). Both assays were performed at 10 mM Ca2*.
1 -

Other details are as described in the.legend to Fig. 7.

,-\\
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»Fig- 25." PAGE of. Euriﬁ.ed PCBP and’ rabbi.t cm’.r PAC

‘parfoxm-d on 7% pclyncrylamida gel- accorlﬂnq to the lnthcd

;. of Davis (139).. Gel A: rapbit CRP (151g); Gel B: mixture of i

. rat'PCBP Eto’n normul .serum (15 ug) and r:abbx.t CRP (15 ng).
G=1 Cx rat PCBP from inﬂamed serum (].5 ug)-
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Fig. 26. Ouchterlony double-diffusion analysis of serum from

control rats and inflamed rats and rabbits against antiserum

to PCBP and rabbit CRP. Centre well, antiserum to PCBP;

well 1 normal rat serum; well 2, purified PCBP from control
rat serum; well 3, serum from inflamed rat; well 4, antiserum

to rabbit CRP; well 5, serum from inflamed rabbit.



# 3.3. Disgcussion .
' POBP We® [PESVLSEELY BewH SWowh €6 LATIINE
“heparin-lipoprotein precipitation in the preasnce of a2
(131). The resu}ts presented ir; the earlier study showed a
scoighiometric‘ relationship between the concentrations: of..

VLDL and PCBP in the precipitation reagtion., It was suggested
S -

that PCBP may interact with BC golecules exposed on the

surface of VLDL and thereby interfere with ‘the participatioh_

of the phospholipildis in the precipifaiion .reaction resulung'

in the inhibition of lipoprotein precipitation (131)." other

on lipoproteinprecipitation. However thepresent study reveals .

" an important difference between. glycgsyla:ed‘ﬁentraxinsl

(PCBP and FP) and non-glyéosyl_ated pentraxins (rabbit and human

CRP) with, respect to their effecks on heparin-lipoprotein -

N : precipitation réaction. FP, like ‘PCBP inhibited the

. " precipitation reaction: *

The imhibition. of p‘recipicati‘on rea‘cuod by PCEP was

demonstrated by its addxtl.on to aasays with CRP - depleted
rabbit serum,’ ngrmal “rabbit serum 'and human VLDL. and LDL
‘(Fig. 11 and 14)%. Furthermore assays wlth serum Erom i.nf].amed
5%, 5  Tats, wh!.ch had about . two' Eold increase in PCBP ].evel,e over
ot control serum ahwrl'decreased precxpitation reactions compnred

i to normal rat’ serum and required the addltion of about J2UM

P-choline to counter t}@ inhibitory effect of PCBR (Fig. 7).

phosphotylchoune binding pentraxins viz. ¥e, r_abhit/human» '

& . "CRP were exp*te:} to demortrate a similar inhibitory effect .’




These results obtained from a variety of experiments indeed '

confirmthe ahllity of PCBP to inhibit lipoprotein precipitation

s reaction. g % . ) p
" In'the case of FP, an inverse relationship between FP
levels an;ijpter;i‘pita‘tion“real;tion was observed: The presence
of FP-'in ée~ma1e ‘hamster serum-‘reduced- the ‘lipoprotein -
— precipitation reaction srice ‘Lte- depletion from this P
lea Slan. 1§cr‘§ase in the ptecipitation .reaction (Fig. 9).
“ v.'l‘};e n}arkuf aifference in lipoprotein precipitation’ reaction
T petaeiinile WA ESiAIE SAEUTHEY B att':i'bucé”:l largely to the
pkesence of. FP in the female serum; gince ‘tHe:triglyceride
/. and cholesterol levels in control male and female awti e

nearly identical (Table 5). ¢DES treated male hamster serum

3 " ’had increased levels of 'FP’ compared ' to testosterdne treated -

. female hamster ,serum” and consequently. showed: decrfeased’

lipoprotein precipitation ‘compared to testosterone tregted

female higmster serum (Fig. 10). Finally, the direct addftion st

of FP to preKtation assays with male hamster eerum,
i E\\fﬂep’le})ed femdle hamster serum, human VLDL' and LDL showed
a clar inhibitoty effect -of -FP (Fig. 13 and{14)-on the

precipitation reaction. x

. In contrast to PCBP and FP, rabbit and human CREZAid

not ‘inhibit ‘the precipitation redction. Serum from infumég
rabbits contained ugnific‘a‘nny;xnereas’e-d CRP 1levels ‘in
—compu;i.uol? to conérol‘ 'fserum,; yet’ it-shcwéd“ mayedly ﬂ?r;g‘seél_
‘lipoprotein .precipitatisn (ridh 8) compprea witn anshys.
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using control serum. Furthermore, the addition of rabbit Crp . *

to assays with pCBR- depleced Ser cnp-depléc@d rabbit

- serum.and of humard or rabbit CRP'to assays with human VLDL

" and LDL showed ng inhibitory effect (Fig. 12 and 14). 1n fact
the gddit’ion.of rabbit CRP to ass\fyq with either €1£P-deplet.ed
rabbit serum, ('F'ig.' 12 and '14) hunan VLDL "or LDL and human '
CRP to vLDL -and oL showed a small increase in the precipitation

E . . N . N

x‘eact:.on-

‘A rationale’ fcr the lack of ln'h).bltlon by human or rabhit

{CRP became: apparent when_the role of sialic acid residues of

PCBP and FP in lxpoprcteins precipitation was investigatem _
» . Qesialylatilon Rf PCBP resulted in complace loss of its o

inhibitory éffect (Fig. 20), while the, thibxtory effect of

e w F desidlylateq FP was markedly reducad (Fif.-24) . Deeialykatim\

aia ‘qg::(se@ny appreciable . change in pome. This was

. indicate three lines of evidence. First. desialylated

- " pcBP contipyed to bind to Sepharose—phenylphnsphozy;chouna )
affinity adsorbent and was eluted by P—choline ata ccncentratxon
Ldentxcal tc that requi.rad fof eluticn of nacive PCBP (Ng.- 17).
This ind:.cates that desnlylatmn does not affe}:{ the phoaphoryl-

‘.. ,chaline binding p:ope::y of PCBP. Second, the CD spectra of

D ALY desialylated and native PCBP esaentxally the same (Si.q. 19)

suggegting. that ho, detectable denaturation had cccurred on/

] aesn)yunbn within the Ltifes bE analyua petfomed m:a,

the deslalylated PCBP cross-reacted’ ngainat anr.!.serum to

B . native _PCBP and maintained a ‘continuous line of immunochemical




. identicy with PCBP, (ng. 18). Similarly the “partially
; {

33 desialylated FP Hnamtamed its ability to bind to. - -
‘Sepharose-phenylphosphorylcholine affinxty adsorbent (E‘xg. 2p
Therefore it may be ccncbuded r.har. the observed loss of *

%.nhibxtory effect of deslalylated PCBP Q.nd FP was not $ae o
L

* T any. denaturaucn of these prnte).ns by neuramimdase ttear_ment.

The dafsa shiowing the ).oss of inhibi tory effecc dpon deslalylatlcn

ce (Fig. 20 and 24) is, therefore, 1nterpteted ! suggest that/
** the sxalic ‘deid. residues on PCB and FP }:lay some ro].e to’

exp!*eqs thau‘ inhxbitor}-‘ effect. In addn.txon, the failure-

v of human ‘and’ rabl:iym’ to inh;bx.t the precip:.tati,on reactlon

"’\clearlx indicates thatthe. 1nh1bitory effeét is not due to. -

phcsphorylcholine blnﬂ:.xg property alone.

A z:riti.cal role for negamvely charged sialic ac:Ld resldues
"is consistent with the postulated ionic nature of 4
I g‘iyc‘oaammogxycan—Lxéoprotein interactions (53,63,64) . Sudies”
. from other laboratories have shown an inverse relahons'mp
between ‘the, slatie Wetg content.of apo B hn LDL anid JtHE

extent of interaction with glycosamlncglycahs amd protecglycans

(153,154,155). 'l'he negatively charged sialic acid.residues

b ] ‘on LDL\uva been aacrxbed to. prevent closer Lnteractxona between

s : 3 sulphated heparin and DL with consequent reduction in LDL =

. precipicauon (154). . It is therefore not surpriaing that the

uialic acid tesidues on_PCBP and - Fp play a crxtlcal rcle in

the inhibition of heparin-lipcprotain precipitation reaction:

Although gsialic,acia residuas are critical to obaetve t‘he
) .
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inhibitory effecty it appear; that. the mer‘e‘ pteseﬁce
‘sialic acid. resldues on the pentraxin 1s not sufﬂcient Eai
thl.bl.tl.on. \vadehce to support this possibility comes from
the observau‘on that purlfled human SAP, a alalic acid
contalm.ng pentraxin that does not bind phosphoryxchoune,
had nO/eEfect on r.he VLDL hepann precipitation reaction

{Fig. 15). similarly, fetum, a glycoprotein which doas t

bind phosphorylc'hollne ‘nad no ; effect on the p:ecipitatxon
s reaction (Fig. 15) ¢ Addition ‘of Eres aialic acid in the -
ptesence .or absence of desial\/lated PCBP to a§says wx:h vLDL
_showel no effect on the’ gpegxpuad’*n-reactxgn (Fig. 21)..
considered ‘together, these results i’ndi’c.ate‘ that -
phéspﬁorylcﬁoiine bindiNg property and the sialic acid

resxdues are both zequired on the proteins #h the molecular

-.- process of J.nhibxticn. "PCBP ang FP,.but not rabbit and human

CRP or human sap, fulfm both these' requirements. ‘

A xmechamam to account for both! the requirements (1

phosphorylcholine binding ability and ‘sialic wold) Besiadues)
“in the process of inhibition of lipdprotein predipitatddp by '.;,
: pent_raxins may be pr‘oposéd.' It is coﬁc'eivable thar; .phos'phoryl..-
:hol1ne bxnding glycosylated péntraxins may. bind to' the-
p}fsphglipids_ on the surface c.£ the Lipoproteins. ’l'he
binding of sialylated pentraxins to, the Lipoprotein may lead
to ‘el¢ctrostatic Vtepul‘sisn betwe‘en negacively _chargedysialic ’
aclds anad sulphate groups. of hepa in. * ’l‘his L"nA turn may

decrease the electrostatic attracti—ons between sulfate




gtoups. of hepa;'in and the 1ipopro;eins with consequent
. reduction in, upoprotain ptec:.pitat:.on‘

. An -alternate explanation. :ons:.stent wn:h the Ppresent

data, ‘15 that the binding of pentraxins .to lipoprctein may

. involve the interaction ‘of sialic acid 'residues with - the

posihﬁ.vely charged sites on apo B and'apoE. Sudh an i&teraction

may interfere w:.th the mteraction of 1lpoprote1ns with

heparin. 1: may be recalled that positively charged arginine
are belie\"ed to be involv‘ed in t‘)‘e interactipﬁ of. hepa‘xjin

data it .is.not possible o \i).stxngu:.sh whether one or bcth

" the above citéd mechan;sms are operaﬁlva. R

lipoproteins with sulfated polysaccharides in the presence
Spaa T

of divalent -éatiorya is known to prgduce both. soluble and

J.nsolub].e comple:(es (63).- In the pfesent studies “the coniplex

format:.cn is cmonitored by a turbiz;lmetnc assay which qxves

.,an estimation of only indolubie complex formation. Therefore

1ipoprote1n complexes cannot be determined in these studies:
The reason for' the increase Jn 11poprotem precipitation
bit CRP to assays

e AR ; o
Y .inflamed rabbit serum and of human or ral

14). _ Human or rabbit CRP alone did not precipitate with

and lybine residues on apo-B and apo E containifiy 1ipoproteins
d x s ] : A

with lxpoprocﬂns (reviewed in Chapter 1). With the ptesent ..

«- It may be pertinent "to add here that; the interactipn of .

t‘n's effects of pentraxins on'the formation of solu‘ble‘heparin’-/

upon addition of rabbit CRP o assaya_]uh CRP-depleted

F 5 8 ST e R _ .
T'with human VLDL and LDL is not well understood (Fig. 12 and
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. heparin ‘andvcalcium. Cabana et al. (156) have r’eported the
, bihding of ‘human and rabbit CRP to hepa’rin immobilized on
agarose in thel!presence of Ca2+ (1-50 mM) at low Lonic
strength (0.01 M Tris, pH 7. 4). Furthermore, under these
conditions, VLDL and LDL were also bound to heparin-agarose.
The interaction of CRP with ligoproteins in the presence of
heparin énd ca?t may. exﬁluim the increase in precipitation
reaction cbaexved in the, present study. It ia conée;vable tﬁat
* . such interactions between CRP, 11pcprotelns and heparin may
prcmote t:he fomatlon of 1nsoluble complexes. However, Eutcher
work is req\ured to support the possibinty. Te ‘may be
pertinent to add that pxevious_studies "(131) have failed to
show.the ‘binding of ECBB to hegarinlimmonilised }m Sepharose.

: The present study also silows that stditten e hian she
to assays With oL produced an increase in the absorbance '
(Fxg. 1%). This increase may be attributed tc the well
recognxzed aggregation of SAP in the presence of Ca2t (1§7).

. addlti.cn SAP has also been shown to interact wl.bh heparin
in a ca2+-.1epenaent (0.5-1.0 mM) “reaction (158). However;
Eurther wptk is hecessary to support these possxbiliu\.es.
The present Btudles showed two o(:’he: diffefencaa between
PCBP and rabbit CRP with regards to the normal earu‘/\v
concentrations of  these’ twc pentraxms and’ their behaviour
as acutq phase reactancs-,; From viztually undetectable (or_
.7 trace) levels _;in control serum, rabbit CRP levels »increused‘

dramatically in serﬁn} Erom'livnfiame(.} rabbits (’l‘ab&e 5). Jn
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contrast, PCBP Ls present, ip significant amounts in control.-

‘= serum “and 1 concentration upon inflammatxon fncreases by

. only- two fold (Table 5). The presence.of PCBP,: in inflamed
E “
rat serym waa‘cennmed by PAGE and immunodiffusion analysis

z °

(hg. 25 and 26). . .
Duanq the course of this atudy changes m serum upid
levels have been oll-erved in rabbits f.ha\: accompany inflammation. g
on 1nflammat£en a d:amatm increase in serum triglycerlde
" and cholasterol levels is seen “in rabbit serum (Table 5).

. | This .increase may largaly explaj.n the increase in 11pnprotain T

+ precipitation observed when, inflamed rabbit serum is’ used

(Fig. Ba).. As stated before, the interactions between CRP :

and ligoproteins in the presence of heparin and ca2* my  ,
¢ also contribute®to the increase in precipitation reaction.

Inflammation-induced changes in plasma lipid levels in

: 8] 3 . rabbltd have also been observed by Cabana et al. (159).

. . The-e studie. show . that during inflammatiQn, ‘in rabbit

plalma.» the VLDL .and LDL levels increase while the HDL

levala decrease. \n contrast to rabbibs. xnflammatxon did

.

~not induce any indrease in .;he lipid lévels. in rat serum .

(Table 5). . .

\' . +In the present study incfeages in. Serum Libid levels -

. v . have also been observad in the male and female hamster serum

& on’ treutmant with DES and tes t.erona respectively (Tabla o -
. 5). ﬂ'he fnfluenceof sex steraidu on pl.asma lxpoprouin

levels is well documented (160 161).
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. In conclusion, the present studies have réevealed a

. ! striking difference in the effects of glycosylated pentraxins

. . (PCBP and FP) ‘and non-glycosylated pentraxins (rabbit and

human CRP) towards heparin-lipoprotein prec n reaction. é

Fur e this aify may be attribt€d to the presence .

N ¥
of .sialic acid residues on PCBP and FP.




Chapter 4
INTERACTION OF PCBP WITH LIPOSOME

4.1. ~Introduct:.on i \

péup has aknown bindihg specxfxélty for phn phorylchoune 5
This property of PCBP was used in its isolation from rat’
serum (131). Evidence for an mteractio between the
phosphor‘ylchclxne groups 5n the surface of t'h 3 1ipoprotelns‘
and PCBP was presented in previous studies: hese studies,
t:eatment of VLDL with phosphohpase ¢ reversed Xhe:inhib‘itary
effect’ of PCBP on heparm-\lhDL prec).pn:atlon reaction. These
observations emphasxzed the inporkants os phosphorylchaline
groups in the prqcess of inhibitien by PCBP. HaweVer these
experiments provided only xnd.\rect_ evxdence for the}nteractxon
betweeil phospholipids in llpoptotems and PCBP, It was,

therefore, of interdst to examine’ the abxlxt,y. of PCBP to

s

bind with phosphqupxds having phosﬁ;’i‘rylpﬁtjlide as, head
|

groups. Llposcmes have often heen used as model systems ‘to

study the lnteractzon of prote).ns with cell membranes as

well as to study apoprotei

hospholxpid 1nteraﬁt],pns 162,163) .

The studies pr ted in.this chap were ‘undertaken to
characterize the binding of RCBP' to liposomes co pcsed of’
egg yclk phosphaemylcmune and “provide insight into the .
nature: and specxflcity of PCBP-phosphohpld intetaL:t:.on.

. . , IR




1251-pcmp. . o =

Results * % B %

4.2 . : N ) |

A. Binding of radioiodinated PCBP to Sepharose-
choline affinity adsorbent and PAGE analysis of parifie.

Radxoiodmaced PCBP was appued to a 5epharose—-phenyl
phosphorylcholine column (5 ml bed volume) The boun

1251—Pcm= (57% of: the count's appll.ed) was elu-ted with 4 mM [

P-chcllne, and appeared as.a ainhle peak from the calumn..

(results not shown) This Lndlcated l‘.'ha\'_ radioiodlnatinn OE

PCBP had not affected its blndl.ng property.for phasphorylcholxnﬁ
ligand. T‘he pur].ty of radxolodxnated PCBP was estabhsheqy
by el‘ecttophoresxng 1251-pcap' (0.9 g) aiTuted with 16 ug of .,
PCBP on .polyacrylamde .qu according to the method of Davis
(139) He gel after,staxm.ng and destaining was slided thte
$ mm sections and each seéuon assayed for- radwactlvity.

over 80% “of kis counts: apphfd appeared as a smgle peak 8
correspcnd).ng to unlabelled: pose (Fig. 27). On the bagis of
these observatxons it may be assumed that radioiodinated

PCBP is similar to PCEP.

B. Requirement Of BSA to prevent non-specific binding of

1257-pcBP to the assay tube in the presence of Ca?t,

Preliminary experiments to establish the assay conditions

for the binding of 1251-pcEP t4 liposomes showed gpgsiderable

% N

binding of 1251-PCBP’ to the
5 .
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_Fig., 27. . criteria of purity of l25:[-[’!'31’ by polyactylamide

_( gel electraghore-u. 1251-1>c51= (0. 9ug) was diluted with PCBP

(16 u g) and analy;ad on 1% polyncrylamxde g-la accardinq CO
the mathed of Duvi.n (139). )The gel-was -tainad with Cooma" e
lglue fnr 12h,. aa-tninad.electruphaxe ically, And then sucud
into 5 lnm aecr.ionl and counred for . radioactivity B, bcttom: \

T, top of geln: . *' - " g ’ . b 5




\
showed that the binding to the- liposomes was three to ﬂ.ve‘ .

the b:l.ndinq 1ncreased up to addition of:100 g pcsp, but ¥

124.

presence of Ca2* (Fig. 28). Thisninding occurred in control'
assays in absence of ugosomes. Th non sp;ciftc bLnding'

of 1251-pCBP to the assay tubes was aboushed by the inclusion

of 0.18 BSA (w/v) in the assay mixture (Fig. 28). The use ~ . -t
of either fatty acid free BSA or BSA did not affect the .
‘bi.ndin‘g' of BCBP to liposomes, Wence 0.01% BSA was routinely-

used in all assays. »

C. Effect of ca2t on the binding.8f PCBP to liposomes
comEosed of 75% PC and 25% ch. % o

Fig. 292 shows 'the binding of 1251~ -pcBe to U.pnucmea as .,
a functicn of ‘ca2t Loncemratiom In the absence of Ca2*
about 20% of PEBP added was bound to liposomea and r.he

b}.nding increased with increasing anouhts of caZ*, A study

on. the binding of PCBP to liposomes ‘as a iunction of pcBP

concentration eithet in the absence or presence of 10 mM Caz"

. — : T
fold greater ih presence of Ca2t compared.to the binding in
the absence of Ca2*. 1In the presence of Ca?*, the binding * 5

increased progresslvely and. appeared to saturate in the

range. of. 300-400 kg PCBE. However, in ‘the -absence of Ca2%,

thereafter remamed unchanged up to 400 1i'g PCBP (Fig. 29b)

The affinity of the bindinq sites on, ltposomes for PCBP
in the presence of a2+ was estimated using Scatchard analysis

3
(164) of the binding data. The Scatchard.plot was linear
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Xps retained on tube

* Fig. 28. . Requiremen: of BSA to

of l"’sl-l’CBP Ato the walls of the assay tube. Assay. mixture

(o 5 m) contained-15 mM Tris-HCl, (pH 7.8), 0.9ug 1251-pcap,v
increastng amounts of ca2* either in the presence (®) -or absence
K o ) "of70. 18 w/v BSA, ' After :.nqubatlon with shaking-at
37°C ﬂbr lh,,the tubes were centrifuged, supernatan‘ removed

and the tubes ‘were -counted for 125I-activity.
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Fxg 29, Effect of caz" on the'binding of 125-pcBP to ligosomes.

. a) Assay mixture contained Hiposomes composed of 75!'

-pC, 25% LPC (600 nmol: of phosphiolipid), 0.9 ng-of 1251-pcap,

" Other conditions for'ch'e assa) ‘were as described in legend -
. to Fig. 28. .The amount of PCBP bound was . ¢ lculated £rom
. 1251-activity associated wui&cha pellef_ after centrifugation.
The recovery. of the phospholipid in pellets was quantitative.
The n\ax:.mum amount oE PCBP bound (42 ug) has bee;\assigned
S . as 100% and the, CBP ‘bound a different ca2# concéntrations” -

. iss exprésse‘ﬂ as the percentage of maximum bound. )

1} -
P * 2 b) Assa}(s w;}e carned out etther in the presenca ~

- k ( : )?\agsenne (. o 10 mM ca2+ and- gbhtained, upqsomes
v

compos d of 75% PC and 25% LPC (600 m\ol phospholipxd), 0.1%
(w/v) BSA, 1251-pchp - (o S ug) with .increasing amouhts ot

‘. ecee. ‘other detaills of 'the assay were as described in

legend to Fig. 29a. .The amount of PCBP bound was calculated

. as described in legend to Fig. 29a,

c) shows Scatchard.analysis of .bind¥gg OE‘PCBP to
o . e lgosomea._ The mo;xnts of bound and free }cBP ‘were estimated
" bromas saturatiom'curve (data not shown) and the data plotted.
The straight une was drawn by the meth?d ‘of - least aquares

: o
’ linear regression:

% . - -~
R 96 ug PCBP, 0.1% (w/v) BSA 'and jndicated amounts of c;2+_.\7 ’
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and the association constant’ (Kuf calculated from Lhe slopg

nf the Scatchard plot gave a value of 1.8x106M~1 (Hg. 29¢).

The total number of lundxng siteu on the lxposomea were
& .c.alculated £rom theiintersectxon Of the line with the abscissa
andigave a value of 0.96 nmol/ pmol of .pholphbupid.» This
value compares favourably with the total binding capacity of
0.86 nmol/ umol, of phospholipid obtained from thé saturation .

binding curve (Fi§,.29y). : ¥

The -binding PCBi"to 1ipo_son|e‘n .containing various

ratios of'PC and 'LEC was stu'dXed as a funcilon of PCBP

< cbncentratien (Flg. 30a). 'l‘he b;nding o£ ECBP- to upo-omau

~ composed of BC llcne ‘was poor.* The maxiumum bxnding of PCBP

N wdtne liposomes was obestved when the liposomes’ contuined

] 258 LPC (Fig. 30a). The recovery of phospholipid. from the

2 . pellets was quantitative in upusom'e- composed c;f 100% PC"

5. and 75“1’(3, 25% LPC (Fig. 30b). However further increase in
LEC (ie. in liposomes composed of 50% BC, 50% LEC and 100%
LPC)—_reduced the phoséﬁolitpid_ recovery in the liposome

pellets (Fig. 30b). The amount of PCBP bound to each of

liposomes when 250 ug of PCBP was added is shaﬁn in'Fig. 30b.

E. Binding of PCBP to liposomes as, a furiction of liposome

’ concentration, ~

Incréasing amounts of PCBP bound to liposomes waen.
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Fig. 30.  Effect of LPC on the binding of “PCBP to liposomes

(a) and recovery of phospholipid and PCBP from the liposome

pellet as a function 9f LPC concentration (b).

a) Binding assays were carfied out’in presence of 10 mM

ca*, 0:1%3 (w/v) BSA, 0.9 ug of 1251-pCBP, increasing amcunts

of PCBP and 1i (500 .nmol lipid) of the fnllowing B

-composition: 75% BC, 25% LBC ( O ); 50% PC, 50% Lec (-O-):

25% PC, §5% LPC ( @) and 100%: eC (A ). The amount of PGBP
bound was calculated as described in legend to Fig.- 29a.

b) The llposome pellets cbta:.ned ,from experxment
described in Eig. 30a, were analyzed “for mospho],1pid 2

following the method- of Fiske and Subba' Row (Y50).° The Pi

.reccvetad has been axpraaaed as. the percentage of P recovered

in the pellet. Maximum ‘anount. of EcKP bound (soug) has ‘been .’
assiqned as 100% and the PCBP bound to J.zposomes of differer;t 5
LPC compoéitiona has bee&vexprsssed as the parcentage of

maximum bound. . . o
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studied as 4 function of liposome conceintration and the

binding increased up to 1000 nmol of phospholipid after’

which it remained unchanged 3t higher concentratiocns of

liposomes (Fig. 31). ' Maximum binding (about 70ug) was

obtained with liposomes containing 1000-1200 nmol’ of

¥ ; \
phospholipid. » In routine absays liposoiies containing 600
nmol of phospholjpid were uded ds” this valuewas on the

linear part of the concentrition curve (Fiy. 31).

F« _Effect of incubation time and temgerature on the binding

of PCBP\tO liEOBOmeB. %
The: binding 6f* BCBE to liposom remained unchanged

between 20 and 120 min of incubation at- 37°C (Fig. ' ,32)
Therefore, - an incubation time of 60 min was uysed in the
binding a;says. b

The effecr_ of incubatxon temperature wao stud;ed on the
’binding of PCBP to LipcsomesA _'rhe b:.ndmg was sug‘nuy

decreased upon anubatlon of the assay mlxture at 4°C compar)ed

to xncubation at’ 370C. , ) -

G. Effect ‘of different molecﬁla:-sgecies .of phospholipids
“and gclar head groug substitunons on the binding of PCBP to

liposomes. ..
_The binding of BCBP to liposomes was unaffected when

_ liposcmes composed of different phésphgliyid adylj,groups‘

were uséd in the assay. Fig.-33a shows that the a’n,m(ht.'of_
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Fig. 31.. Effect of increasing amounts of liposomes on the

binding of BCBP to liposomes. Assay mixtuts%ontained 0.9

g of 1251-pcBB, 10 mM Ca2*, 0.1% (w/v) BSA, 108, g PCBP and

incfeasing amounts of liposomes composed of 75% PC, 25 LPC.
other getag':ls of the assay as described in legend to Fig. 29a.
The recovery of phospholipid in the liposome pellefs was

quantitative. The maximum amount of PCBP bound (70 wg) has

been assigned as 1003 and PCBP bound at different liposome

concentrations is expressed as the percentage of maximum boungd.

r
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T Fig. 32. Binding of PCBP to Iiposomes as a function of ume.'
o Assays. consisting of 0.9 ug of 1251-pcBP, 10 mM Ca""‘

. 0.1% (w/v) BSA, 126 yg PCBP and ‘liposomes composed of 75%
PC, 25% LBC (600 nmol phospholipid) were incubated’ for
various timeg at. 37°C. The tybes were centrifuged for 30

"% ‘min and pellets were counted ‘for 125—1 activity. The maximum

amounr. cf PCBP bound ‘(44 u‘"‘g) has kzeen assigned as 100% and
t PCBP bound’ at various times has Meen expressed as percentage

ximum bound.. a2 .




:*legend to Fig. 28.

Fig. 33. Effect on the binding of 1251-pCBP_to liposomes

composed of different acyl groups of the phospholipids (a)

and of phospholipids having different polar head group (b).
a) Assays consisted of 0.9/;149 12571pCBP, 10 mM Ca2+,
o' 1% (w/v) BSA, increasing amounts of PCBP and liposomes
(600 nmol’ phospholipjd) containing 25% ch, 75% 1-oleoyl-2~
palmxtoylphosphat1dylcholl.ne (O ) 25% LEC, 75% Dipalmitoyl-
l}hosphaudylchclme,p-ad.zs&wc, 75% dmLepylphosphaudylchoune :
(® ). ot‘ner conditions of the assay are as described in

b) Assays wére carried out in prése‘nce of 0.9 g
1251-pcBP, 10 mM Ca2*, 0.1% (w/v) BSA, increasing amounts of
PCBP and liposomes containing 75% PC, 25% LeC ( 0 ), 75%
phosphatidylserine, 25% LPC ( A ) and 75% phosphatidyl-
ethanolamine, 25% LPC ( A ). Amount of PCBP bound to the
liposomes was calculated as described in legend to Fig.' 29a.

c) Structures of phospholipids used to study the

binding of PCBP to liposomes. Liposomes composed ot

phospholipids having different polar head groups were used

s ,
to study the binding of BCBP to liposomes as destribed in
legend to iig-‘ 33b.
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PCBP bound to liposofies composed of three different mola&cular
species of ‘phospholipids viz. dioleoyl-, dipalmitoyl-, and
1-oleoyl-2-palmitoyl~ was similar. _In contrast, the binding
of BCBP to liposomes wds significantly affected when polar
head groups’ other than PC wer€ used (i‘ig. 33b). Substitution *
of phosphorylcholine head groups of FC by phosphorylethanolamine
and phosphorylserine -in the ‘lipSsomes Yunssen e Braaves

substantially. - ¢

H. . Inhibition of binding Of PCBP to'li by p-ﬂmuna

\Thé binding of BCBP to liposomes was* studied in tha
presence of P-choline. The binding was progresslvely inh.Lbl.ted
by ‘increasing concentrations (0-400uM) of P-choline' (Fig.” 34).

scussion 5 i

The data obtained in this study s;xggesr_s that PCBP can
bind to multilamellar 1ipo;omes cou;\posed of pE and LPC.
\Uespite the binding specificity -of PCBP for ‘phosphoryl-
choline, it bound poorly to Liposomes, containing phosphatidyl-

“ choline aldne (Fig. 3la). A definite amount of LFC (258) was
require@ t% be incorporated in the liposomes for maximal
binding of Pc_gpv. This requirement of LEC may be attrjibuted
to constraints on the ofi‘ént'ation and accessibility of the
polar head groups of PC :unposeda by intermolecular interactions
in BC containing liposomes (165). Inclusion of LPC at lop

conqgntrauonn may ‘reduce the intermolecular mteu:uona
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(%) PCBP bound

20

- & drorending amounts of P-c‘holine- The maximum amount of PCBE

’ <" pid. 3a. pEfact ofy_h sﬂurzl.ch&llne on the binding of l251 pcep .

£o -1‘ig‘ohomeé. The incubatiof mixture contnined 0.9ug
‘125I-PCBP, 10 mM ca2+ 0.1% (w/v) BSA, liposomes composed of

. 751 PC, 25% LEC (600 mmol of phospholipid), 126 ug PCBE and

has been ‘expressed as percentage of maximum boupd.

L -0 40 80 0 _1§0 .20 %0 280 320 30,40
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bound . (48 wg) in the absence of P-choline s been assigned ’ <

. ‘as 1001 and the PCBP bound at different P-choline concentration
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sich that thd polar head groups becomé more accessible for 3
binding of PCBP.: Ho&éye‘x, the possibility that the binding T

- of PCBP is mediated directly through thg.polax‘ head] groups
of LPC cannot be excluded. 'Attempts to examine this possibllity “l
were unsuccessful due to the poor recovery of phospholipid

PR

L
from the liposome pellet, at higher concentrations of LPC

fter sedimentation. It.i/s_\

likely that LPC caused solublllzatlon of the l.ipoaome pellet

= 4 ana thus the olipid ies in the peilet.-

(Fig. 30b). Consequently the pcnI bound either to PC or LEC

would Se lost'in the _svpernatant

Direct evidence for the importance cf phosphcrylcholine
it o ‘ heaq groups in the bmding ©of PCBP to liposomes coites from the
‘ \stud‘ias "Witn. liposomes compoged bf different head groups “and
LPC (Fig. 33b). Liposomgs'c’dntai.pincj,phosp;ngrylam'onns' as
- . e he'aa sroup bouna three to four -times more PCBP than

o U those containing p}losphc:ry].aerl.ne or phosphozylechauolamina

. N head 'groupa. Replacement of choline with ethanclamine or .

5 senne greatly reduces. the binding (Fig.'33b). The enhanced .’

binding of PCBP to p‘hcsphorylcholxne polar. head group containing

npssomea compared to those’ containing phoephcrylethanolamine

‘or ,Lsex‘ine s & spectfic involvement of’,

o
.phosphorylchoune head groups in theé binding of PCBE: . er.

is of' course possible that phosphorylcholine head group may
be more accessible “for binding of PCBP than

<, phosp‘horylethanolamine or' phosthryl;eri.ne ana result 1.1}

enhaneed binding. ' .. -
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between PCBP and, Lipoproteins. % '
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The binding site for ,phosho:yxchouna‘?-im himan and
. ’ : . e
rabbit CRP has been shown to consist &f a prifiary locus . for

|

binding the phosphorylester ‘group of phosphorylcholine and a

eecondary\locus.fér binding thé quaternary Bnmohium group

(91). The binding of the phoryl group of pho ylcholine

to CRP requires the presénce of Ca2+\(88). x& ECBP binds to

phosphorylcholi.ne head group by a similar n«? Loci mechanism

as ‘proposed for CRP,’ it may explaln the enhgnced bxnding of |
[

pCBP fo -liposomes in the presence of ‘Ca2* (Fig..29a and b)

Alternatively ca2t. may act allosterically and not participate™

in the binding site of PCBP. With the.present data it

cannot be established whether calcium is acting allosterically

% ;
or is a component 8¢ ‘the binding site vif PCEP. % —\

n contrast to the importance of the pdgaz head group,

'variar.ion of fatty acyl chaxns :\n phospholxp!.ds did notr

affect the bin ing of PCBP to upoaame (Fig. 33a). -similarly,
binding: of PCBP was ' not._ significantly affected by variation
of incubation temperature (370 and 4°c). .

.- one of Tme requirements proposed.for ECBP to, express the

inhibitory effect on. heparin-lipoprotein \preci;\;auon was

its ability to bind to phospholipids on the lipoprotein

(Diacussion, Chapter 1).  The specific binding of PCBP ‘to

PC .containing liposomes with relativel h<_gh affinity
(Ka = 1/8x106M-1, Fig. -290) together wit e other -dath

prauanted hdre suggest the posaxbility of|an interaction’




Although phosphatidylcholine is an important conatituent
of all plasma lipoproteins, the present data ‘sugge-vt that
surface orientation of the polar pho-phorylchouna hnad
groups- may bé a determining factor for the interaction ot
lipoproteins with PCBP. A difterer\ce in the surface orientation

or accessxbiuty “of phosphorylcholine hcad group in various .

lipoproteips may arise due to dif Ln the p C lipid

and apoprotein composition of the lipoproteins. It may be

relevant to add here that in LDL about 20% of the
£y

phosphorylcholine groups are immobilized by interaction with

. apo B, ‘whereas in HDL there appear to be no immobiuzing

interactions between phospholipid head gzg,upLa\nd apoproteins
(166,167,168) - % 5 4
Human CRP has ‘been shown t%;d to liposomes o variou-

compositions (107,108,109,169). et al (109) tiave reported

the binding of CRP to positively 1

! . . .
of stearylamine, dimyristoylphosphatidylcholines

galactosylceramide and cholesterol: The binding’of CRP to

such 1i was Ca2* in P occurring in the presence
of EDTA and in fact inhibited /by ‘high concenttatinnu of,
ca2*. - .In addition binding was not inhibited. by—
phbsphoryl‘chouna.‘ Dimyriato‘yl phoaphaudyleth nolamtna

could be subutitutad for dimyristoyl. phosphatid}lchauna

wlthout affecting the binding of CRP to upo-m.. on :he_

basis of these data the authors conclud-d that b!.ndlng of

CRP to positively charged liposomes was Lhrdugh the pur.utivc,
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polycation binding site of the protein (Reviewsd in Chapter
- ___1) the polycationic ligand ‘being pmvm\e_,d by skearylamine
Similarly, Tsujimoto et al (169) have demonsdrated the
binding of CRP to liposomes composed of stearylamine,

dipalmitoyl-or dimyristoyl phosphatidylcholine and cholesterol.
o 2

on the other hand, Volanakig and Wirtz (170) have shown
the binding of CRP to unilamellar liposomes composed of PC

and LPC. In these studies, CRP failed to bind to lipcsomes

containing PC alone and incorporation of LPC in ‘the Liposomes
was necessary to demonstrate’ binding. - The binding of CRP
wals ca2+ dependant and-could be inhibited by Pwsphorylchonne.

#1In this respact, ‘the binding, of PCBP to uposumes appaars to
be similar to CRP. :

In conclusion from the present studies it appears ‘that

the binding 6f PCBP. to liposomes composed of PC:LPC may be

. mediated & gh ‘a caZ ylcholine binding.

site on.PCBP. - in addition, binding €hrough this site could

be inhibited by phosphorylcholine since t.!;e reésults have

shown that 400 yM P-choline vlrtually inh).b).ted the binding

of PCBP to the upeaomes (Fig. 34). R i

AR T Y N NS aeONEER
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Chapter 5 § : -
STUDIES ON THE BINDING OF HUMAN PLASMA LIPOPROTEINS TO

immMoBILISED PCBE. 7 ‘

e 5.1. Introduction g 2

i The results obtained from the studies on lipoprotein
precipitation reaction and its inhibition by PCBP indicated
that the inhibition may be mediated by the phosphorylcholine
bindfng proparty wnd the presenge of sialic acid residuss of

PCBP. Furthermore the data were interpreted to suggest that

binding of PCBP tq the phospholipids on the surface of

w d | lipoproteins is required for the inhibition process (Chapter

3). A pivotal questionsrajsed by these studies is whether
: T i -

.+ PCBP can ipdeed interact.with'plasma,lipoproteins. The
present study was designed to .characterize the interaction

_.of PCBP immobilized on Sepharose with human plasma lipoproteins. -

The molecular mechanishs involved #n these interactions have

been explored. These studies may shed light~ on™the ‘basic %,

L features involved. in PCBP-lipoprotein interactions.

5.2 Results

*A. l.ndi.ng of VLDL to SeEHAEQEEAFCBP - » o
Application of purified human VLDL Jto Saphatoua—PCBP
‘column in presence of 10 mM Ca2* showed that about :nz‘ of

tbe VLDL (Ln nrmu of protein appucd) de not bind to the

“*'  column (’!‘abu 7) The rest Of the VLDL .(about 48i ‘0f the'

VLDL'protein) was retained on.the column and wag’ sluted with
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Table 7

‘Dis‘tribg&on of 1lipid and agoérctein comgo;lents of VLDL in

unbound and bound fractions obtained froma Sepharos

A :
Applied (mg) Distribution ‘
I . L
Ve . .

. * % in unbound % in bound

. ' Total protein - (0.7-2.6) 38+4.1 . %agys.6-
Apo B . (0.16-1.10) 4645.6 | *69410.20

Apo E* ' - (0.06-0,33) 50+3.4 - *5744.20

: " Cholesterol (0.15-1.08)" ' 68+7.1 .. 5848.60-
- Cholesterol esters (0.21-2.0) 5’05—_5.?‘ - e0#1l.9
Phospholipids, (0.64-3.75)  55+6.10 *77 6at10.10

+ . . . » * .
. ‘Iriglycerides (2.13-7.55) + 66+6.80 *¥3645.20
5 ¥ 5y -1 . .

The range of VLDL appliad to.the .column are shown ‘in
parenthesis. ' N
- Results show average values (n—5) with’ + s E. of means.
" %P <0.05 comparéd to the unbound fraction. 5%
¥*P < 0.005 ‘compared to-the unbound fracfion. Statistical
"significance was calculated using Student 8 unpa:.red t-test.
. Apcprotein and 1ipld components ‘were' estimated by
s electroimmunoassay. and gas liquid chromatograpy techniques
"k ‘reupectively as described ‘in’ Chapter 2.




a P-choline gra:ﬁem (eluted at 68 mM P-choline). A typical
elution prafile of VLDL from the Sepharoae-PcéP column is e
shown in Fig. 35. |The profile shoying absorbance at 280 nm,
is not representative of protein mass for lipoproteins
because of light scattering due to turbidity of VLDL. Table
7 shows the actual protein mass dlstripucion in the unbound

and’ bound fractions. A possibility existed that some VLDL

s
may not bind to Sepharose-PCBP due to its exclusi.on from the

column. , However, the elution volume of the unbound VLDL was
. greater than the exclusion volume of saph‘arola—PCBP column,

indica’!‘_xng ‘that the unbound VLDL was not excluded from r.ha

(g
,Sepharoga-,PCBP column. The possibility that the unbound

p fraction resulted due to. saturation of (the column was

: )
investigated. by applying different amounts of VLDL to th\

column (Table ¥). When 2.5 mg of VLOL protein was applied, .

1.5 m§ protein was retained on. the column. Assuming this to

,be the capacity of the column, a sub-saturating amount (0.7

mg protein)‘ of VLDL was applied which again-resulted in an

(" ‘unbound (0227 mg) and a bound (0.35 ng) fraction. These

£o, & 4 results-suggest that the unbound €raction is not duelto

saturaf_ion of the column. i . . S

< o The distribution of the lipid and apoprotein componentl

of bound and unbound Eraction are also presented in ’!‘ab‘le 7.7

Electroimmuncassay of the ai:op;otelha and i.i'pi_d quantitation

in“r_.pes‘e two fr: ions showed glqniflcantly higher amounts

of apo B and apo E (69 and 57% respectivély) 'but less

triglyceride bking recovered from the bound fraction
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Fig. 35,‘: Elution profile of VLDL £rom Segha{.‘ose—PCEP column. °
After the application of VLDL, the columnwas washed exhaustively
with 0401M Tris=HCL _b'uffer‘_(pu 7.4) containing ‘o.{sm.uacr
and 10 mM Ca2+. The bound fraction was eluted-at’68 mM

. P=choline on application of a P-choline gradient (O to 250

m) . The column vas” operdted at a flow rate of 20 ml/hr and

2 ml fraction were-collected. - Both the unbound and bound

fractions .were processed for apoprotein and lipid analysis.

s described in, Chapter’ 2.- ) .
Ll SN G 8
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compared to the uribound fraction (Table 7)v The composition
of the bound and unbound fraction is presented in Table 8.
The bound fraction ccntaxned more protein but 1es= triglycsride
comp§red to theVLDL applied (Table 8). The calculated dlameters
showed that the bound fraction contained VLDL of a smaller

size than the unbound fraction. The decreased triglyceride

“content and the smaller size of the bound VLDL indicate that

the bound ‘fraction may represent a partially catabollsed
VLDL. ' Since it has  been proposed that apo C levels. in VLDL
decrease. progressively ‘during catabolism. (19), ‘the bound and
the unbound fractions were analysed for apo C I @:onter‘\t— by
electroimmanoassay. Results. showed that the hound frqce_iém
contained less (37% of ap;lied) vapo c 11 comparec; -to the
unbound fraction (50%). These results do support t§|e pcssibiuty
that the bound fract).cn may represent parbially catabolised
VLDL. ) . o

There Was ‘o binding of the VLDL to the column in
absence of Ca2* (Table 9). A control experiment with a blank
Sepharose column showed no retention of VLDL. Elution with

P-choline gradient did not elute any detectable pro;gin from
; R - 2
Ll

Poth the columns.

B.. Blndxng of LDL to Seghaross-PcBP.
Three’ different amounts of purified LDL (GEO'M g, 750 ug

. and 960 ug protein) were applied to the column in the presence.-




*P < 0.05 compared to vLOL applied.

[ ]
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' Table 8
Composition of the VLDL fractions (% by we:Lg'ht) obtained

from Sepharose-PCBP column..

‘Applied unbound* bound
- - 4
Lprotein - . & 7.2540.71 7.1040.63  10.7210.32*
Cholesterol : '7.0040.71 - 6.7+0.68 ' 7.040.51
Cholesterol esters 13.041.3 - 12.242.1 14.343.1
phospholipid . 20.044.8 - | 21.642.8 - 22.042.6%
Triglycerides 58.0+7.8 ° 56.3+4.3 52.042.3%

‘Diameter (A®) -~ .. {36543 354+58 306455

" . L

The percent lipid of the fractions was calculated from total

‘1ipid profiles. - Result§ are the means + S.E. values (n =

6).

P values bet he of the and applied

were not significant. Statistical significance was calculated .

using student's unpaired t-test. . - .

- The diameter of .each fraction wan estlmated £rom the 11px.d’.. »

prcfxles on the basis cf the ratio oE core to surface components
(14)
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. _/ Table 9 . )

Lack of binding of lipoproteins to Sepharose-PCBP in the absence |

Z of ca2+,
Lipoprotein applied © ¢ unboufsd
: # - - - ’
VLDL (1.4 mg protein)’ 94
LBL (0.8 mg protein) 92
HDL (3 mg protein) - " es

v CN o X #
Protein determination was perforred by the method of Kashyap °
. . > L

et al.. (141). “ ’ " .
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of ca?* and in all cases reuulted in quantatitive bindihg of
the lipoprotein (Table 10). The LOL bound was typically
eluted at 68 mM P-choline when a P-choline gradient was
applied (Fig: 36). The recoveries of apo B (94%) and Lipia
components in the bound fraction were guantitative® This
.binding of LDL to Sepharose-PCBP required Ca2*, since yn

absence of Ca2* no binding was observed (Table 9).

C. Binding of HDL to Sepharose-pCBP . - .
Binding studieg Of HDL to Sapharosa -PCBP s‘howed that in
the presence’ of Ca2*, about B80% HDL applied (1n terms of

protein) was recovered in the, unbound Eraction' (Table 11)..

" About 118 was bound to the column and was eluted by a P-choline

gradient (at 68 mf p-choliné, Fig. 37). Further elution with
1.4 M NaCl did not elute any _additional lipoprotein.. 1'he
apoprotein characterization of the boulid and unbound fractions ~
included th'a analysis for Lp(a) since Lp(a) lipoprotein is
known to occur in the HDL density range (171). The results

shoved two important features. The bound fraction contained

.. B8% of apo E and 97% of Lp(.a) from the HDL applied.” In contrast

only 7.28 of Apo A-1 was recovered in the bound fraction.
i

" The analysis of .protein and lipid composition of the bound

and unbound_fractions of HI}L,;%Wed that the bound fraction'

‘contained less protein but more cholesterol, cholesterol

esters and phospholipids compared to the unbound ‘fraction

‘(Table 12). The incréase in cholesterol esters could be
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Table 10

Binding of LDL to Sepharose-PCEP and Eercent recovery o

1lipids and protein in the bound fraction

. Applied (mg) " % bouna
a - a

Total protein TV -(o.'sa-ot. 96) 94.144.2
Apc; B g : ) (‘o.euo.ég) K\ se.eti.z

- Cholesterol (0-23-0.34) 91.0+8.6 .
Cholesterol esters . (0.89-1.3) . 100.348.6 '
P‘nosp‘halipi‘.ds (0.59-0.86) ) . 86.945.6
Triglycerides (0.12-0. 171).

The range of LDL applied to the column are shown in the
Results presented are average values (n=3) with + S.E. of
means. Lipids- ere “determined from total lipid profiles and

n
the apo B was quantitated by electroimmuncassay-.
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i 3 Table 11

D;sqribution of i&p_rotein and lx.pid comgonants of HDL in

unbound and bound fractions ébtained from Seghurosg-PCBP column.

i ® i -
r : . S 5 .
r\ . i ) . Ca .
. ) . 4 applied - Distribution T\
; s (mg) - . :
> y "
' fwbound % bound
& o Soo- T ) !
Total protein (1:5-6.0) 80+3.46 - . *10:940.57
ip(a) « (0.02-0.08) ND : 97.5+2:48
- ¥ . . . . ° § \ Tad
- apo E (0.005-0.013) - ND 88.8+6.17
Apo A-I (0.62-2.23) . 85.8+4.9 *7.26+1.15.
N . , ¢ i
Cholesterol (0.056-0.116)  :5742.4 . *17.640.75 = *
Lsterified (0.190-0.760) . 6542.6°  *9.5940.54. =
cholesterol . E L T
S . T T
_ Phospholipids ., » (0.260-1.006)  63+2.1° - %1§.440.69
. Triglyceride: . ° (0.025-0.10) 654219 *15.5840.68

- G L

The range ot HDL applied to‘the column is shown in the
parenchesis. y
£ ¥ .
Results shown are average values (n=3) with 8.E. of means.
Lipid and apo. protein quantitation were per:formad by gas liquid
aphy and ‘electrn( I valy ND = Not
. detectablel - %

- \.
., P¢Q-001, compared to unbound £:uct£on‘ Statlucical
nignificunce was calculated uaing Student' 8, unpaired t-test.’
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2 Table -12

. “Composition .Of HDOL fractions (% by weight) obtaified from
Sepharose-PCBP column - Lo A

} .
| .- .. applied unbound bound
/ " T
Protein 62.3+6.3 65.918, 6 5446.9 3
Cholesterol . 1.5040.20 0.88+0.13  3.30+1.9 -
Cholesterol esters 10.0+2.42 8.740.96 - 16.142.0 v,

" " Phospholipids 19.143.0 18.543.6 24.042.5
Triglycerides 1.040.86° . 1.840.06 ' -0.840.17.

4

The percent 'lipid of the fractions was calculated from totdl .

1ipid’ profilgs. Results are presented as the mean.t 8.E. (n * N

»3).
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related to the presence of Lp(a) in the bound fraction.
' . f

D. Binding af lipoproteins from whole.plasma to Sepharose-PCBP.
The results presented above. with purifled upoprbtelns

showed that the fractiens bound to immobi].xsed PCBP. by the

) application of VLDL-and HDL had higher concentratioqs of apo

‘ B and -dapo E.  The posaibilicy that Sephaxose-PCBP selectively

foran, ‘ interacts with these .two apoproteins was furthet investigated

by the application of whole normal human plasma {2 ml. 130.

+ mg protein) to the column. A P-choline gtad.lent was tt}e_n«

. ;ys;ued and_resulted in elution of a bound fra‘ction.; ' Further

© . elution with 1.4 NaCl aid mot elute any édditiunal"protein
(Fiig-. 38). The results 4in Table 13 show the recovery of

lipid and.apoproteins in the bound fractiqn. )\po B (18% of

. applied) and apo E (8% of applied) were prdsent in the atna

Ytraction. . In addition, this fraction coéntained 6% of
cholesterol, 168 of cholesterol _esters, 8% phospholipids and

15% of triglyce:&des-

* The yarcen composif.ion of the bound fraction is presented

“in. Tab].a 14.. ' ’l‘he chamical compositicn of this fraction

dizfara Erom that. of -typica]. VLDL or LDL, and may tepresent

tha prosence of a mixture og 1ipoproteina.

’rhe tracticn alutsd by P-choline gradient was daupidated'

and rosolvad intc three peaka by gel filttation}uaing HPLC

(Fiq. nac). ‘The thraa peaks were, identified as npo B, E: and *

LY - band on their revention times which corresponded to thosa
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Fitj. 38. Elution Profile Of Plasma on Sepharos
the HPLC resolution of apo B, E. and C from plasma fraction bound. - ¥
tO Sepharos: CEP.
.a).. Elution ptofxle of plasma (2 m1, 130 mg protein)) on
Sephatose ~PCBP. The bound fraction was eluted by a P-chou.ne
. gradient (0-250 mM). - v
‘b) Elution proﬂle of VLDL, apolipoproteins (about 50
g protein;’ _injectxon volume 50 H1). .Eluting buffer was 0.5M . 3
_‘sodium sulfate, 0.2°M sodium phosphate (pH 6.8) containing'
0.1% SDS.- The retention times as indicated on each peak,
for Mpo B, Apo E and Apo C were 5.08, 6.8 and 8.2 min
M respéctively; The arrows indicate the elution position of "
molecular weight stapdaids run separately under identical *  '»
column conditions. 'The following standards were used 1)
thyroglobulin (670,000 MW) 2) ovalbumin ‘(44,000 W), 3)
myoglobin (17,000 MW) and 4) cynocobalamin (1350 MW).
¢) Elution profile of apoproteins in fraction bound to . &
.Sepharose-PCBP ' (50yg protein, injection volume, 50 ul). The :
elution conditions were exactly.as in Fig. 38b. The retention
times of .the three peaks were 5.1, 6.9 add 8.4 min which
‘forresponded to the retention times obtained for Apo B, Apo.
% \\ E and Apo-C respectively ds shown in Fig. 38b. The retention
W A t of 2-mercaptoethanol in Fig. 38b and c¢ was 13 ‘min.
. olerdetails of the HPLC run are as described under oxperinental
«.~-pfocedure. .Identification of the apoproteiné was based on
. " . their designated molecular weights. Absorbance unit Eull.
scale (AUFS) in E‘ig. 38b and C was 0.32. - . . s
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’ t ; o Table 13
. éegharosE—PéBP‘ : '
- : 'ty B
-3 > . appliea . % in bound fraction
: (mg) "
AgorB, _' .(0.51-1@2’) e “le.1s2.9 g * ol
e I E s . (04002-0.08) 8.341.7
Gy s choxesperoi (0.52-1.06) - " 6.4+0.9 .
" Cholesterol ester * (3.10-5.14) T 16.3%6.0
v ph_oshoupic{- (2.41-3.81) _° 8.1+4.1
Triglycérides (0.82-2.06) 15:445.7 .

Results are pre

nt\d as tha mean * S.E. vu.ue- (n =' 3).

.Apo B and E were quantitatod by clocucimunon-uy and
.\, lipids were determined by'gas liquid chromatography. "

g = RN AL




Table 14

Comparison -of the coimposition (% by weight) of the fraction

}"'": LR bound to Sepharcse-PCBP from normal human plasma with VLD‘L 2
o . ' and LDL. ) = o ) . )
o e o
. * - Fraction bound . . VLDL® . LDLA
to Sepharose- <%
BCBP
5 Protein _ 8 18.244.7 .8 - 20:5 E
2 .Cholesterol 7.941.1 = i 8.5 TN
Cholesterol esters 33.548.6 - 12 42.3
N K B % . «
Phospholipid, 20.1#2.3 18 . 23.6.
Triglyceride T 1B.248.90 © 55 . 5.1
~ '

Th)( vpercent‘ composition: of the fractions: bound frem i)lasma
& v

was calculated. from total lipid profiles. Results are the
- N .

means + S.E. values .(n=3).

"Ada'pteﬁ from Dolphin (4).
W T ¢ J




156

of apo B, E and C £rom purified VLDL (Fig. 38b).  inese
résults demonstrate a b'ix
for apo B and E containing lipoproteins even from whole plasma.

E. Role of phésphorylcholine binding site of PCBP and the

sialic’acid residues on PCBP in the binding of LDL.
e a—— > e

To investigate the role' of phosphorylcholine binding.

site on PCBP in the b;ndmg of LDL the following éxperinent
was pe:iormedv The Sep‘narcse-PCBP {5 ml bed volume) column
was pre—equllxbrated with. excess (35 ml) P-choline (250 m1).
Subsequéntly the column was equilibrated with 50 mi of 0.014

Tris-HCL huffer (pH 7. 4) containing 0.15t Nacl and 10 mM ca2+

Purified LDL (960 mg protein) was then appUed to this ’

column. Ninety percent of apo B applied was.recovered in .

the unbound ‘fraction and there was no detectable protein
eluted by the P-cholu\e gradxent or 1.5M NaCl-

In another experiment the role of aialxc acid residues

of"?cs?’ in the binding of LDL was examined. To a '’

Sepharose-deaialylated PCBP column, LDL " (5004g ‘protein) was
applied in the preaerfce of Ca2+, The applied LDL bound

i uantitatively and could be eluted by a P-choline gradient.

ding specificity by Sepharosé-PCEP :
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F. = Effect of chemical modification of apo B on the binding

of LDL to Sepharose-PCBP. X 2

The role of lysine and arginine residues ofwipo 8 in’
_the binding of 'i;DL»ta Sepharose-PCBP was investigated. The
lysihe residues weré modified with diketene and the arginire
residues with 1,2-cyélohexarediohe respectively. It has
-bsei\ previously uh'wn't‘hat these’ :‘eagents’ are‘ selective- for

. lysine .and arginine residues of apo-B in LDL (26,27).
“Furthermore the modification procedlires are mild and do not
* affect the phospholipid content of LDL (20127).

The modified LDL (500 ug protein) ‘was applied to a
Sepharose PCBP in the presence 6f Ca2* and the bound fraction
eluted with a P-choline gradient. Data presented in Table
15  shows that the lwdificatita.;l of either 31% or 46% of the
total lysine residues resulted in quantitative binding- of
the modified LDL to Sepharose-PCBP. vI_n eontragtﬁlmt;dificagion

- of 37% or 40% of arginine residues by 1,2-cyclohexanedione
_vde-:rea:ed the binding ?f LDL to Seéharasa;PCB; by as much as

68-70% (Table 15‘). s e .

’!‘o test whether‘ the phosphorylchoune bindlng site on
PCBP’ was' involved in the binding ot LDL containing modifi.ed .
lysine -modu.\ad, ;ha saphurose-PCBP column was equilibtatpd )
. with P-choline as déncrﬂbéd before und LDL with modified lysina
(Sooug protein; 31\ of lysine raulduau modiﬂeﬂ) was applied :

tNthe column in the prnsenca of ca’* The modified 1ipoprotein

" was q_uantltatlvcly ‘recovered 1n the unbound fracgian.
§ ;




L} c Tablé s i ' I
. ; . id ¢ ' s
ol , Effect of chemical modification of LDL on bmding
i “ egharase-PCBP
s R L . —
Modification Residie - Percent of Percent -
reagent modified .’ total residues  boundb
e . \ mqdifiedd
Diketeneé
Control None . 0 100
1. 29umol © Lysine 31 , 100
. ‘. 4wumol. Lysine .. 46 100
Cyclohexanedione
3 Control None' % il 100
= - 8 Arginine 37 [ 32 /
3h Arginine 40 30 oA

a), Quantitationof the extent of lysine or arginine modification
v

was based on th) 'differenca between 'lysine or arginine

‘content in the modified versus. the control LDL determined
4 by amino acid analysis. - / :

LDL (500 ng protein) ‘was applied to Sepharose-PCBP in

each experiment and ‘the protein-estimated in unbound/bound

fractions by‘the“mhod of Kashyap et al. (141).




"E ana Lp(a) lipopro

5.3. Discussion

The data presénted in this chapter demonstrate that

PCBP immobilized on Sepharose binds human plasma Yipoproteins o

. in the presence of Ca2+..0On the basm of current data, it

appeats that SephalrosevPCBP can selectively bind lipoproteins
containing apo B and apo E. This conclusion is supported by
several lines of evidence. Firit, -in the HDL binding study,
the bulk of Apo A-I (the predominant apoprotéin of HDL) was

not bound to the coltmn. In contrast almost all of the apo

(an apo B containing 11poprote1n)
preaent in HDL wexje retained by the column (Table 11).
GO, WUAH GhE PREREGE VB WHoiE plasma through the column
resulted in the retention of apo B and~apo E (Table%™e3) .,

Third, in the study with VLDL, there.as considerable enrichment

of apo B and apo E in the bound fraction (Table 7). Finally,

all the apo B in the LDL #as bound to aepharcse-PcﬁP‘cc.lumn.—/.

These findings clearly suygest that PCBP has a special
affinity For ape B and apo E containing lipoproteins.

The fact that certain apoproteins interact preferentially
wit‘h PCBP woilild suggest that the speuiflc amino acid resulues

or the amino acid sequence, of the apoproteins are 1nVQLved

in.the binding. Chemical modification ‘studies- under\:aken P - S

determine the role of arginine residues of apo B in the
binding of LDL to Sepharose- PCBP do ‘indeea support this
uqueadon- Modification of arginine residues' in apo B
markedly reduced the binding of LDL to PcBP-Saphar’ése (Table

' ‘\\\
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B but.also 8emonstrate the significance of arginine residues:

explanation for the involvemént of arginine residues mag be

that basic group of arginine interacts with the binding szfa

"for a cakionls quanternary- ammonium group on PCHP.

In contrast. to the importance of arginine residues, an

absence of a role of lysine residues on apo B in the binding

is apparent from the studies with lysine modified LDL (Table

15). The binding of LDL to Sepharose- pCBP. was unaffected by

lysl.ne modification. It may be pertinent to add Ne;e that

Dicamelli etal. (96) have studxed the interactions oE polycations

- (eg. poly L> argnu.ne and pol.

(reviewed in Chapter Ao These studies provided evidence

for a polycation binding site on the CRP molecule and suggested

. that- this site has a greater affinity for pcly-L-arginine

than for polymers of L—iys@

Investigations on the ifivolvement of the Ca2*-dependent-

e phosphorylcholine binding site and the sialic acid residues

on ECBP in the binding of lipoproteins have yielded interesting

.results. The results show that the binding of lipoproteins

In-addition,. the experiments with equilibration of Sephargse-
PCBP by P-choline suggest that the binding-of lipoproteins
prcbably occurs through the phosphorylcholine binding site

o PCBP.  However, x-suus wuh Sapharoaa—;lesialylated reBP

15). These results not only establish the importance of apo -

in the binding of LDL to Sepharose-PCBP -¢olumin. The jlll\plesé .

~L- lysine) ui.r_h human’ CRP, '

to Sepharose-PCBP had a strict requirement for Ca2* (Table 9).°




¥ extra"—hepatic organs (reviéwed in Chapter ')

Lndxcate an’ }baence .of a direct role “for the suhc acid

restanes: i uie binding of liposomes. Desialylated pcap
‘immobilized on Sepharose maintained,its ability to bind LDL.

" o .
This result throws further.light on the critical role that

the sialic acid regidues on PCBP play in the inhibition of °
heparin-lipoprotein precipitation. reaction (Chapter 3). It =

.is now apparent that the nature of the two interactions viz.

the inhibition of heparin-lipoprotein precipitation and the

binding of upop:o:ema ko PCBR, is different. .

It is of interest to note that PCBP speciﬂcaliy\biﬁcﬁ

to apo B- and apo E conr.ainln poproteins, and these are

the two apoproteins recognized .by LDL receptor on liver and -

However
whereas chemical modxﬂcatlon of Both lysin'e an’c‘l"arginlné
residues m _apo B’ results in-the .,loss of receptor binding
abuuy, t.he p!esant studies have shown that only ‘the

modification of arginine zesxdués attects the binding to PCBP.

It is well recognized that VLDL are ﬁer,emgeneoua wlth .

respect ° both size and composition (172 173). »Purthermore

it has\been demenatrateﬂ that the various sub-classes Df
yLOL dxff}in their ability to'interact with the LDL tecepton
on normal human fibroblasts. (174,175). For” example, normally
‘the 1arge-si;ed VLDL though they contain apo B.and apo, Eldo
not bind to LDL re‘eeptdrs present .on norqnal' human. On'ly the
lipolysed and Smaller VLDL (VLDL3) are bound and internalised

i v w
by the LDI.\receptur pathway (174,175). I wan\uugqestedv that




both- apo B and apa E-in the larger VLDL do not possess’ the .

- appropriate conformauon Eor receptqr recognltxon (‘;4 176). -,
Upon lipolysis), a}m B acquires the-ability to interact with
the LDL'r;ceptor. In the pres’ent stu:i'y application of VLDL
£ to SEQha;ose-PCBP resulted in an unbound and bound fractlon.

(Figy-35). he unbound fraction ardo containea ®ome apo B

= *. . and apo E, albeit leés than the bound Eraction (Table 7).

s Thrunbcund fraction’ was not che result of saturahcn of the \
column (Table 7). It is possible that the bound fractlon\\ \

- ée"presénts dilipolysed VLDL. In Support of-this; is the data

that the trig]:yc'«eude and apo C II- content of the bnund

-fradtion “of VDL wis Lower than the un/un/ VLDL but apo B
ana E content wer:e increased (Table 7). Trezzi’et al.~(172)

e 'huve ‘fracticnated normal human VLDL using hepafin-Sepharose

e chromatography into four sibclasses, each increasing in apo

B and apo E gontent with decrease in triglyceride and apo a b

content, . It 'is therefore lidely that in the present studles.
- Ce Sephatose PCBP binds to* some Of the sub-] blasses of VLDL.
There are several—reporks inolder literature ofassocxatlcn
A between human GRP and plasma 1ipids: v : .

As far back as 1941, MacLeod and Avery (177) reported

that CRP present in human serum and in pathologic fluids was
£ & associated with phosphorous-containing ‘substances of lip{d

chazacter. - Wood gt al. (1l7a) in t}.e'ir'acr,empes to cryétauize

B human CRP demenstrated r.he need for delxpxdation of\(‘:iP .

& ' pregaration prior to crystallxzafion. thus suggesting an




. . _association with lipids. Later, Wood (179) used antiserum -

- directed adainst normgl human beta lipoprotein to remove
) ~associated lipid containing material in CRP preparations. 5

to ang Hara. (180) characterized the lipids associated with r

%P and showed . t'he preeence of’ l:holesterol. chalesterol :

esters and t:xglycerldes. .~ ) —

More recently, several laboratorids have been able .to
demonstrate interactions between human and ‘rabbit CRP with _
\ serum lipoproteins but variable #esults hive been obtained

.~ by different laboratories. - . E T e

Pontet ey al. (151) mve reported cha:\isolated\mbbu

CRP' fotms in vxtro complexes. ) Furthermore, it was suggested

that_rabbxt CRP in acute.phaee serum exists ih a complex

with' LDL. . -

= a Snthe other hand the resqua of cabana’ et al. “(182)
= " suggest that the interaction of rabbit CRP is, p:maruy with

£ ' rabbit, VIDL, but not with LDL or HDL. \CRE" in acute phase

® .. Serum was shown to'be associated with VLDL. ’ This_in vitrg

interaction, demonstrated using immunoelectrophoresis, did o

nat occur in the presence of EDTA or P-choline. These

resilts suggested that, the -interactioh of rabbit CRP with -
! VLDL. was.Ca2* dependent and probably involved the

& phosphorylchollne binding slte. .

Rowe et al. (183) have however, shown that rabbit CRP,

¥ .\.mmobilized on\Sepharose binde VLDL ‘as well as- LDL. from

- whole normal serum in: the presence of caZ¥. . In aadition, .-
i : < ’




. : ‘ their studz.es shawed that purifxed rabbit CRP forms. comp1exas

with’ punued VLDL, -LDL as ‘well as B-VLDL, an abhormal
e % p lxpeproteln presnnt in hyperc‘nolesterolemxc serum. However,
it was shown that in acute phase serum, . rabblt CRP was not®
P ‘ . asscc,iat,ed wiLth an'y serum lxpoprotelns but in
. e hypercho'lest'émign;ié serum part or all of the CRP was fa\;na

“to be complaked with ' § -VLDL as when analyzed by gel Elltration

. or meunoelectro-pharesxs techm.ques (183).

Human CRF had also been’ shown to bl.l’ld human LDL. .and

%race a(nounts of VLDL from human plasn\a in tha\ presence of .
. ca2* (184), However, this binding was dejv&nstra\:ed only when

» CRP'was immobilized on Sepharose.. In fact expression qf binding ;

ded upon the con rationQf CRP imqobilMed on Sepharose, o

- '__b!:curring appreciably ‘when greater.than 1 mg of CRP was

'coupled per ml of Sepharase. Even under such condu.mns HDL ~
did not bind to CRP: Sepharose columns.. }\lthough t‘he »basls =
for ~specificity for LDL -and VLDL was net’ anestxgateﬂ. it

e Y ow was. speculated that-apo'B may play part in the interaction

of lipoproteins’ with CRP-Sepharose. 1In,’coftrast-to the
o L ) - s 3 4
immob¥lizeq form; free humah CRP failed tJ interact with amy

normal lipopréteins but formed soluble complexes with -

wb - VLDL in‘the présencé of C§§+v (185). . '

:l‘he various’ studies mentioned above demoristrate the

3 abilxty of rabbit and human ‘CRe to interact with Lipoproteins.

s Furt’hermore, the interaction requxred the prisence of ca2t”

ana was inhibited by P-choline. However, in view of the




difficult fo identify a upec:.ﬁcity of CRP towards paru.culat 3 =

. clasu(es) of 1ipoprotdn. . = >




. v " Chapter 6 e 5 -
STUDIES ON THE INTERACTION!S‘ BE‘TWEEN PCBP, LDL AND LDLﬁf{ECEPTO‘RS. T r
6.1 Ihtroduction o T c e

The studies describéd so far in this the;is demonstrated | _
the ability of BCBE tobind to plasma upopx;atems. Fufthermore,

the ' binding appears to be selecbxve towapds apo B and apo E -~ . -i

_containing’ lipoproteins. PCBP :.mmob111se‘d on Sepharose can

7 recognise apo B -or apo.E in VLDL, LDL or HDL. It may'be =

V‘J.nvestigated in a model system cénsisting of rat liver .

'vlipoproteihs to Gell surface LDL receptors (apo B,.E r ptor). .

recalled (Chapter 1) that these apoproteins:(apo B-100 dnd E)

ire responsible’ for. the speci%city“of binding certain.

It is- poss:.ble that PCBP may b1nd ‘to apn A or E° concaxnlng

upopratexna hnd ccnsequently mpdulate t‘ne interaction o£ Ly

ligoprotein with the’ LDL receptor.' This hypothesis was

-estradiol-treated rats has bsen solubilised (186). It was . .

'membx:ane LDL receptors and human LDL. f

' upoprotexn

- )\dminxstratlon of phatmacolog).ca]: doses 3£ 17 a-ethinyl- . .
estradml to rats, has been reported to -induce -a LDL receptors

inthe uvers (137 ) These LDL receptors ‘have been cha‘racterized
L3

using liver membrane preparat'ons. The receptors showed a
marked preference for bmding apo B and apo E: ccntalnxng P

required calcxum, and were’ sensltive to pronase

(137). These prcpert_res of ' the hembrane receptors are

- characteristic of the .LDL receptors present om normal human @ .. ..

fibroblasts (21): The LDL recéptor -in liver membranes’from




suggested that this receptor may function to bind apo B and’
5 apo l: containing Lipcproteins (137)
% ) ) (I In t'hl.s chapcer in vitro _interactions between estradiol
treated rat liver membrane LDL receptors, punfmd human LDL, ~
, and PCEP are described. AR unders:andtng ‘of these 1nteractlons
: / * with model systems is expected to “aid in-the evaluation” of ,

the BYological Funétion of PCBE. T .

e . Besides the LDL receptors, at least two oi‘her upop:qmn

# receptors i. an apc-E spec1f1c chylomicrcn x {nanent‘receptor .
(187) and an apo A-I or HDL receptoy '(188) have been described .

on rat uver. The former reccgnxses only 1ipop"oteins

contaxnxng apo' E_and. the la;tev: binds npoprotems ccntaining

. . Apo AI. S].nce the sgec,lfl.c‘ objective of che presem. study

" was to determxne the effect of msp on hpoprotetrh[.Dh reteptors)
- L :

LDy exclusively apo B, has ‘been utilised. = .~ i

- . _The use of human LDL should minimise the participation of the

abo E and apo A-I specific receptors and simplify interpretation

< of the results. Il

6.2. Results

e ’ A.  Binding of 125r-ipL 'to liver membranes Trom estradiol

treated rats and the effect of PCBP. &~ the binding. N '

The results of the mndmg of 1251-r.m. to -rat- uvér sl

membrane is shown in Fig. 398- In the, absﬁnca of ED’I‘A, vthe N

___pzog:gsswn of bindlnq was non-linear suggestinq the presence o

of. saturable binding sites on the membx_‘anes. In the preaence'-'




Fig. 39.
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Binding ‘of 125I-LPL to liver membranes (A)’ and
effect of PCBE on e indl 3 .
Liver  membranes (100,000xg pellet) were px'apared\
from rats treated with 17 a-ethinyl estradiol for 7,
days. The binding assays contaiping 100ug membrane
ptotein and indicated concentration of 1251-LDL
(124. dpm/ng_protein) were incubated at 0°C for 90
min either in absence ( ) ') or presence-('@ ) of
20 mM EDTA. The 125I-LDL bound to the membrane
sediments was determined.+ High affinity binding
was calculated by subtractirig the 125I-pound in the
presence of EDTA from that bound in.the absepce of’
EDTA. . sy P2
Liver 'membranes '(100ug protein) were «incubated
with, 1251-LDL = 34ug protein/ml ., (Specific
activity = 124 dpm?ng“ protein) ‘and increasing
concentrations of-'PCBP and the “amounts of 125I-LDL
bound to the membranes determined. The 100% value
for 125I-LPL bound in the absence of PCBP was 0.85
ug/mg memhrEne protein. Each.data point represents
duplicate assays. . 7y 3




169 v

of EDTS, the overall,binding .of 1251-LDL was r2duced d

. % “expected (137),-'al,though the progression of binding was
& :‘Z-.Jar. The difference between binding of 125I-LDL in the

< N p
sence and presence of EDTA gives a measure of the specific

QhiEn affinity binding as ahdwn in Fig. 39a. The effect of R

. addition of increasing concentrations of PCBP on the binding !

of 1251—1.01. to estradiol treated st liver membranes wah sg.udied 5

. the binding of 1257101 to.

- (Pig. 39b) In abaence of EM‘

liver, membranes dec;eased\ in the; prssance of" increasing

- '\ concentrations of P?BP in J concenttation dspendent manner.

" = \ " i 2 < o
. B. Effect of 'greinchbatioh of 1ivéy dembranes with PCBP on e

. & the binding of 1257-roL. | .. ok
In.an attempt to dete;mx.ne whetber PCBP binds to 1liver

membrane and thus -inhlba.ne binding of 1257-1pL, liver

were- prei 1 various :oncentratlons of *

PCBP. Afier preincubation, unbound “ecBe was removed, 1251-

LOL addéd and the _binding! of membranes measured. ‘-Re.uulta—
presented in Fig. A0a show|that preincubation did not affect ., .

the binﬂing of 1251-LDpL, |even though some: PCBP (<10%) was

. bound to tve membranes (Figl. 40b) as determinéd. from parallel

- " ‘incubations using 1251-pCBP. - : \

| c. ‘Binding of X251-pcap to LDL..
/

| chromatography of a |mixture of LDL ana 1251-pCBP on 3

| .Sephacryl $-400 column in the presence of Ca2* (Fig. 4lb),

. N
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A

: ©B)

, incubated for 90 min at 0°C.

* tubes we

Effect of preincubation with PCBP on th‘e binding of |
m—lﬁmmiﬁg_of
T25T-PCBP_to liver membranes (B),,
LIver membranes (120 vg proteln);were preincubated
at 0°0C- for 90 min with increasinf concentrations of .
PCBP as indicated, followed by, the addition of 1251-LDL i B
(48ug protein/ml, 172 dpm/ng protein) d _further
The ‘amount’ of 1251-LDL
bound to the membrane sediments was determined
after” centrxfugation at 92,000xg for 30 min.
Incubation mixture in buffer A contained liver
. membranes (120Wg protein), 1251-pcBP (lyg) diluted
‘with unlabelled PCBP to give concentrations as .
indicatéd. After incubation at 0°C for 90 min. the )
¢ Gentrifuged and 1251-pCBP bound to
membranes was-determined from the radioactivity
associated with the membrane sediments. Each data
point represents the mean of duplicate assays.
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i
{

; ( /
e * Yy ; . \ .
mg 41. Gel-filtration of LDL and 1257-pcBP on Sephacryl
5200 column after mcuﬁac.\on either in absence (A)
or presence of Ca
A) IDL-(0.6 mg 'p'r"p'f_e'fn-)_ 1251.pcBP (0.5ug) diluted
with 36. 5ug unlabelled PCBP were incubatéd at 0°C
for 90 min in 0.01M Fris-HCl buffer (pH 7.4) containing
10\0 /mM NaCl in a “total volume of '0.2 ml. The
miyture was applied an a. Sephacryl S400 column
( 5x45° cm). and eluted with 0.0lM Tris\HCL buffet
[¢
'y

H 7.4) containing 100 mM NaCl, at a flow rate of

2 - B) /LDL.and '1251_p¢BP were incubated and ehromatographed
/ exactly as described in A except that the incubation
and elution buffers contained 5 mM Ca2*. The x
recovery.of LDL was 90% and that of 1251-pcBP was

80%. Void volume (Vo) was determined using Blue
. ’{K(\ Dextran 2000, ( O ) denotes the elution of LDL and
: . of 1251-pCcBP. The results are typical of

. three such experiments. =
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résulted ‘in co-elution of 125I-pcap witn LDL. Similar
experiments were pezfoimed in the absence of Ca2¥ to ancartain —
whether the co elution of 125I-PCBP with LDL is Ca2* dependent.

6. stiown: Th Fig. Bla'Uh. tNe absehcs O Calt' e o peaks

eluted separately. These findings support the possibility

of binding of LDL and PCBP in fluid phase in the presence of

ca2+,
> The possibility that the inhibition Of the binding of
1257-1pL, to the liver membranes by PCBP. may ke .due to the . -

N . formation of an LDL-PCBP complex was examined by analysing

aliquct‘s of the‘supernatant from the binding assays by,

gel filtratjon an Sephacryl-400. 1i-.cuba<cion of intreasing
’ concentranons of 1251-pcBe with LDL and liver membranes,.
resulted in increasihg amounts of 1257 _pcp being compléxed
in thé supernatant with LDL (Fig 42/). T -
| Dburing ‘th‘e course of théese experiments it was found
that the elution volume of free 125I-PCBR in thé presence of
ca?t was larger than in the absence of ca2t. This slightly

‘retarded’ elutlun position of 12p1- —pcBP in the'presence of N

(,a2+‘11|ay be due to a weak affinity of ECBP for Sepqacryl. o
Sephacryl is prepared by covaXently c{oss 11nk1ng alkyl
dextran with N,N'-methylene bisacrylamide.. ¢ small number

, of carboxyl groups may also be present. PCBP may interact

with alkyl dextran in the pr;sence of Ca2*. 1In this respect

it is relevant to note that .in the presence of Ca?*, human

CRP has been shown to have a.low affinity binding tdwards
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Fiy. 42. Detection of LDL-PCBP complex in supernatant Erom
the binding assays b iltration analysis. -
Wmmé—mmg
protein), LDL (33.9ug protéin/ml), 1251-pCBP (lpg)
diluted with unlabelled PCBF to give final

L concentrations as indicated' were, incubated-‘in
~ buffer A (containing 2.5 mg/ml BSA jnstead -of 20
“mg/ml BSA) for 90 min at 0°C.~ The assay mixtures
F] were centrifuged at 12,800xg, for 30 min and the
. supernatants (100ul) applied on a Sephatryl'S400
column equilibrated with 0.01M Tris-HClL buffer épH

7.4) cdntaining 100 mM NaCl and 5 mM Ca2+, .
' PCBP complexed with ‘LDL in the suparnacancfa was
. determined “from the radioactivity co-eluting with
LDL. Column size and flow rate were as described
+in Fig. 41. The results are typxcal of three. such

experiments.




R qa‘lactoayl: residues in agarose and this binding was pr‘-v/mr.ed

% s | by P-choline (189]j.
6.3. niuu'.i-;on

rhe-deupnunu.an of selective binding of apo B aﬂ(.po

3
L & contalning lipoproteins to Sepharose-PCBE in the last
chapter prompted the current lr\_vestlgnlon on the 1nte:lactxen
" _between PeBP, LBL and LDL receptors. An ‘assay system with
liver ‘membranég from gstradiol-treated rats as described by °

e NE -“Km'anan et al. (13'7.)“}\35 be‘.;.’n utilised to study the effect

#g & of BCBP on 1251-LDL und._LDLv recepmr 1nteractions. The data

demongtrated that PCBP xnh:.bxts Zha .binding of 1251—;..% to

- Toits e tops-on “Liver, in'af concentration
‘ manher (Fig. 395). prfior inéubation of mmb;anés with Pcsp

« dta not thibit theblndxngw_hen 1251-LDL was lubsaquenhly added,
we\ nbe,.

auggesung that the LDL X sites on
<
" blocked ¥ PCBP, although some PCBP _was bound tc the membra?n s

(Ng. 40a and b). Usidg- Sephucryl s~ 400 gel fxltration

: r ¢ it vas atad that 1257-pcee co-eluted

= = wlth' LDL in the pralancg of ca2+ (Fig. 41b). A Ca2+ dapendent-

‘. binding of LDL :o pcee unmobililed Sepharose was also

. . ) * demonstrated inthapter 5. Eurthermore this bLndmgqtlZSx PCBP
. to'LDL was also demonstrable in the LDL-receptor assay

(Fig’.‘nz). . Incubation qf incrensing amounts -of 1251- PcBP

»
\ with LoL. prognu:.vuy increased LDL-PCBP complex seerstion

in the wupernaune fﬁom t.he assays (Fig. 42) From t;.heaa




‘0f inhibiting Lng._,recepccr Lntetact ons.

mediated uptake of lipoproteins.

results it is reasonable :b‘ccnclude that the inhibition of

the binding of LDL to the receptors on liver membranes by

" PCBP resulted fram a Eluxd phase xnteractxon between LD

PCBP and not due to any binding to receftor sites by PCBE.

Pzekus work by Goldstein et al, (69,190) has shown that

‘heparin and other sugfated glycosaminpglycahs that -bind to
i -

LDL inhibit “the ‘bindind of "1251:LDL to its receptors® on
nomal fiproblapts. In addition, Brown et al. '(191) have
shown that certaid posxt_ivel.y char?Aiiu—acexns are capable

-It was suggested

that these pfoteins’ inhibit the “inding by binding-either to
the..recgptbrs oF,- o an adjacent site. This is in contrast

to the mechamsm of :.nmsition by PCBP which probably invclves

the binding of LDL to PCBP. ‘The “same authors also found
N . s

that several g1ycoprotems aid not inHibit the'binding which
giues further credance to the lnhib).txon by PCBP which is a

‘glycoprotein.

In cunclus'i‘on. ‘the ptesent obaervat,ons support a

nqtlon that an Lnt_q:actlon o: PCBP with lipoproteirﬁ— in

vivo, could have ‘Important xmplxcations on the receptor-

i,

oy




. RN Chapter 7

. » o -
S . REMOVAL OF PLASMA VLDL AND LDL'BY PLASMAPHERESIS USING

© Introduction =

Plasma’LDL has been recognized as a primary risk factor

in the development of atheroscleresis. Familial Typer-

- 5 cholestrolemla is an inherited metabollc disorder, characterized
i : Mk et

. by a genetic deficxe‘ncy of functional LDL receptors. Because .
of this deficiency, patients w;&'r this disease are unable to |

clear LDLyby LDL-receptor médiated endocytosis. (reviewed in

Chapter' 1)" and so have several-fold higher plasma LDL levels
compared to normal. These high Jevels of cix:culating LDL

?esult in prematire onsek.of achemgcle:ouc arterial lesions .

B, s often leading to death (22).
oL Several studies have been reported (192 193, 194) that were .
dssigned €5 reduce plasma LDL cholestercl. concentratiéns’ in
-experimental animals and pafients with familiar hyperchol-
15 . esterolemia. These studies involved plasmapheresis and *
extracorporeal removal techniques. Plasmapheresis is typically
performed by shinting the bload from arterial branch between
< the common carotid artery and internal jugular vein, separating—,
‘the blood into & ceu eoncentrate and & plasma fraction by

means of-a selective plasma separator membrane”  The plasma

.-
fraction is passed over an affinity-adsorbeiit column specific

: for LDL, and the LDL-depleted plasma recycled into the cell’

concentrate, and_returned to the animal through ‘the. jugular




'1'77
vein. The a'ffinicy”adsorbents'chac have been utilized are
hepa}in—Sepha:_osé column (192), an€i-LbL Sepharose
immunoadsorbent coluinn (193) and dextran sulfate-cellulose
beads (194). - * .

on i\_;e basis of the ability of Sepharose-PCBP sotiin o
; " ppesifically bimd apo B qéntpining lipoproteins (VLDL and
LDET (Chapter 5) which carry ‘the bulk of plasma' cholesterol” ,
ine humans: and rabbits\the presen;. study was uﬁdertakgn to

evaluate' the extent ta which plasma VLDL anduDL can be

bound by a Sepharose-PCBP column in a plasmapheretic, system “- |

‘Before proceeding to studies in Vivo, experiments |

- were peérformed in vitro to test whether plasma VLDL and’ LDL \ wd

. :
vcan be removed by a Sepharoae-PCBP column. For the experxments

. ip vi vitro, plasma ‘from dizt-induced hyyercholeaterolemxc %

rabbits was used and the e/per;rﬁents in vi

o 'were performed’

in normal and diet-induced hypercliolesterolemic rabbits. :
Diet-induced hypercr_mle‘s.ce:ole;nic' rabbits were wused in .
this study because of the extreme sensitiv;ty of this animal

species to d1e§ary cholesterol. After the initfation uf a

. high cholesterol diet; the plasma cholesterol level rises

more than 10-fold ied by marked in plasma

lipoproteins F39 195). The plasma concentrationa of VLDL,

IDL and LDL rapidly increase (i95) ¥ comparison with normal—-,

s VLDL, in w?uch triglyceride are the predominanf_ I}pld and
apo B is the major protein, ‘the VLDL particles of cholesterol-

fea rabbits contain cholesteryl ester as the major lipid and




dre markedly enrichedsin apo E (39).. The hypercholesterolemic
VLDL are also larger in size than normal VLDL. Because
these VLDL show an abnormal B mobility on electrophoresis,

they are called 8-VLDL.

~ ~
In addition to the occurrence of G-VLDL, another alteration

in the lipoprotein pattern frdiced by cholesterol feed;ng is
‘ the appearance of HDLg, a cholesteryl ester n,v:h hpopmtein

that coptains apo E as the major apoprotein (39). -

Since in rabbits plasma cholestergly levels increase in '

ja’ very short time after the ihitiation of high choleste:ol

‘die€, this_animal modell has been used decernune the,

"7 effectiveness of Sepharose~PCBP olumns to bind VLDL and LDL

.

from h}‘{petcholestétole_lilic plasma. . P,

. \ b

. - . N .
* Ww2. Results 5 ,
A.. Experiments In vitro N -

i. Binding of plasma lipoproteins to Sepharose-PCBP as a
- : — &

function of Ca2* concentration. A i

Studies presented in Chapter 5 had shwn a requikement

of. ca?* in the binding of lip ns :o

P PCBP
-_col.umns. InAordAcr to determine ‘the opu.ma-l awount of ca?+
required to bind 11pcprote‘ins. from hypercholesterolemic

. plasma, the bix\ding was perfoxmed as a funtxon of Caz+
~concentration. Hyperchclestrolamic plasmu (2 n\l.v 29.5 mg_
cholelterol) was ‘applied to Sepharote-PCBP columns (2 ml bed '

volume) in the prqaance of i.ncrsaslng concentrations oi




choline resulted in J.dentl.cal recoverles. Therefore 20 mM EDTA

179 ) o
ca?*.- The bound fraction was eluted by EDTA and analysed

for total cholesterol, VLDL + LUL cholesterol, HDL cholesterol,

‘I:_riglyceride and total px‘}otein content. As shown in Table 16,

the ‘amounts of cholesterdl, ,triglyceride and proteir bound
increased upto a Ca* concentration of 2. sl . (Table 16)
after which’fhe binding remaxned unchanged. The distribm—_ion
Of cholesterol im,VLDL # LDL and HDL suhfrac;tions .is bhown
in Tavle 16.* The results show that >90% of cholesterol
bound td Sepharose-PCBP was’ present as VLDL + LDL cholesterol.

These experiments s};ow‘ that the presence of 2.5 mi ca?t
’is suffxclent for optm\al binding ‘of p].asma L1poproteins by
sepharose PCBPQolumns and that most of the bound cholésterol
was recovered in VLDL + LDL. subfractlons.

Trial experiments had shown that th?em:mn of upcpmcem"»

bound to Sepharose—PCBP wlth ‘either 20 mM EDTA or 100 mM P-

was routinely uséd to elute the bound fractions in, all

experiments.
: 8

plasma was studied-as a f.unction of plasm cholesSrnL
applied, to- determ1ne the capacxty of Sepha ose—PCBP _ for
binding llpoprotem choleaterol. } e

Increasing volumes of hypercholestrolémjc plasma




Effect of Ca2* concentration on the in ro bind g' of plasma lipoproteins to

' ¥

- e Gtk & Table ¥6

Sephdrbse-PCBP

¥ ca2ta., -’ rotalP % of boundS % of bound  Triglyceride Protein
- concentration «cholesterol cholesterol. cholesterol  ‘ in bound inbound
T (mM) s ‘bound (mg) recovered in’ recovered in fragtion fraction
VLDL +.LDL DL (mg) (mgr

0 0.14 98 %" 0.06 0.03
0.30 3.53 97 53 0.50 1.53
V.60 4.40 96 4 0.6 1.61
1.25 5.98 94 6 0.72 . 4, 1.94

4 2.50 , - 6.10 96 4 0.68 2.43
5.00 | * 6.08 , ° 90 10 0.76 2,32
10.0 6.001] 92 59 -8 0.61 2,41

v '

2

— T - g . .
Hypercholesterolemic plasma (2 ml, mg cholesterol) was applied to Sepharose-PCBP
column, (2 ml, bed vo;umé) previously equilibrated‘with 10 mM Tris-\ﬂ.cl buffer (pH
7.5) containing 150 mM NaCl and the indicated concentrations of Ca2+. Prior to
applicatipn on the column, Ca was - also-added to the plashaay’ concentrations
identical to that of the equilibration buffer. The Sepharbse-PCBP columns were
operated at 25°C at a flow rate of'20 ml/h and 0.5 ml fractions were collected.
Lipoproteins bound from the plasma to ‘Sepharose~PCBP weqge eluted by 20 mM EDTA.

Estimations' of totdl cholesterol and triglyceride in' the bound fraction were

performed enzymatically on a Hitachi 705 Random.axis analyser using the Boehringer-

Mannheim automated analysis s_ysteg. Protein content in bound fraction was
estimated following a modified method of Lowry et al. (141).

The amount of VLDL + LDL cholesterol present in the
from the difference between total cholesterol present in the bound fractionéz;d
the amount. of HDL cholésterol in-the shpernatant after Mn2*/heparin precipitafion
©of VLDL + LDL (152) as described in Chapter 2.

bound fraction were calculated -

08T
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(cholesterol concentration, 14.75 mg/m].) were applied to
Sepharose PCBP columns (2 ml bed volume) in the presence of .
2 5 mM Caz" Theé . lipoprotein bouna to the colunns: wie
elutéd by EDTA and the bound fractions, from each experiment
analysed for -total cholesterol, VLDL + LDL <cholesterol, HDL
cholesterol, triglyceride and protein: The amount afl lipoprotein '
bound to Sepharose-BCBP increased up to the application of
29 ng plasma cholesterol, after which binding remained unchanged
suggestihg_ satutation of the column (Table 17). ‘Most (>90%)
of’ the cholesterol bound to Sepharose~PCBP columns was
recovered in VLOL + LDL fractions, thus suggesting that the
colunn mainly binds VLDL + LDL and some (<m%) HBL.  The
maximum capacity of Sepharcse-PCBP cclumns estxmated from
these &xpenments was; 1. 6 mg cholesterol/ml of Sepharose—PCBP.:.

N . ¥ N

111 Reusability. of Sepharose-PCBP columr . ) .
In‘nrder to determine the reusability of Sepharose-PCBP
Eolumns, the following exper'iment\was performed}
Tola Sepharose-PCBP column (2 ml bed volume),
hyp.er;'cholest'ei:olﬁnic plasma l(2 ml, '29.5 mg eholésterol) ‘was

‘applied in the presence of 2.5 mM Ca2*. The'bound lipoprotein

was eluted with EDTA. After elution with EDTA, the column

was equilibrated with several bed volumes of 0.01M Tris-HCl
buffer (pH 7.4), containing 0.154 NaCl and 2.5 #M Ca?* and
hypercholebterolehic plasma applied again. - This experiment

was repeated. 8 times usx.ng the same Sepharose-PCBP column
: . . .




. i h ‘e Table 17 .~

- -
i i
Effect of plasma cholesterol on the in vitro binding of plauma lipoproteins to
' s.ghuon-pcab y “ e
. Amount Gf - - Total $ of bound . . % of bound i
_ .plasma - - cholesterol cholﬁstaxol\' ., cholesterol ' Triglyceride Protein
a . cholesterol ‘bound (mg) x : in éred bound (mg) ..bound *
. applied (mg) )VI.DL 4 LDL . | in HDL . (mg)
. &
2 "+ 0.6 91 8 0.09 0.20
3.5 G 0.57 97 .3 0.11 - 0.24
» T B 1.60 92 . B 0.19 0.84 o
29°; g *6.20 - .90 10 ° g 0.78 To2.610 R
4 * 4 . 1 5.86 96 - Y 0.62 2.21. '

‘

73 T 5.96 94 . .6 ., .68 T 2.8 :

) ‘In order to determine the cagacity of Sepharose-PCBP column to bind lipoprotein
. cholesterol, increasing volume of }'yperchpleltrolemic plasma was applied to Sephuo:e-
PCBP columns (2 ml ,bed volume) in the presence of 2.5 mM Ca2*. The other column .
condx.txons were as d\ggcnbed in thg lfgend to Table 16. The bound lipoprotein fraction
was eluted by 20 mM EDTA. Total cholesterol, VLDL + LDL &nd HDL cholesterol, triglyceride
and. protein .pregent in the bound fracuon were .nthnaté‘d as described in legend to ) =

" Table 16. =

' : 2




and under these conditions, no appreciable loss of lipoprotein
binding capacity of the column was observed, as judged by
the bindingof similar aWounts of protein and total cholesterol

in each experiment. The results suggest that Sepharose-PCBP
x 2 »

can_be regenerated and used for at ‘least eight experiments.

B. In vivo experiments . o . : .

Sepharcse-PCBP ‘co_Lumns were used for faxpe;imental.
plasmapheresis in normal and, h*pe:cholestotolemic rabbitd as
described i Chapter 2. "i-ame! 18 summarizes the results of
four experiments performed[ ¢‘ After each axperxment the

Sephargse-PCBP  column ﬂkemma with EDTA. In each case, |

the bound fractlun showed the ‘presenca off(cholesterol,

trlglycerxﬂe and prm:ein. Fm‘thex‘mm’eF as sho@ln in Table_ 18,
most of. the cholesterol (> 95 %) bound to the Sepharose-PCBP

columns was recovered in the VLDL + LDL fraction and the rest

.in the HDL frjction. The amount of cholesterol bound to

Sepharose-PCBP ranged from 0.223 to 7.7% of the total plasma .
cholestbrol. As shown in Tdble 18, the amount of cholesterol

. ‘ 2
bound was propo‘rtiunal to the bed volume of the Sepharose-PCBP

columns used.

S . » o - o
In one expuriment (arumal number 4), the specificity oE
the cclumn was evaluated by estimating the recgverie‘s of -

albumin and total proteif. The recoveries were calculated

by comparing the pre- and post-plasmapheresis' plasma

concentrations” of albumin and total protein. The post-




Table 18 s

g . - N
. » = o .
Binding of plasm Liy ins to PCBP colums during
* Rabbit Type of Total plasta Bed volure Total 3% of bamnd équmi’!‘nglymn‘h Protein $cftotal*
' nmber, rabbit cholesterol _ segha— “baund btomd  plasm
-(mg/aL) ros8-PCEP - bourd (mg) recovered  recoveréd: (mg) (mg)
N colum inVIDL +  ‘inHDY, bond
L K 3 %
used (ml)- . .
1 rooml  13.8 10 3.8 97 3 0.68 0.9 7.7
> 2 romal | 17.7 10 © 4.2 95 5 0.20 2.21 6.5
1 Hyper 1782 20 11.62 97+ o g J1.42 4.2 0.22
cholestrolemic .
! . #
4 Hyper K’ - R e ;
cholestrolemic 282 4 Y. 21,62 8 2 2.4 14.5%6 3.27
. 3 . A <
i |
For plast ! is studies, an mmntmdxlxﬂ\ﬁedawmlwmardapmmm
ves®constructed.  Blood was withdrawn from the ‘carctid artery of the rabbits and plasta separated from the blood
cells by ing throuh the plasma separator. The plasme was then passed lum (bed volume
as indicated). After passing throuch this colum, plasia’was recarbined with biood cell-rich portion and
into the rabbit through the jugular vein. The was contimously circulated the entire circuitary of
the is system. Lipoproteins bound to; Sepharose-PCEP were eluted with 20 1 EDTA. ‘Total cholesterol,
~ *+ VIEL + IDL and HEL cholesterol, triqucendeaﬁpmtammﬂemmﬁxumwresmawasdscnbsimlegad
- g Table 16, *The total plasm volure of the animal wes calculated as described (196).

-¥8T
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. 2 5 ¢ .
treatment values were corrected for the dfTution during the
] =

experiment. Results®showed that 94 and 92%of albumin and

total protein, respectiv?y, were recovered, thus suggesting

that the PEOE! edure does not cause a significant degree of

non-speci £id4removal of plasma proteins. The small loss, may
' 2z, N

be due to the non-specific binding of fibrin or gammaglobulins

to the surface' of r.he equxpmen&used. Such non-specific ’

binding of these plasma proteins to plasmapheresis devices,
has been reported béfore (194}. although ddsorption of small
amounts of other components of plasma to Sepharose -PCBP

columns cannot be ruled out.

7.3 Discussion . .
Experiments, in vitro and ip vivo, demonstrate that
Sepharose-PCBP columns can retain plasma linoproteins. OFf

pbtential importance is the ob(Nation that the Sepharose-PCBP

columns bind mainly VLDL + LDL-and only some YDL (Table

16,17,18). The VLAL + LDL and HDL fractions in the material
bound to Sepharose-PCBP were separated using the
heparin/manganese precipitation- procedure (152).
’Heparin/manga‘nese‘ reagent specifically precipitates VLDL +
LDL leavirig HDL in the supernatant. A possibility exists
that the HDL. (containing apo E as m?jor a\poprotein) present

in hypertholestrolemic plasma, may bihd to Sepharose-PCBP.
yP > plas 5

. +
HDLg, if présent in the fraction bound to Sepharose~PCBP may

be precipitated by heparin/manganese rea’gent. However,

oo 7 Y { -
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heparin/manganesq concentrations utilised in the present

study have been shown not to precipitate HDL containing apo

E (152). HDL is thought to play an important Tole in plasma

cholesterol :ranspon‘\ and, in contrast to LDL, it seems to
‘protect’againét the progression of atherosclerosis (34).

e -~ .
Therefore, the mir\imal binding of HDL to Sepharose—PCBP

"columns'ob‘served in experiments in vitro and in vivo; is a

desirable property for the potentlal use of such columns to
seleccuely reduce plasma LoL levels. It may be relevant to
durin
Y 9

plasmapheresis treatments has actually beeh suggested to

add that periodic removal of a, small fractiom of HDL

induce an edevation of plasma HDL concentrations (197).

The Sepharose—PCBP columns do not appear to Vsignific"antly
remove any other plasma proteins as suggested by the almost
quapur_anve (>92%) recoveries of albumin and total’ protein.
However, the column capacity \Eor binding cholesterol in vivo
does not appear to be similar to that expgcted fzom studies
in vitro. . From the studies in vitro, the maximum column
capacity was estimated m; be 1.6 mg cholesterol per ml of
gel but the maximum capacxty estimated from the experiments
in vive, is only. o 69 mg cholesterol per §l of gel. In

comparison with the other affidity adsorbents used in the

plasmapheretic lowering of plasma cholesterol, i.e., ant{-LDL ~

Sepharose, heparin—-agarose and dextran celluloge (192,193, 194),

the low capacity of Sepharose-PCBP columns in a plasmaphetetic

system ig an obvious digadvantage. %
4 : !
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One reason for this reduced célumn capacity under-in vivo

" conditions. may be the haemodynamic and hdemodilution factors

involved in plasmapheresis. For proper maintenance of the
iood pressure 38 Bedleh oF the aninal Yhooudh Uie-wipetineits
the grterial withdrawal rate and the ve’nous infusion rate of
e Bimcaware L tatnen st AppEoLng Lo T2 2 Ml/EH ViEHaTawAT

and 5 mi/min infusion. These rates translate into very high

flow rates at which the plasma is Lhromatographed on

Sepharose-PCBP columns.' Ir. is posslble that at such high

flow rates, the Scpharose—PCEP may not function to its

. capacity. TIn the experiments in vitro, the Sepharose-PCBP

columns were operat'ed. at only 20 'ml per hour. J:

Prior to each exper:ment,~the C\.!‘C\ll\‘.Ory of tl\u

‘plasmapheresis .systém was prul\ed 'Q\th lactated Rant.rs
. i

solution which caused as mich as one fold dilution of the
total blood volume. This haemodilution will lower the
plasha contentration of all the components and may result 'in
the [} e'd,uced'bind_ir_xq capacity of Sepharosd-rCOP columns for
vigodeotslns, Further experinmentsiaresrequired ko Investiite
whe Infiuence of thesefictors: on Lhe pesformafice ofF
Sepharose-PCBP colyms in vivo. i

A possible approach that may circumvent the influence of

haemodynamxc and haemodilution factors is to use Seph’aﬁose-(’CﬂP

in .a batchwisé fashion. Such an apprbach has been adoptcd

in the use'.5f heparin-agarose for: the removal of plasma_

cholesterol (192). In these studies, blood from patients was
QT 8 i
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withdrawn into blood trans£fusion bags containing heparin-agarose

and ca2*.’ During the withdrawal of blood, the blood bag was

.mixed by gentlé agitation and uhder these conditions both

VLDL and LpL were complexed with heparin- agarose. The

Tblood, deficient of some VLDL and LDL was reinfused into.the

patients. The simplx.cicy of thig procedure makes it possible &
to at;emp't similar studies with sepharose—Posif. ’

In the present experiments PCBP was immobilised fom
Sepharose at a concentration of 1 mg/ml. The possibility
’e'xisr.s that i.ncr’easipg the’conéentratipn of immobilised PCBP
may increase its lipoprotein bxnd;n!‘capacny.

. In the present. experiment it is” likely that Both VLDL
(also’ B-VLDL.in case of" hypercholescrclemic rabbits) » and
LDL are Bound by Sepharose-PCBP columns .. ‘Although ene”
‘binding of VLDL:is not und.esiramé, this bmamg may be at

the expense of LDL r_herefore reduced amounts of Lok may

be removed. In a_ddxciun in the. experiments with

hypercholesterolemic rabbits the presence of large quantities
. of apouE rich 'B—VLDL mMay reduce the‘amount'of LDL bound to
Sepharose-PCBP. ot '

In their studies wich anti LDL—Sepharose, Stoffel and
D’emanc (193) have "used plasma aeparator filters. to rémove
exclusively LDL from the plaema and not ‘VLDL. 'These plasma
separater filters:.retain e large, sized plasma components
(vw >.2,Q00,000) inc1daing Vi, but‘both LDL and HDL completely

pass through thése membranes. By hing a -combination of these
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plasma separator filters and the anti-LDL-Sepharose columns
in the plasmapheretic system, exclusive removal of LDL !z(;m
tHs ‘plaswssvas, achleveds The vee SF JEucH DEeEs separator
- filters may improve the LDL binding capacity of the

Sepharose-PCBP columns.

A

The main aim of this study wi

to test the ability of
Sepharose-PCBP columns to bind VLDL ¢ LDL in a pTasmapheretic
system.' In this respect the pilot study has been successful

and generated new ideas to improve the per:omance of the

calumns. However, the selectxvuy of thi- column must be
rigourously tested and' its capacity meroved before the
feasabxlxty of use in clinical trialsis can.xae:ed, 1t m;y
be zelevanc to ada here that the dth"ar affinity adsorbents’
-used for lowering g];afma LDL, levels, have some demerits.
For instance, the procedure which utilizes the anti-LDL-Sepharose
columns involves, raising monospecific antibodies against LDL,
isolation of the antibodies using an appropriate affimity
column and then coupling the antibody to a Sepharose. These
are time consuming and expensive procedures, requiring a
great deal of expertise 'and’manipu}a,nens. Potential problems

-also exist with the age of hepargn-Sepharaue since numerous

) important plasma proteins are known to have high afunuy to

immobilized heparin, e. g.,several thportant components of

the coagulation cascade, iipoprot_eln lipase, and component.s'

of complan\ene system (198). sLmLuny the use of dextrnn

sulfate cellulose haa a potential problem considering the

~
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known effects of high molecular weight.dextrans to SherekeE
precipitation of fibrinogen as well as cause aggregation of
élatelats. It is passibl‘e that Sepharose-PCBP may have yet
unidentified advantages over the above mentioned affinity
adsorbents. The results obtained from these pilot studies .

should provide the 4mpetus for further work in this diréction.
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Chapter 8
PERSPECTIVE AND FUTURE DIRECTIDNS
The major purpose of this thesis was to unders:and the
molecular basis of interactions between PCBP and phospholipids
and upopzo:en;s. It was reasonable to expect that insights
into the mechanisms of interaction may provide clues i w5
the function of this protein. Efforts in this direction’
were made by utilizing condit)}ons’of limited complexity. ’It
is likely that under isolated conditions it may be easief to
define the properties of PCEP, because of markedly decreased
complexity: Once a.link with functional capability is
identified it would ‘probably be easier. to' deal 'with the
. additional complexitiés of systems in vivo. This abpzoach
necessxtated the use of model systems and studies J.n vitto.
However, fxuc‘h &n approach .does permit diecuse{gns and
speculations on the potential implications that m'a.y arige”

“from the new information unravelled. '

‘8.1. Possible_.imgiicatior;s of PCBP-lipoprctein interactions

The results’ presented in Chapter 3 show a striking
/difference ih the resctivifies of glycosylated BGBP and FP'
and the two non-;;ﬂxycosylat-ed CRP (human and rabbit) tov;uirda
heparin-lipoprotein interactions. The preservation of
phosphorylcholine-binding property .in all® these’ prctelna
suggest that it may be alngly important in their biological

function(s) of th’a.sé proteins. However, .the results presented
i
& .
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in Chapter 3 show that the presence of sialic acid residues

cgnfer: an additional ability ie. to innibit the heparin-

Lipop;ocein interactions. It is tempting to speculate that

this inhibitory property of PCBP and FP may have a' functiopal

. role in the rat and Syrian golden hamster species.

It Has been proposed that an injury to the outer endothelial’

cell lining of the arteries may ex}mae the'underlying glycosyl-
amlnoglycans (presem: as proteoglycans) » and lead to complexing
of plasma VLDL and’ LDL with thé glycosaminoglycans (63) As
revxewed in Chapter 1 of t}us thesisy- ionic blndan is' the

\
WSHE, JIRELY HeenanLsn By which plasia upop:oteinsxcm- be

o . > » . &
selectively retained by the subendothelial glycosaminoglycans. '

This \Lnitial entrapment of VLDL-and LDL wl.thln the vascular
endothelxum is postulated to be One of the méchanlsms assocx.;t’ed
with, the process' of lipid ‘accumulation in the arteries.

It is conceivable, . therefore.‘ that the presence of E'CBP
or FP may lead to dinhibition of" interactiqn bet.ween plasma

_lipoproteins and arterial glycosaminoglycans. Thus the.

‘presence of glycosylated phosphorylchomne binding protems
in r.he cucul;twn may have a prctective role in the deposition
of lipoproteins in the artery.

If.this line of reasonbng is ‘extended further, 'tl‘ie
failure of non-glycosylacea human or rabbit CRP to inhibit
Reparin-lipopiotein interactions raises the question.of
-whether this inability may havé any pathdgenetic significance.

“The results presented in Fig.'13 and 15 show .that CRP actually

I

|

o
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promotes heparin-lipoprotein interactions. One may therefore
sug\g;st‘th'atv.the. praseies ofEED me w o10s of mersElal

:‘ l endothelial damage, might facilitate the inmobilization of
LI VLDL /LDL by glycosamnoglycans. - , 1
In this regard it is,0f interest that recent results of
Reynolds and Vanc§<(199) have shown the presence of CRP in
R human atherosclerotic aorta by immunchistochemical techniques. .
h o The pattern oE CRP localization was found to be sxmllnr to

! that of app s. These findings were .interpreted to sugoest

ap migravating role of CRE: in the depositiqn of lipids in

‘the artery. -

.. . Thus the contrasting behaviour of BCBP (and FP), and CRP

towards heparin-lipoprotein interdctions may bear some

v - relatxons‘hlp to the observafion t'hat thg rat and hamster :

spec;es are resistant to the lipid deposit:lon in the arteries )

? (200,201), whereas, humans and rabbits are sus-_ceptible to, )
such dépositicn (22,201). " In case of Syrian hanster species,
given the 100- fold sex difference 'in serum FP ‘lavels, one
may expect a correspondxng sex'difference in lipid deposition.
This question remains unanswered at pre?ent and complicate(d 58

. N . by extensive amyloidosis and ~ear1y"¢em1;e 'of female hamsters, .

\t bothysex limdted phenomena, which are possibly related to high

FP serum levels (202). $

-~ " fHowever the suggéétlA of a role for these proteins in

arterial 1ipid deposition ‘Yust' be supported by further:

investigation. This becomes especially important in view of




194 : B
the fact that heparin-lipoprotein interactions were not
. % N "

performed with physiological ionic strength and Ca2*

concentrations, although it is generally recognized that
L -

atherosclerosis is associated with increased depqpition of
calciun $n the arterial wall (203). Further undbrstanding of . .
o _  the molecular mechanism of ligoprotein-glycosaminoglycan and
a roje of phosphorylcholine binding proteins in this process
may redfal some insights into the mechanism of lipid deposition
in the arteries. The Syn.an hamster model could be explolted

‘to study. the mechanism of upm deposition after modulating

the levels of FP by jate hormonal tr

Another potential consequént

. * g
of the inhibition of ———

¥ heparin-Lipoprotein precipitation. by PEBP and FP invelves
preeip

the enzyme hpoprotein llpase. ‘This enzyme whxch hydrolyses

triglyceride rich llpoptotelns occurs on the surface of

endothelial cells lxnlng capillary ‘beds and is known to be
5 EQ . o

associated with heparu%(h je strictures that ame present on
e 3 s e

w : £ -
the surface of these c (204). It has been suggeste that‘

the interaction of triglyceride-rich lipoproteins wifth the

heparin structufés might serve -to anchor the lipoprotein

particles to the cdpillary wall, thus allowihg the enzyme

access ko hydrolyse the triglyceride core (204). .Both afo B

* and apo E.present in triglyceride-rich lipoproteins could be

& . . .involved in the anchoring process.  In light of the ability

= . o . :
.~of PCBP and FP to ihhibit heparin-lipoprotein interactions .

it segms reasonable to speculate’ that PCBP and FP may affect
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the lipolytic action.of lipoprotein lipase.” ~

The most interesting revelation that’ emerged from this

thesis was the selective interaction of Lipoproseins containing
apo B and apo E with PCBP immobilized on Sepharose as
demanstrated imr Chapter *5 'heé/vxewed in the overall
"\ " conteft 9 llpoproteln metaéz;m, several\,unctional roles’
may femerge from th& selective interaction of PCBP with
Lipoproteins containing apo B and apo E. Theoretically, the
' binding of PCBP sto the surface of lipoproteins may lead to
an alteration in the accessibility of the lipoproteins to Y _'
I various enzymes and transfer Proteins thEE participata in

lipoprotein metabolism. Such an alteration would e expected’ -

to have a profound effect on the structural remodel]ping that ¢ b

results. from the action of the enzymes and transfer proteins
“since the structural remodelling of lipoproteins is an -
integral ccmponent of their metak{ollsm, PCBP could indirectly
hay,e an eff_ect on the met,abnnsm of Lipopror.ems.

In addition, the binding Gf PCBP to lipoproteins ;E

: .
. vivomay infMuence the receptor-mediated uptake of 1ipoprqtains.

ST . .
’ The results presented in Chapter 7 support the contehtion that

fluid-phase interactions between LDL and PCBP may inhibit the ',

. binding' of LDL to LDL receptors. In order to postulate a_
iy role for PEBP in the 5mcess of ‘receptor-mediated uptake of

5.5 upopmce;ns in vivo certain unique Eea:uxes of 1ipid tranuporc i

B in' rat should be borne in min'a. "For insmnce, relatively

- little LDL is found in the plasma of rats compared to humans,
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while most plasma chof¥sterol is carried in $DL (39,47).
Furthermore, in'contrast to humar‘HDL, rat HDL contains
n.gm.fl.cant amoun€s of apo E (39). In view of .the low
ccncenf,rauon of LDL in rat plasma, it has been proposed
that HDL that con\:ain apo B'may be a major vehicle for
transport ©of cholesterol to cells containing LDL receptors

(205 206). This role is normally fulfilled by LDL in humans.

‘It is believed that the presence of high amounts  of apo E-

rich HDL in at plagma makes it an efféctive substitute for
LDL in this specles (205): b g T

COnsidsring these observations if pzoper perspective,.
i€ :vould%ppear that apo s:-nch HDL is an attractive candidate’
for interaction with PCBP in rats..'It ds likely that pesp-*

apo E rich HDL inf.ergcucne would bs favm—ed by the ptesenca

" of large amounts of apo E-rich HDL. The posslbxlxty of

interaction between PCBP and apo E-containing HDL is in
'

accord with the results yres_ented- on Chapter 5 which shows
- .

that a subfraction of HDL that contained ap6 E bound avidly
to PCBP immobilized -on Sepl;aro?e. In adfition, preliminary
results indicate significant binding of ratl HDL to Sepharose-
pcBP (211). ) )

What are the tonsequences of accepting that an interaction

PCBP and i tein ih vivo does lead to inhibition

Oof the: LDL,receptor-mediated uptake? It wdould suggest that

PCBP. has function relating to the modulation of- transport

ana distribution of cholesterol to various tissues.
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HoWever in view of the total lack of know.).edé,é ‘regarding
— interactipns bétween PCBP and !:ipoprot.eins in M these
propositions can only be regarded as s;:ecuuuve. The potential
implications of interactions between PCBP and lipoproteins
do warrant further inquiries alongy 'these lines. A good
. _starting point in pursuing this proposal would be to isolate
PCBP-lipoprotein compléxes (if any) circufating in the

/ )
plasma and perform physizo-chemical characterization of

L] these complexeg. % &

The present studies have also brought to _l.ighr_ certain

o \binding propertles of Sephar_cse—PCE? -which may prove ‘to be
‘useful in further unfierstanding the metabolism of VLDL and HDL
The results prgsexl::ed Tin Chapt‘ex.; 5, show the sepdration

of VLDL into’two fractions (unbound and bound) by means of
chromatography on Sei:.)larose—PCBP column. The bound fraction
was enriched in apo B and, apo E compared to the unbound

fraction. ~Similarly, application of HDL. 8 Sepharose-PCBP,

also’resultéd in tyo fraStions, where the bound %‘sumn of s .y

HDL contained all the apo E and Lp(a) appned-'

- A nu‘mber of earlier studies have _utilised various
techniques to isolate VLDL and HDL subfractions with varying
apbp?k:em content (38, 59,172,207, 208).. These tqchniquea involve
ultracentrifugatlon followed 'by Geon-Pevikon block
electrophoresis. In .applying these techniques .investigators

- have used the physical properties of the lipoproteins. In’

P L~ ) i B
\ addition ;repeated ultracentrifugation cauaes.aign&'ﬂca.nt ]




losses of apoproteins, espedially-apo E, from lipoproteins
(38,209). Apo E-enriched supfractions of HDL have also been
obtained by heparin/manganese precipitation (70). However,
this precedure involves precipitation, washing, resolubilibation,
and dialysis of the lipoproteins and may result in t‘he
dissociation of apoprQegns (210). Heparin-Sepharose affinity
chromatogPaphy has-been used to separate VLDL and HDL
subfractions that differ in their ability'to bind in vitro
with LDL ‘receptors (172,207). 'Fhe basis for the separatlon
-on heparin-Sepharoge is the affxm.cy for heparj.n towards apo
B and apo E (56). 1In this regard one important difference
‘betweei PCBP binding and heparin “binding Wedds to be poinéed‘
aft i.‘e., Whereas the neutralization of positive shacges o
oth the lysine or the argznine residues abolishes-the
ability of upopmteins to xnteract with heparin (56), only
modxficatlon of argxnxne 'residues affects e binding of LDL
to Sepharose-PCBP.‘ Therefore, the nature of interaction
* between 1ipoproteins and heparin appears different from that
of, PCBP-lipop:otein'1’nteractions. On the basis c;f the
casults obtainsd in ‘Chapter 5, it seems possible that
subfractionftion of VLDL and HDL by Sepharose~PCBP chromatogtaphy
may provide an alternate approach to the ‘abovermentioned
methods. Further studies may be per‘fo_r_med to test the
ability of the subfractions to interact with LDL receptors
on cultured bells. Based on the in:reased content: cf apo. B

"and apo E in thg "bound fracc:.cns..xt is probable chat they

v
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ma‘y bind better to th_e LDL/rev\ep:orS cowpared to the unbound
fractions. If indeed this hypothesis is true, subfractionation
by Sepharose-PCBP chromatog;aphy may prove to be'a useful
method to separate and quanucate receptcr active and inactive

fractiols of VLOL and HuL.

8.2, Relationship of "PCBP with CRP
While it was not the purpose of this study to establish
the relationship Of PCBP with CRP, ‘evaluation uf its possible
relationship may help identify the function of these proteins.
i The functions of Pentraxins are ‘pco.rl.y understood.
Several biological activities in vitre (revigwed fn' Chapter
1) have 'een described that are consistent with a role in host
defence during injury and inflammation. The indf¥tion of
CRP by inflammation and injury .further supports the concept
_of a role in host defence yduring tissue damage 'and repair.

By the sa;ne token, ::he presence of CRP in .the normal state may

be a disadfantage and therefore the protein is pot produced.
Failure of CRP to inhibit glycosaminoglycan-lipoprotein

2 interactions in the arteries could-be one such disadvantage.
on the other hand, PCBE is present in large amounts in
normal st’af‘.e and the current studies show only moderate
induction by’ inflammation (Chapter 3). These t)lbservations
may be interpreted to suggest that unlike CRP, BCBP may have
a 'definite‘ “ole in normal daiiy physioloyical précesses ‘in

v the rats. A reactivity with plasma lipoproteins.and modulation
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of their metabolism may be one“Such role. ) /

The results pré®ented in this thesis also show that
PCBP exhibits similarities with human CRP in its ability to
“bind to phosphatidylcholtne containing liposomes as well as
plasma npopro:ems. However as_‘discussed abdWe a major
difference exists between BCBP and CRP with pespect to their
effedts on heparin-l_ipoprctéin preéipitatien reaction. :

hased on these considerations it appears reasonable to
speculate that, evem though both the proteins may belong to
the same family, there could be fanctional différences and
div'e% ies betwéen PCBP and CRP: '

A similar argument may be put forward based on the
evolution Of PCBP and CRP. In terms of-evolution it is
possible that both PCBP and CRP may have descended from a
common ancestral gene... During the course of.evolution there
tould have been some divergence in the original gene giving
rise to divergence in the protein products. Conservation of
the phosphorylcholine: binding domain may permit the retention |
of phosphorylcholine binding property, while a divergence in

other domains pf the protein may result in glycosylation and

differentjal patterns of”expression during normal .and acute

N

phase statein‘ B

The gl’ycosyxats"on and expressjon during the normal
state of the animdl may confer additional diverse functions
upon PCBP, ir; comparison to ‘CRP. ‘Fur}'_};ér accumulation of

ihformatioh. on amino acid sequence, 'gene structure and the

v e Ve
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functions of these proteins will permit a more comprehensive
analysis-of the relationship betweem PCBP and ‘CRP. . -

*  In summary the results presented in this thesis reveal
the ability ofi BCRP to intersact with phosphatidylcheiine
cencaining Liposaies dna Humen PLAsHS NIPOPECTe s CoRERIHIIY
apo B and apo E. These intéractions require the presence of
ca2* and are probably mediated by a phosphorylcholine binding
site on PCBP. The sialic’acid r.esidpesicr;' PCBP appear not Ec';
e directly involved in the binding of plasma Lipoproteins.
However the sialic acid reszdues on PCBP are necessary to
express its inhibitory effect on heparin-lipoprofein
precipitation reaction. The arginine residues on apo B are
directly involved .in the interaction of LDL with PCBF. ot
partlcular interest is the demonstratlon 1l’| vn:ro that the
binding of PCBR-to LDL inhibits’ the LDL-LDL- receptor
interactions. This observation nay have functional igplications

in vivo.’
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