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o dld not broaden the AN(CH

T - ABSTRACT

The hature of the interactionsAbetween
: ' i
prothrombln,'Ca and phOSphOllpldS has been 1nvest1gated ,

‘by nuclear magnetlc resonance spectroscopy (NMR) . Mixtures -
: /

of cytochrome ¢ and. phosphollplds were also examined for |
comparatlve purposes "‘,i - .”'-" d:"_~ ' s

The NMR spectra of mlxtures of - phosphatldyl

chollne (pC)- and phosphatldyl serine (PS) contalnlng O% to
80% PS were obtalned With mlxtures'contalnin§\40% or more

;PS the -CH2— resonance was Spllt 1nto two components and

the -CH3 resonance 1nto three. In both cases, the relaE&ve
~1nten51ty of the upﬁ&eld component 1ncreased w1th hlgher'
/ PS values ThlS was 1nterpreted as a phase separatlon ‘

}1nto a mlxeo PS PC phase, produc1ng the downfleld component,
. R .
and a PSfrlCh phase, produc1ng the‘uprleld(component,

++ \
Addltion of cytochrome c or Ca to pure PC
= , » JEEESIEE

3)3, —CH2- or‘--CH3 51gnals.f N

For mlxtures of quwlth 20%,'40%, 60% and 80% PSS, &ytochrome Yol

_increased'the Fﬁ(CH~' llnew1dth and decreased the 1ntens1ty

of the downfleld components of the -CHZ— and —CH resonances.uf

3

*The addltlon of Ca++ was more effectlve than cytochrome c
.‘both in broadenlng theA-N(CH ) resonance and 1n decrea51n§
the doanleld components of the —CH2— and —CH3
.“ The additlon of prothrombln to phOSphOllpld—Ca++ mlxtures

'Aproduced llttle further change in the NMR SPectra. Thls Tyif

supported a model whereby prothrombln and phosphollpld

E

e

"\|,

<

51gnals.;].?ﬁ’h
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1nteract prlnéapally through Ca chelation S o jn'f

\.\\ i

Attempts to repeat these experlments W1th another
preparatlon of PS dld not result in the spllttlng of the |

’_-CHZ- -and —CH3 resonances., Several posalble eXplanatlons 7

~ for this dlscrepancy between one preparatlon and another.”'v,*,

_'were'con51dered These 1ncluded dlfferences %n fatty ac;d

comp051t10n, amounts of aUtOdeatlon PrO@ﬂﬂﬁkpresent purlty:? 
as JUdged by thin- layer Chromatogfaphy. extent Sf degradatlonggf
during eonlcatlon, efflClency of cavltatlon ‘and- the effect '7gt
-of paramagnetec ions :No comg&etely_satlsfactory’anSWe; f'~f{v§

“

_was found; Dlecrepancies in-the literature are- discussed. -

S e
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CHAPTER I °

|
INTRODUCTION.

Glycerophosphollpﬂds are a class of compounds

hav1ng the general structure

N
\ o  CH=~0~C-R

i P2 B
R2 C—O-~C-H ‘
cnzno—ﬁ—oa}z3
o° '

'where_Rl-and R_ are hydrocarbon
chains - 2 ~ '

They are structurally derived' from phosphatidic aoid

the simpiest member of the family, where R_ is hydrogen

. 3
>Our own work has fooussed on two phosphollpld cl&sses,
1,2~ dlacyl sn—glycero 3—phosphoryl choline (phosphatldyl
‘chollne) and l 2—d”9yl—sn—glycero—3—phosphoryl serlneb i
(phosphatldyl serlne), 1solated respectlvely from e9g”
yolk and beef braln.v Eachrcontalns a characterlstlc
spectrum Of fatty a01ds (Klenk and Bohm 1951 Hawke 1959
.Hanahanvggf_lL 1960,-Srlyer gg_al;_l963, Graham anduLea,ﬂ

At neutral PH, phosphat1dy1 chollne and’

phOSphatldyl serlne have the follow1ng respectlve charqe

structures U
| 01'>'OCH - CH x?(cH) L %
: (I)e | I 3
o C - O-—P-O—CHZ-— H



N .

l?§) The two hydrocarbon chains of phOspholipids
~ can be §%ﬁdﬁ§§d parallel togeach other while the polar
group lies on the OppOSlte slde ‘of the glycerol m01ety..

This separatlon of polar and ‘non polar entltles ;s
INE

reflected 1n:strongly amphlpathrc behaviour. Thus;%in_
chloroform, aboue the critical’micellar’concentratioh |

(ll.l mg/ml at 24°C), dlpalmltoyl PC forms mlcelles,

each composed of three molecules 1ntra-molecularly hydrogen-
- bonded through theé polar reglon (Haque»et al. 1972) Three-
membered mlcelles are also formed in methanol whale in
benzene, the mlcelles are larger, w1th 73 molecules/é////

25°C (Elworthy’and McIntosh 1961)

APhQ_EhOllpldS ln water .. S o } S

When dlspersed in water by 'shaking, phOSphOllpldS
form’more extenslve structures (Bangham 1963'~Bangham.l968)
Over a w1de .range of llpld concentratlon in water,_a smectic
: llquld crystalllne phase 1s:present. - In the case of
phosphatldyl chdiines, thls con31sts of repeatlng
concentrlc4F1molecu1ar lamellae of llpld molecules
'separated by water, as shown_in'flgure l.

o )
VBovine brain?PS shaken 1n water, forms a

varlety of structures dependent on the 1on1c strength of
_the medlum _ Th1s is presumably due to the electrostatlc:
‘repu1s1on of: the charged polar reglon (Hauser and Phllllps

1973, Atklnson et al 1974) } ._a: l”f"ﬁf
b L o



SONICATED - _ .. s '_.*_'t_:*;;_f:;“_j:_’flf;‘;;e_ W_Ell N=
LIPOSOME VESICLE == =
(single bi]ayer)

. BILAYER STRUCTURE

Flgure l

Schematlc representatlon of phosphollpld structures
formea‘ln an aqueous environment.

Solid 01rcles
represent polar: groups of the phosphollplds whlle
t21g—zag llnes represent the hydrocarbon chalns‘

\V..
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Thes nature of the hydrocarbon chains also

' o : o 8 o
" influences the structures.. At afcritical temperature,

~the transition\temperature, chains undergo a phase change

from'the gel to the liquid—crystalline state. " The
tran51tlon temperature and the entropy change both

decrease from dlbehenoyl (C22) phosphatldyl chollne to the

dimyristoyl (C ) analogue (Chapman et al. l967 Phllllps

‘et al. 1969)- Slmllarly, the transxtlon temperature of

unsaturated PC is lower than that of saturated PC |

(Ladbrooke et al. 1968) —ray studles have shown>that
unsaturated phOSDhOllpldS occupy a’ larger surface area
per molecule ‘than saturated ones. These 1atter assume

‘a more rlgld conflguratlon (Engelman 1971)

Sonlcatlon

DlSpersed phosphollplds in water glve rlse to
a very broad NMR 51gnal, approx1mately 500 cycles w1de f

(Chapman et al. 1968) at 60 MHz,*although chemlcally
RS

3

'Shlfted 51gnals can be observed at 220 MHz (Flner 1972)

It 1s, however, poss1ble to obtaln a’ hlgh resolutlon
spectrum if the phOSPhOllpld is sonlcated Ultrasonlcatlon.ii'
produces cav1tatlon of gases dlssolvedsén the suspendlng. <
llquld (Hughes and’Nyborg l962) : The turbld phOSphOllpld

suspen51on beCOmes opalescent or clear, 1nd1cat1ng a

T

breakdown of partlcle 31zes. ThlS 1s conflrmed by llght

- scatterlng (Attwood and Saunders 1965) and electron

mlcrosc0py (Chapman et al 1968) ’;il"“"

",\ "c
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On the basis. of electron mlcr08cope measurements,

Saunders (1966) suggested that sonlcatlon_expelled.waterA .
\and foldedrthe fragments into rolled-up laminae as in—

"Swiss-rolls" 'Johnson et al. (1971) demonstrated that
“these plctures were due o artlfacts of the drylng process
and" that in fact 51ngle bllayer spherlcal llposomes were
formed. . A dlameter of 240 + 8~A was 1ndlcated by thelr
ultracentrlfuge dlffu51on experlments for 96% egg PC:

% phosphatldlc ac1d | Huang (1969) found that two
fractlons, separable by Sepharose 4B. chromatography, were'
always produced by sonlcatlon of egg PC.. One con51sted
\of large aggregates and tﬁe other of a homogeneous .1»

;populatlon of small ve51cles These latter partlcles were'
examlned by a number of technlques .and the partlcle .
r,dlameters found to be 280 * 10 A by molecular 51eve
chromatography, 250 f 20 A by freeze-etch electron

1m1croscopy, 300 -+ 30 A by negatlve sta%h electron mxcros-,“h

'copy, 200 to 306 A from partlcle welght, X-ray data o

t; and geometrlcal conSLderatlons, and 228 f 5 A by

'ultracegtrlfuge dlffu91on .r“lnh‘li{7ii;c¥;.T?,ff,'ffi.l

| Sonlcatlon of PS also ieads to the formatlon
Of'slngle bllayer ve51cles. These are smaller than thosé,i'
of PC 62 to 125 A as estlmated from SepharOSe 4B
chromatography and 80 to lOO A from llght scatterlng
eXperlments (Hauser and Phllllps 1973, Atklnson et al 1674);

Consequently, PS Ve51cles have a hlgher gurvature. ;.

.



| 3 oy |
-ray studies by Chapman et al (1968) have

shown that the bllayer repeat spac1ng of 66 A is still - A

l

present after sonlcatlon ESR bydrophoblc probe studles i

have also confirmed the retentlon of the bllayer structure

(Finer et al. 1972)

Hauser (l97l)jahd<ﬁauser and Irons (l972)'pointed

‘out that ultrasonlcatlon may result in- ox1datlon of double

Vbonds or the cleavage of covalent bonds.‘ In. the1 ,1nvest—
'1gatlon, ox1datlon was av01ded by malntalnlng th_ sample S
'under nltrogen and in an lce bath durlng sonlcatlon

L

i There was, never%heless, some degradatlon oq the PC to
'ilysolec1th1n (3.5 % by welght after hlgh 1nten51ty S
1'treatment for. 20 mlnutes and no 1ncrease subsequently),
'hfatty ac1ds, ChOllne, glycerylphosphoryl chollne and .

' phosphorylchollne (&1near 1ncrease in amounts w1th tlme o
fof sonlcatlon) : At lower 1nten51t1es,,no degradatlon _.-‘

. was - observed before 40 mlnutes.. They reported that

Qsonlcatlon of pure PC glves a dlstrlbutlon of ve51cle,';:'

‘_31zes and that the ves1cles tend to aggregate. However,, Lo

'the addltlon of lysoleC1th1n stablllzed the prepafatlon R

"hand rendered 1t homogeneous W1th respect to 51ze

t

'fﬁ)yf In contrast Huang and Charlton (1972) were‘f,f b

nfunable to detect any degradatlon even after tWO an@!aq”“'b
bfhalf hours of sonlcatlon.y They also malntalnedrthe'f.

.;;sample at- 2 C under’nltrogen and found,that the $§ﬁicét¢de_ﬁ
;1ve51cles were qot homqgeneouS.jt.zji S S



-] -

. Marsh et a1'~(1972) have partially separated"

‘large lncompletely fragmented materlal from small ves1cles'

-

produced durlng sonlcatlon by Sepharose 4B chromatography

\

.These ve51cles were shown by negatlve staln electron

i ultracentrlfugatlon, the ves1cle fractlon was judged to,

‘ mlcroscopy to be composed of 31ngle bllayers Byt

be homogeneous but the measurement of the spln probe

oA

‘-order parameter u51ng a n1trox1de derlvatlve of . 5-ketc

stearic acid 1ncorporated»1nto'the VeSlC1eS showed that.

.

'_the 1atter are not homogeneous because of contamlnatlon
.*by the 1arge aggregates. The hydrocarbon reglons of the

“l}ves1cles were sllghtly more fluld than those of the large

"

aggregates. They concluded that though the effect of

z_sonlcatlon is malnly at a macroscoplc rather yhan mlCrOSCQplC

a

‘ilevel there is some dlfference in molecular packlng

Hauser and Irons (1972) argued for no change e

R

tln the hydrocarbon chaln packlng s1nce the electron spln S

1"'correlat10n tlme of a n1trox1de derlvatlve of methyl

_oleate 1ncorporated 1nto PC bllayers remalned unchanged
'_after sonlcatlon.. Us1ng a nltroxlde derlvatlve of a |
if-substltuted plperldone, Barratt et al (1969) had‘also

:~;observed no ESR spectral dlfferences before and after

PR

'*SOnlcatlon Sheetz and Chan (1972) are conv1nced that *-hh:ﬁ”’
:h_the 51mple geometry of the small ve51cles|w1th thelr
. ot
“fgreater curvature dlctates an altered packlng. Thelr

'sfdllatometry measurements showed xhe apparent molal g

B ST



X ”
1

volume of>dipalmitoy1 phosphatidyl cgélihe.to be‘larger L
in vesicgles thah{in bilayers below the‘transitiOn . |
»'temperature; : However, above_the transition.temperature,l
~the gpparent molal volumes are identicaldwithin eXperimentalv

»

error.

>

¥ - .Finer et al. (1972) followed the progress of

HsbAlcatlon by analytlcal gel flltratlon of the products
xand found the klnetlcs of formatlon of the* vesgtses to;
' be second order. They postulated a. mechanlsm whereby the .
E large structures are broken down to small fragments,
'con51st1ng of a few PC molecules, Wthh then aggregate
to form ves1cles. The growth of the‘small Ve51cle d
peak on: Sepharose 4B chromatography paralleled the_

growth of the hlgh resolutlon NMR 51gnal

_ Nuclear magnetlc resonance ofgphosphollp;ds h*; "~elh 5Q;1
o The orlgln of the hlgh resolutlon spectrum |

A produced by sonlcatlon is a- matter of. controversy and
equires con51deratlon of the p0331ble nuclear relaxatlon_f‘,

.Tlﬁgchanlsms 1nvolved both 1n unsonlcated and sonlcated L
phosphollplds._‘In order to 1nterpret NMR llne broadenlng":r“
or narrowxng 1n terms of decreased or 1ncreased motlon,;?

v\lt is necessary to verlfy tnat thEt)lnew1dth does reflectftpgpjr

dlpole-dlpole 1nteractlons whlch are 1nf1uenced by the }frfpf

closeness of pack&ng of the molecules.-*‘-l " : |

- Relaxatlon mechanlsms are characterlzed by a [ERRE

spln-lattzce or longltudlnal relaxatlon tlme (Tl) and a Z!

s P o
o Spln—spln or transverse relaxatlon tlme (T2) The formerg;:P
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@‘.
is related to‘the distrfbution of'nuclei'between_spink
gtates while the-latter describes the rate of loss of.

coherencevin the x;y plane. We shall con51der here only |

proton relaxatlon mechanlsms unless otherW1se stated.

¢

-9

Penkett et al. (1968) reported the eXlstenCenof"

a 51ngle Tl for all-—CH2- 51gnals of a v1scous PC—water
,mlxture. The llnew1dth was ObserVed to vary llnearly

»w1th the magnetlc field from 40 to 100 MHz and it was

T

argued on thls-ba51s that other relaxatlon mechdnlsms,
.such as. magnetlc anlsotroples,'are operatlve be51des

dlpOle-dlpOle 1nteract10ns. However, chemlcal shlft e

anlsotroples ahd those due to the anlsotroplc motlohg_

RS

“of llplds in 1amellae have too small an effect to.
”account for the results..- ’ | d A
" Kaufman et al (1970) lnvestlgated llplds'
extracted from erythrocytes and deduced the presence of L

"magnetlc fleld gradlents from Calr-Purcell 180 13- 90 4

';pulse results. Molecular dlffu51on through these gradlents

]7-was prOposed as one mechanlsm for a s:mllar anlsotrOplc

~j;?system, dlmethyl dodecylamlne ox1de-— water by Hansen and

n—«\’f o

“hLawson (1970)

Lo On the other hand,‘the fleld 1ndegendgnce of
. V:eff

;“'water from 8 to- 90 MHZ (TlddY 1971) SUggQSted ;ﬁegabove

B of another smectlc system,_sodlum caprylate—d;ganol—- r'h

‘v N

-ﬂ,jlnterpretatlon was 1ncorrect ‘ n addltlon,hnq degendence >}tkﬁ‘ﬂ'

-ffof Teff

.

from 16 to 60 MHz for unsonrcated egg PC (Chan 1971)
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land from 10 to 40 MHz for‘egg PC, dlpalmltoyl PC or
;p tas51um laurate was observed (Oldfleld et al l97l).p‘
"TSESe last workers found dlpolar_echoes from 90 -7 ;-90
:Pulse sequences:and:were-thusvable to state that'thei |
pspln~sp1n rehifatlon is predomlnantly due to dlpolar‘
1nteractlons . They could not reproduce the results of
-Kaufman et al (1970)'_ They'further argued’that the .
pulse’ spaclngs in Hansen and Lawson's (1970) Spln—eChO
.'eXperlments on dlmethyl dodecylamlne ox1de - water '
were too close to the Tgff and that these condltlons «‘;;
could cause a 11ne narrow1ng effect In thelr work
ionly a 31ng1e spfh lattlce relaxatlon tlme was found

’ “ Finer et al (l972a) conf;rmed the dlpolar ff~rb
T_nature of the relaxatlon mechanism by analy21ng a sampler.f“
hhorlented at 54° 44' to the fleld “(the . maglc angle) The
{methylene llnerdthS 1ncreased w1th fleld strengths fromd'r
60 MHz up to 300 MHz. The llnew1dth dependence on’ fleld?‘-

vstrength does not necessarlly 1mply non—dlpolar o

(B ' sl LI

fcontrlbutions because th1s behaV1our corresponds to thatib
'.,observed Wlth SOlld rubber samples where 1t 1s known.bif"/
v;;that the llnewldth orlglnates from the 1ncomplete motlonalj
, haveraglng Of dlpolar 1nteractlons : | r, | : d ' e
f‘-fﬁ t»f, Chan et al (1911) stud1ed the/unsonlcated PC—.. e
.ifwater system by comparlng a’ 220 MHz contlnuous wave .
’ngPeCtrum Wlth a lOO MHz pulse Fourler transform spectrum'

from whlch all T2 tlmes less than 250 us were excluded
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3)3 resonance and —-CH3 resonance signalsf

but only some of the —CH2- resonance 1ntens1ty observed

Most of the ~N (CH

'1n ‘the 220 MHz spectrum appeared in the pulse spectrum 3 d
_ .The dlstrlbutlon of T2 tlmes 1nd1cated that molecular motlon‘
cis greatest at the ends of the molecule The observatlon

of a. s1ngle Tl time for all protons was taken to mean that-':
relaxatlon pccurs by - spln diffusion through eff1c1ent

Spln spln coupllng to heat s1nks effectlvely coupled to
A.the;Tattrcef‘mChan et al (19713 judged that only the
'termTha1 methyl‘of the hydrocarbon chaln or some - -CH -
'h sllghtly further up the chaln had suff1c1ent moblllty (—-p
.: ahd an effectlve enough coupllng to be the relaxatlon slnk.
o 'hl The 1dent1ty of Tl values for unsonlcated PC
_ ‘was also- observed by Daycock et a£ (1971) who
'tlnterpreted the phenomenon s1m11arly, w1th Spln dlffu51on
: dtaklng place and the whole molecule rela#lng by a 51ngle _?
'~mechanlsm However,.thelr ch01ce of relaxatlon s1nk was}.
fdlfferent. They Judged that below the transltlon
‘temperature, the —CH3 end of the hydrocarbon chaln would
’not be suff1c1ently moblle. Above the tran51t10n temperature,'
']perdeuterated PC exhlblted the same behavrour as normal PC i
.51nce the perdeuterated —CH3 would not be satlsfactory as |
‘h a 51nk /they proposed the chollne group ’ i w Vd‘ -
| : The 1mportance of Spln dlffus1on as a relaxatlon ﬂvw.

.mechanlsm of unsonlcated PC 1n water was also emphas1zed

by Charvolln and ngny (1972) based on the small 1nten51ty

f\ R
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of the ‘dipolar signal as.compared with that of. the.free,
;nduction'decay. The observation of slightiy'different Ty
;times‘for-theeeCH3 and —CHé_‘resonanceslnreclude5~the>'

role of the chain@eCH3 asha'relaXation'sink (Seiterggt_gl;

;e
/

1‘9172)"'. ' ‘ . R . ‘ ,‘ : . o K ya
Considerable‘controversy ekists about'the‘

nature of the dramatlcally 1mproved resolutron of the

NMR signal after sonlcatlon. Tl values were found by-
sPenkett et al (1968) to be hlgﬁer for the sonlcatgﬁ
'samples and Sloly the authors mentloned the poss1b111ty of

some alteratlon of the 1nte}molecular spac1ng.:. g1v1ng -

'greater freedom of motlon to the chalns..‘ However, they
attrlbuted the llne narrOW1ng mainly to 4he. averaglng out .
,uof magnetlc anlsotropres by rapld rotatlon and Brownlan
movement. In contrast Sheard (1969) con51dered that the
blncrease in Brownlan motlon 1s 1nsuff1c1ent to account
efor the narrow1ng observed and therefgre concluded thatva
A change in structure must occur Other workers (Flner et
’a;. l97l Flner 1972,>F1ner et al l972a, Chapman et al
» 1972, Lee et al 1972) remalned conv1nced that the-:ifQ'J
tumbllng rate of sonlcated ves1cles 1s a 51gn1f1cant

factorgthat accounts for the narrower llnerdths by

averaglng dlpolar effects.l;?‘rrv&fﬁ

<

U51ng dlpalmltoyl PC or- egg PC sonrcated 1n

water, Lee et al (1972) demonstrated separate T relaxatlon f

l
rr/tlmes for the —CH : -CH - and —N(CH ) 91gnals. Slnce _‘f[ -

! : 3 . 2

S AN
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l . . ) ) . " \—-’ 'A . . ‘ . .
the]T- t%mes are not equal, spin d%ffusion_cannot be
- | @ | .19 -
the principal felaxation=mechanlsm here. . F NMR of .

\
,monofluoro derlvatlves of stearlc ac1d 1ncorporated into

e%C veslcles (Birdsall et-al. 1971) showed an'agprox1mate%y
}inear increase in'd$Sorder wilhin;the PC molecule rroh
the glycerol noiety’to thé'—CHj end. Using 130 NMR,.it‘
_was'possiple to ohserve:progressively/zgﬁgerTl times
‘(increasing molecufar‘motion) on'going fron.the glycerolh

U
to/elther the -CH or the N(CH3)3 ends of the molecule

3

~13-

- (Metcalfe et al. 1971). On.the ba51s of thes% experiments

| phOSphollpldcmolecule.,dm-[“

on-sonicated:PC, Lee gg al. (1972) refuted the-integf
pret%tioné of Chan et al. (1971), Daycock et al. (1971),
and'Charvolin and Rigny'(l972)nthat spfﬁ‘ﬂiffusioniis the

pr1nc1pal mechanlsm for relaxatlon 1n unsonlcated

X

| phOSphatldyl choline bllayers. e e h'r .mi

-

'i_Horwrtz-gt al. (1972), u31ng Fourler transform .

PR3

KMR of sonicated PC/vobtalned Tl and T2 relaxatlon tlmes

" for the_-ﬁ(CH3 )30 cH coo, ~CH -, ~CH_CH=CH, _—CH—CHT, and_

2 2

. ~CH proton resonances. The T of the mabn hydrocarbon f~

3 -k

chaln.—CHz— resonance appeared to have a s1ngle value,dah

v sugge tlng spln dlffu51on over short seaments of. the

Qethylene cha1n as a p0551b1e relaxatlon mechanlsm,wbut |

-

the authors dla not rule out the p0351b111ty of an

3
-

undetected dlstrlbutlon of T tlmes. tThe T2 valueé/and

to some extent the T1 values 1nd1cated thaﬁ a gfa&&ent

of moblllty ex1sts along the hydrocarefn\cha;n of the hfg'f;_,w'

ﬁ;(f&~5;
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Similar ‘conclusions had been drawn previously
‘from ESR experiments. Fatty acids, 'spin labelled at
different'positions aleng the hydrocarbon chain, were -
either.introduced directly into dipalmitoyl/PC vesicles
(Oldfield and Chapman-1971, Hubbell and Mcéonnell l97l)
or were used to synthesize Spln labelled PC which was

. then 1ncorporated into dlpamltoyl pC VESlCleS (Hubbell
and McConnell 197l?. From an examingtion of the ESR
spectra'order parameters,'it was possible to show that |
the blLayer chaln%;otlon is- most restricted. towards the
glycerol end and most fluld'towards the —CH3 end.
 However, Hubbell and McConnell (1971) admltted that -
spin label’ molecules "a lways represent some perturbatlon

. o

of theﬂnatural state of.these'systems;' NMR techniques

s

have the advantage of av01d1ng this dlfflculty

The motlon of the hydrocarbon chalns can be

’J

descrihed 1n-terms of c«C trans—gauche 1somerlzat10ns
(Batchelor et al. 1972, Sheetz and Cpan'l972,lHorwitz-

lét al. 1972, -Horwitz 1972).- Thesenauthors~assumedﬁthat
vesicle tumbling is not a significantﬁmotion contributing
'to nuclear relaxatlon and that the greater curvature of the

/

'sonlcated ve51cles,‘as compared w*ﬂ"@he'multllayered
o .
:aggregates, looséhs the packlng of the chalns, fac111tat1ng,

'trans-gauche trans1tlons espec1ally near the ~CH3 end

(Sheetz and Chan 1972 Horw1tz et al. 1972 Chan.et all

1973) These would eltheg be B—coupled tran51tlonsf

———————

-(HorW1t al. 1973) or some other form of klnk (Selter
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R - , o
and Chan 1973) which would not greatly disti (b tné packinq.
— ¢ .

These tran51t10ns would provide the prlmary relaxatlon

mechanlsm for T2 while small rotations about c-c bonds

would COntrlbute most to T

!

1
Theoretlcal treatments of both ve51cle tumbllng

" and molecular rearrandements after sonlcatlon have been

published,h Horwitz et al. (1973a) predlcted-that if

tumbiing‘were important; then, contrary‘to'experimental
observation$, singie Tzﬂtimes would be observed for all
pnqtons and linewidths would Ee‘génsitive to viscosity.

Chan l (1972) applied the treatment of

" Woessner (1962) to unsonlcated PC. ThlS is a treatment of

"magnetlc dlpole—dlpole relaxation'of sp1ns~attached to:

groups under901ng anisotropic motlon._ The mainjfeature

is a separatlon of the correlatlon tlme 1nto a component

related to the motlon of a rotor ax1s 4J ,'and a component

related to the motlon of the protons about the axis, Tﬂ :

G,

ST, is determlned by'r " the faster process. The effect

1.
of the orlentational dlstrlbutlon of these axes relatlve

to the applled magnetlc fleld was con31dered to be the'

'cause of a- dlstrlbutlon of T tlmes.- The varlatlon of T

2 2

'due to/ax1s orientatlon was verlfled experlmentally._u;1‘*”

. Thls analy51s was expanded by Selter and

,fChan (1977) to cover theoreti%al llnew1dths.i The stochastlc-

Anderson theory (1954), ‘as applled ‘to: the problem of

) motlonal averaglng of dlpolar broadenlng by Saunders and

o Johnson (1968), was modlfled by restrlctlng the p0551b1e f?:.

I
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1\

orientation of the internuclear vector in accordance
J

w1th -a physical plcture of hydrated phOSphOllpldS

I’ S
Above the tran51tlon temperature, the experlmentally

determined behayrour of the CH, - T2_t1me and free
_ _ . | p .

induction decqy was explained in terms of-reorientation
of the protons about an axis which'itself has'considerable'

motion Fluctuatlons of 1ntermolecular dlpole f1elds ‘

' -

due tT dlffus1on were also con51dered for the\—CHz—,*w

the Kruger (1969) approach The narrowness of
-

+
the —CH3 and -—N(CH3)3 llnew1dths was 1nterpreted in. terms

using

'of 1ntramolecular dipole flelds from the nelghbourlng
-CH2— or NCH3 groups respectlvely combined w1th a falrly
'restrlctéd motlon of the chollne and chaln methy1 groups.
" The Andeifon theory was a{so used to demonstrate

. the 1n51gn1f1cance of ve51cle tumbllng on relaxatlon ratesn‘
and the need to postulate a much greater molecular motlon
- in sonlcated PC than in the multllayers. | |
Flner (1974) assertedtthat the treatment of
'-Woessner (1962) 1s not appllcable when a. motlon is so slowg“
~:that its correlatlon tlme is of the order of T2 In thls -
;:case; Tz 1s made up of a slow overall aggregate-motion andlf
iia more rapld segmental molecular motlon. The Gutowsky andfj:
g.Pake second moment method (1950) for SOlldS w1th nuclel

.experlenc1ng "spec1allzed motlon"; in. thls case anlsotroplc‘y

.'}motlon, was modlfled by 1ntroduc1ng a correlatlon tlme for

",tumbllng The second moment becomes a sum of two terms, one :

~16~-

a E k‘

reduced by tumbllng, the other dependent on both tumbllng
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and internal motion. The use of the observed linewidth
in these calculations'rather~than-the ricid lattice
-linewidth was advocated by reference to theoretlcal and
experlmental con51deratlons It was then p0531ble to
© explain the reductlon of llnew1dth caused by sonlcatlon,'.'
_the 1nsen31t1v1ty of llnew1dth to v1sc051ty, and the |
‘1mportance of ve51cle size for the llnew1dth ' The theory
-also accomodates dlfferent relaxatlon rates for dlfferent ;
protonsr : . | |
| @ Lichtenberg et'al; (1975) have stated that
"Flner s (1974) approach 1s not sultable for phOSphOllpld
:ve51cles. The’ Gutowsky Pake theory was consldered. s
(apprOprlate only for llnes 1nhomogeneously broadened by |
_statlc dlpolar 1nteract10ns whereas the phosphollpld .
spectrum, lines were con51dered to be only partly 1nhomo;':
h,geneous.c Llchtenberg et al (19753 also regarded the
rlgld lattice. llnew1dth ‘as the Valld parameter for‘
calculatlons of. correlatlon tlmes. They therefore
'freasserted that the greater surface curvature of the
'.small ve51c1es causes varlatlons 1n the molecular packlnglt
| ” Metcalfe et al (1973) and Lee et al (1973)
b'ffound that they could not explaln proton relaxatlon 51mplyy;u}”*
,vfrom 1ntramolecular dlpole-dlpole 1nteractlons but had also?
‘fto 1nclude 1ntermolecular 1nteractlons because otherw1se
the lH NMR. dld not 1nd1cate the same quantitatlve gradlent h
'of chaln moblllty as dld l3C NMR They flrst estlmated

theoretlcal 1ntramolecular relaxatlon rates expected for‘y
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o

isotropic systems. In thls_case, the pH rPton Tl should be
greater'than'the 13C Tl’ Since‘experlmentally,-the reverse
‘is true and since-the‘l3C relaxatlon processes are known to
be less affected by intermolecular effects, they concluded
that proton NMR relaxation rates do have:a contrlbutlon‘from"
intermolecular effects; However, lt 1s generally accepted |
that the motlon of lec1th1n molecules in bllayers is. anlso-'

troplc and therefore, the theoretlcal basls for thelr

"‘conclu51on was not satlsfactory On the other hand they

o found that mlxtures of perdeuterated dlpalmltoyl PC w1the

‘non deuterated PC exhlblted 1ncreased Tl tlmes whlle the
.tllnew1dth decreased Because deuterlum has a smaller 3
magnetrc drgole:moment;:ltilsless effectlvelln-relaxrng ‘
nuclei That it shoulﬁdi-cause‘inc‘reased.'ill times inwthe,
" normal PC is a 31gn that 1ntermolecular effects are present
.U51ng thlS 1nterpretat10n, calculated self dlffu51on :V-A
coeff1c1ents for the llplds 1n scnlcated ves1cles were very
s1m11ar to the lateral d1ffus1on rates for spln-labelled
'1ec1th1ns in unsonlcated PC bllayers (Devaux and McConnell 1972)
| The plcture 1s further compllcated by the
.”p0551b111ty of dlfferent relaxatlon mechanlsms 0perat1ng 1n.fffh”
”dlfferent parts of the same molecule.r Intermolecular effects
k-could be. most 1mportant at the hydrocarbon methyl, osc1llatlon
of the fatty ac1d chalns perpendlcular to the plane of the
.yybllayer could operate for —CH2- S hlgher up the chaln, whlleA‘

”?fVe51c1e tumbllng could affect the chaln r8910n nearest the t‘”‘

'f’glycerol group (Metcalfe et al 1973)
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hlood Coagulation-' Molecular Characterlstics': _ b. v o
| In the earllest theorles of blocd coagulatlon,
H(Moraw1tz 1905), 1t was recognlzed that tlssue extracts ‘ ”g'.
are requlred for the formatlon of fibrin clots. Further.~'.
_-research 1nd1cated that the phosphollpld component of
-vtlssue extracts lS essentlal (Mllls 1921) The 1nteractlon.
. of llplds with_the varlous clottlng factors has been | |

depicted by'Hemker et.al,-(l970) based on the scheme o
R VRN o '

proposed by Barton (19675 as shown below. The numberlng

'system 1s that of the Internatlonal Commlttee on the

N

‘Nomenclature of Blood Clottlng Factors A llSt of

. ' .J :

synonyms is presented in Table I The subscrlpt T_refers
to actlvated enzymatlc forms of the factors,:except 1n the -

case of flbrln, where the subscrlpts 'a' and 'b'_refer to a .

» (I

;lower molecular weight form and the e—ly51ne-yuglutamyl

'crossllnked form respectLVely. '
7XiIg; D 'ff";5**;“;5f.gﬂa XIIa
g TXa#VIIL 4Ly Catt i complex B
Cox T complex.Bo - xa
R ST T ++sfff;” 'TE 1.; f'rvﬁf‘:ﬁ. § :;!;l’_
.. Xa + V + PL +:Ca’ " Tf---fff-ﬁa_j» . complexiA
e ‘asf;_‘-—-III@--c»ﬂ‘ R
Gl i e e Eeaty . whe}e PL 1s phosphollpld



. TABLE I

v

. BLOOD CLOTTING FACTOR NOMENCLATURE

aRoman_Numeral

V.-

VII |
- VIII

IX .

Xi,5

. XII

ST XTIT L

. (From Wright 1962, Josso et
BT

- Proaccelerin

. Stuart-Prower
:fadtor :

: Hageman;faCtOr“ﬁ

.‘Pfefgrred Name
fFib;inogéa
Prothrbmbin

Calcium ions

" Proconvertin

'fAntlhaemophlllc
- factor s

© Plasma thrombox °

plastin component

&

Nl

‘Plasma thrombo~fa'; eE
‘_AntlhaemophIllc factor G gg

plastin:

, antecedent‘ i,,‘H

AT

;f_Flbrln StablllZIng
-,factor ENE

S?ﬁonyms‘a_

- Accelerator globulln,
j.Lablle factor :

SPCA Stable factor,

' Autoprothrombln I

a'fGlass factor,
'factor.

IChrlstmas factor,;
: Autoprothrombln i

"Autoprothrombln III,
,Prothromboklnase

)
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‘Antlhaemophlllc globulln,
'Platelet cofactor I

Platelet factor II,IJ’

1

l 1964)

contact i
surface factor' T

1F1br1nase, Lak;-Lorand
,lbfactor ' <
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"This the51s is concerned w1th the 1nteractlon'
of llplds W1th prothrombln Prothrombln 1s-a plasma
glycoproteln At the;commencement ofvthis work, the -
',_methodnof ch01ce for its isolation from bovine'plasma‘
‘was based on BaSO4-adsorption;fsodium:citrate elution.

' DEAE-cellulose chromatography and Sephadex gel chromato—

1gnabhy, accordlng to the method of Cox and Hanahan (1970)
as. modlfled by Bull *E _L_ (1972) 'Other methods'have"hd
‘been descrlbed by Seegers (1952), Lew1s and. Ware (1953),
_Mllstone (1955), Goldsteln et al.;(l959L, Lanchantln
et ;i_ﬁ(l963), Moore et al (1965) Magnusson (1965),
. Tlshkoff et al (1968), Ingwall and Scheraga (1969) and
14 Mann et al (1971) - - '
. ‘The prothrombln molecule con31sts of a single
'peptlde chaln of molecular welght between 68 000 and
-74 000 (Lamy and Waugh 1958, Harmlson et al._1961 |
,Tlshkoff et al 1968 Cox and Hanahan 1970) | e,'“:
d}carbohydrate content is 10 12% of the total welght
»(Magnusson 1965, Lanchantln et al 1968 Cox and Hanahan-~
‘h:l970) Accordlng to Magnusson (1965), 51a11c ac1d—: o

' galactose—mannose-glucosamlne—proteln lS the predomlnant

'type of llnkage although small amounts of galactosamlne.“

\“bfwere also found Nelsestuen and Suttle (1972) detected

:a_}both a and,ﬁ galactose re51dues and proposed that two:?f:ff

z'isequences are present-* one W1th d galact051d1c bonds and

' one w1th B galact051d1c bonds, _F"'a
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51a11c ac1d—galactose —————— N—acetyl glucosamine -
/a'
. mannose
o B S
} - (mannose (N-acetyl glneosamine)2'4*:_"Asn'

k-51allc ac1d—galactoseg-9--—AN—acetyl glucosamlne . ; N
: They stated that there are four such carbohydrate chalns |
in prothrombln, each ‘of ‘which is 11nked to an asparaglne :
resldue. ) | |
| 4 The amino acid composntlons of rat bov1ne,
and human prothromblns have been determlned (Ll and Olson
1967 MagnuSSOn 1964, Lanchantln et al 1968) All are
s1m11ar,, There are many glutamlc and aspartlc ac1d
reSiddes-- Four dlsulphlde bonds are eas1ly acce551ble
l and four are revealed only on treatment w1th urea:
(Carter 1959) There are no free sulphydryl groups_lf'
(Carter 1954 Carter and Warner 1954 Carter and Warner
1956 Lak1 et al 1954) The N-termlnal res1due 1s :
alanlne (Magnusson 1958) %nd the C~term1nal serlne
(Thomas and Seeqers 1960) Partlal amlno ac1d sequenees
have been reported (Magnusson 1970 1970a, Hartley 1970

" Magnusson et al 1973 1974) - L

Many authors have 1nvestlgated the Ca

blndrng propertles of prothrombln. Barton (1971) found :

4 hlgher af@znlty blndlng.51tes (log K 4) and approxlmatelwaﬂtf

‘d $Welve lower afflnlty 31tes (log K 2 54) Nelsestuen 53 ;ﬁ}
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A'and Suttie (l972a) reported that at 1 mM Ca :, four ,
mole;\ef ca’t were bound cooperatlvely per 70 OOOg of : N
dprotein. Stenflo and Ganrot (1973) found cooperatlve
.blndlng of 3 hlgher afflnlty 51tes and '7-9 ‘weaker

blndlng 51tes Benson et al (l973) reported the

ieXLStence of ten 51tes (log K 3. 20)'and accordlng tov

Bajaj et al. (1974), prothrombln has 10 or- ll Ca++‘b1nd1ng
31tes, 6 of whlch have log K 3)5 and 4@): 5 w1th

'l‘og Ka_.2.7 | o | |
Actlvated Factor X (Xa) 1s a serlne protease-pt“
hpwhlch hydrolyzes prothrombln to thrombln dlrectly (Barton l
J,QE_al. 1967) but only at a very slow rate,,lnadequate |
for‘hemosta31s (Mllstone 1964) ,When Factor V,aa proteln;"
‘cofactor posse551ng no demOnstrable enzymatlc act1v1ty |
(Hemker et al 1967 Barton et al. 196/ Jobln and » h'h-;.:5}j
“Esnouf. 1967) is. added to: Factor II and Factor Xa in the -
ipresence of phOSphOllpld and Ca " there lS a large

'71ncrease in the rate of thrombln formatlon (Mllstone 1964

'Papahadjopoulbs and Hanahan 1964 Cole et al 1965,

"'Joban and Esnouf\l967)

"{fprocoagulants Earller attempts to 1dent1fy the most

All phOSphOllpldS are not equally effectlve

:jfjactlve phOSphOllpld classes‘produced rather varlable

3results and conclu51ons due partly to the use of dlfferent fr
_blOOd clottlng assays 1n dlfferent laboratorles and |
mffpartly to the.mse of preparatlons of llplds of dublous _Q::l-;"

. . ;".
'_,pur;ty These 1nvestlgatlons have been Summarlzed by
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Marcus (™66), In the main, phosphatidyi serine (PS)
or‘mixtures of PS with PC appear to be most active
fractions. 'However,‘this does not appear to be truep"

'for the reactlvatlon of dellpldated tlssue factor

-(Nemerson 1968) and hlgh concentratlons of PS have been

' reported ta be lnhlbltory (Sllver et al. 1957,.Mustard :

1962) ‘ Lo

al.

et |
| In. 1961 Bangham demonstrated a relatlonsh‘p
‘ between the surface charge den91t] of phosphollplds -and
1the1r " thromboplastlc " (procoagulant) act1v1ty.: Slmllar
-‘observatlons have subsequently been made by many other |
jworkers (Papahadjopoulos et al 1962 Sllver-et al;-1963,
_Daemen et al 1965) Howeyer, Barton et al (1970) have
"shown that, at 1dent1cal electrophoretlc mobllltles, o
'-mlxtures of phosphatldlc ac1d (PA) and PC are 1n fact
t'much less actlve than mlxtures of PS and PC Therefore, o
;factors other than charge den51ty alone are 1mportant. -
"jFor example,‘the ablllty to chelate Ca++ and the geometrlcalj;e
structures of Ca »-llpld complexes may be 1mportant 'The N
F::structure of the hydrocarbon chalns of the phOSphOllpld

'v'molecules, dependent on the fatty ac1d comp051t10n and

a'the temperature, are also s1gn1f1cant parameters.; Fully

htf_saturated phosphoiipl\s were found to have much lower

"clot promotlng act1v1ty than mlxed or unsaturated

'v'{.phosphollplds (Rouser and Schloredt 1958 Rouser et al

'311958 Wallach et al 1959) ' Thls 1s due to the fact that
. a .

.,ufat phys1olog1cal temperatures, the former are 1n a gel fhyv R

24~
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state while‘the latter are in the liquid crpstalline-
sfate (Sterzing andearton 1973). When cholesterol,: "
Which lncreases.the'chain motlon offphOSpholipids in the
‘.gel state, was added to .fully saturated phosphollpids,
the clotting act1v1ty was con51derably enhanced (Sterzf g.'
.and Barton 1973) ; | ++- | | .
A complex of phosphollpld Ca ., and Factorss
v and Xarwas sedlmented by dﬁtracentrlfugatlon (Cross |
‘1962, Cole et al. 1965, Jobin and Esnouf 1967 and could |

be separated from its 1nd1V1dual proteln components by o

rgelk flltratlon (Papahadjopoulos and. Hanahan 1964)

' _'Factor \Y alone bound to. phOSphOllpld mlxtures w1thout

_Ca++ or at low concentratlons (0 OOS M Ca++)(Papahad$opoulos
and, Hanahan 1964 Cole et ‘al 1965, Jobin and Esnouf’ l967)
tIn contrast, both Factor Xa (Papahadjopoulos and

'ﬂHanahan 1964 Jobln and Esnouf 1967, Barton et al 1967)

d“arombln (Hanahan et al l969, Barton and 'o}.f'

:‘69) requlre Ca++ for blndlng to phosphollplds.‘
f;does not blnd to phosphollpld elther 1n the‘f,%tﬂ
_;ior absence of Ca++ (Barton and Hanahan 1969) |
| More complete blndlng studles wgre undertaken d;iLv
(1972) and Bull (1973) u51ng gel flltratlon S
; 9 1n the presence of Ca++ | Increased bﬂndlng of i
Zrombln was correlated w1th rncreased prothrombln
khdac’1V1ty in clottlng tests as the percentage of PS 1n a

.jfm1Xture of PS and/PC was ralsed from O to 30%.: Above de{‘”

3j‘30%, the same amount of prothrombln was bound but



'coagulant'activity decreased. Pure PC or’ndxtures.of

*PC and_PE bound.very little.prothrombin and Were_inactive,
Pure PS, pure PA mixtures.of PS and‘?A or PC and PA'at
hlgh PA concentratlons strongly bound proth;ombln but | ! ﬁi
the act1v1t& of the complexes was much lower. »Bound |
prothrombln could be more~eas1ly(removed.from PS:PC than

from PS: PA by EDTA. | : o |

It was found that treatment of prothrombln with
Ca++ altered-lts conformatlon as 1nferred frOm ultraéen-
trifugal sedimentation analysis,fultravioletDSpectra'.
(Bull 1973) and the aromatlc CD spectrum (Bjork and
h ‘Stenflo 1973) It was suggested that prothrombln blnds‘i
to phosﬁhollplds through catt chelatlon (Rouser and . :
Schloredt 1958, Barton and Hanahan 1969) Amodel of
prothrombln actlvatlon was proposed by Barton and :
Hanahan (1969) and Barton (1970) ‘ The key features were‘

a) blndlng of- prothrombln to the llpld surface

.: b) convers1on of prothrombln to thrombln as a result of
' the actlon of Factors Xa and v aL the llpld surface '

J.‘c) release of thrombln lnto the bulk aqueous phase.-fl
;Thls mechanlsm was able to account for the results of
"jklnetlc analyses revéallng no product 1nh1b1tlon of the‘;
7fprothromb1n to thromﬁln conversion.;-.‘Zh'_fff:liffy i Vv
| Although several authors had detected 1nterme—hfh

'diates in the conver51on of prothrombln to thrombln | |
.w-l(Seegers and Marc1n1ak l965, Lanchantln et al 1965 1968a,vl?J
/"Aronson and Menache 1966 Ganrot and Nllehn 1969),A1t fct

f Was not untll recently that a clear understandlng of the lf'
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possible activation pathways emerged. Using‘gel' |
electrophoresis, Mann- et al. (Igilf; Stenn and Blout (1972),
;Heldebrant and Mann (1973), Heldebrant et al. (1973),'0wen
et al. (1974) _and Esmon et al. (1974) were able to follow
the appearance of fragments durlng actlvatlon . The '
comp051te scheme ls'shownvln Flgure 2.

Glﬁel et al. (1973) 1solated prothrombln,
‘1ntermed1ate 1 and fragment l They eyamlned the blndlng
of each to,equlmolar mlxtures of synthetic dloleoyl
phosphatldyl glycerol (PG) and PC 1n the presence of Ca++;
\7‘It was?y found that, only fragment 1 and prothrombln 1tself
would bind to thls lrg;d mixture. Fragment 1 also bound to -
dloleoyl PE: PG and cephalln,van 1solated brain llpld fractlon;T
predomlnantly PS and PE. ThlS polypeptlde has a large |
number of aCldlC as well as a Large number of apolar-
-res1dues. Thus, it was shown that prothrombln contains
a spec1f1c phOSphOllpld blndlng areaAwhlch 1s.not a part B
. of the thrombln molecule (Gltel et al 1973) Benson et
| - (1973) carrled the analy51s of prothrombln, fragment 1, 1ﬂ.
iand 1ntermed1ate lofurther to. study carbohydratebsontent g
;N—termlnal amino ac1d re51dues and Ca++ blndlng propertles; ;
VtFragment l contalns most of the 51a11c ac1d and neutral b
hhexoses and 1s derived from the N-termlnal reglon of

l:prothrombln.s It exhlblted 12-15 Ca++ blnd173 sites

}j (log K 3 17) Wthh is at least as many as . 1n prothrombln. -

.‘\;

. ';Intermedlate l has no such 31tes. Sllghtly dlfferent

'results were obtalned by Bajaj et al (1974) ' Accordlng
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Xa - Prothrombin ~
/ (72,000)

—— R - == 4 e

Fragment 1.2 | Intermediate 2 Intermediate 1 * Fragment 1
(33,000) (39,000) _ (48 - 65,000) - - (7 - 24,000)

N

L R
- Fragment 1 Fragment2 | Intermediate 2 * Fragment2
(7 - 24,000) - {13 -24,000) 0 \ (39,,000) s (13 24 000)

a - Thrombin
(‘39.000.33,6)' Co

_“ EE ﬁ Thrombin ' S S
o 280004 4g) :

ihhh

v - Thrombin- .
(zaodo4 i4-10" -

.“"\“‘
e

Flgure 2 Dlagrammatlc representatlon of the process of _
prothrombin activation. ' Disulphide bonds are .
-indicatdd by — — ~. Molecular weights are" T
given in parentheses with’ subscrlpts referring to .
the molecular weight of the co&stltuent polypeptlde o
chaln in thousands.“ : » , ‘

i)

a
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to them, the 51x stronger blndlng 51tes of prothrombln
were found on fragment 1 whlle the 4 to 5 weaker s1tes
were on the fragment 2 sectlon of 1ntermed1ate l

o U51ng SDS-acrylamlde gel electrophore51s and
:gei flltratlon chromatography, Jackson and assoc1ates
have examlned the 1nteractlons between the various
prothrombln actlvatlon products and Factors V, Xa, and -
phOsphOllpld (Jackson et al. 1974, Esmon and Jackson 1974,
ll974a, Esmon et al 1974a, l974ﬁ) The results are
-summarlzed in Table II In addltlon, klnetlc analyses
based on thrombln generatlon werecperformed 'Based;on
the results,'a plausmble model was proposed, as follows'.
(Jackson et al. 197, Esmon et al. 1974b). |

R Factors Xa and II blnd to phOSphOllpld through ’

» Ca%+ chelatlon whlle Factor V does not requlre Ca++vfor.-'
| blndlng On the llpld surface, Factor xa hydrolyzes '
prothrombln to 1ntermed1ate 2 and fragment 1 2 Fragment 1. 2
.Temalns bound to the phOSphollpld through 1ts fragment l

reglon. Its fragment 2 reglon blnds non-covalently both

- to 1ntermed1ate 2 @nd to Factor V Factor V rs also

§

bound to Factor Xa and thus fac111tates the second _
.proteoly51s of 1ntermed1ate 2 1nto the two—chaln thrombln. :
-rPresumably thrombln cannot blnd to fragment 1 2 and 1s if~'“
7_released 1nto the: bulk aqueous phase where 1t spllts |

i prothrombln 1nto 1ntenned1ate l and fragment 1 Srnce.pff”
1ntermed1ate 1 cannot blnd to phosphollpld, 1ts | |

.'hydroly51s by Factor Xa 1n the bulk phase 1s slow,bd.:_

o o N
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" TABLE II

COMPLEX FORMATION DURING |
PROTHROMBIN ACTIVATION .

SR Sk SR ) ‘
Species o Ca ' Complex = - Reference
present , - dependence formation
u++

II, PL, Ca .- - yes - yes .  Jackson et al. 1974
".Fragment 1, 'YeS' ©o-oyes :Gitel'gt_al.'1973i
PL, Ca C - L L

Intermegiate l)- —— _ " no o "Gitel'gt al. 1973
. PL, Ca . T - o

IIa,j?L,Qca +. —— - no_ o Jackson et al L974v

iI,;V, o A — - ' noﬁi' t Esmon et al 1973ﬂ
o ++ . SR L
II,. Vaj Ca —_— - yes 'Esmqn et al,’ 1973

FragmenE 1, ‘ _fV_,_, - .. no o Esmon and JackSOn-.
Va, . ‘ ’ ‘ 1974a»

Intermegiate l,'A -—= : yes. . Esmon and Jackson"
Va, Ca L S -1974a L

“.Fragment 2,,,::  -7-'~ _ " yés _ .Esmon ‘and Jackson;.
Va, Ca+ o . s ' e , 1974a

Fragment 1 2, 'f—-— e Sﬁyes Esmon and JacksoA:-
Va, Ca++ ' AR e 1974a T

.Fragment_2, I e--" .. yes ';1 Esmon and Jackson;f
Intermediate 2- - - . . 1974a . R

Fragméhttl;Zir'_‘fv-f‘tf n<fv7 ?es  A -'VEsmonqggzal.f1974afe‘“
Intermediate 2 : S R o

v, Xa;;Caf+ o yes . T . yes. . PapahadJOpoulos
D .- . . .7 and Hanahan 1964
PL,uXa,VCa++,'[‘,.yes e yes'“”..Q»Papahadjopoulos :
T P M 7. ., and Hanahan 1964*4
vV, PL oo omo. - yes . ;;Papahadjopoulos e

... . ... J.  and Hanahan ‘1964 ..
Va, PL: .- .no--. . yes . Papahadjopoulos g

SN 'f and Hanahan 1964:

- * . va 1S'a'médif1eé/Fact6r'V ‘Authors havé often not |
dlstlngulshed between these forms., T DA ,,ﬁﬁg
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Role of-vitamin K | &7'

; _‘ .h The presence of cat blndlng 51tes 1n the |
prothromhin molecule is apparently dependent on,the
,adtion offvitamindk during.pxothrombin bioSynthesis;'
, Ifia}vitanin K deficiency ekists;‘or if{vltamin~K ‘
“-antagonlsts, such as dlcoumarol or warfarln are fed to h
| 'anlmals,'abnormal prothromblns are prodaced (Malhotta
1972, l972a, Stenflo 1972) _ The normal and abnormal

prothromblns have 51m11ar molecular welghts, amlno ac1d

comp051t10ns, amlno—,and carboxy~term1nal aano a01ds,'

-antlgenlc determlnants and electrophoretlc mobllltles -

|

on . dlsc gels at pH- 2.7, 7 0, 8.9 and 9.5 (Malhotra and
iCarter 1971, Nelsestuen and Suttle 1972b l972c, Stenflo
1 and’ G rot 1972) Thelr peptlde maps and carbohydrdte
jcomp051t10ns are also very 31m11ar (Nelsestuen and Suttle

.1972b, Johnson et al 1972) ' Accordlng to Hemker et al

\'..

l(1968), the abnormal prothrombln competltlvely 1nh1b1ts v;5

the conver51on of prothrombln to thrombln._ff"”
” Although dlfferences in structure between
'dnormal and abnormal prothrombln must be sllght, certaln

',of thelr phys1cal and blologlcal propertles vary markedly

The abnormal prothrombln blnds only one g atom of Ca P‘f.;.hjn;

bmole of proteln w1th an apparent log K _of 4 30 (Nelsestuen

'Q.and Suttle 1972a, Stenflo and Ganrot 1973) : It 1s poorly

“;adsorbed by barlum c1trate, 1n sharp contrast tO prothrombin..lf

"Accordlng to Johnson et al (l972a), 1t cannot be actlvated

‘ fto thrombln under phy51ologlcal condltlons (11p1d—dependent f,ﬂ

\\_ .
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mechanism) However, Malhotra (l972,.l972a) found slow o
"partlal actlvatlon in a system of Factors V/ VII X and
Ca++.* Tryps1n treatment generated thrombln act1v1ty
(Nelsestuen and Suttle 1972b) as did storage 1n 25%- sodlum
'c1trate or in protamlne sulphate solutlons (Malhotra |
__and Carter 1972) These are'catalytlc mechanlsmsAthat.
operate 1ndependently of. phosphollplds This suggested
that ‘the dlfference between normal and abnormal prothlombln
E re51des in the ablllty of the fragment l component of
..prothrombln to blnd 11p1d through Ca++ brldges v

| | Olson s group (LA, et al 1970) observed an
1ncreased prec1p1tatlon of labelled prothrombln—antl-i.}
'*prothrombln complexes 1n the perfusates of 1solated rat o
°111vers from warfarln—treated rats after v1tam1n K "-<¥ﬂ[
-addltlon. No prothrombln antlgens could be found 1n

| ‘llVer mlcrosomes of v1tam1n K- def1c1ent rats but whenlffn”"

. ‘ .
v1tam1n waas added greater than normal amounts of

"ﬁprothrombln could be detected (Johnston and Olson 1972)

;It was thought at that tlme that V1tam1n K affected the
'ﬁ 1n1t1at10n of prothrombln synthe51s by rlbosomes.vwi"dx
| d V’ZfIn support of thlS, cyclohex1m1de,;a translatxonv;;el
éfﬁlnhlbltor,:reduced the 1ncrease in: actlve prothrombln

dproductlon normally observed after V1tam1n K adminlstratlon fi
’1;(K1pfer.et l 1972) Phy51co-chem1ca1 and 1mmunologlcal
efplnvestigatlon led Morrlssey et al (1972) to state that

s:the prOpertles of abnormal prothrombln found by other fw':ﬁﬁ;kVJ

9 '_~"
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o groups was so dlfferent from that of normal prothrombln

dthat 1n fact it was not related to prothrombln at all
Earller, Hemker et al (1968) had hypothe51zed

;‘_Athat the vitamin K- dependent step was a post-translatlonal

| addltlon of carbohydrate _ Perelra and Courl (1970), on S

,hthe bas1s of 1abe111ng eXperlments w1th glucosamlne and
. _leuc1ne, reported that dlcoumarol lnhlblted glucosamlnyl
'transferase.' CycloheX1m1de was. found by them and others
'(Hill~et!al 1968 Suttle 1970 Shah and. Suttle 1971 1972)
. to have very llttle 1nh1b1tory effect on the 1ncreased b
-'prothrombln act1v1ty when v1tam1n K was added to dlcoumarol-'}p;
ptreated rats ThlS 1mp11es that the actlon ofégltamln K |
.fls at a post-rlbosomal stage (Shah and Suttle 1971 1972)

-Johnson et al. (l97la, 1972a) found that v1tam1n K dxd,not

.tjlnfluence amlno ac1d 1ncorporatlon.1nto proth;omgdn.; They

+ view that the actlon of v1tam1n K was at a’ stage of DR

"'then concluded that v1tam1n/K was not 1nv$lved 1n prote1n1'5

-':blosynthe51s. Other 1abe111ng experlments supported the]d;

'fcarbohydrate attachment (Johnson et al 197la)// 1t was
jl also reported that abnormal prothrombin (M W 68 000) |
»t'had a much lower molecular welght than normal prothromblnihf:'sﬁ
7;(M W. 91 000) as’ measured by SDS—acrylamlde gel e
1;’electrophore51s (Johnsoq_et al 1972) R pi _
| Nelsestuen and Suttle (1971) removed most of

’~;the s1a11c éc1d and 40% of the hexOSamlnes from normal

.ffprothrombrn by treatment w1th glycos1dase enzymes.v The sfwlﬁfi'

;;modlfled prothrombln retalned 70% of the orlglnal
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.specific aetivityhand wasAadsorbed On-barium citrate;
'.They concluded’ that V1tam1n K was not 1mp11cated in h:_ N
:glycosylatlon Instead they suggested that v1tam1n K
‘mlght be lnvolveg in the 1ncorporat10n of an unknown
. prosthetlc group 1nto the polypeptlde chaln.i The

‘ p0551b111ty that v1tam1n K causes a change in tertlary
g‘hstructure or in the dlsulphlde bonds was ruled out _*'h
because reductlon and subsequent re-ox1dat10n caused no
B change in the hlgh afflnlty of normal prothrombln ‘for B

ca*t

or . 1n the low afflnlty of abnormal prothrombln
.(Nelsestuen and Suttle l972a) Stenflo (1972) dld flnd
. _that separatlon of normal and abnormal prothrombln -{w
v;occurred 1n polyacrylamlde gel electrophore31s at pH 8 9 .
tln 8 M urea 1f the protelns were not reduced and alkylated
: Ll Localizatlon of the v1tam1n K-dependent Ca++ 3;ﬂlh¥
iw.blndlng 51tes has been partlally achleved-by analysls of
ilprothrombln actlvatlon products Stenflo (1973) used v
:-ithrombln to dlgest normal and abnormal prothromblns._jin1jfdfi,?
ﬂlieach case two large polypeptldes, 1ntermed1ate 1 and - o
fﬁ;fragment 1, were obtalned B Only fragment l from norma1~>.l/{i?’
fiprothrombln bound Ca Amlno ac1d and carbohydrate analyses hi
;;}of the fragments 1 from normal and abnormal prothromblns s
.}were mdentical ’as were peptlde maps of reduced and amlno-;f,ffﬂ

35ethy1ated tryptlc dlgests. However,_thermolysln dlgestlon 7?35“

Afrof reduced and non~reduced,fragments l gave clearly

}L:dlStanUlShable peptlde maps. Immunoelectrophoresis:ffff'ﬁ535'a

_ e ~.,,:
g;ln the presence of Ca i also showed dlfferences in the .



'antigenic broperties of normal.prothrombin:fragment'l,

'and abnormal prothrombln fragment 1 (otenflo 1973)

4 : Cyanogen bromlde degradatlon of fragment 1

followed by tryptlc dlgestlon and peptlde manplng ylelded o

‘.tWO small peptldes from normal prothrombln whlch were not |

obtalned from abnormal prothrombln (Stenflo 1974) : Both'_"l

.._peptldes contalned Ca blndlng s1tes.~ The smaller :‘

.¢jpept1de, a heptapeptide, had an electrophoretlc moblllty
.whlch'would only be CODSlStent w1th 1ts amlno ac1d ‘ |
1compos1tlon 1f a prosthetlc group exhlbltlng 3 negatlve L
fcharges was - attached to 1t '-In contrast, the correspondlng

~--pept1de from abnormal prothrombln had an electrophoretlc

l”moblllty con51stent w1th 1ts amlno.acid combositlon."‘

A_A second and 1arger peptlde (22 or 23 res1dues) from

‘inormal prothrombln contained two arglnyl bonds that were ?

ﬂi not hydrolyzed by tryp51n. One of theSe arglnyl re81dues

. 'was known to be flanked by glutamyl res:.duei on both 51des |

‘fl(Heldebrant et al 1973) In abnormal prothrombln, theseif"»

':'arglnyl bonds are hydrolyzed by tryp51n (Stenflo 1974)

'fﬁNMR and mass spectroscopy were then used to compare the

n—f.y

tﬁﬁsmaller Peptlde from normal prothrombln w1th a iffff,'i

‘ﬁnSYnthetlc.peptlde of the same amlno ac1d sequence.;:ifdib?;flﬁif
'ffwas deduced from the results that the two glutamyl resxdues'hly,-
,tﬁpresent were both substituted at the XLP081t10n w1th an jf;ﬁ;l@;
14_‘add1t10nal COOH grOup (Stenflo et al 1974) | ,‘ A :

"' ’-} The larger Peptlde was also 1solated directly L{fr”*ﬂ
;‘;from a tryptic dlgest of normal prothrombin bY barlum fbgﬂjffd7“f

*T¥36~¢[}”4'



.Citrate;adsorptiont(Nelsestuen and,Suttie T973); It;wasf
'.found to'E!hd-Ca++; No corresponding peptide-could be-*i
;adsorbed onto barlum c1trate after try951n treatment of
;.abnormal prothrombln Based on the re51stance of a-

| protease-derlved octapeptlde to further proteolys1s and

ljon a dlSparlty between dry welght and amlno aCld comp051t10n,
'Nelsestuen and Suttle (1973) also deduced that a prosthetlc
hgroup was’ 1nvolved Mass spectroscopy of a peptlde 1solated
Tfrom a: pronase dlgest of the reduced and carboxyamldo—.‘”
methylated 1arger peptlde and deuterlum eXChange revealed
ﬂﬂﬁan extra carboxyl group on the rcarbon of the glutamyl
d*;reSLdue (Nelsestuen et al 1974) | ‘i‘ |

.i | The number of m0dlfled glutamyl resxdues 1n thls'if&‘
'j_larger peptlde was determlned by tltratlon of the carboxyl
7;fgroups and- coupllng{of these to glyc1ne ethyl ester (Howard
n{and Nelsestuen 1974) A mlnlmum of seven extra carboxyl
;idgroups were found The authors suggested that probably
‘jiall of the elght glutamyl res1dues are carboxylated

o The prlmary structure of the flrst forty two
h?gamrno acid. re51dues from the N-termlnal was descrlbed by
hszagnusson et al (1974) Extra carboxyl groups were foundfdif~7

_ddon all ten glutamyl re51dues, conflrmlng prevrous results;ﬁf'”

‘T'Further research 1s requlred to correlate these modlfled

1;;re51dues w1th the Ca++ b1nd1ng sltes, and §§&3C1311Y to

'hfdlfferentlate between the strong and weak.blnd fg 51tes.

P
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'.édminrstered to Warfarin;treated'rats than.When it Qasf
given.tO'normal ratsb(Girardot et al 71974) This;f‘
prOV1des an explanatlon for the’ increased 1ncorporatlon7
- of the 14C label{from 14C‘glucosamlne 1nto prothrombln |
aftervuitamin;K&treatment (Perelra-and-Courl 1970 .Johhson'.<-
'et al 1971a) whlle the carbohydrate composltlon of ‘

_.prothrombln remalned unchanged (Nelsestuen and Suttle 1972b)

r‘The a1m of the research

The alm of the researcn descrlbed 1n thls the51s
y was to eluc1date the nature of the 1nteract10ns 1nvolved

fln the formatlon of prothrombln—Ca —phosphollpld COmpleyes.Egl

:Four major types of 1nteractlon could be 1mp11cated (Salem'

1962, Tantora 1973): S LRI o A --g:_

ffl) Formatlon of mlxed calc1um chelates Wlth phosphollpld o
. and proteln llgands appeared to.be most 1mportaht, 1n L
- view of tHe- dlssoclatlon of the complex by EDTA ‘
_ftreatment (Bull 1973) : , :
',”2)}Electrostat1c 1nteract10ns between 11p1d and proteln,'{
';Pwlnvolv1ng prlq.rlly negatlvely-charged groups of the. -
';vllplds and the p051t1ve1y—charged groups of the proteln
.f'3)fA hydrOphoblc effect sequesterlng the hydrocarbontchalnsi“il
- ..-of the. phosphollpld W1th the apolax re51dues of .
hf the proteln S - & \.." SR
'lf4) London~van der Waals and hydrogen bondlng
| o It was hoped that NMR could prov1de some ;{ff]?l‘;”:*
7fﬂ1nformatlon in order to drstlngulsh the relatlve Amportance;}izﬁ
:ﬁfof at least the flrst three types of 1nteract10n.q L1p1d-¢
’proteln electrostatlc 1nteract10ns would be expected to

tﬁgbroaden the —ﬁ(CH3)3 llne.' HydrOphoblc 1nteractlons |
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Dbetween the proteln and the 11p1d should lead to- broadenlng

.of the —CH2 resonance llne - i
'In addltlon, lt was of 1nterest to 1nvest1gate

the effect of Ca++ on the phosphol;pld 1tself Studlesi

:had been performed on mOnolayers (Bangham and Papahadﬂopoulos‘

‘.1966 Papahadjopoulos 1968) shOW1ng ai"condensatlon"‘of. |

| Ps folloWlng addltlon of Ca++ Interactlons of thls o

'fklnd should also lead to broadenlng of the---CH2 |

ahresonance llne. Calclum ion blndlng to the polar head

‘groups of PS mlght be expected to affect the —N(CH3)3

' resonance of PC molecules 1ntercalated between PS molecules._

The objectlvesﬁéere to clarlfy thlS facet of

"t”blood coagulatlon and at the same tlme galn an 1ns1ght

- into the more general problem of llpld—proteln SRR

‘=1nteract10ns in membranes. _ “"exhl"jf"';g.ht;‘.V

IR T T
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. CHAPTER. II
/MATERIALS AND METHODS

”zterials
waio (99 77% pure) was obtalned from Columbla
{als (Columbla, S. C., U. S A, ) NaOD used

;Was prepared by dlssolv1ng pellets of NaOH o

!

fi CaCl2 in D20 was prepared by dlssolv1ng:1
,f-CaC12-2H20 or 2.22 g Ca012 in 10 ml of D'f
gel G (E Merck) was obtalned from Brlnkmann-
‘jents (Toronto)‘f Cytochrome c, Type III from :“_
;heart, lot 87B 7131 (97 S% pure when corrected for |
i 0) or 1ot 92C—1800 (lOO%). was obtalned from Slgma EIEND
ibu15, Mo ’ U S.A, ).» Standard normal plasma came from
ffaml, Fla y U S A ) ‘ Russell VLper venom (Burroughs—v-
hrfWellccme 'Stypven ) was obtalned from Warner-Chlllcott |

s

‘1hf(Scarbf”.ugh Ont ) | |

| Cephalln or braln 11p1d extract was prepared
“;to'Bell and Alton (1954) at a concentratlon of
gf;”llspu 'P/ml and dlluted to 2 ug/ml for use in: assays.-th-n
'*fProthrombln was prepared accordlng to Cox and Hanahan -
ifh;(1970) w1th the crtrate elutlon from DEAE replaced by the :
step—wme (O OSM 0 075M, 0 1M) and gradlent (O 1M pH 7 2
.‘j;to 0. 175M pH 7 45) phosphate elutlon procedure ef Seegers p”;T
liafand Landaburu (1960) that was adOpted by BuLl (1973) f
h1After the flnal Sephadex chromatography, the prothrombln

hffwas stored 1n 0 lM NaCl 10 4M DFP at pH 6 8 in small tubesg’i,

1f%35¥ifl‘“
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’g. o _ |
in the dark and at —20 C. PC was purlfled from hen. egqg
_yolk by silicic ac1d chromatography accordlng to Lea et
(1955) as modlfled by Hanahan et al 61957) PS wasz
Aprepared from frozen beef brains essentlally by the

method of Sanders (l967).__Both.PC and PS were’stored

as sol%tlons 1n;chloroform'at_-2ﬁbc.i

Bi \Methods . )

v . . * o

I. Phosphorus determlnatlons- Phosphollpld phosphorUs

. was determlned aCCordlng to Klng (1932) Calculatlons f
"assumed a phcsphollpld molecular welght of 775._. :;”pﬂ”;“ -

' 2.; Proteln determlnatlons._ for cytochrome c,‘the dry

quantlty was welghed For prothrombln, concentratlons R

were determlned by absorbance of solutlons at 280 nm..dil

(ElA;m'— 14.0 accordlng to Cox and Hanahan 1970)

'h 3._ PhO_phOllpld sample preparatlons'~ phosph 11p1d 1nv;
A_chloroform was evaporated under a N2 stream. Care was }1wi'_ o
ltaken,‘as the volume became small not to trap chloroform o
‘under the skln of llpld whlch formed The tubes were ff“”f§“
rcovered and placed 1n a Vacuum chamber for 20 to 24 hours
.fln order to remove any remalnlng traces of chloroform._ﬂf'ﬁ
'}20 was added and swelllng was %glowed to occur foridgflff‘
hfanother 20 to 24 hours.p The sam les were then frozen.hf"d;“

Egiand lyOphlllzed overnight The swelllng—lyophlllzlng 'fof;*ijc'

.Sequence was repeated the samples swollen for a thlrd isf .

:latlme for a 24 hour perlod before sonlcatlon.;g?f‘*i“ B

‘ When PS PC mr&tures were requlred, chloroform

_iﬁsolutlons of the liplds were mlxed prloz to the above steps.rv:fg

24 . -
Lo A
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4. Sonication- The dispersions'were sonicated using a
-Blosonlkvsonlc osc1llator (Bronw1ll Sc;entlflc, Rochester,
N.Y., U.S.A. ) at a power level settlng of 40 to 50.
Alternatlvely, for a few samples, a Blosonlk IIT at 1evels
‘ofngptq 50 was used;, Samples wereiunderi;\nltrogen.stream.
~ and in'an ice-water bath. AJSonicatiOn'time QS% routineIQA

25 mlnutes, 1n perlods of - 5 mlnutes with 5 mlnute 1ntervals

between operatlon. ‘pH was adjusted dur;ng these 1ntervals, ft-

H

'usually to between pH 7.1 and 7.7.

R JH ~ . ' |
e >-f" Fdr phosphollj}ﬁ - samples, the CaCl2 was

‘.added to prev1ously soni ated phOSphOllpld and resonlcated
_ £ .
'_for another 25 mlnutes F;nalyCa +4concentrat10n was 0 OlM

5; -Nuclear Magnet1c~Resonance* Spectra were obtalned on

~ ]

‘,a 100 0 MHz Varlan HA lOO 15 spectrometer elther w1th

- contlnuous wave or pulse technlques Routlne operatlng

temperature Was 29 to 31 C A531gnments were made'

eaccordlng to Chapman and Morrlson (1966)

SR

‘ 6 Fatty ac1d analy51s~- Phosphollplds were dlgested 1n

.,SUlphﬁrlC ac1d and the fatty aC1ds esterlfled w1th methanol o

. accordlng to Gander et al (1962) The methyl esters were
ffthen run on a Hewlett-Packard 5700A gas chromatograph

5“ equlpped w1th a dlethylene glycol succ1nate column._ The

"analy51s was run elther a_othermally dt w1th a temperature

Af_program con51st1ng of 16 mlnutes at 200 C then\a rlse of

Peaks were 1dent1f1ed by reﬁgrence to f”;p;eldf
S.A.).

}f;standards fro Nu—Check Prep (Ely51an, Mlnn.,
.!rThe equlvalent chaln length (ECL) method of lea et al
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(1960) and Woodford and van Gent (1960) was used ta
identify peaks for which no standard was/avallable
'Values of ECL were taken from Jamieson (1970)-

!

7. Thln—layer chromatography Chromatographic separation,

¢of llplds on' thln 1ayer plates coated with 31llca gel G
was achleved with CHCl3 CH30H: BN NH4OH (65/35/5 v/v/v),,
.CHClgB CH3OH 6N CH3COOH (65/35/5 v/v/v),;or ~petroleum
ether diethyl ether. CHBCOOH (90/10/trace).

8. Amlno acid analy51s . amino ac1d analy51s of prothrombln

Iwas carrled out w1th a Durrum D 500 amlno acid analyzer.

- Samples were hydrolyzed in 6N HC1, 0 l% phenol at llO C
-for 24 (dupllcates),l48 and 78 hours (single samples) 1n'
sealed eyacoated'tubes Peak areas were coﬁﬁuter'analysed.
Values taken were those at 78 hours except for serlne and
threonlne which were obtalned by extrapolatlon to zero tlme,

yand half—cystlnes calculated from the 24 hour data. \

9. ~Electrophores1s: The prothrombln sample was treated

'w1th l% B—mercaptoethanol and l( SDS then subjected to
SDS~acry1am1de dlSC gel electrophoresls on 10% gels 1n -
;0 X M phosphate buffer, pH 7 2 w1th 0 l% SDS, 0. 27%
u:methyleneblsacrylamlde accordlng to the method of Weber

’_and Osborn (1969)

ey

lO. Coagulatlon assays-"Prothrombinnactivity'was assayed
. by the Russell v1per venom (RVV)»- cephalln assay of Hjort
et al (1955), us1ng Factor 11 and VII-def1c19nt plasma..

f-The method was callbrated by reference to the clottlng
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¢

times obtained with dilutions of standard human plasma.
These are plotted on a log-log graph of the type shown
in figure 3.

- 11.  U1tracentrifuge égperiments: _Measurements were

made on a Beckman Model E ultracentrifuge operating at
.20°C and equipped with Schlieren optics; Sedimentation

Coefficients were obtained by ‘a computer least-squares

(P IRN

.analysis of the data.
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Flgure 3 Callbratlon curve for the one-stage prothrombln S
assay of Hjdrt et al. (1955). The ‘clotting times o

- of dllutlons of s standard normal plasma are. plotted..
One unit of prothrombin.is ‘defined as. that
present in - ml of: normal human plasma. I



CHAPTER IIT

PROTHROMBIN-C& ' ' ~PHOSPHOLIPID
| _ COMPLEXES =~ . .

A, Prothrombin’characterization

1. Sephadex{chromatography: ‘The last stage of prothrombln dd
purlflcatlon is a Sephadex G 200 chromatography The | '
elution proflle of the, prothrombln used in the subsequent ”
,'dexperlments,;s shown ln Flgure 4 The - prothrombln was |
almost pure before chromatography and.most of the proteln .
eluted as a 51ngle peak The peak fractlons were pooled
dlalyzed and stored as descrlbed in Methods.v 280 of .

7thls materlal was l 50 and the prothrombln act1v1ty was :»“

1. 98 II unlts /ml.

'_“.2., Amlno ac1d analy51s-' The amlno acld comp051t10n fori'k

thls preparatlonkls glven 1n Table III Values from

;uSeegers et al, (

o

967)' Ing‘”all and /Scheraga (1969), Cox” -
. and’ Hanahan (1970), and Bull (1973) are . ln01uded for L
qL .

, comparlson., Agreement of the present results w1th those‘ﬁ;~f

“.1of the other- workers is very good except for prollne and -

;,half—cystlne which are lower than those observed by the
'earller workers Thls is due to dlfflcultles encountered
31n thelr determlnatlon wxhalf—cystlne ‘was- not converted.to

cystelc ac1d w1th the result that the amlno‘ac1d analyzer-d;‘ ;

'hapeak tra01ngs were too shallow for the 1ntegrator to read

“}well The prollne peak was not well resolved from the

-glutamlc ac1d peak and was therefore not properly 1ntegrated
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. Figure 4. - Sephadex G-200-chromatography of prothrombin - . .
- . . isolated from DEAE-cellulose chromatography.
' Eluting ‘solvent was Michaelis buffer pH 7.3 =~ & =
;7”' With O,OOl:M‘EDTAfand 107"M.DFPiFthdthrombin-- ;}-;¢  .
.- ractivity —AeA-iA -, ‘absorbance at 280 nm -0—O—O- . -

)
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TABLE III

_ AMINO ACID COMPOSITION OF .
BOVINE PROTHROMBIN -

- I . L TR o
. Amino Acid - - "Moles/6 x 10 g of protein

| | E e T
Lys . 29.0 314  29.0 26.5
Hi§ ‘I o I é{S‘:- ' S.I' ; Y~8;sz' lQ;éi':
Arg = .5955;_ | 3635» _Vf4§.7{l I;;éféi
" Asp ‘_7I'afj15157:5II'3 55;8;4A'.$5§6 j';wss;i N
Glu = j -Zzss}va"'67,5"~v*66,3,;4 67.3
Come 280 268 260 27.6
Coser . 347 ﬂIzéé;z/- 316 4=f36}71v}f
Cys/éi-;;'I,f 114}7I1 ' iz,z'h [fli:o‘:mIfle{ijﬁ
et ~I: ? .w_5§2'fI;I:5;éfij{I;S;Q;{VEZIQ,15IU
Gy, 466 4617 e 480
.,IIAIa;ID‘I‘A; i?f32-25IIy_?é;BIfI3I§1:612;?€32Q52:if

Cval :.iflgélsjf,)f3o}7]fgfj3z 9 347

SIle o182 lei2 0 17.9 7},18;457;7I

fLeP”""zf 5*;“4éllf}i: 4?;3;??1i41,8‘ ‘}i41;§iﬁ
e s aas) --:'f_ls o 194 |
r'inbffffﬂ}fﬂ,‘;;;;;g°,L'aii,s;{jfj11,33;ﬁ;'11,25/;]

.fpresent study (Trp not determlned)
Bull *1973:

-Seegers et 3l. 1967 |
'Ingwall and SCheraga 1969

R W

..;47_'v

5

7.9

S3kia

"Cox’ and’ Hanahan 1970 bf3°f :fI:it}iﬁ,: fIf?J»{'[;fT"

,33;5.:"
sa8 .
7.8
s
I3353ﬂ“II._.u
fflé;35-I»+-

'IIi;a7f?ﬁ:_:f
308 L

.15,3Iy77I7f

:7;;?9597;:1;:f5f
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3. Ultracentrifuge studies._ Two and a half months after

.'1ts‘preparatlon, a sample. of prothrombln was thawed and
h‘examlned 1n the analytlcal centrlfuge Photographs of the
Schlleren patterns observed are shown in. Flgure 5 Some ",),
extra peaks are present but most of the materlal was 1n the )
'p051tlon eXpected of prothrombln. Between pH 5 and 6,
320 W 1values of 4 6.5 (Cox and Hanahan 1970),.4 80 S
:(Ingwall and Scheraga 1969), 4 84 S (Lamy and Waugh 1953)’[.1"
5”5 22§ (Seegers 1962), and 5.3.8 (Seegers et al\ 1967)
"have been reported whlle at pH 7 4, a value of 5 03 S has :;
b'been found (Bull 1973) / The 820 W was not calculated here | 5ii
'h‘because of the uncertalnty of ultracentrlfuge measurements -

*at low concentratlons (Flgure 6) The p051t1ve slope

concentratlon dependence of the sedlmentatlon coeff1c1ent "‘

Aﬁjat low concentratlons 1s 31m11ar to that reported bY COX

,and Hanahan (1970) f}fffffafhiff‘fl“_fi'f:hif“ffk?lﬁf

j‘f4; DlSC gel electrophore51s-' Polyacrylamlde gel

7:;'electr0phore51s was performed on prothrombln thawed

";‘three and a half months after preparatlon., Results/'(<fff@f*w

'“_fare shown Ln Flgure 7.. Three or four faint bands are

\l'

7Qv1slb1e but the preparatlon 1s st111 essentlally

: ”homogeneods..1:A.‘ S
Clottlng assay- _' A clottlng test was done to e

.;»determlne the effect of lyophlllzatxon of prothrombln on 1ts

‘ilact1v1ty.' From the Orlglnal actiVLty of 1 98 II unlts/ml,v l;f;
’El 33 IT. unlts/ml remalned after lyophlllzatxon., This |

vfffrepresents a loss of 30% of the orlglnal actrv1ty.,=-u:

IS
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S20 (seconds x10'2)

_50_

D PN T 4

Flgure 6

o concentratlon dependence of the sedlmentatlon
coeff1c1ent of prothrombln._. Rotor speed ‘was: /\z} ’

60,190 rpm, temperature 20°C. Prothrombin was. »

dlssolved in0.1 M NaCl, pH ~6.5: ‘The curves e
are taken .from Cox and Hanahan (1970) -o--o—-o- L

“at pPH 5.6, —-——-‘-—-‘ at. pH 7.4 and from

E'?Bull (1973)

- at pH 7\4.
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’_B.'_Preparatioh~procedures.. T 'Q "_\-14 \x
o M;xtures of PS: PC contalnlng 0% P§ to 80% PS
‘(w%w) were\prepared ‘as descrlbed in Methods.‘ Total llpld
'aconcentratlon was generally 12 mg/ml Addltlon of 5 01 M
' Caol 1ncreased llght scatterlng and eventually prec1p1tated
lr sonlcated PS PC samples.‘ Resonlcatlon of PS PC mlxtuxes
‘~conta1n1ng 20% Pé resulted in the suspen51on of this |
‘,materlal but only for a short tlme. Mlxtures contalnlng.
‘;40% PS w1th Ca were usually turbld whlle those w1th aﬂ l
’.}80% PS and Ca 'were 1n partlculate form S
For studles on prothromb1n~11p1d’mlxtures, _ ‘
'the ratlo of prothrombln (A 0 unlts) to phosphollpid (mg) ‘2ef
_was O 76 to l OO Thls is w1th1n the range used by - d
'-'Bull (1973) reported as. o 76 to 1 46 At flrst,,expenments
_ were performed w1th prothrombln that was Slmply lyophlllzed
u_ThlS was done 1n,order to reduce the HDO peak 1n the NMR
_,spectrum.ﬁ It was reallzed, however,}that thls would 5fffﬂﬁf1:rf
:iproduce very hlgh salt concentratlons.l Therefore, a step
’1nvolv1ng dlalysxs agalnst water,.pH 7 l to 7 3, was |
'}1ntrodu¢ed Lyophlllzatlon also 1ntroduced other dlffrcultles{;
;{The dry prothrombln was not ea51ly soluble.,oAttempts were Lo
1made to solublllze the prothrombln w1th small amounts /V
:3of D O before addltlon of the sonlcated phosphollpld,-!hij'f“
Q'It agaln only partly dlssolved Prothrombln d1d not
v;glve an. NMR spectrgm at the concentratlons used., .‘h‘: L
;‘lw{j}{f£ The effect of cytochrome c on the phosphollpld

'wNMR 51gnals was 1nvestlgated 1n order to ascertaln the’rL jﬁg;j_

B
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' magnltude‘of the change in 11new1dth in this 51mp1e
ephosphollpld—proteln systgz. In thlstcase, Ca‘ is notk

requlred for blndlng to occur..: o |

For mlxtures of 20% PS w1th cytochrome c, flnal

L concentratlons of 3.0 to 3.6 mg/ml of cytochrome c were: V_
¥ used Thls concentratlon of cytochrome © was. chosen tob
v produce near equrValence of pos1t1ve and negatlve charges.
' Cytochrome c has an excess of nlne arglnyl and lysyl
'uvre51dues over glutamyl and aspartyl re51dues (Margollash 8
let al 1961) For PC and for mlxtures w1th 40% PS, i
.A6O% PS, and 80% PS the concentratlon of cytochgome c.

.employed was from 5 9. to 6 7 mg/ml Cyt0chrome c, at

ithese concentratlons,vdld not glve a resolved NMR spectrum. f*:r

A‘set of spectra of 20% PS 80% PC alone and
_ 5w1th cytochrome c. Ca f and Ca —prothrombln are shown fa,”P
hihln Flgures 87 9 lO and 11 j.fj e PR
e mesules
i:jvﬁ f} B 7; p B, SRR
-g_l Chollne methyl llnew1dthsyf;:gq;i,g

auiﬂj Substantlal varlatlon 1n NMR 11neW1dths was U

.v'.‘

vfffobserved in, dlfferent experlments w1th PS PC mlxturesrof@hjf%H

'fthe same compos1t10n._ The reason for thxs dlsper51on of

'~j;values is not known but may reflect dlfferent effLC1enc1es“.5;;ﬂ

: of sonlcatlon._ In order to ensure comparablllty, average T

e

t" S ',0'."

- values of the -N(CH3)3 llnewldths (at a chemical Shlft of ;wﬁ.”,
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1:f$samples caused a sllght further 1ncrease 1n llnew1dth The

-62=".

l§25 Hz downfleld from TMS) were calculated at each PS PC
.'comp051tlon “or the phOSphollpld mlxtures 1n the absence
of any Ca or proteln., For experlments W1th Ca |
‘prothrombln-Ca ~-or cytochrome < added the observed |
l'llnerdthS were multlplled by the factor needed to brlng
the correspondlng s1mple phosphollpld samples to these
f.average flqures This procedure reduced the scatter of-
.lyp01nts Results obtalned by thls technlque were averaged
and the average Values are plotted'ln Flgure 12.d The
j.decrease in the value for the llnerdths of the phosphollpld
‘"mlxtures alone is not 51gn1f1cant con51der1ng the;f,hf
exper;mental error'1nvolved When cytochrome e was added
' to mlxtures contalnlng PS the llnew1dth 1ncreased |
‘substantlally but thls was not so when PC was usedl Wheﬁ
:oaf+ was added the 1ncrease was even greater than when

- cytochrome c was added but agaln there was no effect on

‘°7the llnew1dth for Pc samples. Thls 1s as expected, 51nce~r ’
'+ does not blnd slgnlflcantly to PC 1n water (Shah and

'»SChulman 1965, 1967 Klmlzuka et al 1967 Papahadjopoulos

’.1968) The addltlon of prothrombln to phosphOllpld—Ca++

;:?values for mlxtures contalnlng 60% PS and Ca ; are only
ntapproxlmate s1nce a loss of slgnaltlntensity made an §

vdfestlmate of half—helght w1dth very dlfflcult._-'

‘J[nz Methylene resonance Spllttlng o ‘: ~“‘ 5

i | Because of the Spllttlng of the methylene NMR |

vi“resonance (approxlmately 128 Hz downfleld from TMS),_lt

lv -
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120

(Hz)

oo |

.‘ --:'LVIN:EVWV’I;DTH

:.v'oy;aszzoigfjaAO-. - 60g.gvp80}‘_;3901;j='

°/o PS ‘
‘I’«,.nx.

Flgure 12 .74§(CH ) 1ynew1dths adjusted to average values -?111*
: " of the’ llnew1dth of phOSphOllpldS without addltlons; S
'”iPC values are the average of 2 determinations;. Lo
) ;20% PS of 5-103 40% PS of 3-4; 60% PS. ‘of 21 and
.7/ 80% PS,is d single determination." @ ‘average value
© of: phOSphOllpld alone,VO PL with- cytochrome c,vf',:z
A PL with- Ca . -0- PL,~Ccat -prothrombln. Llnesii
- ' ‘represent scatter. The values of cytochrome c’
- and prothrombln-Ca -phosphollpld are shxfted to
:,the rlght for ease of readlng. P .



was not p0551b1e to calculate‘llnew1dths ' Rather;;the :
relatlve peak helghts were 1nvestlgated Thépresnlts-arei
shown in Flgures 13, 14 15, ‘and 16 The.chemlcal shift"'
1s referred upfleld to the -N(CH ) resonance;f No spllttlng
was observed Wlth pure PC or wlth mlxtures contalnlng 20% PS

(Flgure 13) Wlth 40% PS content,_a peak appeared 207 Hz_ -”

: upfleld from —N(CH3)3. As the relatrve PS. concentratlon

. 1ncreased thlS peak 1ncreased concomltantly.' ST i__ ._“;7

| When cytochrome c was. added to a mlxture contal—
'.nlng 20% PS the methylene resonance appeared to be sp}\t.
-At hlgher PS concentratlons, the downfleld peak was most he
_3affe§ted,‘ At 40% PS, the relatlve peak helghts became .
_?feoual a At 60% PS, the downfleld component had decreased to
‘7a shoulder and at 80% PS a 51ngle asymmetrlcal peak was |

'observed ‘ﬁ~“

*--fcaff 1nduced 51m11ar though more pronounced
Qﬂeffects,_ At 20% PS the peak was broader than elther

": 20% PS alone or 20% PS Wlth cytochrome c. Already at

'”40% PS only an asymmetrlcal peak appeared Whlle at 60% PS

l

ffjand 80% PS, 'the peak orlglnatlng from the upfleld Component
;}7was symmetrlcal | .“‘w‘ ‘; | | _ | :
t:t L | ; prothrombln had only a marglnal broadenlng
,;feffect on the spectra Of phosphollpld‘ca lsamples-;:a;ﬁtJEK::
P;;Thls can be seen by comparlng Flgures 15, and 16. o
ip;3 Methyl resonance spllttlng L

In the case of the —CH resonances (chemlcal

PR 3
lbishlft approx1mate1y 90 Hz downfleld from TMS) up to three
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components were- found (Flgures 17 anda- 18) Pure PC and
.mlxtures contalnlng 20% PS exhlblted a 51ngle peak whlle
‘at 40% PS and hlgher, two addltlonal peaks appeared
'r_ upfleld TH downfleld peak decreased rapldly on. 901ng h
to 60% PS and 80% Ps whlle the. mlddle peak exhlblted a
slower decllne. ' | B

With cytochrome c, the relatlve magnltude of
‘both the downfleld and the central resonances was lessened
's0 that the downfleld peak had dlsappeared at 60% PS- and
'l.the mlddle peak only appeared as a shoplder at 80% PS
"After cat additlon, the effect was even more dramatlc.i‘

e

The downfleld component appeared as a shoulda‘ at 40% PS |

bband the central component as. a shoulder at 66& PS At

80% PS, only a 51ngle peak was. seen. Prothrombln-Ca++ -
.bphosphollpld samples WEre agaln s1m11ar to the Ca ;
-phosphollpld complexes although they showed sllghtly more:
fSroadenlng of the downfleld and mlddle resonance llnes.”u?u"

":AtaZO% PS. prothrombln separated the peak 1nto two components.;pp
4, Dlscuss1on f.;' .;:leirl,'7r;l ;_7F - ;5H: hf'l:‘;ff-'u |

These results could be explalned 1f it were o

,fassumed that-v' ' PR |
*a) in the absence of Ca++, addltlon of PS to PC up to l';}

d:30% PS resulted 1n random m1x1ng of the two speeies,jﬁfy_;,,-”ﬁ
h_b) at hlgher Ps concentratlons. the add1t10na1 PS was
;'sequestered so that two phases ex1sted one a mlxed
fphase of PS + PC (mplar ratlo l 3. to l 4), the other f’a

-ia PS—rlch phase-"“'*7"’



"

~ s

Figure 17. A. The —CH region of the NMR spectrum of,
s mixtures o% PS and PC. Chemlcal shift
- refers to p051110n upfield from. the
-N(CH )3 ‘'signal. Experlmental conditions @
‘are the same as those descrlbed 1n Flgure 13
~a) pure PC :
b) 20%ps . . C ; _
c) 40% BS . 7
, d)‘ﬁ. .60% pPs- - RO _ S R
e). 80% PS'

The ~CH reglon of. the NMR spectrum of,V-a
mlxtures o% PS and PC with cytochrome C. .
.~ chemical shift refers to pOSlthn upfleld
.t "+ from the’ =N(CH;) 5 -signal’. - Experimental
B conditions §re tﬁe ‘same as: those descrlbed:
in Flgure 1 : ~
~..a) . pure PC.
.. b). .20% PS jd.‘ﬁ. S
‘c) 40%PS . . A
@) 60%pPs. . a
.e). 80%PS- oL
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- Figure 18. A, The ~CH, reglon of the NMR spectrum of
e ’~m1xtures "of PS and PC with Ca++(0 01-M).
Chemical shift refers to position upfleld’gr
from the" ~N(CH3 signal. Exper1menta1 Vo
. conditions are those . descrlbed in Flgure 15;
"a) ' pure PC. _ o -
~ b) 20% PS
ce) 40% PS |
a) 60% PS.
_e); -80% PS -

The —CH reglon of- the NMR spectrum of
mlxtures o PS and PC with 0.01 M Catt and
prothrombln.- Chemlcal shift refers to . T
. position upfield from-the ~N(CH5) smgnal _

. :Experlmental condltlons are thos e_descrlbed,'
~“in-Figure 16. *'A, ;r‘¢‘ B R
©@)opure PCooofo o
. b)) % PS (mlddle and lower curves are -

IR different samples) :
. ¢) 40% BS- o e ﬁ;.
R d) GO%PS 3 e
e) BO%ERS
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c) all the *CH - protons in the PS PC phase (whether R ) _

) protons of PS . or PC) gave rise . to the low~f1eld component
v

_:(195-198 Hz above the N(CH resonance) whlle all the .

; 3)3 _
\";—CH - protons in the PS—rlCh phase gave rise to the hlgh— -
']’fleld component (206~209 Hz above the —N(CH3)3 51gnal)

Consequently, we . would see one component at 0%

'=and 20% PS tAbove thls PS comp051tlon._the hlgh—fleld

“component would appear and subsequently, the relatlve

,llnten31t1es of the two components would depend on the
l fratlo of PS to PC. | ‘ - | _ | |
The add1tlon of Ca to the 20% PS sample rlytf \L
l”cauéed broadenlng of the N(CH ) llne agd\the s1ngle E |
h‘—CH2- 51gnal W1th mlxtures contalnlng a hlgher proportlon
'ofwPS, the effect of Ca L ‘was to broaden the downfleld
. scomponent of the -CHZ- resonance. ThlS behav1our presumably
Aioccurred because Ca++ forms a.: d1 PS—Ca++ complex‘w1th1n |

v o
"the mlxed phase (Flgure 19),,1ncrea31ng the degree of

LA}

: ‘order of both the hxdrocarbon chalns and the polar groups,f,j;ghﬁ
"QA lattlce structure of PS and Ca++ has been proposed for fﬁliﬂ
:'bllayer membranes by Papahadgopoulos (1968) (sge Chapter V) o
" | As the pﬁzportlon of PS was 1ncreased, the 1ow—17’i3_f
‘7f;f1eld component remalned very\wlde whlle the 1ntens1ty of e

"1‘“‘*. o

'".the hlgh fleld component 1ncreased To lnterpret thxs,g_p;pfh{;%

'7»one may propose that Ca 1s unable to 1mmoblllze molecules

vd%}in the RS-rlCh phase. The orderlng of PS molecules by

,Ca may, for example be 1ncon51stent W1th the requlrement

‘f for curvature 1n the small veslcles., This reasOning 1s ‘hi&
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3

resentatlon of’ the proposed »
ﬁnd a mlxed PS PC phase.




w E ’/ 0-80-\. :

supported by the fact that the —N(CH )3 llnew1dth was

broadened dramatlcally by Ca. up ‘to 20-40% PS but above

R thls, in the reglon 40 to 60% PS,. the width remalned

1approx1mately constant. g [f '. o 4' - - \
: Prothrombln added to mlxtures contalnang -

20% PS and.Ca produced somewhat more brpadenlng of the

4

: R ¢
.~CH2— and~-N(GHl) llnes than dld Ca ) alone. Slnce

4+

the proteln has 3 or 4 hlgh afflnlty Ca wblndinq sitesbi

‘(Barton 1971 Nelsestuen and: Suttle 1972a, Stenflo and
) L

Ganrot 1973), 1t can act ‘as a multldentate llgand

stab111Z1ng the lattlce arrangement and further 1mmob¢llz1ng

B3

\the molecules of PS and Pc, .However' Such an effect of T

‘5Wprothromb1n was sllght 1:f,d5if;;f‘“ Vf"d'fa_'c”iff;:”?ffi],'5n3
. o Q . N . . R : o o : : : e . “ N . .
716A ]f Prothrombln d1d not appear to si nlflcantly o

‘h'affect the relatlve dlstrlbutlon of the 11p1d phases as ‘;? IR
;ev1denced by comparlson of the spectra of the 40% PS and

‘1!60% PS mlxtures 1n Frgures 16 and 17.A The small effect

.of prothrombln on the —N(CH3)3 51gnal of PC—Ca does not '
‘flappear to correlate Wlth the lack of complex formatlon g;._;g;g.;*
‘7(Bu11 1973) | _ RS

The effect of cytochrome c, ‘a- polyba51c proteln.

j;hcould be explalned 1n two ways.“ It CQuld facilltate

lsomewhat the sequestratlon of- PS 1nto the’PS—rlch phase,

+

' e?leadlng to a 1oss of the low-fleld -CH - component inten91ty

lfiln favour of the domlnant hlgh—fleld component. Alterna-cf;f,;jf-
5f{t1vely,.it could 1nteract almost exclu81vely w1th the ﬁlxed

L & ¥ R
"PS PC phase and cause a broadenlng of 1ts resonances.; wv*e:'?
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Since the cytochrome ¢ was added after sonlcatlon, it should .
1nteract only with the outer layer of the ve51cles. Berden
et al. (1975) have reported that PS is preferentlally

located on the 1n51de of the ve51c1es. on theﬁbasis of the/\
blndlng experlments of Klmelberg and PapahadJOpoulos‘

(1971, l97la), Butler et al. (1973) and Van and, Grlfflths

(1975), to be dlscussed more fully 1n Chapter V, the

! : |

second explanatlon would appear more llkely Accordlng |

[N

v to Jacobson and PapahadJOpoulos (1975), cytochrome c doesi

. not effect -a separatlon of thSphOllpldS when added to

66% beef brain PS - 34% dlpalmltoyl PC.
! v, . . .
' The resonances of the mlxed PS PC phase were‘

:A'not broadened as much”y'cytochrome c as they were by

++ '
‘HCa".- As can be seen: by the lack of effect of cytochrome c '

on the llnew1dth of the.-N(CH3)3 resonance of pure PC, ‘ 'f:
cytochrome c does not 1nteract at. all w1th PC ;-g_' if‘a
L }?,fd F@h. f.b'f' o



CHAPTER IV
A RE—EVALUATION OF
THE PHOSPHOLIPID COMPONENT
Nine and a half months after the end of the
Aexperlments presented in the prevaous chapter, a sample
“tof,the phosphatldyl'serlne.(PS-l) used;;n’those studles,
without added Pg{_was ekamined'by-ﬁﬁk;h_Théhspectruﬁ:

, . , o | y - 5
exhibited two -CH, - peaks and at least two -CH3 peaks

2
_The helght of . the downfleld —CHZ- component was sllghtly

‘greater than that of the upfleld component This was
not cons1stent with . the trend astabllshed w1th Ps PC _—
'mlxtures on 1ncrea51ng PS QOntcnt. Furthermore, Hauser”'

and PhIlllpS'(1973) hadmeégzizie reported an NMR spectrum

~of. bov1ne braln PS exhibxtinq a sxngle -CHz- peak

’ Alternatlve explanatlons of the two -CHZ— 11nes were ‘,‘
_ e T

\

therefore sought 51nce bovrne braln PS contalns a hlgh

'proportlon of polyunsaturated fa+ty ac1ds, 1t 1s ratheJ

.susceptlble to ox1datJ.on° One of the two component llnes -

’.-mlght therefore have orlglnated from ox1datlon products.r.f?*
e L

;‘HfThe presence of contamlnants 1n the preparatlon of PS could

EE 2 '.' )

,calso produce artlfacts of thls klnd.,ﬁph_:_
_; A new preparatlon of Ps (ps 2) was Caxrled out,

tIt was Judged pure 1n thrée TLC systems (Flgure 20) ,;The f

'NMR spectrum exhlblted no spl:.ttlng of the -Cp peak

“'h?elther for pure PS or for mlxtures of PS and PC contalnlng |
10% to 40% Ps | L1new1dth results u51ng thlS PS preparatlon

o : .
are glven«ln Table IV The orderlng effect of Ca s,fgw_f
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CHCl,.: CH

e

£

4¢ : PS‘-Z'

i c-3
3¢ »3OH: 6N - NH
(65/35/.5)

£OF

37,703
(65/35/5)

YN ' .

5.

tristearln.

| 3.4
petroleum ether. eti
[ (90/10/trac

‘ fFigﬁ?é:20 }_Thln-layer chromatography of L. ps-l._-_,»,_v__
R : 2. PS=4° 12 months after preparatlon' 3. ‘pPS-37

_Samples 1, 3 and 4 were:f
-run at . the t;me Of: preparatlon.:gg_ﬂ~ 4

ey e

. <Q

A
CHCl,: CH,OH: 6N CH,COOH ”
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" ! " TABLE IV -
L | v
CoL NMR LINEWIDTHS USING THE
- . pgdy PREPARATION

% PS in tHe = N(CH ) e CHg ~CH

mixture R ' . -

0 B S , 19.3 19
; 10 . 5.3 o Y2500 - 18
20 - ‘4.5 ST 1) | 21
30 . - B e T3 A -
40 - . 5.0 5'[-'b”'21.01 20
S 5.2 - 19.7 - 17
1000 e 19.0-19.7 21-22%
s e 19.2 22.5%

. . ~ - ) ',> . - . . K
10+catt '4/ 6.2 . 29,0 . 0%
- ++ ’ c . . - . > * * : : l‘ \ * .
.20+Ca 5.9 C2sk L SIS

jo4ca’™™ .70 0 0 3L0 o gk

. Samples were sonicated, ta't added where. 1nd1cated .
and these samples resonlcated Values are from 91ngleo- O
experlments.v ' v S
* approximate v'alu'es_‘ difficult ,té measy.

e

/
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still clearly visible in the increased linewidth after
++ . ' . . . ' .
g% -addition. o _ ' ~ v \\\;)

P0551b1e reasons for the dlscrepancles between

these and earller results were consxdered and these are

.

enumerated below: n

1. Puritv of the PS preparatlons

./ The most obV1ous p0551b1e factor was the‘

: . -~ :
homogenelty of the preparatlons of PS A thlrd preparat1Qn
/7 _

N
of PS (PS-3) was carrled out. . In thls preparatlon, the
column volume for DEAE— ellulose acetate chromatography '

was.lncreased by at least 3- times over that descrlbed.ln'

-

the mgthod of Sanders (1967), whlle the elutlon volumes s
were not 1ncreased The - column volumes and elutlon volumes

N ~
used in each preparatlon are shewn 1n Table\Vv “No ma]or b
-
contamlnant could be detected by TLC u51ng a conventloﬁal
*

chloroform-methanol—ammonla solvent system (glgure 20)

’

but materlal runnlng w1th trlglycerlde could be seen when

petroleum ether-dlethyl ether-acetlc acrd was. used as

)..

solvent.» ThlS 1mpure PS—3 gave 51ngle peaks for the
-

—CH2- resonance in. NMR spectra of mlxthres contalnlng

10, 30, 40 ‘and 100% PS. P
2. Autox1datlon ijgbésphatldYI serlne S A
_ - ‘§

—

Another p0551ble source of the dlscrepancy;pf

"1

results 1s autox1dat10n of the PS 1 A sample of PS-3"

7was exposed to aiy. at room temperature’for 89 hours._d%i"
It was then swollen in water and lyophllized as J;f‘f

-descrlbed ln Materrals and Methods. A 51ng§% peak t/;

T J—*\\ :\ﬁ



- mBLEV _ . a
e . PS PURIFICATION BY
‘. DEAE-CELLULOSE ACETATE -CHROMATOGRAPHY

"-Preparation = Column 'Elutiontvélume‘(ml)'

-8.6 -

(Vohm&(ml)'f.l 1} 2 - ,8_.»... 4v

Sanders 50 - 800 400 - 1.100\‘ 500

ae

Ps-l 165 17000 1000 240 2100

)

PS-2 .95 .. 1300 . 700" - - 200 900

PS-3 155 . 860 . 400 - 1000 ° 1350 .

©oPsp4 120 100 - 600 - .T1s0 1400

&

-~

chlbroform:vﬁethanoy,7:3”§/v_
~methanol o :.-,. o _  “.1A : . 05\ SR | o

3. ‘acetic dcid: chloroform 1:9 v/v' ..

4. acetic acid: chloroform 6:1 v/v (eluting solvent) ~

'ref;JS§ndefs (1967) " S

L

» v

N

i
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the —CH2— resonance'was-ohserved o ) ',g , .A/f
It was stlll concelvable that the fatty ac1d
. comp051tlon of the PS 1 mlght have been dlfferent from that
‘of subsequent PS preparatlons Fatty ac1d analyses of all 'ha;
. PS preparatlons ‘were therefore performed The results are‘yg;

- shown in Table VI in conparlsOn W1th those of other f“i L;fA
1 workers. The GLC analy31s\bf the fatty ac1d methyl esters drﬁbw
of Ps}l (as the sodlum salt), performed approxxmately one
mmonth‘after its preparatlon was not carrled far enough to ».;74
detect the presence‘of any 22 6 (22 carbon atoms long w1th

6 double bonds) ac1d or later-elutlng éomponents.t Flfteen>

: ~months after preparatlon, fatty ac1d ana1y51s‘revealed

', 34 % of the total w&aght of fatty ac1d emerglng 1n one

'e\peak elutlng beyond 22 6 Thls materlal‘yas also preseﬁfb jﬂy{f
fln PS-3, though 1n smaller amounts, whlle none was found N

-, in PS 2. When PS 3 was purlfled by pneparatlve TLC to‘,?fogflif

;l‘separate the "trlglyceride" impurlty and was then analyzed ‘

.‘vbY GLC th1s peak appeared as approx1mately 80% of the o

[ K3

:fatty aCld in beth the purlfled PS- and the‘“trlglycerlde" -
nxlmpurlty. ]; .,.s r ‘ ‘-'-_ if'tiy'.vp‘y;‘ ; : _.:ZL"”* S
: ‘ N .Slnce ox1dat1on of llplds 1s known to bew\f;a T
sfac111tated dui@ng thln-layer chromatography, 1t was 7?]"‘
j‘thought that the peak mlght be due to ox1dat1on of the::;fﬂeﬁ'{ﬂ;f
i:PS. However. storage of PS 2 under nltrogen at - 20 cji!~ f “'
rfoé onevyear dld not cause“an 1ncreasé 1n this camp°nen£,;a TR
though the welght % of 22: 6 had decreased from 11, s to o

fl7 5% The orldatlon must therefore have been due to- e
: _ LN e T e e e
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PS=-1"ono month alter |
“(fwothaenit ot PRI
N !n carliest: bart-of shectrim)™
PS=l fitteon noithy affer numu\mn
PS 3 threeo woeks attec prepirstion |
PS-3 ondmonth atler preparation
13.-PC one masith anter prdparat ian
14, PC 25,5 manths alLN pllpu.ﬂ.lobl

« . .5 °
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fADLE VI _ . a8 »
. EATTY ACID ANALYSIS OF PIOSPINTIDYL shptwe B ° | - \ ' '
PREPARATIONS FROM DOVIHE DUAIN WHITE MATTER BY ’ - e
. VARIOUS WORFERS v w
(AR + . ) . B . o PR "
?‘u_ty»ncl T H 3 4 H rpo ? ., 8 <9 .10 1] ) 12 13 Y} @
1210 0.1 0.8 - ! LT S W
v 0.6 _ : Ty , .
1310 0.13 ' . e oo
14:0 .. 10,37 0.3 L ea ST e 0 Koy {91 0.2 0.9 i
. . \ B . L ‘_’:’{ . v N
BV R NUR Ry L : :
1510 - 04 : ' - ) :
1511 ' 0.4 - K N . L ,
160 . 1,22 33 32 2.1 28 -—- 12 K9 -2 1 1.0 0.8 28.4 32,0
. * Y . N : .
1611 . 0.36 0.4 .
1612 _ 02 . o
T1740 ©0.47 . 0.3 0.8 Q.4 . 0.2 0.3 0.2
1714 0.12 Y . RS R
© 1830 - 49.9 4823 2.7 39.2 \A.c- AB.9  42.5 37.7 544 3.5 3000, 322 136
;- o o R T SN U . S
1811 30,2 29.4 2.4 4.4 3'_7.”2';'36.4 3.5 31,6 "19,8° 255 27,6 " 31.0 ’
" 1ee2 "3 e snet FRNPUESE o 144
: R I S . L X s
1813, 1.4 - . : c Vo, ‘ RN .
IR e R N TR T R ) ] 3.8 3,77 .37 K B
2011 4.58 3.1 et Tae 48 L . :
20:2° 1.22- .20 7.4t R ST ea 0 A
. B B Lo : - 0.4 : e 1,00 0.8 :
2013 0.48 it . . : 0.4 T T 6.2
- ! . - o i « . L 0.7 0.7 )
200 T -0.19 5.7 ~— 4.0 3.6 Loty S
v ) : . . Sl T o
205 — R oo et B .
: . . 2.3 00 3.8 - 2,0, 3.9 :
223 7\ 0,84, «: 24 12 : BRI % 2 I o L e
X .o 5.47 . ) . o 4.3 ;- SR e
2214 ¢ 00,46 RS 2,42 . --=7 ) 0.9 ..°2.5 1.9 2,3 2.2 .
Cans 0.25 _ ' 20 0.8 1.1 21 - 0.9 ' ‘ _
2216 0wz 11,2 -:- 3.8t als U ns o el 24001002 9.6 38 2.0
. © e . . . B V . : . . . s
1910 0.28 . -
Lo BT ® )
19:1, T0.82 1 ’ - o : 0
12010 0,72 .2.7 o5 0,2, ¢ ..0.3
Cipne 1,14 0200 ! ' o - .
. « - . '
121 0.86- 1,1 i -
v e C1.22 Lo -
Caeo . Rl : e :
unidentifica K 0.1, e ‘;4‘.:' 17.1', 18.1 .
) 1. Snvor et al, (106))' S nny ncldc u¢ dulqnated by tho Jhumbef ot - ) S ’
2. _Graham and 1 l/a (1972) Lo carbon stoms followed hy tho numbcr ot Ce T
3. 'Klenk' and Bt (1981} . .0 . double bonds;’ e )
g Zipko ot-.|1 (1970} -4resh mample . e o : -
Zitko (197Q) ratvier. 4 monthe ='~°N90, : ‘% total un‘awrntud of. Lhat chnln longth p
y under | N at ~14) : t trace . . : o
apalindiopou tos anc Nl lur (1967) * total nluUm) between 20:1 and 20;4 S L) s
-2 frcuh. ., B Lo, U tetal-eluting hatweon 014 and 2216 T 2
PS-2 twalve months after nrcﬂar"!‘*ﬂ ) < 1.4% i total for 2014 and 2211 . e P AR
(imothermal at’ 2200¢s poor ~separation : “Ylox is total for 2034 and 22il" - . . NI L
in earliest part ofYyspectrun) - 0.8% is. total’ Aox 2215 and 2410 0
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~an acetlc ac1d-catalyze. reaction during the preparation

: procedures There 1s le 'danger'of'autoxidation in PC

preparatlons 31nce pPC contalns fewer polyunsaturated

fatty ac1ds.

. .-

' The unknown compq“Ent of, the GLC analysls may -
represent a mlxture of compounds. Aansen and Smlth (1966)

'found Ehat there occurred formatlon 2 methoxy compounds
"from oxidlzed llplds-lsolated frbm sheep perlnephrlf fat
.when srmllar esterlflgatlon condltlons were used ‘The f'ﬁ

n:fvarlous products appeared 1n the GLC as Qne peak w1th a ’

L.

tralllng edge. ;._ ’? f\ T }l

3. Effect of sonlcatlon on physxcal.structure;h
| The eff1c1ency of g%nlcatlon is d1ff1cult to‘
‘,control so that breakdown of large multrlamellar structures

‘-may be. more or less complete.l In additlon, the rate and

! L]

' extent of ve51cle aggregatlon after sonlcatron may vary.vy'
. \ N N . )
"Phosphollpld molecules 1n larger ve51cles couldlexperlence ﬁ

‘a dlfferent enV1ronment from those 1n smaller veb1cles.;1

. *A mlxture of structures would glve rlse to multlple peaks..;

w3 - _ - R A e - .—8.9_—

'»fPS and PC mlght segregate preferentlally 1nto one or other ;;;L

"pof hese structures. It must be stated that thlS explanatron
'1s’un11ke1y 51nce spf\}tlng of resonance lrnes correlated
",well w1th the PS—l preparation and was not observed w1th

Lt”any prev1qus or subsequent PS prepanatlon.

f..AQ: Effect of sonlcatlon on chemlcai structure 3‘;*”,_“ .

Chem1cal degradatlon, espe01a1£l hydrolysis to

f'monoacyl PS, may have occurred in PS~1, Ps-g or PS-3., some;ffl;

e SRR



: :90-d

J

breakdown dld take place as Judged by TLC (Flgure 21)

The amount of products was not quantltated * Hauser (1971)

sstated that he had found condltlons to ellmlnate degradatlon
’ : :
of PC durlng sonlcatlon but Hauser and Philllps (1973)

admltted that approx1mately 3—4% degradatlon Accurred during

_‘sonlcatlon of ﬁf. S : g _‘_-j' _‘Mp ﬁs_f\\\

‘5:_ Effect of contamlnatlng paramagnetlc ions on llneW1dths
- \ S
In these experlments, the Varlan HA-lOO ot

'rnstrument was operated at the hlghest galn settlng and ~/~/‘w"
at. the llmlt of”lts sen51t1v1ty.g The presence oﬁqtrace
amounts of paramagnetlc 1ons, for example manganese, copper,
or 21nc,.cbuld 1ead to enough broadenlng to effectlvely
obllterate any sepaqatlon of peak resonances. Radda (1974)
has suggested that phosphollpld preparatlons can be |
contamlnated w1th such 1ons. The addltlon of EDTA removes
paramagndtlc ions (Berden et al. 1975) However, the

<

/ presence of paramagnetlc 1ons should prlmarlly affect the

head groups of the phospholipld It would therefore be'. _.“”'-'J

necessary to postulate that all the paramagnetlc ions bound

t° PS and that the‘-'N(CH ) 'of the PC was not affected :hfif'”””“

ThlS is rather unllkely.;.,_.;1,5pv5rf;“_f'g.’dfff}'
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Flgure 21 CHC13. CH30H fBN NH40H thln 1ayer chromatography(g
Of R

. an chloroform solutlon of 20% PS-; o e

: o180% PC (6.0 -mg PS, 24.0 mg PC)
-, ... before sonication : .. ' e
/"7 2. the same 20% PS- 80% PC sample after 25 mln. S
o jf":;*;soﬁlcatlon (from. the D20 suspension) ';_-\
. '3,.PS in chloroform - Sl
\ 4. PCi

chloroform



CHAPTER V

¢ . . DISCUSSION .
- - : A ' . Y
. . . ..‘ . ++ ™ . ) . . ’
Structure and propertles of Ca complexes S -
«. Water moleculesrsurroundlng 2 “catt ion can Be .
regardett = small llgands wh1Ch form moderately)strong

;co’ordlnatlon complexes w1th the central 1on. Thushnthe N
0 hydratlon shell formlng the 1mmed1ate envxronment of the"
metal 1on (inner . sphere of hydratlon) possesses the same

characterlstlcs of co-ordlnatlon number and spat1a1 L

sarrankement 26— ny'other‘ligand;of cdmparable“sizekand'

| polar zagllﬁty. The molecules of the 1nner sphere are

1mmob11e and cannot ea31ly exchange w1th other
. (

so ute molecules because of the relatlvely tight blndlng.

'.ulatlons for Ca + H20 glve ‘a free energy of 55 PR
3

Ca
akcal/mole and a ca-0. dlstance of 2 40 A for blndlng of the
flrst water molecule ; In addltlon to the flrst hydratlon
'Sphere, there 1s a surroundlng reglon of water, the outer fru
vhydratﬁon sphere or B regloz Whlch has propertles dlfferent
.'lfrom those of the bulk aqpeous phase.? The molecules in. the
_:louter sphere can exchange somewhat more readlly than thoseliﬂ
n'p;of the lnner sphere..rrf”Wfts;dlfftirhg- S
: - SR RN e R
For the serles Mg-Ca—Ba, -an increas1né,;pn1c‘-V”'7
siradlus 1s assocrated w1th a. decreasing thxckness of theid;.p;
"i”total sphere of hydratlon. In other words, the.smallerlj;;
the catlon 1tse1f the greater 1s 1ts influence on the\\t
‘Li:surroundlng water;; ThlS is an observauaon of profound »ﬁihh
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importance.in'selection of’an.appropriate~cation'forfa‘
particular biological thction. In aqueous solutlon, the
formatlon of a ﬁomplex w1th a 11gand other than" water a

! 1nvolves the substltutlon of a water m%lecule by molecules
of the llgand In pr1nc1p1e, further substltutlons may
occur on the same Ca +blonYto a max1mum equal to the .

-“J/preferred co-ordlnatlon number of elght : In practlce.
lhowever, the number of replacements with large llgand : a‘f

r
: unllkely to exceed four, due to\ft:rlc con51deratlonqp

iC blnds preferentlal ¥ to~phosphate groups
~1n an env1ronment also contalnlng carboxyl groups and
©-amino. groups. However, the two last groups can stablllze
::blndlng by phosphate tprough the formatlon of mlxed ' | |
chelates as 1n phosphory1ser1ne and phosphorylated peptldes .
and protelns Here agaln steric con51deratlons w1ll be
1mébrtant ‘.’ffllk yﬁ'i.'?ih/;hffhhlv1p.;.;;f ljhfl
o The crystal structures of a few representative
'i[’metal llgand compleXes are known Blndlng of Caff,tolf”_
_ ;phosphate groups is 1llustrated by the crystal structure of
if;'calc1um 1-naphthy1phosphate trlhydrate and calcium ?'zq.“}il:‘;k:
t :fthymldylate.' In the former, oxygen atoms aré contrlbuted :
{from four separate phosphate groups and the Cauo dlstances
1g-are from 2 355 A to 2. 441 A whereas 1n the latter more h?fn}Y'Pl
:lthan one oxygen atom 1s contrlbuted from the same phosphate p
Zhlgroup and thlS leads to Ca-o dlstances from 2. 29 A to 2 65 A ‘g;ﬁ

;In ca1c1um dloxyacetate, the crystal structure con51sts of

'QCao(CH coo )2 5 H 40 complexes, l%nkedfhy H-bondlng 1nvolVIngfp.
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'rthese results,_Hendrlckson and Fulllngton (1965) suggested |

N

. . AN o

e

. one of theVWater molecules, and thg? co—ordlnatlon ;s

.3
eight~fold= con51st1ng of flvB water molecules, two.

cérboXyl gr%ups-and the ether oxygen of the trldentate
AN

llgand (Uchtman and Oertel 1973 In thlS and other '

carboxyl complexes the Ca-o dlstances are all W1th1n

2 4'A to 2.5 A The trans-trans skeletal C-C—Q-C-C'

conformatlon is 1nduced by Ca blndlng, since the' i

voxydlacetate in the absence of Ca eklsts as a mlxture f

~

of rotatlonal lsomers,

Ca ++-11p1d complexes

H.

The 1nteract10n of ca” 1ons w1th PS depends

not only on the chem1cal nature of the functlonal group9~*

¥
=94~

avallablg (phosphate, carboxyl amlno) but also on thelr_f L

?v”mode of aSsembly as determlned by the phy51cal stfucture:\V

i

o/
/

of the l1p1d—water system Thus, the reactlons of 1lgands

/

'1ocated in: the llpld—water 1nterface dlffer sharply from

those of comparable 1lgands dlssolved 1n a bulk aquedus

4s6iutlon. Assocmatlon constant{'have been determlned by

fa number of 1nvestlgators u81ng dlfferent methods and thesef'

) ] , T
3are collected 1n Table VII For comparlson, constants for -

I

/;several water-soluble llgands are shown Based on some of

H

T a mlaId chelate structure utlllzlng phosphate, carboxyl

'xand 1no groups (Flgure 22) It 1s also apparent that

3fjthe Oalues for Ca 1-11p1d complexes 3;e muchfhlgher than

»:"those for soluble Ca salts.i In most cases, the electro-f.?f"

'"gstatlc energy due to the faeld derlved from the assembly fff&



TABLE VII - o AP

i ASSOCIATION CONSTANTS (K_) FOR
X | ~ cat*-LIPID cOMPLEXES ~ -
. AND COMPARISON WITH MODEL COMPOUNDS

* Compound ' " Method’ 7~1bg K, ‘T)\Reference‘
pPs R Titration ., ' -4, 03 Hendrlckson and
’ AF s I Fulllngton lQbS

 BS : Microelecfrophofesis 4, 07 Barton i965
. ) o s o . .
PS - _ Surface\'alance"_7.15-‘Hauser et al.
& L PR 1969 -

R . . ’ ‘» V“. .

' CH.COOH - mitration - 1.00 Ehllllps and
-3 " o [ o Wllllams 1966
(CH-COOH) . Titration 2,00 : :
cn, (coon) - Titratfof = 2.49 ' f.'"

(COOH) -.fr, . Titration ~  3.00 .,

CH, (NH, )COOH . mitration = 1.43 »

CH, CH(NH )COOH ° . eitration . 1.24
HOOCCH2NHCOCH2NH2 . Titration . 1l.24 v
j HZPOACHéCH(NHZ)CooH'f‘e._fitEAtioq,’-33"25(ML) Hendrlck\bn and-
o ;_‘“_ L 2. SO(MHL)CFulllngton 1965
H POCH CH.NH, ~ Titration. - 2.00(ML)P '-'fév”'
2 4 €§ _312,»;.,'91*;1 R 35(MHL)c o
Glycerylphosphoryl  Titration - - 3.27(Mp)> c ”‘:"-37 -
.'1n051tol dxphosphate L L2 22(MHL) s

e '

1ncludes electrostatlc free energy term contflbutlng
approxxmately 3 0. to log K . :

.p'

a

llganded to completely depro ted_pﬁosphatekqneupef;,_4 o
,;S‘ lmganded to monoprotonated phosphat\N’Foup 'ef§<g‘"“

o
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‘inggre'zz P0551ble structure for a phosphatldyl serlne-"J';

, metal complex - (accordlng to Hendrlkson and
Fulllngton 1965) : . :

e
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-

of fixed surface charges has<been subtracted from the

total 1nteractlon energy in computlng the PS ~catt aSSOCLatlon
constants, SO that the av1d1ty of the lipid ligands for : ,
ca*t must-be due to their lattice array. Papahadjopoulos
(1968)'demonstrated that binding of Ca%+'to PS-monolafers
gave rise to avdecrease in surface,pressurehand.suggested.
the formation<of a linear oolymeric lattice-structure‘
(Flgure 23), basedaon‘the chelatlng unlt suggested by
Hendrlckson and Fulllngton (1965)

r e

Just as cat blndlng 1nduces conformatlonal

changes in small molecules, so the structure of PS bllayers
v may be modlfled by the 1nteract10n W1th Ca++. The studles
reported in this t e51s, as well as. those of other, workers,
show that such modlflcatlon'does ?ccurfidThus, t£:'1ucreases‘/w
in’linewidth of the ~CH3' -CH2- and ;ﬁ(CH ) resongnces«‘
or the broadening of the downfield —CH3 and -CHZ—" SR “.V-é'

components observed after addltlon of Ca++ to mlxed PS: PC
- bilayers, can be 1nterpreted as. be1ng due, in part to
a’ condensatlon effect, equ1valent>to that observed 1n

vmonolayers (ROJas and Tob1as‘1965, Hauser et al 1969)

A second effect whlch can contrlbute to lln' broadenlng
i 4 .

- may occur through redhctlon of the electros.'tlc»componenti
of the energy barrler to partlcle colllslon._ ;fjeed ’~“;*
visual 1nspect10n 1ndlcated that addltlon of Ca to PS-‘;
'r1ch 11p1d mlxtures followed by sonlcatlon 1ncreased 1lght'
| scatterlng cons1derably, cons1stent W1th partlcle aggregatxon.hdh

Papahadjopoulos and Watklns (1967) noted that elevated Ca++

o . N . - \
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plex suggested .

by Papahadjopoulos (1968). L
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I _ , - . ¢
é;ecenf;zyions increased the'rate of‘self—diffusion of Kt
through/P‘ onlzining bilayers. Later stqdles with PS :
bilayer fllms showed that catt stablllzed and 1ncreased
.the resistance of-the membrane'whei symmetrlcallytdasposed

;

but led to destablﬂlzatlon when present on one srde only

(Papahadjopoulos and Ohkl 1969, Ohky. 1972). Papahadjopoulos-’,

et al. (1975) reported_that cochleat inders ("Swiss'

' : ++ |
rolls") were formed when Ca. - was added to the out51de of .
-sohicated'Ps Vesicles | Under the condltlons reported here,'

++
where sonlcatlon followed Ca addltlon, it was expected

that stable bilayers would be formed Therefore, pa {cle :i
aggregatlon due to neutrallzatlon of the electrlca ‘arrier {
was probably not followed by partlcle quLOn. Nonetheless,l -
aggregatlon should 1ead to a decreased tumbllng rate.}trt_ |
is not known’ whether thls decrease would contribute o

| 51gn1f1cantly to llne broadenlng (see Chapter I) |

[}

. Phase . separatlbns in mlxed 11p1d bllayers

There r!conmderable ev1dence to 1nd1cate that
.pphase separatlons can. occur 1n bllayers composed of two or
rpmore 11p1d s;tcles. Phllllps ;&_al (1972) showed that
m1xtures of dlstearoyl— and dloleoyl-PC produced two tﬁermal
;trans1tlons by DSC Slmllar results were obtalned by |
'ﬂd01df1eld et al (1972) w1th mlxtures of dlbehenoyl—-and
tdloleoyl PC . In addltlon to lateral separations resultlng o
'ipfrom dlfferences 1n fatty acld comp031tion,Atransversely
4fasymmetr1c dlstrlbutlons can occur 1n mixtures of‘liplds ?'}~w .
;ig hav1ng dlfferent polar head groups._E Mlchaelson(;g/al (1973) -



»

used the separatlon of 31P NMR resonances o’ PC and PG

to demon:traﬁe that PG is preferentlally located in the

=100~

outer half of the bllayer 1n mlxed PC: PG ve51cha" This .

-t

asymmetry may orlglnate in charge and 51ze dlfferences
' Jbetween the two head groups (Berden et al. 1975) In
' mlgtures of PC'with PA, PE, PI, or PS, the lec1th1n o
' appeared to be located preferentlally in the outer half
‘of the bllayer whlle in PC Sphlngomyelln mlxtures the
‘converse was- true (Berden et al 1975) Asymmetrlc

dlstrlbutlon of . llplds in. mammallan erythrocyte membranes

has been demonstrated W1th chemlcal and enzymatlc probes

o

Vg

(Bretscher 1972) but the ev1dence for thlS 1s not

-unequlvocal

Structural effects of Ca++ on’ PS:PC. mlxtures_

have been studled by Ohnlshl and Ito (l973, 1974) us1ng a hr

itn1trox1de Spln label attached covalently to CS of the

| ‘24acyl substltuent of PC When low concentratlons of
hspln labelled PC (PC*) were mlxed w1th beef braln PS, no

: dexchange broadenlng and no anlsotropy were observed Thls

1nd1cated that there was a unlform dlstrlbutlon of PC* 1n
'a fluld bllaYer. The spectrum of PC* mlxed wlth egg PC

fishowed anlsotr0py, reflectlng the. closer packlng and
Qgreater order of the more saturated lec1th1n fatty ac1ds..

"The addltlon of Ca*+ to PC ve31cles caused no change 1n

;tthe ESR spectrumi When Ca was added to PS ve51c1es, the i_

-

‘spectrum was broadened, ow1ng to intermolecular spin-spin

7exchange 1nteractlon.<fﬂ*‘



: broadehlng of minor peaks and the presence of shoulders_

i

The»authors concluded that'the'PC molecules,

4

~which had prev1ously been unlforély dlstrlbuted in the PS«l
:ddseparated from the PS env1ronment to form: clusters..,The

: broadenlng caused by thls separatlon was less than that

-this PC* cluster Wlth PS molecules. ConverSely, the

L4

in the ESR spectrum demonstrated the presence of some PC*

~101- °

' seen 1n pure PC*. ve51cles, 1mply1ng some contamlnatlon of.

molecules in reglons where the motlonal freédom is restrlcted

r hY

'fthat is in. the PS reglon.‘

In 1nterpret1ng thlS data, one must remember that

unmodlfled 11p1d : The presence of the bulky n1trox1de

o groupwenhances the partltloning of the molecule 1nto the

more dlsordered phase.‘ It has been shown that spln

;; 1abe11ed 11p1d molecules mlgrate preferentlally to the

flu1d reglons of.the bllayer (Kelth and Mehlhorn 1972,
2

[';1t is the Spln 1abelled llpld that is 6bserved rather than

Oldfleld et al 1972) We thus have no lnformatlon on the""

behav1our of unlabelled PC. and We cannot conclude that the S

'_PC 1s unlformly dlstrlbuted 1n the PS, 1n the absence of

- Ca;.. There 1s no contradlctlon, therefore, wlth the

h‘suggestlon in. Chapter III that a PS-rlch phase can exist;;l‘"

K4

'1' The results of OhnlShl and Ito (1973 1974)

o

Cw

.,1n equlllbrlum w1th a mlxed PS PC phase.-»plﬁ“hvf_];_fgie;;:mt.jh}

: suggest that some PC* remains 1n the PS-rxch phase even ‘;5*”

.[}after addltlon of Ca Deletmpn of the bulky nitroxidefi?faf7-7f

’ifre81due should enhance 1nc1usxon of PC in the ordered Pseff?:f~hnﬁ;

Ty o R T



N
matrix. ‘Such‘ahdeduction would be in accbrd with'éur

<

ata in Chafter III Our results ShOWlng a broadenlng of

—N(CH )3 peak of PC on addition of Ca++ to mlxed PS: PC
an best be explalned by the 1ntercalat10n of PC
molecules -in a PS-Ca+f matrlx. | ‘ ‘ |

'df Tt V’yapahadjopoulos et al (1974) and Jacobson and
hPapahadj poulos (1975), u51ng DSC have obtalned ev1dence o
for phase separatlons in bilayers after addltlon of Ca++ v
‘.A mlxture of 66% beef ain PS—34% dlpalmltoyl PC in 0 1 M.
,,NaCl at pH 7. 4 sh wed 6§?y a broad thermal transatlon from‘l?v B
- 5°C t0‘28 c»-'pmczgrpresence of O Ol M Ca " two broad 1';_;h

tran51tlons eentered at 28 to 29 C and 42 C were observed

'i'The hlgher value corresponds to the tran51t10n temperature

!-

“of pure dlpalmltoyl PC, 1mply1ng»that 1t ls now clustered
|

The lower temperature would represent the PS-Ca+f transitlon.ltiff

»However, pure PS—Ca showed a: tran51tlon at 18°C at Ca++ .

_ i SRR
_ concentrations below l mM and the tran31tion 1s abollshed RN

at hlgher Ca concentratlons. Thus, the authors concluded"”"*

'*fthat the PS-Ca phase "Stlll contalns con91derable amounts"ﬁf“f:

e dlpa mglto " PC.._ EISE - (e

'a-;i”' A mlxture contalnlng 66% Ps and 34% distearoyl

erbe showed s1milar behav1our.e In the absence of Ca++, there:TQf;i“

’f_was a broad transltlon at 42 c. With Ca ,¢the major

:grtran51tlon was at 53 55 C w1th a broad transxtzon at a 5;fﬂ':$fh~
fhlower temperature.‘ Dlstearoyl PC has a tran51tlon
‘}temperature of 55 5 C.; No separatiOn occurs, however, if

S the Ca++ concentration 1s lower (5 mM) or 1f the PC is 50%

",‘»\"' .
i i
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’ Also, at pH 8, but not at . A
'~ , :

“d from a m;xture of 66% '

* ’ ‘(}‘,

or more of t%e phosphbllpld
- pH 6, dlpalmltOYl PC sepa a

A
: d1pa1m1toy1 PA and 34% dupalmitoyl PC in the presence of
+4 . ) - . . o
C'a .‘ B . o L ) . :, . - L o

'IvCa#ffprotein,@Bmplexesbl- -

The ablllty of»Ca++ to blnd to prothrom‘ln was.-“7

,flrst 1nferred from the work of G;hspt\and Nllehn'(l968)

cod o
who noted a ;educed electrophoretlc mdblllty of t e proteln o

‘on agarose gel after addltlon of Ca+f salts to tﬁf ;f°'

- felectrophoreS1s hpffer,; By quantltetlve 1mmunopreo1p1tatlon,;
,Stenflo and Ganrot (1973) demonstrdted a conformatlonal'*‘ :
,change 1n the proZeln on blndlng of Ca++. Bull (1973)*"ii1;f;7’
;noted a s1m11ar effect u51ng sedlmentatlon-veloc1ty -
5:u1tracentr1fugal enelysls.“;f[“':“h | _" | B

ol f* l" As was d;scussed at greater 1ength 1n Chaptér I,.:;.“

the Ca blndlng sltes of prothrombln re51de 1n the N-termlnal |

’-(Fragment l) reglon of the polypeptlde : It seems llkely . .
éfthat the malonyl groups of x-carboxyglutamyl resldues,

3iconst1tute the pr1nc1pal lzgands.‘ The value for lqg K

5jof 2 49 for malonlc ac1d (Table VII) 1s 1n good agreement -

' :w1th tha} for the lower afflm.ty sites (log K 2 54)§ on

7iprothromb1n determlned by Hui and Barton (Barton'197l)

tfHowever, the values reported by Benson et al (1973)

Lf(log K 3 2) and the values for the hlgh affinlty sites

i‘(log K. 4) observed by Hui and Barton (Barton 1971) can

gonly be eXplalned bQFassumlng the 1ntervention of addition%l
»hllgands. The most likely candldates for such interaction
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RN
<

€i'other carboxyl re51dues 1nto closer prox1m1ty W1th the

hi free phosphorylserlne and malonlc ac1d blnd Ca; WLth

7 R
' and’metal-contalnlng proteln w1ll be requlred %o conflnn:'yj_fg

SR

=y

g

’

'are carboxyl groups of other glutamyl or y-carboxyglutamyl

.-

re51dues. Presumably, the formatlon of such trldentate

or quadrldentate complexes would ‘have to be a functlon of'

'. reductlon of dlsulph;de bonds caused some reductlon in

?contrlbutlng blnary complexes\\ As 1nd1cated above, both

\.._/—'
due to multlple llgandlng effects.» Maximum formation of

the tertlary‘structure of the proteln. In agreement W1th
. -/

this, modlflcatlon of prothrombln w1th 8 M ufea plus_;

T

total - Ca¥ blndlng but did not. abollsh 1t (Nelsestuen andff7

Suttle 1972a) It is p0351b1e that the blndlng of the‘ [hiz'l'

.

flrst one or two Ca T+ 1ons to x-carboxyglutamyl res1dues

5

of prothromblnvcauses a conformatlonal change wh1ch brlngs
metal 1on.. Crystallographlc analysxs of the metal free

L or’ refute these suggestlons.,.f_

~

L1p1d-Ca ‘Aproteln complexes}ff.lllilf}l_ay}f,jﬁ:n

InltlalIY: the formatlon of ternary complexes-y*f“

w1ll depend upon the relatlve assoc1atlon constants_ef the S

A

log K close to 2 5,_whereas the same groups present 1n

PS and prothrombln resPectlvely blhd,w1th log K near 4 o,;f7”

llpld-Ca J-prothrombln complexes was observé—\td'occur ;r,_”

when Ca concentratlon was between 0 01 M and O 025 M,.

=

decreasxng beyond theSe llmits., Under these condltlonsg

ternary complex formatlon could occur only if 1og Ka 13 ,g R LT

'? equal to or exceeds log K for 11p1d-Ca and for proteinung¥{;;f

N - -104_"
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o ".
; Caff_complexes ThlS places the value of log K ﬁor ternary

N

'dcomplex formatlon in eﬁcess of 4. O The fact that the
.comple‘ is dlsrupted by EDTA (Bull et al.\1972) places an..
-upper 11m1t of 10 6 on- log K . A graded serles of chelatlng

*-agents? w1th log K for metal complexationlln the range from .

4., 0 to 10.6, could be tested for ablllty to dlsrupt the PRSI TE

T}

“cq?plex and’ hence prOV1de 1nformat10n on lts stagsllty. .
‘ Clearly, knowledge of the assoc1at10n constant places
COnstralnts on proposals for the structure of the complex. ;

tavFlgure 24 shows a schematlc representatlon of a p0551b1e ’

¢

o structural unlt llnklng llpld and proteln.pl'

« Lo

It seems unllkely that ternary complex formatlonA _—

1nduces 51gn1f1cant structural alteratlons in the 11p1d Lo L
B ' : NG
_bllayer,_over and abpve those caused by Ca++ alone. Thus, R

Y @

. .the llnew1dths of the -N(CH3)3,p-CH2— and --'CH3 51gnals or ppi‘

| the relatlve 1nten51tles of the -CH2- and -CH3 components

| were nelther 31gn1f1cantly 1ncreased nor decryased by f‘
,l’dgitlon of prothrombln to Ca 1llpld mlxtures.; These

;nlflndlngs 1nfer, but do not prove, the absence of apolar J,

;-lnteractlons and hydrophoblc effects 1nvolved in llpld‘f1: rpfpp,_;

'f?proteln 1nteractlon (see below) '”Vper any conformatlonal

7

'Qchange occurs 1n‘khe protein component as a result of

-complex formatlon cannot be determlned at thls time._r

-

‘7fother model systems - o S RN W
“fﬂfﬁ'*u1l '&he cbmplex of glycyl—glyczne-Ca L-PS reported

S - R

Aggby Bulkln and Hauser (1973f and that of wheat flour protein-f7ﬂl'7g:

_ﬂdC_h -PS reported by Fullington (1967) appear to have slmila

,;”_ \:»: .
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_.fFlgure 24 Schematlc representatlon of a posgible v}

- ’structural unit linking llpld and prdteln £

_ .,D1agram illustrates. maximum. exght-fold *%“;’

.7 co~ordination of caleium with. approximately
... equal bond ﬁngles and ligand dlstances.,_~
"fflnot to sca S N S SR S T
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formatlon and structural characterlstlcs to the- above,“:In
f' contrast, the 1nteractlon of the braln-speclflc proteln
5-100 w1th Ca and PS appears to be qulte dlfferent 1n that
Ca++ 1nduces a{eOnformatlonal change in the proteln exp051ng
hydrophoblc groups capable of lnteractlng W1th the 11p1d

The 1nteract10n of 1nsu11ﬁ w1th ac1d1c phospho-if}35lr

llplds at pH 3.5 is mostly dependent on’ 1on1c effects
.'(Perry et al 1971) _.The proteln is polyba51c at this pH
L;X-ray dlffractlon st dles on multlbllayer systems showed
fthat 1nsu11n enterﬁ and replaces the water layers between

adjacent 11p1d layers (Rand and SenGupta 1972) Therefore,f

‘1nsu11n appears to blnd at the urface of the b11ayer.o1’ '

N \

ESR spectra of a cholestane Spln probe 1ncorporated 1nto‘-751"‘h
Amultlbllayers of gangllos1de—depleted braln llplds showedl
'that lnsulln, rxbcnuclease, 1ysozyme and tryp31n orlented

the spln ax1s of the probe perpendlcular to the bllayer
t:l(Butler et al 1973), an effect whlch was malnly ellmlnated sasgi,
" by.0. 15'M NaCl BOVlne serum albumln,‘ﬂ-lactoglobulln e
flfand cytochrome < eacR 1nduced a more random or1entat10n of

]the sp1n ax1s elther 1n the presence or absence of salt

;*Such complexes are presumably addltlona y stablllzed by
);‘non-ionlc forces.v ': 1 y | .»v; :~‘~j,. | " i
o i ‘ : In contrast with these results; Van and.Grlffiths'f;:;.
~Hi(1975), usxng nitrox1de derlvatlves of stearic acid orvff5e*ﬁ*tﬁlh
.Lcholestane, d1d not f1nd any effect of cytochrome c on | |
l“orlentatlonal anlsotropy,von the polarity of the probe l»}
envzroannt or on the fluldxty gradient waever, lysozyme,'i'.
G T e e e T R S
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_ cytOchrome c and human serum- albumln all 1ncreased the

Na+ permeablllty coeff1c1ent of PS vesicles’ and 1ncreased

”the surface pressure of PS monolayers (Klmelberg and
’T)Papahadjopoulos 1971, l97la) Increasxng 1on1c strength |
‘reversed the effect of cytochrome c on permeabillty but |
h not that of lysozyme. Therefore, the relatlve contrlbutlon)”
-iof electrostatlc to hydrophoblc effecte for complex
stablllzatlon is much greater for cytochrome c than for

N

1ysozyme.' The extent of broadenlng of the -N(CH3)3

"*hresonance 1n Flgure l2 1nd1cates.that the molecular mdtlon

- )
of the chollne group 1s restrlcted by the prox1m1ty of the

‘f;proteln adsorbed at the surface of the bllayer., The

}*.g bnoadenlng of the downfleld'-CHz— component (Flgure 14)

;could be the result of thls 1mmoblllzation belng
ittransmltted down from the chollne group or 1t could be
.)f?due to hydrophoblc 1nteractlons. 7 B V, L
' | Hydrophoblc 1nteract10ns between Pc and
‘){uD-ﬂ-hydroxybutyrate dehydrogenase were 1nferred from the
‘;ffact that the complex was stable 1n the presence of :
;';'0 8 M Nacl, and that 1nclu51on of either cholesterol-ip-;'ﬁhr
‘-.}dlcetyl phosphate (negatlvely charged) or cholesterol-:*ﬂ
}:fstearylamlne (posxtlvely charged) in the PC d1d not 5}1;;;)ihfﬂ)
)édlsrupt the complex (Hexter and Goldman) NMRfj’mff{;w':r -

uirevealed that both the choline and hydrocarbon chain

f

ef,reglons of lysolec1th1n are 1nvolved in the blnding

h;rof 1ysolec1th1n to thxs enzyme and to malate dehydro-’ffiJ‘);ﬁ.”

‘flgenase (Dodd 1972) Thls 1nteractlon of



b L e
o e L o f L 7
‘malate dehydrogenase with lysolec1th1n stablllzes its.
' enZymatlc act1VLty. NMR also 1nd1cated hydrophoblc |
:1nteractlons between glutamate dehydrogenase and PS or -

cardlollpln Whlle the 1on1c strength behav1our of the

interaction showed_lt to be prlmarlly,electrostatlc.
: R v
When casein or cabeln fractlons were added

-to a l% 1ysolec1th1n solutlon,‘hydrophoblc 1nteract1%ﬁ§
were observed the NMR -CH2— slgnal ‘from. lysolec1th1n

,was broadened whllé the —N(CH )3 resonance was not -
-~ L .

’(Barratt and Rayner 1972). Electron mlcroscopy, 1nfra-
&

red and fluorescence CD spectroscopy (Crane 1972) 1nd1cated h o

that cytochrome ox1dase 1nteracts w1th the hydrocarbon

v

_-jreglon of- the phosphollpld bllayer Thls 1s supported

% -

by the abolltlon of spectral anlsotropy and flUldlty

';_gradlents as measured w1th ESR probes (Jbst et. al 1973)

h:Hydrophoblc 1nteract10ns are thus a well establlsﬁed
‘ feature of some 11p1d~prote1n complexes.pg’\ | .
'ft' Glucose—6—phosphatase from rat lxver, 90%
:freed trom assoc1ated 11p1d was not reactlvated by 'fy;i=7 v
adlpalmltOYI PC Reactlvatlon thh monounsaturated PC 'hj'
| vrequlred addltloﬁ’of detergent whlle sonlcatlon of -4"
:rdloleoyl PC was suff1c1ent._ Thls 1ndicates that complex |

iformatlon 1s favoured by the presence of llquld-crystalllne'f‘bfiz”

'fllpld phases.,ﬁ fzjff' h" d75uhrf§fh f'dffbﬂ'vi;b.fff‘th ;.fgf ﬂ}f;

"'uv . . T

'Blologlcal 51gn1f1cance of prothrombln—Ca -leld complexes-fkj{'jﬂ
' . - R o R S
Clrculatlng platelets carry on their surface BRI
f ubstantlal amounts of adsorbed.clotting factors 1nclud1ng 6;f1f;
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prothrombin, anleactors v, VIII IX, and X ag demonstrated

'by clotting tests utilizing specifically def1c1ént

substrate plasmas (Jevons and Barton 1971 Walsh 1972

.~ Miale and Kent 1975P Some understandlng of the

b

mechanism of’ prothro in actlvatlon at the- platelet surface
Lihas emerged from studles on model systems (Barton and )
Hanahan 1969, Jackson\_*_al l974) b' B i ’ ~-§
_ ?ﬁe prlmary event invoIves proteolytlc cleavage_
of prothrombln by the serlne protease, actlvated Factor X.‘
The reactlon is greatly potentlated by -Factor V | Blndlng
‘of prothromblg to llpld surfaces requlres Ca++ and is .
vyreversed by EDTA and low pH (Bull et a& 1972,,Barton et
1970) The characterlstlcs of blndlng are 51m11ar to
those of perlplasmlc or extr1n51c membrane protelns i
.‘j(Heppel 1971) \ In contrast, the attachment of Facfor v fﬁ:
vto 11p1d bllayers 1s not fac111tated by Ca+f lons and 1s
'not readlly reversed (Papahaéjopoulos and Hanahan 1964)
The protern can be extracted wrth detergents but only w1th
", loss of act1v1ty.. It appears therefore to have srmllar {ffilhg*i
v-ncharacterlstlcs to 1ntr1n51c membrane protelns (Slnger and |
';tﬁNlcholson 1972) Clottlng factors 1nvolved 1n otherjphases
.of the coagulatlon sequence can be slmllarly categorlzed 'fff o
.l(Barton 1967) - Experlments 1n which cells werepwashea :;h?(*i~‘v
“{fW1th aqueous buffer solutions 1nd1cated that the dlffeéential
b1nd1ng characterlstlcs of clottlng factors are cdmpafable

R

“frlto those 1n model llpla/systems.7}bffbwf

PR ‘.u,. .‘
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Recently, it has been shown that a llquld-

o

crystalllne or 'flu1d' phase is essentlal for the catalytlc

act1V1ty of llpld bllayers in blood clottlng tests (Ster21ng

. and Barton 1973). Thls 1mp11es that prothrombln conver51on :
is dependent on lateral and rotatlonal dlfﬁdslon of the
reactlng proteln molecules attached to or embedded in "the o
11p1d milieu. :The hlgher microv1sc051ty of a gel phase
structure,»thhout necessarlly 1mped1ng the . 1n1t1al blndlng o
of the individual proteln components to the bllayer, would
_greatly reduce they rate of such molecular 1nteract10ns,v N

resulting in low blologlcal act1v1ty. SlnCe catt-

»

prothrombln ‘has been shown to 1nduce more_'condensed' or
gel-llke reglons in the 11p1d bllayer, the sequesterlng of

such reglons from the fluld mllleu may be. requlred to./"5

: N

permlt the necessary proteln-proteln 1nteractlons to 6ccur,‘

hJ

s as 1llustrated 1n Flgure 25.



Figure 25. Schematic represehtétibn.of'lipid-prétein ‘
interactions involved/in prothrombin activation.
;) | q:ji:;ﬁ;rofhrombin'mpléculé;”_ |
L ' o :‘- Factow V molecule; - Lo S

.‘.éctivéted‘Eactopix-mbieégié;"
;;\ lipidimOlgCuiésfihiﬁfit‘ f70r j -
Y liquid crystalline condition; -

N 5“lipidlmoleCUléé iﬁ-gelfcondiiibn{A

Binding of prothrombin through Ca** bridges induces
@ localized gel condition but the Factor V molecule. -
S is ‘a'SSume(i_-vtp'_.u'nderg"o‘f 1ate,i‘al_ and eréftiOna_l o s
~diffusion in the fluid regions until complex
- formation occurs.. ‘Complex.formatiqn~woﬁldjbe~',._J |
- kinetically hindered if the 1lipid were 'entirely .
in the gel condition.” - .. .. oo
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~ Suggestions fon further-work

N .
77 - . The use of a more powerful proton NMR 1nstrument

- would 1ncrease the separatlon of the -CH2~ and -CH3 a

s, thus allow1ng more accurate determination of

the 11new1 hs, -and would 1mprove the s1gnal to noise ratio.

Alternatively,.;3C—NMR allows some of the,-CHz— 51gnals to.

be observed apart from the maln -CH2— envelope., Wlth 13

\

1t may be possxble to study more precxsely the presence or

’

f'absence of hydrophobic effects by ut111z1ng phospholiplds

".'of defined chemical structure. In any case, the direct g*7.'~

““'determlnation of relaxation t1mes from.pulse experiments

'would be advantageous.h;‘ ‘ ,i~ v R : 4'.

. _". Chanq and Chan (1974) reported that commerc1a1
dipalm1toyl PC which gaVe a single spot on TLC, exhibited
different behanour from the same material after pur1f1cat10n.,5
'They attributed the dlfference to the presence of a small

bamount of palmitic aCId In our experiments, the "tri-,f-"7v‘

' glyceride" impurity could[not be detected by the usual ;fgﬁ.-.“
l'chloroform- methanol ammonia or by the chloroform.,vih'x‘t&-”iﬁ'H
:methanol acetic ac;d TLC systems.; It wpuld therefore. |

lmtseem adv1sable to check all phospholipids in both apolar ht{fa"

"_:and polar solvent systems.‘i’l-b"' '_,; tz :'n'ﬁ“

| 'f The large variation in fatty acxd compositionsfsz]7;°aj

"of Ps given in thexliterature (Table VII) would suggest

h;that fatty acid ana1y81s of PhOBPholipids be”require gy

E 'It is poss1b1e that the beef brain Pstmay vary fram one

.f'geographic area to another.‘ In any éase, such a measure fnfdﬂfﬁgi”

\’.‘ T
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Would 1nd1cate the presence of ox1datlon Qroducts.}r
Contamlnatlon,or ox1dat10n may explaln the dlscrepanc1esu '
between the 220 MHz proton NMR spectra presented by N
o Jendra51ak (1972) for egg PC or dloleoyl PC by Sheetz
) and Chan (1972) for dlpalmltoyl PC and by Darke et al
| (1972) and Finer et al. (1971) for o9y PC. The flrst |
two authors reported a doublet for the -N(CH3)3 resonance f
/whlle the latter show only a s1ngle peak._ Bystrov et al
(1971) have shown that addltlon of Eu+ or Mn++ t'li" ;
| sonlcated 1e01th1n ve51cles causes two -N(CH3)3 51gnals to
be observed | ThlS 1nterpretatlon is’ 1napp11cab1e here t;.tjl"'
o because any addltlon of 1ons pr%ceeded sonlcatlon.‘db"h
| PC does undergo some degradation durlng
Asonlcatlon, accordlng to Hauser (1971) Because of its tj'
hlgher content of poly~unsaturated fatty acids, Ps 13 more;fﬂf~‘
susceptlble to oxldétlon and cleavage of double bonds._fF*;"
| The use of the bath sonlcatlon method of Johnson and
Bangham (1969) would be approprlate, if as Jackson et al
(1974) suggest, no degradat1on¢of PS PC mixtures occurs. 5:§?t"2 5
' The formatlon of prec;pitates when Ca*+ iB .

added to PS PC mxxtures of high PS conxent and theimajor 5{?}f§{fb

of technlques to reduce the probly fontthe HDO peak in




NMR spectra which have been deve10ped by the Department

o

of Chemlstry at thlS unlver51ty would obV1ate the need - ;:

'for lyophlllzatlon. S f/ ‘ _"_/f‘i | | - éx
The ‘use. of the fragment l reglon of prothrombln ‘}.h L

| or . of some smaller Ca —blndlng polypeptlde derlved from |

B ',1t would srmpllfy the system under study. Dependlng on :

ethe molecular welght of the fragments, 1t may be p0551ble

B to observe the effect of blndlng on both the phesphollpld

and polypeptlde.i_ \ |

S S .
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