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mical Structure and Serological Activi ty of

i  Synthetic and Natural Cardiol ipin

àoroot"t* v'as first isolatod by Pangbornl from

iart and this compound proved to be the essential
of the antigon in the serodiagnosis of syphilis. Basod

rvdrolysis investigations, Macfarlano et al.?'s and
ó and Morolec-Coulona'5 arrived at tho conclusion
.oardiolipin has a diphosphatidyl glycerol (I) struc-
r Rocontly, LeCocq and Ballou6 confirmod this viow,
fi,osot favoured a structure isomoric to that originally
osod by Pangborns. Conclusivo evidence about tho
jture of cardiolipin has now been obtained by means
iomical sYnthesis.
1è have succeeded in tho preparation of diphosphatidyl
brol (I) by a condensation roaction betwoen silver
ióroyl-p-oleoyl-r,- a- glycerob onzyl phosphate and oc,1-
ido glycoro-p-ú.butylether followod by romoval of the
;àcting bonzyl and ú.butylethor functionse. Compari-
, of ox-hoart cardiolipin with the synthesized com-
ha revsaled no differences in chromatographical
órviour, infra-red absorption, melting point and optical
5tion (natural cardiolipin [a]'i + S'S'; synthosized
iosphatidyl gìyceroi ["],j + 5'8o, both in chloroform
f. l0)). Mild atkaline hydrolysis of tho natural cardio-
[, and the synthotic material yielded water-soluble
iiphato esters indistinguishable by paper oloct'ro-
tesis and chromatography. Final proof for the idontity
natural cardiolipin and synthetic diphosphatidyt
prol was obtained by onzymatic hydrolysis with the
ùpholipases A (EC 3.1.r.4) and C (EC 3.L.4.3). Short-
i, incubation of both phospholipids with Crotalus
írwnteus venom (in the prosonce of stearylphosphoryl
Fno which reduces tho nogative chargo of the lipid
bllos) resulted in tho formation of two lyso-dorivatives
png ono and úwo B-fatty acicLs respeciivoty. After
longed incubation both phospholipids wero quantita-
dy. converted into ono slow-moving lysophospholipid
taining half the amount of fatty acids originally
íbnt1o.
E accordanco with the findings of Ottolenghirl tho
ton of phosphotipaso C appeaied. to bs catalysed by
] lons. A short incubation of both substratos with the
ymo of Baci,Ilus cereus yieldod a 1,2-d.iglycorido and a
mp.ho_lipid which was foLnd. to bo chroriótographically
,ntical with chemically synthesizod. phosphétiàyl gly-
pll.ropphate1,. Prolongod action of inis'unry*" óí-
|j,q$ b.oth the synthetic and isolated. cardiolipin com-
?lul{ ilto 1,3-éiphosphoglycerol (not contà,minated
th tlre l,_2-isomeri 

"nci 
t,à-à;glyceriàe. Those find.ings

tog;ttt1gca] ty demonstrate that-c"ard.iolipin from o* -hoa-rt,
'tdontieal to l,B-diphosphatidyl glycerol. A great
P,9"" of synthetic aciàic pf,ospfrótidàs have been investi-
:9 ":. 

possible substitu[es fòr cardioiipin in tho sero-
agnostic tests for syphilisra,lr; none of-th"ru synthetic
[nplos 19v-galed an aàti.,ity which equalled thal of ox-
ert cardiolipin. The serológical activity of our synthotic
l*:.i- Y3,s _compared with-tt *t of ox-Îeart caid.iolipin
;ur' J. H. de Biuiin of the National Institute of puÉlic
È1.
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i{i];#,,ltlygtural. forurula of diphosphatidyl glycerol (card.iolipin).
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-'r o \ i/ and (2) indicate tnJ sitó-òf 
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órihóspriotìpaé 7-ri"ii
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6.
a.
F ,,w

URE eB5

Ilealth (Utrecht). At prosont moro than one hundred
sera have boon investigated. In ths l(olmor comploment
fixation úost, tho roactivity of tho synthesizod diphospha-
tidyl glycerol appoared to be indistinguishable from those
of ox-heart cardiolipin. In tho VDRL slide test the syn-
thesized compound gave even moro cloar-cut, positive
rosults without altering the spocifi.city of the roaction. It
should be noted that ox-heart cardiolipin consists of about
80 per cont,of linoleic acid in contrast, to our synthotic
product, which contains equimolar amounts of stearic
and oleic acid. Tho results obtained in ths serological
assays indioate that úhe dogree of unsaturation of tho fatty
acids apparontly is not of primary importanco for the
activity of cardiolipin in this reaction. With rogard to.
tho rolation botwoon structuro and activity of acidic
phospholipids in the serological assays for diagnosis of
syphilis, it \MiIl be of interest to ovaluato tho significanco
of the zeta-potential of the micelles of the lipid antigon.
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' lsoal lergens' from Rye Grass Pollen

Snvnner, methods for the purification of allergens frorn
pollens and from other vegetable and animal sources have
been reportedl-e, but recently, by utilizing higtrly selectivo
clrromatographic procedures, iú has been possible to
obtain allergens of much higher purity than hitherto
describedlo'11. At least two groups of allergens have been
found in rye pollen, a major group, active in the majority
of sensitive patients, and a minor group, active in only
a small proportion. It seems likely that such groups also
exist in other grîass and ragweed pollens causing hay-fever.

The method of isolating rye pollen allergens, described
in detail elsewherelo, was briefly as follows. Ether-
defatted rye grass pollen was extracted with 0'00f NI
NH4HCOB at pt}l 8 and the clarified extract was dialysed
against tho same solvent. The allergenic non-dialysable
material was then eoncentrated by freoze-drying (yield:
6 9/100 g defatted pollen). This process has repeatedly
been shown to yield virtually all the allergenic sub-
stances1,3,10,12, assayed by quantitative skin testing on
allergic volunteersls. Allergenic components were then
isolated by fractionation of dialysed extracts successively
on columns of DEAE-cellulose and 'Sephadex G75'-
Ilomogeneity of the fractions was assessed by starch-gel
electrophoresis (Fig. I), ultracentrifugation, behaviour on
'sephadex G75', N-terminal amino-acid analysis and
immuno-diffusion against rabbit anti-rye pollen sera'
Their skin activity, relative to whole-pollen extracù, -

shown to increaso at each stage of purification of tb'

"tiT:Tirf-fill:T;"d p, were each homoge'
ing to the foregoing criteria and by g"'
appeared ùo be immunologically iden+'
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, O); fn many physicai and chernical properties (including
molecular weight, amino-acid analysis, carbohydraté
compositions and p9ptide fingerprints) ttrey were óImost
identicall''ra, but ttrè B-atte"["rr rrrig"u,ted."more- 

"upiafythan the a in starch-gei etectiophore"sis at pH g.b (Éig. i
31d^":f: tg): .Certain cruder- fractions, for 

"*-rrli",I (ret. I4), contained, in addition to a and B, smali quantiiies
of two closely 19!a!ed, antigenicalty iclenticat 

"oriporrJnts,possessi'g mobilities i' gel elecirophoresis rvhièh were
13.* 

tt3" and greater thàn both a and p, respectively
(-tt'rg. l). The foregoing aliergenic fraciions ànd th;
p,y"iqud allergens (a and B) wJre highly skin-active in
all l6 rye-sensitive individuals so far téstód: their specific
acti'ities, s, relative to the whole non-diarysed eitract,
woro ex?erimentally-indistinguishabie (aveiage S : lB0
by graphical methó,-Ls18,r0). i'ractions'o *rdB and the
related eomponents lrave been tcr.med rnajor'aUà"gerrs.
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Iie. t._. Starch-gel electroph.oretic patierns in borate buffer at pII g.5
ror a dialvs-ed whore-rvj porien exíracÈ,"iy';';r,i-tÈ; il;jói'àjr6ri.ii.

fraetion I. [rrórctn-stil 
"inà'hi',imi 

oo-ni"iri'ìì a 
p.v^ èvr^'

Fie. 2.. ,*-.,oourti]rsion patterns. a, Fc 

(b) "i

;c;i".r,aubrt*ritìre,ums.'Éii,ììrà";;;,!:1Eii:*iJi,tllÎîiilî'rt+
in phvsiorogical saline at pH 7.8; b, for tests _o^f po..itléìin-initi"^ otfi8i1?t'fr 'li',i,|it"i8b,?%::31,'*?.r#,?rrveà-rergén,'iiiiii,;oi

z<ri.Eiàrixdrith'rÈ;;;i#ú,,i}?itîHhiÉil19'"ardntsìi

Their molecular.ygiglt w-as shown -by physicul *"thJ
to be 32,000-34,000 in fair accorA _*itt- úh"; ill,;óisuggested from 

^amiiî- i"i* 
analyrical resutrs. Til;;

close sirnilarities in. the physicai properties, u,roirro-aci
anal;1ses_ and tryptic and chymotr$tie fi''g"rpiììts r
" 3ld p ha,ve led tothe suggesrion thài a and p iluraifA
solely in their amide contèntro.

Two further allergenic fractions, v and A, of molocul&,
w^eigbt about 10,000 were skin-active in a small o"*órii-
of rye-sensitive individuals (with S' : 600) 

""à 
uiu-"o*.

sidered to be members of a minor group. Fractionsyutdli
possessed the same rate of migration ón ,sephadex 

GT6T;
neither could be shown to elicit tho formlation of th$'
precipitating- antibody in the rabbit, but they were di$
tinguishabtg by their different rates of migratio"n in starclÉ
gel.electrophoresis at, gtl{ 8.5 (Fig. l). 

- 
iX

^ $ryording._t9 get-immunodiffùsion analysis, fraction {
failed to inhibit precipitin line forma.tion betw*"r, o aoó
rabbit anti-rye serum, when up to 20 molar equivalenti
were mixed u'ith the serum prior to diffusiorr (Fig. 2[
This result established the non-identity of antigenió
determinants for the major and minor'fractions. 

- 
Aí

indication of the non-ideniity of allergenic determinantÉ
was suggested by the fact that the minor group of allergene
is active only in a small proportion of thé individua.ls who
are sensitive to the major group. This was further subi
stantiated when it was shown- that, a largo excess o{
fraction y, mixed with allergen 9, failed to-inhibit skin
reactions in those individual"-."n.iti.ru only to the major
allergens. :$
_ A series of experiments was performed in an attempt t{
locato tho origin of the biologicat activity of tho allerge.i,{
molecules. iotal tryptic, 

-chymotryplic 
and pepti$

digests of a all failed iò i.rftifit" the fbimation of a prot
cipitin line between c( (or F) and rabbit antisera: th9$
digests were also completely non-allorgenic. A glycopepttde
fragrnent, isolated after extensive enzymatic digestion ot.c
(ref. l0), behaved in the same manner. Ilowever, cert&r4
partial peptic and chy.rmotryptic digests did inhibit pre$
òipitatión though poésibly"àue to'unaltered allergenS
Tirese results, ógutn"" .rith oth"rs utilizing chemicall{
modified a,ff""g"ni (to be pubiished), inaicíte tl* !1$
tertiary structirre of certain'parts of 

'the 
maj_or ?]l"t.gl_l$

is probably essentiat for fiill antigenic and allergenrc
acúivity. , i

Prelíminary results using timothy grass pollen-revealot
that a proniinent atlergeíric frac[io"n poisessed :iru14
electroph oretic and. chromatogr" pi.i;^ plfr""ii"t.,'9-lli
rnaj or iye allergens. Malley et à,1.u- also observ^e{ 3|leJfieil:
activity in a fraction of molecular;;ttn;'o-,ooo-tÒ'oq'
(cf. ryó alergens y and 8). Ifowever,"& m-ore t!1*4
compírisot, .íu,y bo mado between the rye al]e58e11-an
thoso of ragweed pollen isolated. by iiild;na Xó11nJ
Allergenic activity occurred in t*o-Àifr"rent 6^ry:s-;
fraction as in tho 

""*ur 
of tyl-r.ra ti-rrotttf n9ffi; S mgroup of four allergens, with mole. 
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Ld equal activity in ail ragweed-sensitive indi-
iqavo a 4-band starch-gel electrophoretic pattern
nllar to that of ryetu. An aliergenic fraction of
tolecular weight (nz 10'000), which was not fully
brized. buú which domonstrated skin-activity only
|itr trg*""d-sensitive individuals, also occurred.
ir, tho-ragweed allerg_ens- possessed quite different
ibility to enzSrnatic hydrolysis; and with. certain
ifrerences in physical properties, it is cìear úhat the
cl and rye allergen molecules differ significantly.
mmon feature seems to be the pattern in which
iic activity is distributed among various materials
id from the pollens. Since, in each case, groups
:than single allergons occur, it seems appropriate
ft:to thu members of a group as 'isoa.llergens' by
f'with'isoenzymes'r?, and convenient to introduce &
blaturu whereby corresponding isoailergenic groups,
las individual members for different pollens, could
frared. Thus the major and minor groups could be
J I and fI respectively, and individual allergens
Ited alphabetically according to apparent mobility
sh-gel electrophoresis at alkaline pH (cf. I{ing
l,; Ilonco rye allergens comprising bands 3, 4(u),
rd 6 on starch-gel (Fig. l) are termed T-A, B, C
,[ and King's ragweed allergens IV-A, B, C, D
6:T-A,B,C,D. Rye allergens y and I now become
Fd II-r4,, respectively.
rpvorthls has recently suggested that the carbo-
! moieties of allergenic substances are probably
,ant, for allergenic activity. Substantial evidence
lisuch a hypothesis being applicable to pollen aller-
rts now accumulated. Auqustinle found that several
i'drases did not affect the allergenic activities of
y and cocksfoot pollen extracts. Furthermore, it,
ri4-strongly indicated that neither alder nor ragweed
ollergens contain carbohydratez,rr. The faiiuie of a
rlp.tide fragment from allergen o( to inhibit the anti-
$ibody reaction between a and rabbit anti-rye
ge.rum adrls weight to the view that a carbohydrate'i is not important allergenically. On the other
rlome alteration and inactivation of this fragrnent
;lrydroiysis cannot, yet be ruled out.
Irha,nk Dr. F. H. Milner of Bencard Allergy Unit for
:s of defatted pollen, Drs. A. Cronin arrcl* R,. R,. A.
n,for hglp witli the skin testing and in preparation
arú &ntrsera, and Drs. tr'. Sanger and L. F. Smith
Pt"toy faeililies and advice oi chemical problems.
L"t (P. 9. tnt.l was supporred financiilty by a
trom the Department of^Scientific and fniustrial
reh.
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lsolat ion and Part ial Characterization of a
Pink P igrnent  f rom Normal  Human Plasma

Dr,-nrwe our work on the very soluble constituents of
normal human plasma a pink pigrnent was discovered.

Normal human plasma was fractionated according úo
Cohn method 6 (ref. l). From the supernatant solution of
fraction V obtained by this technique, fraction VI2 was
rendered insoluble at gtTI 5.8 and -5" by addition of
I M ZnAc, to give a fi.nal concentration of 0.06 M. The
resulting precipitate wa,s dissolved with pre-cooled
neutralized ethylenediarnine tetraacetate and dialysed
against cold distiiled water. A prelimina,ry separation of
the components of fraction Vf was achieved by chromato-
graphy on a DEAE-celluiose column at pH 5. The major
part of the proteins including albumin, ar-acid glycopro-
tein2 and the 3lS ar-glycoproteins2 was retained, whereas
the effiuent, contained the relatively basic compounds
including certain basic peptidess and the y-globulins of
iow molecular weighta. The effluent, was applied after-
wards to a CM-cellulose column at pH 6. A pink zone was
noted near the upper end of tho column. Fractional
elution utilizing an ionic strength gradient led to the
release first of the 3,S yr- and afúerwards of low-molecular-
weight ^pr-globulins. Thereafter the pink zoÍre was
displaced at an ionic strength of 0.6. The solutions
obtained \Mere separately dialysed and lyophilized.

The resulting pink preparation of which the weight
was approximately 0.2 rngll. of pooled outdated normal
human plasma appeared heterogeneous on paper electro-
phoretic analysis ab ptII 8.6 (Fig. 1). Tho unstained
electrophorograms sholyed a pink band which had moved
úoward the cathode. A.fter staining with amido black,
four zones were noted with electrophoretic mobilities
corresponding to the ar-, Br- and yr-globulins and to the
basic compound B, (ref. 4), respectively, the latter form-
ing the major band. The pink pigrnent having the
highest cathodic electrophoretic mobility was clearly
separated from the basic compound but did not stain with
amido black. The absorption spectrum of this chromogen
(Fig. 2) revealed a major maximum at 407 mpr, and two
minor maxima at 516 and 540 mg,. As expected, the pink
compound does not exhibit vitamin B* activity, as
vitamin Br2 is known to undergo changes very rapidly on
exposure to lights. Further investigations pertaining

a z f r r  l s  B t  C

Fig. 1. Paper electrophoretic ana.lysis at pE 8'6 of the human plasma
fraction containing a pink chromogen (C). Thepositionof thecompo-
nents demonstrable with amido black 108, ol., flr andys-globulins and

the basic cornpound .B2. are indicated bl'dotted areas
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