
Sulfolipid Localization in Lamellar Lipoprotein"
Isao Shibuya, Bunji Maruo, and N. A. Benson

Institute of Applied Microbiology, University of Tokyo, Bunkyo-ku, Tokyo
and

Department of Marine Biology, Scripps Institution of Oceanography.
University of California, La Jolla, California

TlIhe plant sulfolipid, 6-sulfo-a-D-quinovopyrano-
syl-( 1 -- 1') -2'-,3'-di-O-acyl-D-glycerol. has been
found in high concentrations in all and only in photo-
synthetic 02-producing organisms yet investigated
(5, 6). Shibuya and Hase (21) recently demon-
strated the concerted changes in chloroplast devel-
opment and sulfolipid content in a green alga, Chlo-
rcla protothecoides. It is increasingly apparent that
these surfactant lipids play an important role in chlo-
roplast lipoprotein structure. For an intrinsic study
of biochemistry of the sulfolipids, the localization of
the compounds in the organelle is of obvious interest.
The intracellular distribution of the sulfolipid has
been studied (29, 30) but the difficulty of quantita-
tively isolating chloroplasts from photosynthetic tis-
sues precluded assignment of their distribution within
the cell on the basis of radioactivity measurements.

In the present study, a radiochemical investigation
on the distribution of various components was first
conducted with the chloroplasts isolated from C14-
labeled Lemnia perpiusilla. Since the lamellar frac-
tion was found to represent practically whole chloro-
plasts, as far as the glycolipid contents were con-
cerned, it seemed desirable to develop a procedure
for the quantitative isolation of such chloroplast frag-
ments from whole plant tissues. A radiochromatog-
raphic investigation of an S35-labeled preparation
thus obtained has demonstrated the specific localiza-
tion of the sulfolipids in the lamellar fragments, a
particulate fraction from chloroplasts first described
by Park and Pon (19, 20) as containing pigments
and part of the electron transport systems for photo-
synthesis.

This paper reports the details of these experi-
ments as well as of the chemical characterization of
a spinach lamellar preparation, and discusses sig-
nificance of the present findings.

Material and Methods

Lemtia perputsilla Uniformly Labeled with C14 or
S3". Lemina perpusilla 6746, original strain supplied
by Professor S. Tamura, University of Tokyo, was
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grown un(der photosynithetic conditioins in a synithetic
medium (12). Uniform labeling of this water plant
with radiocarbon was achieved by growing it in
C14O, for 1 week during which the number of plants
increased approximately 10-fold (16). Lemina uni-
formly labeled with S35 was prepared by culture in
a low-sulfur medium, in which most of the sulfate
in the synthetic medium (12) was replaced by nitrate.
containing S3504 (700 uc/uLatom S) under photo-
synthetic conditions for 4 days. The plants increased
in number 3-fold during the culture.

Preparation of Ch/oroplasts antd Their Fragmecnts
fromz Lemna-C14. Chloroplasts and chloroplast frag-
ments were prepared from Lemnla perpusilIa uni-
formly labeled with C14 using a modification of the
Park and Pon (19) procedure. Lemna-C14 was har-
vested by filtration and washed with a sucrose-phos-
phate buffer, pH 7.4, which containied 0.5 At sucrose.
0.1 M potassium phosphate and 10-2 M EDTA. Ap-
proximately 15 Lemniila plants were ground in a
chilled mortar with 2 ml of the sucrose-phosphate
buffer and transferred to a centrifuge tube with 3 ml
of the same buffer. The homogenate was centri-
fuged at 200 9 for 5 minutes and the precipitate was
again ground with 5 ml of the sucrose-phosphate buf-
fer, and recentrifuged. The green precipitate was
designated as 0.2 P. The combined supernatant
liquid was centrifuged at 600 g for 12 minutes. The
precipitate was once washed by resuspending it in 2
ml of 0.5 M sucrose and centrifuging at 600 g for 12
minutes. The precipitated chloroplasts were sus-
pended in 4 ml of 10-3 M potassium phosphate buffer.
pH 7.4, and sonically ruptured at 9 kc for 90 seconds.
The sonicate was transferred to a centrifuge tube
with additional 3 ml of the 10-3 M buffer and centri-
fuged at 14,000 g for 10 minutes. The green super-
natant was centrifuged at 110,000 g for 10 minutes.
The precipitate was designated as 110 P. The super-
natant liquid was again centrifuged at 145,000 g for
30 minutes. The supernatant and the precipitate
were called 145 S and 145 P, respectively. 145 P
was dark green and 145 S was completely colorless.
All operations were carried out at or near 00.

Quantitative Isolationz of Lanellar MIemibrane
Fraction froml Lemnna-S35. Lemniiia perpusilla-S35.
repeatedly washed vith water and 10-3 M potassium
phosphate buffer, pH 7.4, was well ground in a mor-
tar with a small amounit of the same buffer, aln(d theni
disintegrated by sonic oscillation at 9 kc for 3 min-
utes. The sonicate was centrifuged at 14,000 g for
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10 miniutes, anid the precip)itate w-as resuispended in
the samiie buffer anid cenltrifuge(d at 14.000 g for 10
mlinultites. This resusl)ellsion of the precipitate anid
celtriftugation were fturther repeated 4 tinmes uintil
the l)recil)itate (14 P) became coml)letely colorless.
The coml)ine(d superniatanit liquid \vas cenitriftuged at
145.00() g for 30 mlinttes. The dark green l)recipitate
was washed o01ce with water anid collecte(l by receni-
trifugationi (145 F). The stupernlatalnt liquid (145
S) was coml)letelv co)orless. All olperations were
calr-ie(l ouit at or niear 00.

Radiochlromiatographic A nal/ses of Lemna1i Comii-
Poneniits. Cellular conmponeints of Le,nna-C14 were
separated into macromolecules, water-soluble low-
miiolectular weight compouni(ls an(l individual lipids
l)v ani ionl-exchange resin-paper chromatography onl
Almberlite \WB-2 (Rohm and Haas Company, Phila-
delphia) with the Marinetti solvent (13), diisobutyl
ketone-acetic acid-water (8:5:1. v'/v). S35-
Labeled componients were chromatographedl first with
phenol-water (.500:130 x/w) and second( with buta-
nol-prol)iollic aci(l-water (142:71 :100, v/v/v) (1).
The soluitioni or the suspenision to be anlalvzed wvas
directly applied OIl the origini of the chromiiatograms
without previous extractioni in or(ler to avoid possible
fractionlatioln anld oxi(lationi of lipids. Quantitative
extractioll of all soluble coml)pollellts was effectedl
\ith the first (le\elo)ill- solv-ents ax clhromnatography
proceede(l.

Idlenitificatio0n of the 1p1)olInds(l separated by
chlroluatography was carrie(l ouit by ineans of o(-
chromiatography alz(l coelectrolbhoresis on palper of
the eltute(l miaterials or their (leacvlationi or lhdrolvsis
prodlucts \\ith autilleltic col)ouillds. Ra(lioactiv-itv
of the sl)ots on chronlatograuls w\as miieasuire(ldirectlv
\w-ith 5;-cml (lianieter elld-\ indo\\- G.-l\. tuibe (Type
5006(. Nilhoni Musen Comipany, Tokyo).

Prcpa-a.tion anid C/tc nica .1Analysis of Sp.illa/i
L,amnellar IFragmicots. Fresh spiniach leaves obtained
frolmi local markets were washed with cold Nxater anld
l)lotte(l dry. The leaves (180 g) were hollmogellize(
ill 180 nml of 0.1 Mi potassiumlll phosphate buffer, pH
7.4, in a blelldor operatedI at full sp)eed for 2 miniutes.
The loillogelnate was subj ected to solliC rulpture at
9 kc/sec for 3 miniutes. The sonicate was filtere(d
through 8 layers of cheeseclotlh. The filtrate was
ceiltrifuged at 14,000 g for 10 miniiutes. The super-
ilatanit liqtiidiwas thenl celitrifuged at 14.5.000 g for
1 hour. Tlhe precipitate was resuspenide(d in 30 ml
of water with the aidl of a Potter-Elvehjem hoimogen-
ized. ail(l again ceiltrifuged at 145,000 g for 30 miin-
utes to give approximately 200 Inig (dry swt) of the
(lark green lamiiellar p)articulate fractioll.

"I'he finial precipitate was fractionated inlto 3 mila-
jor grotups: lipids, Inuicleic acids at(d plroteinls-p)ol)
saccharides, by successive extraction withi etllaniol.
chloroform-miiethanol (2:1, v/v), etlianol antI ace-
tonie for lipids, anid tileni 5 % hot l)erchloric aci(i for
nucleic acids. Lipid coilteilt was estilllated 1y dlr-
ilng a p)ortioll of the lipid fraction tll(ler re(lnce(l res-
sture ai(li weighing it. Nuicleic acid coilteilt was de-

ternilinledl from the 1)) at 26() nil of the fractioIn
alsstumling the ()D i,mn was 33 for 1 ilig/illi solutioll.
The protein aild polysaccllaride fraction, i.e. the resi-
(mte of a liot perchloric acid extraction was dried at
1100 for 3 liours anlld eighed. P'rotein anld poly-
saccliaride contenits in this fractionl were asstlllled to
l)e the anlilotllt recovered as amillo acid(s after aci(d
lhvdrolvsis alid the residtue tilereof. resplectively.
C:lllorophvlls ill tile lipid fractioi were estimate-d
spectropllotonletrically l)y measuring tlle 01) at 663.
644 aild( 624 nn1 accordillg to the e(qtuationis (lescrilbedl
b)y Htizisi-e ( l l). 'Il'he proteiii aii(l p)olysaccliaridle
fractioll was hvdrolvzed with 6 N Ilydrochloric acid
at 1100 for 22 hours, anid its aniillo acid colllpositioll
was dleterilline(i essentially b)v tile illetilod of Spack-
illail et al. (24) withl all amillo aci(l allalVzer (Type
II., AIitamura Rikell Kogyo Ilic.. Tokyo).

Spinach lamellar p)articles. qlualltasoilles, prepare(l
by the procedure of Park aild Poll were extracte(d
with hot 80 % ethallol aild hot etliallol-tolueile (3 :1).
The combinied extracts were coniceltrated in vactio
anid takeni up in chloroformii. The lipids were freed
of sugars aild salts by p)assilng throtigil a Sepliadex G-
;) colunil by the methiod of Wells and Dittmiier (28).
The chloroforill was replaced withl ethaniol and the
lip)ids (leacvlated dturing 20 miiinttes at 37' with 0.1 At

sodlitlmll Iliethylate ill miethlanol. Iwo-d(limellsiollal
clhromiiatograimis of tile l)rodlllcts were sl)raye(l witl
tile periodate-SO.,-Schiffs reagenlts to reveal glyco-
si(les anl(l glycerop)llosp)lloryl esters.

Results

'I'he resuilt of tle .\mlberlite \\ -2 clirolllato(-
rapl)h of the 5 subcelltular fractions fromii lxenmi pcr-
p/'Si//(_-C'4 chloroplasts is shown ill talble 1. Since tile
plant was tllliformly labeled ws-ithl C' by culticitre ill
C' 10. the radioactivity of each c0111oitlIl(lnel)dr elltre (l
the relative illolar conlcentratioll of its constittatii,
carbonis. The 0.2 P fractioni coiltailled large tiinrtp-
tuired fragmlents aillcI ollly its 80 % etilallol extract
couild be analYzed. Sinice 14 I' was liot wsashe(d, it
1la(1 at (lense greeii color. inidicatinig coitaillillationl 1by
l10 P alld 145 P ill this fractioll. 'lile total rad(io
activity of 14 P. 110-145 P anid 145 S was 41. 52 and
7 % of the total cliloroplast activity, resp)ectively.
The C14 perceiltages of the imiajor glvcolipids. s;il-
folipid. galactosvl diglyceride. and digalactosyl digl-
ceride (3. 9). in chloroplasts w-ere 2. 3. aili( 5 reslec-
tivelv. Of these activities. 86, 92 and 85 % were
founid ill 110 P aIld 145 P. Botl were equivalent to
the laImlellar lipolproteini (8, 19): ill later experimiienits
1)oth 110 P and 145 P' were (lesigllate(l silllyl) as
145 P. Althougi tilis fractioni conltailled fragmients
of other membralnous structuires, the lipid compositioil
reflected that of isolated chloroplasts.

The 14 P fractioni from S3'-labeled Leinniia 5vas
cold-aged (Shibuva and Martio to be pulblishedl) by
freezillg a suispeilsion ( I1 1lug dlry wt/lmIl ) at 3- ()
for 2 (layS. It ws as thlawed slowly aln(l cejatriftn-el ,It
1)000 X g foi 1) Il)ilnutes. 1 le precil)itate \as re--
stsl)ended and(l recentri fuged to obtain Il icrosollie-
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Table I. Distribution of Radioactivity in Subcelldlar Fractions of Lemna perpusilla
Uniformly Labeled with C14

Fraction**
Compound

Macromolecules
Water-soluble low
M. W. compounds

0.2 P
Ethanol
extract

cpm

7500

14 P

cpm
38,900
3020

110 P

cpmll
26,200
3390

145 P

cpm
4100
1380

Sulfolipid 6770 237 16o60 364
Digalactosyl diglyceride 17,900 600 4100 877
Galactosyl diglyceride 10,500 240 2210 555
Other lipids* 58,800 2240 11,200 2080
Total ... 45,200 48,800 9360

Other lipids included chlorophylls, triglycerides, lysosulfolipid and phospholipids.
** Data are for particles from isolated chloroplasts except for fraction 0.2 P.

"

L, popwpull -us
145 P

Ly.smfolipid

otn Pomysoccrid

FIG. 1. Radiogram of lamellar particles quantitatively
isolated from Lemnu perpusilla uniformly labeled with
S35. Chroinatographed in x-direction first, with pheno-
water and y-direction second, with butanol-propionic
acid-water.

free lamellar fragments. The supernatant, which
vould contain S35-labeled sulfolipid of microsomal
or other particulate structures, contained no detect-
able radioactivity.

Figure 1 represents a typical autoradiogram of the
lamellar particulate fraction isolated from Lemnna-
S35. Major S35-spots found were those of the sulfo-
lipid, the lysosulfolipid and macromolecules which re-

mained on the origin, as well as that of an unidenti-
fied compound with RF values in both directions al-
most equal to those of the green pigments. The sul-
folipid and the lysosulfolipid did not appear in the
autoradiograms of the 14 P and 145 S fractions of
Lentna-S35 but a minor radioactivity was observed
when the corresponding areas of the chromatograms
were carefully measured with a G.M. counter. Only
the origin was significantly active in the chromato-
gram of 14 P, whereas many water-soluble comI-
pounds were present, such as glutathione, sulfur-con-
taining amino acids and sulfotrioses (23) besides pro-
tein and polysaccharide of the origin in the chroma-

togram of 145 S. The result of the 2-dimensional
radiochromatography of these 3 fractions of Leimna-
S35 is shown in table II. Since S35-labeling of the
plant was uniform the observed radioactivities rep-
resented relative molar concentrations. The sulfo-
lipid and the lysosulfolipid were found concentrated
in the lamellar particulate fraction of the plant.

Fractionation and chemical analyses of the lamel-
lar l)articulatc fraction isolated directly from spin-
ach leaves --ere carried out as (lescril)e(l for Lcinita.
The results arc sumniarized in tal)1e III. Amniino

Table 11. Distrilbtion of the Suilfolipids in
Lemnia perpusilla-S38

Fractioii* 14 P 145 S 145 P

S3;- cpni1 570 1980 28800Sulfolipid 2
I 6 92

Lysosulfolipid S35 cpm 0 335 4890
% 00 6 94

* Particulate fractions were isolated directly from the
homogenate.

Table III. Clharacterivation of Spinoch
Lainiellar Fragienicits*

Weight %

Iipid** 52.1
Chlorophylls*** 10.1
Protein' 46.1
Polysaccharide 17
Nucleic acidtt 1.8

Purified by cold-aging (freeze-reaggregation tech-
nique) to separate from microsomal particles.

** Extracted by methanol and chloroform-methanol
and dried at reduced pressure under nitrogen.

*** Calculated from absorbency at 578 nm according to
Warburg.
Reside after extraction of lipid and nucleic acid.
N = 15.32 %, C = 48.49 %, H = 6.62 %, S = 0.
Calculated from absorbency at 260 nm in hot per-
chloric acid extract.

145 S

cpm
3390
3320

84
290
139
493

7820
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acid composition of the proteini moiety of the prep-
aration is slhown\i in table IV.

Deacvlation of spiniach lamiiellar lipids revealed 4
maiii prodticts. The imiost predlominiaint were miionio-
and(l digalactosvl g,lycerol. .\pproximately e(]ual
1im11oul11ts of dliglvcerop)hosphate ( GPG) ani(I slnfo-
(quinovosvl glycerol ( (JS ) were ol)serve(l. Al-
thou-gi the Imlethio(I is scinsitive to glvcero])hOs])hrl 1
clolinle ( GIPC) niolle (i.e. less than % of total
lilpids) was ol'served. A small aiioutint of (liv-cero-
phosphor]l glycerol (Gl'GP(T ) was (letecte(l. The

lalil 1I V. . 111i1no1 . I(IcllCo position of,fic Protti11
lloictv of SYpinach Laincilar .1i1fcbrn(lnc Iriainicnts

Glycine
A\lanine
A-aline
Leucine

Isoleucine

Proline

Phenylalaninie
Tyrosine
Serine

Mole %

9.02
7.99
6.95
8.80
5.61
4.21
4.75
3.07
5.3

Threonine
Half cNstine
Mlethicllille
AXrginine
Histidiine
Lvysinc
Aspartic aci(d
Glutamic acid
.Anliimnoiia

Mole %

5.74
5.95
1.12
4.92
2.04
4.67
8.81

10.45
7.28

lipids of lamellae, thenl. consist largely ( ca. 70 % ) of

equal amiiounilts of the galactosvIl (liliolenins and of

equtial but lesser actmouniits of stulfolipid an(l phospha-

ti(lv-l glyxcerol. The marked absence of lecitlliln in

Iuantasomal lipids ain(d its generallvy high (30-(50 %
of phospholipi(ls) conicentrationi in total leaf liPids
siggests that it is involved in membrane structures

otlher thani the lamellae.

Discussion

Leniiaiitiperpusilla. a smllall vater p)lant with 1 to 3

mm leaves. was selecte(d for ease of labeling anld( tis-

stu- disrtlu)tiol. There have been several limlitationis
inl studying the lipid (ldistrilbution in subcellular frac-

tions of )lallts: a mletlhod( to prepare chloroplasts and

chloroplast-free tisstles in qlantitative y-ield has not
been available; quantitative extraction alnd purifica-

tion of lipids w-ithout loss or oxidatioln have been dif-
fictilt anid mi ethods for determiinlationi of individual

ipids in siall samples have niot been establishedl. By

nioting, (lifferenices in concentration of the lipids in

chloroplasts anid wthole plants. \ intermanis reported
that beet clloroplasts (29) containie(d 33 % of the

sullfolipid; recently he founlid 73 % of spinach leaf

stilfolipid in chloroplasts ( 30 ). The analvtical
methodls he employed were subject to the above

limitations and] it seemiie(] appropriate to l)rocee(l with
at reinvestigation. In the p)resent study, the last 2

lim1itations in quantitative anial-sis of lipids hbae been

\VrconVe by emipi)lov ing radioclirowatographii p)ro-
c(lillres in s-hich relative molar- concentrations of the

sulfolipidls \vere accurately (leteriiiiiedl. 'T'h1e (lirect
separation of cellular comlponents by applying the
w-hole preparation to the chromatographic origini has
imlprovedl the reliability of the ainalyses.

The sulfolipid ainc1 the lysosul folipid occuri e-sen-
tially onl\ in the lamiiellar partictulate fractinn iii
LemonII . T'lhis restilt and othelr a\-ailable data suggest
tllat the sutlfolipid is an integral part of the photo-
syntlhetic strtuetuire. It anld the galactos\ I d'ilnole-
1i11s ( 1() a-e among the first lipids to lhsc their-
biolog"ical fuinctionl associated \svith their ilitracellt ilai
locationll. TIhlc silfoniic acid groups of the lipid(s are
strongly anioniic illl(ler all conl(lition;s the surfactanlts
p)rop)erties of these amphipathic miiolecules may be ex-
pected to stabilize active protein conlformnationi am]
charge distribuitioni in the quantulmi conversion ap-
larattus. Onle caln easily suspect that they thereby
play a physical role in photosynthesis as well as be-
iiig large reservoirs for reduicedI suilfuir an(l carbohv-
dIrates (4, 7. 14. 22. 23). The remarkably (liffereilt
fatty acid compositioni of the suilfolipid (50 %( IiHuo-
leniic acid, 18: 3 and 50 % palmitic acid. 16: 0) in al-
falfa leaves (17) resemiibles that of typical phospha-
tides (lecithini) not present in lamiiellar lipoproteini.
Spinaclh lamiiellar particles conitailne(d nio (letectable
lecithini; this is a characteristic component of plalit
mitochond(Iria anid other membrane systems. 1 'hos-
phatidvl glycerol is the miiajor phospholipid of the
lamellae. Tts possible role in carbohydrate met abo-
lismii has been discussed (2).

Radiochemiical analysis of the compolllents in
clhloroplasts alnd in 3 chloroplast fractiolns fromii
I1xcnia-C1 reveale(d tllat approximately 9() % of tlle
gl-colipids were associate( with thc I1() to 145 1'
fractionis. Since the 14 P. the chloroplast membranie
fr-actioIn, \\w,as conltamiliated by considerable amounts
of 1 I) P' (la 145 P comliponelnts. it was minreasoalale
to stlsp)ect all the glvcolipids were p)reselt ouly in tlle
110 P and 145 P fractiolus. These fractiolns. later
simply designlated as 145 P, were presumle(l to be
equivalent, in size anld chemlical niatuire to the lamellar
particles described by Park alndl Poll.

The results in table I also reveal that the 2 galac-
tolipids (cf. 10). galactosv-l diglvceride a(l( digalac-
tosvl diglvceride. were colncenitrated in the qualnta-
somlles wlhereas phospholipids and triglycerides were
(listributed in other fractions. The lamellar l)articu-
late prel)arationls describecl helre could have heen
conitaminiated by niolnchloroplast comiiponenlts. It is.
however, very unilikely that stuch contaminating frag-
menits contained appreciable stulfolipi(d siince it w-as
absenlt in isolated imiitochoindria a(ill ribosomes (22).

Radiochromatographv of S35-Leminuia perpits illa
has revealed several other initerestilng featuires of this
water plant. Sulfoq uinovosyl glycerol wN-hich has
been fotundl in high conicenitrationis (22. 23 ) and show-ii
uniique metabolismii (21 ) in greeni algae has niot
been detected in Lecmia. An extremlely high radio-
activity, whicl was easily adsorbe(d onipaper as seenl
ill figture 1. w as fotunid ini ani unidlelntifie(d spot with
RI, v-altues similar to those of greeni pigments. Al-
thougih this lipid-like compoundihas also been de-

1 254



SHIBUYA ET AL.-SULFOLIPIDS IN LAMELLAR LIPOPROTEIN1

tected in S35-labeled green algae (21, 23), its cellular
concentrationi has usually been much less than that
of the sulfolipid. This compounid was recently demi-
onistrated to be associated with chloroplast develop-
ment in Chlorel/a prototliecoides anid is niow shown\i
to be conicentrated in the chloroplasts in Lemnia. It
may play an important role in sulfur miietabolismii and

Lennia appears useful for the study of this com-

pound.
The analyses shown in table III inidicate the

tvpical lipoprotein-like nature of the lamellar par-

ticulate fraction from spinach leaves. A minor
amounit of nucleic acids found in the preparation in-
dicates a minimal ribosomal content of chloroplast
fragmenits (18). Both DNA and RNA shoul(d be
present. Amiinio acid comiiposition of the protein
moiety shown in table IV was not essenitially differ-

enit from those of average plant proteinis, although
somewhat higher contents in nieutral amino acids and(i
lower in basic amino acids could be pointed out. The
result is similar to those reported by Menke (15) andl
Weber (25, 26).

These facts are in accord with the proposed hy-
drophobic association model of the lamellar lipopro-
tein (7, 27). They contraindicate a classical bimole-
cular lipid leaflet model for the lamellae which would
require a protein of high basic amino acid content
for stability of ionically bound lipid miiembranes.
The striking difference between the fatty acid comi-

positions of the 4 major surfactant lipids precludes
nonspecific exchange of their hydrophilic moieties.
The fatty aci(d complement of lipid hydrocarbon
chains of the diglycerides probably decrees the site
of their hydrophobic association within the lamellar
lipoproteins, an(d thereby the location of the charged
anld hydrophilic groups at their exterior suirfaces.

Summary

Radiochromatographic analysis of C14-labeled
Lemna perpusilla revealed specific concentration of
major glycolipids in the particulate fraction of sonic-
ally ruptured chloroplasts. Development of a pro-

cedure for quantitative isolation of the quantasomes
directly from uniformly S3W5-labeled Lenina demon-
strated that the sulfolipid and the lysosulfolipid are

specifically localized in lanmellar fragmenits or lipopro-
tein subunits of similar size. Lipid anid aminio aci(d
composition of the spiniach lamellar particulate frac-
tion was examined. Their 4 major lipids are illonlo-
and digalactosyl dilinolenin, phosphatidyl glycerol,
and sulfoquinovosyl diglyceride. This associationi in
lamellar lipoprotein particles is discussed.
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