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1, Introduction

We have previously reported that incorporation of
11-¥4C]palmitate into cetamide hi, temra, and penta-
hexoside of NIL2 harastsr cells increases with ingcreas-
ing c2ll culture density, although incorporatisn into
the other major glycolipid, hemaioside, is relatively
unaffected {1, 2]. Density dependent ghycolipids have
been found in some other cell ines [3--6] but are con-
sistently absent in the transforrmed derivativ-s [1—-61.
The possibility that these molecules are inportant
determinants of esliular interaction has led us to study
theily logation in the cell. We have found that the
density dependent glycolipids of NILZ hamster cells
are present ai, but not confined to, the cell surface.

2. Methnds

NIL2 Syrian hamster cells and those immfomed
by hamster sarcoma virus NIL2/HSV 7] were labelled
-whille still sparse with 0.23 xCijml [1-2*C]palmitate,
{55 mCijmmole) and harvested by scraping 438 hr later
when confluent. The cells were washed in cold phos-
phate buffered saline and nuclear, mitochondrial, endo-
plasmic reticodam and plasma membrane fractions
isplated by the method of Graham [8]. Plasma mem-
brane and nuclear fractions were also prep:areﬁ by the
method of Warren 1 al, [9]. After estimation of total
Jincorporationfmg protein, the subcelhilar fractions
were dialysed against water at 4° for 48 br, freeze
dried and Yipid extracted with 2:1 then 1.2 ¢hloro-

- form—mmettancl. To check the siability of lipids during
the- pmcedure Afractions were extracted dirsctly with

20 val of 2:1 ..lﬂoroform—meﬂlanol m]}oweﬁ ‘lby

Nor!h»ﬂo!land&b]mhmg Compa-x_} Amsjgrdam :

Folch partition. Lipids were separzted by two Jimen-
sional thin-layer chromatography detscted by wute-
radiography, angd guantitated by scintiflation couning
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3. Resnlts and disenssion

Enzymatic charactesization of the subcellular frac
ticns isolated by the method of Graham [8] is shown
in table 1. The piasma membrane fractions fron both
NILZ and NIL2/HSY ceils demonstrale a 17—1.0-I21d
enrichment in Nat/K*—Mp2* ATPase over the cell
homogenate. Levels of this enzyme in the sndoplzsmis
reticulom fraction from NIL2 and N11.2JHSY supaest
a gontamination with plasma membrans of the order
of 5 and 12% respectively. Becouse of the high levels
of Mg?* ATPase in mitochondria it is difficult 1o assay
the Na* /K7 stimulated -Myg®* ATPase, and 5"-anc eo-
tidase provides a betier estimation of plasma merbrane
contamination. This was found 15 be less than 2% for
both ¢el! types, Contamination of the nuciesr fraction
by plasma membrane was 2t a similar low level. Activi-

‘ties of NADH diaphorase indicats that contamination

i plasmz membrane by endoplasmic reticulum is
aboul 7% for NiL2 and 13% for NIL2/HSV. The assay
mzdnd for this enzyime also detecis the NADH
oxidase of mitochondria, but the lack of s’gnificam
saccinate-cytochrome ¢ reductase activity in any frac-
tion excepi for mitochondria indicates that oxidztion
of NADB by endoplasmic reticolum was not due o
mitochendrial contamination.

The glycolipids of the p]r.sm‘a mem’b:rane fraction
of NIL2 ¢eils reproducibly showed the grearest in-
corporation of [1-14C] palinitate label per mp prozein,
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: Table 1 - :
Enzymatic characterization of subcellular fractions firmm nnrmal (N) and mansformed iT} N]L2 hamstea- 'ceﬂs, 7

Fraciion - NatK* , 5" Nucleotitaz 7 CNADH 7 ‘ Su:cciﬁa:!:e
: : © stimulated ' diaphorase : Cyte

Mg ATPase ‘ - - zeductase

N T N T N T . N T
Flasma : ' ‘
membrang - B 2.5 ) 14.9 4.1 4,7 45.7 0.2 D2
Endoplasmic o .
reticulom 0.4 0.3 29 0.8 728 2520 0.2 0.2
Mitochondria .03 0.035 n.3 0.05 48.0 154.5 a1 24
Nuclei n.1 003 0.2 0.05 ND ND ND ND’
Homaogenate 0.3 ‘0.1 02 oS 8.4 38.2 62 D2

From 1.6-5 %102 ceils wers disrupted by nitrogen cavitation in 8,25 M sucrose, 3-mM Tiis, .2 mM Mg, pH 7.4. After chelation
of Mg? by 1 mM EDTA nuclel were sedimented at 1,000 z for 10 min, and the post nuclear supernatant separated into mitochon-
drial, miciosomal and soluble fraciions on 2 discontinuous sucrose zonal gradient. Plasma mambrane and endoplasmic reticulum
were isolated from the total microsomal fraction on a Mg?*-Dexiran gradien? [8]. Enzymatic activities represent pmoles substrate
ntilised fhrfmg proiein. ND = Not dzrermined.

Table 2
Distribution of ]1-"*C]palmitate in swbcellular fractions from dense N1L2 hamster cells.

-Incorporation ' C=] ﬂmm#- Nuclel Mitochondria Plasmz Endoplasmic
eI Mg prolein | genale - - membrane :  peticulum
Total lipid 0.71% _ 0.46 058 - 398 1.1
Phospholipid 0.56 0.33 Das . 233 S LB
Giycolipid : 0.05 0.03 0035 ' 0,39 - DAz
Nentral lipid 0.10 B (X : - T (Y (1 D33 X E

' Phospholipid/ . ‘ : - . S
glycolipid i o118 32.«‘8 : 1040 o . 5.6 - 7.3

% Distribution of Iabel in giycolipid

CmonoH 8.3 . .94 . 58 : .83 53
cam 54 a8 &1 . 59 X
CmH e . 88 . s omo s
CietaH 344 - 338 . 8.0 . - - 306 . 352
CpemtaB . - 153 - . 85 . 19 . . 183 19.8
Hematoside = - 1700 . . - B 200 s30T

- Subcellular frachons were lsol‘ated by the Iﬁeﬂlnd of Graham ]B] CmonoH to Epenta}l denmes neutral g.ylc%phlngolipiﬂs con- -
tairung fmm one m f‘\ne su,gm Teszdues, S . - : . ‘ ) .

: cpm X 10“ Imgprotem_
| }:38..".»" o
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Table 3

" Distribution of [1-13C]palmitate in maclear and piasma membrace fractions of NIL2 celis.
Incorporation , Celd : Murclei " Microwomes Plasma Splntie
Per mp proiein homogenate membirang
Total lipid BT O 026 149 2.33 0.1
Phospholipid 0.39 D.20 0.95 1.56 0.05
Glycolipid 0.5 ' 0.01 0.08 025 0.01
Neutral lipid 0.24 {08 046 0.53 0.03
Phospholipidy
glreolipid 7.8 17.3 11.5 6.3 8.6

Plasma membranes were isplated by ibe method of Warren et &l [9). Cells were swoller in 45 mb NallTor 5 min, 3 vol of satmiafed
flnorescein mercuric acetate pH 2.0 added and, aficr cooling to 0°, the cells disrupted in 2 Dounee horogenisey. Plasma membyangs
wexe isolated from nmglel on discontinuous sucrose gradiznts. The cimde nociesr peliel was freed from intact cells and microsoires
by homopenisation and eriensive washing iIn 0.2% citric asid [10).

* epm ¥ 10° 'mg proiein,

table 2. The specific activity of the plasma membrane for nuclear fractions. The tatio of incorporation into
plycolipid was 5-8-fold greater than the homogenate phosphelipid/glycolipid was always lower in the

compargd with enrichments of 2—4-fold {or endoplasmic  plasima membrane and endoplasiuic reticulum comparad
reticuinm, 1—2-fold for mitochondrial and 0.5—1.5-fold  to the other fractions. Similar enrichments i incoro:-

Table 4
Incorporation of [1-¥3C ) palmitate into the subceliular fractions of dense NILZ/HEY.

Incorporaicn Cell Nugle Mitockondsia Flasma Endopizsmic
DET ME Proiein hemegenals membrzne reticulurp
Total lipid 0.4% 043 034 1.49 1.83
Phospholipid D.335 .40 0.72 1.15 1.26
Glycolipid 003 ‘ D22 0.06 0.8 D.12
Neutral lipid D03 D.D3 0.05 0.17 .11
Phospholipid/ .

gycolipid 12,1 166 11.7 7.4 150

% Distribution of label in glyeolipid

Cmonoll 11.6 13.8 113 16.0 9.3
carE 332 445 - 488 35.% 335
CisH o - 0 o 0

Cietrall "D | D D o o
Cpentad 63 6.6 5.3 7.1 7.0
Hematoside . - 482 : 348 30.3 41.0 - v

. Subceliular fracticns wers isolated by the method of Graham JB],

* cpm X lﬂiﬁ,fmg_pxa:,:lein._ k
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ation into glycolipid were found in plasma membrane
fractions prepared by the method of Warren e al. [9],
table 3. Nuclei prepared from the same celi homogen-
ate and extensively purified [10] contained very littls
glycolipid as shown by the low specific activity and
high phosphclipid to glycolipid ratio. Comparable
res.i 13 were obiained with fractions from N1L2/HSY
cells but i
showed a marked difference between the plasma mem-
brane and endoplasmic reticulum which was not found
in studies on the normal cell, The distribution of

label in the various glycolipids of the subcellular
fractiors was similar 10 that of whole hornogenaie,
tables 2 and &. _

Previous studies kave shown a concentration of
glycolipid at the cell surface [11—-15] and the glyco-
lipids of plasmz membrane and endoplasmic reticuium
10 be similar 10 whole cells, [12, 13, 15] with ong
gxgeption [16)], Our ircorporation data show similar
trends but pessible differences in tumover between
the subcellular strucitures makes detailed quanititative
comparison imppssible. The experiments show that
the densily dependent giycolipids are indeed present
at the cell surface althcugh not specifically iocated
there. 1f the density dependent components were
present only at the celi sarface, then the distribuiion
of ldbel in glycolipid of endoplasimic reticuvlum shouvld
be differeni from that ol plasma membrane. The fact
that the profiles are very similar might be explained if
none of the other intracellular organelies contain any
glycolipid, and that present is derived from contamina-
tion with plasma membrane, This is considered uniikely
as the endoplasmic reticulum was repeatedly enriched
m Incorporation into glycolipid per mg protein over
the homogenate. Such an explanation may however
accoumt for the levels of glycolipid in nuclei,

The presence of the density dependent glycm:"psds
at the cell surface agrees with the data of Hakomori
and Kijimoto [17] who found that intact NIL2 cells -
were reactive 1o antibody prepared against Forssman
glycolipid (ceramide pentahexoside), Insertion of a
viral genome into the hest cell apparently blocks syn-
thesis of the density depeadent components of all
sabeellular compartments and not just those of the
o2l surface. That transfiormation results in modifica-
tion of complex carbohyydrates other than those on
the cell surface agrees with the data of Warren et al.

- {18], who fomld ﬂla"t Facose mmalmng glycopeptides ‘l

-4@1_' '
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interestingly, the shospholipid/glycolipid ratio
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characteristic of transformed cells were present in
mitochondrial and nuclear as well as plasma inembrans
fractions. The possible importance of the dersity
dependent glycolipids at the cell surface 5 unknown.,

Reth and cosvorkess [19, 20] have sugpested that

cell surface carbohydraies may act as recognilion sites”
by binding to specific giyeosyl transferases on the
surface of contiguous cells. Such a process of trans-
glycosylation may provide an explanation for synihesis
of the density dependent glycolipids although their
presence in intracelular structures makes it unlikely

to e the sole mechanism [21].
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