Glucosamine

N-acetylglucosamine

Sialic acid N-acetylgalactosamine
Glycoprotein
Thalassemia ««~---|- + PAS ~positive material
Lipid
Protein

Cell membrane

Fig. 2. The biosynthetic pathway of the
carbohydrate of the cellular membrane
and the proposed block in thalassemia.

the stroma is very likely on the basis
of results (/8) which show an elevation
(50 to 80 percent) in the sialic acid
content of stroma isolated from the
thalassemic erythrocytes. Neither the
PAS-positive material nor the radio-
activity is identifiable with glycogen,
since the former is not destroyed by
salivary amylase, and the latter is not
in the fraction soluble in trichloroacetic
acid. Sometimes PAS-positive material
is found in erythroblasts in other
anemic conditions.

The reticulocytes of curves A, B,
and C (Fig. 1) show an interesting
variation that can be correlated with the
severity of the thalassemia major. The
most severe case clinically, a 2-year-old
boy with 95 percent hemoglobin F, is
illustrated in curve A. The donors of
cells represented by curves B and C
had less severe clinical symptoms and
had 91 and 85 percent of hemoglobin
F, respectively. Curve A shows the
greatest incorporation of glucosamine;
curves B and C show roughly 40 to 60
percent as much at 1 hour. Each of
these curves, however, shows incorpor-
ation of much more glucosamine than
do curves D and E.

Thus thalassemia may express itself
as a function of several biochemical dis-
orders. In particular, synthesis of the
glycoprotein of the cellular membrane,
or rather the PAS-positive material, is
greatly elevated. Possibly a region of
a chromosome is damaged, resulting in
the malfunction of several genes asso-
ciated with hemoglobin, ferritin, and
glycoprotein biosynthesis. However, a
primary genetic defect in only one of
these components may produce ab-
normal behavior of the other com-
ponents,

A disturbance in enzyme produc-
tion along the pathway of membrane
synthesis, at the point of associa-
tion of glycoprotein with lipid and pro-
tein, could account for the observed
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accumulation of PAS-positive material
(glycoprotein) in thalassemia (Fig. 2).
A block, or shunt, at this point would
retard membrane synthesis in general.
Thus the regulatory mechanisms would
be strongly geared to favor synthesis
and thereby the incorporation of gluco-
samine. In theory the clinical symptoms
are understandable in the light of im-
paired synthesis in the membrane, but,
since the cell membrane is a macro-
molecular, heterogeneous structure
composed of carbohydrate, lipid, and
protein, it is difficult to evaluate the
biosynthesis of any component in rela-
tion to the whole without additional
data. Knowledge of the chemistry and
structure of each component, and of
how they are assembled to form a com-
plex unit capable of specific biological
activity, is almost totally lacking. More
detailed characterization of this specific
lesion in thalassemia and its relative
importance must therefore await fur-
ther biochemical studies of the mem-
brane.
Epwin H. EYLAR

GASTONE T. MATIOLI
Departments of Biochemistry and
Microbiology, University of Southern
California School of Medicine,
Los Angeles
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Paraffinic Hydrocarbons
in Pasture Plants

Abstract. The gas chromatographic—
mass spectrometric technique recently
developed by Ryhage has been applied
to the analysis of paraffins extracted
from pasture plants, specifically, whole
plant and leaves of spotted bur clover
(Medicago arabica). Normal alkanes
from Ci to Cs have been found. The
Cw, Cu, and Cs: normal saturated hy-
drocarbons predominate and n-Csu is
the major component. In the range
from C: to C. the ratio of alkanes
with an even number of carbon atoms
to those with an odd number is ap-
proximately 8 for the whole plant and
5 for the leaves. The distribution of
paraffins is similar to that reported for
cattle manure and also resembles that
of some soils and sediments.

It has been shown (/) by a com-
bined gas chromatographic—mass spec-
trometric technique (2) that -certain
animal excretion products, such as cat-
tle manure, contain a number of paraf-

finic  hydrocarbons, among which
n-nonacosane (C»Hw), n-hentriacon-
tane (CsHs), and n-tritriacontane

(CssHos) predominate.

In an attempt to elucidate the origin
of these hydrocarbons we have con-
sidered the following three possibilities,
that is, the paraffins may be: (i) end
products of bovine metabolism, (ii)
metabolic end products of the bacteria
living in the bovine digestive tract, and
(iii) compounds originally present in
the pasture plants eaten by the cattle.
Since a number of plants are known
to produce waxes which contain par-
affins (3) the third of these possibilitics
appeared more likely and was investi-
gated first. Spotted bur clover (Medi-
cago arabica) was chosen as the plant
to analyze because it constituted the
bulk of the cattle’s diet at the time
our other investigation (/) was carried
out.

Freshly collected spotted bur clover
was allowed to dry at room tempera-
ture in the shade for a period of 1
week or longer. Two samples of 2 g
each (the first one including the whole
plant and the second, leaves only)
were each extracted with a benzene-
methanol mixture (3:1), and the ex-
tract was fractionated on a silica gel
column into four fractions (/). The
approximate weights, per gram of ex-
tracted material, obtained for each of
the four fractions of the second sam-

SCIENCE, VOL. 147



ple (leaves) were: n-heptane (second
passing), 1.7 mg; carbon tetrachloride,
1 mg; benzene, 4 mg; and methanol,
46 mg.
~ We analyzed only the n-heptane
eluates which contain the paraffinic
hydrocarbons. These eluates had a
green color, which was presumably due
to chlorophyll extracted from the
plants. The chlorophyll was completely
removed by placing the residue of the
n-heptane eluate on top of a new silica
gel column and eluting the column
again with the same volume of
n-heptane. The removal of this pig-
ment was carried out in order to mea-
sure accurately the net weight of the
fraction, but the presence of chloro-
phyll does not appear to interfere with
the gas chromatographic analysis of
the hydrocarbon in this fraction.

The residues from the n-heptane
eluates were dissolved in 50 pul of
benzene, and a 5-ul sample of this
solution was analyzed by gas chroma-
tography as described (7). Figure 1
illustrates two chromatographic separa-
tions performed under these conditions.
Chromatogram 14 was obtained from
the residue of the initial n-heptane
eluate  (chlorophyll present) and
chromatogram 1B, from the residue of
the n-heptane eluate after it had been
passed a second time through the silica
gel column (chlorophyll removed). No
essential difference concerning alkane
composition can be observed between
the two chromatograms, with the possi-
ble exception of a small variation of
the Cis and C peaks.

Paraffins from Cis or Cw» to Cs can
be observed in these chromatograms.
It can also be seen that the paraffins
with an odd number of carbon atoms
(C-odd paraffins) are several times
more abundant than the alkanes with
an even number of carbon atoms
(C-even alkanes). In the range from
Cs: to Cu the average ratio of peak
heights (p.h.) was found to be ap-
proximately 8 for the first sample
(whole plant) and approximately 5 for
the second sample (leaves). By extrap-
olating the incomplete peaks or bands
of chromatograms 14 and 1B the
following ratios were obtained:

— 2 p.h. odd CQS—C;;s .
14, r= S p.h. even Co—Coe 5.3
and
IB, P E ph odd Czs—C33 —49 (4).

S p.h. even CoCos
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Fig. 1. Chromatographic separation of normal paraffins from spotted bur clover

(Medicago arabica). Glass column, 1.8 m X 4 mm, containing 0.6 percent thermally
stripped silicone (SE-30) and 0.2 percent cyclohexanedimethanol succinate on 80-100
mesh, acid-washed silanized Gas Chrom P. Helium pressure, 1034 mm-Hg.

The three major bands were found to
correspond to m-nonacosane, n-hentri-
acontane, and n-tritriacontane. This
identification was made by gas chroma-
tography and was confirmed, according
to the method of Ryhage (I, 2), by
direct mass spectrometry of the indi-
vidual bands as they emerged from the
gas chromatographic column.

A clear similarity is apparent when
the results obtained from spotted bur
clover leaves are compared with those
obtained from cattle manure ().
In both cases we have observed (i)
n-paraffins mainly in the Ciw—Csxs range,
(ii) a value of approximately 5 for
the ratio of C-odd to C-even alkanes
in the Co~Cu range, (iii) a predomi-
nance of the Cw», Cs, and Cw normal
alkanes, and (iv) a major predomi-
nance of »n-hentriacontane. On the
basis of these results we conclude that

the hydrocarbons with relatively high
molecular weights found in cattle ma-
nure are derived mainly from the pas-
ture plants which constitute the bulk
of the cattle’s diet. The leaves of
spotted bur clover gave a better corre-
lation (as compared to the whole
plant) because the cattle were grazing
mainly on the upper parts of this plant
which consist essentially of leaves. The
relatively larger abundance of n-tritri-
acontane in cattle manure can be at-
tributed to grasses or other pasture
plants rich in this hydrocarbon. In-
deed, coksfoot grass, rye grass, and
other plants are known to have appre-
ciable amounts of n-tritriacontane (5).

It is surprising that in spite of the
large bacterial population in the bovine
digestive tract the hydrocarbon com-
position of the excretion products (I)
is very similar to that of the diet.
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These paraffins are quite inert com-
pounds and can be degraded or ab-
sorbed only with difficulty. Thus they
tend to accumulate and concentrate in
the digestive system and eventually
overshadow any hydrocarbons result-
ing from the animal metabolism or
synthesized by the bacteria living in
the digestive tract. Our preliminary stud-
ies show that some bacteria synthesize
a broad range of paraffins with high
molecular weights (6). However, these
paraffins are present in smaller amounts
than in plants and show no marked
variations in their distribution and no
significant predominance of C-odd over
C-even alkanes (6).

Normal paraffins in the range from
Cs to Cs appear to be widely distrib-
uted in the plant kingdom. They have
been found in roots, stems, leaves,
flowers, fruits, and seeds of a large
variety of plants. References to the
isolation of individual compounds from
plant waxes by classical chemical meth-
ods are given in Warth and in Deuel
(3). A pertinent example is the isola-
tion of n-hentriacontane from flowers

of common red clover (Trifolium
pratense), white clover (Trifolium
repens), and crimson clover (Tri-

folium incarnatum) in 1910 (7). The
application of modern methods to these
studies will lead to a better characteri-
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Fig. 2. Distribution of n-paraffins in pasture plants, cattle manure, soils and recent
sediments, a marine shale, and a petroleum crude. (4) Whole plant (Medicago arabica),
r = ¥ odd/® even = 8; (B) leaves (Medicago arabica), r =5; (C) cattle manure,
r =5 (1); (D) recent marine sediment (/2); (E) Gulf of Mexico marine mud (I/3);
(F) continental soil (13); (G) San Francisco Bay sediment (14); (H) West Cortez
basin sediment, » = 3.8 (I5); (I) Catalina basin sediment, » =35 (15); (J) Pennsyl-
vanian shale, r = 1.24 (J5); (K) Uinta basin petroleum crude (16).
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zation of the hydrocarbon composition
of plants and may correct some un-
justified conclusions, such as the ab-
sence of C-even alkanes (8), made by
earlier workers. C-odd as well as
C-even n-paraffins within the Ca to
Cux range have been detected by mod-
ern techniques in pyrethrum wax and
string bean wax, sugar-cane -cuticle
wax, Gramineae, Crassulaceae, tobacco
leaves, rose petal wax, and other plants
and plant products (5, 8, 9). Paraffins
with lower molecular weights are also
probably common in plants and have
been found in cold acetone extracts of
red clover leaves, Cw—C=x, and apple
cuticle wax, Ci—Cw»s (10). Paraffins
with higher molecular weights have
been observed in cactus leaf, Cu—Csx
(5), and in certain microorganisms (7).

It is of interest that the distribution
of high molecular weight alkanes in
soils and sediments is quite similar to
that given in this report and in our
other work (/). Figure 2 shows a
comparison of our results with the
analyses of soils and recent sediments
(including also a shale and a petro-
leum crude) carried out by other in-
vestigators (/2-16). The five most
common hydrocarbons are the Cw,
Cs, Co, Cs, and Cs normal alkanes.
Normal hentriacontane predominates
in spotted bur clover, cattle manure,
and continental soil. In most recent
sediments from the Gulf of Mexico,
San Francisco Bay, and other places
normal nonacosane is the predominant
paraffin. A predominance of C-odd
over C-even alkanes in the Cu—Ca
range is seen throughout these analyses.
However, the odd to even ratio de-
creases from values of 8 and 5 for
whole plant and leaves of spotted bur
clover, respectively, to values between
5 and 2 for sediments, and to smaller
values, 1.24 or less, for Pennsylvanian
shale and Uinta basin petroleum crude.

It is possible that the diagenetic re-
duction of the C-even alcohols nor-
mally associated with the above-men-
tioned paraffins in plant waxes may be
responsible for the progressive disap-
pearance of the C-odd predominance
during the transformation of re-
cent sediments to old sediments and
shales. However, additional work will
be necessary to establish firmly a ge-
netic relationship between these high
molecular weight hydrocarbons pro-
duced by higher plants and the analo-
gous paraffins present in some shales
and petroleum crudes of continental
formation.
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Recent studies on bacteria (6),
phyto- and zooplankton (6, 13), and
“coral” reef organisms (I7) have
shown a ratic of C-odd to C-even
n-paraffins close to unity, and there-
fore these organisms appear to be bet-
ter candidates than higher plants for
biological precursors of petroleum of
marine origin.

J. Oro
D. W. NOGONER
Department of Chemistry,
University of Houston
S. A. WIKSTROM*
Lipid Research Center,
Department of Biochemistry,
Baylor University College of Medicine,
Houston, Texas

References and Notes

1. J. Oré6, D. W. Nooner, S. A. Wikstrom, in
preparation.

. R. Ryhage, Anal. Chem. 36, 759 (1964).

. A. H. Warth, The Chemistry and Technology
of Waxes (Reinhold, New York, 1947); H.
J. Deuel, JIr.,, The Lipids and Their Bio-
chemistry (Interscience, New York, 1951~
1957), vol. 1, pp. 305-404, and vol. 3, pp.
319-359; E. C. Horning and W. J. A. Van
den Heuvel, Ann. Rev. Biochem. 32, 709
(1963).

4. These ratios of peak heights should be taken
only as a first approximation since they may
vary, depending on the degree of resolution
and other features of the chromatographic
separation. Ratios higher than 8 have been
obtained for the whole plant using capillary
columns.

5. J. D. Waldron, D. S. Govers, A. C. Chib-
nall, S. H. Piper, Biochem. J. 78, 435 (1961);
G. Eglinton and R. J. Hamilton, in Chem-

w N

ical Plant Taxonomy, T. Swain, Ed.
demic Press, London, 1963), p. 187.

6. J. Oré, D. W. Nooner, S. A. Wikstrom, un-
published data.

7. F.B. Power and A. H. Salway, J. Chem. Soc.

97, 231 (1910); H. Rogerson, ibid., p. 1004,

. G. G. Wanless, W. H. King, Jr., J. J. Ritter,

Biochem. J. 59, 684 (1955).

W. Carruthers and R. A. W. Johnstone,

Nature 184, 1131 (1959); Z. H. Kranz, J. A.

Lamberton, X. E. Murray, A. H. Redcliffe,

Australian J. Chem. 13, 498 (1960); ibid.

14, 264 (1961); R. Stevenson, J. Org. Chem.

26, 5228 (1961); G. Eglinton, R. J. Hamil-

ton, R. A. Raphael, A. G. Gonzalez, Nature

193, 739 (1962).

10. R. O. Weenink, Biochem. J. 82, 523 (1962);
P. Mazliak, Compt. Rend. 252, 1507 (1961).

11. E. Lederer, Sixth International Congress of
Biochemistry, New York, 27 July 1964,

12. W. G. Meinschein, Geochim. Cosmochim.
Acta 22, 2 (1961). See also W. G. Mein-
schein, Space Sci. Rev. 2, 653 (1963) and
E. D. Evans, G. S. Kenny, W. G. Meinschein,
E. E. Bray, Anal. Chem. 29, 1858 (1957).

13. N. P. Stevens, E. E. Bray, E. D. Evans, in

(Aca-

o

Habitat of 0il, L. G. Weeks, Ed. (Amer.
Assoc. Petroleum Geologists, Tulsa, Okla.,
1958), p. 779.

14. K. A. Kvenvolden, Bull. Amer. Assoc. Petro-
leum Geologists 46, 1643 (1962).

15, E. E. Bray and E. D. Evans, Geochim. Cos-
mochim. Acta 22, 2 (1961).

16. R. L. Martin, J. C. Winters, J. A. Williams,
Nature 199, 110 (1963). ’

17. L. S. Ciereszko, D. H. Attaway,
Wolf, Petroleum Research Fund, 8th
nual Report, 1963, p. 33.

18. Supported in part by a research grant from
the National Aeronautics and Space Adminis-
tration (NsG-257-62). We thank Dr. E. C.
Horning, Baylor University College of Medi-

" cine, Houston, Tex., for allowing us to make
use of the molecular separator-mass spectrom-
eter system. We also thank Dr. G. W.
Drake and Dr. A. Zlatkis for help and ad-
vice.

M. A.
An-

* Permanent address: Laboratory for Mass
Spectrometry, Karolinska Institutet, Stock-
holm, Sweden.

21 December 1964 1

Contact-Induced Cytotoxicity by Lymphoid Cells

Containing Foreign Isoantigens

Abstract. In tissue culture, immune lymph node cells containing foreign his-
tocompatibility antigens of the H-2 type exert marked cytotoxic effects on tumor
cells incompatible with the H-2 antigen. An equally pronounced effect is obtained
when normal allogeneic and semi-isologous lymphoid cells of F: hybrids are
caused to aggregate around the target tumor cells by treating the cultures with
either heat-inactivated rabbit antiserum to mouse cells or phytohemagglutinin.
Isologous lymph node cells have no effect. Thus, aggregation of lymphoid cells
and target cells is a necessary but insufficient requirement.for cytotoxicity in vitro;
in addition, close contact must be established between histoincompatible cells.

Immune lymphoid cells have a cyto-
toxic effect on various normal and
neoplastic target cells grown in tissue
culture (I—4). The effect was presumed
to be due to the action of “cell-bound”
antibodies, as opposed to humoral anti-
bodies, since it did not require the par-
ticipation of complement (2-4), which
is necessary for the cytotoxic action of
humoral antibodies. The possibility that
the immune lymphoid cells secreted
diffusable substances responsible for de-
stroying the target cells was refuted by
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the demonstration that the cytotoxic
effect was prevented by separating the
two cell types with a cell-impermeable
diffusion membrane (5). Also, there
are marked differences between the ki-
netics of the cytotoxic action of im-
mune lymphoid cells, which requires
24 to 48 hours, and the kinetics of the
cytotoxic action of humoral antibodies,
which requires as little as 1 hour. By
the use of heavily x-irradiated target
cells incapable of dividing, Wilson
demonstrated that immune Ilymphoid

cells actually killed the target cells and
did not act by inhibiting their growth
(3). Different authors have stressed
the observation that close cellular con-
tact between the immune lymphoid cells
and the target cells always precedes
demonstrable cytotoxicity. The impor-
tance of close contact is emphasized
also by a recent report (6) demonstrat-
ing that the aggregation in vitro of
normal allogeneic lymphoid cells and
target kidney cells caused by phyto-
hemagglutinin (PHA) resulted in the
destruction of certain target cells. The
experiments reported here have led to
the conclusion that close contact be-
tween lymphoid cells and target tumor
cells is a necessary but insufficient re-
quirement for detectable cytotoxic ef-
fects in vitro; in addition it seems nec-
essary for contact to be established
between cells carrying different sets of
H-2 (histocompatibility-2) antigens.
For this investigation tissue-culture
systems were used in which cells from
sarcomas induced by methylcholan-
threne in mice of CS7BL and (A X
A.CA)F: hybrid origin were used as
the targets. These cells are designated
MCS7S and MACD cells, respectively.
The tumors were maintained by serial
transplantation in isologous recipients.
Cellular suspensions were obtained by
treating finely minced tumor tissue with
0.25-percent solution of trypsin for 1
hour at room temperature in vitro. The
cells were subsequently washed, and 10°
cells in 1 ml of lactalbumin in Earle’s
medium supplemented with 10 percent
calf serum (or, in later experiments,
with the same amount of fetal calf se-
rum) were added to each culture tube.
The medium contained mykostatin (30
international units per milliliter) and
penicillin (100 TU/ml). After 24 hours
the medium was replaced with Parker-
199 medium supplemented with 10
percent calf serum. In experiments
designed for studying the possible cyto-
toxic effect of isoimmune and non-
immune lymphoid cells, the tubes were
usually treated with 10 X 10° lymphoid
cells immediately after the first change
of the medium. The cultures were then
incubated for 48 hours, after which they
were treated with 1 ml of 0.25-percent
solution of trypsin for 30 to 60 minutes
at 37°C and subjected to repeated shak-
ing. The mixtures were centrifuged,
and part of the supernatant was re-
moved. The tumor cells not stained by
trypan blue were counted, and the vol-
ume of the supernatant was measured.
Because of the pronounced differences
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