suggest that there is a physiological dif-
ference in the two types of pollen. This
suggestion is supported by the dif-
ferential color change verified in the two
types of pollen of L. pisonis and by the
observation that the bee X. frontalis col-
lects only hood pollen from L. pisonis. In
addition, ring and hood pollen of C. guia-
nensis are morphologically distinct. Con-
sequently, we suggest that pollen dif-
ferentiation in these species of Lecythi-
daceae has evolved in response to
different functions, that of the hood to at-
tract pollinators by providing them with
a reward and that of staminal ring to
function in fertilization.
Dimorphic pollen has been reported in
a number of plant groups (8), especially
where heterostyly and its associated
diallelic incompatibility occurs (9), as in
Linum (10), Waltheria (I1), and Ru-
biaceae (/2). In these genera, both pollen
forms are normally fertile. Dimorphy has
been reported in a number of homo-
stylous angiosperms such as Silene alba
(13), Utricularia flexuosa (14), Cuscuta
reflexa (15), and Urena lobata (16). Ong
and Rao (8), in a study of the dimorphic
pollen of six nonheterostylous species,
found only one, Brexia madagascar-
iensis (Saxifragaceae), that showed sig-
nificant differences in germination be-
tween pollen morphs. The smaller pollen
form showed no germination in vitro. In
the above examples in which heterostyly
does occur (9-12), the pollen is not pro-
duced from different parts of the andro-
ecium, as it is in the two species of Le-
cythidaceae. Therefore, our findings dif-
fer from those previously reported.
Furthermore, the physiological dif-
ference in vitro in the pollen of the two
Lecythidoideae studied is established.
ScoTT ALAN MORI
JOoHN ERIC ORCHARD
Divisdo de Botdnica, Centro de
Pesquisas do Cacau, Caixa Postal 7,
45.600 Itabuna BA, Brazil
GHILLEAN ToLMIE PRANCE
New York Botanical Garden,
Bronx, New York 10458
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Genesis of Petroleum Hydrocarbons in Marine Sediments

Abstract. Distribution patterns of isopentane and normal pentane in marine sedi-
ments show a reversal in slope at a subsurface temperature of about 90°C. The data
indicate that three types of reactions are involved in pentane formation: (i) biological
origin at the sediment surface, (ii) low-temperature (< 90°C) chemical reactions
vielding predominately secondary carbon structures, and (iii) high-temperature
(> 90°C) cracking reactions at great depth yielding predominately straight carbon

chains.

Living organisms and Recent sedi-

ments contain a predominance of n-al- -

kanes with odd-numbered carbon chains
(I-3). For example, CysHgy composes 86
percent of the normal alkanes in apple
wax, and over 90 percent of the normal
alkanes in marine plants contain either
CisHsa, Ci7Hgg, CioHag, or CyiHas. The
biogenic origin of n-alkanes with odd-
numbered chains causes these com-
pounds to dominate mixtures of
branched alkanes in surface sediments
.

We have found that normal pentane
is dominant over isopentane and neo-
pentane in near-surface samples of Re-
cent marine sediments. Also, the con-
centration of normal heptane always ex-
ceeds that of the methylhexanes. The
evidence to date indicates that these n-
alkanes, like the higher members, are of
biological origin. They are believed to be
biosynthesized in the organism or by
low-temperature  decarboxylation of
even-numbered fatty acid chains ).
Normal pentane is present in concentra-
tions of up to 5 ng per gram of sediment.
The mole ratio of isopentane to normal

Fig. 1. Change in the mole ra-
tio of isopentane to normal
pentane with increasing sub-
surface sediment temperature.
Lines 1, 2, and 3 represent
Deep Sea Drilling Project
holes 379, 380, and 381 in the
Black Sea; line 4, the Paris Ba- L
sin. Line 5 indicates the calcu-
lated equilibrium value.

Temperature (°C)
T

150

)

pentane in these sediments is generally
less than 1 (Table 1). Most of the samples
listed in Table 1 were obtained at sedi-
ment depths of less than 25 m with a
gravity or piston corer. Nine other sam-
ples from the U.S. Gulf Coast, six from
the Gulf of Maine, and one from Walvis
Bay contained normal pentane but no
isopentane.

In many areas, this ratio changes from
a value of less than 1 to greater than 1 in
the first 500 m of sediments, indicating
that isopentane is being formed in larger
quantities than normal pentane by low-
temperature (< 50°C) diagenetic chem-
ical reactions (5, 6). The formation of
isopentane by microbiological reactions
is considered unlikely due to the rapid
decrease in microbial activity in fine-
grained sediments after the first few me-
ters. (Most of these sediments are fine-
grained clays or carbonates.)

In the Black Sea, the mole ratio of iso-
pentane to normal pentane in the free gas
state is about 1 at a sediment depth of
300 m. We previously determined values
for the mole ratio of these pentanes in
the first 1050 m of Black Sea sediments

¢ South Padre Island
x Mustang Island

. -
L1 1921 L v
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(7). Durand and Espitalie (8) determined
values for this ratio in the Paris Basin to
2100 m. Their data also show an increase
in the concentration of isopentane with
depth, causing the ratio to be as high as
2. However, Liebovici and Van der
Weide (9) calculated equilibrium values
for this ratio, and their data indicate that
the more stable isomer normal pentane
should increase with increasing temper-
ature (depth). Figure 1 shows changes in
the pentane ratio with depth in three drill
holes in the Black Sea (lines 1, 2, and 3)
and one in the Paris Basin (line 4). The
calculated equilibrium value is also giv-
en.

More recently, we analyzed well cut-
tings from two coastal offshore strati-
graphic tests (COST wells 1 and 2) that
were drilled to sediment depths of 4800
and 3962 m, respectively. The wells are
located east of Mustang and South Padre
islands off south Texas. The data show
that the ratio of isopentane to normal
pentane follows the same trend as in the
Black Sea and Paris Basin. It obeys the
calculated equilibrium values at temper-
atures above about 90°C—although the
reason for this is probably kinetic rather
than thermodynamic. Normal pentane is
dominant in the top 25 m. With increas-
ing sediment depth, there is an increase
in isopentane due to low-temperature
diagenetic reactions. As the temperature
exceeds about 90°C (equivalent to 2290
m in COST well 1), there is an increase in
normal pentane from the thermal crack-
ing of the organic matter. Research by
Thompson (/0) supports our observa-
tions: in three Gulf Coast samples, he
found the ratio of isopentane to normal
pentane to be 0.7 at 41°C, 1.7 at 66°C,
and 0.9 at 193°C.

As previously stated, near-surface
normal pentane is believed to be of bio-
logical origin. The isopentane, which ap-
pears to increase from the surface to a
depth equivalent to a temperature of
about 90°C, most likely comes from low-
temperature carbonium ion or free radi-
cal reactions. Such reactions yield
branched hydrocarbons as the dominant
products (/7). Isopentane may also origi-
nate from the low-temperature alteration
of isoprenoid carbon structures contain-
ing functional groups that are wide-
spread in nature. Examples are the phy-
tol chain in chlorophyll, terpenoids, ster-
oids, and many plant and animal pig-
ments. The degradation and reduction of
even a small portion of these materials
would yield the increasing quantities of
isopentane observed with depth to 90°C
in marine sediments. At higher temper-
atures, thermal cracking reactions would
gradually acquire enough energy to
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Table 1. Mole ratio of isopentane to normal
pentane in gases of near-surface marine sedi-
ments. Numbers in parentheses give number
of samples taken.

Area Mean Range
Walvis Bay, South- 0.58 0.37-0.94
west Africa (8)
U.S. Gulf Coast (4) 0.18 0.02-0.57
Black Sea (4) 0.13 0.10-0.18
Arabian Sea (2) 0.69 0.55-0.83
Gulf of Maine (1) 0.54
Shelf off Nan- 0.50

tucket Island (1)

break carbon-carbon bonds in straight
chains to give primary free radicals. This
would cause an increase in the percent-
age of normal pentane in the products.
Analyses of several hundred natural
gases and about 100 crude oils in the
United States and Canada show that the
ratio of isopentane to normal pentane is
usually around 1 (/2). Three deep Rus-
sian oils have an average ratio of 0.4 (/3).

In summary, at least three types of re-
actions are involved in the formation of
pentanes and, by inference, of other al-
kane homologs. The normal pentane ini-
tially formed originates biologically or
chemically at very low temperatures
(< 20°C); therefore its concentration is
dependent on biological precursors. The
relative increase in isopentane with
depth up to about 90°C appears to be a
universal phenomenon independent of
precursors. It results from low temper-

ature (< 90°C) reactions yielding pre-
dominately secondary carbon structures.
The relative increase in normal pentane
at temperatures above 90°C represents
free radical cracking reactions that are
also basically independent of source ma-
terial.

JoHN M. HUNT
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Woods Hole Oceanographic Institution,
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- Antibody-Dependent Cell-Mediated Cytotoxicity: Detection

by Automated Flow Cytometry with Ultramicro Techniques

Abstract. Antibody-dependent cell-mediated cytotoxicity can be measured with as
few as 1000 leukocytes with an automated flow cytometry technique.

Antibody-dependent cell-mediated cy-
totoxicity (ADCC) is a phenomenon of
cell-mediated immunity in which anti-
body-coated target cells are killed by leu-
kocytes bearing Fc receptors in vitro (/).
Studies in mice have shown ADCC to be
an important component in tumor immu-
nity and immunity to parasitic infections
2). Clinical studies of the role of ADCC
in human disease, however, have been
hampered by the need for large quan-
tities of purified mononuclear cells from
peripheral blood, an amount that the pa-
tient often cannot afford to lose. The rea-
son for large numbers of cells is directly
related to limitations of current assay
systems. In a common assay for ADCC,
antibody-coated *'Cr-labeled target cells
are incubated with a 50- to 100-fold ex-

0036-8075/80/0718-0404$00.50/0 Copyright © 1980 AAAS

cess of mononuclear effector cells; kill-
ing is quantified by measuring release of
51Cr (3). Since a minimum of 20,000 tar-
get cells is usually needed for statistical
precision in gamma counting, each single
culture requires 1 x 10° to 2 x 10° puri-
fied effector cells. To reduce the number
of effector cells needed for ADCC assays
one can reduce the ratio of effector cells

.to target cells (E:T) or reduce the num-

ber of target cells, or both. In an attempt
to achieve these goals we recently devel-
oped an assay for ADCC by automated
flow cytometry (FCM) in which target
cells are distinguished from effector cells
on the basis of cellular DNA content;
killing is quantified by monitoring the rel-
ative loss of target cells. With this meth-
od, significant Killing could be detected
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