ucts. The results indicate that during
anaerobic decomposition, DDT was
converted directly to DDD, and fur-
ther breakdown did not result in an
appreciable buildup of any of the other
identified products.

The total amount of radioactivity in
the partitioned n-hexane layer of the
soil extract decreased with increasing
length of incubation. After 2 and 4
weeks of incubation, 29 and 43 per-
cent, respectively, was unaccounted for
as products soluble in n-hexane. Part
of the activity unaccounted for in the
n-hexane was found in the water layer
after partitioning the other products
into the n-hexane. Isolation and identifi-
cation of water-soluble compounds have
not been made. No activity was found
in the hexane trap or as CM0,
(NaOH trap). Therefore, DDT was de-
chlorinated to DDD, and further deg-
radation products included some wa-
ter-soluble materials.

W. D. Guenzt
W. E. BEArD
Soil and Water Conservation Research
Division, Agricultural Research
Service, U.S. Department of
Agriculture, Fort Collins, Colorado
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Anemia phyllitidis: Inducibility of Physiological

State Antagonistic to Antheridium Formation

Abstract. It has been reported that a preparation obtained from prothalli of the
fern species Anemia phyllitidis controls antheridium formation in this species. If
this same preparation is applied at the spore stage it induces a physiological state
antagonistic to antheridium formation. The inhibitory state is inducible only at a
very early stage of development, but, once induced, it remains manifest at much
later stages. Quite possibly, the inhibitory state arises in response to the factor
that induces formation of antheridia. The inhibitory state may have an important

function in fern development.

Prothalli of Pteridium aquilinum
elaborate a hormone that controls an-
theridium formation in many if not
all species of the fern family Poly-
podiaceae (I, 2). This hormone has
been isolated and termed an antheridio-
gen (3). Native antheridiogens have
also been demonstrated in the fern
species Blechnum gibbum, Lygodium
japonicum, Anemia phyllitidis (4), and
Anemia hirsuta.

The antheridiogen of P. aquilinum
does not affect A. phyllitidis, a species
belonging to the fern family Schizae-
aceae. The prothalli of this species
elaborate a different antheridiogen
{Asn 4). The phytohormone gibberel-
lic acid (Aj) also induces formation
of antheridia in 4. phyllitidis (5, 6).
However, like A,, (4), A; has no ef-
fect on a species used to assay for
the antheridiogen of P. aquilinum (2).
Other gibberellins also cause antherid-
ium formation in A. phyllitidis, some
of them at an exceedingly low concen-
tration (7, 8). The antheridiogen A,
does not seem to be identical with any
of the several tested gibberellins (9).

The sensitivity of fern prothalli to
antheridiogen varies with the develop-
mental stage (/-6). If Anemia pro-
thalli are exposed to A,, at the O-day
stage (before, or immediately after,
spore inoculation), then the interval
between the appearance of antheridia
at the highest concentration of the
antheridiogen and that at the lowest
concentration is 14 days. In contrast,
the corresponding interval is approxi-
mately 1 day if Ay, is supplied at the

- 11-day stage (/0). If we take this inter-

val as a basis for comparison, the
sensitivity of 0-day-old prothalli to dif-
ferences in antheridiogen concentration
exceeds that of 11-day-old prothalli
by a factor of about 14. The delayed
appearance of antheridia in prothalli
exposed at the 0-day stage might be in-
terpreted to mean that the juvenile
prothalli are refractory to the action
of A,,. If this were true, prothalli
exposed at the 0-day stage would be

expected to form antheridia no later
than the time at which they are formed
by prothalli exposed at the 11-day
stage. Instead, prothalli exposed to the
lower concentrations of A,, at the O-
day stage formed antheridia much later
than prothalli exposed at the 11-day
stage did, and they also formed a
much larger number of vegetative cells
before they attained the antheridial
phase (10) (Table 2). Clearly, an in-
hibitory state becomes operative in the
juvenile prothallus, greatly delaying the
appearance of antheridia but permitting
the continuance of vegetative cell divi-
sion. This inhibitory state may not be
an obligatory characteristic of de-
velopment but may be, instead, in-
duced by the preparation containing
A,y On this assumption, inducibility
of the inhibitory state decays before
the prothallus attains the 11-day stage,
but, once it is induced in the juvenile
prothallus, the inhibitory state remains
manifest beyond the stage at which it
ceases to be inducible.

For all experiments, prothalli were
cultured in 50-ml erlenmeyer fiasks
on 10 ml of an agar-solidified, inor-
ganic medium. Conditions of culture
and the method of spore sterilization
have been described (717). The antherid-
iogen A,, was applied as the liquid
medium harvested from 7-week-old
cultures of A. phyllitidis. It induced
formation of antheridia to a dilution of
one part in a thousand in most spore
samples; it is termed the active prepara-
tion below.

Prothalli were first grown for 11
days, some on nonsupplemented me-
dium, others on medium supplemented
with dilutions of the active prepara-
tion at full strength ranging from
1:100 to 1:3000. Eleven days after
spore inoculation, prothalli grown on
the nonsupplemented medium were
transferred to the 11-day-old cultures
of prothalli grown on supplemented
medium. Prothalli on agar slivers about
60 mm? and 2 mm thick were trans-
ferred from the nonsupplemented cul-
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Table 1. Differential behavior of prothalli ex-
posed to A,, at 0-day and 11-day stages upon
transfer to same medium. Recorded numbers
arc averages of numbers of individuals bear-
ing antheridia in each of four samples of 30
observed prothalli. A, grown first on supple-
mented medium; B, grown first on nonsupple-
mented medium,

Days after transfer

Dilution, S
Anemia A B
l' — -
medium 2 6 12 2 12
S Experiment 1
1:100 0.25 275 26.00 25.25 30.00
1:300 .00 0.00 16.00 2525 28.00
1:1000 00 .00 125 9.25 14.00
1:3000 .00 .00 0.00 0.00 0.00
Experiment 2
1:100 0.00 1.75 16.75 19.75 29.50
1:300 00 0,00 925 16.50 22,00
1:1000 .00 .00 2.00 325 8.50

1:3000

00 .00 0.00 0.00 0.00

tures (two slivers per flask) to areas
of the agar surface free of prothalli
in the supplemented cultures (Table 1,
experiment 1).

In another experiment, prothalli at
the 11-day stage were transferred to
culture flasks with freshly prepared
medium supplemented with various di-
lutions of the active preparation. Each
flask received two agar slivers with
prothalli first grown for 11 days on
medium supplemented with the active
preparation at the same dilution and
two agar slivers with prothalli grown
for 11 days on nonsupplemented me-
dium (Table 1, experiment 2).

Prothalli exposed to Ay, at the 0-day
stage form antheridia later than do
prothalli exposed at the 11-day stage,
even if they are cultured on the same
medium (Table 1). Clearly, the results
are consistent with the hypothesis that
exposure at the O0-day stage causes
the induction of a physiological state
inhibitory to antheridium formation.
However, the possibility that an inhibi-
tory state of very brief duration be-
comes operative even in the unexposed
prothallus ‘must be considered. If this
were true, exposure of the 0O-day-old
prothallus to the preparation containing

A,, would be effective by greatly
lengthening the duration of the inhibi-
tory state.

I studied at what stage of develop-
ment the inhibitory state ceases to be
inducible. Anemia prothalli were ex-
posed to Ay, at the O-day (immediate-
ly after spore inoculation), 4-day, 6-
day, and 11-day stages. Three-tenths
milliliter of active preparation was
added at strengths calculated to give
dilutions in the medium of 1:30,
1:100, 1:300, 1:1000, and 1:3000. In
prothalli exposed at the O-day stage.
the interval between the appearance of
antheridia at the highest concentration
of A,, and the appearance of antherid-
ia at the lowest concentration is more
than 14 days (Table 2). In contrast,
in prothalli exposed at the 4-day stage,
the corresponding interval is about 1
day. Clearly, the inducibility of the in-
hibitory state has already largely disap-
peared in most of the 4-day-old pro-
thalli. However, with development {rom
the 4-day stage to the 11-day stage,
the interval between exposure to Ay,
and the emergence of antheridium
initials is shortened by a roughly equal
amount at all concentrations of Ay,
from about 3 days to less than 2 days
(Table 2). It cannot yet be decided
whether the observed decay of the high
sensitivity to differences in concentra-
tions of A,, between the O-day stage
and the 4-day stage has the same
physiological basis as the subsequent,
largely concentration-insensitive reduc-
tion of the lag period.

The terminal (apical) cells of ju-
venile individuals give rise to an an-
theridium only in response to the high-
est concentration of antheridiogen if
the prothalli are exposed to Ay or Ay,
at the O-day stage (5, 11). At lower
concentrations, the sex organs arise
from more basal cells. In contrast,
many of the prothalli exposed at the
4-day stage form terminal antheridia
even at the lowest effective concentra-
tion of A,,, that is, at a concentration

Table 2. Relation of A,, concentration to onset of antheridium formation in prothalli exposed
to A,, at the 0-day, 4-day, 6-day, and the 11-day stage. Recorded numbers are averages of

numbers of individuals bearing antheridia in each of four samples of 30 observed prothalli
Dilution, - Days after exposure at stage o
Anemia 0-day 4-day 6-day 11-day
medium —
4 8 12 16 20 22 2 3 1 2 1 2
1:30 0.0 8.75 00 1325 00 750 125 2525
1:100 0025 025 2795 S 1175 0 175 0.75 24.75
1:300 0 .00 .00 0.00 450 9.75 0 1750 0 725 .00 23.50
1:1000 0 .00 .00 .00 0.00 250 .0 175 0 225 25 16.25
1:3000 0 .00 .00 .00 0.00 0.00 0 0.00 .0 0.00 .00 0.50
Control 0 00 00 .00- .00 .00 .0 .00 .0 .00 .00 .00
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Table 3. Attempt to separate a factor in-
ducing the physiological state antagonistic to
antheridium formation from A,, Solvent
mixture 1: isopropanol, water, and ammonia,
8 :1:1; solvent mixture 2: water and isopro-
panol, 8:2. Conditions of assay: (1) exposed
to A,, at 9-day stage; observed for antheridia
at 12-day stage. (2) Exposed at 0-day stage;
observed at 12-day stage. (3) Esxposed at
0-day stage; observed at 20-day stage. Re-
corded numbers are averages of individuals
bearing antheridia in each of two samples
of 30 prothalli.

Condition of assay

Section of
chromatogram T 2 3
' Solvent mixture 1
1-7, 9-10 0.0 0.0 0.0
8 18.5 .0 6.5
Solvent mixture 2
1-17, 20 0.0 0.0 0.0
18 22,5 0 8.5
19 2.0 ] .0 ] O.Q

10 to 30 times lower than that causing
formation of terminal antheridia by
prothalli that are exposed at the O-day
stage. Clearly, the inhibitory state in-
duced in the juvenile prothallus has a
strong effect on the apical cell.

Chromatography was used to study
the nature of the substance that in-
duces the inhibitory state. Descend-.
ing chromatography on Whatman filter
paper No. | with solvent mixtures I
(isopropanol, water and ammonia.
80:10:10) and 2 (water and isopropanol,
4:1) (3) was chosen. Fifty microliters
of an ethanol extract with an activity
ten times that of the active prepara-
tion at full strength were spotted.
Chromatography was stopped when the
solvent front had reached a distance
of 24 or 48 cm from the origin. The
chromatograms were cut into 10 or
20 sections, respectively, each section
being eluted with 6 ml of water. Eluate
(5.1 ml) from each section of the
chromatogram was used for assay,
1.7 ml being added to each of three
culture flasks. Two sets of assay flasks
were inoculated with spores of A.
phyllitidis, one set being observed at
12 days for antheridium formation, the
other set being observed at 20 days for
antheridium formation. To the third
set of assay flasks were added two agar
slivers with 9-day-old prothalli grown
on nonsupplemented medium. These
prothalli were observed for antheridium
formation 3 days after transfer (12
days after inoculation).

The relative flow rates for the an-
theridium-inducing activity (Table 3)
corresponded to those reported earlier
for the two solvent mixtures used (I1).
Antheridia arose on prothalli exposed
to A,, at the 9-day stage and assayed
at the 12-day stage, and on prothalli
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exposed at 0-day stage and assayed
at the 20-day stage. In contrast, with
prothalli exposed at the 0-day stage and
assayed at 12-day stage none of the
eluates caused antheridium formation
within the specified period of time. The
results are interpreted to mean that
the sections of the chromatogram
which caused antheridium induction
also caused the induction of the physi-
ological state inhibitory to antheridium
formation. Clearly, a substance induc-
ing the inhibitory state was not separat-
ed from A,,. The two solvent mix-
tures used led to the chromatographic
separation of the three native fern
antheridiogens thus far demonstrated
(12). The possibility cannot be ex-
cluded that the inhibitory state is in-
duced by A,,.

Such a hypothesis seems paradoxical.
The described phenomenon might be
functional in preventing the pre-
cocious attainment of the sexual
phase. However, the inducibility of
the inhibitory state has already largely
decayed at the 4-day stage. The pro-
thalli developed from the germinated
spores then comprised an average of
1.5 green vegetative cells (only cells
seen outside the spore coat were
counted). The first spores germinated
3 days after inoculation. Quite likely,
the peak in the inducibility of the in-
hibitory state begins to decline even
before the spore germinates. It may
be stressed that Ag (5) and medium
harvested from Anemia cultures (11)
not only cause antheridium formation
but also can cancel the light require-
ment for spore germination. In all
likelihood, the native factor that in-
duces germination in the dark is identi-
cal with A,, (/7). In nature, recent-
ly shed spores are probably exposed
to A,, secreted by prothalli developed
from spores shed earlier. Accordingly,
I propose that the inducibility of a
state antagonistic to antheridium for-
mation may be functional in the pre-
vention of “hybrid metabolism,” that
is, the simultaneous occurrence of
physiological states leading to germi-
nation and to formation of antheridia.
A consideration of the above situation
is valid regardless of whether or not
light promotes germination by causing
the synthesis of A,,. At a genetic level
such a phenomenon would have its
parallel in the finding that activation
at one gene site may lead to suppres-
sion at another.

ULricH NAF
Laboratory of Plant Morphogenesis,
Manhattan College, Bronx, New York
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Gaseous Hydrocarbons in Sea Water: Determination

Abstract. Low-molecular-weight hydrocarbons in the C, to C, range have been
detected and measured in sea water. Methane shows by far the highest concen-
tration, followed in order by the C,, C;, and C, fractions. In general, the concen-
tration tends to decrease with depth, but there is a strong indication that a maxi-
mum may exist about 30 to 50 meters below the surface.

We report what we believe to be the
first determinations of C; to C4 low-
molecular-weight hydrocarbons in wa-
ters of the open ocean. The presence
of methane is well established in fresh-
water lakes and marshes (7). The pres-
ence of methane was recently reported
in Lake Nitinat (2), an anoxic fjord
on Vancouver Island; it apparently oc-
curred only in the oxygen-depleted
zone where H,S also was found. Sim-
ilar findings have been reported in the
anoxic areas of the Black Sea. How-
ever, nothing has been reported of low-
molecular-weight hydrocarbons other
than methane,

With the development of a new and
and extremely sensitive gas-chromato-
graphic technique (3), we have suc-
ceeded in identifying and measuring
methane, ethane, ethylene, propane,
propylene, n-butane, iso-butane, and
some of the butenes in waters of the
open ocean. Some of the chromato-
grams showed small peaks having long-
er retention times than the butenes had,
indicating the presence of C; hydrocar-
bons. Our primary purpose was to eval-
vate the analytic method as applied to
sea water, so that very few supporting
oceanographic data were taken at the
time of sample collection.

Samples were collected from two
areas: the open Atlantic some 500 km

west of Ireland, and the Gulf of Mexico
just off the continental shelf, directly
south of Mobile, Alabama. All sampl-
ing was with standard Nansen casts;
upon retrieval, the sea water was imme-
diately transferred to an all-glass 1-liter
bottle by gravity flow, the bottle being
filled to overflowing by means of a
6-mm copper tube extending to its bot-
tom. A tapered ground-glass stopper
was inserted in such a way so as to
avoid entrapment of room air.
Analysis was by a technique in which
the dissolved hydrocarbons are first
stripped from solution by purging with
helium, and then concentrated in cold
traps containing appropriate adsorbents;
they are subsequently released by in-
crease in temperature and swept into
the chromatograph by a second stream
of helium carrier gas. With this tech-
nique, sample size is not restricted and
very dilute solutions may be analyzed.
Two cold traps (—77°C) in series
were used. In the first, activated alu-
mina was used to trap all hydrocarbons
except methane; in the second, acti-
vated charcoal was used to trap meth-
ane. When the stripping was com-
plete, the traps were isolated by closure
of appropriate valves, and their tem-
perature was raised to approximately
90°C. Helium carrier gas was then used
to strip each adsorbent, in turn, of the

Table 1. Concentrations (X 10-7 ml/liter) of hydrocarbons found in waters from the Gulf of
Mexico (G) and the North Atlantic (A). Ethane and ethylene were not separable with the

column used.

Depth Methane Eg:%r;fe:?d Propane Propylene Bl:fa-ne
m
() G A G A G A G A A
0 676 474 45.0 99 24 19 9.3 59 5.9 29
30 2830 600 102 51.3 6.6 34 6.3 8.5 6.9 24
500 246 488 5.4 12.3 1.7 0.8 1.6 31 5.9 14
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