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Methane Production from Acetate and Associated -

Methane Fluxes from Anoxic Coastal Sediments

Abstract. The apparent microbial conversion of acetate to methane ranges sea-
sonally from 0.7 to 88 micromoles per liter of whole wet sediment per hour in the top
5 centimeters of methane-producing sediments underlying sulfate-reducing sedi-
ments in Cape Lookout Bight, North Carolina. The associated methane flux across
the sediment-water interface into overlying waters exhibits the same seasonal pat-
tern. Significant methane production from acetate is observed only in sulfate-deplet-

ed sediments.

Methane (CH,) production is known to
occur in organic-rich anoxic sediments
with low concentrations of nitrate and
sulfate (/, 2). This process is the terminal
step in the anaerobic decomposition of
organic matter (3) and is consequently a
major component of both global and lo-
cal carbon budgets. Microbially mediat-
ed methanogenesis has been estimated to
account for more than 80 percent of the
total global flux to the troposphere (¢).
Sedimentary methanogenesis results in
both the accumulation of CH, in the sedi-
ment and its transport into the overlying
water (5). It is thought that the CH, pro-
duced in these environments arises from
two distinct microbially mediated pro-
cesses: the fermentation of acetate and
the reduction of CO, by H, 2, 3). The
rates of CH, production from precursor
molecules such as acetate in freshwater
sediments have been measured 6, 7),
but this has not been done with ma-
rine sediments, nor have the values
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obtained been compared with changes
in the in situ CH, concentrations or
with fluxes of CH, out of the sediment
being studied.

We report here the first seasonal mea-
surements of microbial CH, production
rates from acetate in a sediment con-
ducted in association with in situ mea-
surements of fluxes of CH, out of the
sediment into the overlying water (5).
We have found a strong seasonal correla-
tion between these two processes in the
sediments of a small coastal basin on the
Outer Banks of North Carolina. We have
also measured the depth dependency of
CH, production from acetate and found
that significant production occurs only
when sulfate is totally depleted.

Our sample site was Cape Lookout
Bight, North Carolina, an organic-rich
marine basin of approximately 2 km? lo-
cated 115 km southwest of Cape Hat-
teras (8). The water column is well oxy-
genated (> 130 uM O,) and low in CH,

(< 5 uM) year-round (5, 9) and is under-
lain by a fine-grained mud with an organ-
ic content ranging from approximately 3
percent (by dry weight) at the surface to
2 percent at a depth of several meters
(10). The fine-grained sediment and pre-
sumably much of its organic content are
derived from the tidal flushing of nearby
barrier island lagoons (5). Because nutri-
ent, dissolved gas, and sulfate vertical
concentration profiles are reproducible
in Cape Lookout sediments from year to
year (5, I1), we have combined data
from 1976 to 1980 to demonstrate the
seasonally dependent production and re-
lease of CH, from these sediments.

Methane has been observed (5, 8) to
be released from Cape Lookout sedi-
ments to the overlying water by two pro-
cesses. The diffusive flux of dissolved
CH,, measured with the use of in situ
benthic chambers, was found to have a
large summer maximum (Fig. 1A). The
quasi-advective flux of CH, arising from
the release of gas bubbles was found to
follow a similar seasonal pattern and to
be approximately six times as large as
the diffusive flux (Fig. 1A).

We measured the rates of CH, and
CO, production from acetate by using
methods described in (I2). Briefly, both
the whole sediment substrate concentra-
tions (umole liter;~!, where the subscript
refers to the volume of whole wet sedi-
ment) and the corresponding first-order
reaction rate constants (hour~!) were
measured periodically, and these param-
eters were multiplied to obtain apparent
production rates (13).

Use of the term ‘‘apparent’’ is based
on our measurements of whole sediment
acetate concentrations (pool size). The
methodology used in this study (see be-
low) allows for determination of total
‘‘extractable”” pool sizes of acetate;
however, this should be distinguished
from the ‘‘microbiologically available”’
pool size, which may be less than the to-
tal because of the partitioning of acetate
between sediment pore water (both free
and complexed), adsorption sites on
sediment particle surfaces, and microbial
cellular material. The actual microbial
production rates may therefore be less
than the apparent production rates.

In order to measure acetate concentra-
tions, bulk wet sediment samples were
basified, freeze-dried, extracted with
methanol, derivatized to form methyl es-
ters of the volatile fatty acids, and ana-
lyzed by gas chromatography with a hex-
anoate internal standard. Less than 1
percent of the acetate measured during
the summer in Cape Lookout sediments
was found to be dissolved in the pore wa-
ter (I4). The remainder was presumably
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bound to the solid phase and also present
in cellular material.

We determined the rate constants for
CO, and CH, production from acetate by
anaerobically incubating samples at in
situ temperatures with tracer concentra-
tions of [1,2-*Clsodium acetate, 53.5
mCi mmole~! (New England Nuclear),
using a modification of the methods of
Christian and Wiebe (15). In situ acetate
concentrations ranged from 34 umole
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ing the 5-minute incubation, less than 5
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tant because of the very low ratio of
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Fig. 1. (A) Seasonal variation in CH, fluxes: diffusive flux data (solid line with squares) are from
1977; bubble flux data (solid line with triangles and diamond) are from 1976 (), 1977 (A), and
1978-(A); dashed line indicates combined diffusive and bubble fluxes. (B) Seasonal variation of
apparent acetate turnover: CO, production data are from 1979 (®) and 1980 (<¢); CH, produc-
tion data are from 1979 (@) and 1980 (O). The vertical bars in (A) are the 34 percent error (1
standard deviation) observed in multiple-chamber diffusive experiments; the vertical bars in (B)
represent the standard deviation (1 standard deviation) of triplicate acetate utilization experi-
ments. Error bars are not shown in cases where they are smaller than the symbols.

A CHy production (umole literg™ hour™ B Respiration index o
0 40 80 120 O 0.5 + »
Or v r v X \ e .
A/
A
P A/ r
~
4
FAGN
10FA ¢ 3
- .= =~ ~— ~ o
~ \ -
g — 17 et
£20t e -
I -
a e
-
b ~
-~
~
P
-~
~
//
30 } P s
/
/
- / b
!
|
i
40 . : . R . ; ; L
o] 10 20 30

Sulfate (mM)

Fig. 2. (A) Depth variation of apparent *CH, production from [1,2-**C]acetate (dashed line);
dissolved sulfate concentration (A). (B) [1,2-'*Clacetate respiration index. Data are from 13 to
15 July 1980 (26.5°C). Vertical bars indicate the depth interval from which samples were taken.
Horizontal bars indicate the standard deviation (1 standard deviation) of triplicate acetate utili-
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YCH,/*2CH, (< 1079 at the end of the
experiments and because the first-order
rate constant for this reaction was less
than 0.0001 hour~! in October 1979 and
less than 0.0003 hour—! in February 1980
(14). Rate constants for acetate con-
version to CH, were 0.063 and 0.010
hour™!, respectively for these two dates.
Based on the experimental conditions
described above, we assumed that the
rates measured were initial rates; that is,
rates were not affected by changes in
substrate or end product concentrations.

For seasonal studies of acetate cycling
in Cape Lookout Bight sediments, sam-
ples were taken over a 5-cm depth inter-
val immediately below the 1 mM sulfate
isopleth, that is, at the top of the zone of
CH, production (I16). The apparent pro-
duction of both CH, and CO, from ace-
tate showed the same seasonal pattern
(Fig. 1B) as did the CH, flux out of the
sediment (Fig. 1A). The production of
CO, from acetate was approximately
five times the production of CH,. The
earlier maxima for the CH, fluxes as
compared to the maxima for the apparent
production rates is most likely due to the
earlier occurrence of peak summer air
temperature in 1977 and 1978 (~ 15 July)
as compared with 1979 (~ 15 August).

The depth dependency of CH, produc-
tion from acetate measured on 13 July
1980 is illustrated in Fig. 2A. Maximum
production occurred between 10 and 35
cm, where dissolved sulfate was unde-
tectable (< 0.2 mM) by gravimetric anal-
7sis as BaSO,. Production of CH, in the
overlying sulfate-reducing zone between
0 and 5 cm (13 to 25 mM sulfate; Fig. 2)
was undetectable (< 0.3 umole liter,™?
hour™?).

The respiration index (RI = “CO,
production/**CO, + “¥CH, production)
from [1,2-*Cl]sodium acetate is shown in
Fig. 2B. The RI values ranged from
1.00 = 0.04 between 0 and 5 cm in the
sulfate reduction zone to 0.79 = 0.07 at
30 to 35 cm in the CH, production zone.
The RI values were invariant within ex-
perimental error from 8 to 35 cm, im-
plying that the proportion of the methyl
group of acetate oxidized to CO, did not
vary significantly with depth within the
CH, production zone at our study site.

Preliminary calculations (77) indicate
that more than 50 percent of the ob-
served summertime CH, flux (Fig. 1A)
can be accounted for by CH, production
from acetate in the upper 5 cm of CH,-
producing sediments underlying the sul-
fate reduction zone (Fig. 1B). Further
evidence for high rates of methanogen-
esis down to at least 30 cm at our site is
provided by recent studies of the strip-
pving of the dissolved radiocactive gas
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22Rn from interstitial waters by CH,
bubbles (18). Our data suggest that a sig-
nificant portion of the CH, released from
Cape Lookout Bight sediments during
the summer is derived from the fermen-
tation of acetate to CH, in the sulfate-de-
pleted sediments in the depth range from
8 to 35 cm.
FraNCIs J. SANSONE®

CHRISTOPHER S. MARTENS
University of North Carolina Marine
Science Program, Chapel Hill 27514,
and Institute of Marine Sciences,
Morehead City, North Carolina 28557
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Membrane Conductance and Action
Potential of a Regenerating Axonal Tip

Abstract. The electrical membrane properties of axotomized and regenerating gi-
ant axons from the nerve-cord of the cockroach Periplaneta americana were studied.
Immediately after axotomy there was a decrease in resting potential, input resist-
ance, and action potential amplitude near the cut end. This decrease was followed by
the disappearance of the sodium-dependent action potential; an increase in the rest-
ing membrane conductance to K*, Na*, and Ca?*; and the appearance of a calcium-
dependent action potential.

In many neurons, axonal transection
leads to changes in morphology, metabo-
lism, and membrane properties (/).
Changes in input resistance, resting and
action potentials, afterhyperpolariza-
tion, and excitability have been demon-
strated in the somata and in dendrites re-
mote from the site of transection (2). At
the site of transection, a large injury po-

tential and loss of excitability have been
demonstrated (3). Recovery takes place
gradually within a few days (3). Several
investigators have suggested that ionic
fluxes through the injured region and the
ensuing change in intracellular ion com-
position may trigger the degenerative
and regenerative responses. Membrane
properties at the site of transection must
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E
kg\ Fig. 1. (A-E) Cobalt-injected giant axons at
different times after sectioning. The cut end
points to the left. The intracellular injections were made, in the connective between ganglia A,
and A,. (A) A normal giant axon [number Il in (/7)] emits a neurite in ganglion A; (in the middle
of the figure). (B) Twenty-four hours after sectioning, the cut end was sealed. (C) Forty-eight
hours after sectioning, the cut end showed a swelling. (D) Seven days after sectioning, sprouts
emerged from the bulging end. (E) Twenty-six days after sectioning, the sprouts elongated in a
retrograde direction. Some variability in the length, shape, and number of sprouts has been
observed in different preparations. Despite this, the figure is representative of the sequence of
growth. (F-H) Membrane properties of the giant axons at different times after axotomy and at
different distances from the cut end of the axon. Values of (F) resting potential, (G) input resist-
ance, and (H) action potential amplitude rapidly fell during the first hour and then gradually
recovered to normal by 8 to 10 days after sectioning. Intracellular recordings were made 0.2 to
0.3 mm caudal to the cut end, anterior to ganglion A, (closed circles), and more distant from it,
close to ganglion A, (triangles), 5 * 0.5 mm from the cut end. Each value is a mean * standard
deviation of results taken from 5 to 12 preparations. Input resistance was measured at mem-
brane potentials more negative than ~90 mV (7).
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