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Coleoptera fossils speculates that most of the North Ameri-
can insect fauna evolved prior to the Pleistocene. Moreover,
Vickery!® firmly believes that the Melanopline species are
even phylogenetically older than that — perhaps as old as the
North—South American split. This view is based on the exis-
tence of a rather close affinity between the Nearctic
Melanoplus and the Neotropical sister genus, Dichroplus and
the fact that the amount of radiation, speciation and distri-
bution within each group is very extensive. Vickery also
notes that the fossil record that exists for other insect groups
supports the claim that most of the existing North American
insect fauna evolved early. Therefore, a reasonable interpre-
tation of the allozyme data is that commonalities of allelic
distributions stem from purifying selection in the case of the
Mdh and Gpdh loci and some form of balancing selection in
the case of the Ldh locus. Furthermore, for species exhibiting
similar patterns, it is proposed that the selection constraints,
whatever their nature, are identical. It is entirely possible, of
course, that the patterns stem from selection acting on close-
ly linked loci rather than on the enzyme loci themselves.
While it does seem implausible that linkage disequilibrium
between the studied loci and fitness loci would be identical in
separate lineages for such a long time, in the absence of map
data, a hitchhiking effect cannot be ruled out. Returning to
the main objective of the paper, it would have to be conclud-
ed by extrapolating from the interspecific findings that the
uniform allelic distributions between populations in prairie
and parkland locations (despite differences in soil, food and
so on) are best explained by hypothesis 2.

The neutralist position is also untenable from another con-
sideration. It is possible that what are called alleles in this
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article are, in fact, electrophoretic mobility classes compris-
ing several alleles that correspond to polypeptides with the
same electrophoretic mobilities. But as Lewontin * has point-
ed out, if a large number of alleles do comprise each mobility
class, then by the law of large numbers, one would expect
independently evolving populations (or species) to have the
same frequency distribution of classes. An examination of
the table clearly shows that this is not the case.
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Catalase in sulfide- and methane-dependent macrofauna from petroleum seeps'
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Summary. Vesicomyid and lucinid clams and tubeworms from Gulf of Mexico petroleum seeps, all of which bear symbiotic
sulfide-oxidizing bacteria, have much lower catalase activities than shallow-water species lacking symbionts. A petroleum
seep mussel bearing methane-oxidizing bacteria is unusual in having catalase activities as high as shallow-water bivalves.
Unlike sulfide-dependent meiofauna from shallow-water marine sands, catalase from all petroleum seep species was inhibited

by 3-amino-1,2,4-triazole.
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Two types of sulfide-dependent metazoans are known. 1)
Sulfide-dependent meiofauna, thiobios, are found in most
shallow-water marine sediments where an oxic surface layer
is separated from a sulfidic deeper layer by a chemocline 2 3.
Thiobiotic meiofauna inhabit subsurface sediments below
the oxygenated upper layer of marine sands, the sulfide sys-
tem of Fenchel and Riedl*. The sulfide system constitutes a
rigorous environment, toxic to most animals, and organisms
living there have developed unusual strategies for survival.
These include mechanisms for sulfide detoxification 3¢, and
the modification of some normally sulfide-sensitive path-
ways, aerobic respiration for example 7, to be sulfide-insensi-
tive. 2) The second group of sulfide-dependent animals are
macrofauna primarily associated with hydrothermal vents,
cold water sulfide seeps and petroleum seeps. Unlike thiobi-
otic meiofauna, which generally lack bacterial symbionts,
many of these macrofauna contain sulfur-oxidizing bacte-
ria® = 1% Their survival appears to be heavily dependent
upon sulfide detoxification ! 1- 12 and sulfide control (e.g. sul-

fide-binding proteins)!® ~ 15, Consequently, those sulfide-
insensitive metabolic pathways of the meiofauna have re-
mained sulfide-sensitive in these macrofauna, as they are in
most animals.

Oxygen, like sulfide, can be toxic. Oxygen toxicity is pro-
duced primarily by superoxide radicals (O3 ), hydrogen per-
oxide (H,0,) and hydroxyl radicals (OH-) which are pro-
duced by a variety of oxygen-dependent enzymatic reactions
associated with electron transport systems, some immune
responses, and a variety of oxidases ' ~ '8, The oxidation of
inorganic sulfide'®, pathways of sulfide detoxification?®
and photochemical reactions of sunlight and water 2! 22 may
also be important in oxygen radical formation.

Morrill et al.2® examined the enzyme catalase which cata-
lyzes the detoxification of H,0,:

2H,0,-2H,0 + 0,

These investigators suspected that thiobiotic meiofauna
should have little catalase because thiobios live under contin-
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ual anoxia? and most animals living at low oxygen concen-
trations have low catalase activities'® 2% 2% Surprisingly,
Morrill et al. 2 observed that thiobiotic meiofauna had high
levels of catalase and that catalase concentrations were
highest in species normally exposed to highest sulfide con-
centrations.

Sulfide is a potent catalase inhibitor2° 2°, Some bacteria
incapable of heme synthesis possess a non-heme enzyme,
pseudocatalase, that is sulfide insensitive 2”. Pseudocatalase
is also insensitive to azide, cyanide and 3-amino-1,2,4-tria-
zole2® which inhibit all known catalases?® 3°. Morrill et
al. 23 found that thiobiotic catalase was also azide and 3-ami-
no-1,2,4-triazole insensitive. Thus, in all likelihood, this en-
zyme is also sulfide-insensitive and probably represents an-
other metabolic adaptation to increase sulfide-insensitivity
in thiobios.

Here, we ask the question, is the catalase of sulfide-depen-
dent macrofauna collected at petroleum seeps sulfide-insen-
sitive like the thiobiotic enzyme or is it sulfide-sensitive as
would be expected from previous indications of retained sul-
fide-sensitivity in sulfide-dependent macrofauna? The recent
discovery of a methane-dependent mussel 1° at these same
seeps provided the opportunity to compare an animal with
symbiotic methane-oxidizing bacteria to its sulfide-sym-
biont-containing counterparts.

Methods. Animals were collected by trawl from the Louisi-
ana slope petroleum seeps described by Brookset al. *!. Each
animal was dissected and frozen immediately in liquid nitro-
gen once aboard ship. For comparison, shallow-water mol-
luscs were collected from Galveston Bay, Texas.

Catalase was measured using a variation of the Beers and
Sizer *? assay developed by the Sigma Chemical Co.*? and
modified for increased sensitivity by Morrill et al. 23, Sam-
ples were homogenized in 0.1 ml seawater and 0.4 mt 0.05 M
phosphate buffer using a Polytron tissue grinder and an ice
bath. The entire 0.5-ml homogenate was assayed by adding
itto 2.5 mlH,0, in 0.05 M phosphate buffer (A,,, = 0.620).
Enzyme activity was measured at 25°C by following the
decrease in absorbance over a 180-s period. The initial 15 s
of the reaction were occasionally anomalous, hence we
recorded the change in absorbance from 15 s to 195 s, which
normally was linear. The detection limit was equivalent to
approximately 0.1 pg of bovine liver catalase which was used
as the reference standard. Catalase was inhibited by adding
20 mM 3-amino-1,2,4-triazole and incubating the ho-
mogenate for 30 min at 25 °C prior to analysis. This concen-
tration of 3-amino-1,2,4-triazole inhibited the liver catalase
standard and natural catalase extracted from a variety of
marine and freshwater invertebrates by > 90% 23. Protein
was determined by a modified Lowry technique as described
in Morrill et al. 3.

Results. Catalase activity in the oyster Crassostrea virginica,
the clam Mercenaria mercenaria and the mussel Brachidontes
exustus varied from tissue to tissue but was normally above
10 units - mg protein~! (table 1). Adductor muscle was gen-
erally lower than mantle or gill. Standard deviation in repli-
cated assays obtained from different animals was usually
half or less of the mean.

Five species of macrofauna from petroleum seeps were as-
sayed: two vestimentiferans containing symbiotic sulfur-oxi-
dizing bacteria, cf. Escarpia sp. and Lamellibrachia sp.; two
clams containing symbiotic sulfur-oxidizing bacteria, Vesi-
comya cordata and Pseudomiltha sp.; and the mussel, cf.
Bathymodiolus sp. bearing symbiotic methane-oxidizing bac-
teria (all taxonomic designations follow Brooks et al.!?).
The species harboring sulfur-oxidizing symbionts had uni-
formly low catalase activities (< 2 units - mg protein™?)
(table 2). Standard deviations of replicated assays using dif-
ferent animals were usually half or less of the mean. The
symbiont-bearing tissue of the vestimentiferans, the tropho-
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Table 1. Catalasc activitics of molluscan species from Galveston Bay,
Texas

Taxon Catalase activity

(units - mg protein ")

Number assayed

Crassostrea virginica

Palps 50.1+24.4 3
Mantle 16.6+11.3 4
Gill 153+ 0.5 4
Adductor muscle 13.84+ 1.9 3
Hepatopancreas 81+ 31 3
Mercenaria mercenaria

Gill 41.8 1
Mantle 19.1 1
Adductor muscle 1741 1
Foot 2.5 1
Brachidontes exustus

Whole body 82.94+50.4 3
Gill 58.7+14.1 3
Adductor muscle 17.6+ 5.4 3

Table 2. Catalase activities of molluscan and vestimentiferan species from
petroleum seeps. Taxonomy follows Brooks et al.'®

Taxon Catalase activity Number assayed

(units - mg protein™ '}

Pseudomiltha sp.

Whole body 0.5 1
Gills 0.54+0.2 4
Body without gills 0.74+0.7 6
Vesicomya cordata

Gills 0.9 1
Foot 1.2 1
cf. Bathymodiolus sp.

Gills 22.6 1
Foot 14.3 1
Mantle 6.2 1
Hepatopancreas 10.1 1
Lamellibrachia sp.

Trophosome 1.240.3 4
Vestimentum 04402 2
cf. Escarpia sp.

Trophosome 1.840.2

Vestimentum 0.7 1

Table 3. Percent inhibition of catalase activity by 3-amino-1,2,4-triazole

Crassostrea virginica Lammelibrachia sp.

Palp 100% Vestimentum 78%
Gill 95% Trophosome 78%
Brachidontes exustus cf. Escarpia sp.
Gill 1% Trophosome 2%
Whole body 94% Vestimentum 100%
of. Bathymodiofus sp. Vesicomya cordata
Gill 98% Foot 100%
Mantle 100% Gill 100%
0,

Foot 65% Pseudomiltha sp.

Gill 64%

some, had higher activities than other vestimentiferan tissues
lacking symbionts. The symbiont-bearing tissue of the clams
however, the gill tissue, was not higher in catalase activity.
Catalase activity was uniformly low in all clam tissues (0.5~
1.2 units - mg protein~'). In contrast, the mussel (with meth-
ane-oxidizing symbiotic bacteria) had catalase levels com-
parable to its Galveston Bay counterparts, 10—20 times the
activity measured in the other petroleum seep species. The
catalase inhibitor, 3-amino-1,2,4-triazole, substantially in-
hibited catalase activity in all species tested (table 3).
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Discussion. Catalase activities measured in shallow-water
molluscs were similar to those of other shallow-water ben-
thic biota?3. Qur values for Mercenaria mercenaria were
somewhat higher than those measured by Blum and
Fridovich 3, however we also observed that gill tissue had
activities much above that of adductor muscle. In contrast,
with the exception of the mussel, cf. Bathymodiolus sp., all
petroleum seep species had low catalase activities. Blum and
Fridovich ** did not detect catalase in similar hydrothermal
vent species, however our assay may have had higher sensi-
tivity. Petroleum seep species live below the photic zone, at
or near the oxygen minimum for the Gulf of Mexico 35.
Hence an important source of oxygen radicals (photochemi-.
cal ionization) is absent in their habitat and ambient oxygen
concentration is relatively low. Accordingly, low catalase
levels in these species conform to the general trend of re-
duced catalase activities in animals living at lower oxygen
concentrations and reduced light levels?3. Coincidentally,
perhaps, all of these species, cf. Escarpia sp., Lamellibrachia
sp., Vesicomya cordata and Pseudomiltha sp., also have sul-
fur-oxidizing symbionts. The low catalase activities present
suggest that one possible source of oxygen radicals, the reac-
tion of sulfide and oxygen, is unimportant for these ani-
mals '%-3¢, Of course, an alternative peroxidase-based sys-
tem may be used rather than catalase **37.

The methane mussel, in contrast to all othér seep species
tested, had high catalase activity. One possible explanation
for elevated catalase in the mussel is the use of a monooxyge-
nase for methane oxidation by the symbiotic methano-
trophic bacteria3®3°. Methane oxidation by methane
monooxygenase may involve H,0,*°. Catalase activities
were high in all tissues examined, not just the gills where the
symbiotic bacteria are found. Hydrogen peroxide can pass
through biological membranes and frequently travels rela-
tively far from its site of production before reacting*!42.
Perhaps high catalase activities are required in all tissues for
this reason. An alternative explanation is not readily appar-
ent. Only one individual was available for analysis, however
standard deviations for replicated assays were less than half
the mean in other species. Even if this animal contained more
catalase by a factor of 2 than the mean for that species,
catalase activities would have been 5-10 times higher than
the other petroleum seep species examined.

All catalases were inhibited by 3-amino-1,2,4-triazole. We
infer that they would be sulfide-sensitive as well. Thus, thio-
biotic meiofauna continue to be unusual, even with respect
to other sulfide-dependent animals, in having a 3-amino-
1,2,4-triazole-insensitive catalase. The properties of the cata-
lase of the petroleum seep species are consistent with the
general trend of retained sulfide-sensitivity in sulfide-depen-
dent macrofauna with a concomitant dependency on sulfide
detoxification and control. The opposite adaptive strategy is
present in the meiofauna 23,
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