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METABOLISM OF NITROGENOUS COMPOUNDS BY THE SML BACTERIAL
COMMUNITIES OF SCLERACTINIAN CORALS

H.A.T. Holley', K.B. Ritchie? and G.W. Smith'

'Biology Dept., Univ. of South Carolina at Aiken, SC, 29841, U.S.A.
?Biology Dept., Univ. of North Carolina, Chapel Hill, NC, 27514, U.S.A.

ABSTRACT

Bacterial Communities associated with the
surface mucopolysaccharide layer (SML) of hard
corals play an important nutritional role, as well as, a
probable role in maintaining health and preventing
disease in the coral animal. The composition of the
mucus varies among the different coral species and
may select for specific members of the bacterial
community. We tested the abilities of the SML
heterotrophic bacterial communities from 11 different
coral species to utilize 27 nitrogenous substrates as
sole carbon sources and monitored the utilization rates
over a 72 hour periocd. In gereral, the SML
communities from the boulder corals (particularly
Montastera annularis) showed greater rates and
higher amounts of oxidation of the 20 protein amino
acids, although other communities could oxidize these
to a lesser degree. Some compounds were generally
nonstimulatory or lethal for most (although not all)
communities. These included: wurocanic acid, L-
phenylalanine, glucuronamide, L-pyroglutamic acid,
succinamic acid, 2-amino ethanol, and y-amino butyric
acid. The SML communities of hard corals do exhibit
differential metabolic stimulation by different
compounds.  Therefore, the composition of the
nitrogenous fraction of the coral mucus may influence
the bacterial community structure occurring within the
SML of specific coral species.

INTRODUCTION

The surface of the living corals are covered by
surface mucopolysaccharide layers (SMLs), the
primary purpose of which seems to be the removal of
particulate matter and perhaps protection against
potential harmful organisms (Hubbard and Pocock,
1972; Means and Sigleo 1986). Chemical analysis of
SMLs from various coral species have shown these
structures to be rich in in lipids, carbohydrates, and
protein (Benson and Muscatine 1974: Daumas and
Thomassin 1977; Daumas et al. 1982; Patton et al.
1977; Ducklow and Mitchell 1979a; Pascal and
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Vacelet 1982; Coffroth 1990). Meikle et al. (1988)
found that the glycose composition of mucus from
different coral species varied considerably. The rate of
the mucus production was shown to increase when
coral animals were exposed to stress (Ducklow and
Mitchell 1979b; Segel and Ducklow 1982).

The coral SML harbors communities of
heterotrophic bacteria (Sorokin 1973) by providing
oxidizable substrates (Pascal and Vacelet 1981;
Herndl and Velimirov 1986).

MATERIALS AND METHODS

SMLs, containing the microbial communities,
were collected from shallow (<5m) patch reefs in San
Salvador, Bahamas (24°3’N by 74°30°W) using 30mi
needeless sterile syringes. Triplicate samples of the
following coral species were obtained: Montastrea
annularis; M. cavernosa; Diploria labyrinthiformis;
D. strigosa; D. clivosa; Porites divaricata; P.
JSuracata; Dichocoenia stokesii; Agaricia agaricites;
Acropora cervicornis and A. palmata. Water mass
samples surrounding the coral were also taken for
comparison. All samples were kept on ice or in a cold
room at (4°C) until metabolic testing in the laboratory.

Syringes were allowed to equilibrate at room
temperature for three hours after which subsample
dilutions were spread plated on a nonspecific media
(Smith and Hayasaka 1982). Samples were dispensed
into Biolog GN microtiter plates (Bochner 1989)
which contain 95 different potential carbon sources,
each in a separate microwell and a water control well,
All microwells contained salts and a tetrazolium dye to
indicate oxidative activity. Plates were read every six
hours for 72 hours on an automated plate reader after
incubation at 25°C.

Wells showing a 40% increase in absorption
at 490nm over controls were scored as positive at the
end of the 72h incubation period and used to assign
bionumbers. The bionumbers were used as a data
reduction technique for presentation. This reduced the
95 test results to a 16 digit number which was the sum
of the values assigned to sequential microwells in
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Figure 1 Metabolism of protein amino acids; L-leucine, L-phenylalanine, and L-glutamic acid by bacterial
communities from various corals. AP: Acropora palmata, AGA: Agaricia agaricites, PF: Porites furcata,
AC: A. cervicornis, DC: Diploria clivosa, DPS: D. strigosa, PD: P. divaricata, MA: Montasteria
annularis, MC: M. cavernosa, DL: D. labyrinthiformis, DST: Dichocoenia stokesii, WC: water mass
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groups of three that were positive. Positive values
were 1, 2, and 4, respectively, for each of the three
wells (containing different carbon  sources).
Bionumbers and oxidation trends of the nitrogenous
carbon sources among the bacterial communities were
evaluated and compared. All tests were run in
triplicate. There was negligible variation for any
particular coral species-nitrogenous carbon source
combination.

RESULTS AND DISCUSSION

Bacterial communities removed from SMLs
of the boulder corals (M. annularis, M. cavernosa; D.
labyrinthiformis; D.  strigosa; D.  clivosa)
demonstrated the highest oxidative activity of the
nitrogenous carbon sources tested. Utilization of the
27 nitrogenous substrates was highest in the bacterial
communities associated with M. annularis.

The more common nitrogenous compounds
(common amino acids and their derivatives) showed
the broadest metabolic degradation. The percent
absorbance of the 27 nitrogenous compounds is shown
in Table 1. Figure 1 shows the metabolism of L-
leucine, L-phenylalanine, and L-glutamic acid. These
figures are indicative of the metabolic rates for all the
common amino acids. The bacterial communities
asscciated with the Mannularis, D.strigosa, and
D.labyrinthiformis have the highest metabolic rates.
The other bacterial communities are able to break
down these compounds — only at slower rates.

Metabolic rates of glycyl-L-glutamic acid, L-
alanyl-glycine, L-alanine, D-alanine, L-aspartic acid,
glycyl-L-aspartic acid, L-asparagine, L-serine, D-
serine L-proline, hydroxy-L-proline, L-omithine, L-
histidine, L-threonine, phenyl ethylamine,
glucuronamide, and putrescine were highest in M.
annularis, D. strigosa, D. stokesii, and D.
labyrinthiformes. The other groups showed similarly
moderate rates of metabolic activity.

Metabolism of y-amino butyric acid was
highest in D. stokesii community. M. annularis, A.
agaricites, A. palmata, and D. clivosa communities all
showed a negligible metabolic activity. Presence of y-
amino butyric acid as the sole carbon source caused a
decrease in percent absorbance over the 72 hour period
for these SML communities. M.  annularis
communities were the only group to respond with a
positive increase in percent absorbance. Like y-amino
butyric acid, the metabolic rates decreased over time
(Figure 2).

D,L-carnitine and alaninamide metabolism
was dominated by D. strigosa and D. stokesii. M.
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annularis, which was most often seen to dominate,
along with the other communities appeared to have a
negligible response to the presence of these two
compounds. The percent absorbance either static or
decreasing over the 72 hour period. .

L-pyroglutamic acid and succinamic acid
both had non-stimulatory effects on all communities
except D. strigosa. The percent absorbance was
generally static for other SML communities.

2-amino ethanol was not utilized at an
appreciable rate by any of the SML bacterial
communities. There was a quite noticeable decrease in
percent absorbance for most of the coral SML
communities. D. strigosa and M. cavernosa
communities demonstrated only a slight increase in
absorbance over the 72 hour period(Figure 3).

In summary, most of the metabolic activity
was dominated by the boulder-type coral bacterial
communities. As shown by previous studies (Ritchie
and Smith 1997), the higher rates of metabolism by M.
annularis, D. strigosa, D. stokesii, and D.
labyrinthiformes coral SML bacterial communities are
most likely a function of the variety and/or diversity of
the carbon sources contained in the coral animal itself.
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