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Abstract

Study of the utilization of various amino acids by bacteria inhabiting seawater in the region of the Gdansk
Deep was carried out. The highest percentage of the neustonic and planktonic bacteria utilized glutamic acid,
asparatic acid, histidine and cysteine for their optimal growth, whereas only a small percentage of bacterial
strains utilized serine, phenylalanine, ornithine and glicyne. Significant differences in utilization of individual
amino acids by bacteria inhabiting various water layers occurred.
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Introduction

In aquatic ecosystems, the total mass of the dissolved
organic matter (DOM) generally exceeds that of living or-
ganisms [37]. Heterotrophic microorganisms play a key ro-
le in modifying and decomposing DOM in marine ecosys-
tems. The utilization of DOM by heterotrophic bacteria is
an integral part of the circulation of organic and inorganic
nutrients in the sea [12, 33].

The composition of DOM in seawater is certainly hete-
rogeneous. Besides carbohydrates, dissolved amino acids
constitute one of the major groups of monomeric com-
pounds in DOM [36, 37].The concentration and chemical
composition of amino acids in aquatic ecosystems constan-
tly changes, mostly in relation to varying microbial activi-
ty. Therefore, the occurrence of dissolved amino acids in
natural seawater reflects the balance between production
and assimilation of those monomers [9]. In seawater,
the concentrations of dissolved amino acids range from
300-1000 nM « dm ~ [17,24].

In aquatic ecosystems, amino acids and small peptides
are the universal substrates preferably used by heterotrop-
hic bacteria as important sources of carbon and nitrogen
[14]. Assimilation of those low-molecular weight com-
pounds is limited neither by transportation nor by permea-
bility of the bacterial cellular membranes [21]. Amino
acids are used by heterotrophic bacteria for the synthesis of
biomelecules, predominately proteins, which comprise

60% of bacterial biomass, and are serve as a source of
energy [29, 38]. In seawater, the first process appeares to
dominate. About 80-90% of the amino acid carbon and
nitrogen utilized from seawater enter biosynthesis pathwa-
ys, while about 10-20% are used in respiration processes
[12, 18, 36]. Bacterial amino acid utilization rates closely
correspond to the rates at which amino acids are released.
This suggests efficient regulatory mechanisms whereby ba-
cteria use amino acids as rapidly as they become available
[18, 35].

Considering that the intensity of the utilization of in-
dvidual amino acids by bacteria is diversified, the aim of is
the present study is to determine the preferences of marine
bacteria for the utilization of amino acids which are likely
to occur in the waters of the Gdansk Deep to provide infor-
mation on the potential capability of the microflora to con-
vert organic matter in marine ecosystems.

Materials and Methods
Study Area and Sampling

Bacteriological research was carried out on 9-10 May
1995 in the region of the Gdansk Deep, at research station
P (p = 55° 1 'N, A = 18° 42'E) (Fig.l). Seawater samples
were taken on board the ORP "Kopernik" from four layers.
Microfilm layer (ML) samples (thickness of 11 £5 pum)
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were collected with a 30 x 30 cm teflon plate [11]. Film
layer (FL) samples (thickness of 90 + 17 um) were taken
with a 30 x 30 cm glass plate [16]. Screen layer (SL)
samples (thickness of 242 + 40 pm) were collected with
a 40 x 50 cm Garrett net (24 mesh net of 2.54 cm length)
[15]. The teflon plate, glass plate and poliethylene net were
rinsed with ethyl alcohol and distilled water, prior to
sampling. Water from the subsurface layer (SUB) was ta-
ken directly into sterile glass bottles, at a depth of about
10-15 cm.

Experiments

Plating techniques were used in order to isolate neus-
tonic (ML, FL, and SL layers) and planktonic bacteria
(SUB layer). Seawater samples were diluted with sterile
seawater and inoculated by the spread method in five paral-
lel replicates on the ZoBell 2216 E agar medium (ZB) of
87%o salinity [31]. The plates were incubated at 20°C for 10
days. After that, 34-40 bacterial colonies isolated from
each water layer were picked out and transferred to a semi-
solid ZB medium. After purity control, the bacteria were
stored at 4°C and subsequently used for further studies.

All isolates were identified using morphological, phy-
siological, and biochemical characteristics. For the identifi-
cation of the isolates the following tests were taken into
account: cell morphology and stainability with Gram's me-
thod, ability to move, pigment production, fermentation-
oxidation reaction upon Hugh-Leifson's substrate, pro-
duction of cytochrome oxidase, arginine hydrolysing abili-
ty and test APl 20 (bio Merieux). Generic composition of
the isolated bacteria was determined according to the sche-
me of Oliver [27] and Berge's key [19]

The ability of the isolated neustonic and planktonic bac-
teria to utilize various amino acids was assayed in a modi-
fied medium B prepared according to Donderski and Gla-
zewska [10] and Mudryk et al. [25]. In medium B, potas-
sium nitrate and glucose which are sources of nitrogen and
carbon, were removed. To replace these compounds, an
amount of amino acids equivalent to N and C was intro-
duced. Two-day-old bacterial cultures proliferated in liquid
ZB medium were used as inoculum. The results were ob-
tained after 5 days incubation of the cultures at 20°C, the
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Fig. 1. Location of sampling station P in the Gdansk Deep.
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Fig. 2. Growth of bacteria isolated from Gdansk Deep area in the
presence of different amino acids (mean values of all water layers).

intensity of their growth was measured on a spectro-
photocolorimeter SPECOL with the appendage ER-1, at
540 nm. Light permeability lower than 70% was accepted
as an indication of good growth of bacteria in the presence
of a used amino acid. A medium without any bacteria was
used as the blank. The light permeability of the blank was
always 100%.

The capacity of bacterial isolates to utilize amino acids
that occur most commonly in water basins, such as: alanine
(ALA), arginine (ARG), asparatic acid (ASP), cystine
(CYS), cysteine (CYT), glutamic acid (GLU), glycine
(GLY), histidine (HIS), lysine (LYS), ornithine (ORN),
phenylalanine (PHA), proline (PRO), serine (SER) trypto-
phan (TRY), and valine (VAL) was determined. The amino
acids were divided into six groups (acidic, alkaline, polar,
non-polar, aromatic, sulphuric) according to their chemical
nature [20, 38].

The results of the above experiments were used to cal-
culate the utilization average index (UAI) for the bacteria
according to the formula proposed by Prieur [30]
modified by the authors

n
2a;

UAI = i=1
100 - n

where:
ai - the percentage of utilization of individual amino acid,
n- the total number of tested amino acids.

Results

Figure 2 presents the results concerning the utilization
of dissolved amino acids by marine bacteria isolated from
the studied region of the Gdansk Deep. These results in-
dicate that bacteria used different amino acids with various
intensity. Among the 15 amino acids monitored, the hig-
hest percentage (77-99%) of the isolated bacteria utilized
glutamic acid, asparatic acid, histidine and cysteine for the-
ir optimal growth.

Over half of all the bacterial strains inhabiting the wa-
ters of the Gdansk Deep most preferably used arginine,
cystine, lysine, valine, alanine, tryptophan, and proline for
their optimal growth, while serine, phenylalanine, orni-
thine, and glicyne were the least suitable sources of carbon,
nitrogen and energy.
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Table 1. Bacterial utilization of various amino acids in different water layers (percentage of strains)
Number of Amino acids utilized (% of strains)
Layers strains UAI
studied | ALA | ARG | ASP [ CYS | CYT |GLU [GLY | HIS | LYS |ORN | PHA | PRO | SER | TRY | VAL
ML 40 75 70 96 78 95 96 15 68 85 54 65 85 15 75 42 | 0.68
FL 40 75 | 95 |100 | 86 [100 [100 | 30 | 95 [ 72 | 52 | 95 | 90 | 75 | 78 | 50 | 0.80
SL 34 20 | 44 [100 | 71 [ 23 [100 | 59 | 94 | 38 | 24 0| 15| 32|50 | 78 |050
SUB 38 42 | 55 | 94 | 73 | 39 |100 | 87 | 63 | 53 | 37 | 16 | 34 | 24 | 34 | 82 | 055

The data presented in Figure 2 show no relationship
between the natural concentration of individual amino
acids in the Gdansk Deep and their utilization by bacteria.

The results concerning of utilization of amino acids by
bacteria isolated from various water levels are presented in
Table 1 .These data indicate significant differences of utili-
zation of amino acids by bacteria inhabiting various water
layer. Based on the calculated value of the UAI, which is
the measure of the ability of bacterial strains to utilize
various amino acids, it was determined that the widest ran-
ge of amino acids occurs among bacteria inhabiting the
film layer (UAI = 0.80). In that water layer all studied
strains utilized asparatic acid, glutamic acid and cysteine for
their optimal growth. Bacteria isolated from the screen layer
utilized amino acids least intensively, as indicated by the
low value of UAI (0.50). Only a small percentage (15-38 %)
of bacteria inhabiting that water level utilized proline, orni-
thine, alanine, serine and lysine as optimal sources of car-
bon, nitrogen and energy. Neustonic bacteria isolated from
that water layer did not use phenylalanine at all.

On the basis of the data presented in Table 2 it has been
determined that amino acid utilization by bacteria depends
on their taxonomic position. Among bacterial strains isola-
ted from Gdansk Deep bacteria of the Pseudomonas genus
and Enterobacteriaceae family characterised by the highest
capabilities of amino acid utilization (UAI = 0.74 - 0.88).
On the other hand bacteria of the Alcaligenes genus sho-
wed the poorest growth in the presence of studied amino
acids (UAI = 0.43).

Table 3 presents the results concerning bacterial utiliza-
tion of amino acids depending on their chemical structure.
It has been determined that in all the studied water layers,
acidic amino acids were utilized most intensively. Polar
amino acids were the group least preferably used by bac-
teria inhabiting microfilm and film layers, while aromatic
amino acids were the group least preferably used by bac-
teria isolated from the screen layer and subsurface water.

Discussion

Natural marine and freshwater microlayers, or surface
films, are ubiquitous phenomena in aquatic environments.
The chemical composition of surface microlayers is very
variable but consists, in significant part, of dissolved free
and combined amino acids [5, 39]. Microlayer microbial
communities can be highly active metabolically with re-
spect to natural constituents such as amino acids [6]. The
bacterial uptake and removal of those low molecular we-
ight compounds from the seawater is an important factor
controlling the concentration and distribution of organic
carbon and nitrogen in the sea [22].

The main sources of amino acids in surface microlayers
and subsurface water are extracellular exudates of the phy-
toneuston and phytoplankton [8, 23]. Considerable amounts
of those compounds, mainly in the form of metabolites, are
also secreted by zooplankton and flagellates [26, 32]. Mo-
reover, proteins released from dead phyo- and zooplankton

Table 2. Amino acids uptake by different genera of bacteria (averages of four water layers)

Genera or groups of Amino acids utilized (% of genus representatives) "
bacteria ALA | ARG | ASP | CYS | CYT |GLU | GLY | HIS | LYS [ ORN | PHA | PRO | SER | TRY | VAL

Flavobacterium-

-Cytophaga (64)" 73 80 92 66 89 97 61 66 42 30 45 64 33 61 39 | 0.62

Pseudomonas (22) 86 | 100 | 100 73 | 100 | 100 64 | 100 91 73 | 100 | 100 77 82 77 | 0.88

Aeromonas - Vibrio

(7 100 71 100 53 71 100 24 47 | 100 53 18 76 41 47 53 | 0.64

Alcaligenes (17) 88 65 94 53 0 88 0 29 35 41 24 59 0 41 29 | 043

Enterobacteriaceae

(14) 100 | 100 | 100 64 93 | 100 50 64 | 100 57 21 100 86 43 29 | 0.74

Arthrobacter-

-Corynebacterium

(6) 33 83 50 | 100 17 | 100 33 67 0 0 0 67 50 | 100 83 | 0.52

Other* (9) and

unknown (3) 58 | 100 | 100 25 25 67 | 100 17 75 67 33 42 58 17 83 | 0.58

* — Indicates number of isolates represented

* — Includes - Acinetobacter, Achromobacter, Bacillus, Micrococcus
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Table 3. Bacterial utilization of amino acids depending on their chemical structure and water layer (percentage of strains)

% of strains
i sids groups
AT AECE RIORDS Microfilm layer Film layer Screen layer | Subsurface layer
die. 9% 100 100 97
(asparatic acid, glutamic acid)
Sliafline . 70 78 50 52
(arginine, histidine, lysine, ornithine)
polar 15 53 46 56
(glycine, serine)
non — polar 67 7 41 53
(alanine, proline, valine)
argmatic 2 37 25 -
(phenylalanine, tryptophan)

sylphuric 87 93 47 56

(cysteine, cysting)

are hydrolyzed to free amino acids [2]. All those sources
can supply water with considerable amounts of amino
acids, particularly in basins with high primary production
[28].

The data presented in this paper show that in the studied
region of the Gdansk Deep, asparatic acid and glutamic
acid were the most preferably used by bacteria. Results of
many other studies are in consistency with these results
[10, 34, 35]. Glutamic and asparatic acid are reported as
extracellular products in many algae [3]. The decarboxylic
amino acids such as glutamate and asparate, can readily
enter the citric acid cycle by known metabolic pathways.
According to Jorgensen [ 17] heterotrophic bacteria respira-
te 60-73% of the taken up glutamic and asparatic acid, the
remaining part transforming into their own biomass. Decar-
boxylation of glutamic and asparatic acid by bacteria might
also be the source of B-alanine. This amino acid is a precu-
rsor of the vitamin - pantothenic acid, and was found in
the mureine complex of bacterial cell walls [7]. The data
obtained in the present study have shown that a somewhat
smaller number of bacteria inhabiting the waters of the
Gdansk Deep utilized fairly intensively such amino acids
as histidine and cysteine. This fact indicates that those sub-
strates, along with glutamic and asparatic acid, are the main
source of organic carbon and nitrogen for the studied
bacteria. Tupas and Koike [38] draw attention to the fact
that histidine composed about 22% of bacterial proteins.

Serine, phenylalanine, ornithine and glycine were the
least suitable amino acids for the bacterial populations iso-
lated from the studied region. Those data are consistent
with the results of Burison and Morita [4], Crawford et al.
[8] and Sepers [34].

Data presented in this paper show significant differen-
ces in the levels of intensity of amino acid utilization by
bacteria inhabiting various water layers. Generally, in the
studied seawater layers of the Gdansk Deep, bacteria isola-
ted from deeper water layers were utilized less intensively
than amino acids in the microfilm and film layers. These
results are in agreement with earlier studies carried out in
the Gdansk Deep by Dawson and Gocke [9]. A high per-
centage of bacteria utilizing amino acids in the surface
microlayers is probably caused by higher concentrations of
those monomers in the surface film compared to the sub-
surface water [5, 25, 39].

According to Amano et al. [1] utilization amino acids
by bacteria depends on their taxonomic position. Different
systematic groups of marine bacteria have different prefe-
rences for each amino acid occurring in seawater. In the
study presented here it has also been determined that va-
rious genera of bacteria isolated from the Gdansk Deep
showed different capabilities of amino acid utilization.

Results of numerous studies indicate that bacterial utili-
zation of amino acid depends on their chemical structure
because each bacterial strain has a special amino acid me-
tabolic pathway [1, 20, 38]. This relationship is also confir-
med by our studies, as neustonic and planktonic bacteria
isolated from the waters of the Gdansk Deep utilized acidic
amino acids most actively, whereas polar and aromatic
ones were the least preferred groups.
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