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Abstract. Aeromonas hydrophila exhibits chemotactic behavior to amino acids and carbohy-
drates. Ten isolates of A. hvdrophila from water and infected fish showed the same basic
response profile. Maximum chemotaxis to amino acids occurred at 10" M, though concentra-
tions of substrate as low as 107 M elicited a positive response. Carbohydrates induced a
maximal chemotaxis at lower concentrations (107 M), with the threshold for responsivensss
occurring at 10 * M. Carbohydrates gave significant motility in A. hydrophila isolates, while
amino acids did nol. Aeromonas hyvdrophila isolates were maximally chemolactic to substrates
they could metabolize. Motility and chemotaxis by A. hydrophila may explain spatial
heterogeneity and concentration phenomena observed in natural aguatic environments.

Aeromonas hydrophila is a ubiguitously occurring
bacteria in natural and polluied aguatic environ-
ments [13, 23], It has been reported in high densities
from open ocean waters [31], estuaries [17, 23], all
lypes of freshwater habitats [23], including thermal
environments [9, 22], and tropical rain forest water-
sheds [18]. In addition, A. hydrophila has becn
shown to cause disease in snails (28], fish [9, 10, 20,
291, lizards [27], alligators [12], amphibians [8],
turtles [33], cattle [36], and more recently, humans
15, 35].

Temperature is an important environmental
factor in regulating densitics of A. Avdrophila [9,
22]. Aeromonas hydrophila 1s always associated
with water quality characteristics that also support
phytoplankton populations [16, 18, 32]. Indeed,
densities of A. kydrophila can be predicted in North
Carolina reservoirs by models that incorporate am-
monia, total nitrogen, chlorophyll A, orthophos-
phates, dissolved oxvygen, and temperature [17, 19].
The associalion between phytoplankton and densi-
ties of A. hydrophila was also indicated through the
observation of 100-fold increases in surface micro-
layer densities of A. Avdrophila taken near aguatic
macrophytes [16].

One of the possible mechanisms by which A.
hydrophila may become differentially distributed
in aquatic environments and/or by which A. hy-
drophila may locate susceptible hosts 1s through
chemotaxis. This was suggested for bacteria in
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general by Chet and Mitchell [3] in their review of
the ecological aspects of bacteria motility. Other
work has shown that A. hvdrophila 1s distinctly
chemotactic to fish surface mucus [21]. Most A.
hydrophila isolales have a single polar flagella,
though peritrichous forms have been reported [7].
The monotrichous forms would most certainly con-
tribute to a chemolactic capability for this bacteri-
um. Since the basic chemotactic behavior of A.
hydrophila has not previously been examined, we
have attempted 1o define the basic chemotactic
responsiveness in several environmental isolates of
A, hvdrophila.

Materials and Methods

Isolation of bacteria. During the course of severs] environmental
investigations of A. hydrophila [11, 16, 24], random, single
colonies were selected from count estimates. R-5 medium [34],
which is known 1o be 94% presumptive for A. hvdrophila, was
used for primary isolation, Yellow colonies were selected afier
24 b incubation at 35%C, These isolates were further characier-
ized and confirmed as A. fivdrophila using API-20E (Analvtab
Products, Plainview, NY), oxidase tests, (129 sensitivity, serol-
ogy. and fluorescent antibody {(for details see Fliermans and
Hazen [11] and Hazen et al. [24]). Isolates were laken from
varely of sources including water, sediment, fish, alligators, and
humans. All isnlates, after being completely characterized as A.
hvdrophila, were grown in carbohydrate-free media, dispensed
to small vials with egual volumes of glycenn. and stored at

T0°C until used. This method was found (o preserve isolates for
more than 2 years (Hazen, unpublished data).

Chemotaxis assay. The technigue used was a modification of
Adlers [1] technigue [21]. 1solates were prown in 3% TSE for 24
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Table 1. Chemotactic index for amino acids®

Concentration (M)

Substrate ' e mn-3 - Motility
Asparagine 1.6 1.37 1.28 L.I7 1.27
Valing .75 .67 1= 1.01 1.05
Lysine 180 1.56 .37 1,08 g2
Cysteine 1.3 147 1.2 1.0 1.05
Alanine 1.42 134 7 (.93 1.12
Omithine 1.7 1.6 1.0 1.04 0.97
Proline i.32 iae 1.10 082 |.0%

Glycine l.al 1.05 1.0 (.94 0.95

2 ATl values are the mean of ten delerminations; standard devi-
ations of the mean were always less than 013, Values in italics
are significant as determined by analysis of vardance. Chemotac-
tic index = experimental cell counts'control cell counts.

h and harvested by centrifugation at 8000 g for 10 min at 4°C_ The
pellel was resuspended in an equal volume of PBS (pH 71, and
centrifuged again: the washing step was repeated lwice more.
Final resuspension was in chemotactic buffer (KPR) after Adler
[1]. adjusting the cell density to 10° cells mi™'. The bacterial
suspension was dispensed in 0.25-ml quantities to & » 12 mm test
tubes. Inte each test lube containing cell suspension was intro-
dueed a capillary tube, closed at one end, containing the sub-
strate to be tested [1]. After incubating the capillary tube in the
bacterial suspension for | h at 35°C (35°C is the optimum growth
temperature for A, hvdrophils), the capillary lebes were re-
moved. The contents were then washed inte a diluting vial
containing 10 ml of sodium azide—free isotonic diluting solution
{Fisher Scientific Company, Fairlawn, NI) and counted using 2
model ZF Coulter counter (Coulier Electronics, Hialeah, FLL
Ten replicates were simultancously siudied for every substrate
tested. Each substrate was tested at five different molarilies
{from 1 to 107%); also included was a KPB control and 2 motility
test. All dilmions of substrates were made with KPB. The KI'B
contral was performed exactly as described above lor substrate
tests cxcepl that the capillary tube was filled with KFB. The
matility test consisted of @ KPB control in which 0L01 ml of the
undiluted test substrate was added directly to the bacterial
suspension prior to incubation with the capillary tube containing
KPB. Motility is here defined as the ability to increase activity in
the absenge of a specific point source of substrate. If motility
oceurs, the fest counts in the capillary tube will significantly
exceed those in the KPB control capillary,

Diata analysis. All dilutions of each substrale, the KPB control,
and motility test were examined for differences using analysis of
variance. All counts were transformed with log (%} belore
analysis, Lo reduce heteroscedascity as determined by shew and
kurtosis. Group mesns found to be signilicantly differenl were
further differentizted Trom each other using a Student-Newman-
Keuls multiple-range test. Any probebility less than or equal to
0,05 was considercd significant [37].

Result

Chemotactic responses 10 amino acids (Table 1)
the chemotactic responses to

were greater than
il gr, responses 1o

carbohydrates (Table 2). Howev
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Tazhle 2. Chemotactic index [or carbohydrates®

Concentration (M)

Subsirale " 1072 w? 1w Monility
Maltose 3% 1.80 158 110 .24
Sucrosc fad 1.20 1.7 0.94 (.80
Salicin MDD 1.60 1.4 1.03 1.20
Lactose 125 1.22 .31 01,94 0.71
Manmital 161 i.a3 1.06 (.94 1.18
Raffinose i.34 (1.5K) (.87 I 1.32
Arabinose 1.07 0.97 (.93 ND 2.24
Kylose 1.07 0,97 D ND 1.23

= All values are the mesn of 1en determinations; standard devi-
ations of the mean were always less than 015, Values in italics
are significant as determined by analysis of variance. Chemotac-
e index - experimental cell counts/control cell counts.

carbohydrates were much more variable (Fig. 1)
than were responses to amino acids (Fig. 2). The
motility test was positive for most carbohydrates,
while only asparagine among the amino acids tested
produced a positive motility test (Tables 1 and 2).

The sensitivity of the chemotactic responses of
A. hvdrophila was low, with a threshold concentra-
tion of 10 2 M (Table 3). Aeromonas hydrophila
was mosl sensitive to asparagine. The carbohy-
drates clicited a significant response at lower con-
centrations of substrate (107 M or less).

No significant differences in chemotactic be-
havior occurred among isolates from infected fish
(BSM, LNI1, CRI0, 8491, 33A) and water (HR,
FT4, FT1, LNH, MR). If the strain being studied
could metabolize (use as a carbon and/or energy
source) the substrate under consideration, the mini-
mum molarity that would elicit a significant re-
sponse was significantly less than that of nonmetab-
olizable test susbstrates. When the substrate could
be metabolized, the mean threshold concentration
was 1072 M (N = 35), versus 107%7 M (N = 25) for
substrates that could not be metabolized.

Discussion

Aeromonas hydrophila exhibited significant chemo-
taxis 10 some amino acids at concentrations as low
as 1073 M. Adler [1] and others [2, 4, 6, 26, 30]
report sensitivities as low as 107 M for amino acids
by Escherichia coli and other bacteria; however,
the statistical significance of some of these results is
ambiguous. Maximal chemotaxis by A. hydrophila

usually occurred at the highest concentration of

substrate that was tested; however, maximal re-

SpONses oceasionally occurred al lower concentra-

tions. This patlern is similar to that ghserved by
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Fig. |. Chemotactic responsc profile of Aeromonas fvdrophile 1o
differcnt comcéntrations of maltose. All points represent the
mean of ten determinations; bars are one standard deviation,

Adler [1] for E. coli. Thus, the range of concentra-
tions of subsirate that elicited chemotaxis by A.
hydrophila is similar 1o that observed for E. coli
excepl that A, hvdrophila is less sensitive. The
weak-acid repellent taxis of bacteria reported by
Kihara and Macnab [25] may explain the results for
some of the subsirates at low concentrations. Adler
[1] and others [14. 15] also demonstrated that a
substance doesn’t have o be metabolized or trans-
ported to be chemotactic in bacteria. However, A.
hvdrophila is more responsive chemotactically o
substances that it can metabolize. The apparent
chemotaxis of A. hydrophila to carbohydrates is
largely attributable to an increase in motility in the
presence of carbohydrates and is not a true chemo-
lactic response. Lauflenburger et al. [26] point out
in their mathematical model of random motility and
bacterial growth that even random motility could
promote dispersal from nutrient-poor regions and
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Fig. 2. Chemotactic response profile of Aeromonas hydrophila to
different congentrations of lysine. All points represent the mean
of ten determinations: bars are one standard deviation.

prevent dispersal from nutrent-rich regions,
Though chemotaxis to substances that could not be
metabolized was demonsirated for A. hydrophila,
significantly better responses to substances that
could be metabolized demonstrate the dependence
of A. hyvdrophile motilily and chemotaxis on an
adcquate energy source; this observation confirms
the prediction made by Lauffenburger et al. [26].
Considering the ubiquitous nature of the distri-
bution of A, hydrophila, it is likely that some of the
heterogeneity observed in aquatic environments,
especially the association with phytoplankton
which would represent a rich nutrient source [16], is
due 1o the chemotactic behavior of A. hydrophifa. It
remains to be shown, however, whether this is a
valid premise. Isolation of various compounds from

Table 3. Minimuwm subsirate coneentration for significant chemotactic index for strnins of Aeromaonas hydrophile by substrate”

Substrale BSM

HR FT4 FTI
Maltose 2 2 s 3=
Raffinose 3 3* 3 3
Arabinose 4% ND 4" 4
Kylose 47 4 4 4"
Lysine 3 3 2 .
2 2 3 2

Omithine

Isolate
LNH LNI CRIO R491 MR 13A
3 P— . ;‘ - _J_ . 3 2" 2'\!
4 ND 3 kil i 1*
4 ND 3.. 4* 4% 1#
i 3= i 4* 3= I*
2 ND 2 3 2 3
4 NI i 2 2 2

“ Al values are the reciprocal Tog molarities of the smallest malarity that could ¢licit a significant response, * Significant motility test.
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natural aguatic environmenis and testing of their
capability to stimulale chemotaxis by A. hvdrophila
is needed in order to confirm or reject this hypothe-
sis,
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