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ABSTRACT

Microaerophilic-diazotrophic bacterial biomass was measured by Adenosine Triphosphate (ATP)
extraction and direct counting/biovolume techniques. Microaerophilic bacterial growth in a semi-solid
agar column is visible in the form of sharp, well-defined growth rings at different depths within the
column according to oxygen requirements. The microaerophilic zone is found between 3 and 15 mm
below the agar surface, where the dissolved oxygen concentration varies from 4 to 172 uM. Biomass
measurements calculated using a conventional conversion factor C/ATP of 250 were around ten times
lower than those calculated according to the direct counting/biovolume technique. In the present study,
we propose a conversion factor of 356 ug C/mL ATP that gives biomass measurements nearer to those
obtained by direct counting. The highest bacterial metabolic activity was found between 5 and 10 mm
depth (0.15 + 0.029 ug ATP mL-1), coinciding with optimum oxygen concentration levels for micro-
aerophilic growth (6.5 to 114 uM).
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RESUMEN

La biomasa bacteriana microaerofilica-diazotrofa fue evaluada por las técnicas de extraccion de
Adenosina Trifosfato (ATP) y de conteo directo/biovolumen. El crecimiento bacteriano microaerofilico
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en columnas de agar semisdlido se manifiesta en forma de anillos de crecimiento bien delimitados que se
revelan a diferentes profundidades de la columna segiin sus necesidades de oxigeno. La zona micro-
aerofilica se encuentra comprendida entre 3 y 15 mm por debajo de la superficie del agar, donde la con-
centracion de oxigeno disuelto fluctlaentre 4 y 172 uM. Los valores de biomasa cal culados utilizando un
factor de conversion C/ATP convencional de 250 fueron aproximadamente diez veces menores que los
calculados por el método de conteo directo/biovolumen. Durante esta investigacion, se calculé un coefi-
ciente de conversion de 356 g C/mL ATP que dio valores de biomasa mas cercanos a los obtenidos por
conteo directo. La mayor actividad metabdlica bacteriana se encontr6 entre 5 y 10 mm de profundidad
(0.15+ 0.029 pg ATP mL™?), coincidiendo con la zona con concentraciones Gptimas de oxigeno para el
crecimiento microaerofilico (6.5 a 14 uM).

Palabras clave bacterias microaerofilicas, biomasa, ATP, conteo directo.

INTRODUCTION INTRODUCCION

Bacterial biomass is regarded as one of the La biomasa bacteriana es considerada
most important ecological parameters for como uno de los parametros ecoldgicos mas
evaluating the productivity of aguatic environ- importantes para evaluar la productividad de
ments. Microbial ecosystems with aerobic and los ambientes acuéticos. Los ecosistemas
anaerobic zones are found in sediments (Jones, microbianos con zonas aerobias y anaerobias
1982; Revsbech and Jergensen, 1986; se encuentran en sedimentos (Jones, 1982;

Anderson and Helder, 1987; Ferrara-Guerrero Revsbech y Jargensen, 1986; Anderson vy
and Bianchi, 1990), soils (Smith and Arah, Helder, 1987; Ferrara-Guerrero y Bianchi,
1986; Reddy et al., 1989; Skopp et al., 1990; 1990), suelos (Smith y Arah, 1986; Reddy et
Focht, 1992), stratified water columns (Karl, al., 1989; Skopp & al., 1990; Focht, 1992),
1982; Jones, 1987; McDonough et al., 1986; columnas de agua estratificadas (Karl, 1982;
Millero and Sohn, 1992; Wynn-Williams, Jones, 1987; McDonough et al., 1986; Millero
1992) and microbial biofilms (Nielsen et al., y Sohn, 1992; Wynn-Williams, 1992) y tapetes
1990). Strict aerobes depend upon molecular microbianos (Nielsen et al., 1990). Los aero-
oxygen for their metabolism and strict bios estrictos dependen del oxigeno molecular
anaerobes can only grow in an oxygen-free para su metabolismo y |os anaerobios estrictos
environment, whereas microaerophiles depend crecen Unicamente en ambientes libres de
on molecular oxygen but in concentrations  oxigeno, mientras que los microaerofilicos
from 0.2% to 12% (Bowdreet al., 1976). dependen del oxigeno molecular pero en con-

Analysis of microbial ecosystems in situ, in centraciones de 0.2% a 12% (Bowdre et al.,
combination with studies on microbial cultures 1976).

in the laboratory have provided detailed infor- Los andlisis in situ de ecosistemas micro-
mation on the functioning of microorganisms bianos, junto con estudios realizados en el
under both fully oxic and anoxic conditions. |laboratorio con cultivos microbianos, han dado

However, knowledge of the ecology and una informacion detallada sobre el funciona-
physiology of microorganisms in low-oxygen miento de |os microorganismos en condiciones

environmentsis still scarce. aerobias y anaerobias. Sin embargo, el conoci-
The concentration of bacteria is usually miento de la ecologia y fisiologia de los
quantified in liquid culture by spectrophoto- microorganismos en ambientes con bajas con-

metric methods. These techniques are difficult centraciones de oxigeno es muy escaso.
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to apply in a shake agar culture where the
oxygen-sensitive bacteria form sharply defined
growth layers at different agar column levels
according to their oxygen requirements, since
it is necessary to modify the gel scanning
spectrophotometer so that it may be used with
test tubes (Wimpenny et al., 1983; MacFarlane
et al., 1984; Wimpenny and Waters, 1984;
Kikuchi and Suzuki, 1986).

Other methods of determining the bacterial
biomass are direct microscopy count and mea-
surement of the concentration of Adenosine
Triphosphate (ATP). Measurement of ATP
concentrations in living cells is an indirect
technique to determine viable bacterial biomass
(Holm-Hansen and Booth, 1966; Hamilton and
Holm-Hansen, 1967; Holm-Hansen, 1970;
Daumas, 1973, 1989; Karl, 1980). This enables
the measurement of the effect of different
factors, such as oxygen concentration, nutrient
limitation and culture conditions, on the micro-
aerophilic metabolic activity.

In order to estimate the preferred oxygen
concentration for microaerophilic growth in a
semi-solid agar column, we quantified the
bacterial biomass from ATP concentration in
different microaerophilic growth levels. As a
comparison, we calculated the bacterial
biomass using the direct counting technique by
epifluorescence as described by Hobbie et al.
(1977), as well as by cellular volume measure-
ments (van Wambeke, 1988; Torréton et al.,
1989).

MATERIAL AND METHODS

Marine chemioorganotrophic microaero-
philic bacteria from sandy-clay lagoon sedi-
ments have previously been revealed by usin a
semi-solid growth culture medium containing
low concentrations of organic substrates, and
distributed in deep test tubes to obtain an oxy-
gen gradient from the agar surface toward the
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La intensidad de crecimiento bacteriano
generalment se cuantifica en medios de cultivo
liquidos utilizando métodos espectrofoto-
métricos. Estas técnicas son dificilmente
aplicables en un sistema de agar agitado, donde
las bacterias sensibles al oxigeno forman peli-
culas de crecimiento finas y bien definidas a
diferentes niveles de la columna de agar de
acuerdo con sus requerimientos de oxigeno, ya
gue es necesario utilizar un espectrofotémetro
con barrido de geles modificado para que
pueda ser utilizado con tubos de prueba
(Wimpenny et al., 1983; MacFarlane et al.,
1984; Wimpenny y Waters, 1984; Kikuchi y
Suzuki, 1986).

Otros métodos para la cuantificacién de la
biomasa bacteriana son el conteo directo por
microscopia y la medida de la concentracion
deAdenosina Trifosfato (ATP). La estimacién
de las concentraciones de ATP, presente en
todas las células vivas, proporciona un medio
indirecto de evaluacién de la biomasa bac-
teriana viva (Holm-Hansen y Booth, 1966;
Hamilton y Holm-Hansen, 1967; Holm-
Hansen, 1970; Daumas, 1973, 1989; Karl,
1980), lo que permite apreciar los efectos de
diferentes factores, como la concentracién de
oxigeno, limitacion en nutrimentos y condicio-
nes de cultivo, sobre la actividad metabdlica
microaerofilica

Por tanto, con el fin de medir la preferencia
por una determinada concentracion de oxigeno
para el crecimiento microaerofilico dentro de
una columna de agar agitado, se cuantifico la
biomasa bacteriana a partir de la concentracion
de ATP existente en cada uno de los niveles de
crecimiento microaerofilico. De manera com-
parativa, la biomasa bacteriana también fue
calculada utilizando la técnica de conteo
directo por epifluorescencia segin Hobbie et
al. (1977), junto con la determinacion del volu-
men celular (van Wambeke, 1988; Torréton et
al., 1989).
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deeper levels in the tube (Ferrara-Guerrero and
Bianchi, 1990). As a result, the bacterial
growth appears in the form of well-defined
layers at different depths in the agar column,
according to their oxygen requirements. After
oxygen measurements in the layer with a
Chemical Transidyne 1201 microsensor
equipped with an oxygen needle electrode
(0.07 0.d., 2.5 cm long, Diamond Electro-Tech
Inc.), only those formed between 3 and 15 mm
below the agar surface were under the
microaerophilic zone (Ferrara-Guerrero and
Bianchi, 1989; Ferrara-Guerrero et al., 1993).

The measurements of ATP concentration
in each microaerophilic growth layer were
carried out in duplicate, according to the
method described by Holm-Hansen and Booth
(1966) and Laborde (1972).

ATP extractions were carried out after
seven days incubation in mineral medium
containing 2 g L of bacteriologic agar and
05 g L of cacium succinate (Ferrara-
Guerrero and Bianchi, 1989; Ferrara-Guerrero
et al,, 1993); 1 mL was taken from the layer
with a syringe and a spinal hypodermic needle,
and resuspended in 4 mL of abuffer TrispH 7.
The mix was centrifuged for 15 minutes at
2300 x g to eliminate residual agar. ATP mea-
surements were carried out with the luciferine-
luciferase technique, using aluminometer 1250
LKB (Daumas, 1973; Burninson, 1975; Cavari,
1976).

In order to calculate the microaerophilic
organic carbon, and owing to the fact that
there is very little information about micro-
aerophilic bacterial biomass measurements in
culture media, the ATP concentration was con-
verted to cellular carbon using a conversion
factor (C/ATP) of 250 pg C/ug ATP (Holm-
Hansen, 1969; Karl, 1980; Romano, 1982),
calculated from aerobic and anaerobic phyto-
plankton and bacterioplankton cultures, and a
factor of 356 pg C/ug ATP, calculated during
thisinvestigation.
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MATERIAL Y METODOS

Bacterias marinas  quimioorganotrofas
microaerofilicas provenientes de sedimentos
lagunares areno-arcillosos han sido evidencia-
das anteriormente, en un medio de cultivo con-
teniendo bajas concentraciones de agar y de
sustratos organicos, y repartido en tubos de
prueba profundos a fin de obtener una columna
de agar semisdlido que permita el estableci-
miento de un gradiente de oxigeno de la super-
ficie del agar hacialas zonas mas profundas del
tubo (Ferrara-Guerrero y Bianchi, 1990). Como
resultado, el crecimiento bacteriano aparece
como una delgada pelicula bien definida a
diferentes profundidades de la columna de
agar, segin sus necesidades de oxigeno.
Después de medir el oxigeno en la pelicula con
un microsensor Chemical Transidyne 1201
equipado con un electrodo de oxigeno dentro
de una aguja hipodérmica (0.07 o.d., 2.5 cm
de longitud, Diamond Electro-Tech Inc.),
Unicamente aquellas que se formaron entre 3y
15 mm por debajo de la superficie de agar
fueron consideradas dentro de la zona micro-
aerofilica (Ferrara-Guerrero y Bianchi, 1989;
Ferrara-Guerrero et al., 1993).

La concentracion de ATP a nivel de la peli-
cula de crecimiento microaerofilico fue medida
por duplicado, segin el método descrito por
Holm-Hansen y Booth (1966) y Laborde
(1972).

L as extracciones de ATP fueron efectuadas
después de siete dias de incubacién en un
medio mineral conteniendo 2 g L de agar bac-
teriolégico y 0.5 g L de succinato de calcio
(Ferrara-Guerrero y Bianchi, 1989; Ferrara-
Guerrero et al., 1993). Una alicuota de 1 mL
fue tomada con una jeringa y una aguja hipo-
dérmicatipo espinal y resuspendidaen 4 mL de
una solucion amortiguadora Tris pH 7. Con el
fin de eliminar los residuos de agar presentes
en el medio de cultivo, la mezcla fue centri-
fugada a 2300 x g durante 15 minutos. Las
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Microaerophilic bacteria were enumerated
by epifluorescence microscopy according to
Hobbie et al. (1977) and Porter and Feig
(1980). The greatest difficulty in the use of this
technique lies in the dissociation of the bacte-
rial aggregates and in the separation of the cells
from the agar matrix which forms the culture
medium.

In order to separate the cells from the agar
matrix, 1 mL of the layer was resuspended in
9mL of a 0.002M Na,P,0O; solution for 20
minutes and then sonicated for 60 seconds at
45W (60% efficiency) using an ultrasonic pro-
cessor (Vibra Cell 600W, Bioblock Scientific)
equipped with a 3-mm probe; 250 pL from this
suspension were diluted in 10 mL of filtered
sterilized seawater with afinal concentration of
0.25% formaldehyde and 0.05% sodium azide
(Reimars and Smith, 1986). Then, 2 mL from
the supernatant liquid were colored for 10 min-
utes with DAPI (4',6-diamidine-2-phenilindol
dihydrochloride) with a final concentration of
5 ug mL-?, and filtered on a 0.2-um pore
diameter black Nuclepore polycarbonate
membrane.

In certain cases, we took four DAPI-dyed
photomicrographs from each sample with an
ASA 800 Ektachrome film. The cellular
volumes were cal culated from length and width
measurements of bacterial images photo-
graphed in randomly selected fields (see
procedures in van Wambeke, 1988). Bacterial
biomass was calculated from biovolume and
total counts by applying a size-dependent
conversion factor for organic carbon of 1.55 *
10 g C um= according to Simon and Azam
(1989) and Torréton (1991).

RESULTS
The results obtained from the extractions

show that the content of ATP in the different
microaerophilic bacterial growth levels varies

359

mediciones de ATP fueron realizadas por la
técnica luciferina-luciferasa utilizando un
lumindbmetro 1250 LKB (Daumas, 1973;
Burninson, 1975; Cavari, 1976).

Con el fin de calcular el carbon organico
microaerofilico, y debido a que existe muy
poca informacion sobre la cuantificacion de la
biomasa bacteriana microaerofilica en medios
de cultivo, la concentracion de ATP fue con-
vertida en carbono celular usando un factor de
conversion (C/ATP) de 250 pg C/ug ATP
(Holm-Hansen, 1969; Karl, 1980; Romano,
1982), calculado para cultivos aerobios y anae-
robios de fitoplancton y bacterioplancton, y un
factor de 356 pg C/pg ATP, calculado en el
transcurso de la presente investigacion.

El conteo total de los efectivos bacterianos
microaerofilicos se realizé por microscopia de
epifluorescencia segun Hobbie et al. (1977) y
Porter y Feig (1980). La mayor dificultad en la
utilizacion de esta técnica reside en la disocia-
cion de los agregados bacterianos y en la sepa-
racion de las células de la matriz de agar que
constituye el medio de cultivo.

Con el fin de separar las células bacterianas
de la matriz de agar, 1 mL de la pelicula con
crecimiento bacteriano fue resuspendido en
9mL de una solucién a 0.002M de Na,P,0,
durante 20 minutos y después sonificada a
45W (60% de eficiencia) durante 60 segundos
con un procesador ultrasénico (Vibra Cell
600W, Bioblock Scientific) equipado con una
sonda de 3 mm; una alicuota de 250 mL de esta
suspensién fue diluida en 10 mL de agua de
mar esterilizada por filtracién, conteniendo
formaldehido al 0.25% (concentracion final) y
0.05% de azida de sodio (Reimars y Smith,
1986). Se colorearon 2 mL del sobrenadante
durante 10 minutos con DAPI (4’ ,6-diamidina-
2-fenilindol dihidrocloruro) a una concentra-
cion final de 5 pg mL~* y filtrados sobre una
membrana de policarbonato Nuclepore negra
de 0.2 um de diametro de poro.
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according to the ring depth in the semi-solid
agar column (fig. 1).

The counting of the total number of
microaerophilic bacteria in every ring analyzed
showed arange of 9.0 ~ 107 to 1.2 " 10° cells
mL-* (fig. 1). The regression analysis (fig. 2)
shows a direct relation between the total num-
ber of microaerophilic bacteria and the ATP
content (R2 = 0.95) in the rings.

The bacterial biomass calculated using the
conversion factor of 250 varied from 0.6 to
45ug C mL2,

The direct counting technique using a cal-
culated mean cellular volume of 0.28 um? and
applying a size-dependent conversion factor for
organic carbon of 1.55 ~ 10 g C um= gave
biomass values higher (4.0 to 56.0 ug C mL™?)
than those obtained by the ATP extraction
technique.

In order to explain the differences in the
values obtained with both techniques used in
this investigation, we calculated the average
concentration of ATP per microaerophilic bac-
terial cell (1.22 +0.43 ~ 107 ug ATP cell?;
n = 41) cultivated in a nitrogen-free mineral
medium, from the ATP concentrations and the
total counts of bacteria obtained from each ring
analyzed. This value coincides with those
reported by Cavari (1976) and Geesey and
Costerton (1979) for wild aquatic bacteria;
nevertheless, it is ten times lower than the
values reported by Hamilton and Holm-Hansen
(1967) and Moriarty (1977) for cultivated cells.

Using this value of ATP contents and the
concentration of carbon per microaerophilic
cell (4.34" 10® ug C cell*), we calculated a
C/ATP relation of 356/1. The biomass values
obtained using this conversion factor fluctuated
between 1.28 and 53.40 ug C mL?, similar to
those calculated using the cellular volume
method and total counts (table 1), except for
rings lower than 15 mm depth in the agar
column which presented four times lower
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En algunos casos, se tomaron cuatro foto-
micrografias por muestra tefiida con DAPI
utilizando una pelicula Ektachrome de 800
ASA. El volumen celular fue calculado a partir
de las medidas de longitud y ancho de las im&
genes bacterianas fotografiadas sobre campos
seleccionados al azar (ver el procedimiento en
van Wambeke, 1988). La biomasa bacteriana
fue calculada a partir del biovolumeny del con-
teo total aplicando un factor de conversién para
carbon organico, dependiente de la talla, de
155" 1073 g C um= de acuerdo con Simon y
Azam (1989) y Torréton (1991).

RESULTADOS

Los resultados obtenidos de las extraccio-
nes muestran que el contenido de ATP en los
diferentes niveles de crecimiento varia segin la
profundidad a la que éstos se encuentren dentro
de la columna de agar semisolido (fig. 1).

El conteo del nimero total de bacterias
microaerofilicas presentes en cada uno de los
anillos analizados mostré un rango de 9.0 ~ 107
al2 10° cel mL (fig. 1). El andlisis de
regresion mostré la existencia de una relacion
directa entre el numero total de efectivos
microaerofilicos y el contenido de ATP (R? =
0.95) enlos anillos (fig. 2).

La biomasa bacteriana calculada utilizando
el factor de conversion de 250 permiti6 obtener
valores de 0.6 a45.0 ug C mL2.

La técnica de conteo directo utilizando un
volumen celular medio calculado de 0.28 pm?
y aplicando un factor de conversién para
carbén organico, dependiente de la talla, de
155" 10 g C um3, dio valores de biomasa
mayores (4.0 a56.0 ug C mL-1) que los obteni-
dos por latécnica de extraccion de ATP.

Con el fin de explicar las diferencias en los
valores de biomasa obtenidos por las dos
técnicas utilizadas en esta investigacion, se
calculd la concentracion media de ATP por
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Figure 1. Average values of ATP concentration and of total bacteriain the microaerophilic growth rings.
Depth (mm) of the growth rings in the agar column, from the agar surface toward the deeper zones in the
tube; n = number of samples analyzed. ATP concentration (shaded area); number of total microaerophilic
bacteria (continuous line).

Figura 1. Promedio de la concentracion de ATPy del nimero total de células bacterianas en la zona de
crecimiento microagrofilico. Profundidad (mm) de la zona de crecimiento en la columna de agar, de la
superficie del agar hacia las zonas méas profundas del tubo; n = nimero de anillos analizados.
Concentracion de ATP (érea sombreada); conteo total de bacterias microaerofilicas (linea continua).

102 bactaria mi1-!

Figure 2. Linear correlation analysis between total number of bacteria versus ATP concentration in
microaerophilic growth rings (R2 = 0.95); n = 47.

Figura 2. Andlisis de correlacion lineal entre el nimero total de bacterias y la concentracion de ATP en
las zonas de crecimiento microaerofilico (R? = 0.95); n = 47.
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Table 1. Tota bacterial number and microaerophilic bacterial biomass measurements based on (a) total
number of bacteria and cellular volume, with a C/vol ratio of 1.55" 107** g C um=, and (b) cellular ATP
concentration, using a C/ATP ratio of 250 and 356 pug C/pug ATP. Growth rings were obtained after seven
days incubation from different depths in the agar column.

Tabla 1. Efectivos bacterianos totales y biomasa bacteriana microaerofilica calculada a partir de (a) una
relacion C/volumen celular de 1.55 © 10 g C um3, y (b) de la relacion C/ATP celular de 250 y
356pgC/ug ATP. Los anillos de crecimiento fueron obtenidos a diferentes profundidades de la columna

de agar después de siete dias de incubacion.

Depth No. bacteria (a) Biomass (b) Biomass
growth ring (20° mL-Y) (g CmL™h) (MgCmL™)
(mm)
C/biovoal C/ATP (250/1) C/ATP (356/1)

3 13 6.0 3.80 5.34

3 33 14.0 6.50 8.54

3 1.9 8.0 5.45 7.48

4 4.4 19.0 17.10 24.21

5 12.0 52.0 37.38 53.40

5 8.3 36.0 27.23 39.16

5 8.8 38.0 42.35 60.52

6 8.3 36.0 30.25 42.72

7 50 220 15.03 21.72

7 45 20.0 1513 21.72

15 0.9 4.0 0.91 1.28

biomass values (1.28 ug C mL-*) and low con-
centrations of oxygen (<7 uM).

DISCUSSION

The fact that the ATP concentrations
obtained from the microaerophilic growth rings
were low may be related to the specific compo-
sition of the culture medium. This semi-solid
nitrogen-free medium with limited concentra-
tions in organic substrates is selective for
diazotrophic bacteria able to use molecular
nitrogen for their protein synthesis; this reac-
tion is endergonical and consumes high quan-
tities of ATP (Karl, 1980; Atlas, 1984).
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célula bacteriana microaerofilica (1.22 + 0.43 "
10 ug ATP cell; n = 41) cultivada en un
medio mineral carente de nitr6geno combi-
nado, a partir de las concentraciones de ATPy
el conteo total de efectivos bacterianos obteni-
dos en cada uno de los anillos analizados. Este
valor coincide con los reportados por Cavari
(1976) y Geesey y Costerton (1979) para bacte-
rias acuéticas silvestres; sin embargo, es diez
veces menor que los valores reportados por
Hamilton y Holm-Hansen (1967) y Moriarty
(1977) para células en cultivo.

Conociendo el contenido de ATP y la con-
centracion de carbono por célula microaerofi-
lica (4.34 = 108 ug C cel?), se calculé una
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The low concentrations of ATP and
bacterial cells in the aerobic zone between 3
and 5 mm depth and in the interface with the
anaerobic zone of the agar column (0.047 *
0.003 ug ATP mL~* and 0.018 + 0.008 ug ATP
mL-1, respectively) may possibly be explained
by the fact that microaerophilic bacteria show a
low activity in the respiratory chain enzymes
(superoxide dismutase, catalase and peroxi-
dase) able to eliminate the oxygen’s toxic radi-
cals formed during their aerobic respiration
(Stouthamer et al., 1979); this prevents them
from growing in highly oxygenated zones. On
the other hand, within the limits of the
microaerophilic-anaerobic zone, the presence
of facultative anaerobic bacteria with limited
metabolic activity could explain these low con-
centrations owing to the fact that during their
aerobic growth these microorganisms can elude
from their respiratory metabolism oxidative
phosphorilation (Stouthamer, 1976; Postgate,
1984) and then the energetic output per
molecule of oxidated substrate will become
less.

The intense microbial activity in the
growth rings between 5 and 10 mm depth
shows that the microaerophilic-diazotrophic
bacterial population studied presented its
highest metabolic activity in a range between 6
and 114 uM O,, as shown by the high counts of
bacterial cells (1.2 + 0.28 ~ 10° cell mL~?) and
ATP (0.15 + 0.029 pg mL-') concentrations
registered in this zone.

The differences between these values and
those calculated by the carbon/biovolume
method may be explained by the presence of
intact but inactive cells included within the
counting, and an overevaluation of the cell
volume from a photograph taken with an
epifluorescence microscope, owing to a high
fixation of the fluorochrome (Torréton, 1991).

In fact, the common problem in all biomass
determination techniques lies in finding an
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relacion C/ATP de 356/1. Los valores de bio-
masa obtenidos con este factor de conversion
fluctuaron entre 1.28 y 53.40 pg C mL~?, seme-
jantes a los calculados por el método de
volumen celular y conteo total (tabla 1), a
excepcion de los anillos localizados por debajo
de 15 mm de profundidad en la columna de
agar, los cuales presentaron valores de biomasa
cuatro veces mas bajos (1.28 pug C mL™?), asi
como bajas concentraciones de oxigeno
(<7uM).

DISCUSION

El hecho de que las concentraciones de
ATP obtenidas en los anillos de crecimiento
microaerofilico fueron bajas puede estar rela-
cionado con la composicién especifica del
medio de cultivo. Este medio de -cultivo,
carente de nitrogeno combinado y con limita-
cion en sustratos organicos, es selectivo para
bacterias diazotrofas capaces de utilizar el
nitrégeno molecular para su sintesis de pro-
teinas; esta reaccion es endergénicay consume
grandes cantidades de ATP (Karl, 1980; Atlas,
1984).

Las bajas concentraciones de ATP y de
células bacterianas registradas en la zona aero-
bia comprendida entre 3 y 5 mm de profundi-
dad y en la frontera con la zona anaerobia de la
columna de agar (0.047 + 0.003 ug ATP mL™
y 0.018 + 0.008 pug ATP mL-%, respectiva-
mente), pueden deberse a que las bacterias
microaerofilicas presentan una baja actividad
en las enzimas de la cadena respiratoria
(superdxido dismutasa, catalasa y peroxidasa)
capaces de eliminar los radicales téxicos del
oxigeno formados durante su respiracion aero-
bia (Stouthamer et al., 1979); esto les impide
crecer en zonas altamente oxigenadas. Por otra
parte, en los limites de la zona microaerofilica-
anaerobia, la presencia de bacterias anaerobias
facultativas con una actividad metabdlica
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appropriate conversion factor for every specific
condition culture. Most of these factors were
obtained from monospecific cultures and under
optimum growth conditions. Thus, the varia-
tions in the ATP concentrations in different
taxonomic groups are wide. Our results lead us
to believe that the conversion factor C/ATP of
356 is more appropriate than that of 250 pro-
posed by Holm-Hansen (1969) for measuring
the microaerophilic bacterial biomass exposed
to the stress of a semi-solid nitrogen-free
medium with low concentrations of organic
substrates.

Nevertheless, it is difficult to determine
which of the two methods used during this
investigation (carbon/biovolume or carbon/
ATP ratio) gave the most exact organotrophic-
microaerophilic-diazotrophic  bacterial  bio-
mass values. It is clear that the highest values
were obtained by the direct/biovolume
counting method, but we must make sure thisis
the living bacterial biomass. This fact limits the
usefulness of the carbon/biovolume ratio as a
method of estimating the microaerophilic bac-
terial biomass and could be the main reason for
the discrepancy in the results obtained with the
two methods.
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