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Uptake kinetics of the microbial populations with
different redox pathways in the sulfuretum of Saanich Inlet”

Humitake SEK1**

Abstract: The uptake kinetics of amino acids by natural microbial populations in the redox
gradient of sulfuretum of Saanich Inlet, British Columbia, Canada, were studied based on
Michaelis-Menten kinetics. Models of the kinetics were statistically generalized with refer-
ence to the anoxic-hypoxic-oxygenic environments of outermost sulfuretum layer. The
classification of waters in this study were anoxic without dissolved oxygen, hypoxic with
dissolved oxygen between 0.006 and 0.456 mgO: and oxygenic higher than 0.5 mgO:, on the
basis of redox range where the metabolism of each natural microbial population functions
anaerobically, microaerophilically or aerobically. The kinetics in the anoxic environment
were shown to be less efficient than those in the hypoxic environment. The actual function
in the uptake kinetics took place only a few times inefficient in the order of micro-
aerophilic, anaerobic and aerobic microorganisms, although the maximum attainable ac-
tivities of the kinetic models in both hypoxic and anoxic environments were one order of

magnitude lower than those in the oxygenic environment.

1. Introduction

In relation to redox condition of the marine
environment, the predominant habitat segrega-
tion of marine organisms has been shown as;
anaeobes in anoxic region between 0 and 0.01
PDL (O: of the present dissolved level),
microaerophiles in hypoxic region between 0.01
and 0.1 PDL, and aerobes in oxygenic region be-
tween 0.1 and 1 PDL (SEk1, 1991; 1993). At all
these conditions, except in anoxic region of the
eutrophic environment, readily available or-
ganic nutrients are maintained in a steady-state
equilibrium (HurcHINSON, 1970; SEKI,1982)
usually below 20 zgl~'. Because of these low
nutrient concentrations, marine microorgan-
isms are chiefly responsible for the assimilation
and decomposition of these organic debris in the
marine environment (e.g., ZOBELL, 1946; PAR-
SONS et al., 1977; SOROKIN, 1978; RHEINHEIMER,
1980; SeKI, 1982;1992).

The first step in the microbial function of pu-
rifying the environment can be performed
through the assimilation of organic matter into
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microbial cells. This assimilation has usually
been described using Michaelis-Menten enzyme
kinetics, as originally been shown by PARSONS
and STRICKLAND (1962), as
Vit Sn
T e, (1)
Vv Kt+Sn
where Vt is the rate of microbial assimilation,
and Vis its maximum. Kt is the transport con-
stant of microbial assimilation, that is similar
to the Michaelis constant and is defined as the
substrate concentration when the rate Vt is half
of the maximum rate V. Sn is the nutrient con-
centration in the environment of microbial cells.

Once the nutrient substrate passes through
the cell membrane of a microorganism, it can be
oxidized efficiently through a series of bio-
chemical pathways. The rate of microbial
decompostion of organic matter is, therefore,
regulated by the rate of microbial uptake.

The uptake kinetics model of each microbial
group utilizing terminal electron acceptor dif-
ferently were determined at optimal condition
of the anoxic, hypoxic or oxygenic environment
inside outermost sulfuretum layer of Saanich
Inlet, with reference to evolutionary aspect of
the microbial energetics.
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Table 1. Statistical difference (F test) of each parameter value comprising microbial uptake
kinetics in different redox conditions in the deep water of Saanich Inlet, B. C., Canada.

Tt Sn \% Vit
Between oxygenic and hypoxic environments
58.14 * * 22.74 % x 83.23 % * 15.97 % * 64.71 % *
Foo aw =6.97 (degree of freedom: 1, 78)
Between hypoxic and anoxic environments
0.06 0.53 1.43 0.89

FFus ass =4.01  (degree of freedom: 1, 58)

* * highly significant

2. Methods

The waters in the sulfuretum of Saanich Inlet
has been shown as mesotrophic (SEKI et al.,
1984). In these waters with various redox char-
acteristics, the kinetic models of nutrient up-
take by natural microbial communities were
taken. Each kinetic model was analyzed with
special reference to the catabolic characteristics
of microbial population, using original data
SekT (1882) and Sek1 et al. (1984).

3. Results and Discussion

The statistical differences between parameter
values comprising the microbial uptake kinetics
of amino acids in different redox environments
are analyzed in Table 1. All the parameter val-
ues of uptake kinetics in the anoxic and hypoxic
environments were not statistically different,
whereas those in these environments and the
oxygenic environment were statistically differ-
ent at highly significant levels.

The uptake kinetics of amino acids by the
natural microbial communities were statisti-
cally generalized (Figure 1) in each redox type
of sulfuretum water by the following formulae:
(1) In the anoxic waters, the kinetic model could
be expressed as,

Vit Sn
0.028 33 +Sn
In this relationship, the actual microbial up-
take took place in a concentration range of

amino acids of 2.7£0.7 ugl™, with 95% confi-
dence limits. The actual uptake rate took place

in the range of 0.0023 +0.0011 g g1~ 'hr~'with
95% confidence limits. Therefore, the microbial
uptake in situ could function at the level be-
tween 6 and 13% of the maximum attainable
rate estimated from its Michaelis-Menten kinet-
ics, with a moderately large transport constant
of the natural microbial population (SEKI,
1992). This model is representing energetically
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Fig. 1. Range of the generalized model of
Michaelis-Menten kinetics for the assimilation
of amino acids by the natural microbial com-
munities (95% confidence limits) in the
sulfuretum of Saanich Inlet.

AW: in anoxic waters
HW: in hypoxic waters
OW: in oxygenic waters
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the nature of a moderately slow geochemical cy-
cling in the marine anoxically mesotrophic wa-
ters.

(2) In the hypoxic waters, the kinetic model
could be expressed as,

Vit Sn
0.048 40 +Sn

In this relationship, the actual microbial up-
take took place in a concentration range of
amino acids of 2.9£5.1 pgl™!, with 95% confi-
dence limits. The actual uptake rate took place
in the range of 0.0045+0.0026 ¢ g1~ *hr~*with
959% confidence limits. Thus the microbial up-
take in situ could have functioned at the level
between 6 and 9% of the maximum attainable
rate estimated from its Michaelis-Menten kinet-
ics, with a moderately large transport constant
of the natural microbial population (SEKI,
1992). This model is energetically well repre-
senting the nature of another moderately slow
geochemical cycling in the marine hypoxically
mesotrophic waters.

(8) In the oxygenic waters, the kinetic model
could be expressed as,

Vit Sn
0.12 8.9+Sn

In this relationship, the actual microbial up-
take took place in a concentration range of
amino acids of 11.6+3.7 pgl ™, with 95% confi-
dence limits. The actual uptake rate took place
in the range of 0.054£0.013 x gl 'hr 'with 95%
confidence limits. Thus the microbial uptake in
situ could have functioned at the level between
41 and 53% of the maximum attainable rate es-
timated from its Michaelis-Menten Kkinetics,
with a moderately small transport constant of
the natural microbial population (Seki, 1992).
This model is energetically well representing the
nature of the fastest geochemical cycling in the
marine oxygenic mesotrophic waters.

Models of the microbial uptake kinetics show
that those in the anoxic and hypoxic environ-
ments were similar statistically, but the most
inefficient nature of microbial uptake was evi-
dent in the anoxic environment. These kinetics
models show that these uptake efficiencies were
one order of magnitude less than that in the

oxygenic environment. Thus, with the function
of in situ substrate concentration in the ambient
water, the actual in situ uptake took place
greater by the natural microbial population of
aerobic, microaerophilic and anaerobic microor-
ganisms, in that order. From the energetic
point of view amongst these metabolic groups,
the difference in free energy yeild efficiencies
must be reasonable, as those efficiencies in fer-
mentation, anaerobic and aerobic respiration
are 25, 26 and 39 % for the procaryotic microor-
ganisms. The best efficiency in the redox path-
ways of a microbial group must have ruled the
theoretically appropriate order of the in situ
predominancy of anaerobic, microaerophilic and
aerobic microorganisms in the anoxic, hypoxic
and oxygenic environments of Saanich Inlet, re-
spectively.
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