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Descriptions of the state of bacterial cells

Table S1: Descriptions of the state of bacterial cells

Term

Definition'

Comments

Total bacteria

Viable (living)
bacteria

Metabolically
active bacteria

Dormant bacte-
ria

Culturable bac-
teria

Viable but
non-culturable
(VBNC) bacte-
ria

Dead bacteria

All non-lysed bacterial cells, in-
cluding viable and non-viable
cells.

“A cell capable of dividing and
forming at least one live daugh-
ter cell when it is placed in a fa-
vorable environment”.

Bacteria actively engaging in
detectable metabolic processes.

Cells which have entered a
“rest period” or “reversible in-
terruption of phenotypic devel-
opment” (Sussman and Halvor-
son, 1966).

Bacteria capable of growth and
multiplication under a particu-
lar set of environmental condi-
tions.

“Bacterial cells with detectable
metabolic function, but not cul-
turable by available methods”
(Colwell, 2000)

Cells which are no longer capa-
ble of metabolic activity or re-
production, i.e., lysed cells and
other cells incapable of being
resuscitated.

The use of the term “bacteria” is not specified by most authors. We take
it to include all prokaryotes (organisms without a cell nucleus), i.e. both
Bacteria and Archaea, since the studies reviewed here do not explicitly dis-
tinguish these two domains.

Defining viability is difficult, mostly because there is no method to deter-
mine definitively whether an intact, dormant cell, under the right condi-
tions, could be “resuscitated” and become metabolically and reproductively
active.

The presence of metabolically active cells can be tested by indirect mea-
surements, e.g., of enzyme activity, photosynthesis, respiration and energy
charge. Metabolic activity is often equated with viability (Colwell, 2000).
Dormant bacteria do not metabolize, or else exist in a vegetative state and
metabolize at very slow rates. Dormancy is a survival strategy used by
bacteria when environmental conditions are unfavorable, for instance in re-
sponse to low nutrient availability or danger of dessication. It may involve
the formation of a spore or cyst, but non-sporulating bacteria can also en-
ter into dormant states. They do not reproduce while in the dormant state;
however, they may be “resuscitated” and return to a metabolically active,
reproductive state.

In environmental samples, only a small fraction of viable bacteria are cul-
turable, and the size of this fraction depends on the particular experimental
technique used. Many investigators refer to the culturable bacteria count as
“viable” bacteria, which is misleading. We use the term “culturable” bacte-
ria to emphasize this important distinction. Note also that we use the term
“culturable” to mean “culturable by a particular method”, which is how it
is usually used in observational studies. This is different from the usage
in the term “viable but nonculturable”, in which “culturable” bacteria are
implicitly defined as cells which can be cultured by at least one available
method.

The vast majority of bacteria in environmental samples are VBNC (Amann
et al., 1995). These cells are very much alive — pathogenic bacteria in
the viable but nonculturable stage are capable of causing disease (Colwell,
2000). The use of the terms “dormant” and VBNC in the literature is incon-
sistant. While dormant cells are VBNC, we do not equate the two terms.
Many bacterial species have never been successfully cultured, even when
metabolically active (Amann et al., 1995), and these species can also be
termed VBNC.

It has been difficult to distinguish truly “dead” bacteria from those in a
dormant phase. Unlike multicellular organisms, bacteria do not undergo a
natural senescence and death sequence. A large number of methods have
been proposed for distinguishing living bacteria from dead cells (Roszak
and Colwell, 1987).
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