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Abstract: Enrichment culturing and transferring technique is frequently used to obtain specific functional microorganisms for more in-depth
investigations from the complex samples containing a wide range of different microorganisms. This technique is fundamental and critically
important in research of microbial ecology, environmental microbiology, and environmental science, but the proper practice of this technique
in applications remains ambiguous to some investigators. Because of this situation, misuse and lack of comprehensive understanding of the
meaning of this technique are frequently found in manuscripts or even publications. This article provides a discussion about this technique
and the meaning for practical use to enhance research for high-quality results and the scientific information effectively when used. The
key elements of this technique include cultural medium composition, culturing and incubation, frequency of transferring for enrichment,
procedures prior to the isolation and purification to obtain possibly pure cultures or enrichments of the capable microorganisms for further
biochemistry and physiology investigations. The information is intended to improve the basic understanding of this technique for a more
effective and efficient applications in research to advance the basic and fundamental information and to pave the way for more innovative
research and discoveries to science.
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1 Introduction
Microbial transformation and degradation of toxic and in-
dustrial chemicals are important research information and
also for biotechnological applications in cleaning up the pol-
luted sites (Alexander, 1999; Gu, 2018; Schwarzenbach et
al., 2006; Zylstra and Kukor, 2005). To achieve the goals of
both any research and applications, isolation of the specific
microorganisms are often the first step required prior to the
establishment and substantiation of the biochemical transfor-
mation processes, the enzymes and genes involved, in situ
expression and activity of the microorganisms, and applica-
tions in cleaning up contaminated sites (Gu, 2016; 2020a;
2020b). Traditionally, pure cultures of microorganisms are
the basic requirements to establish the taxonomy and clas-
sification as well as the physiology and biochemistry for a
comprehensive documentation of the relevant information in
microbiology (Alexander, 1999).

Current laboratory methods on culturing and isolation of
microorganisms can only achieve for no more than 1% of
the natural population using the currently available labora-
tory culturing techniques (Amann et al., 1995). It is still a
great difficult task to isolate or enrich specific functional and
new microorganisms from complex environmental samples
of soils, sediments, and sludge before the further biochemical

and physiological analyses of the pure culture of any new
microorganisms. One of the reasons to the current situation
is inherited mainly from the commercially cultural media
available and also the established agar plates for isolating
techniques initially used for medical microbiology. For ex-
ample, the commercial microbiological media contain high
concentrations of nutrients that are far greater than those
found in the natural ecosystems by at least thousands to
millions of orders. In such case, the fast growing microorgan-
isms capable of utilizing and survival at such extremely high
concentrations of nutrients (osmotic pressure and substrate
sequestration through transporters) are isolated easily. This
approach and strategy has been very effective in isolation of
medically important pathogens and opportunistic ones due
to the enrichment of them before disease development and
symptom, but microbial ecology of the natural ecosystems
or polluted environments are different and shall be dealt with
using different technical methods because of the oligotrophic
condition and toxicity, respectively. Though less emphasized,
this technique of enrichment is a foundation and basis for
high impact research for new discoveries as illustrated with
ammonia-oxidizing archaea (AOA) (Könneke et al., 2022b),
Anammox (Mulder et al., 1995), n-damo (Raghoebarsing et
al., 2006), Comammox (Daims, 2015; 2020c) for the past
almost 30 years as examples. This is also true in environ-
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mental microbiology when degradation of toxic pollutants is
the research objective, but the toxicants as both substrate for
microbial growth and also toxic chemical must be balanced
for the identification of the concentration range feasible for
enrichment culturing. Many degradation studies of pollu-
tants frequently mention the use of enrichment culturing
technique in the research and results, but the meaningful
application and an adequate understanding of the technique
in practice are apparently lack or weak in many of them on
microbial transformation (Ma et al., 2020; Gu, 2016). The
challenges with non-visible microorganisms, fungi, bacteria,
and archaea are apparently their smaller sizes than animals
and plants, and sophisticated instrumentation or analytical
techniques are required to detect the selective one from the
general population.

2 Enrichment culturing and Transfer

2.1 Culture medium composition

The purposes of establish any enrichment are to increase the
targeted population of microorganisms by a combination of
means, selective substrate, medium composition, culturing
conditions, and frequent transfer. Culture medium composi-
tion for microorganisms is fundamentally important to the
success of enrichment and culturing. To isolate microor-
ganism capable of degrading any selective organic pollutant,
the organic chemical of concern shall be the sole source of
carbon and energy in the medium for heterotrophic microor-
ganisms, but another carbon source is included in the cultural
medium in many studies to allow easy positive results on
microorganisms (Ma et al., 2020; Zhang et al., 2021). As
a result, the proliferation of microorganisms in the culture
medium cannot be those responsible for utilizing the organic
environmental pollutants. The purpose of enrichment by
selection pressure by the amended organic chemical is for-
gotten completely in practice and the results introduce bias
on claim that the isolated microorganism utilizes the target
chemical for growth because co-metabolism is the mecha-
nism involved for the transformation of the target chemical
in reality (Horvath, 1972; Hulbert and Krawiec, 1977).

A specific chemical of choice shall be a source of carbon
and energy for the microorganisms in the enrichment culture
to utilize it for population growth when the chosen concen-
tration is obviously below the toxicity level (Gu, 2020b). For
many environmental pollutants, water solubility of them is
a major limiting factor to allow high concentration achieved
in cultural media (Ji et al.,2020a; 2020b; Liu et al., 2020a;
2020b; Zhou et al., 2019), and, as a result, bioaccumulation
in organisms and animals, and biomagnification through the
food chain transfer are often observed (Gu, 2019). The spe-
cific concentration used in cultural media is far exceeding the
solubility of them in water in many publications (Ma et al.,
2020; Zhang et al., 2021) and the determination of concen-

Figure 1. An illustration of substrate (in red) depletion and at the
same time population increase (in blue) during culturing in the
initial enrichment culture and then first enrichment transfer culture,
showing similar patterns for substrate and microbial population.

tration during incubation becomes less reliable or inaccurate
to show the indicative degradation as claimed. This factor
has not been addressed carefully in a large number of the
publications in environmental science and engineering.

2.2 When to transfer
When a microorganism is capable of metabolizing a specific
chemical, its population and also the other microorganisms
from the initial inoculum cannot be distinguished by conven-
tional monitoring techniques, plate counting or spectropho-
tometry. However, the substrate concentration dynamics can
provide an indication on the population utilizing the substrate
potentially because these two are generally inversely related
(Figure 1). This becomes more convincing and evident after
a number of enrichment transfers being made and similar re-
sults can be repeatedly observed (Gu and Berry, 1991; 1992).
After an appreciable quantities of the substrate have been
disappeared from the culture medium, e.g., 60-70%, the first
enrichment transfer can be made to eliminate the mixed pop-
ulation of microorganisms from the inoculum and also to
further enhance the capability of the metabolizing microor-
ganism to further increase its population and competitiveness
in the culture medium (Gu and Berry, 1991; 1992). Many
published papers stop at the initial enrichment without any
transferring, which does not carry the meaning of enrichment
and transfer because no elimination of the non-wanted mi-
croorganisms has been made by any attempt and the culture
still contains a mixture of far too many non-degraders than
the targeted few. Others make the first transfer and then plate
the culture medium directly onto nutrient rich agar plates to
isolate microorganisms. Both of them conduct the so-called
‘enrichment and transfer’ only partially or preliminarily and
the results are not effective to allow selecting any truly de-
grading microorganisms by the transferring steps to eliminate.
In conducting the procedure correctly, a number of transfers
shall be made to exhaust the microbial contaminants and also
confirm the biochemical capability of the possible microbial
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isolates by detecting the substrate concentration repeatedly
(Figure 2). By observing the transfers, the enriched microor-
ganisms are competitive in utilizing the substrate as the sole
source of carbon and energy and also provide high chance
of purifying it with the selected substrate in the agar plates.
The foundation and logic of enrichment and transfer must
be understood well enough to serve the research purpose for
better achievements.

Figure 2. A schematic illustration of the enrichment culturing
prior to isolation and identification of culturable microorganisms
for capability of degrading selective environmental organic toxicant

2.3 Enrichment processes
Enrichment transfer processes play a very important role in
enriching the degrading microorganisms while eliminating
those that do not participate in degradation processes or con-
tribute less significantly. This procedure can be illustrated in
Figure 2, in which a starting inoculum of 1.0 g of inoculum
materials, namely soil or sludge or water sample can be used
as the source of microorganisms. The organic carbon in the
initial culture is 1% (1 in 100 ml, total volume used) and,
when enrichment transfers are being made, the first enrich-
ment (2nd flask in Figure 2) and subsequent ones contain
100 ppm, 1 ppm and 10 ppb of the initial carbon from the
inoculum as carried over in subsequent enrichment transfer
cultures. Since the target chemical is used at a relatively
constant concentration in each enrichment transfers, this al-
lows the enrichment transfers to firmly establish that the
selected microorganisms showing a population growth use
the candidate substrate effectively, not the carried over from
the inoculum to support the biomass or interfere with the
observed results (Figure 2). This series of transferring steps
is mostly missing from many investigations unfortunately
(Ma et al., 2020; Zhang et al., 2021). This shall be a major
emphasis on educating the young researchers to full grasp
the meaning of the enrichment and transferring technique
to better conduct their research efficient and scientifically to
serve the science.

2.4 Frequency of transferring

Given the importance of the enrichment transfers, what shall
be the time interval to make a transfer or next one? Obviously,
this depends on the substrate and its concentration, and also
the growth rate of the candidate microorganisms, which are
difficult to monitoring specifically due to the complex nature
of the enrichment culture with so many different microor-
ganisms at the same time. However, it is relatively easier to
monitoring the substrate concentration depletion during the
incubation as an indicator for increase of the whole microbial
population (Figure 1). If this is used, further enrichment
transfers may result in positive growth of a certain and more
and more selective microbial population continuously in the
successive enrichment transfers. This is the sole reason for
transferring in practice. But, it is also expected that a delayed
concentration change or no change at all may be observed
which suggest that the anticipated microorganisms have not
been successfully enriched between the transfer progression,
possibly slower growth rate and other factors involved. At
this point, a new revised plan shall be considered to allow
the research objective met hopefully through reasoning and
logical laboratory efforts. The other reasons may be possibly
due to lack of growth cofactors or other specific nutritional
requirements for the candidate microorganisms or simply the
environmental conditions in the culture medium after further
transfers are being made. This situation has been experienced
with many of the dehalogenating microorganisms reported
before (Maymo-Gatell et al., 1997; Shelton and Tiedje, 1984).
Unfortunately, there is no available textbook instructions or
guidance on the specific steps taken to identify the causes or
solve this issue productively, but trial-and-error is essential
to find out the solution logically and innovatively to advance
the research for a big breakthrough. The challenges involved
here also mean great opportunities ahead as evidenced by
the major breakthroughs made (Maymo-Gatell et al., 1997;
Shelton and Tiedje, 1984).

2.5 Others to be considered

In the marathon for enriching the target microorganisms, time
interval for the enrichment transfer is an important factor
because it shall allow the multiplication of the candidate mi-
croorganisms more than the non-targeted ones to make trans-
ferring meaningful to benefit the enrichment and isolation.
This factor can be balanced between the growth rate of the
target microorganisms and elimination of the co-existed popu-
lation to achieve the best results efficiently. Because of chem-
ical composition in the medium and incubation conditions,
including osmotic pressure, cations and anions available, pH
value and temperature, aeration and dissolved oxygen or agi-
tation of the cultural medium, the targeted microorganisms
may respond to these or a selective one or a few sensitively.
For example, Anammox and n-damo bacteria grow best un-
der low dissolved oxygen in chemostat fermenters (Mulder
et al., 1995; Raghoebarsing et al., 2006), but not strictly
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anaerobic conditions without any oxygen while AOA and
Comammox require aerobic condition but no agitation of the
culture medium during incubation (Könneke et al., 2022b;
Daims, 2015). These requirements are not found in any labo-
ratory manual or textbook previously, and they are first hand
experiences from the pioneering researchers conducting the
enrichment culturing and observing meticulously for any
changes at each small step to accumulate an overall under-
standing. The greater challenges are obvious to everyone in
conducting original and innovative research, but the outcome
as a reward is also significant greater worthwhile the efforts
put into this. Currently available genomics and transcrip-
tomics coupling with chemistry also allow a peek into the
microbial world for the rich diversity of microorganisms and
biochemical capability (Chen, 2020; Gu, 2021; Liu et al.,
2018; Liu et al., 2020a; 2020b; Yang et al., 2020a; 2020b;
2020c).

3 Future Perspectives
With the rich repertoire of new microorganisms unknown in
pure cultures or enrichment cultures of natural and impacted
environments, research protocols on enrichment and isolation
of different functional groups of microorganisms need to
be further improved and refined to advance our technical
capabilities in manipulation environmental samples for high
success rate in isolating and purifying new microorganisms
from the ecosystems. The success from such effort allows
more detailed research on the biochemistry and physiology
of the new microorganisms to advance our knowledge on
the rich diversity of microbial metabolism and enrich the
phylogenetic and evolutionary understanding of them to the
current available tree of life for a better knowledge in life
science and biology.

It is a reality that no standard methods are available in
this frontier research in microbiology and the existing ones
can serve as references, but more new protocols or methods
can be developed from more successful cases. Because of
this, the methods used current and reported in publications
must be reliable and also on a solid foundation for further
microbiological research development. A lack of such re-
quirement and standards in quality control would delay the
advancement of microbial ecology, especially on isolation
and enrichment of new functional microorganisms from the
diverse and anthropogenic impact ecosystems.
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