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ABSTRACT 

Microbes are present in virtually everywhere. Natural microbes live in their niches 
that are found in almost all materials, surfaces and surroundings. Microbial strains active 
in any specific conditions are often somewhat different from the other ones in slightly 
differing conditions, and so are the exact compositions of the microbial communities 
unique in each environment or niche. Many strains remain latent, which guarantees the 
versatility, metabolic potential, and recovery option of the microbiome. Evidently, 
whatever microbes dominate in a specific setting, they actively and positively 
communicate with each other. By following up their exchange of signals and information 
between the subpopulations, we can learn to interpret the consequences of these 
interactions on the macroscopic level. This could open up new dimensions for the human 
industries, too.  

The metabolic products of any of the strains activate the other members of the 
community. As a result, together the strains constitute an ecological network of 
biochemical unit reactions, pathways and cascades. Equally well, our understanding on 
the microbial world and on the balances it often strives for, could give us a deeper insight 
into the functions of the ecosystem as a whole. We should carefully screen the unseen 
microbes in everywhere. Microbial growth and metabolism could relate to the road 
building as well as to the seafare. The microscopic living forms could help us in solving 
most of the seemingly overwhelming environmental issues or ecocatastrophes, such as 
the accumulation of non-degradable plastics into oceans, soil and biosphere. Their 
contribution to the development of Arctic ecosystems is unambiguous.  

When a microbial strain is functional, it also becomes subjected to its own genetic 
regulation, as well as to the regulation by other organisms and the environmental 
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conditions. A clear but flexible vision is a prerequisite for truthful microbiological 
research, and planning of a bioprocess. This relates also to the scale up of the process. It 
is usually not possible to observe the individual microbes by naked eyes. Research 
instruments, or one-line sensors and well-designed laboratory tests are warranted, 
together with as open, scientific thinking. In this chapter, some examples of the mindset 
behind successful microbiological research and processing of the results are discussed.  
 
 

1. INTRODUCTION 
 
It is self-evident that any microbiological function in the environment is dependent on 

numerous chemical and physical circumstances. Also the joint influences of these factors play 
an important role, and the overall effect of all the parameters together is always somewhat 
difficult to be foreseen. This makes any microbiological process subjected to sudden minor 
changes, events or gradients in the surroundings, and these processes could be somewhat 
unpredictable. Therefore, also the common fecal indicators such as coliforms and enterococci, 
have been replaced in the case of monitoring the chemicalized waters with other organisms 
such as Pseudomonas aeruginosa, for example (Hakalehto 2012a; Massicotte et al., 2017). 
The pseudomonads are more robust organisms in this kind of industrially stressed milieu, and 
they could be used for screening the microbiological hygiene there.. 

Any simple microbial cell will reflect its physicochemical environment and the 
conditions in its closer up niche. Moreover, the cell will send and receive biochemical signals 
that co-regulate its behaviour as a part of a microbial community or colony. As a clear 
circumstantial evidence of this “molecular communication” we can take the fact that often the 
growth initiation requires a certain number of cells, or a critical mass of an inoculum. This is 
needed for the onset of population growth. In fact, all eubacterial strains require a trigger by 
outside CO2 for the start of their cell division. If carbon dioxide is not present, no growth will 
occur. This was evidenced in a case of sequential cultures of Lactococcus brevis and 
Clostridium butyricum, for instance (Hakalehto and Hänninen 2012). Then the gas emissions 
from the lactobacilli cultures were directed into the clostridial population as a sterile-filtered 
gas flow. The latter one was boosted by the CO2 emission by the former ones.  

How is this size-dependence of the inoculant explained? Does a microbial cell prefer 
having others of its kind surrounding it to form a “critical mass” before propagation? Or 
could the environment sustain preferential conditions for the division in the case of more 
packed up inocula? On a membrane filter we can observe individual cells, and aggregates of 
many cells. It is clear that the likelihood for the growth is better in the latter case, as many 
cells join together. In fact, it could be assumed that the gas flow produced by the bacteria 
themselves could provoke the onset of growth in the culture as described above (Hakalehto 
and Hänninen, 2012; Hakalehto 2015). Consequently, this gas flow is more intense in the 
groups of cells or in aggregates.  

The physical and chemical factors of the bubble formation influence the shear stress in 
various parts of the bioreactor liquid phase in changeable gas velocities (Christi 2013). 
Moreover, the dissolving of the gas within the bubbles is determined by the gas physics, 
thermodynamics and the partial pressures of various gases within the bubbles and inside the 
fluid. Consequently, the equations for the effects of the bubble flows on any particular 
microbial populations can become relatively complicated ones. In water hygiene analysis, the 



The Effects of Bioprocess Scale, Intracellular Milieu and Environmental Parameters 555 

PMEU equipment and technology (Portable Microbe Enrichment Unit) exploit the boosting 
effect of the bubbling gas flow on the growth of micro-organisms (Hakalehto et al., 2013). 
There the gas flow influences the growth and metabolism of microbial populations. 

It could be assumed that the liberation of hydrogen is also setting pace for the metabolism 
of anaerobic microbial communities in many cases (Hakalehto 2016). New water molecules 
are bound and absorbed into the cells and replace the emitted H2 and O2. The liberation of H2 
leads to the formation of carbon oxides, which then leads to the circulation of C, O and H. If 
nitrogen is fixed in reductive conditions, this accelerates this liberation of H2, and leads to 
increased need of organic matter substituent in the soils in order to maintain the fertility.  

 
 

2. BACTERIAL METABOLIC ADAPTATION 
 
In case of encountering overwhelmingly unfavorable conditions either for their growth or 

survival, microbial cells or populations may turn into the overflow mode of metabolism 
(Teixeira de Mattos and Tempest, 1983, Hakalehto, 2012a). They can the metabolize the 
surrounding chemical substances by such processes that convert those into forms, which will 
cause less environmental stress for the organism itself. This metabolic pattern occurs without 
promoting any growth of the population. By such means some bacterial subcultures may 
strongly influence the pH, for instance (Hakalehto et al., 2008, Hakalehto et al., 2010). In 
these cases the acidifying CO2 and H2 (the acidifying effect as the hydroxide ions increase in 
the medium), or nitric or sulfur oxides, may get emitted and thus relieve the environmental 
stress.  

In opposite situation, with basic gas flow, the liberation of ammonia in gaseous form 
lessens the pH stress caused by e.g., the degradation of proteins and the consequent increase 
in pH. Whatever the direction of the change or its expression, the bacteria may have means 
for “challenging the odds” to some extent. It is important to realize, that the microbial 
community contains far more strains than those, which are active at one time. This actually 
creates the potential of the microbiome to cope with different situations, as well as changes in 
the conditions. In most circumstances the microbiome is striving for a balance between its 
members. In both pure and mixed cultures, the scale is important “moderator.” Any emissions 
of gases or solutes gets diluted into the whole volumes of the reactive suspensions.  

About ten years ago we started the studies on the Klebsiella sp. and their dualistic balance 
and symbiosis with other intestinal bacteria, such as E.coli. Then it became obvious that both 
bacterial members of the dualistic balance were doubling their growth yield when cultivated 
together in same vessels or syringes (Hakalehto et al., 2008). Some transfer of electrons 
occurred as the acetic acid produced by E.coli was quickly reduced into neutral substances 
ethanol and 2,3-butanediol by the klebsiellas, both of which also being valuable products of 
the biorefinery. 

In order to facilitate the above-mentioned fast and extensive neutralization of acids, and 
the accompanied emissions of CO2 and H2 gases, the klebsiellas would need some reducing 
power. Its source has been suggested to be found in the intracellular long term energy 
resources of the bacterial cells (Hakalehto et al., 2008). These reserves are formed mainly by 
β-polyhydroxybutyrate.  
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Specific traits of both individual bacterial strains and their symbiotic cultures with other 
strains can explain their behavior in many industrial processes, in the environment, and in any 
clinical setting. In case of klebsiellas, the major metabolic events occur in a co-culture with 
e.g., E.coli as follows: 

 
1) acid formation by E.coli, 
2) subsequent conversion of acetic acid into neutral substances by the klebsiellas 

starting about one hour later (Hakalehto et al., 2008, 2009, 2010). 
 
We have observed e.g., in case of salmonellae of the waste sludge the phenomenon of 

increasing immunoreactivity of suitable antibodies against the type 1 fimbriae in intervals of 
one hour (results not shown here). See also Hakalehto et al. (2007). In the sludge of a waste 
treatment unit this could indicate the pH oscillating around or between 4-6 in rapid shifts, 
which could lead to fimbrial detachment in the pH 4 and to their reconstitution as the pH 
elevates in one hour cycles (Hakalehto, 2000). This time interval could potentially represent 
three cell divisions cycles, 20 min each. More considerations on the Salmonella cultures and 
their behavior are presented in chapter 2 of this book. Basically, in a favorable process 
condition, the microbial communities are in a state of continuous change. Even in a 
bioprocess with monotonous product formation, or in a monoculture, the regulatory 
mechanisms could get into a situation where the circumstances oscillate around some point. 
This is even more likely in versatile mixed cultures. 

Attachment to solid surfaces gives microbial cells physical support. It also directs the 
beam of electrons whose purpose is to accelerate the production of chemical energy inside the 
cell, and into the intracellular storage. If it creates a gradient of metabolic waste molecules, 
such as organic acid molecules, the limited surface area of the cells by the physical contact 
forms a gradient for the passage out of the cells of the liberated molecules or ions. Such a 
gradient supports cellular integrity when the cells and help in facing the outside pressures. 
Many micro-organism often produce an outer layer of slime or capsule or molecular network 
to give additional protection. This phenomenon probably also explains partially the better 
survival and growth initiation of microbial cells in flocs. The individual cells can accumulate 
the positive effects together, and mitigate the negative ones. 

Moreover, to propagate effectively on any surface in hostile environments, the cells have 
to alter or modify the conditions around them. By increasing the pressure outwards by the 
above-described means, it can initiate growth that is “geometrically” and “metabolically” 
possible on these surfaces. Their niches are subjected to the changes caused by the micro-
organisms.  

 
 

3. LAG PHASE IN THE BACTERIAL PRODUCTIVITY 
 
One important factor in cell division is the so-called lag phase, which precedes the 

logarithmic or exponential growth phase during population growth. In the lag phase the cells 
are collecting, storing or producing substances for their growth, which activities get initiated 
only when specific conditions are fulfilled. These conditions are essentially intracellular ones, 
but the cells start making up the specific metabolites only when some parameters outside 
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them become favourable ones and have mediated signal effects into the milieu inside the 
cells. A clear example of such development is the ability of the coliformic Klebsiella sp. to 
manipulate its environment. 

A direct continuation of active bacterial growth after the inoculation, can sometimes 
occur without a lag phase. Such continuation of growth was observed in case of Bacillus sp., 
for example, when it was transferred to the PMEU culture as an inoculant from an 
exponentially growing broth culture. Then the conditions in the new surroundings have to be 
rather equal with the ones in the seed culture. 

For example, Klebsiella cells or cultures may contain some molecules, which indicate 
their past condition. This might play a role in their later behaviour. Consequently, the 
microbial cells receive signals: 

 
1) from the environment 
2) from the adjacent cells or cultures 
3) from their own molecular metabolism and intracellular reservoir 

 
Consequently, the onset or development of any microbial culture or growth phenomenon 

is not fully predictable. It also precludes some metabolic conditions to be attained. This, in 
turn, is related to the genetic regulation of the cells, which in this case is a subordinate to the 
combined outcome of the entire metabolic matrix of the cell. This matrix is a kind of 
“mosaic” of reactions, which is in a continuous change. In bioreactors, this change could be 
accelerated with control and adjustment measures, which then lead to increased productivity. 

 
 

4. EFFECTS OF DIFFERENT SCALES 
 
In the miniature scale, such as the nanoscale, technological development has come across 

vast spaces within the molecules, or in between various microbes or other cells, or inside 
them. The concept of “molecular communication” was introduced by late Prof. Helge 
Gyllenberg and others as well as the concept of “alimentary microbiome” by Prof. Joshua 
Lederberg (Lederberg 2000, Hakalehto 2012b). These fundamental ideas on the 
microbiological functions have led to the current trend of investigating the microbiomes and 
their real-time functions (Hakalehto 2012a, Hakalehto 2016). Understanding the 
microbiological ecosystems requires much more than the classification of species or strains 
only. We should be able to establish research on the balances and interactions in the 
microbiomes and on their metabolic networks. 

The nanoscale is a quite poorly studied space. Changes in it on the environment and 
among living things are often hard to be foreseen clearly. In Canada, for example, new 
legislation prohibited the use of nanoparticles in various product categories. For example, 
they may cause health risks by blood clotting, and obstruction of the airways. The 
nanoparticles can get into the circulation. These plastic particles are invisible to the eye, but 
they may also harm various plant and animal functions, as well as the microbiological 
balances in soil.  

The nanoparticles also contribute to the enormous scale of plastic pollution in the oceans. 
This topic is discussed also in the chapter 17. In agriculture, they influence the soil qualities 



Elias Hakalehto 558 

in long term, in many unpredictable ways. For example, the tiny particles may alter the 
construction or composition of microbial biofilms. This, in turn could have effects on the 
functions of the microbial communities (Hakalehto 2015b; Armon, 2015). Such changes are 
not visible by the naked eye, but their consequences may cause essential disturbances in a 
larger scale. 

One example of the extensive microbial contribution to the climate functions and weather 
are the giant viruses of the oceans. The category of giant viruses, or giruses, is a recently 
found group of microbes which are latent and could get activated in many types of biological 
organisms, including the algae or protozoa (van Etten 2011). They occur also in the human 
body system. The giruses were not found earlier, because they were not supposed to exist. 
This was simply due to the fact that such big viruses were not supposed to exist, and they 
were filtered out of the virological samples. It has been shown that these newly found half-
living particles have a huge contribution to the climate in ocean areas. Their effects are 
simplified in a schematic way in an illustration modified from Hakalehto and Heitto (2012). 
See also the chapter 1 of this book.  

 
 

5. BIOREACTOR FUNCTIONS 
 
In the bioreactor systems both the biocatalyts (cells or their functional parts or enzymes) 

are subjected to various environmental stresses (Christi, 2013). Thus, the microscale 
conditions imposed on cells and molecules do determine their survival or functionality both in 
an industrial process and in the environment.  

Regarding the product collection and downstream processing, late Professor Malcom D. 
Lilly stated during his lectures at UCL (University College, London) in 1984-1985 that 
“downstream processing is a loosing game.” And this is not least true because of the so called 
shear forces. Consequently, the microbes need to struggle against these physicochemical 
influences. This incessantly takes place in the microscopic scale where they function. 
Moreover, the molecules encounter these forces in the nanoscale where they have to 
accomplish their task in a more or less hostile environment of various physical forces or 
chemical influences. The microbial cells modify and modulate the conditions into a favorable 
direction both for their cellular existence, multiplication, and also for the extracellular 
enzymatic action.  

The mean shear rates in bubble columns and in airlift bioreactors have been summarized 
by Christi (1989) and Christi and Moo-Yang (1989).  

Principles of the bubble generation have been successfully used for the growth promotion 
(Hakalehto et al. 2013) or growth initiation (Hakalehto and Hänninen 2012) in bacterial 
cultures. However, understanding the shear stress and avoiding have been an essential goal in 

 
1) microbial enrichment and detection with the PMEU (Portable Microbe Enrichment 

Unit) (Hakalehto et al. 2013, Hakalehto 2013) and 
2) pilot A bioreactor (Hakalehto 2008, Jääskeläinen 2015). 
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6. MICROBIAL BIONANOTECHNOLOGY SCALE 
 
By the modern information transfer via internet, the huge potential of computers has been 

utilized for accelerated data collection and automation. However, the development of ideas in 
long term may be somewhat in danger. We simply cannot maintain our focused thinking on 
any specific point far or long enough. In microbiological research, however, it is essential to 
downscale our perception and imagination into micro- or nanoscale, which usually requires 
longer periods without disturbances. 

One micrometer is often referred to as a usual measure for most micro-organisms. In fact, 
the concept “microbe” originates from this scale, which matches with the diameter of a 
typical bacterial cell relatively well. However, the molecular structures are often measured in 
nanometers. This has initiated some fashionable terms, such as nanoparticles or 
“nanotechnology”. If these structures are man-made, they often constitute a multitude of 
particles, which have been used in several applications. These small-scale items may also 
bring along some problems, too. The pros and cons of nanotechnology in the biotechnological 
studies should be discussed. 

In his recent thriller “Nano” (2013), Robin Cook is writing about the issues, which come 
along when novel nanoscale biotechnologies are developed. The book is describing the 
promising views of the nanotechnology for the medical research, but also refers to the risks or 
adverse effects, which are hoped to remain as minimal as possible.  

Interestingly, Cook`s book is describing nanoscale devices, micro-eaters, intended to 
destroy intruding or invading micro-organisms from the body system. In a company “Nano” 
these miniatyrized machines are developed for the fight against antibiotic resistant bacterial 
strains. In the book they are planned to be distributed into the bloodstream, where they could 
act in a way resembling the immune cells, such as macrophages. 

In the above-mentioned story, the biggest problem in the elimination of salmonellae is the 
fate of bacterial flagellae, which were cut off and remain intact outside these microscopic 
nanorobots. In a real life situation, the expression of flagellae or fimbriae, or any 
protrudement on the bacterial surfaces is tightly regulated. See also chapter 2. Their 
precursors represent a remarkable majority of the cells in the lag phase, before the active cell 
division has started (Hakalehto, 2000). The flagellin structures offer a fascinating example 
about the structures in the micro- and nanoscale. They actually have a profound contribution 
to the action of a bacterial cell (Hakalehto 2015b). The bacterial flagellae constitute molecular 
“motors” (McNab et al., 1952). The sophisticated mechanics are integrated into cell envelope 
where they anchor the flagellar filaments (Cook, 2013). 

 
 

7. STRUCTURE AND FUNCTION OF BACTERIAL  
FLAGELLAR FILAMENT 

 
On the surfaces of any specific micro-organism there are more or less specific antigens. 

Geometrically they fill certain spaces, and do cover some areas of the surfaces. However, the 
dimensions in this microscopic or nanoscale are clearly different from our macroscopic 
perception. Moreover, if these antigenic structures are attached to lipid membranes, for 
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example, they may in fact get a movable platform. In other words, the position or availability 
of any particular antigen may turn out to be changeable. 

The important role of the surface structures for the microbial function and the interactions 
are discussed by Hakalehto (2015b). The flagellae are the locomotive organs for cell 
movements. Various eubacterial flagellae comprise of flagellin proteins whose structure was 
been investigated in a comparative study (Hakalehto et al. 1997). If we add to this 
consideration the ability of the micro-organisms to initiate variation in their antigenic 
structures, the complex picture of the recognition process starts to get formed. For instance, 
bacterial flagellae or fimbriae (pili) may get replaced by new ones with antigenically altered 
traits in a few seconds of time. This phenomenon is called phase variation. It plays a role in 
the invasion of many pathogens. Many micro-organisms can also camouflage their surfaces 
by polysaccharide capsules, S-layer proteins or other structures which could cover up the 
more specific or recognizable antigens (Hakalehto, 2000).  

 
 

8. PHILOSOPHY OF MICROBIOLOGY AND ITS IMPLICATIONS 
 
The gigantic viruses were not found earlier because no one expected to find such 

structures, viruses with extraordinary dimensions (Van Etten 2011). This is an example of the 
limitations for our reasoning and perception set by assumptions, which have gained a 
dogmatic position as “laws of Nature” or equivalent. In this case, it was supposed that the size 
limits of a virus would exist in a lot lower range than one micrometer, for example (see 
above). For the various biological and climatological consequences of the giruses in the 
oceans, see chapter 1 (Figure 9 of that chapter).  

In the philosophy of science and in the evaluation of scientific research methods we can 
refer to Ludwig Wittgenstein (1961). He discussed about the ways of “marking” two creatures 
(paragraph 3.322 in that reference book). The “mark” is ambiguous, and two different 
“marks” for the related creatures lead to confusion. Consequently, the commonplace viruses 
and giruses have their common traits which make them belong to the “viruses,” and the size is 
less meaningful. If a doctrine of the maximal size of a virus particle was defined, it reflected 
this preamble which caused different “marks” for the giruses and the ordinary viruses. 
Nevertheless, there should be the “unity” between them conceptually, rather than distinction, 
artificially caused by the scientific method.  

During the history of Mankind there have been some ideas that have invigorated entire 
epochs of history. Such literal works include the “Brave New World” by A. Huxley (1932) 
and “The Human Use of Human Beings” by Norbert Wiener, the founder of the cybernetics 
(1950). The philosophical understanding on the logical basis of our minds have been outlined 
by e.g., Austrian Ludvig Wittgenstein in his book “Logisch- Philosophische Abhandlung” 
(1921), translated into English by C.K. Ogden in 1922 under the name “Tractatus logico-
Philosophicus,” for example (see above). All these deeply thinking pioneers seem to have 
forgotten the essential human link to Nature. We are living things. Therefore, the logics of 
human minds, as well as the invisible microbial world that is studied by it, seem to be 
subjected to a certain uncertainty. As Wittgenstein expresses it in his “Tractatus” “The logical 
picture of the facts is the thought” (“Das logische Bild der Tatschen ist der Gedanke”). In 
practical microbiology this could mean that we see the actual consequence of the microbial 
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actions, which are a logical reflection of the things taking place in the reality, such as in the 
environment. Any biochemical activity is a consequence of gene expression, function of 
enzyme proteins, their molecular control and signals of the cells, as well as various 
miscellaneous conditions in the environment.  

However, Norbet Wiener refers to the story of Rudyard Kipling, “With the Night Mail,” 
in which the retired British colonel imagined the world as it would be once the air traffic will 
become a commonplace method for moving people to remote places. Wiener wishes to add to 
Kipling’s views the aspect that air planes have moved not only individual human beings, but 
ideas and languages as well. As the air traffic is shrinkening the world into a “Global Village” 
(McLuhan, 1962) it also provides us means for serving the positive development as learning 
by experience on individual level. The computers could assist in this, as we develop so called 
learning systems or artificial intelligence. It also opens up new business opportunities, as well 
as options for healthcare, for instance. Such an example could be the transport of rare blood 
products or cell cultures for saving lives of individuals on the other side of the world 
(Sauramäki et al., 2016). According to the thinking of Norbert Wiener, human organism and 
other living things battle against general destruction and disappearance by a process called 
homeostasis.  

In a wider sense the “homeostasis” concept as indicated by N. Wiener should prevail not 
only in human body, but also in our foods (Immonen et al., 2015a, Hakalehto 2015c), in the 
environment regardless of the type of the ecosystem (Hakalehto 2015a), in the industrial 
processes and in energy production (Hakalehto 2015, Lund 2016, Dahlqvist 2016, Hakalehto 
2016a), or waste circulation (Hakalehto and Jääskeläinen, 2017), and even in our medicines 
(Del Amo and Hakalehto, 2015; Immonen et al. 2016). Whenever the human activities 
impose their effect on the surroundings, there is a requirement for a balance, or for a kind of 
“homeostasis,” existing.  

Moreover, there can be claimed to be a balance between our observations and the 
prevailing thinking. The scientific “truth” is easily associated with this balance, although the 
limitations of our thinking or investigation methods were well known. Therefore, in studying 
unknown conditions and interactions in microbial cultures, it is of utmost importance to keep 
the door open for new ideas, views and preambles.  

The first president of Israel, Dr. Chaim Weizmann, was a microbiologist and biochemist. 
He worked in Geneva, Switzerland, and since 1904 in Manchester, England (Weizmann 
1966). The latter city was also then a center of the chemical industry and “a cradle of 
industrialization.” Manchester had a reputation of being the heartland of the industrialization 
already almost a century earlier. We can study some of the scientific or industrial 
achievements of Chaim Weizmann from the chapter 17 of this book.  

Correspondingly, the cradle of Finnish industrialization was established by the visit of 
James Finlayson, a Scott, from Manchester to Finland. He started almost 200 years ago the 
factories beside the Tammerkoski rapids in the city of Tampere (Hakalehto 2016b). If 
considered retrospectively the drawbacks of the rapid industrial progress were resulting in the 
environmental burden in everywhere. In Tampere power stations were established, and textile 
factories (Finlayson and Tampella), shoe-making industries (Emil Aaltonen), heavy industries 
with metal works (Lokomo), and forest industries (G. A. Serlachius) produced huge social 
and environmental impact and distinction. These factories were founded during the age of 
industrial “barons,” who arranged the production of various goods in large industrial units. 
The rapid development strained the environment. 
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(a) 

 

 
(b) 

 

Figure 1. (Continued). 
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(c) 

 

 
(d) 

Figure 1. (Continued). 
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(e) 

Figure 1. (a) Aerial photo of Hiedanranta area, Tampere, Finland. (b) Brochure of the architect 
competition in Hiedanranta area. (c) Layout of old waste water discharge system. (d) The aeration pool 
for waste waters. (e) Old pools for clean water system in the factory. Photos: Elias Hakalehto. 

On the shores of the Lake Näsijärvi in Tampere, the GAS Lielahti plant emitted fibrous 
side stream into the lake during 75 years. This “zero fiber” formed a huge mattress onto the 
lake bottom consisting of 1.5 M cubic meters of zero fiber sludge deposited there as a 
sediment layer up to 10 m thick. In the end of 2016, Finnoflag Oy started to investigate the 
potential uses of this biomass for the production of energy, fuel and chemicals. The process 
development intends to provide full circulation of carbon and other substances such as 
organic fertilizers. For the photographs of this experimental environmental restoration project 
and patented pilot plant see figure 1. The major purpose of this effort, besides the cleaning up 
of the lake from the wastes of the past decades, was to set up grounds for design and 
construction of a new suburban area, Hiedanranta, for at least 25000 inhabitants. This area is 
also located by the planned tram line (projected to be built in 2021). Such city tram system 
could be operated even by hydrogen energy as it is already done somewhere in China, for 
instance. In the future, the hydrogen could be produced from the community wastes, as 
biohydrogen (Hakalehto 2016a).  

 
 

9. MICROBIAL INTERACTIONS IN THE ENVIRONMENT 
 
Laws and balances of the microbiological communities that rule their activities in the 

microscopic scale have imminent effects on the environment. In turn, the environment is 
influencing the microbiomes. These interactions, which also have accumulating impacts on 
the microclimate and to the global climate change, are observable in the Arctic areas (Figure 
2). Microbial actions are subjected to various conditions and physicochemical forces. These 
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include such phenomena as chaotropicity, which can limit these functions and thereby 
determine the extent of Earth’s biosphere (Cray et al. 2013). 

According to a well known textbook in Environmental Microbial Ecology by Ronald M. 
Atlas and Richard Bartha (1998), there is hardly any “neutralism” among microbial 
populations. This means that microbes most often interact either in positive or negative ways 
toward each other. It is also stated in this book by Atlas and Bartha: “Within a single 
population, microbes cooperate at low and compete at high cell densities.” This has been the 
common view and understanding for some time. As a matter of fact, we presented recently 
the idea that molds as pioneering organism would spread by hyphal growth or spores in order 
to lower the density (Hakalehto and Hallsworth 2017). 

The author would like to express some additional views to this issue based on the 
experiments with the PMEU (Portable Microbe Enrichment Unit). In case of many strains in 
coexistence in the same habitat, their interactions together with the available resource, indeed 
set the limits for the individual organisms regarding their existence and growth. However, 
“co-operation” is a ”humanized” term. We have concluded with Dr. John E. Hallsworth of the 
Queens University of Belfast, U.K. that the microbial community or mixed population is 
organized in a way into an inverse “pyramidical” pattern, where the basic positive interactions 
between two species eventually lead to a network of interactions between numerous 
organisms. However, these interactions are controlled separately (Hakalehto et al., 2008).  

In this system of “cooperation” the most important strains in a particular habitat establish 
the basis for their reciprocal balance (Hakalehto et al., 2008). This balance will not essentially 
get shaken by any newcoming strains but these strains integrate their activities into the 
ongoing metabolic interplay (Hakalehto et al., 2010). This pattern of interaction also 
maintains the conditions relatively unchanged which is beneficial for all the members of the 
community in long sight. This constitutes the local balance, which has often been called as 
“cooperation.” Consequently, any impact of an outsider strain which is threatening the 
balance is attenuated or mitigated by the community members together, not usually by any 
individual strain only.  

It is further stated by Atlas and Bartha (1998) that “mutualism is a strong, specific, 
beneficial interaction essential for the survival of both partners.” As we have introduced a 
novel form of dualistic interaction (Hakalehto et al. 2008), it could be characterized 
accordingly “habitat dominance by coalition is a strong, specific interaction maintaining the 
key role in the microbial community of the both partners together” (manuscript in 
preparation). This refers to the “habitat dominance by coalition” as outlined by Hakalehto and 
Hallsworth (see above). This concept could be anticipated as less “humanized” than 
“cooperation,” since the “coalition” is circumstancial and is based on the biochemical 
interactions in the microbial community. Moreover, Atlas and Bartha (1998) also stated that 
“the negative interactions between populations act as a feedback mechanism that limit 
population densities,” but on the other hand “positive interaction enhance the abilities of some 
populations to survive as part of the community within a particular habitat.” In fact, in case of 
habitat dominance by coalition, the established community, or more precisely two organisms 
have gained a dualistic balance as described to occur between E.coli and Klebsiella sp. by 
Hakalehto et al. (2008). Then any newcoming strain will get into the above-mentioned 
“positive interactions”, which enhances its growth, whereas the “negative interactions” would 
eventually begin to “limit the population densities.” This is exactly what happens when the 
newcoming strains such as Staphylococcus aureus or Bacillus cereus are inoculated into 
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growing dualistic population by E.coli and K. mobilis (Hakalehto et al., 2010). The 
autochthonous two populations both get limited as well, but they do not loose the positive 
interaction between themselves which will prevail and maintain the conditions in the habitat 
in such a way that the situation could with good reason be called as “habitat dominance by 
coalition.” As we come into increasingly complex or well-established communities, “positive 
interactions among indigenous populations are likely to be more developed than in newer 
communities,” as anticipated by Atlas and Bartha (1998) in their cited statement. The concept 
by Hakalehto and Hallsworth on habitat dominance is actually implying to the built-in 
mechanism of development in the microbial communities that is based on the strong positive 
interaction. The foundation of this sustaining force for the entire microbial community lies in 
the naturally rewarding relationship of two species which form the functional core unit of the 
microbial ecosystem by their mutualism. It is based on the metabolic interaction between the 
species or groups as indicated in the various growth conditions (Hakalehto et al. 2010, 2017). 
The relationship between E.coli strains and Klebsiella/Enterobacter group strains, the former 
being mixed-acid fermenters and the latter processing some acids into neutral substances by 
2,3-butanediol fermentation, is strongly based on this metabolic interdependence. E.coli (and 
the other members of the community in the duodenum) benefit from the fast neutralizing 
effect of the Klebsiella/Enterobacter group (Hakalehto et al. 2008). The latter activity 
maintains the milieu habitable for the most members of the microbial community. 

 

 
(a) 

Figure 2. (Continued). 
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(c) 

Figure 2. (Continued). 
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(d) 

 

 
(e) 

Figure 2. (Continued). 
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(f) 

Photographs by Arto Heitto. 

Figure 2. Some influences of the climate change in the Arctic areas. (a) the University Centre in 
Svalbard (UNIS) is focusing on research fields of Arctic geophysics, biology, geography and 
technology, (b) water and its movements and physicochemical parameter essentially influence on the 
biological organisms and their ecosystems, (c) melting piece of ice observed next to the harbor of 
Nuuk, Greenland..., (d) ...and from the submerged perspective, (e) thermal underground influences on 
the biosphere: geyser in Iceland, (f) as a consequence of global human actions, eutrophication 
will proceed in coastal waters. Such important constituents of the marine ecosystem as the 
kelps are suffering from epiphytic growth of other algae and microbes. 

Similar habitat dominance by coalition could be detected in the lower digestive tract in 
the cecum, where the lactic acid by the lactic acid bacteria (LAB), and the butyric acid by 
butyric acid clostridia shape the conditions in the colon. The hydrogen gas that is produced by 
them takes part in the regulation of the water balances in the human body as the metabolites 
regulate the functions of the epithelial cells. This H2 acts also as a reducing agent within the 
body system (Hakalehto, 2015d). In the descending colon, on the contrary, the lactate 
produced by the lactic acid bacteria is readily converted into propionate (Hakalehto, 2015c). 
This C3 acid is then effectively cutting off the adhesive fimbriae and other appendices of 
many bacteria, thus favoring the LAB population, which attaches on the gut surfaces by their 
S-protein layers (Hakalehto, 2015b).  
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CONCLUSION 
 
Invisible micro-organisms, their interactions and influences on the microscopic world are 

the objects of the microbiological studies. Their effects on the environment are clearly seen, 
when the organisms are in active state. Then they communicate with each other using 
intraspecies and interspecies signals and mechanisms. In order to understand the concentrated 
outcome of various reactions and actions of the microbiomes, we have to build up correct 
ideas of the biochemical cascades in various ecosystems in case of microbial metabolism of 
the communities. Their actuality is to be tested and verified by well designed research and 
clear observations on the consequences of the functions of the microbiomes in the 
environment and in the industrial bioprocesses, or in the body system. If the conditions 
change, the microbial communities sometimes “appoint” new members into the leading or 
dominant roles, but this is for the benefit of the entire community. Thus the environmental 
frame and the true dimensions of the actual microbiological reactions and interactions are a 
key for realizing the vast potential of micro-organisms. This will eventually revolutionize the 
world we live in, and help in cleaning up our planet. Whatever phenomena take place in a 
droplets will influence the entire ocean. 
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