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Abstract

location of “The Boss” is different in eukaryotes and in bacteria.

Biochemistry; Neuroscience

Every organism has its own “The Boss”. The evidence for this is presented here. The research of Helen Barbas on the rhesus monkey has
been extended to organisms in general. This is supported by mutants lacking it in the eukaryote Drosophila. Also, bacteria have “The Boss.” The
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Introduction

[s there something that directs each organism? To me one of
the most interesting questions of behavior is how an organism
makes a decision about what to do when it encounters conflicting
stimuli. A study of this leads into the mechanism that is used to
control the organism, see (Figure 1) [1]. Modern studies of biology
have revealed a universality among living things. For example,
all organisms have much in common when it comes to their
metabolism and genetics. Is it not possible that all organisms share
common mechanisms for responding to stimuli by movement.
Just as the higher organism ‘s machinery for metabolism and
genetics appears to have evolved from processes already present
in the lowest forms, so it is possible that the nervous system and
behavior of higher organisms evolved from chemical reactions that
can be found even in the most primitive living things. From this
point of view, one may hope that a knowledge of the mechanisms
of motility and chemotaxis in bacteria might contribute to our
understanding of neurobiology and psychology. But then it was
discovered by Linda Buck & Richard Axel [2] that neurobiology
employs its own pathway.

First line of evidence about the boss

[ have done research on the behavior of bacteria for 40 years
(1960 to 2000). This is summarized in my review [3]. Then I
started research on non-bacteria (Drosophila fruit flies) and
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“found” The Boss, page 60 of “My Life with Nature”, Annual Review
of Biochemistry 2011, see (Figure 1) above: I proposed there that
The Boss is the thing that directs behavior of organisms. This
was described further in my review [4]. These two introductory
articles report the beginning of the idea of The Boss. More recently,
Lar Vang and I [5] actually present evidence for the existence of
The Boss in Drosophila fruit flies; consider also six related papers
by Vang and Adler in bioRxiv.

We proposed in Vang and Adler October 2018 that all
organisms have something in charge of them, namely “The Boss”, |
quote from there: “All things that an organism does are controlled
by The Boss...While so far. The Boss has been just an idea, this idea
may now be supported by mutants studied here. These motile
mutants may fail to respond to sensory stimuli due to lacking the
behavioral part of The Boss”. It is a novel idea: all the properties of
every kind of organism are controlled by a mechanism called “The
Boss”. The Boss directs both the outside and the inside of each
organism. The Boss in some form is to be found in microorganisms,
plants, animals, and humans.

How does The Boss lead? The control by The Boss is not
always direct: many aspects are delegated to managers, who
delegate to foremen, who delegate to workers. So far it is largely
the workers that have been studied, and sometimes the foremen
are revealed, and rarely the managers, but The Boss has remained
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largely hidden. The present study is related to the research of
Helen Barbas on the orbitofrontal cortex in the brain of the rhesus
monkey. Barbas discovered in the rhesus monkey (2000, (Figure
2) below) that the orbitofrontal cortex receives information from
the sensory cortices, namely the visual, auditory, somatosensory,
gustatory, and olfactory data as it is just received, and in addition
it receives information from the amygdala, which contains data

about emotion and memory of past events. Then the information
from the sensory cortices and the information from the amygdala
fuse in the orbitofrontal cortex. Barbas says that “the orbitofrontal
cortex is thus capable of sampling the entire external and internal
environment and may act as an environmental integrator”. And
then, she tells, that this brings about a response by the organism.
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Figure 1: This is Figure 13 of page 60 of “My Life with Nature”, Annual Review of Biochemistry [3], which says: “The mechanism of behavior.
This applies to all organisms: microorganisms, plants, animals, including humans.” Sensory inputs produce Central processing, which is
controlled by The Boss.
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Figure 2: The orbitofrontal cortex in the rhesus monkey according to Barbas, Brain Research Bulletin [38].
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Her research on this began in Barbas and Mesulman [6]. For
a recent (2022) report by Barbas of her work and her thinking
see her [7]. That mechanism shown in (Figure 2), together with
all that controls it, I call “The Boss”. I propose here that every
organism has some form of The Boss.

Second line of evidence about the boss

To try to find evidence that might test the existence of The
Boss, we looked for mutants missing The Boss in Drosophila fruit
flies. These are mutants that are motile but can’t decide what to
do. They don’t respond to outside attractants and repellents or to
inside stimuli like hunger, thirst, and sleep. So, all responses are
shut off for these motile mutants. Thus, they are defective in the
response mechanism, which I regard to be The Boss. A summary
of such mutants found is presented next. We isolated motile
mutants of Drosophila fruit flies that lack all behavioral responses
at an elevated temperature (34°C) presumably by lacking The

Boss there, but they do have the responses at room temperature
where The Boss still exists (Adler and Vang [8]).

In addition, we isolated motile mutants of fruit flies that lack all
behavioral responses at both the elevated temperature and room
temperature by presumably lacking The Boss, as reported in Vang
and Adler [5]. Then there has to be some alternative way to allow
survival. In those mutants the defect is found to be in RNA splicing
and RNA helicase by Vang and Adler [5]. How are RNA splicing and
RNA helicase involved in the mechanism of The Boss? The answer
is not known yet. The Boss is considered to be universal. People,
too, would have The Boss, like other primates do. An example
might even be found as far away as in trees, see “The Hidden
Life of Trees, What They Feel, How They Communicate” by forest
scientist Peter Wohlleben, 2016, and see the following photo of
trees growing away from the shade of a building, which might be
caused by their presumed Boss leading trees away already in their
youth (Figure 3).

Figure 3: Trees growing away from low light produced by the shade of a building. Photo by Hilde Wohl Adler, 2023.

See also these related reports Ryan Joseph, Anida Devineni,
and lan Kung [9] studied competing behavioral drives in
oviposition in Drosophila (Biological Sciences). [10] Nilay
Yapici, Manuel Zimmer, and Ana Domingos studied “Cellular

and molecular basis of decision-making” (EMBO reports), in
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which they presented “Here, we review recent research in mice,
Drosophila melanogaster and Caenorhabditis elegans that
analyses the molecular and cellular mechanisms underlying
decision making.” Our knowledge of how DNA, RNA, and proteins
are made, and how this is controlled, is now extensive for DNA
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synthesis ([11], Zakrzewska-Czerwinska et al., 2007; [12,13], for
RNA synthesis ([14], Malys and McCarthy, 2010; and Nakagawa et
al,, 2010), and for protein synthesis [15-19]. As an example, there

and a time when it is turned off. The proposal here is that there is
a master control, The Boss, that dictates what shall be the state of
synthesis of DNA, RNA, and proteins, see (Figure 4) next.

is a time during the cell cycle when DNA synthesis is turned on
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Figure 4: The role of The Boss. From Adler [4].
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Figure 5: Running and tumbling. This is in accord with older references (Engelmann, Pfeffer, Rothert, Jennings) cited by Adler [1]. It is in accord
with Howard Berg & Robert Anderson,[40]; Michael Silverman & Melvin Simon [56]; and Steven Larsen, Robert Reader, Edward Kort, Wung-Wai
Tso, & Julius Adler [48].
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The Boss is the thing in every organism that controls the
organism. The Boss directs the synthesis and activity of DNA, RNA,
and proteins, and thereby is in charge of behavior, metabolism,
development, immunological response, and reproduction.

Third line of evidence about the boss

Bacteria swim by running and tumbling to see the next figure.
Running allows movement toward an attractant, tumbling allows
lack of movement to avoid a repellent (Figure 5).

Does The Boss existin bacteria? I think so. Here I quote Adler &
Tso, [20]; “Apparently bacteria have a data-processing system that
receives opposing signals from the chemoreceptors for positive
and negative chemotaxis, sums these signals, and sends the result
to the flagella for action”. The data-processing system can now be
termed “The Boss”, or instead there is a still unknown step ahead
of data processing called “The Boss” that directs data-processing.

I'm the one who discovered that bacteria have a part that
controls their behavior. This is described in Adler [21]. It is
reviewed by Thomas Silhavy, “Chemoreeceptors in bacteria, J.
Adler” in Microbiology Centenary Perspective [22]. It is now
known as methyl-accepting chemotaxis protein (MCP) in [3] or as
chemoreceptor complex. It is located in the “head” of a bacterium:
see JR Maddock & Lucy Shapiro [23]; so, The Boss might be
expected to be located at the pole (the “head”) of a bacterium.

Daniel KoshlandJrhasreported [24] “..Thebacterial processing
system not only can give additive responses to combinations of like
stimuli, but it can integrate the effects of several different stimuli
in an algebraic manner. Clearly such a property is similar to that
of a neuron, which receives excitatory and inhibitory signals and
must have the ability to integrate this information...The sensory
system of a bacterium is a relatively simple input-output system
with a processing capability that is moderately simple. It is in no
way as complex as the human brain, and it could be argued that it
is appreciably simpler than an individual neuron...A particularly
interesting feature of the bacterium is that it encompasses many
of the principles of higher behavioral systems within a single cell.
It has specialized response systems that ultimately lead into a
centralized system.”

Coli has a mechanism that overrules all other
mechanisms

Zachary Burton, Carol Gross, Kathleen Watanabe, & Richard
Burgess [25] and James Lupski, Bob Smiley, & Nigel Godson [26]
discovered that E. coli has an operon that controls all three of the
most basic processes-DNA synthesis, RNA synthesis, and protein
synthesis. How is that operon turned on and off? It may well be
by The Boss [3].

Fourth line of evidence: Location of the boss

In bacteria and in eukaryotes the goal of the organism is
the same, namely to respond to attractants and repellents, but
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the mechanism of achieving the goal is different. This difference
between bacteria and eukaryotes is reported next.

Filamentous bacteria [like E. coli today] were first present
around 3 billion years ago, according to [27] “The Unicellular
Ancestry of Animal Development”. Then much later, about 0.6
billion years ago, filamentous protozoa appeared, says King.
These were the precursors of Metazoa: beetles, frogs, and
animals, according to King. “The transition to multicellularity that
launched the evolution of animals from protozoa marks one of the
most pivotal, and poorly understood, events in life’s history” says
King. David Robson tells in [28], “The story of the brain begins
in the ancient oceans long before the first animals appeared. The
single-celled organisms that swam or crawled in them may not
have had brains, but they did have sophisticated ways of sensing
and responding to their environment” Andrew Knoll tells in
2003 and [29] that filamentous prokaryotes decorate the fossil
record beginning earlier, perhaps 3.2 billion years ago. King has
continued and expanded her work, see Rosanna Alegado & King
[30], also Thibaut Brunet & King [31].

I now suppose that the behavior of present-day bacteria might
be based on origins in filamentous bacteria of about 3 billion years
ago, while the behavior of present-day eukaryotes, for example
fruit flies, might be based on origins in filamentous Protozoa
about 0.6 billion years ago. I would call these “studies based on
early behavior” and “studies based on later behavior” respectively,
or the “early form” and the “late form”.

So, there is a difference in mechanism of sensing by bacteria
and by eukaryotes: bacteria sense stimuli by use of 2-trans-
membrane methyl-accepting receptors in their single cells in
order to produce behavioral change, while eukaryotes sense
stimuli by means of 7-trans-membrane receptors in receptor cells
which then lead on to the brain which then produces behavioral
change.

Summary

Although The Boss occurs in both bacteria and eukaryotes, the
place where The Boss comes into play is different in the two. In
eukaryotes that place is associated with Central processing, see
(Figure 1) above. In bacteria that place is data-processing, see
data-processing system above, but another possibility for The
Boss in bacteria is a previous step, still unknown, which controls
data-processing.

Conclusion

In bacteria, too, each individual organism is led by its own The
Boss. As to the chemistry of The Boss, this is unknown. It could
be DNA, or it could be RNA that functions independently of DNA.
The genes for The Boss would likely be made of DNA; however,
since RNA seems to have been present in organisms before there
was any DNA, according to ideas of Carl Woese (1968), David
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Baltimore [32], and Walter Gilbert [33], The Boss may be made of
RNA genes present already before DNA in earlier times.

Putting it all together

a) The Boss is the director of behavior. The Boss occurs in
eukaryotes and also in bacteria. Each individual organism has its
own The Boss.

b) Bacteria (prokaryotes) sense attractants and repellents
by use of 2-trans-membrane methyl-accepting receptors while
eukaryotes sense them by use of 7-trans-membrane receptors.
Bacteria act on them by using internal Che proteins, while
eukaryotes act on them by sending the sensed information to the
brain. The Che proteins of bacteria tell the flagella how to respond,
while the brain tells the muscles how to respond.

c¢) There are two related forms for behavior of organisms,
one used by bacteria, and one used by eukaryotes: these are the
“early form” and the “late form”. Their ancestry is described [34-
65].
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