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1. Introduction

Let’s pay an attention to a question: what purposes do scientists aim
to achieve in biological sciences? Of course, a full complete answer is im-
possible, but we can say that they want to explain biological phenomena by
discovering mechanisms. Then, there are subsequent questions such: What is
a mechanism? How can biologists discover the mechanism? Why is a discov-
ery of the mechanism explanatory to a phenomenon? There is a philosophical
framework to provide a systematic answers to those questions, so-called the
New Mechanism.

I describe the New Mechanism in philosophy of biology by introducing
the concept of scientific practice [1] based on Kuhn’s normal science [2].
According to Kuhn, a normal science is a set of puzzle-solving scientists’ ac-
tivities. To solve scientific puzzles, conceptual, theoretical, methodological,
and instrumental commitments require. Similarly, Kitcher suggests the con-
cept, scientific practice, which includes six kinds such: language, accepted
statements, questions, pattern reasoning, methodological directives, and ex-
perimental techniques. We can say that biologists who aim to search for
mechanisms have a puzzle to explain biological phenomena. First, as a lin-
guistic kind, a biological mechanism is defined as an organized system which
are composed of entities (or component parts) and activities (or component
operations). In general, biological mechanisms consist of biological objects
such as macromolecules including DNA, RNA, proteins as well as various
biochemical molecules. As a theoretical kind, biological mechanisms can be
described on the basis of biochemical knowledge such as covalent bonds, hy-
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drogen bonds, Michaelis-Menten equations, and so on. For example, it is a
typically accepted statement that two individual strands of DNA are linked
to each other through hydrogen bonds among bases. A methodological kind
embraces research questions, typical answers or solutions, and methodologi-
cal strategies etc. as follows:

1. Research questions

• What is an explanandum phenomenon?

• What are constitutively relevant entities to the phenomenon?

• What do entities have spatio-temporally organizational structures?

2. Typical solutions

• Methodological directives [3]

– how-possibly model (black box sketch)

– how-plausibly model (gray box sketch)

– how-actually model (glass box schema)

• Strategies for characterizing an phenomenon [3], [4]

– Precipitating, Inhibiting, Modulating, Nonstandard conditions

– By-products

• Strategies for determining relevant components [5]

– Productive continuity, Schema instantiation,

– Modular subassembly, Forward/backward chaining

Finally, proponents of the New Mechanism vigorously suggest three inter-
level experiments to discover constitutively relevant components as follows
[4]; [3]:

1. Interference experiments are bottom-up inhibitory experiments.

2. Stimulation experiments are bottom-up excitatory experiments.

3. Activation experiments are top-down excitatory experiments.

Those philosophical analyses are very helpful to understand biological
practices to search for mechanisms. However, it seems to be strange that
there is no epistemological discussions by means of confirmational theories.
Obviously, when biologists identify relevant components, they hypothesize
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and check what a hypothesis is supported by empirical evidence. In the phi-
losophy of science, confimational theories are one of the best sophisticated
achievements, but in the New Mechanism epistemological relations between
hypotheses and evidence are unexplored yet. So, we will discuss how the
tenets of the New Mechanism can be compatible with confirmation theo-
ries by taking a Bayesian approach. In this short summary, I will briefly
show main hypotheses as well as pictorial evidence in each research practice
without concrete probabilistic discussions.

2. Stage 1: Characterizing an Explanandum Phenomenon

I focus on a case in neuroscience, the discovery of mechanism of action
potential. Action potential is a regular pattern of potential in a neuron when
an external stimuli is given. It has three phases.

1. The rising phase from -65mV to +35mV

2. The falling phase from +35mV to -80mV

3. The refractory phase from -80mV to -65mV.

Figure 1: The action potential from (left) Cole and Curtis, and (right) Hodgkin and Huxley

These three phases of action potential is an explanandum phenomenon
in the early twentieth century. There were two hypotheses.

• hB: A breakdown of the membrane resistence makes the rising phase.

• hNa: Inward flux of sodium ions (Na+) makes the rising phase.
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Figure 2: Effect of sodium-deficient external solutions

hB was suggested by Bernstein in 1902, and hNa was suggested by Hodgkin
in 1947. Evidence was measured by comparing a normal phase and an in-
tentionally manipulated phase of action potential. Fig 2 provides evidence
to determine what a hypothesis between hB and hNa is right.

Hodgkin and his colleagues discover that outward potassium ion flux con-
tributes to make the falling phase than inward sodium ion flux by means of
the inverse inference to hNa in the rising phase. So, they make a new hy-
pothesis of the falling phase as follows:

• hK : Outward flux of potassium ions (K+) makes the falling phase.

Fig 3 provides evidence to support hK . Next, Hodgkin and his colleagues
discover that an inactivation process of sodium permeability also contributes
to form the falling phase. Additionally, it was well known that gradual
increase of potassium efflux occurs in the rising phase. Based on those back-
ground, they make an equation to represent action potential.

I = CmdV/dt+GKn
4(V − VK) +GNam

3h(V − VNa) +Gl(V − Vl). (1)

Consequently, Fig 4 indicates that both sodium (gNa) and potassium (gK)
conductances contribute to form of the full phases of action potential. To
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Figure 3: Effect of potassium ion

Figure 4: Summation of two currents of ions
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summarize. A positive feedback cycle rapidly moves the membrane potential
toward its peak value, which is close but not equal to the sodium equilibrium
potential. Two processes which contribute to repolarization at the peak
of the action potential are then engaged. First, the sodium conductance
starts to decline due to inactivation. As the sodium conductance decreases,
another feedback cycle is initiated, but this one is a downward cycle. Sodium
conductance decreases, the membrane potential begins to repolarize. Second,
the potassium conductance increases. Initially, there is very little change in
the potassium conductance because these channels are slow to open, but
by the peak of the action potential, the potassium conductance begins to
increase significantly and a second force contributes to repolarization. As
the result of these two forces, the membrane potential rapidly returns to the
resting potential. At the time it reaches -60 mV, the sodium conductance has
returned to its initial value. Nevertheless, the membrane potential becomes
more negative (the undershoot or the hyperpolarizing afterpotential).

3. Stage 2: Determining Relevant Entities to the Phenomenon

Although Hodgkin and Huxley discovered an equation to represent action
potential, they did not determine what a mechanism produces the action
potential in 1952. They just suggested a lipoid-soluble carrier hypothesis to
transfer a specific ion from one side to another. According to this hypothesis,
the affinity of the carrier for potassium must be assumed to be small, because
these ions do not cross the membrane at the same time as sodium. They
speculated that there are separate carrier systems for sodium and potassium.
But, there was a possibility that only one system transfers both kinds of ions
simultaneously.

There was another hypothesis in the middle twentieth century, voltage-
gated ion channels hypothesis. There has been this possibility after 1925
because Michaelis proposed individual channels to allow specific ion perme-
ability across the membrane. In 1955, Hodgkin simply considered the channel
hypothesis. Additionally, there was another hypothesis such ions are diffused
across the membrane without gates. Thus, three kinds of hypotheses were
competing to each other after the discovery of HH equation.

• hchannel: Ion Channels transfer ions from one side to another.

• hdiffusion: Ions are diffused across the membrane.
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Figure 5: Currents with TTX

Evidence was provided in 1960s. Some chemical agents can selectively
block voltage-dependent membrane channels. Tetrodotoxin (TTX), which
comes from the Japanese puffer fish, blocks the voltage-dependent changes
in sodium permeability, but has no effect on the voltage-dependent changes
in potassium permeability. This observation indicates that the sodium and
potassium channels are individually unique; one of these can be selectively
blocked and not affect the other. Another agent, tetraethylammonium (TEA),
has no effect on the voltage-dependent changes in sodium permeability, but
it completely abolishes the voltage-dependent changes in potassium perme-
ability.

Use these two agents (TTX and TEA) to test your understanding of the
ionic mechanisms of the action potential. What effect would treating an
axon with TTX have on an action potential? In Fig 5, an action potential
would not occur because an action potential in an axon cannot be initiated
without voltage-dependent sodium channels. How would TEA affect the
action potential? It would be longer and would not have an undershoot.
In the presence of TEA, according to Fig 6, the initial phase of the action
potential is identical, but note that it is much longer and does not have
an after-hyperpolarization. There is a repolarization phase, but now the
repolarization is due to the process of sodium inactivation alone. Note that in
the presence of TEA, there is no change in the resting potential. The channels
in the membrane that endow the cell with the resting potential are different
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Figure 6: Currents with TEA

from the ones that are opened by voltage. They are not blocked by TEA.
TEA only affects the voltage-dependent changes in potassium permeability
[6].

4. Stage 3: Identifying Organizational Structures

According to Hodgkin and Huxley’s achievements, the initiation of action
potential begins when a large depolarizing current overcomes a threshold.
If the membrane is depolarized sufficiently, then some of the voltage-gated
Na+ channels open, and the influx of Na+ ions contribute further depolariza-
tion until the membrane potential reaches to the peak of the action poten-
tial. During the rising phase of action potential, states of Na+ channels are
switched from open, closed, to inactivated. In contrast, during this period,
K+ channels also open. However, the efflux of K+ ions is smaller than the
influx of Na+ ions, such that K+ channels hardly influence on the increase of
membrane voltages. However, When Na+ channels are gradually inactivated,
the membrane voltage begins to decrease, and then K+ channels also grad-
ually open. This way, an outward K+ current overwhelms an inward Na+

current. Finally, repolarization plus hypolarization of the membrane occur.
Note that the first question about the generation of action potential could
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be replaced with the conductance across membrane changes through inward
and outward flows of ions thanks to Cole and Curtis’ discovery. Further-
more, the mode of action potential as a regular pulse integrated with three
different phases can correspond to three sub-states of cation channels ow-
ing to Hodgkin and Huxley’s findings. That is, the explanandum of action
potential is decomposed into three sub-states of voltage-gated ion channels,
so that an understanding of the structure of the channels as well as their
spatial organizations becomes a research topic. Here, we will focus on the
K+ channels. If researchers have a confidence such that ion channels are
responsible for a producing all phases of action potential, then they do not
need to heavily consider what entities are constitutively relevant to generate
an explanandum phenomenon because they just decompose the ion channels
into sub-components. Most ion channels are proteins as macromolecules so
that they can employ a lot of expermiental techniques to find chemical and
structural characteristics of the proteins such as X-ray diffraction techniques,
cryon-electro microscopy techniques, etc. based on the following methodolog-
ical hypothesis:

• hdecompose: A macromolecule including DNA, RNA, and proteins which
are responsible for generating a phenomenon can be decomposed into
sub-structures in order to identifying organizational characteristics.

Spatially organizational features related to K+ channels are as follows:
(i) the shape of K+ channel, (ii) the sizes such length and diameter of the
channel, (iii) the size of K+ ions, (iv) relative locations of component sub-
parts of the channel, (v) orientations of component sub-parts of the channel,
and (vi) the hierarchical structures of the channel.

Importantly, most spatially organizational features of K+ channels are
revealed from empirical researches with purified crystals of the K+ chan-
nels. MacKinnon and his colleagues successfully acquire three-dimensional
pictures from X-ray crystallographic analysis of this channels which provides
information about shapes such as (B), (C), and (D) in Fig 7 (Jiang et al.
2003). According to MacKinnon, voltage-gated K+ channels are tetramers
of four identical subunits arranged as a ring, each contributing to the wall
of the trans-membrane K+ pore. The integration of the four polypeptide
chains are shown at (C) in Fig 7. Each subunit is composed of six membrane
spanning α-helical sequences. (A) in Fig 7 is a topological picture showing a
linear linkage among the six helices (S1-S6). Among them, the S5 and S6 he-
lices make a pore of the channels, including the selectivity filter such (E) and
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(F) in Fig 7.1 The four blue balls represent K+ ions. The tetra-polypeptide
chains folded together form a pore along the axis of symmetry. The pore of
the K+ channel is the P-region between S5 and S6 consisting of P-loop and
its subsequent cavity as shown (E) in Fig 7. The P-loop is the selectivity
filter of the channel that chooses K+ over other ions. The inner chamber is
an entrance of the filter, where K+ is orderly inserted. The shape of the pore
is a tubular or cylindrical tunnel.

Figure 7: Structure, shapes, and relative locations of K+ channel

I summarize the spatially organizational features of K+ channels in the
mechanism of action potential as follows:

1. Shape: The voltage-gated K+ channels are a cluster of four polypep-

1Voltage-gated cation channels including Na+, K+, and Ca2+ are composed of pore-
forming α-helical sub-units being the secondary structure of proteins. For example, the
voltage-gated Na+ and Ca2+ channels is formed by a single polypeptide chain that contains
four homologous repeats (I-IV).
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tide chains consisting of a homologous repeat of six membrane S1-S6.
The pore is a cylindrical tube consisting of an inner chamber and a
subsequent selectivity filter by the oxygen cages.

2. Size: The size of partially hydrated a K+ ion is larger than that of
partially hydrated a Na+ ion, such that the selectivity filter of the K+

channel allows the K+ to permeate from the cytoplasmic side into the
extracellular side.

3. Location: The VSD (S1-S4) locates on the periphery from the center of
the P-region (S5-S6) that contains P-loop as a selectivity filter of K+.

4. Orientation: The outward movement of S4 into the extracellular side
is associated with the S4-S5 linker to cross over the top of the S6. The
inward movement of S4 into the membrane side is associated with the
downward movement of the S4-S5 linker as well as the closing the gate
of the K+ channel by S6.
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