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1. The New Mechani cal
Phi | osophy

Old mechanical philosophy: disparity between
official theory (explain everything in terms of
primary gualities of corpuscules) and
experimental practice

(A. Chalmers 1993, “The Lack of Excellency of
Boyle's Mechanical Philosophy”, Stud. Hist.
Phil. Sci. 24: 513-695)




Mechani sns: definition

Mechanisms: “entities and activities
organized such that they are productive
of regular changes from start or setup
conditions to finish or termination
conditions” (MDC)




“ Mechanil sns:
consti tuents

Entities: nucleic acids, proteins, membranes,
small molecules, ions, gradients (?)

Activities: mechanical forces, specific binding,

agonism/antagonism, catalytic properties,
diffusion, osmosis

Interactions: electrostatic, hydrophobic

Laws / regularities




Phi | osophi cal 1 ssues

Are activities reducible to interactions / laws /
regularities?

Inclusion criteria for entities/activities: causal
relevance, explanatory relevance, other?
Selection of explanandum capacities

Role of physical laws

Can the mechanical philosophy account for the
whole of biology? (What about evolution and
development?)




Phi | osophi cal 1 ssues
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2. The Hodgki n- Huxl ey Model




Three views of the HH
nodel

(1) Weber, Philosophy of Experimental
Biology (CUP 2005):

The HH model is close to an ideal for a
certain type of explanation in
experimental biology

It Is an application of physical-chemical
theory to a specific kind of biological
system




'Three views of the HH
nodel

Weber (cont’d)

Explanation,: to show that the events
described In the explanandum happen

as a matter of physical necessity

Necessity: counterfactual-supporting
force (non-backtracking)




Three views of the HH

nodel

Weber (cont’d)

Explanatory heteronomy: the explanatory
principles are not biological in nature (they
are physico-chemical). The biological facts
provide only the boundary conditions

While there are generalizations in the special
sciences that do support non-backtracking
counterfactuals, those used by H&H were
physical-chemical in nature




“ Three views of the HH
nodel

Weber (cont’d)

Explanatory heteronomy defines a strong sense of
‘reduction’ (physical reduction sensu Sarkar)

Multiple realization argument is irrelevant because

there are no biological properties to be identified with
physical properties

However, there Is an interesting, reduction-irrelevant
form of multiple realization associated with the HH
model




Three views of the HH
nodel

(2) Jim Bogen, Stud. Hist. Phil. Biol.
Biomed. Sci. 36: 397-420 (2005)

HH egns. Do not explain action
potentials

They describe a regularity that is useful
for purposes other than explanation




“ Three views of the HH

nodel

Bogen (cont’'d)

Egns. summarize many years worth of
experimental data

They directed researchers to significant
novel facts

Action potentials were explained only
once the mechanism of permeabillity
changes in neuronal membranes was
understood (ion channels)




Three views of the HH
nodel

(3) Carl Craver, Explaining the Brain
(OUP, forthcoming)

Explanation,, = to describe a
mechanism that produces the
phenomenon




'Three views of the HH
nodel

Craver (cont’'d)

Since Hodgkin and Huxley did not know
the entities and activities that control

membrane permeabillity, they provided
only a “how possibly explanation”

Analogy: Ptolemy versus Newton on
planetary motions




" Hodgki n & Huxl ey‘s own
Vi ew

“The agreement [of the theoretical
calculations and records of action
potentials in squid axons, M.W.] should

not be taken as evidence that our
equations are anything more than an
empirical description of the time-course
of the changes In permeability to
sodium and potassium.”




Hodgkli n and Huxl ey's
own VI ew

“An equally satisfactory description of the
voltage clamp data could no doubt have been
achieved with equations of very different
form, which would probably have been
equally successful in predicting the electrical
behavior of the membrane. [...] certain
features of our equations were capable of a
physical explanation, but the success of the
equations is no evidence in favour of the
mechanism of permeability change that we

tentatively had in mind when formulating
them.”




Quest | ons

Is there causal content that was supported by
the evidence in 19527

Could the mechanical philosophy
accommodate this case (as a causal model)?

If not, must we revise our intuitions or expand
the notion of mechanism?

What does an account of explanation such as
Woodward’s counterfactual account say?

Does the latter license explanations that the
MP doesn’t and/or vice versa?




D vide et | npera

model « HH equations




Hodgkl n- Huxl ey
equat 1 ons




Hodgkl n- Huxl ey
equat 1 ons




“ Hodgki n- Huxl ey
equat 1 ons

Potassium conductance:




Physi cal
| nterpretati on

“These equations may be given a physical
basis If we assume that potassium ions can
only cross the membrane when four similar
particles occupy a certain region of the
membrane. N represents the proportion of the
particles in a certain position (for example, at
the inside of the membrane) and 1-n
represents the proportion that are somewhere
else.”

a.. rate of inward flux; 4. rate of outward flux




“ Hodgki n- Huxl ey
equat 1 ons

Sodium conductance:




Physi cal
| nterpretati on

“These equations may be given a physical
basis If sodium conductance Is assumed to
be proportional to the number of sites on the
Inside of the membrane which are occupied
simultaneously by three activating molecules
but are not blocked by an inactivating
molecule. m then represents the proportion of
activating molecules on the inside and 1-m
the proportion on the outside; h is the
proportion of inactivating molecules on the
outside and 1-h the proportion on the inside.”

a., b, b, a,: flux rate variables




D vide et | npera

(1) The conductance model




D vide et | npera

(2) The action model:

“[D]epolarization causes a transient increase
In sodium conductance and a slower but
maintained increase in potassium
conductance”

“[T]hese changes are graded and and |[...] can
be reversed by repolarizing the membrane”

“[T]he changes of permeability appear to
depend on membrane potential and not on
membrane current”




“ \What exactly did H&H
show?

H&H showed that a membrane with
conductance properties as observed In
actual experiments (summarized in the

conductance model) generates action
potentials with the right shape where
the early voltage rise at the beginning Is
caused by the entry of Na* and the later
voltage fall is caused by the loss of K*




Causal content?

Q(1): Is the conductance model causal?

A(1): It has a causal interpretation, but the
latter Is not supported by the voltage
clamp records (because the
conductance model was fitted to the
data and because a model with a very
different physical interpretation could
have done the same job)




Causal content?

Q(2): Is the action model causal?

A(2): Yes, and its causal content Is
supported by the successful prediction,
“because the equations and constants
were derived entirely from ‘voltage
clamp’ records, without any adjustments
to make them fit the phenomena to
which they were subsequently applied.”




Alittl e her neneuti cal
exer cl se

A causal interpretation of the HH model
seems to be at odds with H&H’s own
denial that “our equations are anything

more than an empirical description of
the time-course of the changes In
permeability to sodium and potassium.”




How to read H&H (1952)

But: “The point that we do consider to
be established is that fairly simple
permeability changes in response to
alterations in membrane potential, of the
kind deduced from the voltage clamp
results, are a sufficient explanation of
the wide range of phenomena that have
been fitted by solutions of the
equations.”




How to read H&H (1952)

The apparent inconsistency can be resolved
by reading “our equations” as referring to the
conductance model. H&H (correctly) thought
that its physical interpretation was uncertain
and that, therefore, the conductance
equations cannot taken to be “anything more
than an empirical description of the time-
course of the changes in permeabillity to
sodium and potassium.”




How to read H&H (1952)

However, H&H’s conclusion is different
for the action model. This model makes
causal assumptions that are empirically
supported by the model’s overall
predictive success.

The action model was not original In
H&H (1952), but this doesn't affect its

explanatory force




Causal
t he act

assunpt i ons of
| on nodel

(1) The membrane changes permeabillity

selective
(2) lon trans

y to Na* and K*

port Is passive and the ion-

motive force Is V-V,, where V, Is the
rest potential given by the Nernst

equation

(which i1s derivable ab initio):

V = E”]_
F  C




* Causal assunptions of
t he acti on nodel

(3) The “sodium hypothesis” (Katz & Huxley,
1947): The AP Is initiated by a large and
selective increase Iin permeability to Na*:

This explained how the AP could be much

larger than the resting potential (which, on
Bernstein’s version of the theory, would

have required active ion transport).

(4) Permeability is a function of transmembrane
voltage (causal, even though it wasn't
known what controls ion conductance)




Wbodwar d’'s account of
causat 1 on

Non-backtracking counterfactuals:

If it had been the case that

X=X,©... X =X,

then it would have been the case that
Y=y@g(X;®... X, @ y




Wbodwar d‘'s account of
causat 1 on




== A hitherto unnoti ced
role for fal se nodel s

-A—sci-ence?
A false model M; may be used to test
another model M, if M,’s physical

Interpretation is independent of M,’s

causal content and if M, gives the
correct dynamics for a set of variables
of M,

HH conductance model gave the correct
dynamics for g, and g,




“ Re-Interpreting the
gat e vari abl es




An anal ogy to genetics

Philip Kitcher: argued that there Is a
type of process (“pair-separation” or PS-
process) that explains Mendelian
regularities no matter how this process
IS realized at the molecular level




== W]l the | aws of
physi cs pl ease stand
—up?




“ Physical | aws: |on-
noti ve forces

INa:gNa(E'ENa)

lk=9k(E-Ey)

=9,(E-E)




4. The Mor phogeneti c
Chal | enge

Historical note: morphogenetic processes
were responsible for some of the intuitions
behind vitalism

For example, Hans Driesch argued that no
“machine” can be responsible for
“harmonious-equipotential systems” such as
the sea urchin embryo

Such a machine would “have to be contained
In any of its parts”




Mor phogenesi s

Contemporary developmental biology is ridden with
Intentional metaphors: “positional information”,
“Interpretation of morphogenetic gradients”, etc.

Morphogenesis can be described like a Turing
machine executing a program (see Rosenberg,
Darwinian Reductionism)

Vindication of a long tradition of thinking that
development cannot be explained in mechanistic but
only in intentionalistic terms? (Aristotle, Kant, Hegel,
Bergson, Driesch, Jonas)




Mor phogenesi s

But wait! There Is also talk of “mechanisms of
pattern formation”

Can these mechanisms be accommodated by
recent philosophical account of mechanistic
explanation?

How do morphogenetic mechanisms differ

from mechanisms that operate in “finished”
biological systems or in non-living systems?




Pattern formati on 1 n
Dr osophi | a

Initial polarity is determined by bicoid
maternal mMRNA

Translation of this mMRNA produces a
gradient of bicoid protein







Pattern formati on 1 n
Dr osophi | a

Gap genes react selectively to bicoid
concentration and control expression of

Pair-rule genes, which are expressed in
seven stripes and define fourteen
parasegments. The pair-rule genes activate

Segment polarity genes, which determine the
anterior-posterior polarity of each
parasegment

Homeotic selector genes activate segment-
specific cascades of gene expression







“ A devel opnent al
nmechani snf?
Entities: egg polarity genes, gap genes,

pair-rule genes, segment polarity genes,
nomeotic selector genes and their

products (MRNA, protein)

Activities: transcription, translation,
regulation of gene expression

Interactions: protein-DNA
Regularities: physical-chemical




Pr obl ens

How Is the developmental process
broken down into mechanisms?

What are the mechanisms for (selection
of explanandum capacities)?

Inclusion criteria for entities/activities?




| nclusion criteri a

Manipulability account: “a component Is
relevant to the behavior of a mechanism as a
whole when one can wiggle the behavior of
the whole by wiggling the behavior of the
component and one can wiggle the behavior
of the component by wiggling the behavior as
a whole”

(Craver, forthcoming)




Mani pul abi l 1ty account

() XIis partof S

(i) In the conditions relevant to the request for
explanation there is some change to X’s | -
Ing that changes S’s Y -ing

(1) In the conditions relevant to the request for
explanation there is some change to S’'s Y -
Ing that changes X’s | -ing [top-down
causation?]




“ Sel ection of
expl anandum capaci ti es







“ Sel ection of
expl anandum capaci ti es

Request an explanationy, for X's Y-ing if it Is
explanatorily relevant for Y’s x-ing (only
sufficient, not necessary!)

Works so long as X's Y -Ing Is part of some
higher-level mechanism Y for x

Might leave some top-off capacity free to
choose

Top-off capacity may also be a biological
function (proper or not)







Devel opnent al
mechani sns

Morphogenetic processes are better
characterized by stages or temporal parts
rather than a hierarchical organization

Explananda: stages, e.g., how the segment
pattern is formed

Explanatory relevance: manipulability, but not
mutual (on pains of backward causation)




4. Mechani sm ver sus
conput at1 on

Why does it seem so much more natural to
say that a developing Drosophila embryo
executes a program than a giant squid axon

that conducts an axon potential?

To say that a neural membrane “computes” a
function (e.g., the HH total current equation)
seems odd

Computation: an intentionally laden concept




4. Mechani sm ver sus
conput at1 on

Multiple realizability?

But note: Hodgkin-Huxley mechanism Is
also multiply realizable

Complexity / cognitive limitations? (no
Newton of the grass blade)

A failure of mechanistic explanation in
morphogenetic processes?




4. Mechanli sm ver sus
conput at1 on

IS It the step-wise nature of the process,
which makes it describable like the
execution of a set of commands?
Suggestion: the possibility of
“reprogramming” development




“ 4. Mechani sm ver sus
conput at1 on

Possibility of reprogramming: more than
counterfactual dependence on a set of
variables

Counterfactual dependence of
outcomes on a set of variables where at
least some of the possible outcomes
are functionally integrated wholes




