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Abstract Emergent antireductionism in biological sciences states that even

though all living cells and organisms are composed of molecules, molecular wholes

are characterized by emergent properties that can only be understood from the

perspective of cellular and organismal levels of composition. Thus, an emergence

claim (molecular wholes are characterized by emergent properties) is thought to

support a form of antireductionism (properties of higher-level molecular wholes can

only be understood by taking into account concepts, theories and explanations

dealing with higher-level entities). I argue that this argument is flawed: even if

molecular wholes are characterized by emergent properties and even if many suc-

cessful explanations in biology are not molecular, there is no entailment between the

two claims.
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Introduction

A debate exists in the philosophy of biology about whether non-molecular branches

of biology, such as classical genetics and embryology, reduce to molecular biology.

One way of framing the debate is to tie it to the issue epistemological emergence:

all biological systems, because of their complexity, also possess so-called

emergent properties that arise through the multiple relations existing between

individual components of the system. These emergent, relational properties do

not exist in the constituent parts and cannot be deduced or predicted from the

properties of the individual, isolated components. (Van Regenmortel 2002)
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In contrast,

[a]ccording to reductionist thinking, it is possible to make biological

phenomena intelligible by reducing them to simpler chemical phenomena

that are more easily understood. […] The reductionist’s credo is that the

behaviour of wholes is causally produced by the behaviour of parts. (Van

Regenmortel 2002)

Proposed examples of emergent properties in biological sciences are the specificity

of an antibody to an antigen [which is affected by deformations of the two

molecules during the binding interaction (Van Regenmortel 2002)], the folding of

peptides and melting/hybridization of DNA [which cannot be accurately predicted

from the sequence of monomers alone (Williams and Frausto da Silva 1999,

Sect. 16.4; Williams 2002)], as well as biological functions (Dupré 1993, 2010;

Laubichler and Wagner 2001).

Emergent antireductionism draws a connection between (1) an emergence

premiss stating that higher-level wholes1 in biological sciences are characterized by

emergent properties that cannot be fully understood (predicted/explained) by

decomposing wholes into their structural components, and (2) an antireductionist

conclusion that these properties can only be fully understood from the perspective of

concepts, theories and explanations dealing with higher-level entities.

For instance, Marc Van Regenmortel (2002) discusses evidence showing that

antibody-antigen binding, a crucial component of immune response, is characterized

by emergent properties that can only be understood at the level of the whole formed

by the antibody-antigen complex. He proceeds then to argue that antibody-antigen

interactions do not explain or predict successful neutralization of a pathogen, an

inefficient immune response or an undesired autoimmune reaction; these biological

outcomes can only be understood at the level of the immune system. Causal

explanations are dismissed because they are ‘‘reductive in the sense that one factor

is singled out for attention and is given undue explanatory weight on its own’’; thus,

‘‘[i]nstead of invoking causes, it is more appropriate to refer to the many factors that

simultaneously influence the features of a biological system’’ (2002). However,

rather than considering molecular mechanisms combining a multitude of causal

factors (e.g., mechanisms of immune cell activation, neutralization of pathogens,

inflammation), Van Regenmortel concludes that only a higher-level functional

explanation taking into account the evolutionary benefits for the organism as a

whole can provide a satisfactory explanation of immunity:

The functional explanation of the behaviour of a biological entity is that it

contributes to the health, performance, survival or reproduction of that entity,

the ultimate ‘goal’ of any biological entity being to reproduce more of its kind.

(2002)

1 There are several ways of describing levels (Craver 2007, Ch. 5). Emergentists are specifically

concerned with levels of whole-parts composition, where a ‘higher’ level refers to the whole, and a

‘lower’ level to its parts. It is in this sense that I use the term ‘level’ in this paper.
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Note the gradual transition from emergence claims to the final conclusion that

immunity can only be fully understood by resorting to the entities, concepts and

explanations proper to evolutionary theory.

Likewise, Manfred Laubichler and Günter Wagner argue that

biological kinds must have emergent properties and, due to these emergent

properties, must follow their own set of causal laws that cannot be found at the

level of their molecular components. (2001)

Thus,

the relevant context or reference system for all explanations in developmental

biology is either the cell or the spatial, regulatory, and dynamical properties of

developing systems, rather than the physico-chemical properties of the

involved molecules (2001)

For example,

there are of course molecules that realize these properties, but the emergent

collective behavior of these cells and its invariance among all cases of limb

buds is what really leads us to understand the process. (2001)

In other words, wholes in biology are characterized by emergent properties not

found at the level of their molecular components and, for this reason, they can only

be understood by appealing to the explanatory store of sciences dealing with higher-

level entities, in this case, embryology and developmental biology.

Emergent antireductionism has been criticized on the grounds that the emergence

premise is not true or can be reformulated in a way that it is compatible with

reductionism. Alex Rosenberg (2006) argues that ‘‘the effect that the presence of the

cell has on development is identical to the effect that a purely macromolecular

structure has.’’ In other words, the relevant obstacle to the diffusion of a protein is

not the presence of a cell or nucleus per se, but rather that of an impermeable lipid

bilayer. Megan Delehanty (2005) further argues that ‘‘there is no tenable argument

for the existence of emergent properties that are not susceptible to a reductive

explanation.’’ The explanatory relevant elements of a higher-level whole can always

be described in lower-level molecular terms and incorporated as parts of an

‘extended mechanism’ that does all the explanatory work.

In this paper, I raise a different kind of objection. I argue that there is no

entailment relationship between the emergence and the antireductionism claims of

emergent antireductionism. In contrast to reductionist responses, I am not disputing

that there are emergent properties in biological sciences and I do not argue that all or

most biological phenomena are best explained in molecular terms. Rather, I argue

that instances of emergence in biological sciences do not support the antireduc-

tionist claim that emergent properties can only be understood from the perspective

of the concepts, theories and explanations dealing with higher-level entities.

The paper is organized as follows: In ‘‘Emergent properties of higher-level

wholes’’, I discuss in more detail cases of emergence in biology. In ‘‘Molecular

levels’’, I point out two ambiguities surrounding reductionist and antireductionist

claims, and suggest that emergent antireductionism and its reductionist counterpart
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are not necessarily mutually exclusive alternatives. I trace the root of the problem to

a failure to acknowledge that biological phenomena are analyzed at a variety of

molecular levels, and that a distinction should be made between attempts to explain

biological function in terms of molecular mechanisms and attempts to predict

biological function by monitoring the behavior of a particular component of a

molecular mechanism. In ‘‘Higher-level wholes vs. higher-level entities’’, I argue

that taking into account higher-level wholes and their emergent properties is

typically done without relying on the explanatory store of sciences dealing with

higher-level entities. I challenge the assumption that ‘higher-level wholes’ is

synonymous with ‘higher-level entities’; I argue that even if mechanisms are wholes

characterized by emergent properties, mechanistic explanations require that

properties of compositionally more complex wholes are explained in terms of less

complex wholes; and I object to the assumption that functional descriptions are

incompatible with molecular explanations. Finally, in ‘‘Conclusion’’, I summarize

my arguments and conclude that emergence and antireductionism in biology are two

separate issues.

Emergent properties of higher-level wholes

John Dupré characterizes emergence by opposition to what he calls the ‘reductionist

principle’:

if we knew everything about the chemicals that make up a lynx, and the way

they are assembled into cells, organs, and so on, we would, in principle, know

everything about the lynx. (2010)

The principle is framed as an epistemological relationship (presumably prediction or

explanation) between knowledge of wholes (in this case, a lynx) and knowledge of

parts (cells, organs, chemicals) plus structural details (how chemicals are assembled

into cells, organs, etc.); in short, if knowledge of parts (plus structural details), then
knowledge of whole. By contrast, epistemological emergentism is the thesis that the

properties of the whole cannot be predicted from and explained in terms of the

properties of the parts:

X bears predictive/explanatory emergence with respect to Y if Y cannot

(reductively) predict/explain X. (Silberstein 2002)

This is thought to entail that

the best understanding of complex systems must be sought at the level of the

structure, behavior and laws of the whole system. (Silberstein 2002)

There are three kinds of examples used to back up emergence claims in

biological sciences. One kind pertains to the chemical properties of macromole-

cules. Certain biochemical structures, such as lipids, small and large ribosomal

subunits, single stranded RNA, and complementary single stranded DNA assemble

spontaneously in lipid bilayers, ribosomes, secondary RNA structures and double

stranded DNA. However, as Robert Williams (2002) and Marc Van Regenmortel
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(2002) point out, not all the properties of such wholes (lipid bilayers, ribosomes,

folded RNA, dsDNA) can be predicted or explained in terms of the properties of the

parts (fatty acids, ribosomal subunits, unfolded RNA, ssDNA).

Williams (2002) and Van Regenmortel (2002) argue that cooperative binding is

an emergent property: the affinity of the binding sites of a macromolecule for a

given ligand (e.g., enzymes and their substrates, antibodies and antigens,

hybridization of nucleic acids, protein–protein interactions) is affected positively

or negatively once the ligand actually binds the site, such that knowledge of the

affinity of each binding site for its respective substrate does not allow for accurate

predictions of the overall affinity of the macromolecule to bind all its substrates at

the same time. In this case, the explanatory relevant context is the sequence of

deformations a macromolecule undergoes as it interacts with its ligands.

The second kind of examples pertains to the properties of organized molecular

systems, such as mechanisms.2 Dupré (2010) observes that the ability of DNA to

contribute to phenotypes and development is not only a consequence of its

molecular constitution, but is also determined by the larger context of other

molecular components of mechanisms of gene expression and gene expression

regulation. Van Regenmortel makes a similar comment about the contribution of

antibody-antigen binding to immune responses. Finally, Laubichler and Wagner

criticize reductionism on the grounds that it

fails to acknowledge that the vastly complex combinations of molecules that

make up biological objects are organized and structured. (2001)

The third kind of examples pertains to the functional role molecules (e.g.,

enzymes, DNA) and molecular structures (e.g., membranes, chromosomes) play in

the context of cells and organisms. While early biochemists might have entertained

the possibility that the elucidation of the chemical properties of biomolecules will

provide a direct way of predicting or explaining biological function, it is now

generally acknowledged that there is no straightforward connection between

chemical structure/interaction and biological function. As Michel Morange puts it,

‘‘Molecular-functions do not exist.’’ Rather, the

principles of macromolecular organization replaced the naive vision of some

of the early molecular biologists, who tried to reduce each complex structure

and function of organisms directly to one (or a limited number of) proteins or

other macromolecules. (2002)

Dupré (1993, 2010) further elaborates a distinction between ‘explaining how

something does what it does’ and ‘explaining what it does’:

2 A mechanism is characterized as ‘‘entities and activities organized such that they are productive of

regular changes from start or set up conditions to finish or termination conditions’’ (Machamer et al.

2000). Alternatively, a mechanism is ‘‘a complex system which produces that behavior by the interaction

of a number of parts according to direct causal laws’’ (Glennan 1996), ‘‘a complex system that produces

that behavior by the interaction of a number of parts, where the interactions among parts can be

characterized by direct, invariant, change relating generalization’’ (Glennan 2002), or ‘‘a structure

performing a function in virtue of its component parts, component operations, and their organization […]

responsible for one or more phenomena’’ (Bechtel and Abrahamsen 2005).
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a complete knowledge of the physical and chemical properties of a protein will

certainly not tell us what a protein does. When we know what the protein does,

chemistry may certainly be able to explain how it does it; but that is a different

matter. […] Chemistry, alone, cannot tell us that a particular protein is a

GAPDH rather than one of the countless other functionally defined things it

might have been. To be a GAPDH requires, in addition, an environment that

includes the other elements that make the performance of its specific function

possible. (2010)

Molecular levels

In this section, I begin by pointing out two major ambiguities surrounding

reductionist and antireductionist claims suggesting that emergent antireductionism

and its reductionist counterpart are far from being mutually exclusive alternatives.

What molecular level?

Reductionists and antireductionists alike tacitly agree that higher-level explanations

in biology occur at a variety of distinct levels of composition (e.g., the whole

organism in the case of natural selection explanations; tissues, organs and systems

of organs for physiological explanations and embryology; cells, cell processes,

organelles and macromolecular complexes in the case of cytology and classical

genetics). Unfortunately, equally taken for granted is the assumption that molecular

explanations occur at the same level. I dispute this assumption.

Morange (2002) points out that a distinction should be made between the level of

composition proper to molecular biology explanations involving molecular

mechanisms, such as signal transduction pathways; the level of biochemical

explanations of metabolic activities, such as glycolysis; and the level of physical

chemistry explanations, such as structural explanations of the affinity of an enzyme

for its substrate. Furthermore, several sub-levels can be distinguished within each of

these major levels. For example, if the DNA polymer has properties not found in the

individual nucleotide components, then it makes a difference whether one wants to

reductively explain a biological phenomenon in terms of biochemical properties of

monomers or biochemical properties of polymers.

In order to understand how this affects the reductionism-antireductionism debate,

consider for a moment the activation and eventual programmed cell death

(apoptosis) of T-cells (Fig. 1). The phenomenon involves a complex series of

mechanisms (panel A) that incorporates at its heart a common gene regulation

mechanism (panel B) involved in a variety of other phenomena (e.g., HIV

infection), itself composed of a number of molecular components (panel C). In

resting immune T-cells, unphosphorylated inhibitor protein IjB (panel C) binds the

NF-jB transcription activator, forming a bulky complex that cannot translocate into

the nucleus (panel B). When the cell is exposed to certain stimuli, such as fragments

of bacterial cell walls, IjB is phosphorylated, binds a complex of proteases and is

rapidly degraded. As a result, NF-jB is freed and can translocate to the nucleus,
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where it binds specific DNA sequences (Zandi et al. 1997). The binding of NF-jB

results in an increased transcription of target genes resulting in the expression of

ligands, leukins, cell-surface receptors and other key players responsible for a

successful immune response. NF-jB also binds the promoter of the IjB gene,

resulting in an increased production of IjB. The newly synthesized IjB binds

NF-jB, trapping it back in the cytoplasm. Thus, following stimulation, T-cells are

rapidly activated, then they are automatically turned off by means of a negative

feedback loop molecular mechanism. At the same time, NF-jB also triggers the

expression of proteins involved in apoptosis (panel A). This ensures that, if T-cells

fail to be turned off, they die rather than cause highly detrimental and potentially

fatal hyperallergenic or autoimmune reactions [reviewed in (Baetu and Hiscott

2002)].

There are three molecular levels of composition in Fig. 1: the protein in panel C is

part of the regulatory mechanism depicted in panel B, itself part of the more complex

system of mechanisms depicted in panel A. If everything is clumped together under

the generic term ‘molecular’, then there is an ambiguity surrounding reductionist and

antireductionist claims. It is possible to be both a reductionist and an antireductionist,

depending on the precise lower molecular level targeted by the claim.

It is also possible that reductionists and antireductionists talk past each other

simply because they do not have in mind the same molecular level. For instance, on

Fig. 1 Molecular levels [panels adapted from (Baetu and Hiscott 2002; Baetu et al. 2001)]
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the antireductionist side, Van Regenmortel (2002) complains that immunogenicity

(the ability of an antigen to induce an immune response) does not reduce to a

chemical interaction (antigenicity, or the ability of an antigen to be bound by an

antibody). Along the same lines, Laubichler and Wagner argue that

[s]imilar molecular interactions, such as the binding of specific transcription

factors to similar stretches of DNA thus lead to quite different phenotypic

results. (2001)

On the reductionist side, Delehanty (2005) argues that the transition between the

unicellular and the fruiting morphologies of slime molds is fully explained by

molecular mechanisms. Unfortunately, they are not taking about the same level of

composition. Van Regenmortel, Laubichler and Wagner have in mind something

along the lines of panel C (protein–protein or protein-DNA interactions), while

Delehanty considers something akin to panel A (signaling pathways coupled with

gene expression regulation mechanisms).

Explanation or prediction?

To make things worse, there is a further ambiguity about whether reduction to molecular

levels is a matter of prediction or one of explanation. In general, Dupré (2010),

Laubichler and Wagner (2001), Williams (2002; Williams and Frausto da Silva 1999)

and Van Regenmortel (2002) tend to frame reduction in terms of the ability to derive or

predict properties of the whole given knowledge of properties of the parts (e.g.,

properties of polymers from properties of monomers, secondary and tertiary structure

from primary sequence, final gene product sequence from open reading frame sequence,

immunogenicity from antigenicity, properties of the lynx from properties of its

chemicals, phenotype from binding of transcription factors). In contrast, Delehanty

(2005) and Rosenberg (1997, 2006) are concerned with explanations involving

differentiation and developmental mechanisms. There is no consistency though. For

example, Van Regenmortel (2002) complains about our inability to predict protein

folding from sequence, but later switches to explanations of immunogenicity.

Rosenberg (1997) begins by framing reductionism in terms of ‘computability’, that is,

the ability to predict developmental outcomes from DNA sequence analysis;

subsequently (2006) however, he appeals to much more detailed mechanisms of gene

expression regulation explaining certain features of development.

To illustrate the problem, consider Fig. 2. Panel A represents the phenomenon to

be explained, in this case, the peak of T-cell activation following stimulation (gene

expression being quickly turned on following stimulation, followed by a shutdown

and return to the initial state). Panel B provides a simplified representation of the

IjB/NF-jB regulatory mechanism explaining the peak of T-cell activation (see

Fig. 1, panel B). Panel C depicts the most commonly targeted molecular component

that affects3 most drastically the strength and duration of the peak of T-cell

3 In a causal-manipulationist sense (Woodward 2003; Craver 2007): X (IjB) is causally relevant to Y

(peak of T-cell activation) if one can manipulate Y by intervening on X; X is explanatorily relevant to Y

if it is causally relevant.
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activation: IjB. There are several lab-produced mutants of IjB that cannot be

degraded (in which case target gene expression is always off), are degraded slower

(the peak of activation is delayed), are unstable (the peak of activation occurs earlier

and/or is stronger), or that are degraded in response to certain types of stimulation

but not others (selective activation). Thus, IjB is the ‘actual and specific difference

maker’4 in a variety of cell models of T-cell activation. By extrapolation from these

cell models, it is possible to predict the most probable biological outcome based on

knowledge of the IjB sequence.

The same biological outcome (panel A) can be both explained (panel B) and

predicted (panel C). However, the explanation appeals to the more complex IjB/

NF-jB regulatory mechanism, while prediction only requires taking into account

correlations between cellular phenotypes and IjB sequence. Hence, depending on

whether reduction is framed in terms of explanation or prediction, T-cell activation

can be reduced to a regulatory mechanism, or to the structure/sequence of IjB.

Fig. 2 ‘Glass-box’ (explanatory) reduction to molecular mechanisms vs. ‘black-box’ (predictive)
reduction to molecular components

4 Kenneth Waters (2007) introduced the notion of ‘actual and specific difference maker’ in relation to

DNA. In order for DNA to contribute to a phenotype, several causally relevant factors must be present.

However, he argues, what actually makes the difference between two inherited phenotypes is a matter of

DNA sequence. Other causal factors, such as the RNA polymerase, are either always present (they are

part of the constant causal background) or are much less specific (they affect gene expression in general

and not the expression of a particular gene).
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It follows from here that not only there are several molecular levels of

composition, but there are also two distinct varieties of epistemological reduction to

molecular levels, namely a ‘glass-box’, or explanatory reductionism to molecular

mechanisms, and a ‘black-box’, or predictive reductionism to molecular compo-

nents based on the causal dependencies of the explained phenomena on various

molecular components.5 Defusing the former variety of reductionism is consider-

ably more difficult that defusing the latter. Unsurprisingly, antireductionists tend to

object to the latter (e.g., Van Regenmortel’s objection to causal explanations;

Laubichler and Wagner discussion of HoxA-11 ‘black-box’ knockout experiments

rather than the regulatory mechanism of which HoxA-11 is only a component),

while reductionists invariably fall back onto the former (e.g., Delehanty’s ‘extended

mechanisms’), hence the absence of net progress in settling the debate.

Higher-level wholes versus higher-level entities

The failure to take into account that there is more than one molecular level of

composition and more than one variety of reductionism creates a false dichotomy:

either a biological phenomenon is explained in terms of the molecular structures

underlying it, or if not, it can only be explained in terms of higher-level entities.

Thus far, I have shown that there is an ambiguity surrounding the notion of

reduction to molecular levels suggesting that reductionism and antireductionism

may not stand in such a sharp opposition after all. I will now argue that ‘higher-level

wholes’ (e.g., polymers, molecular mechanisms) are not synonymous with ‘higher-

level entities’ (e.g., organelles, cells, organisms). Thus, taking into account higher-

level wholes and their emergent properties does not entail a reliance on the

explanatory store of sciences dealing with higher-level entities.

Macromolecules

Prima facie, it may seem perfectly reasonable to assume that to each whole

corresponds an entity and one field of investigation, together with its distinct store

of concepts, theories and explanations. Populations are at the same time entities

studied by ecology, and wholes made of organisms. Organisms are at the same time

entities studied by zoology, botany, microbiology, evolutionary and developmental

biology, and wholes made of organs and systems of organs. Organs and systems of

organs are at the same time entities studied by physiology, and wholes made of

tissues. And so on, until we reach cellular, molecular, and biochemical levels. Thus,

if the explanation of a certain phenomenon requires taking into account a higher-

level context, it automatically follows that a different science and its store of

explanations become relevant.

Consider now the proposed examples of emergence in biological sciences. Van

Regenmortel (2002) and Williams (2002; Williams and Frausto da Silva 1999)

argue that the affinity of the binding sites of a macromolecule for a given ligand is

5 The terms ‘glass-’ and ‘black-box’ belong to Lindley Darden (2006).
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affected positively or negatively once the ligand actually binds the site, such that

knowledge of the affinity of each binding site for its respective substrate does not

allow for accurate predictions of the overall affinity of the macromolecule to bind

all its substrates at the same time. It does not follow from here that a thorough

understanding of cooperative binding requires taking into account supra-molecular

entities, such as cells and organisms, which would take us outside the domain of

investigation of biochemistry.

The contextual elements required for the more realistic model of antigen–

antibody binding Van Regenmortel seeks are not the type of cell under study, the

molecular mechanisms of immunity, let alone the environment in which our

ancestors lived and the evolutionary forces that shaped their evolution. Quite on the

contrary, the relevant aspects concern solely the chemical context of the binding,

namely a sequence of deformations occurring during antigen–antibody interactions.

Similarly, a polymer falls within the domain of investigation of biochemistry to

the same extent its monomeric parts do. It is true that a linear extrapolation of the

strength of the hydrogen bonds between two complementary bases doesn’t provide a

perfect prediction of the melting temperature of a double stranded DNA sequence

(Williams 2002). Yet, there is no law of chemistry that requires that this

extrapolation is linear, but only an assumption of linearity which turned out to be

false. There is not a single model, theoretical or empirical, of the melting

temperature of double stranded DNA that appeals to other physically interpreted

variables than sequence composition, the relative strength of the A-T and G-C

bonds, temperature, and the chemical properties of the solution in which melting

takes place.

Thus, if reductionism fails, it is not because biochemists fail to predict things like

the melting temperature of a DNA duplex, the optimal epitope sequences

recognized by an antibody or the three-dimensional folding of polypeptides.

Whether or not these phenomena are labeled as ‘emergent’, they remain confined to

the domain of investigation of biochemistry.6

Mechanism-wholes and mechanistic explanations

Biological mechanisms7 constitute a serious problem to emergent antireductionism.

Mechanisms are a very common example of wholes that do not correspond to any

higher-level entity. Consider Fig. 1 for instance. The molecular mechanisms

6 To draw a quick analogy, physicists have been aware of the notorious n-body problem since Newton.

Newton was able to solve the two-body problem for gravitational interaction, modern computers can give

solutions to some three-body problems, while a general solution for the n-body problem is still to be

found. It can be easily argued that the motion of a planet revolving around a binary star system is an

emergent property because physicists don’t have the mathematical tools to predict it. Still, even if we

endorse epistemological emergentism, the problem does not fall outside the scope of mechanics.
7 It has been repeatedly pointed out that most explanations in biology are best characterized as

descriptions of productive mechanisms (Bechtel 2006; Darden 2006; Wimsatt 1976; Craver 2007).

Mechanistic explanations place an emphasis not only on composition, but also on how parts are organized

in a certain way in order to produce/generate/underlie/maintain the phenomenon to be explained

(Machamer et al. 2000; Glennan 1996, 2002; Bechtel and Abrahamsen 2005). Since mechanistic

explanations explicitly appeal to a multitude of entities, activities, and organizational features jointly
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depicted in panels A and B are not organelles, are not cells, and are not tissues.

Furthermore, the series of mechanisms depicted in panel A includes molecular parts

belonging to various organelles (nucleus, mitochondria), different cells (interactions

between cell-membrane receptors/ligands) and extracellular environment (secreted

ligands and interleukins). If molecular mechanisms are compositional wholes that

do not correspond to any higher-level entities such as organelles or cells, then it is

not clear in what sense the study of these wholes transcends the boundaries of

molecular biology.

Please note that I am not suggesting that all mechanisms in biology are or can be

reduced to molecular mechanisms. There are plenty of examples of physiological

mechanisms (e.g., explanations of locomotion and circulation), cellular mechanisms

(e.g., neural pathways explaining conditioning in Aplysia), organelle-level mech-

anisms (e.g., meiosis as a mechanism for Mendelian segregation, chromosomal

crossing-over as mechanism for recombination). The issue is quite different: a

mechanism-whole can be said to possess emergent properties relative to its

components, yet the mechanism itself is not higher-level entity. Thus, if complex

molecular wholes, such as mechanisms, are not higher-level entities, then it is not

clear why would entities, concepts and explanations associated with higher-level

entities suddenly become relevant to the understanding of the phenomenon

produced and explained by the mechanism in question.

The puzzle deepens even more if we consider the fact that many phenomena

produced by biological mechanisms count as properties of higher-level entities. For

example, the series of molecular mechanisms depicted in Fig. 1 explains the

behavior of T-cells, a property of cells, as well as an important feature of immune

responses, namely temporal duration, which is a property of the immune system.

The same goes for mechanisms that are not strictly molecular. According to the

long term potentiation (LTP) explanation of spatial memory [(McHugh et al. 1996;

Craver 2007, Fig. 5.1)], a cognitive/behavioral property of an organism is explained

by cellular and molecular mechanisms comprising neural pathways, associated

synapses and their molecular constituents. This creates a rather complex situation

that doesn’t fit the framework of emergent antireductionism (nor that of traditional

reductionism, for that matter). Properties of the whole (e.g., living organisms) are

explained by mechanisms (physiological, cellular, molecular), which are compo-

sitionally less complex than the whole (a mechanism contains only a subset of the

parts of the whole) and are elucidated by sciences that are concerned with parts of

the whole (physiology, genetics, molecular biology). Thus, properties of compo-

sitionally more complex wholes are explained in terms of compositionally less

complex wholes, which contradicts the conclusion of emergent antireductionism. At

the same time, its premise stands true, as each of these less complex wholes is itself

characterized by emergent properties relative to the parts entering their

composition.

Footnote 7 continued

needed in order to produce the target phenomenon, they are different from reductive explanations

pointing out ‘the cause’ of a phenomenon.
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Functions in molecular contexts

Many advocates of emergent antireductionism seem to downplay the importance of

functional descriptions in molecular biology and biochemistry.8 Dupré argues that a

function is always relative to a context, but fails to mention that, in many of his

examples, the context is strictly molecular (e.g., the esterase function of GAPDH);

he prefers the less committing term ‘biological context.’ Laubichler and Wagner

discuss at length the different functional roles developmental morphogens and

homeobox transcription factors play in different contexts, as established by

knockout experiments, yet fail to mention the different molecular mechanisms

which allow these proteins to play different functional roles.

Functional descriptions are omnipresent in both molecular biology and

biochemistry. While various molecular components can be said to have functions

relative to higher-level entities such as cells and organisms (hence the naming and

attributing of a function to genes based on the phenotype that obtains when they are

mutated; e.g., wingless), they also have functions relative to chemical interactions

(e.g., NF-jB binding domains) and molecular mechanisms (e.g., IjB, which stands

for inhibitor of jB). Names and qualifiers like ‘transcriptional activator/repressor’,

‘diffusable morphogen’, ‘GAPDH’ (glyceraldehyde 3-phosphate dehydrogenase),

‘kinase’ or ‘RNA binding protein’ denote functions in molecular contexts. Thus,

functional descriptions are not the exclusive domain of sciences dealing with supra-

molecular entities.

According to Cummins’ analysis,

x functions as a U in s (or the function of x in s is to U) relative to an analytical

account A of s’s capacity to W just in case x is capable of U-ing in s and A

appropriately and adequately accounts for s’s capacity to W by, in part,

appealing to the capacity of x to U in s. (1975)

This characterization applies to the components of a mechanism:

Attributions of mechanistic role functions describe an item in terms of the

properties or activities by virtue of which it contributes to the working of a

containing mechanism, and in terms of the mechanistic organization by which

it makes that contribution. (Craver 2001)

8 Van Regenmortel (2002) adopts an even more radical position by claiming that only a higher-level

functional explanation taking into account the benefits of a trait for the organism as a whole can provide a

satisfactory explanation of immunity. Unfortunately, the argument rests on three undefended assump-

tions. The first assumption is that functions can only be understood as proper/selected functions [‘‘It is

the/a proper function of an item (X) of an organism (O) to do that which items of X’s type did to

contribute to the inclusive fitness of O’s ancestors, and which caused the genotype, of which X is the

phenotypic expression, to be selected by natural selection’’ (Neander 1991)]. The second assumption is

that the unit of selection is the organism. The third assumption is that an evolutionary explanation of

immunity is, in fact, satisfactory. All three assumptions are problematic: there are alternative accounts of

functions (Craver 2001; Cummins 1975); the philosophical consensus acknowledges a plurality of units

of selection (Okasha 2008); finally, there are issues evolutionary explanations fail to address in a

satisfactory manner (e.g., if immunity is a functional adaptation that has been selected for, how does this

explain the prevalence of autoimmune diseases?).
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For example, in Fig. 1, panel B, IjB (x) functions as an inhibitor of gene

expression (U) in the NF-jB regulatory system (s) relative to an analytical account

(A) of the NF-jB regulatory system’s (S’s) capacity to regulate gene transcription

(W) just in case IjB (x) is capable to inhibit (U-ing) in the NF-jB regulatory system

(s) and the analytic account (A) appropriately and adequately accounts for the ability

of the NF-jB regulatory system (s) to regulate gene transcription (W) in part by

appeal to the capacity of IjB (x) to inhibit (U) in the NF-jB regulatory system (s).

By contrast, in their discussion of the different functional roles of SHH (sonic

hedgehog homolog), Laubichler and Wagner make no reference to the molecular

mechanisms in virtue of which SHH performs these functions. The emphasis falls

exclusively on how SHH is a ‘‘multifunctional molecular factor’’ relative to higher-

level entities such as flies, mice, legs, axons, or the ectoderm. Strangely enough, not

a word is said about the fact that SHH contributes to all these various phenotypes by

always functioning as an intercellular signaling ligand in the context of the

hedgehog signaling pathway and the associated Patched-Smoothened-Cubitus gene

regulation mechanism, or the fact that different phenotypes obtain because the

hedgehog signaling pathway works in conjunction with other signaling pathways

(e.g., PKA, CK1, GSK kinase cascade pathways) in order to activate different sets

of genes.9

Functions exist in biochemistry as well. The capacity of IjB to function as an

inhibitor of the NF-jB regulatory system is grounded in its ability to bind the NF-

jB transcriptional regulator, itself grounded in the chemical structure of the IjB

peptide. Relative to a sub-system composed only of folded IjB and NF-jB, the

LQQTPLHLAVI repeats in the IjB protein (Fig. 1, panel C) function as an NF-jB

binding domain. Removing these sequences from IjB or adding them as free-

floating mini-peptides is sufficient to prevent/outcompete IjB/NF-jB binding. A

similar comment applies to SHH: the function of the N-terminal ‘signaling domain’

of SHH is to bind Patched membrane receptor. This shows that such sequences have

a function in biochemical interactions to the same extent immunity has a function in

the living organism.

It seems therefore that even if functions are emergent properties functional

domains and molecules acquire in molecular and mechanistic contexts, it does not

follow that functions can only be understood relative to higher-level entities and

associated concepts, theories and explanations. In fact, functions in molecular

contexts play a crucial role in explaining functions in cellular and organismal

contexts. For example, the function IjB plays in the context of the NF-jB

regulatory system is part of accepted explanations of the function IjB plays in the

contexts of the mechanisms of T-cell activation, themselves a part of accepted

explanations of the function IjB plays in the context of immunity. Without a

mechanistic explanation involving functions in molecular contexts, functions of

molecules in cellular/organismal contexts are mere ‘black-box’ experimental

correlates between cellular/organismal phenotypes and the presence/absence/

alteration of a molecular component.

9 Carroll et al. (2005) discuss in detail how pleiotropic effects on other regions of the body are avoided by

a combination of tissue-specific transcription factors and genomic regulatory sequences.
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Conclusion

In biology, emergence and antireductionism remain two distinct issues. I agree that,

at least in an epistemological sense, many wholes in biological sciences are

characterized by emergent properties and that an extended context is necessary in

order to understand these properties. I also agree that not all biological phenomena

are best accounted for by molecular, or lower-level explanations in general. It is not

clear however how it follows from here that emergent properties can only be

understood from the perspective of higher-level entities, concepts, theories and

explanations. I object to the ambiguous use of the term ‘molecular level’ (‘‘What

molecular level?’’), to the lack of a rigorous distinction between prediction and

explanation (‘‘Explanation or prediction?’’), to the conflation of ‘higher-level

wholes’ with ‘higher-level entities’ (‘‘Macromolecules’’), to the failure to take into

account mechanistic explanations, which involve wholes but do not deal with

higher-level entities (‘‘Mechanism-wholes and mechanistic explanations’’), and to

the failure to appreciate the importance of functional descriptions in molecular

contexts (‘‘Functions in molecular contexts’’).
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