SUMMARY

In 2005, a space probe called Huygens landed on the surface of Titan- Saturn’s largest moon.  This event was heralded as one of the greatest achievements of space exploration.  And indeed it was.  But more controversial was the claim that the surface of Titan presented us with a ‘study ground’ for how life might have arisen on earth.  While biochemists are today searching for plausible chemical reactions that shed light on how life originated on our planet, what is becoming clear is just how improbable a purely naturalistic framework for explaining life’s origins really is. We likewise find that current evolutionary models do not explain how the complexity of the cell and higher orders of life could have arisen without the guiding hand of a designer.  The latest scientific evidence indicates that our cosmos arose through a very tightly controlled beginning and that the very existence of life depends on several key physical parameters being exactly as we find them to be.  Today our planet appears ideally suited for making scientific observations- evidence that the designer of the cosmos intended that He be discoverable.  Indeed we can only conclude that the designer is personal and takes a deep interest in his creation- exactly what we find in the God of the bible.  The Huygens probe landing was significant not because it told us how life might have originated but because it revealed humanity’s God-given capacity to learn and explore.  On this count we are unique amongst all of earth’s creatures
CHAPTER 8

Triumphant Entry Into Lilliput
Crisis in Kansas- uprooting the tree of Darwinian orthodoxy

For those engaged in promoting the neo-Darwinian orthodoxy of evolution, 1995 will always be remembered as a year in which the American National Academy of Sciences set the standards on what sort of science could acceptably be taught in American high school education.  Several years later, the Kansas State Board of Education drew up a panel of scientific experts and scholars to help it decide what must be done to ensure that the state of Kansas complied with these national standards (RFMB Darwin’s Hostages).  It was during the review of the academy’s requirements that a point regarding the teaching of evolution was brought to the attention of the State Board.  The general message encapsulated by the academy’s requirements was that no doubt or skepticism concerning biological evolution should be entertained in classrooms during the teaching of the science curriculum and that any involvement of a supernatural creator following the origin of the Universe should be considered as superfluous and unnecessary to such teaching (RFMB).  Moreover, the academy’s recommendation of a theistic type of evolution for those who wanted to believe in supernatural creation, could not contradict the supposed facts of science since it required that God be forbidden to interact with the Universe after its creation (RFMB).  Needless to say, the Kansas State Board of Education, led by Steve Abrams, a doctor in veterinary medicine, declined to adopt the academy’s standards, calling for a restriction of Darwinism to the testable and less controversial side of the theory of evolution, namely microevolution (changes caused by natural selection that can be directly observed in the laboratory).  What followed was a barrage of criticism from a number of prominent scientists such as John Rennie, editor of Scientific American, who himself called for a careful reconsideration of college admissions for those students graduating from Kansas High Schools (RFMB).  Paradoxically, the same sorts of disputes had been brewing across the Atlantic in the United Kingdom where to the shock of many a Darwinian stalwart, apparently creationist-minded multimillionaires such as Peter Vardy have been investing huge sums of money in state-run high schools (RFHackett).  In a Times report on the subject of creationist interference, British Prime Minister Tony Blair reassured voters that reports of such schools teaching creationist theories “were exaggerated” and that a “diverse school system would deliver better academic results” (RFHackett Hackett and Waterhouse).  Times reporter Mathew Paris later described the entire scenario as, “the new politics”, that would eventually lead to, “the end of structured thought, the end of fact and the end of theory” (RFMP). 

Science might very well be on the verge of a shakeup.  With President George Bush standing behind intelligent design as a theory that deserves to be heard alongside Darwinian natural selection some scientists are becoming increasingly uneasy.  As one TIME review wrote, the legal landscape of the teaching of biology is changing and dramatically so(RFCW- See Claudia Wallis).  Yet this evidence as we have seen is to a very large extent subjective and filled with personal expectations that dismiss contradictory data as merely figmentary and fit to be ignored.  The teaching of evolution through natural selection, in the sense of an all-encompassing theory of how life evolved, is generally considered as a strictly non-negotiable state of affairs (RFMB-The American Spectator).  And yet, politics aside, there are a plethora of reasons some of which I have reviewed in previous chapters, for placing skepticism on this all-encompassing approach.  The absence of fossil intermediates, a lack of genetic or developmental mechanisms for explaining apparently homologous anatomical structures, the absence of predictive and explanatory power, the Cambrian explosion of complex body plans and the predominance of stasis and punctuated change are just some of the key criticisms for uprooting the tree of Darwinian orthodoxy.  However, perhaps the most notable challenge has come from the latest discoveries in biochemistry and cell biology which, as Bruce Alberts recently summarized, have revealed a cellular world so replete with interacting, molecular machines that the cell most closely resembles a factory with numerous assembly lines each serving different functions in the overall scheme of things (RFBA).  Contrary to David Quammen’s assessment (RFDQ p.20), population genetics, biochemistry, molecular biology and genomics are providing the most recent out of several thorns in the evolutionist’s hide.  While we still have much to learn about molecular machines, particularly regarding how they function, how they are structured and how efficiently they work, what is becoming clear is that these machines provide all the indicators consistent not only with design but design by an intelligent agent.  

Alberts review itself draws attention to some of the inconsistencies between what we observe in the cell and what we would expect from our well-entrenched evolutionary paradigms (RFBA).  Perhaps molecular machines did not originate through a piece-meal, bit-by-bit assembly.  Stuart Kauffman’s brief review of the cell is telling

“A cell is…a rich tapestry of molecular happenings …..There is, after all, all of metabolism, the busy building of cell membranes and organelles.  There is the business of DNA to RNA to protein, where the code itself is mediated by the very aminoacyl transferase charging enzymes that load the proper transfer RNA molecules with the right amino acids to translate the code that creates, among other things, the aminoacyl transferase enzymes themselves.  There is the swishing of energy flowing in and through the multiplexed highways and byways, labyrinthine in their details…The simplest free-living systems, pleuromonia (PPLO), a simplified bacterial species that haunts the lungs of sheep, still has a membrane, DNA, a code, perhaps 300 assorted genes, the machinery of transcription and translation”(RFSK Investigations p29-30)

Obviously complexity by itself means little.  It is specified complexity, in Dembski’s information-theoretical framework of a highly improbable recognizable pattern, which presents us with a reliable indicator of intelligent design.  It is this information-theoretical framework that is set to revolutionize the way we do science in the coming years and decades. 

A Universe closer to home

For more than 3 decades, scientists have scanned the heavens for signals that might indicate the presence of life in the far out reaches of our Universe.  Glamorized in the 1990s by the movie Contact, the SETI (Search For Extra-Terrestrial Intelligence) research program has combed the skies for information rich, electromagnetic signals working on the basis that if any of these signals contained recognizable patterns, we might infer the existence of extra-terrestrial intelligence (RFNT- de Grasse Tyson- Where Are The Aliens?).  Today earth-bound radiotelescopes detect random noise and highly repetitive signals typically produced by stars and galaxies.  More importantly, astronomers today recognize that an information-bearing signal, were it to be received by one of these telescopes, would confirm the existence of life outside of the earth (RFNT- de Grasse Tyson- Where Are The Aliens?).  Extra-terrestrial agents might communicate through mathematical patterns such as a series of primer numbers.  It was the recognition of a specified instruction set for building a new supercomputer that led astronomers in Fred Hoyle’s A For Andromeda to the inference of an intelligent source beyond our galaxy.  What we now know is that the kinds of signals that SETI is searching for cannot arise through chance since both the complexity (improbability) and the objectively detectable patterns of these signals are beyond the limits of what chance can realistically be expected to generate (RFUnlocking- see Unlocking The Mystery Of Life).  To date SETI has been unable to register any such signal.  Nevertheless much closer to home, in the smaller realm of the cell, molecular biologists and biochemists are busily uncovering a source of biological complexity in the DNA molecule itself.  Indeed as Philosopher Paul Nelson reminds us, there is no known system in the entirety of the Universe that stores and processes information as efficiently as DNA (RFUnlocking).  The question that arises from this is therefore why, if SETI researchers employ improbability and specification to detect intelligent life elsewhere in the Universe, can we not use the same criteria for inferring design as the source of specified information in DNA?  The answer lies in the use of, what Stephen Meyer calls, methodological naturalism (RFUnlocking).  In other words, to be scientific, we can only discuss in terms of natural causes even though everything we know about information rich systems from our day-to-day experiences arises through intelligent design (RFUnlocking). Bill Gates once said that DNA is very much like a computer program only much more complex.  Since we know that Bill Gates does not employ wind and erosion but instead skilled programmers and computer engineers to construct his software, we should be evermore expectant that intelligent design provided the information in DNA (RFUnlocking).  It is only our ill-conceived limitations that prevent us from making this inference.  In the words of Dale Fincher,  

“What is being touted as "science" is really a commitment to a philosophical position that has little to do with science” (RFDF)  

Undoing our philosophical commitments will be the major challenge of the twenty first century. 

Balloons of the backyard

Well known throughout the world are the colorful festivities of the Brazilian carnival where the ‘Sambadromo’ sets entire cities dancing on the streets during the month of February.  Perhaps less well known are the traditional, remembrance celebrations in June for Saint John who, according to popular faith, is responsible for the good harvest that Brazil reaps every year.  So strong is this faith that even when the harvest is poor, St John’s contribution to the harvest is whole-heartedly acknowledged.  One of the many ways that children celebrate the event is by releasing and chasing small hot air balloons through the cities, the aim of this game being of course to catch them wherever they land.  Having grown up in Brazil, I remember chasing these balloons over six-lane highways, across bridges and through neighborhoods in the hope that I would be the first to arrive at their point of landing and, in the process, discover what mysterious mechanism kept them airborne.  Needless to say disappointment always followed when, arriving breathless at the landing spot, I discovered not only that a crowd of kids had arrived long before me but that the balloons had entered somebody’s back yard.  Like navigators on a voyage of discovery, we would peer through tall impenetrable fences at the balloons beyond, filled with the realization that we would have to wait for another day to uncover the secrets of those ‘balloons of the backyard’.  Reflecting on these experiences, I somehow think that Darwin must have faced a similar predicament when confronted with the black box of the inner workings of life- the mammalian circulatory system or the immune system for example.  This black box would have been Darwin’s own ‘balloon of the backyard’.  Peering across the fence that was the limited knowledge of biochemistry at the time, Darwin must have hoped that this black box would not upset his grand theory.  He was nevertheless able to brush off the lack of knowledge by filling in the gaps of knowledge with the apparent power of natural selection.  As he wrote in his autobiography

“The old argument of design in nature, as given by Paley, which formerly seemed to me so conclusive, fails, now that the law of natural selection has been discovered.  We can no longer argue that, for instance, the beautiful hinge of a bivalve shell must have been made by an intelligent being, like the hinge of a door by man.  There seems to be no more design in the variability of organic beings and in the action of natural selection, than in the course which the wind blows” (RFCD- Autobiography p.87)  

Unfortunately for Darwin, we now know that such generalities regarding his grand theory were not only premature but wrong.  Coming back to our example of the immune system, much has been learned in recent years regarding the immune system and how the various parts of the system work together towards the common goal of fighting off invaders.  Like President Ronald Reagan’s infamous 1980’s Star Wars project, the immune system was designed for the primary purpose of valiantly protecting against external aggressors.  Yet unlike the Star Wars project, which for several reasons never got off the ground, the human immune system works beautifully.  Much of its success is based on the enormous repertoire of shapes (known as epitopes in technical jargon) that are recognized by the henchmen of the immune defense, the antibodies (RFSK).  Stuart Kauffman was absolutely correct when he described the enormous number of possible shapes that these antibodies recognize (RFSK).  Indeed for more than 20 years, many immunologists puzzled over this enormous shape ‘repertoire’- a repertoire so large that we now know that as many as a million antibody molecules are possible from the different subunits that make up the antibody (RFJW Watson et al p865).  To understand how such a diversity of recognition is achieved it is worth taking a closer look at the antibody molecule.  In its simplest form the antibody is made up of two heavy chains and two light chains which, when combined together, form a symmetrical ‘Y’ shape (see figure below).  The upper ‘arms’ of this Y are the parts that recognize the epitopes on an invading antigen, say a virus particle or a bacterial toxin (RFJW Watson et al p841).  Close inspection of these arms shows that both the light and heavy chains have variable regions that determine the specificity of an antibody to its given epitope.  It is as if a carpenter had a box of screwdrivers each with different sized heads that fit into different sized screws.  The only difference would be that, in this case, the carpenter would need hundreds of thousands of different-sized screwdrivers in his tool kit to be able to have at least one that fits the infinite number of screws that he might find in his block of wood.  
It is now known that antibodies are not simply floating haphazardly around in the body waiting for an invader to strike but rather are produced by specialized cells called B cells (RFJW Watson et al p834-835).  Each B cell produces only one specific antibody (recognizing a single epitope) and carries it on its surface.  By recognizing a particular epitope, the B cell with the specific epitope is triggered to proliferate, the result being of course a predominance of B cells that recognize the invading aggressor (RFJW).  These B cells not only carry the antibodies on the surface but also secrete them into the blood thereby making the response against the invading aggressor that much more effective (RFJW).  Looking back at this order of events, it makes perfect sense that the initial recognition of the aggressor should be made by antibodies that are attached to the surface of their respective B cell.  After all, if this did not happen, how could the body ‘know’ which B cells to begin proliferating?  As Michael Behe explains, these surface antibodies have anchors that hold the antibody in the cell membrane so that once the initial recognition has been made, the antibody 'factory' is close at hand to produce more antibodies specific to the aggressor’s own antigens (RFMB).  There is nevertheless a further vital role that the B cell plays in this carefully orchestrated response.  The foreign antigens that the B cells recognize are internalized within the B cell, cut up into smaller pieces and presented on the outer cellular surface by a protein complex called the Major Histocompatibility Complex (MHC) (RFJW).  This ‘fusion’ of antigens and the MHC is then further recognized by other specialized cells called T lymphocytes, the back up forces in the body’s own defenses.  Unlike the B cell, whose surface antibodies recognize the whole antigen, the T lymphocyte requires the antigen to be presented as these smaller pieces (RFJW). 

Once the antigen pieces have been presented to the T lymphocytes, these cells then stimulate the antigen presenting cells to release ‘molecular messengers’ called Interleukins (RFJW).  Interleukins signal the T cell to further grow and divide while other B cells manufacture more copies of the specific antibody.  However, unlike in the original B cell, these new antibodies lack the ‘hooks’ necessary for attaching onto the cell surface, and so are released into the surrounding fluid (RFJW).  

Figure: Structure of the antibody molecule- note the ‘Y’ form with the two light and two heavy chains.  Antigen binding is achieved by the two identical binding domains at the top of the molecule

Even at this early stage in the description of the immune response, it is already easy to see the challenge that it poses to the Darwinian tenet of gradual, bit-by-bit improvements through natural selection acting on random variations.  As Behe is so right to ask, where would the system have started evolving?  If the initial antibody response is done with antibodies lacking hooks that are therefore not bound to their cellular factory, there is no feedback loop by which more antibodies can be produced.  Similarly for membrane-bound antibodies, how does one evolve a mechanism by which the cell can ‘tell’ that its surface antibodies have recognized antigen? (RFMB DBB p125)  A few B cells binding to a multitude of antigens would be like a motorboat with an outboard motor turning at 1 rotation an hour against a gushing torrent.  Similarly, a ‘first’ B cell producing a single antibody molecule would be powerless to the plethora of antigens floating around ready to invade at the earliest opportunity.  In other words, there simply would not be enough to make the immune response remotely useful.  Such a dilemma has enormous ramifications for the way that we think about complex molecular systems since it suggests that in many cases the components of such systems must have somehow evolved all at once (RFMB).  Moreover when we consider the other points of our brief account- ingestion of the antigenic protein, presentation of protein fragments by the MHC at the surface of the cell, recognition of these fragments by specialized T lymphocytes and the secretion of interleukins for growth and division of T lymphocytes- we begin to see why our ability to come up with a gradual evolutionary sequence is not due to a lack of imagination.  It is because of what we do know about the assembly of such complex systems that intelligent design keeps coming back as the best explanation for how these systems arose.

[45]Tracking targets with explosive-carrying carts

The account of the immune response thus far is a long way from being complete.  Yet it already puts forward a significant challenge to those committed to explaining the origin of complex systems through a piecemeal assembly.  Where do we start?  What component do we have first?  How do we build slowly from what already exists?  There is a crucial point to our account that is perhaps not self-evident from the way that I have told it and that is that antibodies by themselves do not destroy or even harm their targeted aggressors.  They are simply signals that mark the spot upon which subsequent reactions act so as to finish the job.  Like the action scenes of Hollywood in which enemies are destroyed by explosive-carrying carts that follow tracking devices on the bottoms of cars, the antibody is a signal upon which the cells’ own explosive-carrying carts can find their target.  Without an explosive-carrying cart, a device that flashes incessantly at the bottom of a target vehicle would do little more than alarm the driver.  The body has its own explosive-carrying cart called the complement system that effectively eliminates foreign cells that have been branded for destruction.  

The complement system is, as the name suggests, a system that ‘complements’ the initial antibody response (RFBA- Molecular Biology of the Cell).  The proteins of the complement system form a membrane attack complex- a molecular battering ram of sorts- that punctures holes into the outer cell membrane of an invading cell destroying it in the process (RFBA).  There are a total of 20 different complement proteins all of which are produced in the liver and remain inactive until called into action either by the immune response (the classical pathway) or through recognition of sugar molecules called polysaccharides on the outer surface of the invading cell (the alternative pathway RFBA see figure).  In the classical pathway, antibodies bound to the outer surface of the cell trigger the activation of three complement proteins, C1, C2 and C4.  During activation, a small part of these proteins is first removed exposing otherwise hidden regions that can bind to the invading cell membrane (RFBA).  Moreover, these complement proteins act cooperatively and in a highly specified order in so far as the binding of one complement protein at the correct place is essential for the binding of the next protein.  Like a baby’s shape-fitting toy, these complement proteins must be in the correct position and fitted in a precise order into the space available.  With all three proteins C1, C2 and C4 now in place, the C2 and C4 collectively form an enzyme called C3 Convertase the role of which is to convert another complement protein, C3, into its active form (RFBA).  This activation involves cutting the original C3 protein into two smaller pieces aptly named C3a and C3b, the larger of which, C3b, then binds onto the invading cell membrane.   Once associated with the cell membrane, C3b binds another complement protein called C5 which in turn is cut by the C3 Convertase complex described above to generate 2 protein fragments, C5a and C5b (RFBA).  Finally the C5b seeds the assembly of an aggregate of proteins called the Membrane Attack Complex (made up of complement proteins C6,C7,C8 and C9), the role of which is to puncture the invading cell membrane and make it leaky.  With the eventual death of the cell, the complement system provides a truly masterful mechanism for killing foreign invaders, with each part playing an essential role in the invader's demise.  

The intricacies of the complement system- note the formation of the C3 convertase by the assembly of the C2 and C4 and the subsequent formation of the membrane attack complex through the assembly of C5b,C6,C7,C8 and C9 (Taken from Alberts et al)

It becomes clear as one considers the complexity of not only the complement system but also the repertoire of antibodies available to the immune response that the origin of such systems severely challenges the idea of a step-by-step evolutionary construction.  It is not surprising that Rodney Phillips should write in a recent review article how, “nearly 150 years after the publication of the Origin of the Species, we are still laboring to understand evolution and selection in many biological systems”(RFRP).  Like Hollywood's explosive-carrying carts, antibodies would have little effect on foreign invaders without the killing mechanisms to back them up.  Conversely these killing mechanisms would have no way of homing in on foreign invaders without the antibody 'tracking devices'.  Moreover, the immune response has to be able to discriminate between 'self' and 'foreign'.  The indiscriminate binding of antibodies to the body’s own cells would be catastrophic as anyone who has suffered from autoimmune disorders will testify- alas an imperfect design does not invalidate the theory of intelligent causation.  We may legitimately ask ourselves why a designer would have pitted an animal with such an elaborate immune defense against bacteria that have equally elaborate attacking machines.  As already mentioned, such questions lie outside of the inference of intelligent causation because intelligent design can be recognized on the basis of specification and complexity without recourse to purpose or intention.

Darwinian triumphs and valiant stabs

Of course there should not be total despair for those who wish to promulgate the Darwinian framework for it is easy to see where natural selection may be the driving force that ‘improves’ the body’s defenses in response to selective pressures.  Such pressures are seen today in the plethora of mechanisms devised by microorganisms for escaping the body’s immune surveillance.  Some viruses for example are able to minimize the amount of antigen that they produce while other viruses such as HIV can insert their DNA into the body’s own DNA and vary their own proteins so as to avoid the body’s so called immunological ‘memory’ (RFRP- see Rodney Phillips).  The malaria parasite is equally cunning.  By invading only red blood cells, the parasite avoids the presentation of its own proteins to the cell surface by the Major Histocompatibility Complex (MHC) since these cells do not produce an important class of MHC proteins.  From such examples, it is easy to envisage how slight successive improvements in the immune response might one day help to keep these invading aggressors at bay (RFRP- see Rodney Phillips).  Such Darwinian ‘triumphs’ are not what are being contended here.  What is being contended is the promulgation of this rather limited view of natural selection to its more ‘globally-encompassing’ extension- after all, it is one thing to ascribe successive slight improvements to the powers of natural selection and an entirely different thing altogether to propose that natural selection is the means by which complex systems such as those involved in the immune response have been constructed from scratch.  Modern day neo-Darwinists would of course disagree and, rather like the mythological Atlas of Greek legend, would prefer to place the entirety of evolution from a hypothetical common ancestor, on the shoulders of natural selection.  However, as the above findings indicate, natural selection cannot take the weight.

The lack of causal specificity is one of Dembski’s core arguments against those who claim that we have a viable proposition for how complex intracellular and extra cellular systems arose.  Causal specificity was what Benjamin Franklin quipped in one famous line 

“For want of a nail, the shoe was lost; for want of the shoe, the horse was lost, and for want of the horse the rider was lost” (RFSK taken from Kauffman p113).  

Within such a chain of events, we see causal specificity leading us to an eventual explanation of why the rider finally perished.  Likewise, we should expect the same standards of causality in biology and the origin of complex molecular systems.  “Without specificity,” Dembski writes, “ one has no empirical justification for affirming that a transformation can be effected”  (RFWD  NFL p242).  Without causal specificity, we cannot claim to know how molecular processes such as the immune response supposedly evolved.  

Escher’s blood clot- running around in circles

The challenge for proponents of Darwinian theory is not that Darwinism is not valid but rather that it is only valid within a certain limited context. Darwinism can only account for small variations (say insecticide and antibiotic resistance) within given populations of individuals.  It is its wider application in explaining the origins of biological complexity that is being questioned.  Donald and Judith Voet’s detailed review of the mammalian blood clotting system is another case in point (RFDV).  Blood clotting is an essential component of mammalian molecular physiology.  Without the formation of a clot, the tiniest cut could be lethal to the injured.  But how does it happen?  The molecular basis for clotting is as elaborate as the immune response both in the theatrical coordination of its ‘actors’ as well as the number of components involved.  Initially a cut or a wound induces the production of platelets (small cell fragments) that stick to the cut and then to themselves so as to form a tiny plug (RFDV p 1087).  The stickiness of these platelets is mediated by a protein called the Von Willebrandt factor which binds not only to specific receptors on the surface of the platelets but also to other components in the surrounding damaged tissue.  These aggregating platelets release other factors that cause vasoconstriction (a rather long word for describing the narrowing of blood vessels- RFDV).  The end result is the cessation of blood flow out through the injury.  It is now that the formation of the clot proper begins.  Interconnecting cascades of essential proteins make the clotting possible- remove any one of the proteins and things will cease to function (see figure below).  At the end point of these cascades is a protein called fibrin that polymerizes to form the familiar hard blood clot that we all undoubtedly remember from our afternoons in the school playground (RFDV).  So how do we get to fibrin?  Another protein, called thrombin must first cleave fibrin’s precursor, fibrinogen doing so with utmost specificity and precision between two particular amino acids (RFDV).  However, thrombin is hardly hanging around waiting to perform its catalytic function.  Like fibrin, it too is derived from an inactive form appropriately called prothrombin that also gets cut this time by another enzyme called Stuart Factor (denoted as Xa in the figure below).

Figure: The blood clotting cascade.  Note particularly the proteins that are written in normal type face.  These are proteins that are involved in promoting blood clot formation

Stuart Factor presents us with an interesting case of cooperative activity since it does not act on prothrombin by itself.  In fact, if left to its own devices, Stuart Factor would activate prothrombin extremely slowly- by the time it had activated prothrombin, a wounded animal would have bled to death and perished.  In fact, another protein called proaccelerin (denoted as Va in the figure above) speeds up the activity of factor Xa 20,000 fold (RFDV).  But what about the origin of proaccelerin?  Perhaps not surprisingly, we find that it too is synthesized in an inactive form called Factor V.  The conversion of Factor V into proaccelerin is catalyzed by thrombin that, as you will recall from above, is a product from further down the clotting pathway (RFDV).  Moreover thrombin can also inactivate proaccelerin and other molecules of thrombin.  Further up in the blood clotting cascade, we see that Stuart Factor (Xa) is in fact a product of another reaction involving protein called Factor X (RFDV). 

It is at this point that we encounter an increase in the complexity of the blood clotting system.  Two separate pathways- the intrinsic and extrinsic pathways play a vital role in controlling the formation of a clot (RFMB p.84).  The intrinsic pathway kicks into action first with the activation of a protein called Hageman factor.  In its inactive form, Hageman factor will first bind to the surface of cells that are in the vicinity of a wound, say a paper or knife cut.  Inactive Hageman factor is then converted into its active form by getting cut by another protein called HMK.  In its active form, the Hageman factor is now in a position to activate yet another molecule called Prokallikrein (RFMB).  In turn, the active form of Prokallikrein provides what is commonly known in the world of biochemistry as a positive feedback loop.  In other words, Kallikrein 'tells' HMK to speed up and get more of the active Hageman factor produced.  Meanwhile activated Hageman factor and HMK turn on yet another protein called PTA that in turn induces a molecule called Convertin to activate a protein called Christmas factor (RFMB).  It is finally at this point that Stuart factor is generated (from the cleavage of Factor X) through the joint activity of Christmas factor and another protein called antihemophilic factor.  

All in all, the blood clotting pathway forms an elaborate cascade.    Let us stop for just a moment, capture our senses and ask the serious question- where in the above schema do we begin evolving such an intricate, strictly interdependent cascade of molecular interactions?  This is an important question.  After all, blood clotting is not a luxury, not a commodity that only exists to enhance the fitness of an animal.  It is down right essential.  Furthermore it must be fully operational as a mechanism.  Take out one of these components from the above scheme and the whole system ceases to function.  Like Escher’s waterfall illusion, one could go around and around in circles trying to decide where the evolution of the blood clotting cascade might have begun and where it would have ended.  However, unlike Escher, blood clotting is not an illusion, it is for real.  

[46]Irreducible complexity- a reality to contend with

Behe concluded that systems such as the blood clotting cascade were irreducibly complex on the basis that the removal of any of the parts of the cascade would cause the system in its entirety to cease functioning.  In the absence of molecules such as Stuart factor, accelerin, thrombin and fibrin, the cascade would not function (RFMB).  While there are other ways that the body may slow down the loss of blood such as constricting the blood flow through the wounded area or using platelets that stick to the wound to plug the 'hole', none of these can be considered as precursors to the blood clotting cascade.  From an evolutionary stand point we come to an impasse of immense proportions since, if all the components of the blood clotting cascade are needed to function, we have no way of assembling the cascade bit by bit.  A successive improvement of the cascade is not plausible since functionality is only achieved when the system is fully integrated and assembled (RFMB).  For example, suppose that some hypothetical primitive blood clotting system had existed in the past, its only components being thrombin and fibrinogen.  Blood clotting would ensue uncontrollably as blood just simply clotted throughout the circulatory system.  The consequences would of course be disastrous to an animal that suffered even the smallest wound.  Moreover, if one were to imagine, as Behe did, that a simpler system existed at one time and that successive steps in the cascade were inserted over time, then one must also be prepared to imagine that each new component existed in its inactive 'proenzyme' form and that other components already in the cascade could cut it to render it active at the correct time and place (RFMB).  Clearly there is a lot of imagining to be done! 

The underlying principle of Behe’s discussions is that, wherever we encounter irreducibly complex machines and systems, intelligent design is, seemingly without exception, at the heart of their inception (RFMB).  So what evidence have evolutionists uncovered in support of their charge that such design in biology is only apparent?  What have scientists revealed that might give credibility for a purely natural process by which systems, like the blood clotting cascade, might have arisen?  Well, a close look at many of the proteins involved in the cascade shows up extensive similarities not only between the blood clotting proteins themselves but also between proteins of the cascade and other molecular systems found in the body (RFMB).  One hypothesis therefore is that the corresponding genes might have arisen through gene duplication events (RFMB).  This in itself is not an implausible hypothesis and certainly there are many reports in the literature that suggest that genes can exist in multiple copies, sometimes even in inactive forms called pseudogenes.  However, gene duplication does precisely what is implied- duplicate the gene.  It does not introduce novel specificities and activities to the protein product of the gene involved.  Nor does it provide the cleavage sites for the factors that are located upstream in the cascade that must cut at precisely those sites if the cascade is to work at all.  Clotting factors may have originated from common descent but this is a far cry from prophesying that they did so through a process of natural selection.  

What we are seeing in Behe's treatise of complex biological systems is a reiteration of Dembski's specified complexity- that is, a particular sequence of bits that demonstrate a highly specified pattern whose arrangement seems so vastly improbable that intelligent design jumps out at us as the underlying principle behind their origin.  In so doing Behe's is not adopting a position of abandonment in which research should simply throw in the towel and give up.  Rather, he is asking us to recognise intelligent design through exactly the same fundamental principles as those adopted by the SETI research program in their search for extra terrestrial life.  We do not need to know the designer's intentions nor do we even need to know who the designer is.  In Behe’s own words, “we apprehend design from the system itself, even if we don’t know who the designer is” (RFMB)
Expanding our horizons 

Of course it is one thing to say that a biological system is irreducibly complex.  It is another thing altogether to say that it is the product of intelligent design albeit from a designer that is unidentified.  Yet the subsequent step of inferring intelligent design is only logical given what we do know about the assembly of irreducibly complex systems in our every day experiences.  Moreover, our confidence should only be strengthened when we see that these biological systems present an elegance and intricacy that in most cases surpasses anything that man has been able to put together.  The relatively recent advent of nanotechnology- a field whose aim it is to engineer molecules into tiny devices for future therapeutic and research use- has provided lessons that only expose the enormous gap between biological motors and man made equivalents.  Indeed during the Sixth Foreshight Conference on Molecular Nanotechnology held back in 1998, scientists from Cornell reported on the idea that biological nanomotors might provide the best solution for powering man-made nano devices (RFFR).  The particular motor that the Cornell scientists were interested in- an enzyme called F1-F0 ATPase- displays many of the characteristics of a bacterial flagellar motor, most notably its very own turbine, rotor and stator (RFFR).  Indeed, the Cornell scientists used the F1-F0 ATPase to drive a nanopropeller that they had made themselves out of nickel.  The results were impressive- by adding in ATP, the central source of energy in the cell, these scientists were able to achieve a staggering 8.3 revolutions a second and this at an 80% efficiency (compare this to a 20% efficiency of the combustion engine RFFR).  This in itself was a phenomenal result and lead biochemist Fazale Rana to question how we could possibly view these marvels of engineering as mere products of a random evolutionary process (RFFR).  After all, scientists have to this day been unable to synthesize or make any motor that could realistically power their nickel nanopropellers.  Of course, the counter argument is that nature has had almost 4 billion years to make these and thus has a fantastically huge head start over researchers.  Nevertheless, given selection, simplicity rather than complexity seems to be the preferred route.

The underlying tone of both Behe's and Rana's arguments seem to extend from biologist Brian Goodwin's call for a shift in the way we think about biology.  As Goodwin indicates, most of the focus of modern evolutionary biology has been on how genes provided the raw material through which the Darwinian 'play' has been acted out (RFBG). In this genocentric view, inheritance through random mutation and selection is the basis upon which all of life and its ensuing diversity have arisen. Yet Goodwin is clearly dissatisfied with this view and rightly so (RFBG p1-8).  The position Goodwin has taken is one of an organocentric biosphere in which organisms are built not only through genetic instruction but also through processes of dynamic organisation that act independently of these genes (RFBG). Goodwin comes to the conclusion that biological complexity can arise through the ordering of dynamic systems that exist on the brink of chaos.  Nevertheless even the dynamic self-organization that he proposes has to be built on an already-existing complexity within the cell (RFBG see also Kevin Campbell, RFKC).  It is this complexity that has been the power behind the argument of intelligent involvement in the design of nature’s contrivances. 

[47]Our Cellular Metropolis

So it was that I began studying the cell perhaps more deeply than I had ever done before in my scientific career.  I was intrigued by an article that appeared in 2003, authored by one of the stalwarts of modern chemistry Professor Theodore Brown (RFTB).  Since Brown was a Professor Emeritus at the University of Illinois, I was not surprised to find his rather elucidating description of the cell in what was an article focused primarily on the use of metaphors in science.  For the cell, the metaphor that Brown proposed was of a factory with complex functional relationships and interactions closely reminiscent of that seen in our own manmade production plants (RFTB).  Indeed today we know that the cell shows elements of quality control, energy budgeting, transportation of goods and services, review of process efficiencies and all the wonderful synchronies that one associates with a production line.  Science writer Peter Forbes had this to say about the cellular world that until comparatively recently was a ‘Blind Zone’- a black box unknown to man

“What exists in the Blind Zone are large molecules of complex non-random chemical composition that are assembled to make the working structures of the cell; pumps and engines and factories for making everything the cells need, including copies of themselves.  The contents of the Blind Zone comprise nature’s nanotechnology” (RFPFp.10)
As Forbes later noted, even phenomena visible to the naked eye are generating a sense of awe.  His description of the iridescence of the Morpho butterfly wing, for example, revealed all the characteristics of a human piece of technology (RFPF p.111).  But it is the cell itself that remains at the pinnacle of engineering elegance. Francis Crick’s reference to the molecular ‘gadgetry’ of the living cell also reflected the sophistication of the cellular world (RFPBSDNA- See DNA Series).    What was lacking in all these descriptions of the cell was an idea of the size and scale of the cellular factory.  In fact, rather than a cellular factory, my approach would be to talk about the cell as a thundering metropolis.  Were we to shrink down to a size that allowed us to enter and view the cell, we would find a myriad of ports opening and closing in a controlled fashion as elements and molecules essential for the cells survival passed through.  The whole scenario would be rather like the highways leading into New York upon which trucks would ride in bringing food and other essentials to the city's inhabitants.  As we rode through these port holes we would find transportation networks, production lines, signal pathways paralleling New York's own electricity power grid, telephone cabling, sewage systems and gas and water supply webs.  Somewhere within this busy city we would observe a spherical structure- the nucleus- massive in size, spanning approximately 1 km of our expanded cell.  Within this structure, long strands of DNA would be tightly wound around protein complexes- the histones that we met in the previous chapter- as decoding machines moved along open, unwound regions within the overall structure of the chromosomes.  Yet more ports would open as essential raw materials of the DNA decoding process entered and left while just outside the nucleus different decoding powerhouses would begin the task of generating proteins using molecular messengers for instructions.  Cellular vehicles would be seen passing messages and signals between each other (rather like the shipping companies that we are used to in our own cities) while small spherical machines would be observed carrying cargo from production units to processing plants.  Not all of the cellular machines would be moving- some would stay fixed within the cellular boundaries receiving and transmitting signals from neighboring cities while others would be linked up to self-destructing networks ready to destroy the entire cellular city should its growth get out of control.  Elsewhere, small robots would be checking for flaws and correcting mistakes, faithfully policing production units while large power plants called mitochondria would be manufacturing all the energy to run the entire cell.  
With such a picture of the cell, it is not surprising that Nancy Pearcey and Charles Thaxton should, like Theodore Brown, liken the cell to an enormous factory with “the vast range of products and raw materials continually passing through conduits in an orderly fashion to various assembly plants” (RFNP).  As they would later add, for a cell that was magnified many times over, we would observe, “robot like machines- tens of thousands of different kinds- in charge of production…..analogues to nearly every feature of our own advanced machines” (RFNP).   Horrah to metaphorical narrative!!!!  Dynamic systems such as those that Goodwin discusses not only do not provide any basis for explaining how such cellular complexity might have arisen but they also say nothing about how irreducibly complex systems, such as the blood clotting network we looked at earlier, might have originated.  Within the cell the ability of gene products to regulate each others activity is totally dependent on these gene products, more commonly known as transcription factors, being able to bind to defined portions of DNA that can selectively turn other genes on and off.  These binding sites are in many instances precise and specific for those and only those essential factors that will turn them on.  

[Intervening text has been cut out- what follows is the end of the chapter]
 [48] Triumphant entry into Lilliput
It almost goes without saying that any discussion that focuses on how intelligent design might have been involved in the fashioning of cellular machines and the construction of the inter-cellular organization contrasts significantly with the rather undirected, goal-lacking, mindless nature of the modern synthesis.  Many scientists ‘cringe’ at the thought of a purposeful evolutionary process.  In fact, when interviewed by science writer Roger Lewin, biologist Dan McShea spoke of the redolence of “the Divine design of pre-Darwinian days” (RFRL p138-139).  One of the most prominent philosophers of science today, Elliot Sober, whose talk on evolution at Promega I had the pleasure of attending, has challenged much of what intelligent design theorists cite as evidence for their theory of an intelligent-based origin to biological complexity (RFES).  In two of his most famous papers  'Intelligent Design and Probability Reasoning' and 'How Not To Detect Design' the key point that Sober puts forward against such a theory is that in order to deduce that irreducibly complex systems demonstrate the involvement of intelligent design one must first establish the probabilities or likelihood of such intelligent involvement (RFES).  Moreover, Sober argues that it is invalid to use complex systems of human design, in particular those that are irreducibly so, to support Intelligent Design theory because we already have experience that such systems are precisely the kind that humans would make (i.e.-we already know something about the designer).  Nevertheless, as we have already seen, we can conclude intelligent design based on what we know of intelligently designed systems without prior knowledge of intention or purpose.  There is a certain logical sense in which we can determine whether a biological system is a product of intelligent design without detailed a priori knowledge of intentionality or historical experience.  That Logical sense is what Dembski has now identified as specified complexity (see RFMB Behe Responds)

As we saw in the previous chapter, Meyer and colleagues extended the notion of intelligent design to argue that the quantum leap in body plan complexity that occurred in the Cambrian as well as the high informational content of the genetic instruction that must have accompanied this quantum leap were also hallmarks of intelligent agency.  Such hallmarks, they argued, would only manifest themselves in systems where intelligent foresight has been intimately involved.  Of course, there is nothing new in the argument that complexity in biology is implicit of a designer.  Indeed in ‘How Not To Detect Design’, Sober started by reminding us that ever since the publication of The Origin of Species, arguments based on adaptive complexity and the orderliness of the universe have provided the spring board upon which creationists have mustered their opposition to Darwinist dogma (RFES).  Paley’s own ‘walk through the heath’ is one example of that.  However, what has radically changed since Paley’s time is the knowledge base upon which the claims of intelligent design are made.  Paley never knew of the blood clotting cascade.  Nor did he know of immune response cascades, intracellular cargo transport networks, programmed cell death, bacterial recombination machines, regulated molecular switches, nano-motors or any of the other examples we have looked at here.  Then again neither did Darwin.  So Darwin was able to draw up a seemingly plausible all-encompassing theory of biology without being concerned about the microscopic world.  What we now know about this world poses severe problems for the Darwinian thesis- it is what we do know about the microscopic world and not what we do not know that supports the argument for intelligent design.  

In his review of Norman Gershfeld’s ground-breaking work on the cell membrane, that formidable frontier that separates the cell from the rough and tumble of the outside world, Fazale Rana made the following comment

 “The exacting conditions needed to self-assemble and maintain biological membranes make the conclusion that these structures could emerge by natural processes improbable. At the same time, the fine-tuning and singularity of conditions needed for cell membrane structure and function stand as hallmark characteristics of Intelligent Design” (RFFR).  

How true Rana’s conclusion stands today.  For those that search for a purely naturalistic framework for the origin of biological complexity, the challenge is only becoming more formidable as we open up the molecular black box.  It is perhaps fitting that we should thus end this chapter in the same way that Captain Samuel Gulliver did in Jonathan Swift’s momentous epic (RFJS).  Gulliver’s description of the Lilliputian people seemed to bear much of the intricacies of mechanical engineering that we have ourselves seen in our short tour of the cellular world.  As Gulliver wrote of the Lilliputians, “these People are most excellent Mathematicians, and arrived to great perfection in Mechanicks by the Countenance and Encouragement of the Emperor, who is a renowned Patron of Learning. This Prince has several Machines fixed on Wheels for the Carriage of Trees and other great Weights” (RFJS).  The Great Man Mountain, as Gulliver later came to be known by his Lilliputian friends, could only stand in awe of the metropolis that these little people had built.  Likewise, almost 300 years later we stand at the edge of a discovery so fundamental that it has already started changing the way we view the world we live in.  No longer can we be content with the slow turning wheels of an evolutionary process that is directionless, random and without purpose.  We must begin to view nature as a teleological end point in which Rana’s exacting conditions are everywhere to be seen.  Consequently, what we see emerging is a gradual disquiet and dissatisfaction with Darwinian orthodoxy.  Like the beat of a distant drum that is getting louder and louder, this dissatisfaction is making itself known more and more throughout the scientific community.  Cornelius Hunter points out that such disquiet is only to be expected given the, “vague explanations” put forward in evolutionary literature which rely on, “such dubious mechanisms as “chance” or “opportunism”” (RFCH C. Hunter p.75).  True, it is not a dissatisfaction that comes close to embracing the idea of purpose and intelligent design.  Nevertheless it is a dissatisfaction that cries out for a radical upheaval in the way that we view biology not only in its form but also in its complexity.   

A similar sort of unrest has been brewing in origin of life discussions.  Writing in the Proceedings of the National Academy of Sciences, for example, Leslie Orgel considered the postulate of some self-organizational principle through which chemical cycles might have originated on the early earth.  As Orgel points out, organic chemists have been successful in generating very simple chemical cycles- that is chemical cycles that include perhaps one intermediate (RFLO).  However, none of these come close to matching the extent of metabolic cycles such as the reductive citric acid cycle that we see in vertebrates.  By Orgel's own admittance, we learn an important lesson from the simple observation that even the synthesis of the most basic reaction requires a lot of skill and judgment from the experienced chemist (RFLO).  So where do we start in our quest to find a purely naturalistic account for the beginnings of biological complexity?  For origin of life proponents, one must explain the presence of suitable catalysts to drive forward non-spontaneous portions of a primitive chemical cycle.  As we saw earlier, Kaufman's solution to this was to suggest that biochemical cycles could form catalytically closed loops in which reactive intermediates would themselves act as catalysts for driving non-spontaneous reactions forward.  Orgel is dismissive of this rationale for the sole reason that the types of interaction that would be necessary to permit such a scenario would be far too weak to allow all but the simplest of cycles to form (RFLO).  In his own words, 

"To postulate one fortuitously catalyzed reaction, perhaps catalyzed by a metal ion, might be reasonable, but to postulate a suite of them is to appeal to magic."  (RFLO)

There has nevertheless been a movement towards an all-encompassing view of nature which proposes that complex systems arise as the inevitable result of so-called ‘intrinsic system dynamics’ (RFRL- Roger Lewin).  Complexity for free is the underlying tone of this movement and, as we shall now explore, the search is on for a way of understanding nature without invoking intelligent causes or purpose.  As will become clear, such a search has until now failed to make head way in explaining a purely natural origin to biological complexity.  

