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EVOLUTION AS THE M EANS OF EXISTENCE OF LIVING MATTER

1. IN TRO D UC TIO N

In 1980, British m athem atic ian John Little published a short paper entitled 
"Evolution: myth, m etaphysics o r sc ience?"1. A lthough it is m ore than fifteen 
years old by now, I be lieve it is still o f in terest to  evo lu tionary b io logists and 
ph ilosophers o f b io logy. In his artic le  Little exam ines Karl Popper’s w ell known 
cla im  tha t the D arw in ’s theory o f evolution is m etaphysical rather than scien
tific. Such a sta tem ent requires, however, c larification o f the term s "m etaphy
sica l" as opposed to  "sc ientific". W hile  "m etaphysica l" is frequently used as 
a synonym  o f "pseudo-scientific", P opper uses th is term  to label any theory 
which is e ithe r not fa ls ifiab le , o r does not provide m eans fo r generating pre
c ise and accurate  pred ictions. However, in th is sense, very few  theories, in
deed, can be described as being tru ly  "scientific". There are, a fter all, m any 
theories o r notions w hich are neither fa ls ifiab le  nor have the exact predictive 
pow er and yet constitu te  the very canon o f contem pora ry "sc ientific  thinking". 
A  very good case in point is the concept o f realism  accord ing to which the ex
terna l w orld exists outs ide ou r sensory experience. A  concept as fundam enta l 
to  m odern sc ience as th is w ould seem  a lm ost by defin ition "scientific". And 
yet, as not fa ls ifiab le , it should properly be called, in keeping w ith Popper’s 
defin ition, "m etaphysica l". A pparently  there  are theories "m etaphysical" in the 
P opper’s sense, w hich are scientific, o r a t least "sc ien tific  enough". The ques
tion, therefo re, is w he the r theory o f b io logica l evolution (Darwinian, neo- 
D arw inian, o r any o ther) is a fte r all sc ien tific  desp ite  being "m etaphysical" in 
the P opper’s sense, o r is it m ere ly a myth, a m ental construct which one m ay 
or m ay not believe, depend ing on one ’s in te llectual predilection. In o ther 
words, a re  con tem pora ry  theories o f b io logica l evolution "sc ientific  enough"? 
Little quo tes  P opper w ho have said tha t "ne ithe r Darw in nor any Darwinian,

1 J. Little, Evolution: myth, metaphysics, or science?, "New Scientist" 1980, 4 Septem
ber, p. 708-709.
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has so fa r given an actual causal explanation o f the adaptative evolution o f 
any single organism  o r any single organ". This, indeed, poses a problem  since 
accord ing to the genera l form ula tion o f D arw in ’s concept o f natura l selection 
the surviva l o f the fittes t can on ly  be m easured post factum  by observing the 
actual success o f surviva l. Such a form ulation sounds tauto log ica l and it can 
hardly be taken as the u ltim ate explanation o f the process o f evolution.

A t the conclusion o f his artic le Little once m ore quotes Popper saying: 
"There is a rea lity  behind th is  world as it appears to  us, possib ly a m any- 
layered reality, o f w h ich the  appearances are the ou term ost layers. W hat the 
great sc ien tis t does is bo ld ly to  guess, daring ly to con jecture , w hat the  inner 
realities are  like. This is akin to m ythm aking". And perhaps th is  thought should 
guide us w hen we venture  to  fathom  and, in a sense, expla in the process o f 
b io logica l evolution. W hat w e see as the "survival o f the fittest" is perhaps the  
outer-m ost layer o f reality. Shouldn ’t we try to  guess w hat the inner realities 
are like? Even if it w ill not m ake the theory o f b io logica l evolution "sc ientific" in 
the  Popper’s sense...

In the present paper I propose and d iscuss a genera l concept that the very 
nature o f "liv ing m atter" c reates the necessity  fo r the continuous process o f 
b io log ica l evolution. I suggest, in o ther words, tha t b io logica l evo lu tion is the 
m eans o f existence o f "liv ing matter". The Darw inian natura l se lection is thus 
seen as a m echanism  best suited to  explain certa in aspects o f b io logica l evo
lution, a lthough it m ay not be the only m echanism  by w hich "living m atter" 
evolves and m ain ta ins its existence. There is som e evidence indicating tha t in 
the  course o f evolu tion o rgan ism s acquired new  m eans o f evolving, tha t they 
"learned" how  to  evo lve "m ore e ffic iently". The last and perhaps the ultim ate 
s tep in th is  "evolution o f Evolution" m ay be the ability  to  d irectly  m anipulate the 
genetic  m ateria l (i.e., genetic  engineering). H um an beings, p lease note, are 
living organ ism s too. But are we, hum ans, still the sub ject o f b io logica l evo lu 
tion? This is an im portant po in t which I w ill brie fly  re fer to  a t the conclusion o f 
the considerations w hich fo llow.

2. ON TH E D EFIN IT IO N  O F LIFE

In the deve lopm ent o f b io logy the concept o f evolution (i.e., o f a m ultistep 
process o f d irectiona l changes) em erged in opposition to  the fam ous static  
concept o f C harles L inne (which, indeed, w as m ore "static" than the A ris to te 
lian "Scala Naturae"). W h ile  in "P hilosophia botan ica"2 L inne stated expressis 
verb is tha t the  num ber o f species had not change since creation (and conse

2 C. Linne, Philosophia botanica, Stockholmiae 1751, p. 100.
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quently  a system  o f taxonom y should ju s t try  to  re flect th is fact), J.B. Lam arck3 
underlined firs t o f all tha t living organ ism s (both a live and a lready extinct) are 
not a set o f unchangeable species but a continuum o f m inute ly  d iffe rent form s, 
m ore com plex o f w hich had em erged from  less com plex through the process 
o f "evo lu tionary change". The ve ry  sam e concept o f continuum  was adopted 
by Darwin, and la ter by neo-D arw in ists. W hat changed between Lam arck and 
D arw in was the location o f the  driv ing force o f the evo lu tionary process, from  
Lam arckian "in trins ic  desire fo r im provem ent" to Darw inian external "natural 
selection". Yet one question rem ains tha t has not been conclusive ly an
swered: is the existence o f all living organ ism s predicated upon the evo lu tion
ary process? In o ther words, is it possib le to  conceive o f living organ ism s that 
d id not evolve by the  D arw inian (o r any other) m echanism ?

Before attem pting to  answ er th is question w e need to  decide on a defin ition 
o f living organ ism s and that, in turn, enta ils  provid ing a defin ition o f life. How
ever, in spite o f m any attem pts to  arrive at such defin ition, none adequate or 
genera lly  accepted seem s to  have been found yet. There is no consensus on 
how  to answ er such questions, as "H ow  we can ju s tify  and explain taking or
gans fo r transp lants  -  such as a heart o r kidneys -  from  a ‘dead ’ human body, 
these  organs being osten ta tious ly  ‘a live ’? Is ‘being a live ’ the  attribute o f a cell, 
o r an organism , o r perhaps a population, or o f a species?" On the o ther hand 
it seem s perfectly  c lear tha t "liv ing matter", i.e., the m atter o f which the living 
o rgan ism s are built, is c learly  d istingu ishab le  from  the non-liv ing m atter on the 
basis o f its chem ica l com position, ce llu lar structure, m etabolism , self- 
reproductive  ability, etc. W e m ay reasonably agree to  define "living m atter" by 
a set o f such a ttribu tes (som e o f them  are listed in Tab le  I). M ay we, therefore, 
de fine  life s im p ly  by the set o f the above-m entioned a ttributes? One m ay ar
gue tha t in fact such a defin ition is trivia l, because it has on ly a broadly de
scrip tive  characte r and by no m eans helps to  understand or explain the phe
nom enon o f life. A lso, if w e artific ia lly  create and organize m atter in such 
a w ay tha t it possesses all "descrip tive" a ttribu tes o f life such as those listed in 
tab le  I, w ould it really m ean tha t w e created "life"?

The last question seem s to have no obvious answ er but we can easily  cir
cum ven t the problem  by incorporating into the  defin ition o f "life" the fac t that it 
has its own history. M ost sc ientis ts  concerned w ith origin o f life agree tha t the 
process o f b iogenesis  w as driven by natura l fo rces (there was no "creator") 
and tha t it w as a one-tim e event, at least in the sense o f one event (or one set 
o f events) o f b iogenesis  being su ffic ien t to  create life on Earth as a continuous 
phenom enon w hose existence can be dated back to tha t s ing le occurrence.

3 J.B. Lamarck, Philosophie zoologique, Paris 1809.
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Natural "living m atter" proved its ability to exist in changing env ironm ents fo r 
several b illions o f years. There fore  long-term  ability  o f continuous existence in 
changing environm ents m ay be added to the "descrip tive" list as one more, 
though a very im portant one, attribute o f "real" "liv ing matter". Life, as we know 
it, had em erged once and from  that tim e it has been able to perpetuate itse lf 
despite frequent (in the geolog ica l tim e scale) and profound changes in env i
ronm ental conditions. C learly, during these past tim es living organ ism s cre 
ated a continuum  o f form s, i.e., evolved. But does it m ean tha t b io logical evo 
lution really was a necessity?

3. LIFE IS IN TR IN SIC ALY ER RO R -PR O NE PHENO M ENO N

The attributes o f "living m atter" listed in tab le I are essentia l constituents o f 
its property ca lled "se lf-organization". Therm odynam ica lly  se lf-organization 
can be defined as the  capacity to  preserve order, or, in o ther words, ability  to 
accum ulate negative  entropy. In genera l evo lu tionary processes, defined as 
gradual, d irectiona l change, are com m on throughout the universe but all p res
ently  known, w ith  one exception, tha t o f life, are d irected in the long term  to 
wards the increase o f entropy. In isolated areas entropy m ay be preserved or 
m ay even decrease  fo r short periods o f tim e, but the genera l d irection o f 
change always u ltim ate ly  leads, by v irtue o f the second law o f therm odynam 
ics, tow ards "less organized" form s o f matter. In the sea o f inanim ate w orld 's  
rising entropy life is an arch ipe lago o f isolated is lands o f "b io log ica l order" 
(cells and organism s).

Once the ce llu la r theory o f Schle iden and Schwann gained genera l accep
tance, b io logists agreed to regard cell as a basic unit o f life. The next level in 
the h ierarchy o f organization o f "living m atter" is organism  (although m any or
ganism s are unicellu lar), and the next one is population. Living ce lls  and or
ganism s are able to  accum ulate  "negative entropy", that is are endowed w ith 
the ability to c reate  and m aintain an orderly  and "seem ingly purposefu l" de
sign. This is possib le  thanks to cata lytic  ("m achine-like") properties o f proteins, 
which are structured in netw orks and cycles o f m etabolism . Cells and organ
ism s are som etim es described as "se lf-organ izing d issipative  structures" to 
indicate, som ew hat counter-in tu itive ly, tha t they  are created and m aintained 
by the d iss ipative, entropy-producing processes4. It has been dem onstrated 
tha t the m ain tenance o f "b io logica l order" w ith in ce lls  is m ade possible by the 
re lease o f heat energy from  ce lls5. But still the question rem ains w hether such

4 1. Prigogine, G. Nicolis, A. Babloyantz, Nonequilibrium problems in biological phenom
ena, "Annals of the New York Academy of Sciences" 1974, v. 231, p. 99-100.
5 B. Hess, M. Markus, Order and chaos in biochemistry, "Trends in Biochemical 
Sciences" 1988, v. 12, p. 45-48.
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structures must evolve, and if they do, must they evolve by the Darwinian 

natural selection?

Any kind of catalytic protein (enzyme) in a given cell has its own characteris

tic half-time, i.e., time by which one half of its molecules are dismounted and 

substituted by those newly synthesized. As time passes, every enzymatic 

molecule will progressively lose its catalytic activity in consequence of an ar

ray of chemical and physical interactions. Even if the primary structure of 

a protein would not change due to some chemical reactions (such as, e.g., 

oxidation of amino acid residues), protein molecule would still gradually loose 

its active conformation (will become "misfolded", or "physiologically senes

cent"). This necessitates recognition and elimination of damaged or "old" pro

tein macromolecules and their substitution by those newly synthesized. Selec

tive protein turnover in Eucaryota is determined by an universal mechanism, 

the so-called "ubiquitin-dependent proteolytic pathway"6. Some proteins are 

even specifically "marked" for relatively fast decomposition7.

The limited duration of the catalytic activity is, therefore, the intrinsic property 

of catalytic proteins. The consequence of this, which is frequently overlooked, 

is the demand for their continuous breakdown and synthesis. In the absence 

of such a mechanism, the only conceivable alternative would be continuous 

biogenesis, repetitive synthesis of catalytic peptides de novo from the inani

mate matter. However, the major breakthrough of biogenesis, i.e., linking 

protein synthesis to the much more stable "blueprint" preserved in DNA se

quence, one that can replicate with high fidelity and undergo translation into 

protein structure, provided for stable "memory of the biological order". Once 

the primitive cells acquired the ability to memorize sequences of amino acids 

of their catalytic proteins in the form*of DNA helix which could be accurately 

copied, repetitive generation of catalytic peptides from inanimate matter was 

no more a requirement. Life become a continuous phenomenon.

One of the basic processes which makes the maintenance of biological or

der possible is the phenomenon of molecular recognition. In the famous 

"Molecular biology of the cell" molecular recognition is characterized as fol

lows: "The sequence of subunits in a macromolecule contains information that 

determines the three-dimensional contours of its surface. These contours in 

turn govern the recognition between one molecule and another, or between 

different parts of the same molecule, by means of a weak non-covalent

6 A. Hershko, A. Ciechanover, The ubiquitin system for protein degradation, "Annual 
Review of Biochemistry” 1992, v. 61, p. 761-807.
7 A. Varshavsky, The N-end rule, "Cell" 1992, v. 69, p. 725-735.
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bonds"8. M olecular recognition is essentia l fo r all kinds o f processes which are 
involved in the genera tion and m aintenance o f b io logica l order, including the 
transcrip tion and transla tion o f genetic  inform ation, as w ell as DNA replication. 
However, "m o lecu la r recognition can never be perfect. Because o f random  
fac to r in m olecu lar in teractions, m inor ‘s ide reactions ’ are bound to occur oc
casionally. As a consequence, a cell continually  m akes errors  ( ...)  M istakes 
could be avoided com ple te ly  only if the cell could evo lve  m echanism s w ith in
fin ite  energy d iffe rences between alternatives. S ince th is  is not possible, ce lls  
are forced to to le ra te  a certa in level o f fa ilu re  and have instead evolved a va
riety o f repa ir reactions to  correct those errors that are the m ost dam aging"9. 
It should be added tha t repa ir reactions also cannot be perfect, by virtue o f the  
sam e chem ical princip le, so tha t cells must, indeed, m ake m istakes.

"On the o ther hand, e rrors  [in m olecu lar recognition] are essentia l to  life as 
w e know  it. If it w ere not fo r occasiona l m istakes in the m ain tenance o f D NA 
sequences, evolution could not occur1'10. This is a som ehow  m isleading 
statem ent, because it im plic itly  suggests tha t "b io log ica l order" w ithout m is
takes is th inkab le  -  w h ile  it is not. The d iffe rence is qu ite  fundam ental, if w e 
consider the fo llow ing: If the only source o f random  varia tions w ere errors 
(m utations) inflicted by harm fu l environm enta l in teractions (ionizing radiation, 
e tc.) o r avoidable flaw s in the design o f b io log ica l structures, cells and o rgan
ism s w hich do not m ake m istakes and do not genera te  variab ility  w ould be 
th inkable. But, because the  "living m atter" has its particu lar m olecu lar design, 
the system  o f b io logica l recognition is error-p rone and m olecu la r m istakes in 
the ce lls  and organ ism s are  not avoidable.

M aintenance o f the bio logica l o rder enta ils  the existence, in the long run, o f 
som e kind o f m istake-correcting m echanism . O bviously, when errors are un
avoidable, there  m ust be som e m eans o f verify ing the ir functiona l m eaning. 
N eo-Darw in ian theory postu la tes tha t the  verifica tion is through the m echa
nism  o f natura l selection, i.e., the surv iva l o f the fittest.

4. TH E  M YSTER Y OF A D AP TAT IO N

Charles Darw in w as a natura list. H is ingen ious contention tha t organ ism s 
m arve llous ly  fit to  the ir env ironm ents and tha t the species gradua lly  change 
w as based on pure natu ra lis tic  observations. His theo ry  o f natura l selection 
a im ed to  expla in how  th is apparent pe rfec t fit -  com m only found throughout 
the  w orld o f fauna and flora -  cam e about. However, he had no know ledge

8 B. Alberts, D. Bray, J. Lewis, M. Raff, K. Roberts, J.D. Watson, Molecular biology of 
the cell, 3 ed., New York 1994 Garland, p. 98.
9 Ibidem, p. 97.
10 Ibidem.
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about how organism s, o r "liv ing m atter" in general, m anage to "keep alive" and 
how  adapta tive  tra its, o r any o ther bio logical properties, are inherited. For th is 
reason his explanation w as in fact on ly  descrip tive . The concept o f natural 
se lection seem ed, however, so adequate and genera l tha t in due tim e it 
seem ed to em brace all the  g reat d iscoveries o f "reduction is tic ” branches o f 
m odern biology, m o lecu la r b io logy and genetics. The s tructure  and function o f 
D N A  and proteins, the m echanism s o f hered ity and the role o f m utations 
(random  changes in D NA created by env ironm enta l facto rs  o r by in trinsic infi
de lity  o f m olecu la r recognition processes), all these  w ere thought to be com 
patib le  w ith the  genera l concep t o f "the surviva l o f the fittest". But the d iscus
s ions on the m eaning and im plica tions o f the genera l notions o f the theory o f 
natura l se lection rem ained the  dom ain o f natura lists.

Am ong the  genera l notions o f the Darw in ian theory the term  that focused the 
m ost con trovers ies and d iscuss ions w as tha t o f adaptation. A  detailed analy
s is o f the m eaning o f th is  term  was, fo r exam ple, provided by R ichard C. Le- 
wontin , P ro fessor o f Zoo logy a t Harvard University. A t the beginning o f his 
1978 a rtic le11 he wrote: "The m odern view  o f adaptation is that the external 
w orld  sets certa in ‘p rob lem s’ that organ ism s need to ‘so lve ’, and that evolution 
by m eans o f na tu ra l se lection is the m echanism  fo r creating these solutions. 
Adapta tion is the  p rocess o f evo lu tionary change by w hich the organism  pro
v ides a better and be tte r ‘so lu tion ’ to the ‘p rob lem ’, and the  end result is the 
sta te  o f being adapted ( . . . )  Yet there  is no end to adaptation ." Later on he 
m odified the defin ition  as fo llows: "W hen adaptation is considered to be the 
resu lt o f natura l se lection under the  pressure o f the s truggle fo r existence, it is 
seen to  be a re la tive  cond ition  ra ther than an absolute one ( .. .)  The concept o f 
re la tive  adapta tion rem oves the apparent tau to logy in the theory o f natural 
se lection (...) An ana lys is  in w hich problem s o f design are posed and charac
te rs  are understood as being design so lu tions breaks through th is tauto logy by 
pred icting in advance w hich ind iv idua ls w ill be fitter". However, "evolution can
not be described as a p rocess o f adaptation, because organ ism s are already 
adapted. Then w hat is happen ing in evo lu tion?" In th is context Lewontin re
ca lls  the concept known as the  "Red Q ueen" hypothesis, o r "the hypothesis o f 
env ironm enta l tracking". Accord ing  to  th is concep t "environm ent is constantly  
decaying  w ith respect to  existing organism s, so tha t natura l selection operates 
essen tia lly  to  enable  the  o rgan ism s to  m ainta in the ir state o f adaptation rather 
than to  im prove it." This is, indeed, an in teresting idea, but it im plies tha t if the 
env ironm ent w ere to  rem ain unchanged, no evolution w ould be necessary.

11 R.C. Lewontin, Adaptation, in: Evolution. A  Scientific American book, San Francisco 
1978 Freeman, p. 115-125.
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Later on he says: "The cu rren t p rocedure fo rju d g in g  the adaptation o f tra its  is 
an engineering ana lys is  o f the  o rgan ism  and its environm ent", and his m ean
ing o f "eng ineering ana lys is" is pure ly natura listic. An exam ple is the shape o f 
a sponge optim ized fo r both m axim al feed ing e ffic iency and the greatest resis
tance to predators. H ow  such an optim ization could have occurred on the ba
sis o f random  changes in the  genetic  m aterial, rem ains som ew hat perplexing.

Let’s recall one m ore fragm en t from  Lew ontin ’s paper: "The d ivers ity  tha t is 
generated by various  m echan ism s o f reproduction and m utation is in princip le 
random , but the d ive rs ity  tha t is observed in the real w orld  is nodal: o rgan ism s 
have a fin ite  num ber o f m orpholog ies, physio log ies and behaviors and occupy 
a fin ite  num ber o f n iches. It is natura l selection, operating under the pressures 
o f the s trugg le  fo r  existence, tha t creates the nodes. The nodes are 
‘adaptative peaks ’, and the  species o r o ther fo rm  occupying a peak is said to  
be adapted". The exp lanation  o f th is  "nodality" in te rm s o f random  generation 
o f genetic  va riab ility  w ould  requ ire  assum ption tha t severa l d iffe ren t m utations 
should occur s im u ltaneous ly  to  m ake it possib le to  jum p from  one node to  the  
other. Had the "liv ing m atter" enough tim e to create  the known d ivers ity  o f 
species by testing  all random ly genera ted com binations o f m utations?

Lew ontin ’s paper show s the  kind o f prob lem s "na tura lis ts” encounter w ith the 
term  "adaptation". A ppa ren tly  they  all agree tha t som e sta te  o f adaptation is 
a genera l attribu te  o f life (o r "liv ing m atter"). But are there organ ism s "better" 
o r "w orse" adapted? Can adapta tion be quantified? Does better (higher, 
tigh ter) adapta tion guaran tee  the evo lu tionary success? Can one predict 
w hich o rgan ism s are be tte r (h igher, tigh ter) adapted to a given environm ent? 
Is there  any "re fe rence" tha t w ould  m ake it possib le to  judge a priori w hich 
m odifica tion w ill be successfu l?  O r is there  som e "inner reality" tha t we have 
not yet v is ited?

5. EVO LU TIO N  OF TH E  B IO LO G IC A L EV O LUTIO N

Let’s take a short look at the h istory o f life on Earth. Life orig inated on Earth 
som e 3,5 billion years  ago. Then it took  2 billion years until the  firs t eukaryotic  
ce lls  appeared. M u ltice llu la r p lants and anim als em erged on ly  som e 600 m il
lion years  ago. From  tha t tim e  on, w ith  re la tive ly  short periods o f abrupt re
duction o f d ivers ity  due  to  g rea t extinction episodes, the  num ber o f species in
habiting the  Earth increased in tim e, the grow th in som e stre tches o f tim e be
ing exponentia l. The firs t exponentia l d ivers ifica tion is known to  have occurred 
during O rdovic ian , the  second started in T riass ic  and is ev ident until the  pres

-204-
http://rcin.org.pl/ifis



ent tim e 12. W hy did it took so long to design Eucaryota? W hy did d ivers ifica
tion proceed at the acce lera ted pace desp ite  the organism s becom ing m ore 
com plex?  O ne can in tu itive ly  pred ict tha t in com plex organ ism s single m uta
tions w ould  very rare ly  be adaptative. The m ore specia lized and optim ised the 
organ ism s are, the m ore com plica ted sets o f s im ultaneously  occurring m uta
tions  w ould  be required to  cause a jum p from  one adaptative node to the 
other. If m utations occur random ly, the  likelihood o f creating an adaptive set o f 
m uta tions w ill decrease.

Let's look again to the  concepts em erging from  m odern "reductionistic" 
b ranches o f b iology. It has been determ ined tha t the structu res o f som e pro
te ins  p laying critica l ro le in the m ain tenance o f b io logical o rder are conserved 
fo r  m illions, o r even b illions o f years. An exam ple is the gene o f triosephos- 
phate  isom erase, w hich in ternal s tructure  (including five  introns, i.e., non
cod ing sequences) suggests  that it w as preserved fo r 3 billion years13. The 
exp lana tion  is tha t a lm ost any m utation in th is im portant gene w as lethal. Ap
paren tly  som e fundam en ta l b io logica l inventions w ere so fit tha t they could 
have never been changed. O thers, however, w ere apparently  "less ingenious" 
inventions and could have been changed m ore frequently . But were these 
changes really random ?

The num ber o f pro te ins w ith d iffe ren t prim ary s tructures (am ino acid se
quences) is un im ag inab ly  high. From  20 types o f am ino acid residues m ore 
than 10390 d iffe ren t p ro te ins can be form ed. However, only a sm all fraction o f 
po lypeptide  cha ins w ou ld  adopt a stab le  conform ation w hile  the others w ould 
have m any d iffe ren t con fo rm ations  (none o f them  preferred) and the ir chem i
cal (ca ta ly tic) properties w ould  rem ain undefined and useless from  the point o f 
v iew  o f creation o f "b io log ica l order". For th is reason new  prote ins usually  
evo lved  by a lte ra tions o f the old ones. One o f the  new  protein generation 
m echan ism  is tha t o f recom bination o f the pre-existing polypeptide dom ains o f 
proven stab ility  and "b io log ica l usefu lness". This is achieved by m ultiplying 
and com bin ing the  cod ing sequences o f genes (exons)14. The genom es o f 
Eucaryota  genera lly  conta in  m any types o f the so-called "transposable  e le
m ents", D NA sequences w h ich  can increase genom e d ivers ity  by causing

12 M. Benton, Diversification and extinction in the history of life, "Science" 1984, v. 268, 
p. 52-58.
3 W . Gilbert, M. Marchionni, G. McKnight, On the antiquity of introns, "Ceir 1987, v. 46, 

p. 151-154.
4 C. Blake, Exons and the evolution of proteins, "Trends in Biochemical Science" 1983, 

v. 8, p. 11-13.
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duplica tion and m ovem ent o f exons (exon shu ffling )15. It is h ighly possib le that 
the  appearance and evolu tion o f transposab le  e lem ents o f the genom e pro
vided the m eans fo r random ly exchanging the pre-selected exons encoding 
the  polypeptides o f proven usefu lness in creating b io log ica l order. In terest
ingly, 10% o f the hum an genom e consists  o f on ly  two k inds o f transposable  
e lem ents (the L1 sequence w hich encodes reverse transcrip tase, and the A lu 
sequence). T he ir em ergence and m ultip lication, o f re lative ly recent vintage, 
could have contributed to  the accelerated evolu tion leading to  the creation o f 
the hom in ids and hum ans16.

As m entioned above, the ability  o f organ ism s to  evolve w as not constant 
over tim e. A ccord ing  to paleobio log ica l data, the rate o f d ivers ifica tion o f 
"living m atter" m ore o r less continuously  increased. The plausib le explanation 
provided by m o lecu la r b io logy is tha t the genom e o f the Eucaryota evolved not 
only as the gene tic  de te rm inant o f the sta te  o f adaptation, or the level o f fit
ness. A pparen tly  its ab ility  to evolve, or in o ther w ords its ab ility  to  genera te  -  
in eve r shorte r periods o f tim e -  m ore tigh t adapta tion to  increasing ly sharp ly 
defined eco log ica l n iches also evolved. Thus, the bio logica l evolution is 
a m u lti-d im entiona l phenom enon. It operates a t m any d iffe ren t levels.

Procaryota "learned" how  to  evolve to rem ain fit in the  changing env iron
m ents and prese lected a c lass o f genes encoding polypeptide chains that are 
usefu l in m ain ta in ing "b io log ica l order". T he ir evolu tion w as probab ly driven by 
pure ly random  m utations, and th is is the  reason w hy it took  so long to  create 
Eucaryota. Eucaryota learned how  to evo lve m ore e ffic ien tly  and in shorter 
tim e probab ly  by "inventing" the transposab le  e lem ents facilita ting exon shuf
fling. Th is  is w hy they  w ere  able to  create, in the relative ly short tim e, the un
precedented d ivers ity  o f species tigh tly  adapted to the narrow ly defined eco
log ica l n iches. M ost recently, the  rate o f evo lu tionary  change speeded up in 
prim ates, leading to  the orig in o f hom in ids and, finally, hum ans. The d iffe rence 
in the  protein m akeup between hum ans and som e prim ates is approxim ate ly 
3%, but the adapta tive  d iffe rence is enorm ous. It is h igh ly unlike ly tha t th is 
enorm ous evo lu tionary progress resulted from  random  m utations and the 
m echanism  o f natura l selection.

6. H O M O  S A P IE N S -  N EW  P E R S PE C TIV ES  FOR EVO LUTIO N

At the beginning o f the  present artic le  I m entioned a ra ther im portant fact 
tha t hum an beings are also living organ ism s. W e certa in ly  share w ith o ther

15 J.D. Finnegan, Eukaryotic transposable elements and genome evolution, "Trends in 
Genetics" 1989, v. 5, p. 103-107.
16 P.L. Deininger, G.R. Daniels, The recent evolution of mammalian repetitive DNA ele
ments, "Trends in Genetics" 1986, v. 2, p. 76-80.

-206-

http://rcin.org.pl/ifis



species o f living o rgan ism s the s im ilarity  o f chem ical com position and design, 
w e a lso opera te  on the basis o f the sam e therm odynam ic princ ip les as self
o rgan iz ing d iss ipa tive  structures. But are we, hum ans, subjects o f the process 
o f b io log ica l evo lu tion?  This is a h ighly controvers ia l point and w ill be touched 
upon on ly  ve ry  briefly. Evolution ists, by and large, try  to avoid g iving defin itive 
answ ers to  such a question. The op in ions o f those few  w ho dared to  d iscuss 
th is prob lem  w ere  extrem ely diverse. Som e authors w ere and are try ing to 
prove tha t hum an popula tions are sub ject to  natura l selection in the Darw inian 
sense (m ean ing  "surv iva l o f the fittest"). O thers say that, as fa r as contem po
rary popu la tions o f Homo sapiens in the  w ell developed countries are con
cerned, the evo lu tionary process e ither has stopped, or is about to  stop. An 
exam ple  o f th is  w ay o f th inking is g iven by the Polish m icrobio logist 
W ładys ław  G old finger-K un ick i, w ho w rote: "H um ans are specia lized species, 
a lthough in princ ip le  the specia liza tion concerns only one function -  th inking 
(...) B io log ica l evolution o f the hum ans, as it seem s, is there fo re  closed fo r 
very long, if no t fo reve r"17. Is it really?

If w e assum e, a long the  line o f reason ing put forth in the preceding chap
ters, tha t the  real sub ject o f the evo lu tionary  process by natural selection is 
the  e ffic iency  o f com m unica tion  betw een organ ism s and the ir environm ent, 
w e w ill eas ily  com prehend the  ve ry  bas ic  d iffe rence  between the non-hum an 
species and hum ans. The m echanism  o f natura l selection operates as if the 
env ironm enta l cond itions and the ir change w ere given a priori, o r a t m ost were 
being in fluenced (changed) by the  evolv ing species in a purposeless, unpre- 
d ic tive  m anner. Purposefu l in te rventions (such as creation o f artific ia l envi
ronm ent by  nest form ation, etc.) are o f neg lig ib ly sm all m agnitude com pared 
to  the pow ers o f Nature. A t the sam e tim e the  on ly source o f adaptative vari
ab ility  are  m uta tiona l changes in the genetic  m ateria l. Homo sapiens, thanks 
to  severa l un ique properties (such as abstract th inking and language, com pli
cated soc ia l s tructuring o f populations, spatia l and tem pora l accum ulation o f 
know ledge and technology, e tc .) a tta ined the  ab ility  to  purposefu lly  reshape its 
externa l environm ent. The actions o f hum an species are a lready g lobal in 
scope and its pow ers begin to  com m ensura te  w ith those o f Nature. It m ay be 
debated  w he the r the env ironm enta l reshaping is really purposely executed, 
but the  p re requ is ites o f such "adro it" actions, i.e., technologica l potentia l to 
c rea te  a rtific ia l but "b io log ica lly  friend ly" externa l "N ature-independent" envi
ronm ents do, indeed, exist. Furtherm ore, techn ica l m eans o f deep ly in fluenc
ing the  w ork ing s  o f the hum an body on the  ce llu la r level, including firs t at

17 W . Kunicki-Goldfinger, Dziedzictwo i przyszłość [Heredity and futurę], W arszawa 1976 
PW N.
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tem pts to purposefu lly  change (or, rather, repair) the genetic  m aterial, seem  to 
be a m atte r o f not too d is tan t fu ture.

A ll these  seem  to  g ive credence to  the  notion that Homo sapiens ceased to 
be a sub ject o f natura l se lection, a t least in the Darw inian sense. H um an sur
viva l shall not be restric ted to the "fittest", the "less fit" ind iv idua ls shall be 
m ed ica lly  treated and cured including having the ir genes repaired. However, 
th is w ill, by no m eans, be the end o f evolution. Even if w e assum e tha t the  ge
netic pool o f Homo sapiens w ill be som ehow  purposefu lly  stabilized, so that 
the  evo lu tionary p rocess defined in te rm s o f population genetics (i.e., as the 
frequency o f genes in the popula tion genetic  pool) w ill be term inated, m any 
o ther aspects  o f the very com plex  re la tionsh ip  between hum an popula tions 
and the ir env ironm ents w ill, ou t o f necessity, continue to change at an ever- 
increasing expenses o f energy and resources. W hile  th is  seem s to hail the 
advent o f a new  s tra tegy o f evo lu tion, it ce rta in ly  does not im ply the end o f the  
evo lu tionary process itself.
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Table I

The a ttribu tes o f "living m atter"

1. C hem ical com position

1. E lem entary analysis B iogenic e lem ents: C .H .O .N .S .P

O ther necessary: C I.Ca.K .Na.Fe.M g

M icroelem ents: B .M n.Zn.Cu.M o.Co.J.F

(A ltogether only < 25 % o f elem ents 
abundant on earth

2. M olecular S tructure Carbon cha ins and rings. 

M acrom olecules:

Prote ins built o f am inoacids 

Nucleic acids built o f nucleotides

3. M olecules and supram o lecu la r s tructures d issolved o r d ispersed in w ater

II. Spatia l design o f m olecu les M acrom olecu lar aggregates

C om partm entation by unit m em branes

Cell as the unit s tructure  generating 
biological order

III. Tem pora l design o f cells B iological o rde r is m ade possib le by the 
relaese o f heat energy from  cells

Cells obtain energy by the oxidation o f 
reduced polycarbon m olecules and 
conserve it in the from  o f ATP

The hydro lysis o f ATP generates bio
logical order through m olecular 
recognition processes

Enzym e-cata lysed reactions are linked 
in sequences (chains or cycles) 
which are tigh tly  regulated
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