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biology would undereo the same dramatic changes as rhe physics of microscopic systems haddone. Bohr believed thar ,n" ,"r:lll?iuo ia."ir ."rnpi..1#rilii,l in .,.ropt,yri"s could betransferred to biology, and he ars
* o u r d n ever o. räi u r.. ;ä,",Ti #lä:,"#$.[!:il ff i:T,':*,:, ;i ill t":,,,oläiinevitably to rhe desrruction and dearh ofrhe organisrn älr'i" li"ügr rs rn quantum physics.there would never be a clear distinction betweerittre 

"ur"*"i ""i'rrrJ?userved, 
and this wouldprevenr a description ofthe tivinq^pheno."non ira"p"na.ni ;i;;;;r"_", For this reason,Bohr considered rhe exisrence ä-irir..,o u. ,n 

-.'rir;;;", 
;;i. ll. *r,i.r, coutd nor beexplained and which must be acc^epted.as an irreducible *io, äf üiotogy, just as classicalmechanics viewed the quantum of physics 

""; i;;;l;öä",",,r, ,n" existence of whichcould nor be deduced
Bohr,s thesis ofthe irreducibiliry-of life held sway over the philosophical and theoreticaldebate in biology for several decades. O"ly *irr, ,fr" ,"Äu,äruf' rulä", orrnolecular biologyin the nineteen-fifties and earlv sixties aiiit u"1"." 

"r""r';il;;äil:';.rrr."t does not hold.In the ability of an organism to reproduce itref t Aohr'huään J pnys;cally inexplicablepropeny of life. But we kno", now that this is j;;; i;"- ;;;"r""pic expression of amicroscopic property of molecules, namely, the tJe;i-;;öi"lliy of DNA-molecules toreproduce themselves
In reality, Bohr,s thesis was not a novel theoretical point of departure tbr biology, butu as rarher a rerrograde step ro\rards rhe earlie, r iiali;;;;#;, ;täly betie\ ed lo betong rothe pasr Today, it is onlv ofhisroricat irt"r"rt, 

"rp""iutiy 
ä, ä"i. 

"".rää"a 
rm original opinionin view of the resutts oi modem ,or""rru, uioiägy.ä;;;,'i;i,;'" to Bohr,s thesis here

9":-il* ft contains an idea that reflecrs a;,rpäi *iri"p'i;'ti" ä,r"ropr"rt of modernscrence, namely, the tundamental idea of micräscofic pr,irl, ill,"i object can only beunderstood in relation to the subiect that oUr"_., ii, ir"r'iitf,i, frä, iiarf" practical impoftancetor macroscopic objects.
With the abandonment ofthe idea ofan absolute object, microscopic physics underwenta conceptual change that had already been heratded iyä"ii"irii"'pirr", and had led to the

llll*.11:"t :rthe.idea:.9ruu,or,t.,pu.. u,J;i";ää: fJ'r,,.iu, 
^o., 

probabry rherncreasrng unease with which ohvsicists viewed the .of" of uUroiui"r'ln science that caused."nr ,:,.r".::1i,,:. 
lis 

principte of compt.*.ntairy and ro uppi;;, ;;;i"l.gy,crrhough Bohr,s aooroach rrhimarely faiteä. rhe d;;Ä i;;,";; expressed about rhetheoretical basis of biotoev cerr,inr".pointeä in üre .iJ; ;ä;"T; äi l""trr", I should tiketo fottow Bohr in re-rhinllnp c,iri"i y the,-"r. 
"i.Urilr,., 

j, 'ui"i"rr' 
ür,,r" Bohr, I sha not

::l::,-:Ti the procedures-of bioprrysicar measurlm;:;;'#iff ,;d examine rhe cenrratconcept ot modern biology. rhat is. what we call biologi"'"f i"f"..ätiär.irfrall attempt to showthat theoreticat biology wiJI have to depart fr"_,h; id;;;;';bäte information, just asphysics has had to depan from absolure space, absolute time arO 
"Ur"fri" 

.t1""r..This wilt be the central theme of rtris t".r,., url ; ;;ir' ,1, ;; J;;"" rt in three stasesFirst of alr, I shal introduce the **"p, "irio,r.i;;;i;';;;il;J:ln particular, raise thequestion of whether information is i*r,or,"^..',o il";#äi;;:äji,::,".ffi,!11:.1:.""ifii1'i,;#i,.:li l,ffij:l,.Jl,ä;notion ofabsolute inl'ormarion. rna ptu.. tt..oi."p, 
"ilrl"ril.iri,i"i" rhe lramework olirs

;X:fi:..a;5;;,:ir": 
Finarry. r stral examine the efr#;;l;;;;i#,:il,*in" 

"on,"qu.n"", or

2. The conc

I commence v
most conspict
structures. Th
organisms pos
effective, and
activity. It is p
the complexity

The worl
heredity, are i
molecular biol,
transfer and ge:
Furthermore, tI
theory for the .

theoretical disc
differentiation,

However,
straightfonr'ard
natural science
conceptual fran
relates to the cc
the idea of use
would be to ask
the result ofsuc
how far this acti

Just as w€
biologists speak
This leads precr
semanlic aspect
foreign to the na

This conc,
relation between
concentrate upor
of information ir
principles of gen
1979a, Küppers l

nucleotides, func
code-words. The
could be represer
punctuation mark
text, and so foffl
extensive that it s,

an expression ofa
The fact, m

amazing parallel I

rlr

Bernd-Olaf Küppers



Jo uorlsonb eql ester ,{ltuepuodapur .aBBnAu?l 
u€unq pu€ cqoua8 uäa^Ueq lell?J?d Euzeu?

oql pus 'cgrluaros-erge sr uorleruroJur Jo lderuoc eql lprlt 1el:eo peuorluaru ;1cr3 
"q1'

sp ea,rors uoD€urroru, r?rncoro,,r" ,",;,::lX':lil:1X1:':iily,r',äi?:'*Xä,l"rT:i,*:,X:
os ,(pue.rudde ärE ',reJ p lnq peuorlueu e^Eq I qrq.tr Jo teräo1iue aq1 .quo; os pu? .lxel
ego se8essed o1 Surpuodser.toc ,socuenbos uou?uuoJur 

"1,ru"1*" 
än e{?ur ,sll€rq uoilen}cund

relncelout .{q paleredes ,seua8 eg1 .seouolues Jo spro,r se ,{Eopue .tq perueserda: aq plnoc
qcq,tr 'seue8 

,eqt 
'uoqeuuoJur Jo s)lcolg:aEuol ur:o3 uJnl ur spto,r_apoc erlJ spJo,\l-epoc

paugap ur padno:8 a:e srallel esoql pue ,1eqeqd1e 
cqeue8 e ui srallel se uorlcury .seprloelcnu

eq1 'reure. uorteuuogur pcrEolorq eql3o slueuodtuoc .relncelou urepe3 (6661 ,räaAn;,e6161
ue8ra '7761 roulz1) oEpn8u€l ueurxq Jo äsoql pu, 

"Bn:o1i 
uo,jn*rä3u, caeuea 3o JlOrcu-,iä

eql uee.rleq slsxe ,{Eopue Eursud.tns z leqt punoJ ueäq wq 1I ,{Bolorq ur uorleuloJur Jo
ldecuoc er{lJo uorpcrtdde eqtgo lcedsz prn ,r"1go:ä ,ilpnbe puJtuer"S,p e uodn e1grträcuä,
pue 'Euraq etuq oql roJ 1r e.rou8r sn lel 'Jä^aMoH scrsdqd' pue ,(Eä1orq uee,ttleg uorlele:
pcllerooqualur eql JoJ ecwuodurr elqeJeprsuoc Jo sr äcuele^rqup pnldecuoc siql

Jleslt uI sr reql ldeouoc p lr qlr.,r{ lq'norq seq dEolorq 
"rr, ,"tir',:::iff;1i#l"lrn;:: äql Jo uollcnporlur arll 1?q1 'sr l?ql 's^oqp pel?cpu! ualqord eql ol ,{lesrce.rd speel sql susrue8io 6ur.rrJ ur xeluoc puorpury pelcerrp-uorleuuoJur lrgesodJnd e 3o ryads s6räo1or.!

'uorpe Jo u"ld lgasod.rnd u ro ouqc?ur pelorulsuoo ,{11ryesod:nd n 3o ry"ä. s^ ,, 1sn1 ' '
'uotlcury relncued e-;o uotpsrßel eq1 saNes pefqo srql :o ,(1nqc? srlll lEJ ,\\oq

Jo uorlsenb eql sleacuoc,4lpnsn esodjnd eql3o uorlsenb eql oteH.,{lr^rpe uB qcnsJo tlnser äql
st 1eq1 pefqo uz 3o esod-Ind eql ro ',{lnqce relncr]-nd e go asod:nd oql sr ruq,,!{ Isp 01 eq pFo,\\
srql Jo eldtuexe uy ,,Euueaut,, pue ,,esodrnd,, Jo asoqtr 01 pelelet flesolc sr esn Jo pepr oql
urru uI lnd aq llr,{1 u qcrqm ot esn eql ol snql pu? .uoq€uuoJur 

etuos Jo }uetuoc eql ol sel?Jel
,,uolleluroJur,, lxrol eql qcrq,tl ur sesec ur teelc Ä;relncrged sr srqJ .Ilo,t\eulP{ 

l?nldecuo,
lueragrp ,{1a1a1duoc € uro{ ,sr lpql ,fuoeql uorlpcrunuluoc tuo{ 1nq ,secuarcs 

lulnlzu eql üor3 lou pa^uäp sr uotl€urroJur Jo idocuoc aql .qlltr u€ls of .relipru pr.rJoJlqArerls
e s,{em1e 1ou sr ,t6olorq ur uorlErruoJur Jo ldacuoc 

"q1go 
,o,lnrtddn eq1 ,Je,\o,rlolf

ue1s,{s sno,trau p.rluac eqt pue ure1s,{s eumuul aq13o uo4esrueAiojies aql pue ,uorterluäregrp

Ilec 'eJrt Jo ur8uo eql Surss€duocue ,uoqesrueE:o-31as 
pcr8olorq 3o uorssncsrp pcrle:oeql

eJuue eqt Jo uorperrp äql poulluletep sBq uotluuuoJrrr Ipcr8olorq Jo uorlereuaE eql loJ dJoeql
pe^gyn e e,lr8 ol droeql uoqnlo^e wrulrleo pus fuoeq1 uoqe*ro3ur3o uorsru oqt .elor.uJeqInd
FSolorq prrtalmqlfo seuols:au.roc eql Buorue,{epo1eiz uortrrräJuiJo ,o,l-auäE pue ra3sue-[
'e8srols eq1 s? qons seepr 1€ql lrysseccns os ueeq srq ,,raq1oä,{q ,,q1 .,(Bolorq .ru1näe1oru
tuo.r3 uoddns 6e8uo.r1s s1r s^\etp uorpruloJur crleue8 palpc-os {q p"raalrui äie .i1,pa.r"q
ol ulsrloqeptu uro{ 'eJrl Jo sassaco:d aql 1p qcrq,tr o1 Eurp.rocce srseqlod,(q Euqtorrr eq1 

'

. uollElruoJtul{q ,,pellorluoc,, ,{letaldruoc 6ureq se _rellBur BuI^llJo ,{lxelaruoc eqr
1e:d:e1ur e,tr ueg,tr ',{3o1orq ur uorlsruroJur ol at€ler e^{ leqt peds€ srql Xpiice1a i, 11 

.X1,,,r,1";
pue uoucrulsuoc lrgesodrnd pue oIrJ^\BI s,rusrue8Jo aql ur flJ?elc pesseidre s, prn 

-,e,o,jr"ge

.{1puorpury put peropro dlpclueu,(p sr la11uru Bur.rq jo il,relaruoc eq1 .ssaisäa ,ruriuefro
ßql uollesrue8ro Jo ear8ap qtrq eqt ur llz e^oqe päpegeJ sr 6oe1ä-oc srrlJ sernpru]s
8ul^rl Jo ,{lrxälduor pueleru Surzurup orll sr :a11eur Eulril Jo seruado:d ,nonc,druoc 1ro- eql Jo au6 ,{8o1orq ur ,,uorlEruloJur,, urel aq} Jo esn eqt Jo Ärär^er Jauq z g}r,tt ecueuuoc I

uolfBrrrroJur lsJJ8oJolq Jo ldoruoJ aql ,z

3o secuenbasuoc
§11JO I.rO,\\eur?J
aql uolßenb olu
- ,{1r1ue ptnleu
aq1 asrcr 'l?]nc4
seA?ls eelql ur l

sla
sz 6nf 'uoqeru:
,troqs o1 1dura11e
prluar aql eultu
lou IIEqs I 'rqoB
e{rt plnoqs I 'err
eql lnoqe Passa

pesnea l?ql etu:
eq1 Flq€qord 1sc

eql 01 pel pEq p

lua,^uopun sclsÄr

ecuepodul pcrll
äq ,{luo uec tco
urepou Jo lueur
eJaq slseql s,Jrlo,
uourdo pur8uo i
ol Suoleq 01 pe^i
lnq ',{Eolorq roJ

(]1 selncelotu-vl
u 3o uorsse:dxa
elqecrldxeur Ä1pr
'plorl lou saop 1u

,(3o1orq :e1nce1ou

lesrleJoaql pue [n

g3q,rt\ Jo ecuolsr:

I?CTSSPIs SU 1Sn[
eq lou plnoc qc
'uossel srql lo,I
plno,{ slql pue p

's3rs,{qd tunluenb
p?el plno,,t\ srs^l
ursrueEro 8ur,lq e

eq plnoc scrsrqd(
peq sue1s,(s crdo

6tIuorlErutoJul lB.lSolorg Jo.5uepuedäC-lxelroJ eqJ



140 Bemd-OlafKüppers

whether genetic information really is an objectifiable and inherent property ofliving matter, or
whether it is merely an arbitrary and convenient way ofdescribing things. The central question
is thus: Is information a natural entity, in the same way as gravity or electricity are conceived
of in physics as being natural entities?

3. Is information a natural entify?

The majority of biologists, especially molecular biologists, appear to accept that biological
information is indeed a natural entity, which expresses itself in the specific structures of
biological macromolecules. However, this attitude has recently been the target of strong
criticism from the constructivistic philosophers ofscience (Janich 1992). Their main attack hai
been directed against the application ofthe concept ofinlormation in non-human areas that are
governed entirely by natural laws. From the constructivistic viewpoint, the transfer, storage
and production of information can only be understood as metaphors, and the object of these
metaphors takes shape only when related to corffnunioation between two human beings. Thus
information is said to be not a natural entity, but merely a manner of description, for which on
account of its systemic origin and defrnition narrow limits are set.

The constructivistic criticism of the use of the concept of information appears very
convincing at first sight, since it reduces information to a technical term with an origin in
human activity and communication between persons. Indeed, the application of the term
"information" in biology could be seen as a confirmation ofthe basic thesis of constructivism.
that is, that there is an action-related dominance ofthe knowing subject over the known entity,
in consequence of which knowledge ofNature must be understood as a product ofthe research
worker's activity.

From the constructivistic standpoint, biological information is not a natural entity, but
rather a particular way of viewing Nature, derived from the context ol human activity, the
activity ofthe research worker. This brings us for the first time to the question ofthe context-
dependence of biological information. Admittedly, the context-dependence is associated here
with the relative nature of the concept of information in a way completely different from the
way that I outlined in my introductory remarks. The constructivistic approach highlights the
relative nature of information by giving up the idea of information as a natural entity and
considering information as a special kind of knowledge which depends upon the context of
scientific research. In contrast to this, I wish to demonstrate the relative nature of information
while still adhering to the naturalistic idea, widespread in biology, that information is indeed an
objectifi able property of matter.

To maintain this position, one has first to defend the naturalistic position against the
constructivistic one Thus, let us assume in a Gedankenexperiment that genetic or biological
information really is a natural entity. Ifthis is the case, then the theory ofbiological transfer of
information shows us that the storage capacity of the genetic language is limited by certain
material restrictions and may possibly have reached its maximum in the human organism (Eigen
1979b, compare chap. A.IV). To overcome this barrier, evolution could - expresied pictoriälly
- have released the genetic language from its material fetters and ,,invented,, a non-material
language, the human one, the capacity of which is vinually unlimited and which may have
caused the displacement ofmaterial evolution by an ever-accelerating cultural evolution.
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symbols and that which the symbols stand for. Thus it concerns the content of information,
which in turn can represent puryose or meaning. Finally, the pragmatic aspect of information
embraces the relationships between the symbols, that which the symbols stand for and that
which results from the message, in terms of reaction of the recipient or interaction of sender
and recipient.

However, the various dimensions of the information concept coffespond merely to
various levels of abstraction in discourse about information - levels of abstraction that always
refer to the complete concept (Küppers 1990). The fact that the dimensions shown here in
reality cannot be separated from one another is clearly related to the context-dependence of
information.

Carl Friedrich von Weizsäcker (1971) has epitomised the context-dependence of
information in two crisp statements:

L Information is only that which is understood.
2. Information is only that which generates information.

What von Weizsäcker is trying to express with these two theses becomes clear when we return
to the traditional model of information theory, according to which any information that leaves
the sender must be understood in relation to the recipient. This in turn means that not only the
sender, but also the recipient, determines the content ofthe information.

The first statement - information is only that which is understood - implies that a series of
symbols can only be recognised by a recipient as being information when sender and recipient
possess a common structure (vocabulary) for understanding messages. Even the identification
of a slmbol sent out by the sender as a symbol sent out by the sender presupposes a cenain
foreknowledge on the part of the recipient. For this basic reason, the syntactic aspect ol
information camot be separated from the semantic and pragmatic aspects.

In contrast, the second statement - information is only that which generates information -
lays down that the semantic component of information is defined by the effect that the
information has upon the recipient, that is, by its pragmatic relevance. Expressed in another
way: A sequence of symbols can have a semantic content only if, in the widest sense, it has an
effect upon the recipient

Weizsäcker's two theses thus express precisely what we saw earlier, that is, that the
various dimensions of information form an inseparable, indissoluble unit. Even the registration
ofsymbols in a sequence presupposes some knowledge ofsymbol sequences. Furthermore, the
semantic content ofa symbol sequence is defined only in terms of its pragmatic relevance. This
indissoluble connection of syntax, semantics and pragmatics lies behind the postulate that
information can only ever be seen relative to an information-carrying context. Information in an
absolute sense, that is, independent ofany context, information in itself, does not exist.

I should like now to apply this fundamental recognition of the context-dependence of
information to the problem of biological information. If we thinl once again of the
information-theoretical picture of a sender and a recipient, we are prompted to ask who or
what is the recipient ofbiological information. To use Weizsäcker's expression again: Who is
supposed to "understand" the information encoded in genes?

Obviously, this question can only be answered if the context in which the biological
information becomes operational is known. Let us as an example take the process of
differentiation of a cell. In this case the message is encoded in a biological macromolecule,
DNd and the recipient of the information is the medium in the cell that surrounds the DNA.
Only in the context of the specific physico-chemical milieu of the cell can the information
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presupposes the existence of a fully formed, stable environment - an information-carrying
context - in order to avoid tautological argument; only in a given context can the term ,,fittesti
be used with any meaning Yet, as the context itself changes in the course of evolution, the
concept of fitness must necessarily remain undefined in any consideration ab ititio of
evolution. The concept offitness, by its nature a relative one, would have nothing to be related
to - a dilemma from which is no way out. In other words: The question of the origin of an
environment (or context) carrying information must remain unanswered, because it could only
be answered in relation to a pre-existent, information-carrying context; this conclusion coulä
be iterated arbitrarily often and would lead to an infinite regression.

5. Implications for biology

To end this lecture, I should like to place the conclusions that I have reached on an
epistemological footing.

The inherent limitations of Darwinian evolution theory have their roots in the thesis that
information only exists in relation to a context that itsell carries information. There is
ultimately no justification for this thesis. However, it is very plausible, in that it follows directly
from the principle of self-referentiality. Just as we have no Archimedean point outside oui
language, we cannot conceive of information as an absolute, that is, as a natural, context-free
entity. Information and context belong together. They form an indissoluble unit, as they are
necessarily dependent upon each other. In electronic communication this unity is ahvays
presupposed. The transmitter (sender) only takes on form in relation to the receiver, and the
receiver presupposes by definition the existence of a transmitter. On the other hand, any
meaningful talk about the concept ofinlormation leads to a splitting ofthe unity ofinformation
and context, as information can only be defined in relation to its context3.

Ifthe epistemological limits ofthe question ofthe origin ofbiological information are as
narrow as I have suggested, this must have wide-ranging consequences for the theoretical basis
of biologl. Because ofthe speculative nature ofsuch matters, I shall here consider only one of
the possible implications oflhe foregoing argumenr.

The context-dependence ofinformation may involve a more general principle, according
to which the generation of information always depends upon the prior existence of an
equivalent amount of information. Such a "principle of equivalence,, will admittedly remain
relatively diffi.rse, as long as the semantic and pragmatic aspects of information cannot be
quantified objectively However, a proof on the syntactic level may be possible, as it is this
level ofinformation that can be related to the mathematically precise concipt ofcomplexitya.

-. -It might follow from such "principle of equivalence,, that the conteit-bound generation
ofinformation is never able to produce information that exceeds the complexity ofth-e context.
This in turn would mean that the complexity produced by an information-generating system
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