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SPECIFICITY OF BIOLOGICAL METABOLISM 

[Following is the translation of an article 
by V. A. Engal'gardtentitled «Spetsificimost 
feiologicheakogo obmeaa veshcheatv" (Imgltsb. 
version Äwe) iß "Vopsosy filosofii" (Prob- 
lems in philosophy), Ho,7, I960» Mosoow,, 
pages.113-128.] 

MiBtry plays a leading role in the- study 

of'the specific features of metabolism. In order to clarify 

the Bpocificity of awtabolism, let us first examine the 

Attributes of life* 

These attributes are extremely Tarled. 

They  include the specifics of the chemical composition of 

living matter, the specifics of nature and of the meat impor- 

tant properties of chemical materials, that enter into the 

structure of living organisms, including primarily ths most 

important biological polymers - albumens, rraeleinic actds 

and polystaccii&ri&es» 

Together-with this unique chemical compo- 



sitioa » tfeat may be characterized a« ehemical st&ties» 

is the ttsaiqtis nature of the eheaioal e o a v e 8" s i © ß §* 

that iß their tot&lity constitute wlist we call ®&tabolianu 

The inallen&ble property of all living matter in  its ability 

of ftutoreprodtistion» to reproduce its likeness, flit proper- 

ty of excitation or 8tinn:il&ti©& may lb© observed ia different 

degrees ©f perfection and complexity throughout the entire 

p&riedi of existence &f a liviag world* It is precisely on 

that property that the entira complexity of the relationships 

betiree» aa orgaaiaia and the medium rests» The «Mlity to 

move iss as a. rsle» to a grsater or lesser extent an 

afetrbute of living Matter» 

The nature of any living objects fee it the most 

primitive» is so perfect» and the principle of wholeness 

tfeat ties tsgetfe« the listed attributes in aa indivisible 

iualiy, is BO fully expressed} that/to eat&blish sera« kind 

©f hierarchy ssioiag these attributes and determine their 

iaterdeps'öderiec*» is decide what is more important» or primary» 

aad -what is secondary, subordiaste or duplicated is very 

difficult and» ia principle eves disputable« 

Itet clearly admitting the difficulty sad 

questionable ssatiare of the establishment ©f such as hierar- 

chy* "#'© severthe-lesg have reasoa to believe» that to a 

eert&in degree this can. be doss?« 



f» 

lt seem  to us  that two  of  the  attributes  listed      J 

■'   .<*   «r?  «r»r"»*-v.   tbe   SDScificity  of  the  cow?ft- , above  ars  b&ai*  &&&■ pr.u»«J/.   <-*--    .4 , 

...       «*  nviw  thift^s  and the  unique  mature   of  ehesieai j 

c<mv*r»ioiw,  the   .pecifieity of metabolism, j 

feat is  it that givo« «  a ba.is  for b«lieWing ] 

tb-t Wift«   are  the most  inpoi-taat attributes,   that they 

are pri«ary?  Thi. ^y 1«  doue   6n the basis   that all  other 

parties  of lining aatter,  *o «*tf r h«w itfpertant a«d 

LUisnabla  tbey «y b*.  *«i«  to .«. «t«t fro« th. 

two primary propertiea mentioned  abore. 

" The  following proposition is perfectly ol>- 

v. u., ^„ftf- T.«+ need to bs  argued:   any proper« Ti«as  a»d probably aoes net> netu  "" 

tie»  of living orgaai«.  in the  final  analyst, are a f«c- 

tic»  of  that »at.riali.tie  .ub.traU     of *fcieh the  lirin* 

„b.tance  U ^>  Th.  Seieatifio fo--.ca.t of K«eel.  is 

«i^ in that it p.raitt.4 hi. al—t «• h«-or.d yea« 

ago." during a period of  in£«cy in our knwledg. of th. 

chemistry .*  living  things,   to  .haractcri.«  Ub« *lth 

a««al p.r.pi«a.«y *• b.ing th. prime base  of  all  l*ring 

«atfr.   The  question of  the  specific, of the «af riallatic 

.ub.tr.»     of liTia«  «.«I»,  i.  ••  •1«' »*  i^ispatable, 

that it may be  taken as an axiom or a. postulate, 

Coneemiag  the place of metabolic i» the hie*ar. 

chy of  th. attribute,  .t Uvi-fjjatt«^^ 
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said«   IK Engels'   definition,   that hag  just been given, 

m  d&ciaive   a position, is  given to metabolism ss  to  albu- 

mens,     la the d&ys  of Bagel», knowledge   of  the  character  si 

jaeifttooHsB! processes was  extreaely poor»   and scieneö  still 

kaeir fiötMag; deffinite  about the  degree to which  the meta- 

bolism process  is  iinR»d to  tne taaaif©station, of  ergaaie 

functionst   of the  extent to wfeiels metabolic reactions  axe 

linked to the saaftifestetioBS  of  llvifeg activity*: to these 

&r ©they örgasie functions»  and of  the  degree  to which 

BKrte.toli8i8*s re&otions are  a primary and motive  force of 

the properties  that characterize living being».   It i& natu- 

ral,   therefore,   that Engels  limited hinself  in his  character!- 

eatlttt of  the biological- role  of netabolis» ay to it»  signi- 

flcaase  in sastaittifig  the »<ms&3. txasta-Me material, base 

©f  lining organisms»   i.e.   of  the albumen in their proto» 

plasm*  He stressed the s'eed of  contiauous xRetabolisia lor 

the pteem?m%tim. at biologically  important properties* 

The   defta.de s?   that have  passed sisace   that  tim 

h&?e  brettgttt a great enricluBessi and a hnmä&ning  of  stir  con- 

cepts   ©f   the metabolise processes  thestaelTes,   imA of  their 
the 

role  as  a source  of/isotiYe forces 'the primary base  ef  all 

of life's functions without exception,   of  all Manifestations 

of  living activity» 

Growth»  repr'od,aotion» BIOV©ability»   exeit&foi- 



lity* the px-operty of being able to react to outside eh&ngea» 

all tfcsse &r© properties of living matter» and» iss the final  j 

analysiss &r« linked to definite ehesdeal conversioBS» la&kinf 1 

wMeh not a single- mi®  of these manifestations of life serai &  j 
i 

be accoMi.lisUea. It ie perfectly cl««r that the connection    { 

be twees metabolism aad the laaiiifestatioa of life is often,     i 
j 

exercised through the modiuis of the participating xai«1»-» and  | 

Eiaeres true tux-e of the physical organisation ©* the liirisg    j 
i 

©Sneat» $$0& the participation ef electric phenomena, etc.   j 
I 

But the basis« the found&tiott is always the aame: the primary j 

fastens are strict and well Äefinod met&ljelfeis processes*     j 

that proceed in ats orderly fashion» and ere usually coordi- 

nated in & Kultitttde ef estresely ooiaples: stages. 

Fi'es this it follows necessarily tfe&t &  ksow-    j 

ledge of th» mature and sabsia&ee ©f these seeeMary attri-   j 
t 
i 

ImieB  of life mentioned above is impossible,,without a detailed I 
1 

steely of the "biochemical reactions*   l.e*   the preeesses*   ef j 
i 

iRgftafeoIisja« ; 

This is what prompted M to piaes thase pr©* 

cesises is the forefroist of the hierarchy of life's attri- 

butes» • I 
i 

It should be said that* if we can now dr&ff such a  j 

eoaelrisißs based on concrete facts» than,  great minds in 

the realst of jaatural sciences» our scieatific leader» j 



b,B,r®  uaderstood and ha.re formulated the role of eh®aistry# 

in an understanding of the liTisag world centnries or  a half 

a century before factual» experimental material was arailfebU 

thftt today daily and hourly confirms theae thought» of ours. 

Almost '200 years ago» in 1785» the great 

Lavoisier, the creator of quantitative eheaistxy* found, that 

is buraifig matter is a .laboratory and in its processing 

is tl&e c ours ft si ike breathing process* the organism absorb» 

the same amount of oxygen» as much energy is generated is ■ 

the iorai of beat and. the saise amounts of tl$o aaste final 

products are' created* And he formulated his conclusion is. 

a monunent&L form: "Life is & chemical function". 

the chemist Pasteur destroyed, the myth of 

spontaneous c&neepti«m» This is Ms greatest service to 

natural »ftioKes* As a matter of curiosity, lie sismltaESoasly 

pushed unstable investigators into the bog of another idea- 

listic -concept - that of the necessity to acknowledge the 

iaitial creative act. Te refute this distortion it be «same 

necessary t© dissessiaate the correet saterialistie under®t&R- 

ding of tbe world, In the spscial cMmic&l  work of Pastemr 

we find a solution to a series of fundamental problems that 

confronted bielogieal seie&ee is those days. 

A. half a century ago* at a time tdtea as 

yet virtually nothing was kaowa about chemical reactions 



„_i_„.~- 

in the MTve,  the great biologist I.P- Pavlov wrote: 

»Oaly       & study &f the cheaicftl-phj-sical process 

thftt'oceura in tlie asrre atruetare will fu*aish w, with tba 

real theory o*    Berwii» pfcenojoeiia. The phases of these 

precesaeg trill gire  ma an explanation of all the external 

manifestations of ftarrous activity, of their sequence *nd 

their tiee." (Cowplete Works, vol*IIlf 1949, page 846). 

1E «mother place Pavlov said tlsat tfee aatiare 

of stiwiilatioÄ aad inhibition of the nerrous system a^cl Ita 

mechanism «again approaching the final answer» will be 

exposed ty ofeemistry and* finally, T»y physios", (ibid, 

page 503).- And in-one of his speeebes he fewmlated the 

concept «life* In tfee following »Miner t "Life is a complex 

ehemical process" (Coaplet* Works, wl.V, IMS, page 86j. 

Thaa, the. state»«mts of the viewpoint« of two great natu- 

ral scientist» coincide.literally word for word. These 

general remarks en the subject of the »eaning of separate 

attributes of life, ©£ their nmtual »tiboraination, were neeee> 

sary to define the place of metabolism phenomena in the 

overall coaplex of plieaoniena chamctoriaf ii»g living Hatter. 

Fassing to the basic groM.ess oif our thesis» we 

must first stress that the very originality of Hiring 

obi*eta* that differentiates them from iaaninate objects* 

I naturally permits the expectation of original «»repeated 
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and xmohmrvaikl® peculiarities  in the  iBsutimat© world» in 

t-V'.n  '■■&! reftstios?; thai stake &p «et-alsc*! ißs.   It  is  tltese 

pe sill iari ties  thai we will  talk ab oat» 

The entire metabolism process as a irkol»* 

rie«*Ä in certain aggregates  as well  m In lie »uaserous 

iadiTiiuai  lisfa  that make mp these  aggregatess   eoRBtitstes 

tlss mini ptoienntLi   e-föisrißfiiag sail uaaaaswerafel®  oonfirsaatiea 

of  the  deepest pstseiraiiem of  the b&sie prlaeiple  of  &ia~ 

leetioe»  $f»  1 would a«y»  its first pestel&ie  (siadlar tu the 

first postulate of  thermodymamies}*  of t&at «Me!» Lettin 

characterised as  the »ticlevis  of di&Ieetiee »• the  concept 

<rl a. pIie-Bemesaa ««  the unity ©I epp&sitess»   This  is ex- 
iliere BM ixm IT e 1 e ajf 

»ysssed ta the rs«?st coxeplete Kiaaaer  iri the/tmity»   xn tae 

tmbrealcalsie   iiaier link &»& 'altisate ms.tts.al feseiraMIiiy 

arid depeR&sMlity of tiro great seemisgly ©ppesife  ciitumels 

of metabolism - assimllatiea ead dissimilation«   We  ar© &©i 

ao'w exatainisg then        «? opposing &n& i».depead©nt pkenosiaiia* 

We  are  first of all  amazed at their el@se  latter ties aai 

&t their JOT teal   iöterdepen&SBee« 

At t!i.® rissest broad discussion» of the siost 

premising  liaee of  development of biochemical  sciences  ia 

tit« im-%.% on®  or two decade»»  S«  1»  Saveria very properly 

stresssd tkr©«?-  aspects  of a biochemical  appressb. te t'fe-s 

fasd&meKtaX problem® of living matte*.  He «prieset & serf ef 

8 



triads aaterialiBtic substrate,  potrer and regulation of 

^(.■C^KSOS 6* KeUbaiSK, The 'bailee of this article will . 

be deveteö precisely to this latter aspect, vhich up to | 

the present tin» has not received the attention tlmt it i 

deserves*        ' i 

Tbe profelca of the usaterialia'tie Bufcstrate,      | 

o£ course* ha« it» own. specif i« - predominance of polymers, 

aUunen« and noeleinio acids, Tim  power of living objects 

likewise iß cha*ftcteri«d by peculiar» speeifie traits,  ■ 

Hheee include, first of all, the quantizing of this power, 

i.e. its accwBßlatio» **&  release in specific» discrete 

üf»riiott«, followed by its transformation into a siagle» gene- 

ral, universal power .fend in tbe form of energy-rich 

loftereerg phosphate bonde. It follows that a specificity* 

of cowree, exists here. But it Is necessary to stress 

I  mainly the tblrd point, th&t places its specific 

mark on the chemical nature of living things, these 

are the regulatory mechaniKBB. the manifestation of the 

regulation and cmtoreg-elatien principle in aepai'ate «etabo- 

limi  preeesseg and i» their totality« 

Firstt it would be useful» hoerer, to say a 

few word» about the means of exposing the fundamental aspects 

of metabolism processes, on  the one hand« and, t© dwell 

again on th« unity and multiplicity of laws and phenomea*^^ 

I  P 



Ju "    "       I 
sett ess. the ether*   } öf the living world, is their eMmieal. asps 

The- »sMMsr in wM.ek the special characteristics 

e:f meUfcoH«* are studied, basically, of emrtue,   ismm®% 

differ from the general manne* of le&rtting to understand 

ri.atB.re- and the 'la*8 of nature. This''aMMier baa been defined 

with final preoisi^H, in a. lfcconical and monumental form 

l»y Lenint «Fr0?s a livine observAtio» is abstract tMsM.Bg* 

eftd frets there t* aetiaal practice - such is the .dialectic 

road to the understanding of truth* off objective reality*** 

It is the read of "joining analyst» and «ynthesis - the 

exÄissstiMi of sepAfatfö parts and el the totality» tfe© 

joint «rannaÄtion of these parts." It is» fiturtlyi the road 

of «a» infinite proeeee of deepening eff aan»s underetaading 

of'thingsi phenomena» procesee«* etc.« the road from 

phoitoxuena to actuality» and irom a shallow aetaality to 

a deeper* more generalieed ftotwality." Pally in conformity 

wife this general outline of the development of our know» 

ledge, the study of metabolisa proceeds from observation 

to the creation of certain working hypotheses, to abstract 

thought, and, from it» to «xperiaent» to actual practice* 

One of the mais. featftree of this experiment 

in the area that interests us, oae of the «ftin problem« 

that ft acieatist posee for himself, is the separation o* 

phenomena stmdied hj  observation, the breaking up of coop- 



laxities ißt* t&eir eempoaeat part». 

IMs i>riacipl© of  etwdy has plaeed its most 

typical »ark OB the eat ire ceur«e of the d^elepseBt of e«.r 

fc&owledg* with reapeof to tfee «etabolism process. During 

the last decade« the greatest ouceeeseB hav* been attained 

along this conrse» and we have the right to a ay tbat the 

tivnwnic biochemistry of our times ha« dereloped under this 

aegis. Processes that formerly wer« accepted &« the result« 

of a siKple» eiagle-stft«* reaction, were found to be divi- 

sible step by »t«p, into aa ever growing number of component 

part*«* 

Folly analog«** to trhat we see in ib« real» of 

stttdy of the ateaio nulcua. *e may say that w* see before 

| us a. clear manifestation of the iafinity of the nwmfeer of 

i petut-ol phenoneua, the appearance of ever never problems 

[ that Bia*t be reaolred as w# overcome e*eh of the barriers 

I erected os our ir&y* 

It will, fee sufficient to cite acme brief 

examples. Thtt», tlie synthesis of urea, first foraralateä as 

a simple dehydration reaction of aromoBlu» e&rbon&te, BOW 

appears to be the reimlt   of about ten strictly coordl- 

The ssusse is true ©£ the oxidatioa ©I focdsttsffSi 

vlierei is the place of a detonating gas reaction» i««u 



hydrogen oxidailont &  lengthy chain of reactions was | 

disöorered* with a©seas ef links a&& a large anmlier of 

disuse t fenaeats* 

This decomposition of complexities» ©f equili- 

"foriusi reactions into ©MaponeBts, is one of the typiursl fea« 

tares of the ävßlcpsBotst ©1 biochemical knowledge* It is 

the road frets one reality to another deeper one» 

• It should be stressed that .on« of the very typi- 

cal asui specific features ©f metabolism is tk&i wMcii may , 

lie designated as a aanifeatation of unity is multiplicity, 

of similarity in diversity. This is aaaifeeted is the fact 

that e?er the entire breadth of.the living world» from 

bacteria to the mast highly complex tissue ©1 the meet 

!  highly developed ©rfaeiasa* ^e encounter fciooheaical reactions 

t  not only  sisiiisr in appearance» "by their final effect»* 

for example* tout absolutely identical in all details of 

urultist&gs mechanisms, In the sequence of the same reactions. 

Especially surprising is not only the exis* 

tcnee ef the s&ise ES±±MSS safestakesSS adeaosin tri-pfeas« 

phorie acid, for example, (ATP)# that we «ncouater throughout 

the living world as a tmirersal liak of cellular power, but 

especially the preservation throughput the ladder of eve» 

Ititiesi of strictly coordinated processes» that are at the 

b&se ©f the siosst important Manifestations ef metaboliem« 



In a microbe» AS well as ir* a plant leaf and in the hmmas 

brain esll the prsc-eas of aaeyobis disintegration of sugar 

oestirs iß »a absolutely identical fashion - by feraentation 

er glue«lyaiB* The sane reaction «eque&ce» the same order- 

ly ]>jfoe«sd:ares and their cösmectißü are preserved, along the 

entire Wandle s?-s course of evolution« The eaias is true of 

the "breathing of a oell* He see to© identical meehaniejas with 

a varied and. RtKiereus colleetioo of catalysts « fX&viBie» 

nrridine and hemiaie ferments - function in the entire 

diversity ©f living things* 

It is perfectly eriämtt  tliat h&viag once apf 

psareä» these saecb.aniem8 are preserreä throughout the 

ä&il 1 Isms of years ©f ilia evolutionary process« This illus- 

trates "the remarkable perfection of  a principle^ ssce it ha® 

■feeeB de^-elöpeds its mmaual durtAmlity. This is especially 

aurpriai&g when we eonpfer« the stability of cheiaioal cfttaljeti 

with the infinite Tariaticm of living organises®. 

While there are external changes, the iimer essence» is 

many of its basic components is louad to be virtually 

identical» Ts think &n>y* how ssaay changes in f&ns of tfe« 

totality of physiological functions have takes plaee is 

organisms Irs® the  initial unicellular organism to maal 

AM throughout this infinitely long chain of the deepest 

changes, the basic'» fundamental .giftoesses of «wtabilism 



—I 
haYB "bees, preserved, and carried by the lining world»  TMs 

f&ei «iisiesse«  its B.«iiy« 

We  see here as mmsiial  &»d profoundly sign!« 

iiftasst instance in priaclple,©* the  contrast between wfe&t 

« might term the imlisdted ckaage&kility and diversity 

#f living fem»s(  ©a the ©se hmsxA»  and the «taxing eonstanee 

m.ä siss!laxity aad xmchassgiag aatmr©' ©f tfe&i wfeicfe isdgM l>e 

■ rtewe«! as   "coBt«Rts»   i.e.   ife®  predominast portion ©f  the 

most isKpsriatit Basic processes <sf Bieta.'bolissb   stick as 

ba-e&iMag*  ferasatattoo»  alfetsssea syß-t&eßia*  ©Irricnisly right 

mp to ghesi<raes.& of  a 'higher older*   ab eve  the isolectrlar order 

as»  fer ®xa3.fle8  the seeli&siss ©£ regisir-aiiss of geaetic® 

iaferssfcia-s and ether8$   ©a the ether* ■ 

la ike midst of  this unity if diversity, 

w® &r©  ai:ns,efe «y the  coursing ikrtmghout the evobxii©»*  from 

0ue  liigs.it ef the  €>wlmii©narsr order to  ifas  ©thsr»  not sisiy 

©f & ssiailar ©ellection of  catalysts  »   that perform iiapcr« 

isjsi fwteiie&s  in. siet&b&Iiim*  bat of  the preservation sl©ag 

tMs  satire  eeiarst  ©f  copies; cyclical lae&ias  ©f &«öosj^Ii»h«» 

sssat ©f certain; basically iap«>ri«mt processes of la^tabolisa. 

It is preeisely this principle erf the cyclical esmrs® el  » 

series, of mest istportaat co&versioß.® that eessstituiss 

oae ©f the use at ispsrt&si features öf the spaeifies of 

jBäet&bolißna re&etione*  Each eep&rate  link here doe« net 

14 



differ tram,  the usual e?erycEs-y chemical reaction.  Bnt 
a chain ef 

tkese separata reaetiess arg found to be iaoluded is/ 

extremely eompl'ex reactions* Berejtfee complete fusion of 

two antagonistic &B.&» seemingly am trial ly exclusive factors» 

that are isatually p^Rstratiag» appears with remarkable 

clarity - theea.taJ.yst asd the siibstrat«* 

Actually* the results of the aetioms of the 

catalyst arc- to prcrvoke a eliasge is the «substrata*  that 

is prgceediiig in a eertais direetioa. Oae sight say that 

the catalyst leads to the disppearaxiee of of the safostra.» 

t«s*  Aad what actually occurs* in the ea.se of the circular 

oycslieal processes el metabolism processes that we- just 

m«mtio»e&? The so-called Erel>8 cycle of tricar "boa acids 

Bi&y serrt ®,s a typical protöyps of metabolism. 

fliia cycle bessies reduced to the fact that 

the substrate (as aeetat« aolecule), that is the product 

©f foog disintegration» basically of fats or hydrocarbons, 

beeoBtes united with e»e of the eeetponeets of the sKittistfge 

catalytic eyele* and* in as part «f this cycle* uadergoee 

changes« In the final analysis the aeetate hums, upf   as a re- 

salt of which two molecules ~ canonic asld and water - 

- appear« One stigiit believe that' the substrate temporarily 

joins is the catalytic cye'ls and becomes subject to these 

irreversible can-versions iatc- finished products« Actually» 

iß 



feoTrrer,  that is nor se*  Actually only eae of the tiro 

ea.rbouJ.ft acid. saeiecniess   «josus  ir&n the  acetate ^©lectil© 

(this may be vsriiieÄ by means o* the  isuiope method),  the 

other-©ernes  fresa tlte mo 1© eiste  of  c«a@  of  tfefc  i»tsrjBsdia.t« 

links M the  eycle,  i.e»  from thfc catalyst itself*  As this 

catalytic  eyels  is  eospleted»   it is  found that «>ae  of  the 

earWs öf the  imbstr&te etfetered late its composItiosj  the 

substrata  that hmneam disintegrated is the preeäjAtüg stags* 

W® say say that at this uoBsmt th©  epsle  is 

the  same  as previously»  but Is n.o  longer the  same  ©yele» 

It is the same and net tlte  aaste» bee&us®  it changed*  it 

assorted niftterial from the substrate.     Thus»  a substrate ao- 

l&tml« ©eeoäses  «. stracteral,   is- cbesaical  cospsasst of the 

eatalytift «•«hÄ»i8« itself*   Th«relore,  to  a eertain extent» 

there  oeeavs here  a fusion ©f the  concept» of substrate 

and e&talysi*  We  could hardly expect even a distantly 

Binilar type of  ehemical  o* catalytic «teeb&nians  to exist 

in the  inftniiaat» world«  We have  to see  in this particular 

'exanpU*  an important prototype ©f processes specifically 

a&tmral  ©sly to living orgattisass»  *Voui the  gt&sdpeiat csf  th» 

eheisist,  ©ash separate  link deea-aot*  of  eeurs®,   constitute 

characteristic peculiarity«   There is nothing unusual in 

ney ©I these reaction»,  that differentiates it fro» well 

knoira organic ehenistry reaction«.  But the «bole in tot* 
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acquire!» "'aa eatiirely new,   apecif ieally eliaracteristi® 

This sa&y sot? is« viewed as eae of tfee  cSm3*a,eiex*:I,S'« 

tie &&& specific aspeeis ©f ©©rarer©!©» of matter is li^iag 

i      eraraaisng»   i.e.   a,s  ©as  ©f  the  characteristic and specifie 
1 
} 

I Spe*is*l  fitteKiies  should lie  direetsi towmrd 
I 
I  another aspect that ehamcteriae» the cavrse of chemical 
1 
j      reactions  of laetabölissj«.   ftiis may be  considered to be the 

existence  of  the pimnomemm of  autorsgulation in the  course 

©f  a wfeels  series of liioeliesaleal  eosswrsions,   iseludiBg 

«imszig; tit«,  sast importantly»  the?©© that «?® the  key»   tkat 

play a leading part is i&e wksle »etabolism jrt@emB eerasrp- 

Gers er alii y accepted is  tli.0  assertioa that 

& ItTisjr «rgmiBB, possesses sieeh&slssis that adapt the 

B^taholiSK aetifitr t©  the  «xistiag eo&diiions  ©i  the ass- 
I 

diuai*   la. the  sa.se  r>f isorc  eamplex erggisisss s  of  coursef 

teeh  «systems  as  the nervous  system,   the  sysiera of iicsriaeaes 

pl&y sis r&fixmotM r©le.  Bat regulation exists also  im Immr 

ierms  where  tfee  high&Jf regulating system  are I&ekißg» 

fM« jp«aKR  tiust definite  areKulatery systems exist already 

j     is the ißssi primitiv©  stages»  We have  & rigfet t©  SSSBSMS thai 

!     these iiriMitiTS  regulatory systems have fee en feMserve& 



also Is the higher forms of the organic world» is the Ban« 

way m  certain gaaeral and eleiasaiary catalytic »ysteias 

have traversed the entire ecwplex of the organic world. 

HOW east cells adapt the rate ©£ reactions 

to changing needa? Of course* this could "be determined by 

the raii© of tho woount of ferrant to that"of the substrate, 

OR the other h&nd» this could else be determined by 

a change in the activity of the ferments« 

First ef all* It is important to establish 

what is actually the limiting faster, the factor that seta 

the rate- ©f "the re action? Could the ammnt et  lernest i» 

tissues be such a factor tbat limits the reaction rate? 

One «eixld think no. A report at the Physiological conference 

in Kier in 1958 gtwe a computation of tke aiacmst of ssTer&l 

fenaeats« for which data were available regarding amounts 

contained in  living tisRues* The meleenlar activity of these 

ferments is knovn, Knowing the waouat ef fenaent« and ex- 

pressing thia amount in moles, It is possible to eowpute the 

nuaber ef moles <tf substrate that oust hB  subjected to con- 

veraioa in a uait of time by the given amount of ferment. 

Such calculations «re made for all ferments for which the 

necessary data »ere avail al»le.  It was found that the power 

ef the ferments greatly exceeds the actual rate- of meta- 

bolic processes is the body. Therefore, the amount ef fer- 
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Bieste  is »at & lisdiing f&ctar.   It is possible»  fesweTar 

tfe&t the  activity  of'  this  or thai ferment is retarded a? 

thai it does aot work witli full   force»   In this   east»  it 

csrnld 'beeeae  a limiting factor. 

In order  to  jtiig®  the1 sigsifieasscs  of  tliia 

Eieelaaitisi'ftj  veä!   iinferiunatslyj  do not possess  sufficient 

experimental data at this  time»   la any evoat ve   can  state 

thai the  activity of the  ferment 1ms "bees brcragti to  a leT@I 

where  it does limit this process.  W<e  should gire  thought to 

tho exisieaee  «f another factor»  ef  aaothas* participant 

#f tke  essysis reaetiss tkat limits  its rats and f&at 

ea.n thereby play the part- of & rsgstlater*   Such ä factor 

could be  tb.es  araanat ef th©  substrate,,   Objections  are  possible 

te  the  effeet tfeat the  sjaotxat of  substrate  in the  eeli 

usually i» TSry greats   and that the  siabstrai®  e&a la ae way 

deter-ai&g  tke  rat® et a.biochemioal reaction.   We  &re 

talkiag»  however<  aot ©f initial  eiabstr&ies*  set of matters 

s-mefe as glue©*«^  f«wr example*  we are  talking ©£ substrates 

that pisy & parttiö the  intermediate links of tk© process 

©f metabolism*  Cells  contain»  of  course»   & lot ©f glueoss» 

fats,»  etc«   The  question,  is raised' of the  intermediate toads 

tfoat is essence  eoxapose  ia&er metabolism.   In sueh ewes 

we  bare  the right to stats  that it is precisely tlie  sontest 

level  of the  sralistrate  that often say "be  a lissitiiBg factor* 
ft 

L— 
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If that were not a©»  then ** aecwnalation of  intermediate 

BRtter iroxild occur.   In  the Keen  time  a  characteristic  aspect 

of laetatoliaia is   the   fact thai»   a»  a rale,   we   do »ot 

observe   this  acrwKalafcioa.   These presets disappear as ra- 

pidly ae  they are  Aceum&lat»<3.   They *re  alw.ys prewnt in 

an almost iaaiacernible  aasoan*.   It is natural that tiiey 

I      could alasst always be   a limitlag factor, 

j Kreba »sd« such calcalatiosa,   and they »bowed 

1      that»   forKiexaiaple,   th«  av«age  duration of  the halflife 

I      of  the  «epWQte  eM«p<ments of  a trlcartoxyXlo  cycle aad» 

coBsequently.   the  average  life  duration of tbe products ©f 

final  aienteff**tion of  cartons,   entrained  into this  cycle, 

is  e*pre*»«A in »agnitude»  of  the   order of a fe* seconds, 

,     Under these  «ondition«,   therefore*   an e*tr<«iely B»tU  aaoimt 

tf substrate wold fee  aewmalated,   thai  could fee  ferased by 

I     the  ferisent in a  fev seefeds.   The  addition of  these  inter- 

mediate products,   therefore,   speeds  tke process   It follow« 

from this  that  in  the  given  instance,   as  ia  a  series of 

other CM»,  the  r&t*  of  the aetabollaia reaction  is  limited 
l 
1 

l>y tite coace&tratioa of this er that substrate. This in 

j  itself is already one of the »peeific aspect» of Metabolism, 

I  that ire ssä.ßt take into acc^txat. 

| IK ether cases* we Mast take into a.«count the 

i  existence of other regulatory mechanisms, observsfl in reac- 
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tiana, wiier© the rate is a function of other faetara than 

the fer«s»t and the sststr&t©« Smelx rcaetiaaa are feotor»    ? 

that determine" by  themaelre« ike rate of the prscesg of a»-  j 

tabolisn. They are reaetiene that in aeiektific literature   ! 

are deaigaatad by the term «paeea»aker". In order to iefifee ' ] 

tnieh & concept, it is not so easy to find-an eattiraleirt 

ter« and express it in-a sigale itessiaa word. They are re- 

action« that set the rat® of corresponding processes. They ® 

ir«f be termed tachostatic reactionst i.e. reaetiana that . 

deteratine the rate of a aetaballc proceaa. 

In payaialogy* it ia often neeeaaair t» 

deal with auch a eoscept a£ & rats regulatar, a tfaeter res- 

panaible for the rate, TM'assa for example, takisg the «age 

of the activity a* tne haart, we apeak ©f as agent that 

gets the rate of the oardiae rhythm. We aneeunter thia ean- 

oept eapeaially in the realm ef biocheaical reaatiana. 

Tha are reacti*»* that a »battle« ck« in th» iataaaive 

eaaraa af the process ef metaboliam. It is perfectly claar 

■that the total rate af a eaiaplex »raeeaa eannet ae greater 

thfcu that ef the alaweat band« la tha case of the enain 

aai»f axaminaa fee-r©8 tha slowest Isoad eanatitutea the taeho- 

static reactiaa« , I 

A  atady of taebastatic reaatiana that arcs      t 

regulators of the intanaity of the prassss sf netabalian. 
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ir© snemmter tit«  esietesaee  of  as «xtresely efear&eterlstlo 

Tsfiäclule « the ürlseiale  sf fee&tmok. 

T'fec ieedlb&ek ps-iseiple has b&ea adapted  trms. 

cybernetics*.   It jaay exist in installations In which, the 

c@Btr#iled process  i»  Its  semi's«  creates c©Edition» 

tmf&verable  to its  ee&tismatiosi,   and tfeereljj slows  clows 

the  rate  ©f the preaess* 

fliers ar«? siaay knoim feedback inoisJlatieas* 

A» ©rdi&ary tUearaest&i is  one  example«  Äms&g £«cdltaeS£ systems 

«a*e  track proaesaes*   that may Tb®  terssgd refÄletliig ©sr tae&e«» 

siaiie reaeiiess* 

Tlte  feedfeaek principle  its widely ebserred is 

biologieal pheafcsacna.   fakeP  f©r  esaaaple»  beat i-egulatioss; 

a M.01&T tgmpsratmre  caaseg  stisioi&tiea, ef heat regelating 

centers BMA & dee-rums©*! beet production»  Partial  ©artc-is 

dioxide pressure  in alveolar air stismlaies bre&tbiag cen- 

ters»   and bring»  about a heightened ventilation ©f  lungs. 

All  thas©  are  elassieal examples  of feedback meeliasisiss 

at the  level ef & higher organism» 

Of great isaportaaee  is  the  fast that w#?  &ö&1 

with msefe feedback systems at the' simple sis   elementary and 

pritsue-y processes  of nuatabolisja.   This is&isi be viewsd as 

oa© of the essential &nd eh.&raoies*istie feature a of me tab«« 

lissu   It easts its reflect!©» 6»  its  entirety.   There  is 

22 



ewry re&so». to sea  iß the  functioning of  feedbaok one of 

the principal aAttifestaticns of  the  spseifies öf »isljeli© 

precsssta  in M©lc»giffiäi'I  objects» 

lit its  simplest» tmeoraplicated fo«a* we 

©'bserire  tlie  feedback px-inelpl« ««» at the  level  ©1  ordi- 

nary chemical  röwsticn»,  in  the  form of  the veil k»**a law 
i» the  c&se of 

■ 

i 

t 

I 

of Le  Chatelic*.  According to  tMF*T&i^75®®®^k chemical 

process®« that Liar®    a pereaptiMe h«ftt effect,  &a iaoreaso 

in the  tsspey&.tere will  ape«d ap the  ©a&otfeena&l reaction» 

i«e„  the reactioa that pressed© wiife an ab®*rptioß of heat» 

«Ad wkieSss  iherefdret  a» it *e*«i  counteracts toe rise in 

temperature* Aad»  soatrarywise*  cseliag*  i-e-  tfee t&kiftg 

away ef heat*  speeds up the exotheraal reaction - the reaction 

tk&t it  ascsrnpesieä by fee at forsisti©»* 

Iä biological processes  of ssst abolish*  tkt 

&utc:regal&tittg pkesomeaa wr© not fteoo«iJli«h«d by a simple 

dieplaeemeat «f oquilibritua is i&diTldu&l feedback chemical 

re^etioaffl*  teat axis®  as  a result öf the  t@iali.ty of th© 

ekemiesl re&öti«mE? e&«& ©f ifkiels. toes not separately 

have  atttoreguXatiag properties,  tet»  taken together,   they 

form m system tkst dißel#-s$» fefc&baek properties«   la pris» 
guch 

ciple*  it is? possible to imagine/a system*  artificially 

created»  from a ooabinatiott of ©rdiaary chemical reaction». 

There are no indications»' however,  •£ the existence of such 
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& syste® ia tie i&aBimate world.» fit therefore have the right 

tö £e*s is th&sa a qis&Iitatire peömli&X'iiys a specific tikfet-se«* 

tetfistie ©i stetaboliasi reactieass that take place iß. biolö« 

gical ©fcjeets« 

The orderly procedures that we bare pointed. 

oatj. already bare attracted the attention of researchersg 

hut  Rat nearly to the extest that would seera justified "by 

thier ii;ipsrtaaee ia principle» since lu this case, ??e are 

having to do with a tride&cope pb.enOB.esoB of general isapsr^ 

tanee* an® that lies at the base of the fundamental features 

©f the eheiaistry ©f i objects in the living world. 

Here we cannot become ia-volved ia ©ore specia- 

lised details «mdj of aeeessity, will hare to limit oux*™ 

sel-res to a Terjr sehesa&tie description of sosae typical 

esseretcs exasaplea» The first example has to do -with, a com- 

pound that ©couples a central positioa ia: the erstixe 

p©i?er generating» fanetional aetabeliaia* This is adeisosia 

tri-phosphorift aeid (ATF). It serves as the basic and 

spoataaeous source ©f energy for a great diversity of 

biological functions * among which are mmmX&"£  aetiTity, 

the realiaation of tfee most varied biological syjatheses, 

emission ©1 light by certain organisms* th© phenomena of 

s&MirisisB of cell« and others. The decomposition of ATP 

release© energy that serves as the-motive power f©a* ell 
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ifeese jsaaifestatl«ms ef lirisg activity* B©r## »dSKösis 

Äl-pljusätsfe.&fie cj-eicl (AB?) is fsTsasi, and a mlnnrsd plies» 

phftie*   Iti tu*n»  these Material« - fiineral {thosphoric seid 

m.d AM ~ ffesyaifceaize back to ATP- as a result of breathing 

©Y glä,e<glygis*  the  eaergy ©f *hieli;ls  aeesmailated ia  its.« 

pkeR|sSiat§ bonds  of the Äff*   Tfels may fee  sckesmtic&ny pf&* 

Bioieg;leak-- Pimetiea 

1 AH? '-AD? + H3P04  ' 

1 4" Ireatfeia«; \ 

I glueolyais 
r' tuuWiifa!.«**;*«*'!'»**'" ** imus-iw www*»**.*KM" 

Hi« öora  intensive tlie  re&lisatioB of this or 

that bioiogieal funotio»t   the BSJ?e does ATF deeonpose,  and 

tin« K»re AJ)F asd mineral plieephai®  is  feriaed»  Bat the 

fcreatfeijs.^ aacl glseoiirais proeeissssst,   in their tessj  require 

th® presence »f  the miseral  phosphate  and of U)f s   th&t serve« 

&s  the  a * -s © p t & r    ©f  the  ph&sph&tts*  The great service 

pcrfarsisd 1>y V*  A*  Belitser was Ills  äiaeorery that the pre* 

aeaoe el  a ph©Kpbat© Acceptor Js&y»  under ceifte-i» e*Ji<äiiios8» 

fee  the  factor tkat determin©»  the  intensity ©f breathing» 

i.e.   öf  the very sesne  factor that leads tö the    & i  a a p - 

p e a r a, « e e      ©f both the ADP and its.© pIseBphat« by 

Kteans of its so-called- conjugate oxidiaed phoepheyyl&ticac 
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Tlroa,   th»  appearance of    p r o d a c t      ot biochemical 

eefrvereiea (A»?)»  ie » signal*  is  in» format 5?» for tfe* 

stallt of a proeeee  leading  to  the v&genr&tUn. t>i the  irüfci&I 

sufeatanc« (AfP).  as  a result of the remoTal  of  the  initially 

The  ftutoregulation principle  is tki*  «&sft 

is Maaife*ted with great- clarity.  But in this  system yet 

*ua0tb.«r &mtor«ftilati#it process feppsa«!  the Bra.to.al  iateraoti? 

öf  tw basie energy sources of  the  cell - breathing a»d 

feraeniatieti  (glueolysis).   This  interaction is expressed 

in the  dftoping of the encrgywi«* little-cffeetire proeeaa 

of glucoly*!«» % th« «ore useful energywis« process of 

breathing*  One of  the »echaaisa» of  this  "Pasteer eff*et" 

eoald be  the ©©»jwtitive otwifglu for the ghesphate acceptor 

which is AD?.   There are  reasons  to believe  that bre*thing 

Is  capable of initially taking jvosseasioa «a this aceept@rf 

sea a-t th» point *here the A0F content is  *o  small  that it 

«eta as & Mai ting factor*  there iß no linger enongh of- it 

for the glucalytic aysteia and glueolyslo beaemes  damped. 

Assi^er ©sample  of autoregtslati©nf  of the  attic-.- 

wftti«!  direott*tt of  the process  in o»e  c*£ ifee  two po&aibl* 

©featm^lffi*   is  among reactions  coassactsd with the  abciw-sies- 

tien«d tricasrt>«m cycle.  Here tos nr* witness certain «leBenti 

ol tke  feedback mechanism. We ars telite *Al^^£J^f^L^f__. 
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following: among the coirrpounds that occupy key positions 

IK preeesses ©f i« tensed! at© me tabs li sis* is seetie acids 

its molecules are formed i*\ the course of betfe eaxbehydretfe 

MK! fatty metabolism« We er© a©w interested in two forme 

of conversion ©f acetic aeid, of acetate. Leaving aside the 

paticinaties of eoe&gyisesj. we see thai acetate may parti- 

cipate ia two"typea of-condensation reactions. Interacting 

•siltfe one ef the bonds of the triearbon cycle, with oxala- 

cstie seid« the acetate condenses with it forming eitrat« " 

(isssaefc neid)« It is tires eEtrained into the chain of reaeti 

of this cycle* and is finally oxidised, at which time & 

molecule of ©xalaestie aeid. ia agais regenra-ted. This ®ole« 

eslej for the aens&l ©ourslag of the cycle»■■mist become e©B' 

dassei «itli it« s&ew acetate molecule« Saek is the eoiirsss 

ol esB'wrsioa ©f acetic aeid ir* the breathing process ef 

tissue» But when the processes of metakolisja are disturbed, 

aaotlsexr type of reaction swiy take place: acetie aeid be« 

©6sie® condensed not with ©xalaeetic aeid but with another 

ffioieeuie ef the same acetic a,eid<> forming aeetoaeetic aeid» 

CH, - COO*" + COOH - CO - CHL-- COOS — citrate 

CH- - COö" * CH» • COOH * CH, - €0 - CB9 - COOH (acetoacetäte) 
3 o «j • * 

Under eonditioaac öf normal  intensity ef 

oxidation processes»  a suffieiest «easrasit ©f ©xalaeetic acid ] 
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is  f@ra«d to en able  all  of  the  asetic  acid*   fowsesd  in the 

dessapeältiea of  fats  and earbe-Iiycrates  i©  combine with It 

and be  entraiafeA iatü the  tricarbon cycle*   f'his frevests 

the forsatisB of aeeto&eet&i®;  assures the  «ours« off all 

l.i»!ffl  is tha  cyela  chain &nd  creates  eoaditioBa  f air« r able 

to the  estr&i BISSE t of saew acetate molecules  along the  BMte 

course*  Bat as  soon m  one  of  the  links  in the  cycle  is 

disturbed,   «Ten i* it happang. to be  far reaeved '.frow the 

point of acstual entrainHeni ©f the acetic acid«  and the 

aign&l of tMst fact», according "t© the feedback ^riaeiple» 

is. the  form of  the »ofcforiaaiioa of oacalaee.tie aeid(  reaches 

tli© estsy»s  syst©sasj!   tkat normally accomplish the  ccmäenaa« 

tien ef  the  latter with acetate*  and 'instead ef the  fomation 

©f  citrate as  a b*m& is the tricarfeea oyole*  the  acetate 

sttftlee'ffles «'ill mow condense with each, other,   terming 

aeeteaeetic  acid*   Ttes*' the  concewtisatioB of öxalaeetic 

,     seid - on© of the link» in the catalytic tricarbon 

oycle « determines  the  fate ©f tho acetic acid*   If  this 

concentration  is  sufficiently high,   the   condensation 

I     occurs with it*   citrate  U formed and the course  of the  cycle 

eentitmes.   If» howter,  the  «xalacetic.   aeid is  absenti   thea 

a relatively «table acetoaeetate  is  foraad* 
i 

This example  is  significant also because it 1 

brings out yet an©ther important specific aspect of M©«< j 
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eheaieal reactions. We see here that the fate of the n»le- 

eulef   th«t fariieisaiss  is the fuc&cfc*8«a  «*£ «jetabolia». 

is  decided at the er«ssraada? of  tw» p&asilslfe  furth*r 

einirse« of  el  coawrsion».   The fate of  oheaical  coapound« 

in a living obje«t is  decide* ftt eheaical crossroads,   la 

the  es^iö  that feaa bee» given,   the  fate  of the  ae©tie »eid      j 

»olscul« v&e decided at tke  crossroads *  represented is thin | 

ease by two types  of eeMeaiatios reactions«  The csaeentra»        | 

tiGtt of ««tl see tic  acid her*  ssersres  as  a regulating factor, 

that determines whiefe of  the   two ro*.ds if ill  be  chosen. 

Smeli a metabolis» crossroads,   at wliieli the  fate of 

the feejco^ft »olöeale  iß  decided - wbethervit will b^   sub je« tea 

to axid&tion or to fermeatatiott - lie» at the  level  «f 

pbttSphori« fc«to«ie estherös   tlie  compounding of «3©  ascoad 

leftover of ^msphoti^ acid directs  tlia molecule  in the 

dir-ftctioft of aafterebic  decompoeitio», while  the  reaoral   of 
eoridatioiä 

feysiyogefi pre de tersely s   the  further/owarse of  the  äeeespe- 

sit-ion* 

S-c?,cfe central points as tfea chemie&I «rossrsMs 

for prodssis «rf interoedlate »etabolia» are of especial signi- 

ficance» We «ay Tie« their existence also as one of the aspect! 

; of tfee specifies «f the processes of aetabolisa. it wold 
i 

appsar that it is precisely these points that la many oase» 

have the Bator« of tachostatic reaction» - re;^l5^,l„5f:5:„., — 



set the pace of bioclieaicftl  preeeasee dis«usaed above, 

m&  it  is   at tfc*  l**el   of   these  p*iat*  tfcat the  influence 

based on the principle  of  feedback »oat prebaUy ©cenr« 

iaflueneea  that are  such a pwrerfiil factor in  tfee  «itoregu- 

lation of the  chemistry «f living things.   There  is every 

reason  to beiieve  thai ifee  great najority of  exteraal 

factors»   in particular* poisoss, Medicinal preparation, 

exert- their action precisely oa the  central points,   at the 

crossroads,  «her«  the meriuunitniis of  the  type  of feedback     .■ 

operate» 

"It is remarkable ihat the feedback principlef 

the principle  of »utoregulatioa and  »eelf laming",   is w»ai~ 

fe»ted at the awleeular-biological   level  in ft virtually 

hoaogeaou«  system,  vfeere  no physical,  er  structural  factors, 

Efö  arr angebt*  or mechftiiiaas Fatieipate«   It would set t>e 

e» osaggeraUoa to  state  that the  discowry of  tfea  specific 

chemical aspects of rac^talsolisB esaBised above»   is  *>r,e  «f 

the jaoBt 08s*ntial  afeievemeata  in the »oleculor liology 

ef recent years» 

It seeas  to me  thaiyThe  feedback principle 

is not sufficiently recognised.   At the  oaae  time  it i» 

deserving  of  especially serious  attention in temn of 

it» value  in priaeipl«,   atad M  an «bjeet of  further experi- 

LHssBtal  studies Äi&U 
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