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anzlation of anm article

by V. A+ Eng

gligardtventitle

4 "Spetaificheest

hiclegichaske

¢ obmena veshchestv” {(English

veorsion abeve) in "Veprosy filonofii® (Prab«
lemz in philesophy), Ne.T, 1980, Mescow,
pages. 113-128. ] -

4

Chenistry plays a léadiﬁg role in the study
eftth& epecific features of metabolism. In order 1o clarity
the epecificity of m#t&belismg let us first examine the
sttribotes of life.

These attributes are extremely varied.
They include the specifics of the ehemical composition of
living matter, the specifics of patuve and of the meost impor=
tant properties of chemical materials, that enter into the
ahrﬁaﬁure of living organisme, including primarily the most
important biolegical polyuers -~ albumens, nucleinic acids
snd pelyeaccharides. |

Together with this unique chemical compo=




»

gitien , that wmay be choracterized a8 chemics)l statics,

4% the wnigue nature of the chemical ¢ o ver s i en 8,

pu

thet in their totality constituts what we eall metabelism.
The inalienable yr&yaﬁ&y of all living wmatier ig ite ability
of subtereprodusiion, te veproduce its likeness. The proper-
ty of excitstion or stimmlation wey be observed in differvens
degrees of perfection and aem@ﬁﬁmity>%hf@aghaui the entire
peried of existense of 2 livimg world. I% iz precissly on
that properdy that the eniire complexity of the relationships
between an erganism snd the mediws vests. The ability to

move 18, as 2 rule, to a greater or leszey exitent an

sttrbute of living mattier.

The neture of any living object, be it the mest

primitive, i se perfect, and the prineiple of wholeness

that ties tegether the listed etivibutes in en indivieible ;
- any attewnt
unity, is Be fully expressed, that/te estsblish some kind

¢f hiersrchy suong these attributes and determine their
interdependense, Lo decide what is more lmporiant, or primary,
and what is sscoudery, subewdinste or duplicated is wvery
difficult and, im prineiple even disputable.

But slearly adumitting the diffieelty and

guestionahle nature of the establizhment 6f sush an hierar-

chy, we nevertheless heve reasen to believe, that to a

certain degree this can he dome.
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14 seenms to us that two of the attributes 1isted

u‘*}

shove are husic and primary: the speald

£ o b e L e
Y ificity of fhe sowph=

‘(d

gition of 1iving ﬁ%ingﬂ and the unigae nature sf ehemical
eﬂﬁvﬁf’lﬂrﬂg the specificity of me tabolisemnm.

ghat iz it that gives us a bawis for beliewveing
thet Bhese ave the mosd imyartan% &ttribuﬁéag that they
ara'?rimary? This way hé done on the basis that zll sther
properties of living metier, 1o matter hew imperiani and
ipalienable they may be. derive to seme extent from the
two pPrimary prepe erties mentioned above.

’ The f&lleﬁing proposition im perfectly ol
viouas and probably does net peed 1o be arguedi amy propare
tien of Liviag orgenisme in the finmol enalyels sre & fane
$ion of that materialisti ¢ subaitrate eof which the living
subatance is made. The seientific feQecasﬁ ot
smazing in that it permitied him almest one humdresd years
sgo, during a period sf infanecy in sur ipowledge of the
chemistry ef livimg things, o characterize albumens with
unaﬁuai perapicabity as being the prime base ef all living

¢

pmatter. The guestion of the spesifica of the materialistic

gubstra® of living grgenisms is 8o clear and indisputable,
that it may be taken as an axiom er a pesiuvlate.
Concerning the place of meisbolism in the hiervar-

ehy ¢f the attributes of living matier, a few words mast be

2
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gaide

18! Qefipition, that hag just been given,

se deecisive s pesition is glven ie
meﬁﬁ; in the daye of Eﬁg&lgékﬁﬁwﬁﬁﬁﬁﬁ of the echarzetey of
mﬁ#mhmiigm‘pregaﬁs@ﬁ was ex@femaiy poor, and sclience still
kﬂ%# rnthing é@féigiﬁﬁ about the ﬁ@éree o which the mets~
holigm precess 1s linmed to tne wanifestation of erganic
functieng, of the sxtent te which metaholic reamelions are
linked to the ﬁﬁﬂkiﬁgﬁﬁ dons of living scbivily, to thesne
er othe ?QVﬁﬂnme functions, a&& a8f the degres to which
metsbolismts reactions are e primary and wotive ferce of

the proporiies that characterize living beings. It is sotu-

vel, therefsre, that Fopels limited himself in Bis charactheri-

getion of the hiclogiesl role of motabolism By to ite signie
i & =

ficance in sustsinimg the normel unezteble material base
s? living organisms, i.e. of the elbumen in their prote-
plasw. He streszed the peed of cont tinuous mebsbelism for

&

the pressryntion of hiclogically important propeirties.

he desades that have passed ginee that tim

cepts of the wetabolism processes thenselver, and of thelr
the

rols ap 8 souris ﬁffmutive {ferce, the primarvy base of a1l

of life's functions without exception, eof all manifesta ions

of livinp ectivity.

Grewth, repreduction, moveability, excitahie

brought & great enrichment end & breadening of ouy cof~

[USEARIRST V.




A
1ity, the property of being eble to react to outside changes,

a1l tbese ave proveriiss of livieg metieyr, and, iz the final %

anniveis, are linked 4o definite chemiecal conversions, lacking |

=3

which not & single ope of these manifestations of 1ife conld

e pecomplisbed. It in perfeectly clear that the cennection

between metebolism and the manifestatien ef life iv often |
;

grersized threugh the medium of the ?&r%i&ipaﬁiﬁg mioers- anad %

waerestrustore of the phveicel orgenisatisn ef the living
ebjeat, @EEl the participation of electric phevemens, etec.

Tut the besis, the foundation is always the samec: the primary
facters sre strict and well defived meitsbolim processes,

that pressed in an orderly fashion, snd ars vanglly coordi-

noted in o melititode of extremely cowplex Biages.

Tyem this it follews necegsarily ithat s knowe ;
ledre of the nature and subsisnce of these ﬁﬁw@mﬁary phiris
butes of Life mentioned above is impossible,withest a detailed %

|

study of the bischenbeal resctiens; i.e. the presesszes of
metabolism.

This iz what prompied us to plase these prow-
cegses iu the forefront of the hierarchy of lifels attri~
butes.

it should be seid that, if we can row dvaw such o

conclusien hased en soncrete faohte, thew great minds in

the vealm of unatural sciences, ocur scientific lesders

J— 5 S—




bhave voderstood and have foemulated the role of chemistry,
iv »n understandisg of the living werld cemturiss or & half
a senbury befers factual, experimental material wes availebls

ghitn of aurst,

&

thet today daily and hamriy confirme thease thou

Almost 200 vears ago, in 1788, the great

DR

puantitative cheni

*)

Lavoisieyr, the ereatsr o

in burming matier in a lshoratory end in 318
in the course of the breathing precess, the erganism ebserbs
the same smount of oxygen, as much cnergy is genersted in
the form of heat mnd the seme amounis of the ssme Pinal

products are created. And he fo emulated his conclusien in

& monumental form: "Life iz a chemical fupotion¥.

oy

The chemist Pastenr destroyed the myth o

P

spontaneous cenception. This is hiy greatest sevrvice

w
e
&
Av‘

coral saicpes. An o patber of curicsity, he simnliansocusly

s

yushed unstable investigators into the beg of another ides~
liztiec concepd — that of the necessity te acknovledge the

imitinl erestive ach. To rofute this distertion it becane

necessary t¢ dinsemivaetbe the corra oot ma%efiaiiﬂtiu understan~

dipg of the world, In the speclal chemical work of Pasteuow

,.e

we Tind a solution e & series eof fundawental problems that

econfronted bieslegieasl sclense in those days.

x'&

A4 helf a century age, at a time when &8

yvet virtually nothing was koown about chemiecal renciions
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im the perve, the great biolegist 1.8 Pavliev wrole:

wonly s study of the ieal precess

thet osenre in the nerve sivuciure will formish wmes with the
resl theory ¢f rervene phenomens. The phasey of thess

ve us an explenation of all the exier ‘78l

poie

processes will g

ngence sod

ha

manifestatione of mervens activilty, af thsir 8

their ties.” {Cowplete Works, vel.IIX. 1948, page S98).

ir snother pia&ﬁ ?aWXaw suid that the nat

=

of siiwnlatbien and bﬂhwklﬁiﬁﬁ ¥ the nervensg BYS %zm and its

mechanisy “oagein &@wr@&ahinﬁ the finnl enswer, will be
gxpozed by chemistry and, ginally: by yhyaéa% N{E%i&ﬁ
?&iﬂ 5683, And in ome of his speechss he fermulated the
comeept Plife” in the follewing mapner: "Life is & complex
@éﬁmiaal préﬁé@%“ {Complete Works, vel.V, 194%, poge 86%.
Thus, the stotements of the viewpeinis of twe great natue
ral seientists onineide literally word for word. These
genersl remarks om the subjeet of the meaning of separvate
attributes of Life, of theix waiual subordination, werg nevese
gary to define the place of me taholism phenomena in the
everall complez ¢f phenemens charae erigding living matiex.
Pasning te the basie preblens of ounr thesis, w2
pust Tirst stress that the very eripinslity of living
shisoks, that diffeventiates them {rom fpanimste oblects,

naturally permits the expectatien of original unrepeated

RS ? Raiaiantd

oAt eSSBS 1 T
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make up metashel lew

13 telk shouts
The entiré metabelism prscess as o vhole,

certain agpregates as well sz in ids numewoue

<

$ndividusl links thet make up these aggregoten, conztitutes

wont profeund, eonvinsiog snd confirsatien

of the despest penetratien of the busie

prineiple of dia~

leaties. of, I would sav,; its first pestulsie

fivaet postulate of thermodynamics}, of that which Lenin

puelevz of dialestics - the

&% the unity ef @pﬁﬁﬁﬁ;:m This iz
increns sinrly ol

eomple be wannar ip Lhe

prosged in the mest

nk aud oltinate

ws

vmbreakablie inner 1 sotunl penetrabilidy

and dependability ef two great seemingly epposite channels

£

of metabslisgm « sseimilation end dissimilation. We are net
new examining thew s epposing and indspendent phenomens.

fiprat of all soazed their e¢lese foner $les and

beiy wotesnl int

srdependanca.

At the receent broad discussien of bthe mwed

prowising linen of develepment of biechemical

soienses in
the mext cne or two decsdes; S» BE. Severin wvery properly

streseed three aspeets of s blechemiesl approesch 1o ibs

«\ﬁ

1 problems of livieg matier. He express

the

sd o sort of

i

R
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aibuwens snd nucleinic seids. The power ef living objecis

meinly the third peint, that places its specific

yrind: materinlistie substrate, pever and regulation of

processes of mebabs Gisme The baloves of this sriicls will :
be deveied preéisély bo this Latter aspecd, vwhich up ta. :
the present time hﬁ& aot veceived the aiientien thatl it i
;

deserve s, : ‘ %
The proklem @f the materialistic substreis, ;

¢f course; has its swn_ specifice « nredoninance of pOLVESTE,
likewise is chavsoeberized by peeulisr, specific traite.

Thepe inmelude, first of all, the quantizing of this pewer,

]

i.ee. ihs scovmulation end relesse in specific, diseret
portionge followed by ite trapaic crmatien inte o single, gene-
ral, wniveranl pewer fund im the form of energyerich

wacreery phoesphbate bonde. 14 follows that & specificity,
£ ¥

of conree, exists here, Baot it is necessary to stress

"i

merh on the chemical nature of living things, these

are the regulatory mechanisms, the meunifestation of the

regulation end sutoregulation prineiple in gepsrate meiabo-

lism precesses snd in thelr totality.

First, it wounld be useful, hoeveyr, to 247 4

few words sbout the means of expesing the Fundamental aspectis

OO

els

ef metahslisn processsr, on the one hand, aznd to dwell

again en the waity snd maltiplicity of laws and phenomena




$ s

of the Living werld inm their chewiesl aspeei, on the other.

the specisl
of me babolien ave studied, basieally, of oourde, cannet
differ frem the @ﬁmaféi wanner of leavning te understand
ﬁ&%ﬁf@vmﬁﬁ ﬁh@‘lagg of nature. Thi&smaﬁmwr has besn defined
with finnl precisisn; in & lacondeosl and M§mﬁm@ﬁtﬂl Forw

by Lenin: “From s living observation te absivact thinking,
ang from there o aciusl ??&?ﬁia@ = guuoh i# %h@:éiai&@ﬁiﬁ
road ts the ﬁ%ﬁ&?ﬂt&ﬁéing of truth, of objective weality™.
1% ix the read of “jeining analysis and synthesis - the

cxamination of sepavate parie and of the totality, the

joint summstion of these parts.® It is, fieelly, the road

of "an infinite process of derepening of man's understending

of bhings, phenomens, procs’ges, etos g the rord from
phenemena to actuality, and ixom & skellew seiuality te
& desper, more generalised sotnuslity.” Fally in conformity

with thisz general outline of the develepment of our knews

the ntedy of motahelism proceeds from eghgervation

tn the ereatien of ceriain working hypothesss, te shairact

thoupht, end, {rem it, teo experiment, to actunl praciice.
Gpe of the main featdres of this swpeviwend

in the sves that interests ue, one of the main probhlems

that n asientist peses for hiwaslf, is the separation of

henemene studled by obmevvatien, the breaking up of comp=
¥ i B

sl

i0




1exities ints theiv cemponent peris.

Thiz principle of siudy has placed ite monti

typienl merk on the entive course of the dvelepmsnt of suy

&

i

khowledge with reapest bo the metpboelion precess. During

the lagt dasedsa the g?@@%ﬁﬁt‘ﬁﬁﬁﬁﬁﬁgéﬁ have been atbained
teng this course, sud we heve the right bo ssy that the

dynaric vischemlietry of our times hae developed unde¥ this

aeyis. Proespyss thet formeriy wevs sccepted o the rzsulta

of o simples, siugle-stage resotion,; were feund te be divie

sible step by step, inte an ever groving number of compenent

paris.

Pully amaieg@ag-%@'what we see 3n the rzalm of

gtady of the atonic nuleus, we may S&F that we see belore
we o clesr weanifestabion of the iafinity of ihe nusber of
petural phenomsna, the apprerance ol ever mewer problems
that must be vesmclusd ag we gveveoam? esch of the barriers
sroechted 00 QO WEY.
T4 will be sufficient e cite meme brief

examples, Thus, ithe gsynthesis of ures, Firat formulated 88
1e dshydration resctlion ef smmoninm carboneie, now
zppears to be the regw 1t of abeut ten stricily coordi-

nated reactisng.

The same ia true of the sridation ¢f focdsinifs,

where, in the plaze ¢f & detonating gas reaction, i.e.

s e




discovered, with dezens of links and s leyge nun

distinet fermenise

This decemposit

brium resations 1?%6 sowponents, is ome of

§

s4hy chain of reactions was

mher of

jon of complexities, 6f eguili-

the typiwal fea~

tures of the dvelepmsnt of biochemical koewledge. I%

&

sne roealltly

&

s

+o another deepeyr oneG»

3
hd

Y4 should be siressed that one of the very Lypi~

he desigented ze 2 mani

of mebabolism iz thst which may

ifestation of unity im multiplicity,

of similarity in divevsity. This is manifested in the fact

thst over the entire broadth of the living world, From

by

beeteris to the most highly complex 4issve of b

kighly davelsped organisn

not oniy

rance, by thei

=
5
Led

weE
we encounter hischemieal reactions

r final effects,

for esxzsmple, bui absolutely jdsptical in all dsteils ef

s

wultistage mechonisms, in

ternee of the same

phorie seid,; fovr ex cumple,

s

the sequence of the same reactionsa.

“

gsarprising is not enly the sxisé

subatehees, adenosin tri-pbos-

{AT?)}, that we encomnter threougheunt

the living world ss & umiversal link of cellular peowsr, bui

pepecially the

Iution of

preservetion threughout the ladder of eve~

gtrietly eoordinated procemses, that asre at the

base of the most impertant manifestations of metabolism.

iz




the human

poours in an ah%aimﬁely identical fashion - by

rleselyaies The same re@Awimﬁ sequence, the same srderw
b

oo

v ??@&&éﬁf&ﬁ anﬁ their c@nﬁ@ﬁkiﬁn are presevved alemg the

1ieps conrse of evolatlon. The same is true of
the »;mﬁiﬂzaw of a cell. Here ton identionl mechaniems with
a vavisd and nuesrous cclleciion of e¢ntaiyetas  » flavieie,
pyridine and heminie fermonis - funetisn in the entire
diversity of living thiugs.

it is perfectly evident that having ence app
peared, thess mechaviems are preserved throwghout the

millisns of yeara of the svelutlemary procefs. Thisg illusg-

t%a%fﬁ the remarksble perfection of a primciple, ence it hesz

toped, its unusual durcbility. This ia gspeoially
surprising vhen we cempare the gtability of chemical satalyets
with 4he infioite variatien of living erganisma.

Yhile there esre exiernal changes,; the ipuner esgance, in

- of its hasic components is found to be virimally
jdentienl. To think ﬁn?y@ how many changes in form of the
totality of physzislogical funciicns have taken place in
prganisme from the initial anicellunlar ergzanism to mani
and throughoutl this infinitely long chain of the deepest

changes, the basie, fondsmental piocesges of wmetabélism




L

have heen preserved and carvied by the living world. This
frod witnesser {te unity.

We ses here b unvsuel and prefapndly signl-

B
&y Wik

figant instanmes ip primeiple,ef the centrast bed

we wigkt ters snd diversity

Cwlowed se "ceniteni®, .0, the predowminant poriien of the

most iwporisnt basic presceges of wotsbnliam, suvch as

wraathing, fermentetion, albumen gyuibesia, ebviously right

:p te phensuenz of a higher ofder, above the poeleonliay osrder

&8

&

¢ fer smawple, ths mechanics of regbatration of genetivs

informetion and sihers, on ithe ¢ther.

i

Tn the midat of this woity € diversity,

shrusk by the cowreing threwghont the eveluilen, from
ome Yimid of the eweluntienery evdery to the ether, wed only
of & simllar celleciisn of esetalyets » that perform ilnper-

tant functions in meitabelism, bubt of the

;*3
o

servation zlong
this entire eenvss of complex “yﬂii@ai’M6&ﬁ@ of peopphiehs
mend of ceriein bsaicslly imporient processes of metabeliem.
14 in preciszly this principle of the eyelicsl course of 2
series of mest impertant conversious that eonsditubes

*

eme of the weat important featores of the specifics of

f-is

mekakosliow resctions. Bach seperate link here dosa nod

14

s haacas

SN,

Jceow
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hovewer, that ie nor se. Actually only one of the twe

ﬁ&v%@ﬁim 18 meleend oomes from the dostale m@i@&mia

%

(this moy be wverified by means ef the leatope me bhod ), Sbe
aiher comes from the melesule of ome of the intsrmedicts

1inka of the ey¢i g; f.e. from ths cmtaiv”u itsslf. As this

gatalybic eysle is completed, it is foand that one of the

guhatrate ithat

by

Ye mey say thet at this woment the orele iz
the same 8 previeusly, but iz po longer the same eycle.

Y4 ip bhe sewe and npet the szme, beeanse it chenged, 1%

eheorhed meherisl from the snbsirate. Thum; & auhsivrate moe

tesuly becomes & strsctural, & chemicel cowpensni of the

{‘%
‘mxs

cataiytiv aeohenism itoelf. Therefsre, to a eseviain extent,
theve ocenyrs here s fuziem ef the sconscepis of subsivate

and esntslvods, We eould hardly expect even & distantly

a\ﬂa

similay type of chemical o catalytic mechanisme to exiat
in the ipemimate worid. We bave te see in this particvlar
ex cawple, an impertsnt protegype ef processes spec cifivally
potural only to living organiems. From the standpeint of the
echemint, oach separate link dess met, of sourase, censtiitute
sharaeteristic pesuliarity. Thers is nething uvngenal in
ney of theme reastiong, that Aifferentistes it frowm well

known orgenlc chemistry reaciions.s But the wheole in teote

16




pognires uo entirely mew, specifieslly characteristis

S8LEE

he wviewed ne

& &

tie and specific aspsels of convergien o

orgsnisme, i.s. 68 one of ihe chars ?&JT&&%%% &y

ﬁ*iﬂnéw ot wotabal i,

remtion gheuld he direcied toward

snother aspect that charscterises the cowrse of chemieal

veachiong of meiabeliasm. This mey be censidered to be the

£

cxistenne of the phenomenon of autersgulation in the course

ot a whole gmeries of biochemicel comversions, Juscluding

among e

&n

v, mosi impertantly, those that are the key, that

phay & lesding part in the whele metebolism procsss ¢ompe

i

Gererallly accspied is the sssertion that
reanism pessessca mechenisms that sdapt the

P &

m wetividty te the existing conditions of the wma«~

dime, ¥n the case of more complex ergenisme, of couvso,

3

e a8 the nervees svedtew, the system of haormones

play sn encrmenz roele. But regulation exists else is lower

&

formn, where the highesy vegulating systemn ave Lacking.

atory systems exiet alresdy

&

these pyimi

becncimmeanciscnnss o
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alap in the higher forms of the or gﬁﬁlg workid, im the sume

\mo

way 42 cerfain goneral and slemsnbary eatalyiic systems
bave traversed the entive complex ef the erganic world.
fow ean cells adapt the rate of resctions

4o changing needs? Of courss, this conld be determined by

the vatie of the amouwnit of fermeni teo that of the subzirate.

Sag?

On the olbher hand, thisg conld alse he determined by
o change ip the setivity of the fermenie.

Firaet ef all, it iz impertent fe establish
what is sotually the limiting faster, the factor that sete
the rate of the vonction? Could the amount ef ferment im
tisgues be such 2 factor that limits the reaction rate?

One weuld think ne. 4 rvepori at the Physiclegical cenfersnce

in Kiew in 1908 geve @ computatisn of the acunt of several

feyments, for which dats were avelilablr regarding smounts
contained in living tissues. The ms esnliar sctivity of these

rermonts is knows. Enowing the amount of fevmenis gnd ox-
preasing thie amount in meles, it is possible to compule the
nupber ef meles of subsirate that must be aubjecied te con=
versien in & unit of time by the given amocunt eof fermont.
Sgek saloulations were made for 81l foerments for which the

necessary dats ware gvailable. It was found that the powar

of ihe ferments greatly exceeds the actusl rate ef moba~

focd
&£
ool
it
%
b
Py

oreascs in the bedy. Therefore, the amount 6f feye
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eould besome a limiting factor.

”

mechonis, we, wnfertunanisly, de npot possess swificien

ot thin time. In eny event we can siats
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where it dees limit this prosess. ¥We should give thoug

the existgnee of ancther f@afux? af wnetheyr pariicipant

thet limids ite vate and that
san thershy vlay the part of a ragulsioer. Sach & facter

L

could he the smovnt of the subsivate. Objections are peseible

s
EN
o
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o
e
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hsh the smount of substrabe in the well

nanatiy is grent, and that the sebsirate cap in ne way

tosl reantion. We arys
talling, however, mot of initial subsmirsies, not of matievs

are talling of substrstes

medisate links of {hs process
af weiaholism. Cells contain, of coeurse; a Lot of glucosag,
Fatn, obos The guesdion is raised ef the intermediste bands
engence compede ippey wmetsbelism. In such cusss

haeve the right e state that it ie precisely the content

evel ef the subsirste ﬁ%ﬂu often may be s Llimidinmg factov.
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If thet gere nnt ses then an accuwmulation of intermedinte
metter wonld esenr. In the mesn time a characteristiec aspeet
of motabalism is the fact that, az & yule, we do nol

oheerve thiz sccwwulation. These produets dissppest &8 Ya-
pidly as ihey ave acpurmlated. They are slways present in

an alwest indiscernible awoan®. Ii is matural that they

sould slmoest siweve be 8 limiting

£
g
£
fow
&
g
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Frehe wade such caleulatioos, and thay shewed
that, fermesemple, the sverage duretion of the halflife
of the separate coupenents of & tricarboxylin evele
gonseguently,; the average 1ife duratien of the producits of
finni dientegration of carhena, entrained into thie cyole,
ie expresned in megnitudes of the order of o few meconds,
Under these sonditiens, thorefore, &n estremely small amount

2% aubstrate would ke secumulated, that could be fermed by

the ferment in a few secduds. The sdditien of thess inter=

B A

wodinte profduets, thevefore, sneeds the pressss. It Lol lowe
] Ly

from thia thet in the given indiance, o8 in s series eof

3%

sthey coRes, bthe rate of the me shabolicn resctien 18 timided
b the consentretien of this er thet substrate. This in

i4neif iz slresdy one of the specifie sepeats of me

aholinm,
that we must take inte soensuinbs
In ether cases, we rush bake inte secount the

existenee of otber reguiatory wochanisns, ehsarysd in rese~=

re— 2: @ @




tione, where the rats ig & fanetien of other factore than
the ferment and the subutrste. Suoh réa@tﬁﬁmﬁ arg feolors
thet determine by themselvew the rate of the process of me=
taboliam. They are reactiens that in seiektifiec literaturs
are designated by @he term "poecmaker®. In erder to defipe
auch o cencepd, it ig net se easy 1o find.an eguivalent
term and express it in a sigsle Russisn word. They are re-

sctionz thet set the raite of correspending groecesses. They w

2

wmay be termed tachesiatis pesctions, i.e. reactiens thkat

determine the rate of z meisbelic procs&s.

In physioloegy, it ie often meecemsayy bo
denl with such & ecomecept of & rate regulator; & favtor reg=
ponsible fev ﬁ%ﬁ sote. Thus, for ezample, takigg the case
sf the sotivity of %Eg heairt, we spzak of an agent thet
sets tbevra%@ of the csrdize rhyihm. ¥We encounier ihis ﬁﬁﬁm
cept especinlly in the resim ef biochemical resctiena.

The pre Tosttlons that o whottlensok? in the intemsive

course of ihe precess of metabolisme It is perfectly olear

gnst the totsl rate ef a complex =rocess cennod he grester

thun that ef the slowest bond. In the case of the ehain

heing exaninsd bere, the gslowest bond cemetiitulen the lache=

A study of techsstetic reactions that are

regulators of the intensity of the procsss sf meisbelism,

e
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extremely charvsctewristic
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wwiple has boen

$v installations im which the

zourge ocreates conditions

An ordimary thermestat is one example. Among feedback aysitems

are such prosesses, that mey be termed repgulsting ox fanhne

piclogicasl phenowens. Take, for example, heat vegulalion:

e

ssratare congen stimelatien of hest regulatling

choy Lo

centers and & decrosmmed heat preduction. Partisl sarbon

dipxide wressuorvs in alweelsy alr stimuletes breathing cenw

2

ters, and brings about s heighitered ventiletion of lunge.

AlL thase are slassical ezamples of feedback mechsnisua

A

gt the level of a2 higher srganism.,

~

grest iwportence iw the faet that we deal

=
ey

with such feoedhack eyntems at the simplest, elementary and
primacy processes of meitebolism. This must be viewsd 8

ong of the eszentiasl snd charsoteristic features of meiabeor

&

It oas

ford
b
E?"

. its veflection op ite enmtivety. There is
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every reamsn %o see in the funetiening i feedhask one of
4
;o the val menifestd of the spreifics of metpbelie
i
t .

processes in bielogieal objecis.

echeopye the
ney
af Le

-

orocesser that

in the tempersinre will apeed up the

fa80 the ¥
wnd which, ther

temperatere. And, poniraryeize, cooling, i.e. the taling
awsy ¢f heat, speeds uwp the exotherpal reaction - the rasstion
that ig mocpmpenied by heat formsiion.

"y

ehemiesl reoss
have suboresgel

Torm & syaten

eiple, it
cregtef, frowm

Thare

fesdbavk py
v shemicel reantions,

(S TPy N
Chotelier.

ig nozsible

fn its simplest, wneomplicated form, we

ineiple even st the lovel of ordi-

&

in the farwm of the wekl kmown lew
in the ovags of

£y

Ascording to thig law, flesdbrek chemionl

e

have & pereepiible hest effect, an 188TeRES

endethornal veachiam,

setion that precesds with an ahb@yyé'ﬁﬁ af heat;

slove, i4 wers, counieranets the rise in

®
'4’.‘9

in bislogieal processes

phenoneny ars net socomplisked by o simple
¥ sguilibrien in individusl feadback chemiosl

reauld of the teislity of the

ong, cach ef which does mot separsiely

ating properties, but, teken togethar, they

that dinclesss feedbaek properties.
gxeh

to imagine/s system, artificislly

In prip=

s combinaticn 6f erdinary chemieal repotions.

are ne indicstiocnz, however; of the existence of such

s St
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o goe dn Liem a peanliarity, s specific chursos

The orderly presedures thset we bave pointed

have atiracted ths atifentien uf ressarchers,

but noet nearly o the justified by
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wenth that would sasw
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thisy ia;zrtaﬂgﬂ in principle, minee in
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e
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heving to do with a widescope phenomenen of general impor-
tonee, one that liscs at the base g the fundaventsl features
of the chemistry of % objesis in the living woerld.

Heve we canpot beseme ipvolwved in more epeoise
lized details nund, of necesaity, will heve t¢ limit oppe
gelves teo & very schemstic deseription of sewe itypical
gonorete exampler, The firat example has to do with a come
pound that ecoupies & central positien in the entire
pevay penervating, funsctional metsbolismas, This ig sdenecrin

tri-phogphories acid (4TF), It serves sa the basic and

spontaneous scvree of energy for a great dive: ruity of

biclogical funciisng, sweng which are museular aetivity,
the reasligation of the most varisd bivlegical syntheses,
emisgicn of light by ecertain ﬂfg&ﬂz%msg the phenomens of
pubdivizisn of cells and others. The decompesition ef ATF

roleases epergy thal sérvez as the motive power for all




i % et
i thepe manifestatioens sdenaslin
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resynihesize bask fo ATF as
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glusoslysia, the ensrgy of which 18 secusmlated in the

honds of the ATH. may be sehon maticelly pros
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brentbing :

Mw"‘ s,

; glueolyeis
:

The more ilntensive the reslizstien of this ov

ot bieclegisel function, the were does ATF decompose, and

g, ne ¢ i oy e gy ]
the more ADP and wipewyal

sephate is formed. PBat the

breathing and glueolysis processes, in theiyr turan, reguirs

afe 3
%

A

a9 the s ¢ s e p + & v of the phosphate. The grest sewrvice

34 P F g

23 by Ve Ar Belitser was his diseovery that the pre-
pence of n phesphate acsepber may, wnder cevisin sondiiions,
e the fecitor that determinee the intensity of bresihing,

$o6. of the very seme faotor that leads te the d i 2 a p -

pearanee of both the ADF and the phosphate by

mesnz of the se-ealled sonjugate oxidimed phespherylation.

presence af the miwversl phesphate end of AL 1, thab scrves
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Thus, the appesxapze of p r o dwn o t+ eof bicehemical

enpvereion [ADF), i & signal, ip dpfersatisn for the

start of & proe oy iaaaa_g to the regenvaticn of the
pubstanos (ATP), ar & wv%u%a ef the wemoval of the initlelly
formed produotss

the enteregulnbtion privelipls in this cuy
iu monifested with great eclarity. E&% in this syetem yod

another avtoragulatioen procuss sppesrs’ the mmbas) imberscbion

of 4wn bazic energy sowress of the ecell - kreathing and

fermontabion {glucolysis #}o This interaciion is expresved
in the dewping of the energyvwiss little-sffeotive procans
ef glucelysie, by the wmore useful energywize prosezsz ef
hwresthing. One of the wechanisme af this "Posteny effest®
seald he the eompaiitive mﬁ%?péﬁa for the phegphate aroeplor

ve are remsens to believe thst breatbing
4ipkly taking pesgeszisn of this assepter,

ehers the ADF sontent is so soall that it

i bing faster, theve is ne Jenger ensugh sf it
for the plumeeliytic aystem end glucelyaie becemss dumped.
snother exsunle of asuboregulatien, of the aule-

setic divestion of fhe process iu one of the twe poraibls

channeis, is snong

w4

antions connscied with the sbheve-men—
tipned dricarbesn oyvele. Here tos we witness sertain elemonty

of the feedback wochan dsm. Ve eve dukik talking sbont the
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sooupy key positions

we i3 meetic anid.
Tts moleecules are fovwed in the course of bolh cavbohydraie

and fatiy meisbolism. We are now interesied im iwe forms

¥ conversion of acedic

f‘:x
1

23d; of scetate. Leaving nside the
paticipsiien ef coenzymes, we ges that aeéé&tﬁ m&y paytie
sipate in twe types ﬁi«é&ﬁﬁ&ﬁﬁ&ﬁiﬁﬁ'r%ﬁﬂiiﬁﬁﬂv Interasting
with sne of the honds of the triesrben cysle, with oxals-
cetie neid, the scetate condenses with it forming citrate

{iemon seld). It is thus entrained inmte the chain of vesctio
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¢ finally oxidized, at whieh time @

meleoute of exalacetic soid

ke

8 again regenrated. Thiz mole~
eule, for the normal soursing of the eyele, musi become sen~

densod with the pevw seeisnis molecunls. Sueh is the eourse

tissue. Put when the processes of metsbolism sre disburbed,
smother type of resction may take plases asetie acld Ber

o

semes coendensed not with exalacetic aecid but with ane thar

"

molesule of the same secetic scid, ferming acetossetic aclds

CH, = COO 4+ COOB = G0 = CH, = CO0H == citrate

5
a 3 - 2

Under conditions of unormsl intemeity sof

exidation proccsses, a sufficlent amount of ezalacetic acid

FG)

c
CB, = €00° + CH, = COOH = CHy - €0 ~ CH, - COOH {seetoncetate)

P ——
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seithion of fatbts ang

ané ke sntraiped inte the iriesrhon ﬁyﬁlaa This prevents

nati

the formatinn of nestozcetsntie, ensuvres Bhe sourse of ail

3
3

1inks in the evele shein and creates condliions favorable

compren. Dut sz moen as ens of the links im the eycle is

» sutrpinment of new acetate woleoules alung the sane

disntorbed, even i it happens teo be far vemoved fronm the

[ 13

point of setval entrainment of the acetls ecid, and the

signal of thie fast, acewrding to the feedback prinviple.

&

T T -
in the ferm of

the Buz

ihe ponformation of exalasetis seld; veaches

synbems, that normelly secompiish the condans

By

tien of the latter with scetate, and ingtead of the formation

Bx

of citrate a% a bend in the tricarben ayeles lhe acetate
sioleenles will new condense with each otber, forming
seetpacetis acid. Thus, the cencentmation of oxalavetic
sodd = ome of the lipks in the cntalytie itricarben

srole < determines the fate of the s etic acid, 1 this

wiration iz sufficiently high, the condensption

it, citrate iz formed and ths couras of the
eontinves. {f, howevey, the sxalacedic scid iz absent,
a velatively steble acetboncetate iz formed,

This exemple is significant alse hevavse it

By
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oyele

then

pge out yet ansther lmporiant speeific ampeet of bie~

et T




ehomieal resctiens. We see heoxe that the fate of the wmole~

1

L bl '

jg decided st ths cressraads of lwo g fwmriher !
conrses of of conversziens. The fate of chemical sompounds
in s living obiest iz deeided ab shemical cravsvosds. In

the example thad kaw been glven, the fate of the aceble aeld

polesuis was deoided at the cremnvoadd, Yepy egented in thia 3

sase by twe typee of condessation vepoetiong, The consentias- %

:

tien of exslsestic seld bere serveRr s8 & Yegm bating facher, |

i

thet determines whieh of the tve vosds will be chozens |

i

Suoh b we s erossveads,; ab which the fate of g

i

malocnle is deeided - whethervit will be subjecte %

tn fermentution -~ lies st the level of !

1

.

nse epthers: vhe coemponndiang of ithe sece ysed ;

leftover acid divects the molesule in the ;

decempanition, while ths vemoval ef {

gz@& tion i
the Turiher, fnonrse of the deeouipe~
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neeh cemtral points ss the chemiend arosarcads

i
foy produsts ¢f intermedliate wetabolisn ars of eapecisl signi-
Fieanes. We may view their ezistence alms as ens of the aspeeis |

§

af the specifice ef the procostes of metaheliam, [% wenld
appear that it im precisely these points that in many ca%ues

heve the nabay

e of tachostatis reactions - f%ﬂ%&w?? that
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aat the pacs

of bicphemicel
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preceases disensssd above.

R U AR T R & o B . g
ig st the lovel of inflaentes

toy

e of Pesdbask ment probably ceonrs

e

on the princip

bazad

speh a powsrinl facter inm the auisrega-—
chemistry ef Liviang things. Th

that the

&

factorg, in ?&?tiﬁai&fh poinons, medicinal preparailens,
exert their setisn precisely on the ceniral poinis; at the

erenareads, whers the mechanivms of the type af feodback

o

pa¥ste

:‘S,s
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B

remarkable that the

priveiple,

feodbask 3

eular-bislegienl level in 2 viptoally

vy

physical, er structural footors,

It wonid nedt be

atate that the dincevery of the specific

phemicoal

anpects of metaholisw exzswined showe, is one af

the moet essential abievoments 3

=3

the moleculer biology

ef vecent yveard.
the value of

Tt seems be me thasfihe feedback pflﬁﬁjpl?
1o pot sufficiently v@aﬁyﬂ%&&&a At the same bime i1 is

deserving of especially serious sbtention in terms eof

5

ita value in prinsiple, and ag &n shijeet of further experi~

wmenial studien. o
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