D
OPEN (g} ACCESS ijenaccess Pub

Freely Available Online

VOIURNAD OFf PROTEOMIGS MR QENAMIGS RESBEARCHD\Q D h a L
L{{b bim¥Y dp@woHC

5himna¥Ypmn on H KIAT a0 s

Bi ol ogical Networks: An I ntroductory Revi

Mohammad Saad Zaghl oul Salem |

Professor of Medical GeneSthiacnss, Umaicvuelrtsyi toyf, Meadi{rcoi,n
1

Abstract

Al | aspects of life activities in living cells are
net wor ks, comprising a wide spectrum of component s, st
whol e organi sm, and functioning within a precisely org
activities necessitates their inclusion within the icont
regulating/coordinating and synchronizing the countl|l ess
cell s. The number of bi ol ogi cal net works and pathways
dependent on the structur al complexity and functional C
human diseases result from functional di sturbances of |
function | eads to deleterious effects on physiological
net wor k(s) . Ensuing pathol ogical processes, defined by
or tissues affected, pave the way for the devel opment c
most network functions are dependent on relatively smal
proteins and signal transducing factors, it foll ows t
pat hogenesi s of di sease states can be attributed, i n
abnormalities of these key regulatory molecul es. Study
mechani sms of biological net works would have cruci al ar
aspects of bi ol ogy, in general, and of medi cal science
represents an i mportant and integral aspect in study of
deduced from observing and analyzing structur al desig
bi ol ogi cal net wor ks discloses and defines the basic fr
initiated, adapted to physiological requirement s, mai n
More important, however, is the <contribution of this
mechani sms responsible for regulating and synchronizing
of di fferent net work categories within the cell. IIn ao
defining the key pivotal struct umedi atnidn gr engeutl vaat rokr sy, |neon ce
pat hways responsible for controlling functional dynami c
approach insistent for designing proper therapeutic|app
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The Design of Biological Networks

Cluster of genes responsible for specific physiological function
Synthesis of specific proteins/enzymes
Construction of specialized network
Formation of specific biochemical pathways

Execution and control of required physiological function

Figure 1. The design of biological net we

S Surface re:ceptor

—s.

Signal,r-e>lay \

N

Signals to
other cells

£ —

Metabolicem

Nucleus

Figure 2. The concept of Dbiological/biochen

Genome == Transcriptome =- Proteome

Transcription Translation
DNA = R N A ey Proteins

Genes == Proteins — Biological Networks

Biochemical Pathways = Life Activities

Figure 3. Genetic regulation of life activities
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conditions of human and ot hext drirvalngs torrggsasna s,msrredundancy

However, it mu s t be @RHIAREMAOEGE (haptofmatimatureca
considerable difficulty inn&GYWUyk.of Npaddogi o t AeM@BY
from a medical point of vimAYredjbhberemt f&tfP4QE1 §%HatO
analysis of network systems diedtddi&daiands dqglrirn &gyt ed ¢ dg]
theorists in physics and ma&tfHdldtidcsUshd (98 &£dv@Sdedd ¢ 2
and complex mathematical gmehgsi gednighad) gneor j § dhindj cfacto
approaches for constructi Ajassdhps@ddi PdnaSiChemeaigh netw
models of network systemstN@dattnNej el asgsdifgcratiiyon {pame
artificially engineered nef@bPks.S MRddlENbLALI VG, SUEBERAFT E
terminology used within thf9@NgbAeERtI ABebkh@obPagic¢nEpaLU
with the more simple descripRé¢veWibtPimPndNdgy cPNdEXfor t
characterization of biologh@bWOorpgkSceWiskel mMERY SUKGRY &YC
definition of the netwbARNLfiged gnd deljPfad edng a

Freely Available Online

t he

set of directed or undirecthedvaedgeas beattweoankst e | g o deexsi)st
seems quite ambiguous, or e vseyns t mansn i tnlgd te s s p n $ t iotmu tae , d
medi cal / genetic/ physiologicalfr apmeiwotr Kk od f wildw andchatvaryi
describes bi ol ogi cal net wor ksoliogy al inkcer eclsinajplleamitet avio
descriptive and applicabl e miec maebi ad . p.i,oma nlkeit wloo kisc aln ¢
network is an organized sysgtapn;spmppyfandake REOEPEned,

of proteins/enzymes/ ot her moelnequhleeesre&hé‘ﬁd aCty ybhurded f
coordinated pattern Withi”el@ctrsipc,eglifiﬁet\ﬁ(?rllléj,larindu:
compartment to perform SpeCifcioCmppunMeFrBPhwﬁgiEQ'nEP%GFkQ.”S'

Difficulties in discovedyg; 30 FfRaiRfublhbdR5i 8Nald r e
bi ol ogical net wor ks, whet her aicntdiivviitq%aslloyf Olri\/aiSnQCId‘rsda?ﬁiS
functionally related networksetdod kel abhedud® tgheenocmoilcossr
wide spectrum of the Variab'ﬁets\yvf)r”l?é,“r?nletQBH‘PP@GHEFWBFk:

t hese net wor ks t hat CompriS%%urt@r?éf'lsarﬁ‘éjtﬁwcb%fkjs,%‘?I”'ﬁn%&rwork:
probably similar number s of 5tdyef ferent categories of

RNAs, and much more | arger numbers of different types

. . 3. Bi ol ogji.cal Networ ks .
of proteins. Advances in molecular diagnostic techniques
represented a major breakthroulghe ibhdsti(Cj a8SssS eing eqiodc |tohsee
and define a large portionnedfWwoyksse €8d HfEFneint st haandact
di agnostic approaches bas@88tiyghtiger el Nadlviathicewy cel l's
analytical methods, e.g.,- 4&&NI @hedyPdmidcsvasddd "HdmPLer of
dynamics based techniquesVi d&ndspPecColnpipiut a®f ofLImMmponent s,

genomics, are expected tobiggmallecylest andygpraghpBgr wetth

capabilities in this regaro|f_unctioning within a precisel:
On the cellular level, al | [

2. Types of Network Systems . .
tightly connected and interco

Classification of netWoéﬁeéiyfsit@mﬁrbérﬁ'l‘ﬁrtned’”pleé‘ée\!terrr
task because of t he m“|tip&&sc,a-lé]djepdifrfeearcetni-?omgsfﬂnshﬁéﬂuqruésQG
define and characterize eagh;b¥hbieklt T%'a%%'ikons¥ falnSBH wtei
Examples of such criteria iF“rColp”edre*de)iratii”oSﬁaé‘FeéeFFDPEFU
component s, mot i f patternsgce) Ndiedmrwind si@d t H€SEIRt ext
modul arity, robustness, per’ié’te\ﬁérjPnsyasntdem§e'8%iptaib}'iet36ftroe
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processes occurring within 'iViI’hgs‘b‘?ltleS ot FitInued e Shar kabl .
The number of bi ol ogiimali vindeutawor ket waomr &k categorie
pat hways within the |livingseco®inldaig oehnhsHipdd&bavadynsd hwigleh,i |
being dependent on t he s tcraut cet guorr ayl acsomplegrai dg andg str
functional capabilities of ftumectdelnlal Esagéctnredumor bi pdolgwa
perfor ms a specific physi dclaowgei caanld thacei commorn hd ma rtatce
gl obal frame of <cell ul ar acdteitveirtmienseed Tthye Mhatobdmoagli chbhwér aif
|l ife activities encompassed etaliue e smaijnocrl uadsepecft ar i ex hmp|l |
organi sms: mechani sms responsi bl e for
1.Keeping the vital structfRrgcagdesi of HAdd fenedgricoynpome
di fferent cellular compoﬁé‘ﬁpgrOarh'dzacte'_loln q‘?ganehlelS s, ¢a
e.g., cell nwalcéesar amsdr sbHu¥®'skKS. cemyintaining rate [
cytoskeleton, mitochondriPf"fo&mangemmbpy¥Rbs,; wHIghroni
body, endopl asmic reticldBdmWi tde ot herg felgncipgnal Iy
transport channels and inqr?esrlbre'lr?ghlaerffc'ocn'neencttioannsd et0P !

) ) ) ) ubstrate i nput and product
2. Maintaining opti mal functlon I Rerformance of t. he .
|nta| rng opti mal and | efwf i c
whol e spectrum of ceIIuIar activitles including, K cel.l
. ) ) consumption of ener gy by t h
growt h, di vision, proliferation, fdlfferentlatlon, .
. : ) net_work performance to physi

mi gration, apoptosi s and S|ng arhd multijcell ul ar
, emer ge nt,c anges I n reaction

responses t o, and interactions wjth, ?nV|ronmentaI
termination’ o reactions and

effectors.

pat hways of the network after

3.l ntegraticrognplamment i ng fupg;b@p§ aonfd aél—forming its fur

components of mul ticellul ar %nd h|gher organ|sms,
i ¢ ) t aly s, and ct
ceftlis sourgsans, 0 ensur e 0 i ma i
9 bp Ioglca? is must take

fitness of the organi sm. .
9 di fference that characterizes

Pathogenesis and Progfegmi Ot hedf t PYé@Nof network
di seases result from functinoequ}orq<isstaurreba|nicveisngofsybsitoelnq)sgiac
networks within the cell. pRitetynpbedtnet wogskehdnges?@ne
leads to deleterious effecfgnpo oPhsy.siMd Wi §RYniPTFIOCELFS €8
dependent on, and mediatedpgy,r eafoffe ptied o WO et wor ks
Ensuing pathological pr ocessSgens. . pedesiynmngadr ibzYe dt hen Naptel rieg | o f

di sturbed networks and the Sq'ﬁough PB galscé)lr rtnétsvﬁéjres
af fected, pave t he way for .t he develorPJnent of
i I|_V|ng uni ts a subunits com
pat hognomonic and <character hstltl:_djsegse entities. As .
. ow i mite qgualitative vari
mo st net work functions are degendept on r_elat|velal
structur a proteins, catalyti
smal | number of key regulnauthre)1Cbla(():fn?jlsecutlhees, slh'o(\e/v' wi d
enzymes/ proteins and signa trans?FC|n% fac%/ors, it
) from S ma | ot al intracell ul a
0 oOws a unctiona isturbances 0 iologi c _
foll that f t I t b (f f b I ge et)l
. i omol ecul es, e. g., met abol i
net works and pathogenesis of di sease tates can_ be
) ) ) enzymat|c conversion of one ¢
a ri buted, i n mos instances, 0 uantitative a or
tt but d t t t q t t t nkd/
) ) ) ) exceedlingly |l arge networks <co
gualitative abnormal ities ?f .t hese keg/ regul atory .
| | o} bi omol ecul es exerting "thei
mol ecul es. :
ti ssues and organs, or even c
organi sm, l' i ke hor monal and ne

u 5%h i 1Y +2d La&adzSnne t3IP


http://www.openaccesspub.org/
http://openaccesspub.org/
http://openaccesspub.org/journal/jpgr
https://openaccesspub.org/journal/jpgr/copyright-license
https://doi.org/10.14302/issn.2326-0793.jpgr-18-2312

=)
(jpen

Freely Available Online

4. ’The unique nature of thenkbededgfoesipgmpefr bieglud qitd aln
network systems imparts to ctehlelns ,peas!| ivaeal Ichasacftermr i ptriev<s
t hat di fferentiate and c h gprraocgtreersiszieo nt hoefi r d epterrifnoer mtaanic e e
from that of artificially pathogéeéneeids noeft wdoirskeasgst ems,
irrespective of t he appanengiyy pyv(/gf:(r“ qruoqnetipqaat))evoe by
structur al compl exity of aﬁ&tirfeigcuilaaltionnet‘(‘{?rszl-l e o
di fferences stem from diffeJreg"aCneisansn, f\'/vref(hgh{ite&cte(btq)btn?
stresses due to differencesdr{pfimgidé“ua);i&gngtersli“gtneoofnetth\,@
t wo network systems, exi st egmnge rqf q1letthror}q(tSi\{ehaqatsfhvg‘abyesa
for possible functional defbei%)tysitrbmas”yofOftﬁé‘ee‘é?ittnS/ianboq'\
composing the system, and P anSy® MnCalt WOrfa 1 U Ny 9iUeo rdkYsh @dH €n ot
regulatory mechani sms exertoq:dtq.lréqrcchrbtsrioglnlyedanbdy tth"0s et
maj or , among many ot her, 'iifm%lPE??eE}HnBSnéMIStanséorY]éZof
the neur al and the endocrinal ST¥15etecmrsLicial fol es attrib
4. 3A cruci al feature of biOcloongsitcraulctr]%tg"‘,’or'fn%df‘é?iﬂﬁs d Mg
their ability t o anticipatp%,rf@prqanicrbtedfactbiMoogipcoaqsillpé
causes of performance inefbie%iuf:p%y QBiItiht‘ey nteéwcodrhpodsuee/d
to many reasons like changpgchpe/M@Mdcat®e JorhdMtEimpPraa
deficiency, or changes in surrpoungdi g, eoyviigphment. wg P -
infection. These predictive,idgmnhd n€orelatcCitiion® d BSiPrOd T hecn 12 4
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nsing networks that act einr}yrlﬁée&EFPoéyi”sChrré%‘Pfonasnidble
operation wi t h functi onglyl yeffriecliaetnec‘&/ EiXeLcYhiveonal
t wor ks, constitute majorn[ei(lvgryé_esghviarag“{npgﬁyr%% ‘?fmp
mo st i mportance for 'iVi&‘)gnaorﬁigcas”itsh”hst' Qe e utcd@mGe r o
nsory neuronal and metabtoHécabnie|tivu[oyr Kt reenszpyonpessi bl 8 unoc
r sensing hypoglycemia, hiYPi0C 3 F18tMI 35 Of ¢t ehdy’porﬁdqreer md @z p |
d t he functionally relpbead toXeSalrtke’® i RELWRLEKSin 14
sponsible for, —and respongdng.  B¥e pFEhREMTieN%bf mult

ycogenol ysi s, increasingilgloqq)qmgalcpfiurﬂ]olsqveénzawrﬂeSATlfn
oducti on, respectivel vy, rreevgeuallattihoins Crrelbcrieaslenftesat%lrepr""@

flects t he wi de range ?)fresfére\)(é bflllétYntoefgribf)?IBQi‘iehle
tworks to changing externpnal..and/ gfytightiomiali hgfif &Catno rcSs
d working conditions. synthesis of one of the isofo
.4The round the clock contofnuemzsymMeg ndmhamichangés$ owing

the input/output par amenegisl aatnodr yé¢ exeictutowve ahi tlg fef
tivities of l'iving organt apnisd ,nesemesti it md £,5 ipmrsetsemtcaen em
eci se master systems resmormpsirdloe mdme e sruerqvueiirlel maennctes,.

tection and correction dfhatmangl leonvs ub ingc heeenfi ceatls react i
ructur al design or functaphdl r opeulfatrimamcef onfiet ahel i c
t wor k. Examples of these crhantgers rieng utlhaet oae/l In'est wom\kisr on
clude DNA/ RNA/ Protein propbtteafdionny oameér reehl s, bec
t work systems, e. g., DNA pregxiisteéemgy nteosmp ogheind es , RNtAh e
d chaperones. These real muicime féaynami cprroeseman sceosmpaoafr e d
ol ogi cal net wor ks to exi 9tfi ngge naen de xtpor eesvsailovni nfgorc heaynwgehk
e i ndi spensabl e for mai ptateing. vital homeostasi s
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reat ment of many diseasesneswbhki fuoconfionmatien, passar
ompl ex organized system, toos nsoolnael irtuyl,esbegifmereonteXearotm, t
ometi mes even contradictody fteremstompr daesd e sr,ul-esg eopft at
rtificial network dynami csnmodElsi sofar gnuemernaal dekatwes ks heo
'l eged assumption that ordes@eodonsiybl emsf amr e sgyennfedoaash |zyior ¢

controllable/regul atedas$dp@amne sdsiisno,r doerr eadnto e ur e fFioe
nce, the hypothesis thats tbhsemnsisamptoonhheométddurbe
ed t o cancer therapypostiealsr [fp]ltuiig aroyb.vi ®Ou hley h
sonabl e, because progma&ismsti @inni ;mfg oweartceirnobgemeessasi
cts ongoing decomposi trieoghuloat itnrhge waetldrul eaxrc rseytsitoenrmsb yo
nant cell s, i . e. pr ogagasisnsotn Fatoho | orgd eeral t oc ome e g U ¢
der and basic clinicalosfrnaocltasl iofy,caemcegr, thenapy atdes
that treatment of earnmiyghctanaéso icenstrietluttd valdyi mo
ed system, i s mu c h me® u ke u nd ft fse cotri vieoduhas dfattehe wa
vention when cancer cend a&sryest am$§ e bteed mé n mar esi mi |
dered, due t o i nvol vreensepnotn s @§, maoarseo prced diud aand 01
nent s and net wor ks iaxeddevetl opimentcororfect hee funct
nant phenotype, t hus agkdifrog maorce dasdr dbuound¢bi drmEes)
stem. predefined rol es, e. g., af f e
7Mo st cellular net wor ks tUbrl esontsq ywategr, gaugmenting
acellular environment, %WCinS t1o0 sVp3eScOiPri€cS ScieM 12 Ny ¢ ke |
er individually or in Lo&Acectudicalactemplieh thmaci ¢
i ol ogical processes, eregwor kmetiadv oltihce metr Werdk sdegr
onsi bl e for fatty acpdrfoximdaacieormf wihtehimet whrek i n
chondri a and regul atofywhptoohregdicnognd inteitawos ks and
onsi bite ahel apoesn modi f icchaatnigerss iorfv oplrvitneg nstructur al
ng their sequenti al passdger gaonalgl @ h eo fe ntdhoep | mestmwv acr k
culum and Gol gi appar peuousor nthonweev eorf, abt of ogi abhly e
ks mi ght compri se dibsyt atnhte (prrietdef andd sdidaingn sf eat
rsed within many ti ssuuneesx pactledrganeyrndlhatt rag s o]
htly interconnected, symarhdiotniiresd camud df baectiodbealalt v d
nated via neural/ enddcariiluale r@fgulneettovroy kmoft u f st i d-no.

e, preservation of bldoeofdi naintdi obno doyf fd huaals oemodat et m

a critical i mpact on laibfseenaetiovfitrasdwowmh eeéhsts,and:!
ecise regulation is attadeatdar mihnriosutgihc as ycsrtuecmsal i sva tdernt
ostasis network compriciomglithendyrapnedi dealkkiildintey, of
skin, t he hear't and othe ateylesasas hwaeld .t ol measur e
ophysiological c eonsdmiotliadbrish lyc @ ius & h gs yhsytpeems , including
es, physiological al t etrtag i bnansdceurei pt o meseandt iodrmenmnf
st/ diminished water cdeaknt wiotfh @lki ndeateecrrmiarsiesdt i ¢

aocul ar pressur e due tde f idnimi evi esthewnisvearsetliloon ao€ep
aocular fluid/ diminishecdonvtorlausme tsoe ntstad | maod wIf a raiutryi c o fe
ventricles of the hear thfadcrieminmi sohre dl ipnmietsesdu rpee rifno rhbmaonac
els due to fall in bl csad epsesshurod,ogalclal t mieggver k& o c
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en wi t h unexpected randoemzegwmanti £, cat gl ysiesx,t ertreayimat isc
vironment al mut ageni c ef ffeuentecst,i otntse sien syis¢ wme f havhei a n
ecise degree of predictathil chy iofcltubdeei r mbemnbawahner , r eec g
A repair mechani sms. Maegul Aaoterschapeeohies and i ni
nctional flexibility of biMépigéﬁlaé)usneéwglr)lfs%i's FHf st

esence of multiple regul ﬁ)trﬁbﬁ/héT’soidéJ,' eﬁowé‘\?éarr,l Yr &Jea!d

rts and al ong al |l reaCtihoynpo?th%%§s°fséé‘l’ﬁs NEd WPd Ko ntad |
tect early malfunctioningnstddsarq’ thB6ret&ic™MaAr Kpost u
cond, existence of varyifpndy acnodnc%ipftfserteontexcpqrarienthiiVnedi

ocesses triggered by Sﬂ)ﬁnatlﬂégtrpaaotihtv‘ﬁaoyrﬁal a”ddogmas
nducted by efficient funpcﬁyisoinoaﬂogrye_spl—onrbsepsospfmgntaijé)r{ a

mponents of the network Eyﬁfsmnsepgrfortrﬂea9\?é1r°im§t’y of
e proteome and the transciry PhHPMPerent species, and th
An i mportant feature of maercy sksiidlyo giocale vnoeltuaoirokns. iHsowe
e mul ti fcapatbii d nddinees ooff iofs tkhkeyhypothesis, crystallin:
mponent s. For instance, mamel ptedeifrumcamdnenaymesnot L
at constitute parts of imupl otrittaundte sr eod u I partootreyi/nssi ganlarl @ anct

t wor ks have many functi opnrsopantdy camdr emgeurl fadrem odi ver s
fect many other componentisncplauchiwag sr edult dtei et wbr lgene
prominent exampl e -pphsos@hfategal ée Xy deen3d al retardati on
hydrogenase, ( GAPDH or mMahBRDH) ,h e rasn. enzyme

vol ved i n glycolysis and e”?ﬁQyGeor{eOds“rFériiorPg therooLl%'bsi
eak down of glucose. '”dae%cbietriaqrb ta?téﬁ%bts lmgtggﬁb'bpt
nction, GAPDH has been o foqynd of My i §&&E€EF1I at Png unre
rforming—roetlhaetrednqorhysiolq]%iv%alnofumd:éii(pé”s support. Mo
cluding neuronal transmi ?n%ia%rh’reisntmfiqcle,lIH}BBaBIr)P,ffir%K/
transl ated proteins, thBNSELT BET MBc hdantiisVnfst 1Nt hi &0
meostasis and initiation porfotaé)iorpstloesﬂzsymes are medi at ed
Though t he traditional wiitnhtienr ptrheet actd mtne xo f oft htitse af o
l'tifunctional property off be nozcyhneensi /sptrroyt eainnds p hryessit sl o0 g
stly on the presence of muidd Plpg off W Gthii &K ! hay@gigps
ch capable of medi ating r%sﬁ8ﬁ§iif)li8 ff&rncééﬁppmqtihnegr n
ausible interpretations ¢Ggqylgq.g af'osro'mobset,asisfumﬁgt a1 9-
nding to another protein/|e~|nvziynnée 5Q|u|ss_forTrHiorhgbha NP € b yx ;
nctional catalytic compongmitesn Stthri“sCtp“rreaslun?eod"'fcoorrmartoilo nsaj
ange thus offering more fwd1§délowadef°ipﬁé§,nsaIti(J(rthPtiin\)dé n

membr anes/ cel | poreS/CytaQ:Sciij‘?nluqtaqr?nbe%ibqsrbsr’va?rioﬁ¥er|‘nig
gradation or disassembly rteogasrnﬁla.l @it hSiinf frepre® Ndto Pilet vt Sotfl
nctionally specialized undltls'biological net wor ks in ot
A relatively recent posuludradii mant eat ternitbiuttieess t lcion st r
l'tifunctional property t@acaowvadigng hypothesiisnfoemaedon
ne sharing, i . e. a singl egegqeome .i sTleehagiemg mn paesr f Oh eni r
l'tiple/different/unrelatehi efamcti cmas wiyst éns detoded
otein product [2]. The prnoeneidneednt f ex ameldd atafngpraltlei hsgf
thin this cont ext ar e tGeemnommohunghit om@s )pr otneitnusr.n,

ough the main function odenomncl i gltgiun@t prgtenmnatswadrsks
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ul ation of DNA replicatitbe/ gegolmeti ofi o©he DNAI Ir.epair/
ulation of celll division4,_1a3q+_ﬂemagrbynoqﬁehe(gfs.the cel | d
U.n contrast t o t he modwywhahéesiys o6f airts f ipaioaleloyne t
ineered net wor ks, thathi bagsechnocalorpatlhway esdlystem i
formance flexibility inthastpagcsei hoaexurathalt empersasle
to ensuing changes i n i nftuerrcntailompevifaor maneeachi olad gioma
wor ks ar e fully fl exi lploedtr g eovroir ktsi. on Evireord i fwiictaht i on s
XxXpected random events, pesddgransxtaein oal modti d gemit¢ ons

ect s, t hese systems haamrd,a fpmadi ye degraeeloful ar /
dictability of their b eolcaaV ii ra,t i cen. gof BNAt hreespiazierd p
hani sms. Someti mes, recosgtnriucitounr aolr degaent ztani oh toHi st
Xibility i n behavi or i si niiriarcreedd uuponnétowdkrn hg regutlha
ects of mutatiomnidncgdnegedHdt i &ud afioo med. These net wo
orders should not, and mauoddi thyot of bexeowmtsiider ed| las!| &
otic behavior, in the sceinenrtgiyfi preduonsei onfmaihret @rearae
her, they reflect and repbpaegeneéripsteicisedtly phedeyiosd
avior in response to rabdbaneedentbsi odkcenteemrincianed cbyposi
initial conditions of tdhempoymrsdretns/ regul ati on of me t
Bl though the genome defith@dSPREL pREI8FMme CEhLt membran
stitutes the structural O°dIRNEHd EtSd SYMUNES T Haj oCroiNsSyt s
el opmental /metabolic/ siCtadsSke eletMwo CRMPENENE By 0Qfgh
life cycle -reefgut heorcyel B 's&ddddayr yProcesses/regulatio

cuits and modul ator patF\ﬁ/gyg?‘tic%'?anEeS‘DBPtcbsrioste"f‘_'ﬁd r
oducts of a network, cé’ﬁoﬁ]@?i?‘a?er§<9Mér.?ﬂtetg°ra.rI“a_'”_ta
ctions within the -emet bR TREMGBFR. Ofsdiiffe activitie:

n
treegul ati on, medi at ed by a Tlwe dleasvatltiestey oof the hiel
omol ecules including protctei hsilamz ynmneswomikesr oviRiNtARsi, n itshi ¢
critical mechani sm t hat Eepemade © rmpdtawesr kasn riensppoorntsa nbtl e
Il e in regulating and fi nand undxtgr atcheel |fudrmati pnooés smos.t
ol ogical net wor ks. Theseegfudlrmdtei oment aaot!| uadned, cfoonmu n i
st anclei,mirtatneg ef fects/ feedymcctkr oma tzaertti iommt i @®m oel |l ul ar

hi bition/signaling and sgxchaoal zalt a onmi carmooenrgv i ¢ tomanre n
nctions. The source as wedHavasort hlei kbee hawil d r gorfo wtt hhi, s
stul ated drrelgardanti omutex er tnd Ay rbayt i pprno t eaonnde apoptosi s. S
mponent s on bi ol ogical negwbakery innectlwiodriknsg cemenol v
nomi c regul atory net wohbmeosthasi s nof cl ehe environ
terpretation. Postul ationsrgamitsmsgtirnbutei hdi gl odbldvino
re conformati on wi t h bi ceeHdmi gadbwbih ophcyeslilc ati flfaeswsent i
l'ing t he net work/ reacti oapoerntwisriosnmeéuant i ncgane mhbprayraniyc, a
fer an explanati on but regwl| ztainonnodf icnatredriparcet o utttpeut ,
rsistence of t his bepawvi osi oni nof di §6eesentregul at
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ectrolyte balance, regul arteigounl aadforrye wsryosrt eelmst, r avn szmi stshieo r
gul ation of i mmune defensgsmemsaniexms tl icloorgquomatmd an
nsing and mass cellular fggctigans on hoongh nli amndatfofreyr et
nditions, regenerati on anrde gduilfafteorreynt hia¢ i @amc loif c &It e ;my 6 € E
certain pat hol ogi cal sStsaytse ,ms arddb e s e qwiltatdwinstgf aand
dl ess I i st of ot her vi tdad mi nan ¢ toino nosf ihm ghmaurd t bcel hlbte
gani sms. systems might offer partial i

.18tudy and analysis of B§ioStofNceal Ohet BorREEdief i ned
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cordance to the classic G&OUARLEPEY SEhRoewdictay&dehy
s to recall and put intWdtRioghsitdEr a9¢RAMeaddfPd onPaIob
culiar features that chaPh@ti&8PMée SbméheubEhleddginds !
these networks. Some tyP¥ROLEESE Sy qgUREPT hEBDPAbRKY,

stly metabolic pathways, KRO¥! edthporOdrifhe s Sthyrcdpss’f
d constructed to perforMeROLlcs ML &yl jighsuni gefl ul
tabolism of drugs or othled@nigmsnidded@d FHPMiRa N9

bstances. Following perf®PRithdyathensegdi el ar dsk (tshe
e
b
t
s

network is disassembl el! "tUFtHIE % mpddéEnt MuGH anriysms
units. This fate is impdvPehbhesbzedv@agshelr gyl T & efcqty!
work components for ot her prlhrep ssgucandal ohocamwogednei ty
sible conflict with ot herhepahtuhnmaany sg e nAocnceo rrdu Ineggd yout aprc
mber s of bi ol ogi cal net woeg kiso ntsa vtehano cemd ubrei ngl lcerged
rmanent structur al framedwef kni ntdhhesyyuceht e Mmasmekratredul a
d constructed to face t empaorrkaerdy ofuwconitomglknt hededaiofgiea
' Tul ar requirements. Thecompgmonndntcanaf tolfe tgheinso mfee anti wgrh
i ses many questions regarfdiammge tohfe sfwenhcta omast ot eaguhbé
the genome/ proteome profddnrt eoft ,t htehrceed I di sFtoirn dtnisvea nfce
e there hidden networ ks tamat phtatwaycsr utch atl aipmpraat on
Iy upon need, e. g., uposnt regposerlr e ntoome e Xturnicn g iom s mi
ressful effects, and i f prseos,umad er etghud rad o py e $ ali éf m ee.d /eTnl

eprogrammed genomic/ genetcilcasrseegsi-csadrihpat ashortadpr f oni cr «
anscription/translati on lupro-coare ed. RNRABIi24dli ffddeaMtAmr)te c | ¢

notes t he unlimited r e atchtdrvaen s pod.@emEnans and t he

untl ess synthetic capabilitieN%mQ)fditnrbe BRAEL T &y mat erd |
sponse t o environment al fShEEPSRS oavnedr %fefn%rm§car‘ﬂetwor
planation to the existengcey Andy B&MtSivSti§ n&e o?ftpéflggpo
mber s of l'iving Organisnﬁsndinhosrﬂdgteeneqftyuné@N§’ir@$’H§bly
vironment al COﬂdI.tIOI’]S.. Tdrbevetl%_’ﬁgn%rnqr..y Tnhaotufjgrhe_\Pécrythl'iSt1
enomenon contradicts 'tsfucnocntsi'odnearlatéioé‘ni"‘f'itcha'nncea”oyf P
olutionary context as it sqozedsblrbOtprboepcoor”lei on Cioﬁ‘Sitff‘]teengte
xed part of the life frame Ofc €y 0rga8t3Mes might su

15A1 t hough mo st aspects plodyetdhbey pogskthnwinst ed gl obal r
erarchical system responslihkelye pfroorb arbd gyu Foalégdsnsgiscd num e édoam n

d interactions of bi ol ogicdalssnet waralnscai @t wehhbh!| dehines

cellul ar l evel , l'ittl eregsel aknown spaet hreesd a&sr dosf , i tsom
chani sms of action on thsespevdhiofiiec orbgadiogmclaévedct ilwmi ti
mans and ot her mul ticell ggé mo miocr gnaenti veomrsk,s .t wo maj or

U 55h L 1Y +2d LaadzsSpw t3Io


http://www.openaccesspub.org/
http://openaccesspub.org/
http://openaccesspub.org/journal/jpgr
https://openaccesspub.org/journal/jpgr/copyright-license
https://doi.org/10.14302/issn.2326-0793.jpgr-18-2312

=)
(jpen

A plausible hypothesis wigdarndi hige t ctel habuganiod m. Th
the postul ated master schenme gafnilsimf ec oimp rliisveisn gwiotrhgiann i istms
is difficult to formulate idmtwibeaw ecf neeederar ked pdaeufciintiyn

Freely Available Online

current i nformation concernengsairey dfedrai i pdt isatriuccr/upradg
and functional organi zati onacotfi vtihte egse noanse ,wetlhle ad fdaetr ®na
cl asses of RNA, and t he proot eionndeucbhg | apomigosdesl,| sar p
Obviously, if a master domitnhaetsiengactyistiem e® s @donsciebrlteaifnor
defining the functional f rhaimeerwaorrckh i cfal t Hesingerurafl lafde o
endocrinal net wor ks i nvoleredepti honr edulsactmengvi aansges, h
medi ating all l'ife activitfieamewindpmestehnet eadelbly dd ee xil sats
mu st be |l ocated within, stmolllectbbactiemal |l whiuaoh dethati és e
regions of t he brain. A mafr kadachediddadteabeanstespaée mieo di eodf w
structur al organization of ftumetgename campoRBAt €l @afsashe
of cells constituting theséi matst egéro rtelgye ong aasdr aptmumd,
wi der spectrum of functi omradt eompakhkihlaitt imesdi af e st helilr |
proteome might exist. Thougohr gcanrirsemt Aklnlowd teadmse, odnd hever
structures and functions afnddi f fereinet r egpinano!| ofoft he e
human brain do not of fer axigcuhdlvpef uadndclcwes echi weh/irsep a
regard, future advances amd momprubkbBng @dadnnisnguctur a
techniques b assceadn n@m s n@ama s atralgeo ce |l | . As processes and me
capabl e of detecting t he amdl mastht ercrarene tohfe etaicrhi essttr,u c
structur al deviations of tckel § e mornee mendli attheed pbyt eem#pr k
from currently &known ordi naelyl uplaatrt/esrunbsc,el miug atr cempahen!/
and disclose some of the mpeterumusf ame@tewdrsk si nmetdhiad i n
regard, and might even of f esranseo nmeep palnisewse rtso tfou ngcuteisotniaoln sa c
about the possible source @mpdi ahed exmad tr encaud luatee do fb yt hvias
postul ated master scheme ofddpgdrediimg | omi nd ec rsepaetcutrreusm o f
5. Design of Biological Net&@woG&&dingly large number of

aspects of biological dA&Mgdd@dali tThgat UsTpeeSci t f EEERBEF
tinct organi sms ar e aeodiigtutotlds 28Ad "a%YlgRtigd by it
dentified. However, few "I KcalnS 1O MPeOSiende 2G4 fe g £ ¥ 3 mY
umul ating observations PROUGIiILS reGaL YL YL gBeMZeVrMe S

i ological networks conforPhNehoPhoadi Cfd PPNy ¢ ahgoul
unctionally, to the generdl®Tsd ML &t THIChHd PR Ssy sTthEmsC ©
t hough t hey have pecul i a&0 MMULi Caati€ (Wiglih c&ach potther e
differentiate them from o%h®BR!€EFRds €of 'netNEPKHIh st
Al though all network systenfs"ad9Sde%fi gREAL @E RS r di®dg Y%io?
the functional requirementis 2NFiPRITdgicammangdsyofk@maf &gl
unique as they are formul@tWRr Kk, cfnsdt-ruck®y PdOf €ins,
regul ated by preexisting pfPBEYIMmEd M&diNgnRT %doUnCitaSi n8EF S

, . bi ol ogical networks in |iving
The predefined designs of biological net wor, ks .in
) ] they are~-coordinated, interco
l'iving cells ar e dictated .b¥] i nformati on databaFes
Ct ¢ . | WI% i n afpre%|se5_ p_unfctl |tous
onstitutin a critica 0 i on 0, i oinform CS
g ) ptr1e cardlnaf Features Of_allf
atabases of l'ife processes, probably contained Wltqln
) . as the whole orgamsm | eve
he genetic mat eri al of t he cel I . Unfortunately, t he
ature of these specific inforBa%!i%h CRdt aB&INOT 57 i MENG
1
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net work function, e. g., AT®y mmahrnoentiazbeodl i t esepwalr e amidt hree g
handl ed by ot her net wor ks cbmpomseretcs ,f i @ar phbhiysmmll eoqgu Icead
purposes or function as inputsteubetrandsf @octiremalwlay iorf
network functions. Deviations from the proper
Al t hough the major por thiioonl ogfi ctahe nepeotrksmhafppen al
bi ochemical and physiologi wlol eegulf @t srpyannetf warhkes |dmnd nc
pat hways t hrough whi ch t he x memntoenk,/ toranscenpt oeei tabl e,
proteome dominates all l'ifdymamnioi haesrat ot he hemolned wloa 1
l evel inside the celll has bbangidngclcosedmsaadces opi tteh
defining the major part of endleossiprect thben okt weuwk@s) .antnc
endocrinal regul atory mecharivimg i ohsnectawmor ke f deduiceds fr
on the whole organism | evepar ttihcei paxdmntg mat droe mafti ame r
mol ecul ar mechani sms respotnhsei bnleet wob o k. sDeenfseicntgs Bandt he ¢
anticipating network demanddeiebynwespeckf atf eotmpogpeint s, mec
and t he exact natur e of tihrehemo lt eady !l &r. gmegcbangembst al g
responsi bl e for perceptiomcaooufi re¢edhede! ldoewnanngdsf el i I i zat
executive components of t heaJlun etiwanukc erde ndaeifne ce xst raennde layb n o r
mysterious. Though occuratnaery toifme satnrducitnurandy ti ssu:¢
conformational changes in duproet einf,s) an fenafyfmest eoddr m@mat W
organell e membranes upon carftfectt,i ngr demnmegs aotri oset svi tohf
anot her bi omol ecul e can besyhhhespseoné&y me o etheproomse nvo & o f
thermodynamics, and someti mes macpo®N&ing t egullaatsosriyc f ac
dynami cs, occurrence of compmebensi veandr gsgpmitziead apdof il
coordinated responses of alflunceti wosk| oompomatnt enupoofn t h
triggering/activating/initieanvinrgonmbaet afli rsbnddttémnsdg n oft'lt
pathway is hard to interprebnhchgsiamg kiuolregitd¢ygl amat wWabkses
materialistic explanations.initiated by external factors
6 . Structur al and functilofMAer YL rehanoegs chemical
bi ol ogical net wor ks in pH status, or biological S
) infections. These variations
The predefined structural_ .,and functional deS|l?n
) ) ] efficiently, by net wor Ks spec
of biological net wor ks ai ms prlmarlla}/ at ensur|ngn opti ma
purposes s long as they occ
performance out comes under var|al?le work|n%
) ) ~functiona spectrum nd the t
conditions. However, attaining and makl néal,mng 88t|mal
) ) ) ) the” net wor esign. er t he
functioning conditions of bi ol ogi cal net wor ks ar e
chan?es of these environmenta
dependent on presence of many actorf and_fulflllmﬁnt
f man condi tfii arssp riemscelnucdei rxt)gfo' erx(geerrnla vartations that ¢
o : .
y ) netevor?(, cyan respudacttrlmmaofgrfauj
constructed executive netwaor ks .comgr,|5|ng al | ne e
) ~deterioration of net wor per
const i tsueecnotnsd,pr esence of intact ée%ulatory .
reduce ut c ome and endi ng w
net works or pathways necessary for,controll|ng fun?t|on
) ) ) . degradati on or damage t he
(s) of executhmedanveauWoarbklsl,lIX _of_lg)ro|per_la/ . .
djusted continuous/interruI tnIZIfI(‘gwaodfI itnlonts'stosrtrI ntsetsg
a
] . . . . spug—[a_ osp%ate bacpk%one of I%NA.
needed for initiation and keeping of network fD Rctlon(_s)
) , r,eE)a|r systems or, repair
fourthproper coordination wi h ot her functionally
resulting damage Vi a t he e
related networks or pat hhways responsible faor hand g%
, echani sms compri sing en nu
out put product s offlf.thparope.twayrk,
l'i gases, among many ot her C Ol
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system. Overexposure to |l etbambowmentintof eraiglué adtosgs neftf v
ioni zing radiati ons, howevwirdespaead audseel etvedeospseadf f el
damage to DNA that can notdependepiwioedst rlweatdd mngl taond f
irreversible devastating ameadgudraotriyc nehamgdks. ofThd habo
genome. The s ame scenariorepphies damhesbhorofedt peg orcaiuses a
components of the networksdi swherei exposurer oflfarhage ntgo,
cells to | ethal or damagi ngetewdreknaadndttkhebsesrol ekénhipc
temperature or irradiation,weddn alsegaedf ettmiocra dwisdoer drea rsg ec oonfs
detri ment al consequences sitraulcu duirmg adamdgectofonal al t
structur al conformation of 4t he \ilchtadii KSns dio?a5§8@9|¥t?89
di sorientation of t he Prom&'t w§epgLan of t he di fferent
domai ns of t he protein mol ecul es, and | os s o f t he
Regnulatlon of biolo |CFI
external wat er envel ope t hat constitutes an |nte8ra
. nearlé/ al | functi onal aspects
functional component of the molecul e. Ensuing damage
|n|t%at|on, actlvatloln, .au
of the structur al components o0f the network results in
: . . perﬁ(lstence, coordlfna_tlon ang
progressive failure i n net wor performance, ailure o
. . . wjith relate net wor k kgrouP%, a
physiol ogical functions medi ated by the networ Wi
. funf:tlon when . required tasks
consequent pathophysiologi ca alterations and
. net wor ks mi g(Jﬂt rggulate fun
pathogenesis of pat hognomonic disease ependifng on
. net wor ks througfkh regul atory
the functional spectrum of affected networks. .
proteins, enzymes and microRN
The cooperative and syn|cihkreoninéggypqﬂeftoaqnganggn al so
of functionally related set$;0%M:ud4Me%UP§fOofg Nfd Whlek Svor&! tf
l ocally in single cells Orr@%ru‘?aglo?Qalplr%tie'i"nEi?n?‘é?]?/cérx%'
organisms, is precisely coptpof}gfedyorstddhpetNithsmntibi
regulatory system(s) that Qesybek. PNEPREr ! QW 00 atlinnl tg
requirements or substrates,tioyogfRECItTH &t Woer kgt apfe |
parall el flow of metabolitesn, O oshY grp%%tthtu% b? Phbene
net wor ks for final usage. tﬁ‘ét?.bﬂiupgtoarnyd fMait pty &l npianrgtic
optimal life processes inoLigbomed. c@lddspodanRembtfBrdea
closedl icke cdyenamic nature ofhéhip§ifmlé9§/tisounbasltrdaetseigi”s ava
of bi ol ogical net wor ks. Delé-h?&inenﬁfftrt‘?é“ tdfc 1P Mond ecfal sNeady
framework of this design orgsdi gtPsbbPNcofe?WBHrks MPrE Qf
its constituent net wor ks upgdgtrl bes otfhegedneovnqilcopm%rbtl“Qfor'
pathophysiological alteratjopgor&RdpalAt NP 9P fen bt & o
di sease. For i nisn dawncceed drwftgeéitiilo\@q]goras t he substrate [ e
deficient synthesis of components EBmﬁé‘neenXtesCUtie\ﬁ‘%yﬁ’lés/
i nput net wor k wi || result g0 &0 defiijcipgncyYyi Phi Priofd ¢t Sac
bi omol ecules or ATP, necessde}rtghofu%rh f(’:'@rcéiOcnoirﬁ‘pgonoefnt%tth
related networks or for prPHEFhGPan s§yha9y rneeceedpetdorfsor
performing, any and al |, Li&&r pétorciec,slse%oﬁtnrotlheofcedérro
SimiIarly,—indnucteadiodnefectiv%ig(hrali%egfinceitevyotrks d-a u th@ma thiaov
synt hesi s of components ofheddvdiedmMmeqdis §Y meh a®PdtiPdt net w
handling networks wild.l Ieadprtiqna?qqlﬂ/muéé‘éiié)ﬁ‘ed)fs%rogé":ttso
of executive networks and Wﬁéf‘&ﬁté’ﬂéd&gbarnégeél aitnortyheres
thermodynamic equilibria Ofmeis”sveonlgveerd o 18t ot mh 95N So '\@Uitgantailoin\

-iinduced defective or def i gizqnt ssuycnhth@ééaﬁ;eteBsfnaUSftdrHEbﬂf:ﬁb
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availability of transcri ppgaloynmermd sca oRINFAI ngnot ezud ersi, pt i
structur al integrity of tar gn@tl ed ulgaeernesenswancemb ¢ aded
compl ement ary and synchronwhkzenrde siitgnsadliengt i yva&tllywayescogni z
participating in the same modsk((ud)e, wandi augmentcatmpd re/x s

inhibition by specific key Lliekgaul ather ymanodreictuyl e o f enzyme:s
7.1. Regulatory Roles of RiSz80Mes'&md R$HPEW 2% Hes Met ab

) ] affinity. The second functi on
Ri bozymes, or ri bonucl eic aci enzymes, ar e
i's known as the ‘expression pl .
RNA mol ecul es capable of cataln¥2|n% sape0|f|c bi ochemical
i ) . ) ‘¢ h frto, thf pttam,er domai n, _all_n
reactions, similar 0 e action o r.o i nzymes.
) ) . transduci anlrmed?lanbgoFavt%nctos trnotrc
mo st common activities of ri bozymes @are,  thé ~cleavage
q | . ; RNA q BﬁRse&uednces b_ydallbostderlc mo
an i gati on o an n i . bon
_g _ _ _ of ’[-hlé’aRS'ofp% hAe fd?ls_covery of
formati on. Within the ribosome. where transl ation  ,and
) ) ¢ h ) stehn3|ng I’ItbOSWIltCheSI anfd otthhel
rotein syn esi s occur s, e uncti n a ar 0 e
p. _y rev_ea(e—kgasl%M?A mecﬁanlsms t hat
ri bosome is fundamentally a ribozyme, composed of RNA
, , regul at'e, gene expression 1n
tertiary structural motifs containin met al ions such a
. . external _changes. Structur al
Magnesium as cofactors. Ri bozymes K)/Athln the ribosome
. t hese R s can carry out a
structures function as part J t.he Iarhge subuni;:t r.|bosotm
i i ) addition, the contributiaon o
RNA to |ink amino acids during protein ssyn_theSLS. They
, , ) o to gene expression IS beil ng
al so participate in a variety, of RNA processin reacthn
) ) . . _Wldesprea_d than was gpreV|ous \
including RNA splicing, viral replication, and transf e
RNA biosynthesis. Examples of AtiB8Y9Mes e ¥cifule Tinkozyr

hammer head ri bozyme that Pe8 afhaeacteihzed hne eukary.
cleavage and joining reactiPln®&y atmpaorstpaerbtlflecggllqto Wi theh
RNA molecule, the VS or thie 'V e | sFLEPMEt e FPRs§Xxamp
ribozyme that carries out tHh¥A cPRLe&GYleeSri PRBED Ao diCe stthedr
bonds, and the hairpin rib89Yhe $9vls@hkNg nf UNoChiel OFINA N at
viruses. leinke meest almea al bi AdidMgcCird PLion df ecgt s due to
he function of some riboz¥m8&S hBt &¢I the PBLAQLMmEIca
he interactions induced Bali g0@antiewe! bt Wythifpe this
bozymes use both the phoshhhStied & r&hpagnPRUfateionydmech:
re of the base of the nuscﬁsetoqmdcbf alng® Ced di tt hiad REpPLE
ructural conformational &cHarddes 9FMOMEe ATICBYS I PIrF, 4
em necessary for its funcaSh&ciSsiqyl @4eres¢xpression, h

t
T

=

n un o
® —+ O

i participation of ri bozymes i
Numer ous mRNAs in prokarélotes carrx comlplex

) regul atory et ¢ as down

folded domai ns, known as -riboswitchés w fh he non
. ) . guite reasona e

coding portions of their pol ynucl eoti de chains. Each
riboswitch directly binds & 24peRf94%cainfed %l iHe9 i G
the obligate involvement of a Tphreotern wmcifaalct ool eangl aged
controls gene expression byeHdamnegsitniye chaoges men RNA t
structure to influence exapsdinpt yon argleonmgumhbern, of
translation initiation, or prtoteeonmes pecmpomdént e poseEeesssIa
I

eads t o protein productioagarldi ngprokar nataese amodtt he
ri boswitches ar eUTIResc aotfe dmR NfAst, heae@'ul ating the functions
are typically composed of adopfecdcdogogmal ofdomali ecsul arhebi
first is known as the aptainmetrerdamaian i emc odntlerfeed pasoces
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epresents t he final | evelsulasnediadd y/ ttoempbsaryatniedmwor k
nal ysi s and interpretatioaelolf. IAdfdei tpooaé¢s yes the Widaer
el | s. The hierarchical deSumaot ioofnatlhec hlair@alced giré¢ alt i mast é
ystem responsible for contnrealwoirrkg thteefgooweof arnealgus ab o:
nf ormation and executive acomparehenfsi om tchleasgenadanmneat i on
o the networks is apparentellyl ut aas omreawloe kand ugteiaohyin
nderstood to a | arge extemtnd Thehaatedre obntéks maismpo:
ystem, however, remains ctoonpalelnye ntmytsit@m i ¢ ws madidat e S
ompl etely el usive as regdradget henes wor kessyaneémt hee. g.
echani sms of action of alnetivwosr kasp®dMotseovdh, s fdiinlca mma a
robably represents the remaétwhrakd emgyg FTampmngseéridalfd et
efine |life within the cond.ex.t, oftrmobsecuptrormi oleogguyl.atlo
pite of the tremendous i nftorramastdiuocni nggat het ewdr B8r i nogr t Bén
elatively long time sincewbh&i bggiimni sgc ods stihoen debataes
nd assumptions regarding nehebabht areetowor §scr et of

i ol ogical i f e, and in defiangg ofsitnhge| egparpallel tpemend
dvances in establishing dEF‘QEQF?iEaﬁie&ﬁnbﬂuﬁﬁolcé‘(_f;’ia&’éle
f revealing the nature andydehaved Odfolfhéh?nahg/oraqlf?%qle%§
nd the atoms -sxtal eheinro mepEPenapLesi%ication. For examp
cceptabl e hypot hesi s as 6@9%reQ%ortwefusnoc“tricoen', teh_eg_, r
ocation or the nature of e@?ae%tuefrivéyﬁb'?Wortlbé,t Fdefdhes:
i ol ogical i fe has yet bneeet”wopk?se@.t-eﬁrﬁjzym'éyr%%telﬂﬁu%?-ﬁs,
ttributing beginning and RBPEFLRNANAEt @br Kd Fndl omi GR&N G
ccurrence and aut omati on caJrﬁpofnLétnitlsitlairIJea”iHd"rdeadHiCCiOE?g
ostulations that are notp,wenthy,s0for adYaskP@i€calion
onsideration. Though the %Iftefﬂétiﬁ/eetvpoorskt,ulaet_igqn ,vr\fgjig'h/
dopts the religious interppefhgtke" Ahathe I fUPALI Abcalh
eginning and persistence qfyclicfag /Gt olAbnBFi PP atYD 0P
iscussed within heiscg edepgpgesriond®ydrk categories coul
ol ely on met aphysical and, n%pren{annayt“s’@dty%%%”r%pctcioor”dsing
hat ar e not amenable to sgeleptddigs inHErPdeh @it ONpy el !
robably represents a morse A OOWSRE S%BgypreesaliisStciocmmon
lternative, at | east, unt igly g% Ned i cSePtint oend fe@aCituSr efs® QA Mtdnl NSt
ature of | ife can be presen”ette\APo-rkAV‘iayypefsr.omFdrgné’iér‘?‘.&Ié",”dn
voiding nonsense debates pand| UsSEil €SSy %ic%%'r'%?in%”?o t h
bout occult aspects of |jfgreeniZnf MBI wbhks L/4T Gisous
lternative wil/|l hel p in sa%ied oRoRGei Andydidiodd &) fsopre
seful researches aiming at,dmpdowd nfguﬁ)&ltridlrpdggs}n%pgirngbi
f t he mechani sms underlyi\ﬂ/ﬂiIdeevt?tjﬁ’é’rmepéssc’finli‘puomratnant me
i seases and t he best pro&&ygiagitércy apdi woh&sapPeud i §44di
pproaches to avoid and congaoamothbees’e ad|i§oe,ascelsassified as
. Types and Classification muclBdearl ométcalbolNie¢ workswor ks ac

Classification of biologitddin hEews&eks ¢ Qmpggretmenyts;.

and perplexing in view of the @A&xoébdeéirngtlyas sairfgiec atuimbre r ss
of primary/ central/ pivotalhet weryks nwedmwtolrks of amaensi der a
corresponding, even l argert,empomhér snabfir esexcmchdperysi st er
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ording t o t his classi fictahe onnteghdemeg, ahdut hemadtnabi
tegories of biological net wdrfkes scuosutladi nbiengi demd i maedt wi
ar discrimination betweenfeheéei pezatian ahdracheirngeés

each ofConhemuall. unceasi Bg rNgLWAFK5tion Stage aNsbwo
ctioning all through the c'oinfpeos%%arbfOfmaﬁpedicfeﬁérenet-9
rgy producing networks angdg gfL?Ila{te'ailsiioasﬁt?@l“%atofryt
wor ksempd.rary ”dth"adrkfsunc'[r‘n|°t”|at|on/enhanC|ng/5||enC|

ing particular stages of tRhe kichk¢ pfPBRs Of b0 F € !mowdi

—~+ ® S [¢)

=

vel opment al nCei trweoardki sa. n 3r'hé(\1}£'imling MRNA to protein syl
tworksmplicated in regulatciyntgop|pahsyn§_ioIogicaI
tivities characterized b haV|ng ni ghttime/ dayti me
. . . zilvns/atlon Sz‘agechgwmedf
clic endogenous phyS|oIog|ca hyt hms, e.”g. , ' eep/
regul atiory, and executive ne
wakeful ness, bl ood pressur e f ' uctuations, rhyt hmic
. c_ontrolllng transl ati on. Tr
secretion of hor mones/ endorphins, and_ entrainment or
. . or. protei.ns results in syn
synchronization of these act||V|t|es wb|th ean|tronmtenta|I
. . arge number o} structur a
cycl es of Il i ghtOs cainldl adar k. r41ytgh
. : hlgh compqgse t he Proteome
net wothkat work in an interrupted,  recurring pattern
provides the Structur al prot
i n response to external environment al changes, e. g.,

. bi ol ogical networks respo
temperature cycles, or in retroaction to internal change
. and medi ation of al.l Il i fe ac
i n cellul ar homeostasi s, e. g., el ectrolyte bal ance.
However, functional <classi fO: cEd(tecd/r{’(b’ﬁ' i 06 g WRY poprde FEK |
seems to be the most reasonab?léd alsy PreuwSn cofi omeati WosrpkeSe j & &k j R -
of the network is the main ddther ngidnd et i PN jansd jPfprofr & ramacne
within the Iife frame of the tcheel 1Celflap|Tehissy category incl

. . _ the | argest ion of biol c
9. Tempor al Classification of Bi Iogg cal IOl\?etwo ks
E.F'na/ tage Neiwa)rla Cagq egel
The aforementioned resume of/ |f1S nt f]L' g g
. . . . respon_S|bIe _for _|r?|t|aht
categories in the l|living cell outllscnes, i n brt e d t
. apo @® senescen an i,
be referred to as the dynamlcg g% |IJ,1§e processes I n ﬁaI'VI
. Agogto_Sls net wor ks and pathy
cell s cel | . Anal ysi s of t he | SSi C dogma . of I i fe cycl
. . . . of executivé biological PetV
traditionally and il logically referred to as “the <c¢l as:
. cycle of the cell and put
dogma of mol ecul ar bi ol ogy, eveal s the three major
ex,lstenfce at the c.eIIuI.afr | €
structur al component s responsi bl e or medi ating [
activities in living creaftresFunctionghe Glegdpsefl i cagd
transcriptome and the proth&Inorkist also defines the
maj or net work categories whichFuwrucatriaornt eele @Irae<d isfei caantdi o n
opti mal performance of thepeolahbliy)tiepreddntid itomal myst
delineates the temporal r e lraetgiaornds. bpest weeefne rtrheed btioo | e@e@ri Iciad
i mplications and the dynamiccy cdas cdaetheost esf tthlee pa ewietnale loif f
activities. Wit hicdepehn dse ncto nftgenxéti,imean atli meomponents in the
related tempor al classificadntomoldfingpial bgil¢cal aetiwoirtkis
mi ght be assumed to compri seéet hter afnoslclroiwitnogmep osh ¢ | &thed pr

ne
t h

A

twork categories hierarchihogalel ymairm angedorkceradiey®ri e
e temporal cascades of t hiedgntfiufnicdd ongnd del ineated
Crucial Stage or GenomelT PPeGirRY @B CnAMflo Pkr Ot €0Mi C
Cat egowomposed of many dif&teYretrt thegp&omMpgsition, the
networks responsible for OmaPAfhi Rfndhene theghgimgin n
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Table 1. Types and classification of biolo

Type of network Exampl es

1. Master networks
Net works responsible for maintaijning
and stability of the genome.

1. According to h2erlamtcdhi madi ary net wor ks
organi zation Net wor ks responsible for synthesis o

3. Executive networKks
Met abolic networks responsible for d
life activities.

1. Regulatory networks

Genomic regul atory networKks

DNA replication networKks

Replication proofreading networks
DNA repair networks
Transcriptional networks

Rasatnscription modification njlet wor
MRNA editing networKks
Transl ation regulatory netwotf ks

Ri bosomal networ ks
MRNA recycling/degradation networ
Signal transduction networks

o
—

2. According to fu Woh signaling pathways

Hedgehog signaling pathway

Notch signaling pathway

alo|lo|p|g|lo|y|o|lo|y | m|lw|N|R|>

Apoptosis signaling pathway

2. Devel opment al net wor ks

3. Executive networ ks

Met abolic networ ks

Transport networks

Raosathsl ati on modi fication networ ks

Apoptosis networ ks.
Cel | cytoskeleton/ membranes bioge
Ox ipdhaotsipvheor yl ati on net wor ks
Xenobiotics intoxication/ disposa
Gene networ ks

Q|| o0 |T|o

AN | -
o|oT’

Prenzyme net wor ks
tet—tu+—at -
Metabolic networks
cytoskeleton networ ks
Mordi ng micr oRNA/I ncRNA networ ks
Nucl ear networ ks

3. According to ¢
components

Mhtochondrial net wor ks

4. According to

: e — — . .
l ocati on Cytopl as c et wo S

Specific cellular organell es networ

7
G H| WPpN | L |W

Extracell ul ar net wor ks
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1. Continual unceasing networKks
a. Energy production networks
b. Cell cycle networks
c. Vital neurogenic networks
2 Temporary networ ks
) a . Devel opment al net wor ks
5. According to
persistence of f?;'nc?ti,rcera.ss networks
3. Oscillatory rhythm networks
a. Circadian rhythm networks
1. Sleep/wakefulness networks
2. Bl ood pressure regulatory nefwork
3. Mel atoni n/ hormones/ endorphins sec
b. Intrinsic rhythm networks
1. Recognition/reception/ processiingl/r
6 . Neur onal net wor ket wor ks.
2. Storage/ processing/retrieval af i n
Net wor ks of theoretical interests
1. llmpgeai es-spacitd@sn interaction njetwor
7 . Ot her networ ks - - - -
2. lypgeacies -6petweeh interaction [net wc
3. Fweoll (feeding interactions) nejftwor k
Functional Classification of Genomic Regulatory Networks
|Master Genes’ Networksl
|Preservation of Genome identity — Genome integrity — Genome stability]
|R_e§ulatory Genes’ Networks|
|R_egu|ation of expression states of structural genesl
|Structura| Genes’ Networksl
[Direct regulation of protein synthesis|
|I ranscriptome Network§l
Regulation and synchronization of varying functions of
different RNAs categories involved in
DNA replication-Gene regulation-Post-transcriptional modifications
Protein synthesis-Transposon activity-Epigenetic regulation
IRNA categories|
[MRNA-tRNA-rRNA-microRNAs-IncRNAs-gRNAs-piRNAs-asRNA-siRNA- hc-siRNA-exRNA]
Abbreviations of RNA categories
m: messenger, t: transfer, r: ribosomal, Inc: long non-coding, g: guide, pi: piwi-interacting,
as: antisense, si: small interfering, hc-si: heterochromatic small interfering, ex:
extracellular.
Figure 6. Functional Classification of Genomi
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t each category has di stfiorortaitvieonc hamdicder insotti cstf emt wn
i ned, primarily, by thecel Ibulsarc ffumacttiioms. faouat 6§ pnae
acterization of each oé¢onthieswattilorneeofbasihe reutnweadrikn
egories and the subsidipeyf cmremiwmog ktsheamd mgaglewaye pr
endent on, and regul at e dovay ,a neda cshp eorf mst,h etrmh adti spcal rotsiecsi, p

h very few exceptions, the %hd%a e frraera(—ﬁw%rtlbrgf hitf &«

r

cesses in living cells.onPhepelry ECfassPFPBHAM W o
sidiary/tributary and iinﬁélrLﬁn&pﬁ&ryneWe\MoWOkrskscBimBBEleH
nected and properly syncrrbrscbrbinzsqqﬂteof%qs%rreescbqtviirﬂebl t h
formance of their f“”Ctio‘?”%hiesgg‘ﬁa%@fo’h)ét\i/vl?rlé’é-e(‘,"’orﬂﬂo
complexity and multistargeespnoantsuirbe| eOffé)rif(?e%ru?%?§$n%S t

cel I . However, it mustgerpéasyemq]r‘éqg,viozrq(cg t@@r’hpotsheids of
ssification 1is speculatirveespaonndsiibs] eMme Pt  fFoont reodiqciantgi og
poses in the first placeng! f Gagkriphame ALDMALTEET N

ween t he individual Sp&ﬁ&réyn%fhroerf"‘iczhianthtehevSaerying
egories i s practicallycatgagri%\éemn ttmeeoreethcetllzli)@,u“
ossible because of t he inti mate and cooperative
ationships between their fu'rAflctPglrJ]gI1 stphectrsztar\tljvﬁtuhala €
ely intermingled awd.comp%emoenkta ye??:rlnté e% the ger?e e
ologlcal net wor ks i n being
1 Genomic Networks proteome constituents, viz.
There i s no globally abaerepatedridkafiicnifteiaotnur eri n t hi
eed upon classificati on dsicfhfeenmmee notf cgleansosneisc onfet mioa rksRNA
s is attributed to the oonfmiscirnogRNAAv emblae@c bled weaemntsh ¢
ms genetic/genic/ genomi ccoansp orneegnatrsds of hemastqualipteat iofe
files as wel/l as their omgeaworikati Mestspeenoomi c Ardati wa ro
fusi on i s me t with wuponnttydeg sebs demarfaatce i bhal |l y
ricate and mutual rel atiaonnds hf pecbedowealkhyt e gaean amd a
the proteome in constrsuyendlorno nainzde do rhgiaenriazracthiiocnalofpat
net wor k, since carryiafgaroeudt famdct iearsut iGem o mifc ne
ctions of al |l bi ol ogicahumke wor lo$, viirnrad s peercak i vep orft at
e or the nature of the meettwworrkk,s awiet ht ovtaarl yliyn gd efplemdateind
n pr ot eome components, net wor kpsr orteesi pnosn/sei nbzlyemefsdr cont
I peptides etc. Furt herrneoprlei,c atthheonc,r urcé @ll i ¢ @tliedn plpa e
signaling pat hways i n DNMgs @cdii amtge d rpergoutl eaitnisn,g ceend

i fying t he performance ifviaslilont yp@tsheaf, nett woa tksr, al |
l udi ng genomic regul atoungdehienawodr kan,d dddgelnorepecul
ficulties to theoreticalexiossttubadi exerdi minndgi sapte nfsoarbm ue
accepted comprehensive toamewbr kofasgeregme dpr éhervat.i
ure of genomic net wor ksi.nsHhawmewer ,itaspemséi meraopabl e
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ntaining the identity, tthhee imdedroft yt haedcehe ¢ toabmnullitti

genome of t he cel lar en@erdo mifc t metovelrlk st o the produ
ctionally continual unc eafs igen ense,t waorr &k so tl loecra t ppadt hmma ynd 'y
hin t he cel l nucl eus. tiTaonsghi pttheinr otontairmgedusgene:
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synt hesi zed, modi fied, trafquiackeéed at pveperxityent ocoaft edh e nd
become ready for participatdieamriimnplysiodtongegaeénaes i voift i
in the cell. integrity include, for exampl
Al though genomic netwoPﬁg'CreguCIVat@f af ¢! hiuljag activ
aspects in the 1living ceII,_Ceb HEF‘Ee_df_e“t”acitl'goncso’n_cePﬁ?’ﬁb0
origin of their design, p mpungded 4 gidefey igge g ¢ gn, or
formation, and the nature &PNARLETI MAStd N sh))“‘s”iaenrﬁ(_sa)”dth%tth‘
dictates the commands andde,y@ﬂggmentntorfmqqrhqgenhhal m?'
regulating their funct|onsd,!sélth'oontaqu yIenRMeed Mt egihlits
reflects the eternal ongoimignddi Crhnta 462t B oPbGFE" Vainu9
science in general, wher e ctan e t*h'i n
i i ! h WeitchncbHsbrle 9PRW thfingenom
happen and analyze their o%rt%%'m%% &/Hi”@lﬁ'?@\/@%[ 0v(/h.yaII
they happen, but we remain”etcdet_sa"“‘lfIt)ﬁ‘t_Géni%.j_th"i”é'dl'ozfatt'ﬁ)é1 o
basic dilemma: how things eXlidgh! Ifirzqf it d@myod ves the
d|fferent genome component s,
10. 1. Genome Preserving Nez‘wor .
con ept or the predefined | oc
This group of genomic ngdywog kss &g e MtesS P ogfs i brl ee gen
for guarding and maintainingyrtohhfo stohfee er P@iSd fs ferhvgeesaf
the genome, viz. genome i degtpiotpye: cDE&TPDLME nit st & hlaitt Yprakd ¢
genome stability, which reprgepsemle tpsviifBédCOotrer ugh t Mye
essential framework of 1ifgedodfanliisnisn i P 19AdH B m udTHrCSrSo
three distinct fundamental, cgpP8RbEmednft st h8p onetN®OMEe us a
constitute the bases for kgepipgndpedeRdcabndiveseitVor
living organisms and ensurgighng the abi ¢lhegic¢galond it HYAS 3
necessary for reproducti on,mebcrnOanijfsefsat iaqy aggdppeessésggnc
of kind of each organism. 6uaudipg gempome pHydent v RNA
guarantees t he per sisspteecnigf@ e P p meSPte,CIi €fepresemut ati impro
characteristic features ofmpetcheanPshad@nine-i atBlS by agknde
accomplished through strictoapdepPr®£fd SFr gsedrvledtd @Monfel s
proper replication of DNA ard pYapPeracdy¥Riteatcion|of thhe
entire set of chromosomes gg||thgndjith'Edi\,mgo|ceelolr.gal\l1qrsrma_l
cell di vision and formati on % ughter C?H% wi t h
) . reservatlo 0 the mitoc|
i dentical genomes ensures reservation of e %enetlc_
i d Cit ¢ t h - q (I)th deserve mu c h ff rts I 1 ko
identi y_ o} | e ce an VIE\?\I Oofr_ n@l Smnrﬂl'attluroensoefrVrln_inthNA.
genome integrity represents a] cruci a funct|on_51ncF
. o i nucl ear enome i critica
maintaining nor mal l'ife processes in the cell dqpends or
_ hetero_zngS|ty of 'nucl'ear gen
t he cooperative and synchroni Zed functi.onall
, ) . rangle of pat hol ogi cal al ter a
participation of all structura constltuen}s of th«? geno
_ l"ar g[e numbers o mul tiple” coj
Loss orrepnacinrabl e damage of arts of the genome,
] enome in the “cell ensures co
e.g., because of mutagenic _,event.s or gue tg exposure to
. functions ependent on mi toc
no-mut agenic external or environment al stres?es, .
) considerabl e | oss o a portio
resul ts in consequent Iossi_ of unctions of | ost or
damaged regions I n t he VQ_L,S mmla(‘:lhotr’itpar(t)]!y’theexspeIalns
) tg gff ‘t' ¢ hme,cthlan|,:31m3|f]g)yr mt|tDNA I n clon'{
(mstances, affection of phygigleoiqal fragtiBRR §EA8LRL
by 1l ost or damaged regions of the genome occurs and
may resul't in a wide spectrTumPu%tF tphélelhc?lxofj‘g?itc.arl‘ature
alterations, depending on 9&8%lednguamnide dhieyd UnGlgi opgk sp
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mutati ons and proper—crmn(gmmiﬂd;ﬁacttiioonnsofanlal}meven, modul at i
component s, net wor ks reguleéhgg]e egtpéy;msiito)p Ofd %™meavi or
families coding microRNAs cgl a5pSe€Ss ia“an°|vVaerdyinegi tthyeHeSSidqul
or as parts of mor e Compleixmppaartthswacyrsi'tiicrhlpesrifgonri”f‘iirbgance
critical regul atory tasksynecthno rkes threegturlaantsicnrqptio
programmed targeted activitic@s mQfed " @RSPO SRS hausma"f’lelglen
as networks responsi bl e forl,ré,reopoaitrraonfs(,’greinpotrrpiocn mugt it d (0 St

i nduced by spontaneous actdyvihdes toﬁantrzaO”,SOpOOOSOH"LFmaVni ag e |
e. g., synthesis of piwiRNAsmecslsaesnsgeesr and RBRAT Rhy cthr,”op”rgoh
ot her mechani sms, net wor ks rﬁahj%tr rpeogrutliaotne diher fynambRsScr
and different aspects of ttﬂ(,elecetlrlancsyccrlieptaonmq3 ccedrhprdiisveissi
net works regulating the forc”butleagtoiroinesancﬁffk‘ﬂﬁéi?'ﬁﬂigbehg‘a
considerable | arge number Bfocdeesvseésopm%nttahle n@é|w|o,rk§nc|L
t hat start their f“”Ctionlsra"’htsfefrertoirlitZIQI{IA,O”’edi”teitﬁNd”lf)E
regulating apoptosis, andmi @2 KNADO Lelofli v ghn'adnP Yitidd Relna c tril
networks. or piRNA, in addition to man
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reasonable in view of the mmapgr taddi thiioonlaolgi sabsif dinaty om
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fate of malignant transf or matiimamr ywhniucchl eeard smRNMA, | eags,
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speci fic set of proteins code
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defining and regul ating the
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A GENE REGULATORY NETWORK Cell Organelles Involved in Protein
Synthesis

Protein Synthesis - The role of cell organelles
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Figure 10.-tTmaast$atiphiopgul atory net wor ks
Figure 11. General scheme of genetic regul ator
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