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Povratnhe zanke

Feedback loops

Povratne zanke v Registru niso uvrs¢ene med sisteme. Gre za princip uravhavanja mehanizmov, pri katerem izhod iz naprave vpliva na
nadaljnje obnaSanje iste naprave. Obstajajo pozitivhe in negativne povratne zanke, pri Cemer izhodni signal vpliva tako, da povecCa oz.

zmanjSa izhodni signal za v bodoce.

Uvedba povratnih zank povecCa robustnost in zmanjSuje Sum in bioloSko variabilnost celichega sistema.
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This schematic illustrates just one of the dozens of positive climate
feedbacks. The warming created by greenhouse gases leads to additional
evaporation of water from the oceans into the atmosphere. But, water vapor
itself is a greenhouse gas and can cause even more warming.
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This schematic illustrates a negative feedback
cycle. If evaporation from the oceans causes
more low-level clouds to form, they will reflect
more sunlight back into space, causing a slight
decrease in surface temperatures. Images
coutesy of the National Academy of Sciences
report “Understanding and Responding to Climate
Change: Highlights of National Academies
Reports, 2008 edition.”
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http://www.southwestclimatechange.org/figures/feedback_cycles

Situation at
the start

Equilibrium

Situation at the
start 1

Time

https://controls.engin.umich.edu/wiki/index.php/Feedback_control

Set Paoint



Input
signals

http://en.wikipedia.org/wiki/Gene_regulatory_network

>

Gene
regulatory
network
component

feedback circuitry

>

Primary Terminal
oufputs = oufputs =
Changed RNA > Changed cell
and ?rotein behaviors and
complements structures






Pozitivha povratna zanka
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Negativha povratna zanka
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The promoter driving tetR production is crucial to the sensor's sensitivity and range of detection. In this sensor, the tet promoter creates a negative feedback loop,
which should keep levels of tetR reasonably low even with high copy number plasmids. Therefore this circuit should remain relatively sensitive to tet at many

different copy numbers.
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Generatorji impulzov

Pulse generators

V elektroniki je generator impulzov vezje oz. aparatura, ki generira pravokotne impulze napetosti. Obstajajo tudi generatorji svetlobnih
iImpulzov, Ce so frekvence impulzov visoke, govorimo o pulzerjih mikrovalov. VeCkanalni generatorji impulzov imajo vec vstopnih signalov.
|Izhodni signal ima svojo amplitudo, Sirino, periodo (takt) in fazni zamik.
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Generatorji impulzov v sintezni

biologiji

V SB je generator impulzov (genetsko) vezje, ki generira izhodni signal v
obliki reporterja, po zaCetnem izrazanju pa signal upade. Pogosto gre za
povezavo dveh celic, pri Cemer prva sintetizira in izloCa signalno
molekulo (vstopni signal), druga pa deluje kot sprejemnik signala, ki kot
odziv generira impulz.

V prvem takem opisanem primeru je kot signalna molekula deloval acil-
homoserinlakton, izhodni signal pa je bila mutirana oblika proteina GFP
(varianta LVA: na C-koncu je podaljSek RPAANDENYALVA). Zaradi tega
podaljSka je protein bolj obcutljiv na delovanje celi¢nih proteaz, s tem pa
se skraj&a raznnlnvni fas fliinrnfara in impulz zato upade. Uporabili so
tudi vari A. represor.
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Oscilatoriji

Oscillators

Oscilatorji oddajajo definiran signal, ki se s Casom ponavlja in ima obiCajno obliko valovanja. Pri naCrtovanju vezij si Zzelimo, da bi delovali
stabilno. Primer oscilatorja v elektroniki je pretvornik enosmernega v izmenicni tok, med oscilatorje pa Stejemo tudi avdiooscilatorje (izhodni
signali v slisnem obmocju 16 Hz — 20 kHz), radiofrekvencne oscilatorje (100 kHz — 100 GHz).

Oscilacijo definirata perioda (frekvenca) in amplituda. Linearni oz. harmonski oscilatorji imajo sinusoidni izhodni signal. Razen teh poznamo
tudi nelinearne oz. relaksacijske oscilatorje, ki generirajo izhodni signal trikotne ali pravokotne oblike.

Obstajata dva tipa linearnih oscilatorjev: oscilator s povratno zvezo (feedback oscillator) in oscilator z negativno upornostjo (negative
resistance oscillator).
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Oscillator

Oscilatorji

NajpogostejSe oscilacije v naravi so cirkadiani ritmi, ki jih uravnavajo endokrini sistem v povezavi z zivénim in na osnovi cikli€no regulirane
transkripcije doloCenih genov.
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Represilator

A synthetic oscillatory network
of transcriptional regulators
Michael B. Elowiiz & Stanislas Leibler

Departments of Molecwlar Biology and Physics, Princeton Universty, Princeton,
New Jersey 08544, UU5A

Networks of interacting biomolecules carry out many essential
functions in living cells’, but the ‘design principles’ underlying the
functioning of such intracellular networks remain poorly under-
stood, despite intensive efforts including quantitative analysis of
relatively simple systems’. Here we present a complementary
approach to this problem: the design and construction of a
synthetic network to implement a particular function. We used
three transcriptional repressor systems that are not part of any
natural biological clodk™ * to build an oscillating network, termed

NATURE | VOL 403 20 JANTUARY 20d)| www.nature.com

Najbolj znan oscilator v sintezni biologiji je Elowitzev ,represilator’, ki ga sestavljajo trije medsebojno povezani represorski sistemi.

(ref. 8) and diminish the half-life of green fluorescent protein (GFP)
to about 30-40min (ref. 11).

With these considerations in mind, we used standard molecular
biology techniques to construd a low-copy plasmid encoding the
repressilator and a compatible, higher-copy reporter plasmid con-
taining the tet-repressible promoter PitetOl (ref. 6) fused to an
intermediate stability variant of gfp"' (Fig. la). Because the inducer
IPT G interferes with repression by Lacl, we expected that a transient
pulse of IPTG might be capable of synchronizing a population of
repressilator-contaiming cells. A culture of E coli MC4100 contain-
ing the two plasmids and grown in media contaiming PTG
displaved what appeared to be a single damped osallation of GFP
fluorescence per cell after transfer to media lacking PTG (results
not shown). Because individual cells have no apparent means of
maintaining synchronization, we studied the repressilator by iso-
lating single cells under the microscope and monitoring their
fluorescence intensity as they grew into small two-dimensional
microcolonies consisting of hundreds of progeny cells. In these
experiments, total observation time was limited by the colony
entering a stationary phase after about 10 hours of growth at
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Uporabili so variante represorjev s krajSo razpolovno dobo (4 min. namesto ~60 min.), ki je bila podobna razpolovni dobi mRNA
(2 min.). Prav tako so uporabili kot reporter GFP z oznako za razgradnjo.



Time (min)
60 140 250 300 390 450 550 600

120 ? ? 5 . . —

C
.| WO, R S— T U W A
o il 5 5 5 5 ﬂ%ﬂ 5 |
7 ol H BN N N ¥ 5 ¥ R
- : : . . & : .'
@ S i e S J%ﬁq' """ ¥ 3 %0 | |
Q= . : S B 8 L Ve
S8 40P TR & NN . s
=5 3 L | 5 55 5
20 b  (—— 08 %% 0e” R I _
et ' r 5 5
0 | = - = — o — = — =
0 100 200 300 400 200 600

Time (min)

Ilzmerjena perioda ~150 min. (~3 generacijski €asi), vendar hCerinske celice izgubljajo sinhronizacijo po nekaj vec kot 1
generacijskem Casu, kar predstavlja Sum v vezju. Glede na to, da je bila frekvenca ves Cas enaka, sistem deluje kot bioloSka ura.
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Sinteznobioloski Stevci

Stevci so sistemi, ki zapisujejo pojave dogodkov in morajo torej hkrati zagotavljati spominski zapis o dogodkih, ki so se
zgodili v preteklosti. To je mogoCe s povezovanjem generatorjev proteinov, pri cemer je sinteza drugega mozna Sele, Ce
je predhodno prislo do sinteze prvega itd. Nizanje medsebojno odvisnih generatorjev proteinov vodi do razvoja zelo

kompleksnih vezij.

Counter
1st input event 2nd input event
required required
IXM#1 — TLM#1 TXM#2 — TLM#2
Protein 1 41 Protein 2
One input is counted Two inputs are counted

when Protein 1 is made when Protein 2 i1s made

Science, 29 May 2009: 1156-1157.
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Spomin temelji na povezanih napravah, pri
katerih je kljuCna vioga RNA-regulatorjev
(riboregulators). Razvili so sistem z dvemain s

tremi staniji.

Science 324(5931), 1199-1202 (2009)



Okoljski senzoriji in reporterji

Smiselna povezava dveh naprav, oddajnika in sprejemnika, pri katerih se oddajnik odziva na okoljski signal, sprejemnik pa je hkrati
generator reporterskega proteina (merljiv izhodni signal). Primer na seminarju: senzor za vanilin. Bolj uporabni so npr. senzorji za nevarne
snovi v okolju, pri Cemer v gojiSCe s senzorskim sistemom dodamo vodno raztopino okoljskega vzorca.
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SinteznobioloSki spomin
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Sinteznobioloski ekosistem

/ Species 1 \\
Plac | luxl | lasR | |Plac|loxp|amp |loxp
3DEEHEL
Cre
' B
Plasl | amp | cre /
. l [ ] -
Pluxl| kan cre_\\‘
Plac | lasl | luxR | | Plac|loxp| kan |loxp
\\ Species 2 ‘/‘

http://staff.ustc.edu.cn/~lianhong/research.html



Metabolno inzenirstvo
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