Evrimsel strate]l...

Esherichia coli'de mutasyon hizi

5.4 x 10*-10 mutasyon/bg/genom replikasyonu
Genom boyutu: 4.6 x 10*6 bg/genom

0.0025 mutasyon/genom/replikasyon
(Sinonim / non-sinonim SNP'ler dahil)

Daha biiyiik boyutlu mutsayonlar:
-rekombinasyon
-insersiyon / delesyon
- genomik yeniden diizenlenme

Mutasyon hizini belirleyen araglar:
- Replikasyon

- Tamir

- Transpozon aktivitesi

STRES

Hicreler mutasyon hizlann ayarlayabilir
>>> Mutator phenotype <<<

Escherichia coli hiicresinde bilinen en az 5

cesit DNA'ya bagimli DNA peolimeraz bulunmakta
- pol Il >> Hatasiz DNA replikasyonu

-polll/ IV IV >> Artmis replikasyon hatasi: hizi
- Metilasyona bagimli tamir >> hata hizinda x100 artis

1. Kunkel TA. DNA Replication Fidelity. J Biol Chem. 2004 Apr 23;279(17):16895-8.
2. Fijalkowska IJ, Schaaper RM, Jonczyk P. DNA replication fidelity in Escherichia
coli: a multi-DNA polymerase affair. FEMS Microbiol Rev. 2012 Nov;36(6):1105-21.



Hiierenin

mﬂﬂnm%
Metabolizma Hedeflenen fenotipte
milhendisligi ile mikrobiyal fabrika hiicre
hedeflenen
Sonugta,

fenotipte gordigimiiz degisiklikler:
- Artmis dreme hizi

- lyilesmis biyokiitle verimi

- "Generalist /| Specialist” hiicreler

Her ortamin / kogulumn Belirli kogullarda
mikrobu yuksek perfformans
(CImasini istedigimiz) (Gergekte olan...)

Mueller's Ratchet:

Aseksiel gogalan hicrelarin
genomlannda zararh mutasyonlarin
geri donligimsiiz olarak birikmesi...



Hedef gen(ler)
Hedef yolak(lar)
Hedef organizmaf(lar)

Rassal mutagenez
Gen rekombinasyonu
yari rasyonel mutagenez

Mutant
kiitiphanesi
P Seleksiyon / Tarama
Tekrarlayan turlar Daha yiiksek
performansh
mutantlar

Hedeflenen fenotip



: liinme .
Herelerin segifim;



Penisillin
uretimini
artirmak:

hitp:ibotit botany.wisc.eduftoms_fungimowv2003. hitml

Penicillium chrysogenum rr _‘\l

s=» Penisillin P‘enisil.lin bly-nan_a niezinde ye.r alan
genlerin artrmig ifadekenmesi

m Penisillin vapisal genlerinin

promotarianmm Ku vwetinin artrmas

“Genome-wide™ analiz... Pengillin

Mutantlan tara... metabolizmasinda neler degisivor??
Biyosentetik oncullerin artinimas
P. chrysogenum BW1890 Metabolik darbogazlann agilmasi igin
gerekli enzimlerin rDNA teknikleri ibe
penisillin biyosantetik genleri & - 16 santezlenmesi

ardigik kopya halinde bulunuyor!...
Tiim penisillin sentez yolagmmn
heterolog | sentetik olarak elgturulmas:

9 ¥




METABOLIZMA

MUHENDISLIGI EVRIM
Genetik Spontan
manipiilasyon mutasyon
Fenotipi Evrimsel
test et segilim

Hiicresel metabolizmayi sekillendirmek igin
DAHA RASYONEL YAKLASIMLAR... =<
promotor mutagenezi... -10, -35 o
kromozomal integrasyon Z
rekombinasyon ITl
yapay "construct”lar -
RNA diizeyinde regiilasyon E

I 34303H — ~ «—

SENTETIK BIYO
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Metabolizmanin kontrolu

Mitrogen i Mitrogen = - =]
_— — s | —
SOUMCES PrECUrsors | Nucleotides J L Nl.lf'lf"l-l" al:“'ld'& |

| Amino acids |—b Proteins |

| Liphcks
\ !

| Polysaccharides |

| B Carbon metabolism I 1 Aming acid metabalism E ] Pratein metabalism
| 1 Mitrogen metaboalism EEN Energy metabolism




sources

| IRLALLLRNLY L=t L B

Precursors

| Nucleotides |===p| Nucleic acids | mm——

Amino acids | = Proteins —_—

Lipids
\ ‘W

Polysaccharides >

B Carbon metabolism T Amino acid metabolism 1 Protein metabolism
[ Nitrogen metabolism B Energy metabolism

{

Establish flux magnitude

A Y
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b Hierarchical carbon source uptake
and demand-based regulation

Glucose Lactose
Coll wall
!.‘..| ...“.......|
i 08P Aliolactose
1
1
es (UELR

le Local and global control of
carbon source uptake

Lactose
L

EMP pathway directionality

a Glucose Lac s

o Y

| — Mutabolic

G L Ackrvilion

= Tratwgriphkiomnal

NADH

o |
Cygen aTP NADH}
¥
= Mitrogen metabolism
k—ceu weall = Aming acid metabalism
=== Allusteric or ] Transcriptional L
PTM activalion inhibition

s=s| Allosteric or

Energy

e Demand-based substrate-lovel
phosphorylation and fermentation

PEP ATP
F'gnnranA::mu

f Oxygen supply-dependent aerabic
axidative phaspharylation

ressesen i ArcAB

ALCOLATE

g Switch between aerobic and
anaerabkic respiration

ATP
Fumarate
Chinones
T Succinate

Oxygen--{FNR

& Carbon metabolism

T8 inhibition @ Energy mwtalbolisrm



' Demand-based uptake and incorporation
of nitrogen sources

Nitrogen
MNH, SOUFCEs
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b Aming acid metabolism

= Metabolic reaction
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Post-translational
modification

Allosteric

_ Gene
regulation

expression
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Metabolite
FBP

cAMP
L-glutamine

a-ketoglutarate

Other a-ketoacids (for
example, pyruvate and
oxaloacetate)

L-leucine

ppUpp

AlP

Quinones

Information transfer

Gl}rcﬂl}rfic HUI 330155

a-ketoacid concentration®. Phosphorylation state of
PTS system®™®
Nitrogen availability"=**

Ratio of carbon to nitrogen availability for amino acid
biosynthesis™

Ratio of carbon to nitrogen availability for amino acid
biosynthesis™

Balance of L-leucine production, uptake and protein
biosynthesis'®, General nutrient abundance! 1

Amino acid starvation' '

Energy starvation''’

Balance of respiratory capacity and oxygen supply’™

Key regulatory interaction

Enzyme: pyruvate kinase
Enzyme: PEF carboxylase
Transcription factor; Cra

Transcription factor: Crp

Signalling: GInBK
Transcription factor: NtrC {via GlnBK)

Enzyme: El {PT5 component)
Enzyme: adenylate cyclase (cAMP forming)
signalling: GlnBK

Enzyme: several enzymes in TCA cycle (oxaloacetate)
Enzyme: adenylate cyclase (cAMP forming)
Iranscription factor: PdhR (pyruvate)

Enzyme: several steps in branched-chain amine acid
biosynthesis
Transcription factor; Lrp

Transcription: RNA polymerase
Transcription factor: DksA

Enzyme: numerous enzymes in metabaolism

Transcription factor: RpoS via ClpXP

Transcription: RNA polymerase (transcription of ribosomal
promoters)

Signalling: ArcAB
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Nitrogen » Nitrogen

sQuUrces precursors

r _1 I | l | Amino acids = |  Proteins
Carbon Carbon
S0Urces precursurs

Electron Energy e
acceptors (ATP. GTP) Polysaccharides

Biomass

Flux push Flux pull

O > >

A metabolite enhancing its own consumption A metabolite enhancing its own production
(outcoming flux) when abundant (incoming flux) when scarce




AMINO ASIT
URETIMI

1. Bott M. Offering surprises: TCA cycle regulation in Corynebacterium glutamicum.
Trends in Microbiology. 2007 Sep;15(9):417-25.

2. Wendisch VF. Microbial production of amino acids and derived chemicals: Synthetic
biology approaches to strain development. Current Opinion in Biotechnology.

2014 Dec;30:51-8.

3. Mitsuhashi S. Current topics in the biotechnological production of essential amino
acids, functional amino acids, and dipeptides. Current Opinion in Biotechnology.
2014 Apr;26:38—44.

4. Leuchtenberger W, Huthmacher K, Drauz K. Biotechnological production of amino

acids and derivatives: current status and prospects. Appl Microbiol Biotechnol.
2005 Nov 1;69(1):1-8.
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L-Lizin Uretimi
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Biotin limitation
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