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Analýza biologických śıt́ı

Modelový prostor v systémové biologii
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Rekonstrukce metabolických śıt́ı v kontextu genomu

Lee KY et al (2010) “The genome-scale metabolic network analysis of Zymomonas mobilis ZM4 explains physiological features
and suggests ethanol and succinic acid production strategies.” Microbial Cell Factories 9:94. doi:10.1186/1475-2859-9-94
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Rekonstrukce metabolických śıt́ı v kontextu genomu
Vývoj

Oberhardt MA et al (2009) “Applications of genome-scale metabolic reconstructions.” Mol Syst Biol 5:320.
doi:10.1038/msb.2009.77
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Filogenetický strom rekonstrukćı metabolických śıt́ı
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Základńı workflow analýzy metabolických śıt́ı

• zasazeńı high-throughput dat do
kontextu metabolické śıtě

• obohaceńı anotace genomu

• statická analýza funčńıch stav̊u

• dále: integrace s genovou
regulačńı śıt́ı
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Známé aplikace rekonstrukce metabolických śıt́ı

• objasněńı významu metabolických drah a jejich využit́ı
• objev genu cimA v Geobacter sulfurreducens (EC 2.3.1.182)
• časováńı transkripčńı regulace S. cerevisiae

• analýza rozd́ıl̊u drah mezi podobnými organismy

• detekce redundantńıch drah a metabolických ćıl̊u léčiv

• ćılené ř́ızeńı organismu
• škálováńı produkce vakćıny proti meningit́ıdě
• zvýšeńı frekvence dýcháńı G. sulfurreducens
• zefektivněńı fermentace S. cerevisiae
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Produkce a spotřeba metabolit̊u
E. coli

spoťreba glukózy a produkce biomasy spoťreba glycerolu
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Co je metabolická śıť?

• formálńı popis vztahů mezi metabolity
⇒ graf vs. matice (tzv. stechiometrická matice)

• zachycuje tok hmoty
• spoťreba (up-take)
• produkce (growth)
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Popis stechiometrické matice
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Metabolická śıť jako śıť reakćı
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Toky v metabolické śıti

metabolity ve vysokém molárńım množstv́ı
⇒ uvažujeme molárńı koncentraci [M = mol · l−1]
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Toky v metabolické śıti

v infinitesimálńım časovém úseku prob́ıhá mnoho reakćı
⇒ uvažujeme okamžitý tok reakce (flux) [M · s−1]
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Význam stechiometrické matice

d

dt

[A]
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[C ]

 =

 1 1
−1 1
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Význam stechiometrické matice
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Význam stechiometrické matice

• distribuce reakčńıho toku do změn jednotlivých metabolit̊u

d

dt
[~X ] = S · ~v

• zastaveńı metabolismu d
dt [~X ] = 0:

d

dt
[~X ] = S · ~v

0 = S · ~v

• každé řešeńı ~v této lineárńı soustavy je “vyvážená” distribuce
reakčńıho toku (implikuj́ıćı rovnovážný stav charakterizovaný
nulovou změnou koncentraćı metabolit̊u)

• báze prostoru řešeńı (tzv. nulového prostoru) daná jádrem K :

S · K (i) = 0
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Význam stechiometrické matice

• K nelze p̌ŕımo chemicky interpretovat (možnost záporných prvk̊u)

• tok elementárńımi (ireversibilńımi) reakcemi nemůže být záporný!

• proto se použ́ıvá transformace do konvexńı báze (zde K ′)
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Využit́ı nulového prostoru

Engl HW (2009) “Inverse problems in systems biology.” Inverse Problems 25:123014. doi:10.1088/0266-5611/25/12/123014
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Elementárńı módy metabolismu

Engl HW (2009) “Inverse problems in systems biology.” Inverse Problems 25:123014. doi:10.1088/0266-5611/25/12/123014
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Elementárńı módy metabolismu
E. coli – módy glykolýzy

Schuster S et al (1999), “Detection of elementary flux modes in biochemical networks: a promising tool for pathway analysis and
metabolic engineering.” Trends Biotechnol 17:53-60. doi:10.1016/S0167-7799(98)01290-6
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Analýza metabolismu s omezeńımi

• jak omezit prostor všech funkčńıch stav̊u metabolismu?

• řešeńım je klást omezuj́ıćı podḿınky
⇒ zastaveńı metabolismu, positivńı toky, shora omezené toky
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Analýza metabolismu s omezeńımi optimalizaćı

• za p̌redpokladu konstantńıho rozložeńı biomasy ~c lze hledat
takové funkčńı stavy, které optimalizuj́ı (nap̌r. maximalizuj́ı)
tvorbu biomasy

• k omezuj́ıćım podḿınkám p̌ridáme optimalizačńı podḿınku

• řešeńı optimalizačńıho problému max ~cT~v s omezeńımi:

S~v = 0, 0 ≤ vi ≤ vmax
i

• tzv. flux balance analysis (FBA)
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Analýza metabolismu s omezeńımi optimalizaćı
Flux Balance Analysis
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Analýza metabolismu s omezeńımi optimalizaćı
Flux Balance Analysis
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Analýza funkčńıch stav̊u metabolismu
Přehled metod
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Integrace s genovou regulaćı

• časová škála genové regulace řádově pomaleǰśı

• lze využ́ıt p̌ri integrované analýze

• regulated FBA (rFBA)
• reakce aktivńı/neaktivńı wrt aktuálńı “nastaveńı” regulačńı

logiky
• detekce aktivity transkripčńıch faktor̊u skrz mimobuněčné

koncentrace metabolit̊u
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