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1. Dokumentinformation

Angaben zur Modellierung von basierend auf der Diplomarbeit von Lars Blank (Quelle: Frank
Eiden).

2. Angaben zur Modellierung

2.1 Organismus

C(lostridia). acetobutylicum (EG925) Wildtyp = ATCC 824
anaerob

2.2 Komponenten

~S0lvent” = butanol (max titer 255mM at pH5)

Enzym ,alcohol/aldehyde dehydrogenase” (aad)

Substrate: Glukose, Starke, Cellulose, Pektion

Produkte: Aceton, Acetat, Acetoin, Butanol, butyrate, Ethanol, CO2, Lactat
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2.3 Reaktionen

2.3.1 Allgemein
at high AT (CoA transferase?) composition the shift from acidogenic to solventogenic phase

Figure 1.1

Product formation by ¢! acetobutylicum from glucose, Enzymes for cloned genes have i
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2.3.2 Acidogenic phase

cells are growing exponentially

Produkte: Wasserstoff, CO2, Acetat, Butyrate, und unter best. Bedingungen auch Lactat.
pH fallt in dieser Phase bis auf 3.8 (accumulation of carboxylic acids)

Warmebildung

2.3.3 Solventogenic phase

stationare Phase

Produkte: Aceton, Butanol, Ethanol, Acetoin

Substrate : Kohlenhydrate und carboxylic acids daher steigender pH

dauert solange, bis Substrat aufgebraucht oder toxische Butonal Konzentration von ca. 13
g/Ltr erreicht. Zellen bilden Sporen und Fermentation stoppt.

2.3.4 Offenen Fragen

« TODO Wodurch entsteht der Ubergang von der ,Acidogenic* in die ,Solventogenic* Phase?

2.4 Kinetik

2.4.1 pH
Butanol Titer bei pH 5 besser als bei 4.7 und 5.5 tGiber pH 5.8 keine Solvent Produktion

2.4.2 Sonstige

growing under low redox potential

3. Betriebsbedingungen
3.1 Temperatur

37°C

3.2 p0O2

anaerob

3.3 Substrate
Glukose 80g /Ltr

3.4 Sonstige
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Ethanol 10mM

3.5 Beluftung

N2 100%, 125ml/Min anfangs, spater 25 ml/min bei héheren Biomassekonzentrationen

3.6 Ruhrer
200 rpm

3.7 Zufitterung

3.8M Glukose in der stationaren Phase

4. Anlagen

2 (1.5) Liter und 5 (4) Liter

5. Ergebnisse

nach 32h Glukose aufgebraucht, dann 83mM Acetate und 86mM Butyrate, pH = 6.7
110 mM Aceton, 210 mM Butanol, 39mM Ethanol produziert
Verdopplungszeit = 1.4h
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Table 3.6 Specific formation and uptake rates for EG925 and ATCC 824 fermentations

C. acatoburylicim stirt of solvent specilic glucoss

specific acetone apecific butanol
strain j_mn!tml::un after conswmption cale accumulation rate accumulation rate
inocufation (hr) (mMThe Ay unic) CmMAhr A gy, unin)) A B Ay uniny)
BGR2S #0 ca |4 .62 1.1 .83 N
ATCC 824 47 ca 4 .07 0.67 1.31
—_—
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Figure 3.3  Fed-batch fermentation of EG925(pTAAD) controlled at pH 5.0. Tetracycline at
a concentration of 10 pg/ml was used for the slection of the plasmid, The arrow
indicates time point when glucose was added.
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Figure 3.4  Batch fermentation of EG925(pTAAD) controlled at pH 5.0. Tetracycline at a
concentration of 10 ug/ml was used for the slection of the plasmid.
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Figure 3.7  Fed-batch fermentation of EG925(pTAAD) controlled at pH 4.7. The arrows
indicate time points when glucose was added.
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Figure 3.8 Fed-batch fermentation of EG925(pTAAD) controlled at pH 4.7. Clarithromycin
at a concentration of 100 pg/ml was used for the slection of the gene deletion
mutant. The arrow indicates the time point when glucose was added.
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6. Modell von Papoutsakis (1984)

Dies findet sich in der DA im Teil 3 auf den Seiten 14 bis 26 und im Teil 4 (Matlab-Code des
Modells).

o . n . -
Figure 3.38 Metabolic pathway of C. acetobutylicum
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The model consists of 20 reactions:

Fplucose: gfuuﬂﬂﬂmmmuunw = g|UC05¢imrmuulm
Chiomass.: glucose + 0.873 NADH + x ATP = 6 biomass*
Fulycolysis: glucose = 2 pyruvate + 2 NADH + 2 ATP

TPyr-acCoA pyruvate = acetyl-CoA + CO, + Fd-red"

pyruvate = acetoin + 2 CO,
IBIOH: acetyl-CoA + 2 NADH = ethanol
CyeCo-nos acetyl-CoA = acetate + ATP
Tacetats.: acetatejyyeoliular = acetateuyymepliylar

LncCoA-acetn. acetyl-CoA = acetoacetyl-Cos

laceto-acetone(acy’  acetoacetyl-CoA + acetate = acetone + CO; + acetyl-CoA
Faceto-neetone(buy: Acetoacetyl-CoA -+ butyrate = acetone + CO; + butyryl-CoA
Cacetone: ACCLONE; eyl = ACCLONCeypecliylar

Tyssio on acetoacetyl-CoA + 2 NADH = butyryl-CoA

ThuCoA-bu butyryl-CoA = butyrate + ATP
Thutyrate: butyrate;ymeenytar = butyrate,,ymcetular
Chutanol:: butyryl-CoA + 2 NADH = butanol
Ieos! COzintracetutor = COaexmceintar

FATP: ADP + P = ATP

'y Fd-red” = H

5 *
Thired-oxvapny: Fd-red” = NADH
" Carbon utilized in biomass,

Fd-red refers to the reduced form of lerredoxin,

i 15
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1984) as well as numerous other

stoichiomelric

U W W
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the stoichiometric model of

models

(Stephanopoulus, 1993). For C. acetobutylicum, twelve mass balances can be formulated.

Glucose
Acelyl-CoA
Acelate
Acetoacetyl-CoA
Acetone
Butyryl-CoA
Butyrate
Feredoxin-red
CO,

NADH
Pyruvate

ATP

It was shown by de Kok and Roels (1980) that

Fyplucose = 1/6 Chiomags = rg!ycu]ysia =0
r[’yluilu('.'uj\ i rﬂuclu-uccwnc(lm} - rnu(.'ol\-uculu = r!w(!m\—uc =0
TacCoA-ne = Lng = rncnsln-nu:.lunu(nc} =0
rucCuA—ucel:: ™. ]'ncc[u—hu(.'u.i\ = l‘ucﬁl()-nccwnu(ncj = |'ncclu-‘uu:‘|u|wu(hu] =0
rutclo-ncutum:{uu) + l‘ill.‘cL(J~:I.uul<1rl:(l)1|) - r:lccu'me =)

rnc:'.lu-huCUA + r:wcu:-nuumnu(!m) “ Thutanol = r\)u(’,\:nrhu =

ThuCon-bu - rm:v.!o-ncr.:l:nnc(hl:) - l‘hulymw =0
TPyrcCod = rl"mlrcd-ux(NADl!) 7] =0
2 Facetoin + r:lculn-nuum:m{nc) * rnccm-m-ctunu(hu) + rl’yr-rlm('m‘\ = Leoa =0
2 Tylycolysis + r]"L'l'lU'*lleNAD“) -2 Taceto-buCon = 2 o - 2 Cbutanot =0
2 Cglycolysis = 2 Toceoin - TeyeucCon =0
2 Tgtyeolysis + IneCop-ne + PbuCoA-bu = TATp =0

matrix into measured and non measured elements. The new equation is:

Lo Fut+Ee pe = 0

where ry, is the m-dimensional measured part of r;

(35)

(22)

(24)
(25)
(26)
(27)
(28)
(29)
(30)
(31)
(32)
(33)

there is no loss in information if you split the

re 18 the ¢-dimensional unmeasured part of »

(m is the number of measured conversions and ¢ the number of unmeasured rates: ¢ + m=n). In

our system, we have as mentioned

engineo GmbH
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7. Weiterfuhrende Unterlagen

ENgineo

Nr.

Dok.-ID

Beschreibung

1

DA von Lars Blank

8. Abklrzungen und Definitionen

Ausdruck

Bedeutung

ENG
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