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S IHAE COGM RIS RIS 5 g/L CaCO; M pH 2%
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1.2 SEBAYNE

IR E F LA N T FEAR B AE CGM R IS
Fr Ik B IR & HURE R SRR S B DA R OR R
PR IR S J A Bl 52 - Jlid HPLC/MS/MS &4t (1290 i
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Table 1 Parameters values of amino acid metabolism model

24 Parameters HUH Value LA Unit 24 Parameters HUH Value AT Unit
vmax_XR 22 mmol- g+ h! km_XR XYL 5 mmol-L™
vmax_rpiA 5 mmol-g"-h! km_rpiA_X5P 0.01 mmol-g"
vmaxr_rpiA 0.02 mmol- g h’! km rpiA RSP 0.015 mmol g

vmax_PurM 0.001 mmol- g+ h! km_ribA_GTP 0.005 mmol-g!
vmax_ribA 0.12 mmol- g+ h’! km DPOI_GTP 0.006 mmol-g!
vmax_DPO1 0.006 mmol- g h’! km TKTa R5P 0.000 15 mmol-g”
vmax_TKTa 3 mmol- g+ h’! km_TKTa_X5P 0.005 mmol-g”
vmax_PFK 3.4 mmol- g+ h! km_PFK_F6P 0.000 14 mmol-g!
vmax_ GAPDH 7 mmol- g h’! km GAPDH GA3P 0.01 mmol-g”
vmax_PGK 4 mmol- g+ h! km_PGK_G13DP 0.001 mmol-g”
vmax_PK 3.35 mmol- g+ h! km_PK_PEP 0.003 mmol-g!
vmax_LDH 0.06 mmol- g h’! km LDH PYR 0.000 06 mmol-g”
vmax_PFOR 34 mmol- g+ h! km_PFOR_PYR 0.000 8 mmol-g”
vmax_PTA 1 mmol- g+ h! km_PTA_ACoA 0.000 05 mmol-g”
vmaxr PTA 0.3 mmol- g+ h’! km PTA_ACE 20 mmol-L"!
vmax_AYDH 4 mmol- g+ h’! km_THL_ACoA 0.000 1 mmol-g”
vmax_THL 5 mmol- g+ h! km_AYDH_ACoA 0.000 8 mmol-g”
vmax_CoATa 22 mmol- g+ h’! km_CoATa_ ACE 24 mmol-L"!
vmax_BHBD 19 mmol- g h’! km_CoATa AACoA 0.000 001 mmol-g”
vmax_CoATb 2 mmol- g+ h! km_BHBD_AACoA 0.000 001 mmol-g”
vmax_AADC 18 mmol- g+ h’! km_CoATb_AACoA 0.000 004 mmol-g
vmax_ PTB 25 mmol- g h’! km CoATb BUT 0.2 mmol-L™"
vmaxr_PTB 0.5 mmol- g+ h’! km_AADC_ACA 0.000 01 mmol-g!
vmax_BYDH 8 mmol- g+ h’! km PTB_BCoA 0.000 0005 mmol-g!
vmax_ SADH 0.1 mmol- g+ h’! km PTB BUT 0.1 mmol-L™"
vmax_growth 0.28 mmol- g h! km_SADH_ACTO 10 mmol-L!

V_growth_F6P 0.26 mmol g km_growth_F6P 0.000 08 mmol-g!

V_growth RSP 0.76 mmol g km growth R5P 0.000 05 mmol g
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24 Parameters HUH Value LA Unit Z4# Parameters HUH Value AT Unit
V_growth_X5P 0.26 mmol-g" km_growth_X5P 0.000 1 mmol-g”
V_growth GTP 0.000 025 mmol-g" km_growth GTP 0.000 06 mmol-g”
V_growth_ PYR 0.26 mmol-g km_growth_PYR 0.000 08 mmol-g”
ka_PurM_ACE 10 mmol-L"! ka_ BYDH_ACE 3 mmol-L"!
alpha_PurM_ACE 5 alpha BYDH_ACE 1.5
beta PurM_ACE 20 beta BYDH_ACE 35
km_PurM_X5P 0.000 1 mmol-g” km_BYDH_BCoA 0.000 005 mmol-g”
ki_growth BuOH 20 mm()l'L" ki XR_BuOH 45 mmol-L"
vmax_aal 0.01 mmol-g" h’! vmax_aa9 0.03 mmol g h’!
vmax_aa2 0.01 mmol-g"- h! vmax_aal0 0.002 mmol-g"-h’!
vmax_aa3 0.01 mmol-g"-h! vmax_aall 0.002 mmol-g’-h’!
vmax_aa4 0.01 mmol-g" h’! vmax_aal2 0.001 mmol g h’!
vmax_aas 0.01 mmol-g"-h! vmax_aal3 0.006 mmol-g"-h’!
vmax_aa6 0.01 mmol-g"-h! vmax_aal4 0.005 mmol-g”-h’!
vmax_aa7 0.05 mmol-g" h’! vmax_aal5 0.015 mmol g h’!
vmax_aa8 0.000 2 mmol-g" h! vmaxr_aal2 0.3 mmol-g"-h’!
km_aal AAl 1.5 mmol-L"! km_growth AAIl 0.000 01 mmol-g!
km_aa2 AA2 0.4 mmol-L" km_growth AA2 0.000 005 mmol-g”
km_aa3_AA3 0.1 mmol-L"! km_growth_AA3 0.000 001 mmol-g”
km_aad4 AA4 0.4 mmol-L"! km_growth AA4 0.000 01 mmol-g!
km aaS AAS 0.8 mmol-L" km growth AAS 0.000 08 mmol-g”
km_aa6_AA6 0.6 mmol-L"! km_growth AA6 0.000 06 mmol-g!
km_aa7 AA7 2 mmol-L"! km_growth AA7 0.000 025 mmol-g!
km_aa8 AAS8 0.08 mmol-L"’ km_growth AAS 0.000 01 mmol-g!
km_aa9 AA9 2 mmol-L"! km_growth AA9 0.000 08 mmol-g”
km_aal0_AA10 12 mmol-L"! km_growth AA10 0.000 01 mmol-g!
km aall AAll 1.6 mmol-L"! km_growth AAll 0.000 01 mmol-g!
km_aal2 AA12 24 mmol-L" km_growth AA12 0.000 02 mmol-g”
km_aal3 AAI3 0.5 mmol-L"! km_growth AA13 0.000 06 mmol-g!
km_aald AAl4 0.1 mmol-L"! km_growth AAl4 0.000 01 mmol-g!
km_aal5 AA15 0.3 mmol-L" km_growth AAI15 0.000 03 mmol-g”
km aal2 ACoA 0.01 mmol-L"!

i XRe AHECIENG: miA : P S-BHOPHONG A PurM: WRWAUMS: ribA: IAOKHERG I DPOL: “WAAX T My TKTa: FCHAMEAY: PFK. BEEAUAEAG:

GAPDH: HH5-3-BE I 0s: PGK: BERSTHMAMNG: PK. PINRRAAS: LDH: FURINZ%N: PFOR: PREUAMEIALAEN: PTA: Wik Z NG AYDH:

ZREWSARS; THL: BN, CoATa: ZMEI:-ZING A-CR-FALHIN A CoATb: ZJWEIE-Z MRilNG AT MSLEVHING As AADC: ZEZ M A: SADH: —
QN PTB: WiE: T BtAy: BHBD: p-F2 | B-MUilil A: BYDH: TSN XYL: AWE: XSP: S-MAROKEANE: GTP: =2 S1F: RSP: S-REIZIE:

RIBO: M3 F6P: 6 -WHRANE: GAP: 3-BARGITIRE: G13DP: tHER-1, 3-_Bify; PRPO: [NEY; PEP: WERJANIPIRIAL: PYR: PRRL: LAC: FLH: ACoA:

ZIEANG A EOH: ZRY; AACoA: ZIEZMHNG A; BUT: ] ACTO: PIMd: ACA: ZMEZMR: ACE: z@& BCoA: TWi4fifF A: BuOH: TE%: AAL: 75
SR AA2: HEI: AA3: Z250%: AA4: RINEIR: AAS: E&‘;\Hg AA6: FRIR; AAT: RAB AAS: R AA9 R AAL0: éﬂﬁﬁé; AAlL:
TS AAL2: WEING AAIS: RN AAl4: SRREl: AALS: SRR, NS “a” ﬁi‘%i‘ﬂfjé\ﬁﬁa%k}iﬁ GE

Note: XR: xylose reductase; rpiA: ribose 5-phosphate isomerase A; PurM: purine metabolism; ribA: GTP cyclohydrolase II; DPO1: nucleoside-diphosphate kinase; TKTa: transketolase;
PFK:phosphofiuctokinase; GAPDH: glyceraldehyde—S—phosphate dehydrogenase; PGK: phosphoglycerate kinase; PK:pyruvate kinase; LDH:lactate dehydrogenase; PFOR:
pyruvate-ferredoxin oxidoreductase; PTA: phosphotransacetylase; AYDH: acetaldehyde dehydrogenase; THL: thiolase; CoATa: acetoacetyl-CoA-acetate-CoA-transferase; CoATb:
acetoacetyl-CoA-butyrate-CoA-transferase; AADC: acetoacetate decarboxylase; SADH: secondary alcohol dehydrogenase; PTB: phosphotransbutyrylase; BHBD:
B-hydroxybutyryl-CoA dehydrogenase; BYDH: butyraldehyde dehydrogenase; XYL: xylose; XSP: xylulose 5-phosphate; GTP: guanosine triphosphate; R5P: ribose 5-phosphate; RIBO:
riboflavin; F6P fructose 6-phosphate; GA3P: glyceraldehyde 3-phosphate; G13DP: glycerate-1,3-bisphosphate; PRPO: propanol; PEP: phosphoenolpyruvate; PYR: pyruvate; LAC: lactate;
ACOA: acetyl coenzyme A; EtOH : ethanol; AACoA: acetoacetyl coenzyme A; BUT: butyrate; ACTO: acetone; ACA: acetoacetate; ACE: Acetic acid; BCoA: butyryl coenzyme A;
BuOH: butanol; AA1: Threonine; AA2: Glycine; AA3: Serine; AA4: Phenylalanine; AAS: Tyrosine; AA6: leucine; AA7: Asparagine; AA8:Aspartic acid; AA9: Arginine; AA10:
Histidine; AA11: Proline; AA12: Glutamine; AA13: Methionine; AA14: Isoleucine; AA1S5: Valine. The lowercase letter “aa” represents the enzymatic reaction of corresponding amino
acids, the same as below.

F2 [ERABRETEVE

Table 2 Variables initial values of amino acid metabolism model

JE# Component YIUHAE Initial value A7 Unit JE4 Component YIHH Initial value AL Unit
AACOoA 3.0E-08 mmol-g” eBuOH 0.0E+00 mmol-L!
ACA 3.0E-07 mmol-g’ eCO2 1.0E+00 mmol-L"
ACoA 5.0E-05 mmol-g’ ePRPO 1.0E-01 mmol-L"
BCoA 3.0E-08 mmol-g’ X 1.4E-01 g L'
F6P 3.3E-05 mmol-g’ AAl 0.41 mmol-L"
G13DP 3.0E-05 mmol-g’ AA2 0.66 mmol-L"
GA3P 4.6E-04 mmol-g’ AA3 0.73 mmol-L"
GTP 9.2E-05 mmol-g’ AA4 0.45 mmol-L"
PEP 3.0E-05 mmol-g’ AA5 0.36 mmol-L"
PYR 7.7E-04 mmol-g’ AA6 0.41 mmol-L"
RSP 1.0E-03 mmol-g’ AA7 13.7 mmol-L"
X5P 4.0E-04 mmol-g’ AA8 1.03 mmol-L"
DNA 2.0E-03 mmol-g’ AA9 0.28 mmol-L"
eXYL 2.2E+02 mmol-L"! AAI0 0.21 mmol-L"
eRIBO 8.2E-03 mmol-L"! AALlL 0.26 mmol-L™!
eLAC 6.1E-01 mmol-L"! AA12 0.11 mmol-L™!
eACE 6.1E+01 mmol-L"! AA13 0.17 mmol-L™!
eACTO 1.0E-03 mmol-L"! AAl4 0.76 mmol-L™!
eBUT 1.6E+00 mmol-L"! AAI15 0.82 mmol-L™!
eEtOH 0.0E+00 mmol-L"!
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Fig.4 Simulation results of amino acid metabolism during the cultivation of Clostridium acetobutylicum
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Fig.5 Simulation results of the ratio of amino acid concentration to ABE product concentration during the cultivation of Clostridium acetobutylicum
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Kinetic simulation of amino acid metabolism of butanol produced from
the fermentation of corn steep liquor
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Abstract: This study aims to investigate the dynamic process of amino acid metabolism in the Clostridium acetobutylicum
fermentation of biobutanol. In a production strategy, a type of cheap nitrogen source, such as amino acid in the Corn Steep
Liquor (CSL), can be used to produce butanol from Clostridium acetobutylicum. The efficient and cheap nitrogen source is
seeking for butanol production to reduce the production cost of fermentation. In this study, a high-throughput sequencing
technology was used to analyze the microbial diversity in CSL, based on the dynamic model of carbon metabolism for ABE
(acetone-butanol-ethanol) produce by Clostridium acetobutylicum. A model of amino acid metabolism was constructed, using
the metabolism network of amino acid, chemical reaction flux dynamics, and mass balance measurement. 15 amino acids were
selected to simulate the metabolism process in ABE fermentation, using xylose as a carbon source. A redundancy analysis was
conducted to establish the correlation between amino acid metabolism, the biomass of Clostridium acetobutylicum, and the
synthesis of ABE. The predict model was achieved for the consumption process of amino acid in the CSL fermentation in an
actual production. The results showed that the Clostridium accounted for 68.76% of the total number of bacteria, indicating the
dominant bacterial group in the CSL. The prediction results showed that the gene function of original bacteria was mainly
focused on the transformation of carbon and nitrogen sources in the CSL. The optimal parameter correction demonstrated that
the simulated values were in good agreement with the experimental ones, indicating that the proposed model can accurately
reveal the dynamic metabolic process of amino acid under the utilization by acetobutylicum. Both experimental and simulation
results indicated that 11 amino acids (phenylalanine, threonine, isoleucine, leucine, methionine, valine, tyrosine, glycine, serine,
arginine, asparagine) were rapidly consumed for cell growth and solvent generation during the cultivation process, whereas 3
amino acids (proline, histamine, aspartic acid) remained stable, particularly that the glutamine accumulation was detected
during fermentation. In addition, the metabolism of sugar and amino acid can be beneficial to the cell growth in the early stage,
but not to the butanol synthesis. Correlation analysis results showed that five types of amino acids (serine, asparagine, glycine,
leucine, and valine) were closely related to the fermentation products and biomass accumulation. The correlation sequence was
serine, glycine, leucine, valine, asparagine in order from the largest to the smallest. A high consumption rate was obtained for
valine, glycine, and serine during the fermentation process, indicating a nutrient limiting factor in the later stage of
fermentation. A fully consumption was found in the predicted values of valine, glycine, and serine in the fermentation of CSL,
indicating that the C. acetobutylicum had the highest utilization rate of three amino acids. Therefore, amino acids can be
expected to add in the late period of fermentation, to avoid the deficiency of nutrient limiting factors. The CSL can also serve
as the dominant nitrogen source of butanol fermentation by Clostridium The findings can provide a sound theoretical reference
and data support for the amino acid metabolism of Clostridium acetobutylicum, and for the subsequent utilization and
optimization of CSL as a promising nitrogen source to produce biobutanol.

Keywords: dynamics; models; Clostridium acetobutylicum; ABE fermentation; corn steep liquor; microbiome analysis;
amino acid
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