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Evaluating the Metabolic Activity of Aspergillus niger for
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1- Biotechnology Group, School of Chemical Engineering, University of Tarbiat
Modares, Tehran, Iran, P.O. Box: 14115-111.

Research Subject: Aspergillus niger stands as a versatile filamentous
fungus renowned for its industrial significance in producing various or-
ganic acids, notably citric acid and oxalic acid. Low sugar concentration
as substrate leads to the production of oxalic acid, therefore, this article
delves into the intricate metabolic machinery orchestrating the synthe-
sis of these acids within A. niger, shedding light on the pivotal role of
culture media composition and metabolic activity.

Research Approach: Through a comprehensive review of A. niger
metabolism, this study elucidates the pathways involved in the biosyn-
thesis of citric acid and oxalic acid, unraveling the intricate interplay of
enzymatic cascades and regulatory mechanisms governing their pro-
duction. Furthermore, it explores the impact of small molecules on met-
abolic flux through regulatory media, offering insights into strategies for
controlling metabolic flux in order to eliminate oxalic acid production
and amplify the citric acid production considering low sugar content of
30 g/L.

Main Results: After careful review of previous researches, key reac-
tions and genes was found and introduced for future researches in or-
der to control the A. niger products. Examination of small molecule as a
regulator in culture media not only elucidated the importance of culture
media composition but also employing them helped us to redirect flux
from oxalate toward citrate. NH,, Leucine, Cysteine, NaF, Glutathione,
and Metformin were all found to be effective in the elimination of oxalic
acid. In this regard, employing them leads to the production of 1868,
1530, 2093, 2250, 787, and 675 mg/L oxalic acid in comparison to the
control culture media in which 5560 mg/L oxalic was produced. In ad-
dition, elimination of oxalic acid in some cases leads to the production
of more acids like the culture containing NH,, Cysteine and Metformin.
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Table 1 Czapek-Dox Broth culture medium composition

Composition Concentration (g/)
Glucose 30
K,HPO, 1
NaNO, 3
MgSO,.7H,0 0.5
KCl 0.5
FeSO,.7H,0 0.01
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Table 2 Experiment based on available small molecules and their concentration

Culture Regulators mM Culture | Regulators mM
No. No.
1 30 g/L Glucose - Control - 20 Urea 0.1
2 60 g/L Glucose - Control - 21 Urea 2
3 30 g/L Sucrose - Control - 22 L-glutamate 5
4 60 g/L Sucrose - Control - 23 Ca* 1
5 Hg* 2 24 Cd* 0.2
6 Ag’ 2 25 Glutathione 2
7 Ag* 0.5 26 Glutathione 0.1
8 NH* 2 27 CuSO,.5H,0 5
9 2-oxoglutarate + Aspartic acid | 0.01 +0.01 28 EDTA 1
10 2-oxoglutarate + Aspartic acid | 0.1 +0.1 29 ZnS0O,.7TH,0 2
11 2-oxoglutarate + Aspartic acid 1+1 30 Cysteine 2
12 2-oxoglutarate 1 31 Na,H- 2
PO,-7H,0
13 Aspartic acid 2 32 Carvedilol 2
14 Leucine 2 33 Carvedilol 0.5
15 NaNO, 0.1 34 Carvedilol 0.1
16 NaNO, 1 35 Metformin 2
17 NaF 0.1 36 Metformin 0.5
18 NaF 1 37 Metformin 0.1
19 Urea 0.01 38 Temozolo- 2
mide
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Table 3 The ideal pH for each organic acid generated by Aspergillus niger

Organic acid

Optimum range

Gluconic

5.5

Malic

5-8

Oxalic

5-8

Citric

Less than 3
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Figure 1 Aspergillus niger core metabolism and regulatory effect of intracellular metabolites
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Table 4 Potential small molecules obtained from BRENDA considering amino acid sequence identity of responsible enzymes

Ligand Regulation | E.C Number | Enzyme Name Organism Seq
Identity
Hg** Inhibition 1.1.34 Glucose oxidase A. niger 100
DTT Inhibition 1.1.3.4 Glucose oxidase A. niger 100
DTNB Inhibition 1.1.34 Glucose oxidase A. niger 100
Ag’ Inhibition 1.1.3.4 Glucose oxidase A. niger 100
NH,* Activation | 2.7.1.11 6-phosphofructokinase A. niger 100
Metformin Inhibition 3.7.1.1 Oxaloacetase A. niger 100
Carvedilol Inhibition | 3.7.1.1 Oxaloacetase A. niger 100
Temozolomide Inhibition 3.7.1.1 Oxaloacetase A. niger 100
3,3-difluoroxaloacetate | Inhibition 3.7.1.1 Oxaloacetase A. niger 100
2-oxoglutarate Inhibition 6.4.1.1 Pyruvate carboxylase A. nidulans 93
L-Asp Inhibition | 6.4.1.1 Pyruvate carboxylase A. nidulans 93
L-aspartate Inhibition 6.4.1.1 Pyruvate carboxylase A. terreus 93
Oleoyl-CoA Inhibition 2338 ATP citrate synthase A. niger 100
Palmitoyl-CoA Inhibition 2.3.3.8 ATP citrate synthase A. niger 100
ADP Inhibition | 2.3.3.8 ATP citrate synthase A. nidulans 94
L-Leu Inhibition 2.3.3.8 ATP citrate synthase A. nidulans 94
Malonyl-CoA Inhibition | 2.3.3.8 ATP citrate synthase A. nidulans 94
lauroyl-CoA Inhibition 2.3.3.8 ATP citrate synthase L. starkeyi 85
Stearoyl-CoA Inhibition 2.3.3.8 ATP citrate synthase L. starkeyi 85
NaF Inhibition | 4.2.1.3 Aconitate hydratase A. niger 100
Iodoacetic acid Inhibition | 4.2.1.3 Aconitate hydratase A. niger 100
Potassium ferricyanide | Inhibition 42.13 Aconitate hydratase A. niger 100
Oxalomalate Inhibition 4.2.1.3 Aconitate hydratase S. cerevisiae | 74
Sodium mersalyl Inhibition 4213 Aconitate hydratase Y. lipolytica | 73
PCMB Inhibition | 4.2.1.3 Aconitate hydratase Y. lipolytica | 73
Urea Inhibition 4213 Aconitate hydratase Y. lipolytica | 73
Glyoxylate Inhibition 1.1.1.41 Isocitrate dehydrogenase | Y. lipolytica | 68
L-glutamate Inhibition 1.1.1.41 Isocitrate dehydrogenase | R. toruloides | 65
Cd** Inhibition 1.1.1.42 Isocitrate dehydrogenase | Mus mus- 65
culus
Desferroxamine Inhibition 1.1.1.42 Isocitrate dehydrogenase | R. norvegicus | 68
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Diphenylchloroarsine | Inhibition 1.1.1.42 Isocitrate dehydrogenase | Sus scrofa 67
Glutathione Inhibition 1.1.1.42 Isocitrate dehydrogenase | Sus scrofa 67
(NH,)280, Inhibition 1.1.1.37 Malate dehydrogenase C. glutam-

icum
AgNO3 Inhibition 1.1.1.37 Malate dehydrogenase A. lwoffii
Cu**/CuCl, Inhibition 1.1.1.37 Malate dehydrogenase Some
EDTA Inhibition 1.1.1.37 Malate dehydrogenase F. frigidi-

maris
HgCl, Inhibition 1.1.1.37 Malate dehydrogenase F. frigidi-

maris
Zn*/ZnCl, Inhibition 1.1.1.37 Malate dehydrogenase Some
Cysteine Activation | 1.1.1.37 Malate dehydrogenase M. phlei
Glutathione Activation | 1.1.1.37 Malate dehydrogenase M. phlei
Sodium phosphate Activation | 1.1.1.37 Malate dehydrogenase H. crassispina
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Table 5 Effective rgulatory small malecules

Ligand

Concentration (mM)

NH

4

2

Leucine

2

Cysteine

2

NaF 0.1
Glutathione 0.1
Metformin 0.5
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Figure 2 pH of regulatory medium within 14 days of fungus culture based on table 2
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Figure 3 Acid concentration in 13th and 14th day based on table 2 (mM)
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