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Abstract

Violacein is a water-insoluble purple pigment produced by several gram-negative bacteria, including
Janthinobacterium lividum. This pigment exhibits a wide range of biological activities, including
anticancer, bacteriostatic, antibiotic, antifungal, antiparasitic, and antiviral properties. However, due
to its low production yield, industrial-scale production has not yet been achieved. The main aim of
the present study was to apply the Adaptive Laboratory Evolution (ALE) approach based on the basic
principles of Darwinian evolution to enhance violacein production in J. lividum. Initially, the effects
of various concentrations of ampicillin on bacterial growth and violacein production were evaluated.
Subsequently, ALE was performed through sequential transfer in Erlenmeyer flasks containing
different concentrations of ampicillin (0.5, 0.6, 0.7, 0.8, 0.9, 1 mg/mL). Twenty passages were
conducted at each concentration, and the adapted strains were preserved in glycerol. After the final
passage, cultures were transferred to agar plates containing ampicillin, and antibiotic-resistant
colonies were selected for the next round. To investigate the effect of ampicillin on violacein and its
precursor, the amino acid L-tryptophan (L-Trp), High-Performance Liquid Chromatography (HPLC)
was employed. The results showed that violacein production increased significantly under sub-lethal
concentrations of ampicillin; in the presence of 0.4 mg/mL of this antibiotic, violacein yield rose
from 56 mg/L to approximately 132 mg/L. Through ALE, an evolved strain resistant to 1 mg/mL
ampicillin was obtained, capable of producing 420 mg/L of violacein. Moreover, L-tryptophan
production increased significantly compared to the control condition (from 0.62 pg/mL to 0.95
pug/mL). Overall, the results suggest that ampicillin may enhance violacein biosynthesis by
stimulating the production of its precursor, L-tryptophan.
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Figure 1. Adaptive laboratory evolution in the presence Amp.
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Figure 2. Violacein production in the presence of different concentrations of ampicillin (Amp). Different letters indicate statistically
significant differences based on Tukey’s test (P<0.001).
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Figure 3. Comparison of resistance of the evolved J. lividum (A) and the wild type J. lividum (B) against 1 mg/mL of Amp. (C)
Comparison of violacein production by the evolved J. lividum in the presence of 1 mg/mL of Amp with violacein production by the
wild type J. lividum in the absence of Amp (*** P<0.001).
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(**P<0/01). HPLC chromatograms under the control condition and in the presence of Amp (B).
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Table 1. comparison of violacein production in different studies.

Extinction Medium /ffermentation Normalized
Method coefficient (L. Bacterial strain Violacein Ref.
A o] method .
gt.cm?) titer (gr/l)
Microbial adaptationand - 5¢) NB + 1% glycerolibatch  J. lividum 0142 Present
Amp study
Duganella
Isolation of new strain 73/4 NB/batch violaceinigra str. 0/0236 (23)
NI28
Formic acid treatment 10/955 NB + L- C_hromobacterlum 02 (24)
tryptophan/batch violaceum
Modification of culture i Sugarcane bagasse + Chromobacterium 0/82 25)
medium 10% L-tryptophan/batch  violaceum
Genetic manipulation - BHIS/batch Coryne_bacterlum 0/629 (26)
glutamicum
Optimization of culture — 5¢y NB/batch 3. Tividum 01125 (19)

condition
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