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SUMMARY

Prodigiosin (PG) is a red pigment compound originating from Serratia marcescens. Recently, this
compound has been extensively studied for its production process and investigation of its potential
bioactivities. However, most previous studies used commercial nutrient broth as a carbon/nitrogen (C/N)
source for cultivation in small-scale flasks. Regarding the cost-effective and green production, we reused
soybean residue by-product (SRBP) for the biosynthesis of PG on a large scale using a 14-L bioreactor
system and reported its potent anti-nematode activity. The experimental results revealed that Serratia
marcescens TNU2 produced PG at the highest yield (5700 mg/L) under fermentation conditions: 6 L of
liquid medium containing 1.75% C/N (SRBP/casein at the ratio of 8/2), 0.05% MgSO,, 0.1% K _HPO,,
with an initial pH of 7.0, and the fermentation was performed at 27.5°C in 10 h. On the activity tests,
the purified PG at the tested concentration of 1 mg/mL demonstrated a potential nematicidal effect
against root-knot nematode on both J2 nematodes (100%) and eggs hatching (87.43%) at 1 and 3 days
after treatment with PG, respectively. This study suggested that SRBP is a good C/N source for the

bioproduction of PG with potential use for managing root-knot nematodes.
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1. INTRODUCTION

Prodigiosin (PG), a red pigment that belongs
to the prodiginine family is a metabolite of
various bacteria. Of these, Serratia marcescens
is a major producer of PG (Wang, S.L. et al.
2020). PG possesses numerous biological effects
such as anticancer, antibacterial, algicidal,
antioxidant, immunosuppressant, anti-Alzheimer,
anti-inflammatory, antiparasitic, and insecticidal
activities. This pigment is also commonly used in
food colorants, cosmetics, textiles, candles, and
solar cells (Nguyen, T.H. et al. 2021).

Various potential bioactivities and applications
of PG have resulted in a dramatic increase in
the investigation of PG production via microbial
fermentation. However, in most of the previous
works, commercial media were used as C/N
sources for cultivation, such as yeast malt, casein,
tryptone yeast, yeast extract, tryptone soy, nutrient
broth, glycerol, glycerol-tryptone, peptone-
glycerol, and Luria/Bertani broth (Nguyen, T.H.
et al. 2022a). For lower cost production of PG,
some nontraditional media, including sesame
seed, cassava, sesame oil, crude glycerol, peanut
oil, corn steep, coconut oil, peanut seed, copra
seed, and the complexes of mannitol/cassava,
and mannitol/corn steep have been used as C/N
sources for fermentation (Chengiang, L. Et al.

2019; Giri, A.V. et al. 2004; Wei, Y.H. et al. 2005).
Some processed by-products and wastes have also
been utilized for fermentation to produce PG in
some previous works (Bhagwat, A.; Padalia, U.
2020; Sumathi, C. Et al. 2014; Aruldass, C.A. et
al. 2014). Moreover, PG has also been mainly
studied for bioproduction in a minor scale of flasks
(Nguyen, T.H. et al. 20).

Concerning bioproduction of PG, we reported
the production of this secondary metabolite
from soybean waste via Serratia marcescens
conversion. This pigment compound was scale-
up produced using a 14-L bioreactor system and
also investigated in its potential antinematicidal
activity in this study.

2. THE STUDY
METHODOLOGY

2.1. Study contents

- Establishment of the fermentation process for
production of prodigiosin in flask.

CONTENT AND

- Scale-up of PG production in a bioreactor
system.

- Assessment of the potential antinematicidal
activity of prodigiosin.

The contents and experimental stepts of this
study were illustrated in the Scheme 1.
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2.2. Materials

Serratia marcescens TNU2 was obtained from
our earlier report (Nguyen, et al. 2020). soybean
residue by-product (SRBP) was collected in Buon

Soybean residue Fermentation in
by-product Small Scale

Scale-up Production of
Prodigiosin (PG) in a 14
L- Bioreactor

Ma Thuot City. Silicagel (Geduran® Si 60, size:
0.040-0.063 mm) was purchased from Merck
Sigma Chemical Co. (St. Louis City, MO, USA).
The root knot nematode.

Testing Nematicidal
Effect of PG

Extraction &
Isolation of PG

Scheme 1. The contents and stepts for performing experiments of this study

(Melodogyne sp.) eggs and J2 were obtained
from the roots of the infected black pepper plants
in Buon Ma Thuot City.

2.3. Methodology

2.3.1. The effect of soybean waste/casein ratio and
their concentration added in culture medium on
prodigiosin yield

The fermentation protocol: Casein was used
as free protein for adding to the culture medium.
SRBP was combined with casein at various
ratios (SRBP/casein, w/w) of 5/5, 6/4, 7/3, 8/2,
9/1, and 10/10 and used as C/N sources for
fermentation (Nguyen, V.B el al. 2021; Nguyen,
T.H et al. 2021). The liquid medium (30 mL
in a 100 mL-flask) containing 1% C/N source,
0.015% MgSO, va 0.03% K,HPO,, (initial
pH 7) was fermented by S. marcescens TNU2
at 30°C with shaking speed of 150 rpm for 2
d (this fermentation protocol is denoted by *).
The supernatant was harvested by centrifugation
at 10,000x g for 10 min and used to determine
prodigiosin (PG) concentration.

SRBP/casein at the ratio of 8/2 was used
as C/N source for fermentation at its various
concentrations (0.5, 0.75, 1.0, 1.25, 1.5, 1.75, and
2.0%) using the above protocol (*) to investigate
the suitable C/N concentration.

2.3.2. The effect of phosphate and sulfate salts
added in culture medium on PG yield

The phosphate salts (Ca,(PO,),, KH,PO,,
K,HPO,, Na,HPO,, and NaH,PO,) and sulfate
salts  ((NH,),SO,, K,SO, FeSO,, MgSO,,

ZnSO,, and CaSO,) were tested for their effect
on PG yiled during fermentation using the above
protocol (*).

The phosphate salt K.HPO, at the concentration
range of 0-0.2 %, and sulfate salt MgSO, at the
concentration ranges of 0-0.1% were further
accessed for their effect on PG yield during
fermentation using the above protocol (*).

2.3.3. Scale-up production of prodigiosin in a bio-
reactor system

600 ml of bacterial seed were pre-cultured
in a 1 L flask at 27.5 °C for 1.50 days and then
injected into the fermenter system containing 5.4
L of medium containing 1.75% C/N (SRBP/casein
at the ratio of 8/2), 0.05% MgSO,, 0.1% K, HPO,,
with an initial pH of 7.0, and the fermentation was
performed at an initial pH of 7, and fermentation
was conducted at 27.5°C in 10 h of cultivation
time. Sampling and detection of the PG yield were
performed every two hours.

2.3.4. The nematicidal activity assay

The black pepper eggs and J2 nematodes were
prepared according to the method reported by
Khan et al (2008). The anti-J2 nematicidal and
anti-egg hatching activities were done following
the assay presented in detail in our previous report
(Nguyen, T.H. et al. 2022b).

2.3.5. Statistical Analysis

The experimental data were obtained and
analyzed via the simple variance (ANOVA)
then Duncan’s multiple range tests (when the



Tap chi s6 56, thang 10-2022,

S6 déc san ky niém 45 ndm ngay thanh lap truong Pai hoc Tay Nguyén

ISSN 1859-4611

experiment contains > 6 items that need to be
compared) and Fisher’s LSD tests (when the
experiment contains < 5 items that need to be
compared) at p = 0.01 were evaluated. Statistical
Analysis Software (SAS-9.4) purchased from
SAS Institute Taiwan Ltd (Taipei, Taiwan) was
used for statistical analysis.

3. RESULT AND DISCUSSION

3.1. Establishment of the fermentation process
for production of prodigiosin in flask.

The effect of soybean waste/casein ratio and
their concentration added in culture medium on
prodigiosin produced by S. marcescens TNU2:

Casein has been found a suitable protein
for adding to the culture media to produce PG
(Nguyen, V.B. et al. 2020). Thus, this kind of
protein was conducted to combine with SRBP
at various ratios and used as C/N source for
fermentation in this study. As shown in Figure 1a,
PG was significantly produced at the high-level
yield (1.97-2.35 mg/mL) when SRBP and casein
were mixed at the ratios of 5/5, 6/4, 7/3, and 8/2.
Regarding a PG production, the SRBP/casein mix
in 8/2 proportions was the best choice for further
investigation of its suitable concentration. SRBP/
casein at the ratio of 8/2 was used as C/N source
for fermentation at its various concentrations
(0.5-2.0%) and PG was produced at the highest
yield of 3.72 mg/mL when C/N source was at
the concentration of 1.75% (Figure 1b). In the
previous work (Gohil, N. et al. 2021), soybean
meal was primarily utilized as the sole C/N source
at 2% for fermentation by S. marcescens and PG
was obtained at a yield of 0.8567 mg/mL (5.19-
fold higher than the maximum PG yield achieved
in the commercial growth media). In this study,
SRBP was used as the major C/N sourced with
adding minor casein for fermentation and PG
was produced at a high yield of 3.72 mg/mL.
This result indicated the potential application
of SRBP for PG production via S. marcescens
fermentation.

The effect of phosphate and sulfate salts added
in culture medium on prodigiosin yield:

Phosphate and sulfate salts demonstrated
as a significant effect on PG production by
S. marcescens fermentation (Nguyen, V.B. et
al. 2020, 2021). Thus, the culture broth was
supplemented with many kinds of phosphate
and sulfate salts and was then fermented by S.
marcescens TNU2 for reaching higher PG yield
production. The results showed that K HPO,
was the most suitable phosphate salt (Figure

Ic), and its optimal added concentration was
0.01% (Figure 1d). Among various tested kinds
of sulfate salts, MgSO, was found as the most
suitable salt for enhancing PG yield (Figure le)
and its optimal added concentration was 0.05%
(Figure 1f).

Based on the reviewed literatures, the
phosphate and sulfate salts and their addition
levels play an important role in Prodigiosin
production by species S. marcescens (Wang,
S.L. et al. 2020; Nguyen, V.B. et al. 2020,
2021; Nguyen, T.H. et al. 2021, 2022a, 2022b).
However, the action of those salts remains
unclear.

3.2. Scale-up production of prodigiosin using a
14 L- bioreactor system

In fermentation technology, bioreactor
systems are valuable equipment to effectively
produce secondary metabolites with a high-
level yield in a short fermentation time (Nguyen,
T.H. etal. 2021). In this study, a 14 L-bioreactor
system was used for scale-up production of PG.
As shown in Figure 2, PG was produced with
significant mass from 6 h of fermentation and
its yield reached a maximum (5700 mg/L) after
10 h of fermentation. Thus, to compare with
cultivation in flakes (100 mL), the use of a 14
L-bioreactor system for fermentation results in
the production of PG with a higher yield on a
larger scale, and with a much shorter cultivation
time.

Study on the production of PG via microbial
fermentation has received renewed interest that
has notably increased in recent years (Nguyen,
T.H. et al. 2021, 2022a, 2022b). However, in
most of the previous studies, the experiments
were conducted in small-scale fermentation
in Erlenmeyer flasks to produce bioactive PG,
using commercial nutrient broth as C/N source
for fermentation. Different from those, PG
was studied for larger-scale production in the
bioreactor system using organic waste (SRBP) as
C/N source.
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Figure 1. The effect of the SRBP/casein ratio (a), C/N concentration (b), Phosphate salts (c),
K,HPO, concentration (d), sulfate salts (e), and MgSO, concentration (f) on prodigiosin yield

production via S. marcescens TNU2 fermentation. Phosphate and sulfate salts were not added
into the control media (c and e). Standard errors (SE) are shown by the error bars in the figure.

3.3. Evaluation of nematicidal effect of podigiosin
purified from the culture broth

PG was extracted and purified from the
culture broth using the protocol presented
in the previous report of Nguyen, T.H. et al.,

2022a and its purity was confirmed by using
high-performance liquid chromatography
(HPLC) analysis. As shown in Figure 3, the
purified PG appeared at a retention time (RT)
of 12.28 min, which is approximately similar
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to those of PG purified in previous studies
(Nguyen, V.B. et al. 2021; Nguyen, T.H. et al.
2021, 2022a, 2022b). In addition, this purified
PG appeared as the major single peak, as such,
it is qualified enough for biological assaying in
the next experiments.

In this study, we assessed the antinematicidal
effect and comparison with this activity of
purified PG and the crude sample via the assays
of anti-J2 and eggs of black pepper Meloidogyne
sp. As presented in Table 1, PG demonstrated
a high nematicidal effect with J2 nematodes
molarity of 100% and IC50 values of anti-J2
nematodes of 0.197 mg/mL. A crude sample was
also found showing a potent nematicidal effect
with J2 nematodes molarity of 98.2% and IC50
values of anti-J2 nematodes of 0.263 mg/mL. The
experimental data also indicated that PG and crude
sample are potential anti-egg hatching agents with
max mortality and IC50 values of 86.5%, 0.33 mg/
mL and 90.2%, 0.27 mg/mL, respectively, after 3
days of treatment.

Recently, some secondary metabolites
were produced, isolated and identified from
microbes isolated in the central highlands of
Vietnam. Some compounds were reported to
show nematicidal activity against black pepper
nematodes. Hemi-pyocyanin produced by
Pseudomonas aeruginosa TUNO3 fermentation

showed moderate effect of anti-J/2 and anti-
egg hatching with IC50 values of 0.746 mg/mL
and 0.441 mg/mL (Nguyen, T.H. et al. 2022b).
The two novel antinematicidal compounds,
including thymine and hexahydropyrrolo[1,2-a]
pyrazine-1,4-dione were produced by Bacillus
veleznesis RB.EK7 (Trinh, T.H.T. et al 2022).
Thymine showed potent nematicidal activity
with 100% mortality of J2 nematodes and
an anti-egg hatching effect of 70.1%, while
hexahydropyrrolo [1,2-a]pyrazine-1,4-dione
demonstrated moderate ntinematicidal activity
with 64.2% mortality of J2 nematodes and anti-
egg hatching activity of 57.9 %.

6000 +

4000 +

2000 +

Prodigiosin yield (mg/L)

Fermentation time (h)

Figure 2. Scale-up production of prodigiosin
using a 14 L- bioreactor system. Standard er-
rors (SE) are shown as error bars.
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Figure 3. The HPLC profile of prodigiosin purified in this work.

PG was dissolved in methanol at 1 mg/mL
concentration and then injected (3 pL) into the
HPLC system then separated via a C18 column.
The analysis conditions were set at a flow rate

of 0.8 mL/min for the column and keeping the
column at 30 °C for 20 min. PG was detected at

the wavelength of 535 nm.
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Table 1. The nematicidal effect of purified PG and crude sample

Anti-J2 nematode Anti-egg hatching
IC50 mg/mL Max % IC50 mg/mL Max %
Prodigiosin 0.197 100 0.33 86.5
Crude sample 0.263 98.2 0.27 90.2
Note: the max inhibition value was recorded at the tested concentration of the sample at 1 mg/mL
4. CONCLUSIONS indicated soybean waste is a potential source
PG was scale-up produced using a 14-L for fermentation to produce PG which may be a

bioreactor system with suitable conditions: 6 Ppotentially antinematicidalcandidate.
L of medium containing 1.75% C/N (SRBP/ 5. FUNDING

casein at the ratio of 8/2), 0.05% MgSO,, 0.1% This study was fully supported by a grant from

K,HPO,, with an initial pH of 7.0, an initial pH  the Ministry of Education and Training (B2022-
of 7,27.5°C in 10 h of cultivation time. This work  TTN.-06).

Sample

TANG CUONG SINH TONG HQOP HOAT CHAT PRODIGIOSIN TU PHU PHAM BA
PAU TUONG BANG CONG NGHE LEN MEN
Nguyén Vin Bén*, Nguyén Thanh Hai®, Nguyén Thi Huyén®, Tran Thi Ha Trang®,
Poan Manh Diing?, P§ Vin Chung*, Ngé Vin Anh’, H6 Nhat Puoc?, Nguyén Anh Diing?
Ngay nhan bai: 09/9/2022; Ngay phan bién thong qua: 21/10/2022; Ngay duyét dang: 22/10/2022

TOM TAT

Prodigiosin (PG), mot hop chat mau do duoc sinh téng hop chu yéu boi vi khuan Serratia marcescens.
Hién tai, PG da dugc nghién ctru nhiéu vé cac khia canh nhu sinh tong hop va danh gia hoat tinh sinh
hoc. Tuy nhién, trong van dé sinh tong hop PG céac nghién ctru trude chu yéu sir dung cac moi truong
dinh dudng thuong mai 1am ngudn cacbon/nito (C/N), va cac thi nghiém 1én men thuong dugce tién hanh
& quy mo nho (binh tam giac). Hudng t6i tinh higu qua va than thién méi truong trong qua trinh san xuét
PG, chung t6i tién hanh nghién ctru sir dung phu pham ba déu twong (SRBP) lam ngudn C/N cho qua
trinh 1én men téng hop PG trén hé thong bioreactor 14 lit va danh gia tiém ning khang tuyén tring cua
PG. Két qua thuc hién cho thiy chung vi khuan Serratia marcescens TNU2 tong hop PG véi san luong
cao (5.700 mg/L) trong mdi truong long gom 1,75% cacbon/nito (SRBP/casein & ty 1¢ phdi tron 8/2),
0,05% MgSO,, 0,1% K,HPO,, pH ban dau cua moi truong 7,0, 1én men ¢ 27,5°C sau 10 h trén hé thong
bioreactor. Két qua danh gia hoat - khang tuyén tring gdy hai tiéu den cua PG 6 nong d6 1 mg/mL cho
thay ty 1¢ gay chét tuyén tring tudi 2 14 100% va trc ché tring no t6i 87,43% sau thoi gian xr ly tuong
ing 1 ngay va 3 ngay. Két qua cua nghién ciru ndy cho thdy phu pham ba dau tuong 13 ngudn co chat
tiém nang cho 1én men sinh tong hop hoat chat PG va ciing minh chimg vé tiém ning tmg dung hoat cht
PG trong quan Iy hiéu qua tuyén tring ndt sung gy hai trén tiéu den.

Tir khoa: Ba dau twong, prodigiosin, bioreactor, Serratia marcescens, tuyén trung not sung.
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