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Rhodopseudomonas palustris, a phototrophic purple non-sulfur bacterium, is well known as
a Gram negative, rod-shaped and motile cell. The effect of salinity on total carotenoid production
and composition produced in R. palustris isolated from a paddy field was investigated. R. palustris
was cultured for 30 d in Rhodopseudomonas medium, which was adjusted to four levels of salinity
(0 parts per thousand, ppt; 10 ppt, 20 ppt and 30 ppt). The results revealed that mean (£ SD)
total carotenoid accumulation of R. palustris cultured in 0 ppt medium was faster at 9 d culture
(46.30 £ 18.10 mg/L) than in 10 ppt medium at 21 d culture (57.27 + 9.43 mg/L). At 30 d culture,
the mean total carotenoid content at 0 ppt salinity (232.30 + 52.53 mg/L) was similar with those
produced at 10 ppt salinity (154.81 &+ 41.47 mg/L, p > 0.05). The culture at 20 and 30 ppt salinity
had minimal carotenoid content during the 30 d of the experiment. There was a fluctuating pattern of
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cell growth based on the dry cell weight for all salinity levels. Carotenoids and bacteriochlorophyll
a were found in the extractions of R. palustris cultured in 0 ppt and 10 ppt salinity using
spectrophotometry and thin-layer chromatography techniques. Interestingly, the results confirmed
the synthesis of astaxanthin which was not commonly produced by this bacterium.

Introduction

Carotenoids mainly present as a yellow to red color that absorbs
blue light (440—490 nm). Their chemical structures consist of eight
units of isoprene (C;) linked head to tail as a so-called tetraterpene
(C,,). Carotenoids can be synthesized by plants and microorganisms.
They have been an important dietary supplement in aquaculture
industry for a long time because commercial aquatic animals cannot
synthesize them by themselves. In aquaculture, the outstanding types
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of carotenoids that have been the focus are f-carotene, zeaxanthin,
canthaxanthin and astaxanthin (Sanchez et al., 2013) because they
enhance meat colors (Chandi and Gill, 2011) and help the boost
immune system (Niu et al., 2014; Chien and Shiau, 2005).

Because of their important roles and applications, there is
a projected 3.5% increase in demand for carotenoids globally
between 2016 and 2021 (Globenewswire, 2013). Due to the growth
of carotenoid consumption, there have been many attempts to find
new sources for carotenoid production from natural microorganisms
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such as the green microalga Dunaliella salina, the fungus Blakeslea
trispora and the yeast Rhodotorula spp. which are well known as
major f-carotene accumulating organisms (Choudhari and Singhal,
2008; Malisorn and Suntornsuk, 2008; Morowvat and Ghasemi, 2016;
Alipour et al., 2017). Furthermore, the famous astaxanthin-producing
microorganisms are the green micro alga Haematococcus pluvialis
and the yeast Xanthophyllomyces dendrorhous as well as the marine
bacteria Agrobacterium aurantiacum and Scenedesmus obliquus
(Yokoyama and Miki, 1995; Kobayashi et al., 2001; Hu et al., 2006;
Qin et al., 2008).

Chemical substances and physical conditions can be used effectively
to stimulate carotenoid production from microorganisms. Nutrients
(sucrose or ammonium sulfate) added into medium of the yeast
Rhodotorula mucilaginosa increased total carotenoids (Aksu and
Eren, 2005; Aksu and Eren, 2007), while MgSO,, Na,HPO,, FeSO,
and Na,CO; can induce carotenoid synthesis and significantly
boost the yield of the bacterium Rhodobacter sphaeroides (Chen
et al., 2006). In addition, pH also affects carotenoid production
(Aksu and Eren, 2005, 2007). Furthermore, new sources of natural
microorganisms, which induce carotenoid production by using several
stimulants, can eliminate the problem of chemical residues, develop
food security and reduce land competition and the cost of production.

The bacterium Rhodopseudomonas palustris is a phototrophic,
purple, non-sulfur bacterium and is characterized as rod-shaped,
Gram negative and has motile cells (Imhoft, 2005). Its cells generally
consist of photosynthetic pigments such as bacteriochlorophyll and
carotenoids (Imhoff et al., 2005). R. palustris normally accumulates
carotenoid series such as lycopene, rhodopin, rhodovibrin and
spirilloxanthin (Brown, 1968; Mehrabi et al., 2001). Some researchers
have shown that R. palustris can synthesize carotenoid production by
using stimulants such as light sources or salinity (Kuo et al., 2012;
Thanomchaisanit, 2013).

Previous research has revealed that the mechanism of high salinity
stress could induce pigment production in microorganisms such as
microalgae (Gomez et al., 2003; Paliwal et al., 2015). There have
been few reports of such evidence for photosynthetic bacteria such as
Rhodopseudomonas sp. (Wang et al., 2017). In particular, carotenoid
synthesis under salinity stress conditions in R. palustris has not been
mentioned. Therefore, the focus of this research was to induce R. palustris
for carotenoid production and to determine the productivity at various
salinity levels. The results of the study will provide more knowledge
about the new resource of carotenoid-producing microorganisms.

Materials and Methods
Sample and media preparation

R. palustris isolated from water in paddy field was kindly donated
by Dr Sirapan Sukondhasingha, Faculty of Veterinary Technology,
Kasetsart University, Bangkok, Thailand. Various salinity levels
(0 parts per thousand, ppt; 10 ppt, 20 ppt and 30 ppt) were prepared
by mixing seawater with distilled water. The cultures were triplicated
and carried out in Rhodopseudomonas medium (ATCC Medium

543) at pH 7.0 + 0.2, containing: 2.5 g/L sodium succinate, 1.25 g/L
(NH,),S0,, 0.9 g/L K,HPO,, 0.6 g/L KH,PO,, 0.5 g/L yeast extract,
0.2 g/L MgSO,-7H,0, 0.07 g/L CacCl,, 0.003 g/L ferric citrate and
0.002 g/L EDTA, prior to sterilization at 121°C for 15 min (Atlas, 2010).

Extraction and analysis of total carotenoids

Total carotenoid extraction and quantitative analysis were carried
out according to Homthong (1998). Culture samples of 5 mL were
centrifuged at 9,700xg and 4°C for 10 min and then the medium was
washed out using distilled water. Cell pellets were extracted using
a mixture of acetone:methanol (40:60) and sonicated until colorless.
After filtering, the absorbance of the supernatant was measured at
480 nm using a spectrophotometer and then evaporated and flushed
with nitrogen gas. Total carotenoids were calculated using the 1%
extinction coefficient of 2,500.

Thin-layer chromatography separation and analysis of carotenoids

Thin-layer chromatography (TLC) was prepared using the
method of Quach et al. (2004). TLC plates (10 cm x 10 cm) were
cut from commercially available sheets. The concentrated carotenoid
samples dissolved in acetone:methanol (40:60) solution were spotted
onto silica gel TLC sheets and developed using the mobile phase
of acetone:hexane (30:70) at room temperature. Astaxanthin was
identified using shrimp extract and an authentic standard (Funakoshi,
Japan).

Growth determination

Bacterial cell growth was determined based on the dry cell weight.
A collection of 1.5 mL from each sample was centrifuged at 9,700xg
and 4°C for 10 min. The samples were washed twice with distilled
water and then dried overnight at 105°C until they had constant
weight, before being cooled in a desiccator and reweighed.

Statistical analysis

The results were presented as mean = SD. All data were subjected
to one-way analysis of variance. Means were compared using Tukey’s
honestly significant difference test with a critical value at p < 0.05.

Results and Discussion

The effects of salinity levels at 0 ppt, 10 ppt, 20 ppt and 30 ppt
on total carotenoid production and growth of R. palustris have been
investigated for 30 d with the observations recorded every 3 d. The results
showed that all cell suspensions were transparent yellow at the starting
time and changed to be turbid within 24 hr. The cell suspension with
0 ppt salinity turned to pale red after the first 6 d of culture, while the
cell suspension with 10 ppt salinity was a clear pale red after 12 d of
culture. However, the cell suspensions of 20 and 30 ppt salinity were
still cloudy yellow at 30 d of culture.
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Total carotenoid production

The mean £ SD total carotenoid contents in the bacterial cultures
are shown in Table 1 and ranged from 0.48 £ 0.26 mg/L to 242.79 +
38.25 mg/L across the range of salinity (0 ppt, 10 ppt, 20 ppt and 30 ppt).
The mean total carotenoid contents at 0 ppt were significantly lower
at 3 d and 6 d of culture (5.60 + 1.39 mg/L and 8.69 + 2.83 mg/L,
respectively) than those at the same salinity level on other successive
days. The mean contents rapidly increased and were significantly
different from 9 d of culture (46.30 £ 18.10 mg/L) to 27 d of culture
(242.79 £ 38.25 mg/L). Moreover, the mean total carotenoid contents at
10 ppt were significantly lower between 3 d of culture (1.76 = 0.38 mg/L)
and 18 d of culture (9.60 £ 7.62 mg/L). These contents greatly
increased from 21 d of culture (57.27 £ 9.43 mg/L) to 30 d of culture
(154.81 £41.47 mg/L).

At the 20 ppt salinity level, the mean total carotenoid content was
significantly higher at 30 d of culture (11.12 £ 2.33 mg/L) than during
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first 27 d of culture. Similarly, the mean carotenoid content at 30 ppt
salinity was highest at 30 d of culture (4.72 £ 0.38 mg/L) and was
significantly different from that during at 27 d of culture.

Comparison of the mean total carotenoids among the four salinity
levels in each duration (Fig. 1) indicated a significant content at 0 ppt
salinity during the first six days, although all salinity levels had low
contents. From 9-18 d of culture, the mean contents at 0 ppt salinity
sharply increased and were significantly higher than the others.
However, Sarada et al. (2002) showed that H. pluvialis cultured in
medium without NaCl and sodium acetate addition had the lowest
carotenoid yields. At 21 d of culture, the carotenoid content at 10 ppt
salinity suddenly rose but was significantly lower than at 0 ppt salinity.
At the end of the 30 d of culture, the mean carotenoid content at 0 ppt
salinity was similar to those produced at 10 ppt salinity. In contrast,
Thanomchaisanit (2013) reported that carotenoid accumulation in
Rhodopseudomonas sp. was maximized in 10 ppt culture.

Table 1 Total carotenoids accumulation of R. palustris cultured at different salinity levels in Rhodopseudomonas medium during 30 d

Total carotenoids (mg/L)

Culture period (d) Salinity level (ppt)
0 10 20 30

3 5.60 £1.39° 1.76 £ 0.38 2.14£0.14® 1.64 +0.62®
6 8.69 +2.83¢ 1.08 +0.77° 0.60 +0.07* 0.88 £0.20°
9 46.30 + 18.10° 549+ 1.37° 1.40 £ 0.60* 1.36 £ 0.39®
12 86.33 +£22.06™ 8.36 +4.36° 1.48 £0.33% 1.94+0.71%
15 130.39 +30.24¢ 9.24 +1.90° 2.25+1.20® 1.29 £ 0.50®
18 161.42 +23.01° 9.60 +7.62° 1.77 £ 0.64® 1.60 + 1.46®
21 170.37 + 23.05° 57.27 +9.43° 1.57 £1.39® 0.48 +0.26°
24 203.46 +45.47 117.07 £ 38.48° 3.65+0.94° 3.11+£0.91%
27 242.79 + 38.25¢ 140.58 +30.81°¢ 2.04 +£0.55% 1.55 £ 0.44%®
30 232.30 + 52.53¢ 154.81 +41.47° 11.12 £2.33¢ 4.72 £0.38¢

mean * SD values with different lowercase superscript letters within each column denote significant (p < 0.05) differences between groups.
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Fig. 1 Total carotenoid accumulation of R. palustris cultured at salinity levels of 0-30 parts per thousand (ppt) every 3 d for 30 d. Values are means of triplicates,

error bars show + SD and columns with the same lowercase letter are not significantly (p < 0.05) different
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The total carotenoid contents at 20 ppt and 30 ppt salinity were
very low with unchanged colored cell suspensions throughout the
experimental period, which was similar to the bleached cell of
H. pluviaris cultured in medium with 2% NaCl concentration
(Sarada et al., 2002). It is possible that 0 ppt and 10 ppt salinity were
optimal levels for R. palustris, which might be the essential factor
for carotenoid synthesis, whereas 20 ppt and 30 ppt were extremely
concentrated levels that probably inhibited carotenoid production
because of excessive osmotic stress (Chen et al., 2006).

Dry cell weight

The mean £ SD dry cell weights at 0 ppt, 10 ppt, 20 ppt and 30 ppt
salinity are given in Table 2 and ranged between 0.27 + 0.08 g/L and
0.97 £ 0.34 g/L. The mean dry cell weight at 0 ppt salinity significantly
increased during the first 6 d of culture (0.27 £ 0.07 g/L) to 27 d
of culture (0.87 = 0.42 g/L). At 10 ppt salinity, the mean dry cell
weight was the highest at 18 d of culture (0.97 £ 0.34 g/L) and was
significantly different from that at 6 d of culture (0.47 + 0.26 g/L).
The mean at 20 ppt salinity was high at 9 d of culture (0.59 £ 0.18 g/L),
18 d of culture (0.52 £ 0.20 g/L) and 27 d of culture (0.44 + 0.08 g/L),
but there were no significant differences. The mean dry cell weight at
30 ppt salinity continuously increased from 3 d of culture (0.45 + 0.15 g/L))
to 9 d of culture (0.70 £ 0.09 g/L) and then the mean dry cell weight
decreased until 27 d of culture (0.62 + 0.24 g/L). The lowest mean
value was at 30 d of culture (0.31 £ 0.04 g/L), which was significantly
different compared to 6 d, 9 d and 27 d of culture (0.64 £ 0.10 g/L,
0.70 £ 0.09 g/L and 0.62 £ 0.24 g/L, respectively).

Comparison of the mean dry cell weight among different salinity
levels at different stages revealed that the dry cell weight for the four
salinity levels were not significantly different during the first 15 d of
culture and during 21-27 d of culture. However, the mean dry cell
weight at 18 d of culture was significantly different between 10 ppt
(0.97 £ 0.34 mg/L) and 30 ppt salinity (0.42 + 0.06 mg/L). At 30 d
of culture, the mean dry cell weight was higher at 10 ppt salinity
(0.67 £ 0.12 mg/L) than that at 20 ppt and 30 ppt salinity (0.33 £ 0.07 mg/L
and 0.31 £ 0.04 mg/L, respectively).

The results showed that the growth patterns of R. palustris at
different salinity levels had similar fluctuations. Normally, R. palustris
lives in mesophilic fresh water (Imhoff et al., 2005) such as lakes
(Bianchi et al., 2010), wastewater (Vikineswary et al., 1997) and hot

springs (Resnick and Madigan, 1989). It was assumed that R. palustris
might be able to grow under a wide range of conditions because
different levels of salinity (0-30 ppt) had no negative impact on its
growth. Nunkaew et al. (2015) revealed that bacteria R. palustris
strains secreted extracellular exopolymeric substances when it
survived in a high NaCl concentration and these substances were also
linked to sodium ions (Na") for salt stress mitigation.

Comparison of total carotenoid production and dry cell weight

The total carotenoids at 0 and 10 ppt salinity cultures gradually
increased while the dry cell weight slightly changed in all cultures.
There were low or none total carotenoids in the 20 and 30 ppt
cultures, whereas the dry cell weight fluctuated every 9 d (Fig. 2).
The cell growth patterns at 0 and 10 ppt salinity could be divided into
three stages: 0-9 d, 9-18 d and after 18 d of culture. During the first
stage, it was assumed that R. palustris cells grew and simultaneously
accumulated carotenoids in their cells, which might have caused the
the larger cell size. The second stage was the stationary phase, in
which the death and growth rates were equal and so new cells might be
fewer but larger in size than the cells in the first stage. Finally, the third stage
was the death phase with a decline in the number of cells but cell size
was largest because the cells of R. palustris accumulated the highest
carotenoid content at both of 0 and 10 ppt salinity. Choi et al. (2011)
found that the vegetative cells of H. pluvialis were larger than juvenile
cells and these cells could accumulate greater quantities of astaxanthin.

Analysis of carotenoids

The carotenoid types were identified using spectrophotometric
determination and the TLC method. The absorption spectra (Fig. 3A)
of R. palustris cultured at O ppt salinity had five peaks at 364 nm,
479 nm, 602 nm, 690 nm and 775 nm, whereas at 10 ppt salinity
there were four peaks at 364 nm, 474 nm, 602 nm and 773 nm. Both of
these culture conditions presented a peak in the visible wavelength of
carotenoids (400-490 nm) at 479 nm (at 0 ppt) and 474 nm (at 10
ppt). Additionally, their peak at 364 nm was in the ultraviolet area and
775 nm and 773 nm were in the near infrared region and the latter
were probably bacteriochlorophyll a (770 nm) (Gottstein and Scheer,
1983). Wang et al. (2017) believed that the role of bacteriochlorophyll
in resisting high salinity might be similar to that of carotenoids.

Table 2 Dry cell weight of R. palustris cultured at different salinity levels in Rhodopseudomonas medium during 30 d

Dry cell weight (g/L)
Culture period (d) Salinity level (ppt)
0 30

3 0.27 £0.08* 0.40 £ 0.05* 0.45+0.12* 0.45+0.15%
6 0.27+£0.07* 0.47 £0.26* 0.42 £0.10° 0.64 +0.10°
9 0.72 £ 0.12" 0.67 £0.27% 0.59+£0.18 0.70 £ 0.09*
12 0.54 £0.13%® 0.51 +0.34%® 0.43+£0.17* 0.53+0.16®
15 0.73 £0.12% 0.53 £0.20® 0.47 £0.28° 0.49 £ 0.03%
18 0.69 £ (0.23% 0.97 £ 0.34° 0.52 £ 0.20° 0.42 £ 0.06®
21 0.42 +0.23% 0.58 £0.27% 0.37+£0.19* 0.56 £ 0.20®
24 0.47 +0.18® 0.60 + 0.12% 0.39+0.16 0.41+0.10®
27 0.87 £ 0.42¢ 0.62 £ 0.04% 0.44 £ 0.08* 0.62 £ 0.24°
30 0.49 +0.10® 0.67 £0.12% 0.33£0.07* 0.31 £ 0.04°

mean values with different superscript letters within each column denote significant (p < 0.05) differences between groups.
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The TLC analysis indicated several bands of carotenoid extraction
(Fig. 3B) in the chromatogram, which were derived from R. palustris
cultured at 0 and 10 ppt salinity. The carotenoid extraction focused on
the yellow bands that showed retardation factor (R;) values of 0.44
and 0.94 for 0 ppt salinity as well as 0.46 and 0.95 for 10 ppt salinity.
In addition, the R; values of the authentic astaxanthin and shrimp
extraction were 0.43 based on standard usage and the yellow bands for
0 ppt salinity and for 10 ppt salinity were similar to those for authentic
standard and shrimp extraction (0.43). Therefore, the bands could be
identified as astaxanthin. The R, values of 0.94 (0 ppt salinity) and
0.95 (10 ppt salinity) matched with those of B-carotene (0.95) (Quach
et al., 2004).
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Fig. 2 Total carotenoid content (x) and dry cell weight (4) accumulated in R.
palustris at salinity levels of: (A) 0 parts per thousand (ppt); (B) 10 ppt; (C) 20
ppt; (D) 30 ppt, where values are means of triplicates and error bars show = SD
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Fig. 3 (A) Absorption spectra of 0 parts per thousand (ppt) and 10 ppt
salinity at 190-1100 nm, where BChl a = bacteriochlorophyll a; (B) thin-
layer chromatography separation of carotenoid extracts from R. palustris at
different salinity levels compared to astaxanthin standard (ast. std.) and shrimp
extraction (shr. ext.)

Many researchers reported that R. palustris accumulated carotenoids
such as lycopene, rhodopin and spirilloxanthin series (McDermott
et al., 1973; Mangels et al., 1986; Mehrabi et al., 2001; Imhoff, 2005).
However, the current results indicated that R. palustris cultured
in medium with 0 ppt and 10 ppt salinity could synthesize some
carotenoids that might be astaxanthin and p-carotene. Thus, the
salinity factor could induce R. palustris to produce unusual carotenoids
(Ide et al., 2012).

In conclusion, various salinity levels affected carotenoid
production in R. palustris and 0 and 10 ppt salinity were the optimal
levels that could stimulate R. palustris to synthesize carotenoids.
However, 20 and 30 ppt salinity produced less or no carotenoids
and there was unchanged color in the cell suspension after 30 d of
culture. While different salinity levels had no negative impact on
R. palustris culture, cell growth seemed to have a similar pattern at
all four levels. The carotenoids at 0 ppt and 10 ppt salinity probably
accumulated unusual kinds as p-carotene and astaxanthin. Thus, the
effect of salinity on the cell weight and the intermediate carotenoid
extract should be further investigated. Moreover, the mechanism of
carotenoid and bacteriochlorophyll production is also of interest for
future investigation.
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