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Abstract

This study aimed to evaluate the effects of arachidonic acid (ARA) concentra-
tion in cell culture medium on the viability and lipid metabolism-related gene
expression in hepatopancreas cells of Macrobrachium nipponense. Hepatopan-
creas cells were isolated from M. nipponense and cultured in M199 complete
medium for 5 days before being switched to ARA-containing medium with ARA
concentrations of 0 (ARA1), 50 (ARA2), 100 (ARA3), 200 (ARA4), and 1,000
mol/L (ARAS5). The expression levels of lipid metabolism-related genes were
measured at 12 and 24 h, and cell viability was assessed at 24 h. The results
showed that primary hepatopancreas cells exhibited good growth and could
survive for approximately 15 days when cultured in complete medium; cell vi-
ability in the ARA5 group was significantly lower than that in the ARA1 and
ARAZ2 groups at 24 h (P<0.05); high ARA concentration reduced the expres-
sion levels of A4 desaturase (A4 FAD), A6 desaturase (A6 FAD), elongase 6
(Elovl6), class B type I scavenger receptor (SR-BI), fatty acid binding protein
10 (FABP10), and acyl-CoA binding protein (ACBP) genes at 12 and 24 h; at
12 h of ARA treatment, the SR-BI gene expression level in the ARA2 group
was significantly higher than that in all other groups (P<0.05), the FABP10
gene expression levels in the ARA2 and ARA3 groups were significantly higher
than those in the ARA1 and ARA5 groups (P<0.05), and the ACBP gene
expression level in the ARA3 group was significantly higher than that in all
other groups (P<0.05); at 24 h of ARA treatment, the SR-BI, FABP10, and
ACBP gene expression levels in the ARA2 group were significantly higher than
those in all other groups (P<0.05). These results indicate that ARA concen-
tration in cell culture medium affects the viability and lipid metabolism-related
gene expression in hepatopancreas cells of M. nipponense; excessively high ARA
concentration (1,000 mol/L) reduces cell viability, while appropriate ARA con-
centration (50-100 mol/L) can promote the expression of fatty acid desaturase,
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elongase, and fatty acid transport-related genes.
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Abstract: This experiment was conducted to determine the effects of arachi-
donic acid (ARA) concentration in culture medium on cell viability and lipid
metabolism-related gene expressions of hepatopancreas cells isolated from ju-
venile oriental river prawn, Macrobrachium nipponense. The hepatopancreas
cells were dissected from prawns and cultured with complete culture medium
for 5 days. After that, cultured cells were incubated in medium supplemented
with graded levels [0 (ARA1), 50 (ARA2), 100 (ARA3), 200 (ARA4) and 1 000
mol/L (ARA5)] of ARA. Cell viability at 24 h and gene expressions of lipid
metabolism-related genes at 12 and 24 h were examined. The results showed
as follows: the hepatopancreas cells showed well growth in complete culture
medium, and could survive for 15 days; cell viability was significantly decreased
by incubation with higher level (1 000 mol/L) of ARA (ARA5 group) com-
pared with ARA1 and ARA2 groups (P<0.05) after 24 h; higher level (1 000
mol/L) of ARA (ARA5 group) caused significant decreases of gene expressions
of delta-4 fatty acyl desaturase (A4 FAD), delta-6 fatty acyl desaturase (A6
FAD), very-long-chain fatty acids-6 (Elovl6), scavenger receptor class B type

(SR-B), fatty acid-binding protein 10 (FABP10) and acyl-CoA binding protein
(ACBP) of hepatopancreas cells incubation for both 12 and 24 h; after incu-
bation with ARA for 12 h, the gene expression of SR-B of ARA2 group was
significantly higher than that of other groups (P<0.05), FABP10 gene expres-
sion of ARA2 and ARA3 groups was significantly higher than that of ARA1
and ARA5 groups (P<0.05), and ACBP gene expression of ARA3 group was
significantly higher than that of other groups (P<0.05); after incubation with
ARA for 24 h, the highest expressions of SR-B , FABP10 and ACBP were ob-
served in ARA2 group, which was significantly higher than those of other groups
(P<0.05). These findings suggest that ARA can influence cell viability and lipid
metabolism-related gene expressions of hepatopancreas cell isolated from Macro-
brachium nipponense. Cell viability can be decreased by incubation with higher
level of ARA (1 000 mol/L). Appropriate levels of ARA (50 to 100 mol/L) can

chinarxiv.org/items/chinaxiv-201711.01538 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.01538

ChinaRxiv [$X]

promote the expressions of genes related to fatty acyl desaturase, elongases of
very-long-chain fatty acids and fatty acid transport.

Keywords: Macrobrachium nipponense; arachidonic acid; cell culture; gene
expression

Fatty acids are essential nutrients that maintain cell membrane fluidity and regu-
late growth performance, lipid metabolism, and immune function [1-2]. Arachi-
donic acid (20:4n-6, ARA), as an n-6 highly unsaturated fatty acid (HUFA),
serves as a precursor for eicosanoids [3], participates in stress and inflammatory
responses [4-5], and modulates immune performance [6]. Additionally, ARA and
its metabolites can regulate peroxisome proliferator-activated receptor (PPAR)

[7], thereby influencing the transcription of lipid metabolism-related genes and
regulating fatty acid synthesis and storage [8-10].

Current research on aquatic animals has primarily focused on analyzing the ef-
fects of dietary ARA on fish growth performance and body fatty acid composi-
tion [5,11-15], stress resistance [5,13], immune performance [15], and metabolism
[16-17] through in vivo feeding trials, or on examining ARA effects on cell path-
way genes, fatty acid metabolism-related gene expression [18], eicosanoid produc-
tion [6,18], and immune function [19] through in vitro head kidney cell culture
experiments. Additionally, relevant studies on ARA have been conducted in
economically important crustaceans such as shrimp and crabs. Xu et al. [20]
found that ARA had higher nutritional value than linoleic acid or linolenic acid
in Chinese shrimp (Fenneropenaeus chinensis). Research on tiger shrimp (Pe-
naeus monodon) indicated that ARA supplementation could not improve growth
performance when other essential fatty acids in the diet met requirements [21].
Dietary ARA supplementation could alter the expression of immune-related
genes in Pacific white shrimp (Litopenaeus vannamei) [22]. However, tradi-
tional feeding trials are limited by the unified regulation of complex metabolic
pathways in vivo and various influencing factors such as feeding conditions and
environmental stress, which restrict the investigation of physiological functions
and mechanisms of specific nutrients. In vitro cell culture can overcome these
limitations [6,23]. Nevertheless, studies on fatty acid nutritional metabolism
using in vitro cell culture systems from crustaceans have not been reported.

After absorption, fatty acids are utilized for intracellular triglyceride storage or
as fuel for energy metabolism. Numerous studies have demonstrated that fatty
acid transport across cell membranes is mediated by a competitive fatty acid
transport system involving multiple proteins that significantly facilitate cellular
fatty acid uptake and efflux [24-25], such as scavenger receptor class B type

(SR-B ) from the CD36 scavenger receptor family [26-27] and fatty acid translo-
case (FAT/CD36) [24]. SR-B can bind various ligands, including modified and
unmodified low-density lipoproteins, very low-density lipoproteins, and high-
density lipoprotein cholesterol esters [26-27]. Inside cells, fatty acids primarily
bind to fatty acid-binding proteins (FABPs), which increases their solubility
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and facilitates transport to different sites [28]. Additionally, intracellular acyl-
CoA binding protein (ACBP) mainly binds to long-chain acyl-CoA and plays
a crucial role in intracellular acyl-CoA transport and acyl-CoA pool formation.
ACBP-bound acyl-CoA can be used for phospholipid and triglyceride synthesis
or undergo -oxidation to produce ATP [29].

Some organisms can synthesize HUFA from polyunsaturated fatty acids, with
fatty acid desaturases and elongases being key enzymes in HUFA synthesis.
The desaturases involved in HUFA synthesis mainly include A6 desaturase (A6
FAD), A5 desaturase (A5 FAD), A4 desaturase (A4 FAD), and A8 desaturase
(A8 FAD). In mammals, seven elongases of very-long-chain fatty acids (Elovll-
Elovl7) have been identified to participate in fatty acid elongation, among which
Elovl2 and Elovl5 use C18, C20, or C22 PUFA as elongation substrates [30].
Feeding trials in aquatic animals have shown that dietary lipid “quality” or
“quantity” can affect the expression of fatty acid desaturase and elongase genes
[31-32].

The oriental river prawn (Macrobrachium nipponense), also known as freshwa-
ter shrimp or river shrimp, is an important freshwater aquaculture species in
China and some Southeast Asian countries [33]. Currently, no reports exist on
the effects of ARA on growth and nutritional physiology of M. nipponense. The
hepatopancreas is the primary organ for lipid storage and processing in crus-
taceans [34] and serves as a sensitive monitor of nutrient metabolism [35-36].
Regarding hepatopancreas cell culture of M. nipponense, Liang [37] explored
cell culture conditions, and Wang et al. [38] investigated the preliminary effects
of linoleic acid on cultured cells, but no follow-up studies have been reported.
Therefore, this experiment aimed to culture primary hepatopancreas cells of
M. nipponense and analyze the effects of different ARA concentrations on hep-
atopancreas cell viability, fatty acid desaturase and elongase genes (A4 FAD, A6
FAD, and Elovl6), and fatty acid transport-related genes (SR-B , FABP10, and
ACBP). The results provide a theoretical basis for investigating the mechanism
of ARA in lipid metabolism and valuable references for studying the metabolism
of other nutrients.

1.1 Test Animals

Experimental prawns were purchased from a M. nipponense aquaculture farm
in Huzhou and acclimated for one week. Healthy prawns with uniform body
weight were selected for the experiment.

1.2 Preparation of Complete Culture Medium

The basal medium was M199 culture medium (Gibco, USA) supplemented with
15% fetal bovine serum (Gibco, USA), 200 TU/mL antibiotics (penicillin and
streptomycin), 1 g/L glucose, 5.2 g/L NaCl, 1.43 g/L CaCl, 0.05 g/L MgCl,
and 0.2 g/I. NaHCO . The osmotic pressure was 570 mmol/kg, and pH was
7.0-7.2.
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1.3 Preparation of Arachidonic Acid-Bovine Serum Albumin (ARA-
BSA) Serum-Free Medium

Ten milligrams of ARA (Sigma, USA) were dissolved in 1 mL anhydrous ethanol,
dried under nitrogen gas, and mixed with 32.84 mL M199 culture medium con-
taining 2% BSA (Sigma, USA). The solution was sonicated for 5 min and ster-
ilized through a 0.22 m filter membrane to prepare 1 000 mol/L. ARA-BSA
M199 stock medium, which was aliquoted and stored at -20 °C. Before the
experiment, the stock solution was diluted with M199 containing 2% BSA to
prepare culture media at concentrations of 200, 100, and 50 mol/L. All me-
dia were supplemented with antioxidant butylated hydroxytoluene (0.01%) and
antibiotics (200 IU/mL).

1.4 Isolation and Culture of Macrobrachium nipponense Hepatopan-
creas Cells

Prawns were immersed in 75% ethanol for 3 min and rinsed three times with D-
Hanks balanced salt solution. The hepatopancreas was aseptically dissected and
washed three times with D-Hanks balanced salt solution containing antibiotics.
Tissue was cut into approximately 1 mm? pieces and digested with 0.25% trypsin,
with repeated pipetting to disperse cells. Digestion was terminated with M199
culture medium containing fetal bovine serum. Cells were centrifuged at 1 000
r/min for 3 min, the supernatant was discarded, and cells were resuspended in
complete culture medium. Cell concentration was adjusted to 1x10 cells/mL,
and 200 L per well was seeded in 96-well culture plates. Cells were cultured at
27 °C in a 5% CO incubator, observed and photographed daily, with medium
changed every 4-5 days.

After stable culture (5 days), the complete culture medium was replaced with
medium containing different ARA concentrations. The experiment consisted of
five groups with ARA concentrations of 0 (ARA1, control), 50 (ARA2), 100
(ARA3), 200 (ARA4), and 1 000 mol/LL ARA-BSA (ARA5). Cells from each
group were collected at 12 and 24 h for total RNA extraction for subsequent
gene expression analysis.

1.5 Cell Viability Assay

Cell viability was assessed at day 5 using H33342/propidium iodide (PI) staining.
One microliter of H33342 and 2 L of PI were added to 200 L cell culture
medium, gently mixed, and incubated at 37 °C in the dark for 15 min. Cell
viability was then examined under a fluorescence microscope, with live cells
appearing blue and dead cells red.

After 24 h incubation with different ARA-BSA concentrations, cell viability was
determined using the thiazolyl blue (MTT) cell proliferation and cytotoxicity
assay kit (Nanjing Jiancheng Bioengineering Institute, Nanjing) according to
the manufacturer’ s instructions.
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1.6 Total RNA Extraction and cDNA Synthesis

Total RNA was extracted from hepatopancreas cells using a total RNA extrac-
tion kit (Beijing Aidlab Biotechnologies Co., Ltd.) according to the manufac-
turer’s protocol. RNA integrity was examined by electrophoresis, and concentra-
tion and purity were measured using a nucleic acid-protein analyzer. Total RNA
was reverse-transcribed into cDNA using a reverse transcription kit (TaKaRa,
Japan). The ¢cDNA was stored at -20 °C for gene expression analysis.

1.7 Quantitative Real-Time PCR (qRT-PCR) Analysis of Gene Ex-
pression

Primers for qRT-PCR of A4 FAD, A6 FAD, Elovl6, SR-B , FABP10, and ACBP
genes were designed using online Primer 3 software, and primer sequences are
listed in Table 1 . The qRT-PCR reaction volume was 20 L, containing 2
L template, 0.2 L each of forward and reverse primers (10 mol/L), 10 L
2xSYBR Green Premix Ex Taq (TaKaRa, Japan), and 7.6 L double-distilled
water (ddH O). Cycling conditions were: 95 °C for 30 s; 40 cycles of 94 °C
for 15 s, 58 °C for 20 s, and 72 °C for 20 s. After PCR, melting curves were
generated by increasing temperature from 60 °C to 95 °C at 5 °C per 5 s to
verify amplification specificity. -actin was used as the internal reference to
normalize Ct values. Relative expression levels were analyzed using the 27(-
AACYt) method [39] with ARA1 group as the baseline.

Table 1 Primer sequences for gqRT-PCR.

Primer name GenBank accession No.  Primer sequence (5 -3’ )

A4 FAD-F KU922944.1 CCAACCGTTATTTTATGCCC
A4 FAD-R GTGCTCAGAAATAAAGTGGC
A6 FAD-F KU922942.1 GACAGCTGAGAAGATTTTGC
A6 FAD-R CTGGCCGATTTTCTCTAGAA
Elovl6-F KU953779 TGGTGCACAGTATCATGTAC
Elovl6-R TCATAGGAAACGTGACACTC
SR-B -F KP658863 TGCAGTTCTACCTCTTTCAC
SR-B -R TGTCCTCCCTGAAGAAGTAA
FABP10-F JN995589 CCAAGCCAACTCTGGAAGTC
FABP10-R KF896234 GATCTCAACGCTGGCTTCTC
ACBP-F FL589653.1 CCTAATGATGAGGAGCTG
ACBP-R GTTGCAATCTCCTACAGTT
-actin-F GTGCCCATCTACGAGGGTTA
-actin-R CGTCAGGGAGCTCGTAAGAC

2.1 Hepatopancreas Cell Morphology and Viability

Freshly isolated hepatopancreas cells appeared as single round cells. They be-
gan to adhere and proliferate slowly after 2-3 days, forming clusters with good
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growth status. Cell morphology is shown in Figure 1 [Figure 1: see original
paper]. Cell viability reached approximately 60% at day 5. Primary cultured
hepatopancreas cells could survive for about 15 days.

Hepatopancreas cell viability under different ARA concentrations is shown in
Figure 2 [Figure 2: see original paper]. After 24 h incubation with different
ARA concentrations, cell viability in the ARA5 group was significantly lower
than that in ARA1 and ARA2 groups (P<0.05). No significant differences were
observed among ARA1, ARA2, ARA3, and ARA4 groups (P>0.05).

2.2 Effects of Arachidonic Acid on Lipid Metabolism Gene Expression
in Hepatopancreas Cells

After 12 h ARA treatment, changes in A4 FAD, A6 FAD, Elovl6, SR-B,
FABP10, ACBP, and ACC gene expressions are shown in Figure 3 [Figure
3: see original paper]. Expression levels of all lipid metabolism genes showed
a trend of initial increase followed by decrease with increasing ARA concen-
tration. Specifically, A4 FAD expression in ARA2, ARA3, and ARA4 groups
was significantly higher than in ARA1 and ARA5 groups (P<0.05). No sig-
nificant differences were observed in A6 FAD expression among ARA1, ARA2,
and ARA3 groups (P>0.05), but ARA2 group showed significantly higher A6
FAD expression than ARA4 and ARA5 groups (P<0.05). Elovl6 expression
was highest in ARA4 group, significantly higher than in ARA5 group (P<0.05).
SR-B expression was highest in ARA2 group, significantly higher than all other
groups (P<0.05). FABP10 expression in ARA2 and ARA3 groups was signifi-
cantly higher than in ARA1 and ARA5 groups (P<0.05). ACBP expression in
ARA3 group was significantly higher than all other groups (P<0.05).

After 24 h ARA treatment, changes in A4 FAD, A6 FAD, Elovl6, SR-B,
FABP10, ACBP, and ACC gene expressions are shown in Figure 4 [Figure 4:
see original paper]. The expression trends were similar to those observed at
12 h. Both A4 FAD and A6 FAD expression levels were higher in ARA2 and
ARAS3 groups. Elovl6 expression peaked in ARA3 group, significantly higher
than all other groups (P<0.05). SR-B, FABP10, and ACBP expressions all
reached maximum levels in ARA2 group, significantly higher than all other
groups (P<0.05).

Discussion

Crustacean cell culture has been explored for a considerable time; unfortunately,
no crustacean cell line has been established to date, hindering research on various
metabolic mechanisms and functions. Studies on shrimp tissue cell culture have
found that hemocyte culture is relatively simple, whereas hepatopancreas cell
culture is more challenging [40-42]. In this experiment, hepatopancreas cell
culture results were similar to those reported by Wang et al. [38], with primary
cultured hepatopancreas cells showing good growth status, which is favorable
for subsequent experiments.
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When investigating the effects of ARA on M. nipponense hepatopancreas cells,
serum-free BSA was used instead of fetal bovine serum to avoid potential inter-
ference from various nutrients including fatty acids present in the serum. MTT
assay revealed that high ARA concentration (1 000 mol/L) reduced hepatopan-
creas cell viability, consistent with Li et al. [19] who reported that high ARA
concentrations decreased cell viability in head kidney macrophage cultures. Ex-
ogenous fatty acids can enter cell membranes, altering cellular fatty acid compo-
sition and membrane physiological properties [43-44]. Particularly, high levels
of fatty acids can cause irreversible DNA damage, loss of membrane integrity,
altered membrane permeability, and ultimately cell death [45-46].

Fatty acid desaturases and elongases are key enzymes in HUFA synthesis. Stud-
ies in higher vertebrates have shown that ARA can generate C22:5n-6 through
elongation, A6 FAD, and -oxidation, or directly through A4 FAD. ARA can
also be converted to C20:5n-3 (EPA) via A17 desaturase (A17 FAD). EPA can
be sequentially elongated, A6-desaturated, and -oxidized to synthesize C22:6n-
3 (DHA), or EPA can be converted to 22:5n-3 and then directly transformed to
DHA by A4 FAD [47]. This study found that different ARA concentrations and
treatment durations altered the expression of key enzyme genes in the HUFA
synthesis pathway, with high ARA concentration (1 000 mol/L) decreasing A4
FAD, A6 FAD, and Elovl6 expression levels, indicating that ARA is an impor-
tant regulator in the HUFA synthesis pathway of M. nipponense. Studies in
suckling piglets showed that dietary ARA to DHA ratio could regulate hepatic
desaturase gene transcription [48]. In fish feeding trials, Senegalese sole (Solea
senegalensis) males fed diets containing 0.7%, 2.3%, and 6% ARA showed in-
creased hepatic Elovl5 and A4 FAD gene expression [17]. However, studies
on grass carp (Ctenopharyngodon idellus) demonstrated that fatty acid desat-
urase and elongase genes were significantly suppressed by dietary ARA levels
[10]. These discrepancies may be related to different HUFA synthesis capacities
among species and also indicate that ARA levels can significantly affect the
expression of HUFA synthesis-related enzyme genes. Although limited data are
available on the effects of fatty acid concentrations on HUFA synthesis using
in vitro culture systems, this experiment demonstrated that appropriate fatty
acid concentrations in vitro can promote the expression of key enzyme genes in
the HUFA synthesis pathway of M. nipponense.

Few reports exist on the effects of ARA on fatty acid transport-related gene ex-
pression. Holen et al. [18] added different combinations of EPA, DHA, and ARA
to Atlantic salmon (Salmo salar) head kidney cells and found that ARA+EPA
upregulated fatty acid translocase CD36 gene expression. SR-B belongs to the
CD36 superfamily and plays important roles in maintaining intracellular choles-
terol homeostasis, membrane lipid expression, and apoptosis [49-50]. This study
found that SR-B expression peaked in the ARA2 group after 12 and 24 h of
ARA treatment, suggesting that 50 mol/L ARA is beneficial for maintaining
cellular lipid metabolism balance. Studies have shown that fatty acids or acyl-
CoA are natural ligands of PPAR that can activate PPAR [51], and SR-B

activity can be induced by PPAR and PPAR [52-53]. Therefore, certain con-
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centrations of fatty acids in hepatopancreas cell culture medium may regulate
SR-B expression through PPAR activation. Studies in hamsters also showed
that dietary polyunsaturated fatty acids could increase SR-B gene and protein
levels [54]. In vitro culture of bovine mammary epithelial cells demonstrated
that lipid metabolism-related gene expression was closely related to fatty acid
concentration [55-56]. FABP10 and ACBP are intracellular lipid-binding pro-
teins. After 12 h ARA treatment, FABP10 transcription peaked in ARA2 and
ARA3 groups, and ACBP transcription peaked in ARA3 group, indicating that
50-100 mol/LL ARA promoted intracellular fatty acid transport at this time
point. After 24 h ARA treatment, both FABP10 and ACBP expressions in
ARA2 group were significantly higher than other groups, suggesting that 50
mol/L. ARA supplementation in M. nipponense hepatopancreas cells may be
more beneficial for promoting lipid metabolism. Numerous genes related to lipid
synthesis, degradation, and metabolism are regulated by PPAR [57]. In vitro
cell culture studies showed that PPAR has high affinity for liver-type FABP (L-
FABP), indicating that L-FABP can bind to PPAR to regulate long-chain fatty
acid metabolism [58]. Similarly, PPAR can also activate ACBP gene expression
[59]. Therefore, the mechanism by which appropriate ARA concentrations pro-
mote FABP10 and ACBP expression may be similar to that of SR-B . In fact,
FABP10 and ACBP are multifunctional proteins that play important roles in
immune function [60-61], and studies have shown that appropriate ARA concen-
trations can modulate immune performance [6]. Therefore, we cannot exclude
the possibility that 50-100 mol/L. ARA in culture medium enhances immune
performance, thereby increasing FABP10 and ACBP gene expression.

In conclusion, ARA concentration in culture medium affects M. nipponense
hepatopancreas cell viability and lipid metabolism-related gene expression. Ex-
cessive ARA concentration (1 000 mol/L) decreases cell viability, while appro-
priate ARA concentrations (50-100 mol/L) can promote the expression of genes
related to fatty acid desaturases, elongases, and fatty acid transport.
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