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ABSTRACT

Industrial waste fish oil streams contain high concentrations of medium and long-chain fatty acids suitable
to produce value-added compounds. However, to process them dilution is required, and the water produced
in the fish-canning industry commonly contains high salinity, which might limit its reuse as a dilution
stream. Although NaCl is well-known to negatively affect biological activity, its effect on triacylglycerides
(TAG) and polyhydroxyalkanoates (PHA) storage has not been well studied yet. Here, it was explored if
intracellular TAG and PHA production can be efficient under saline conditions (10 g NaCl/L). For that
purpose, waste fish oil was valorised using a mixed microbial culture (MMC) in a two-stage process (culture
selection plus accumulation). Results showed that salinity influenced not only the activity but the structure
of the microbial communities developed in the bioreactors. The bacterial genera Acinetobacter and
Rhizobium and the mold Candida glaebosa clade were observed as the storing microorganisms which
abundance increased under saline conditions whereas Dipodascus and Mortierella notably decreased.
Nonetheless, despite the osmotic stress, promising results were obtained and maximum intracellular
accumulations of 54.2 wt % (TAG:PHA = 28:72, 0.131 Cmmoltac/Cmmols, 0.303 Cmmolpna/Cmmols)
and 50.9 wt % (TAG:PHA = 63:37, 0.291 Cmmoltas/Cmmols, 0.114 Cmmolpsa/Cmmols) were observed

when PHA and TAG were preferentially stored, respectively.

Keywords: lipids; mixed microbial culture; polyhydroxyalkanoates; salinity; triacylglycerides.
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1. INTRODUCTION

The fish-canning industry is characterized by the generation of large volumes of liquid
effluents containing high concentrations of organic compounds including, in many cases,
hydrophobic lipids [1]. When the canneries have their wastewater treatment, comprising
an aerobic biological step, these organic compounds usually reduce the efficiency of this
treatment by limiting oxygen transfer [2]. For this reason, these lipid-rich compounds are
mostly removed and rejected before full stream treatment in the wastewater treatment

plant [2,3].

Recently, waste fish oil has started to be considered as a sustainable and low-cost source
for the obtainment of storage compounds as triacylglycerides (TAGs) [4] and
polyhydroxyalkanoates (PHAs) [5,6], value-added precursors for the production of

biofuels and biomaterials alternative to fossil-based products [1].

Tamis et al. [4] have shown the feasibility of recovering lipids as TAGs when directly
feeding soybean oil to a mixed microbial culture (MMC) in a process consisting of two
steps: enrichment of the microbial culture in microorganisms with a high storage ability,

and maximization of the storage compounds accumulation.

Regarding PHA, its production from oily streams traditionally requires an additional pre-
treatment unit for the obtainment of soluble compounds suitable for their bioconversion
into PHAs (usually volatile fatty acids, VFAS) [7,8]. Nonetheless, Argiz et al. (2021)
recently demonstrated the possibility of performing in the same enrichment unit, the
transformation of a lipid-rich waste stream produced in the fish-canning industry into
long-chain fatty acids (LCFAS) and glycerol. Given that these compounds are precursors
of both TAGs and PHAs, Argiz et al. (2021) tried to identify those selective pressures
that might control the selection of the dominant metabolic pathways. It was observed that

uncoupling carbon and nitrogen feedings and limiting nitrogen availability in the medium
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allowed to maximise PHA accumulation. On the contrary, when this feeding strategy was

combined with low pH in the famine phase, TAG storage was promoted [9].

The enrichment of MMCs in populations with high storage capacity is commonly carried
in sequencing batch reactors (SBR) operated under the feast/famine (F/F) regime. In these
reactors, half of their volume is exchanged with the feeding stream at the end of the
operational cycle. Consequently, when using extremely high-loaded oily streams as a
substrate (chemical oxygen demand (COD) concentration between 2,000 — 2,500 g/L),
large volumes of water are required for dilution, severely reducing process sustainability.
To enhance resource efficiency the possibility of reusing a water stream produced in the
same industry for dilution could be considered. For this purpose, the fact that, in many
cases, the effluents generated in the fish-processing sector contain relatively high salt

concentrations needs to be considered.

The negative effect of salt concentrations above 5 — 8 g NaCl/L over the microbial activity
has been reported for conventional biological treatment systems [3], but the influence of
salt over the accumulation of TAGs [10-13] and PHAs [14,15] was mainly studied
concerning the use of pure cultures and easily metabolizable carbon sources. These
studies indicate that, in general, external stress caused by salinity promoted the
intracellular accumulation of both compounds although different sensitivities were
observed mainly depending on the strain used. Regarding the effect of salinity over TAGs
storage in MMCs there is no available information and concerning PHAs accumulation,
only [16,17] tested its influence when using non-acclimated and acclimated open cultures,
respectively. [16] considered concentrations up to 20 g NaCl/L and observed that
maximum intracellular PHA storage decreased with the increase of NaCl in the medium.

[17] demonstrated that the acclimation of the culture to salinity in the enrichment process
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allowed for the obtention of a higher PHA production under saline conditions although

concentrations over 5 g NaCl/L caused a decrease of the process productivity.

The objective of the present study is to evaluate if identified selective pressures (C and N
feeding regime and pH, [9]) that allowed for preferential PHAs or TAGs storage from
waste oil in a two-stage system would also work under saline conditions (10 g NaCl/L).
This research is focused on the analysis of the effect of NaCl over the operational
parameters controlling the process, the culture enrichment and its microbial diversity, the
maximum storage capacity, and the process productivity. Therefore, this study provides
valuable information regarding the feasibility of reusing saline effluents as dilution water

in the waste oil valorisation process for TAG and PHA production.

2. MATERIALS AND METHODS
2.1 Experimental set-up

To evaluate the effect of salinity over the industrial waste fish oil valorisation process,
two lab-scale bioreactors were operated: an enrichment unit (SBR-S) and an
accumulation fed-batch reactor (FBR-S). This two-stage system was analogous to the
described by [9], used as “control” (without salt) for comparative purposes. This consisted
of an enrichment reactor (SBR-C) in which storing microorganisms were selected from
activated sludge in the absence of salinity, and an accumulation reactor (FBR-C)

inoculated with the biomass enriched in SBR-C.

2.1.1 Operation of the enrichment reactor (SBR-S)

The enrichment reactor (SBR-S) was inoculated with activated sludge from a full-scale
reactor in operation at an industrial wastewater treatment plant treating fish-canning

saline effluents (10 — 15 g NaCl/L). The SBR-S, with a working volume of 4 L, was
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operated under the F/F regime in cycles as described in Figure SI 1. At the end of each
cycle of 12 hours, half of the volume of the reactor (2 L) was exchanged, resulting in
hydraulic and solid retention times of 24 hours. The SBR-S was continuously aerated and
completely mixed with air flowing through two air diffusers located at the bottom. The
temperature was controlled at 30 + 3 °C by a thermostatic bath (Techne Inc, USA), and
the dissolved oxygen (DO) concentration was measured online using a portable

multimeter (model HQ40d, Hach-Lange, USA). No pH controller was used.

The carbon source consisted of the oily fraction of a fish-canning industry effluent (waste
fish oil) from canned tuna production (2 mL/cycle, equivalent to 114.5 Cmmol/cycle)
(Table SI 1a), the same used in SBR-C [9]. To simulate its dilution with the effluent of
the same factory, 10 g NaCl/L were added to a synthetic water stream (2 L/cycle) with

the same composition as the one used in SBR-C (Table SlI 1b).
2.1.2 Fed-batch accumulation experiments

The maximum intracellular (TAG and PHA) accumulation capacity of the culture was
determined by the performance of accumulation fed-batch assays in a 4-L FBR-S
inoculated with biomass from SBR-S obtained after the two last enrichment cycles
previous to FBR-S start-up. Except for the feeding regime, which consisted of pulses
(between 6 — 10) of 0.8 mL of oil (equivalent to 45.8 Cmmol/pulse) without nitrogen
addition, the operational conditions were kept identical to those of the SBR-S (the salinity
was maintained at 10 g NaCl/L). The microbial activity in the accumulation assays was
monitored by the continuous measurement of DO concentration. A new substrate pulse
was added once the DO concentration experienced an increment indicating that the waste
fish oil from the previous pulse was consumed. Maximum accumulation capacity was
assumed to be reached when DO concentrations remained close to saturation values after

the addition of a pulse.
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2.2 Operational periods

The SBR-S was operated for 122 days, subdivided into three operational periods (Table
Sl 2) defined by two nitrogen feeding strategies (period | vs. periods Il and I11) and two
concentrations of sodium bicarbonate buffer (NaHCO3) in the water stream used for
dilution (periods | and Il vs. period I11). In each period, one enrichment cycle (days 22,
85, and 106) and one accumulation assay (days 29, 85, and 106) were characterized (Table
Sl 2). For comparative purposes, it was considered analogous operational periods from
the systems operated under saline (SBR-S) and non-saline conditions (SBR-C) (I, 11, 111

vs C-1, C-11, C-lll, respectively).

Until day 62 (period 1), C and N sources were fed simultaneously and in excess at the
beginning of the cycle imposing a conventional aerobic dynamic feeding regime (ADF).
In periods Il and 11l (days 63 — 122), C and N feedings were uncoupled imposing the
double growth limitation (DGL) strategy. C was still fed in excess at the beginning of the
cycle but N was added limited at the end of the feast to assure its absence during this
phase, and avoid the growth of non-storing populations. Until day 85 (period II), the
amount of NaHCOs added in the nutrients solution was the same as in period I. From day
86 onwards (period I11), its concentration was reduced (from 1.0 to 0.8 g NaHCO3 added

per cycle).
The operational cycles with ADF feeding (period I) and uncoupled DGL (periods Il and
I11) are described in Figure SI 1.

2.3 Analytical methods and calculations

The pH value was measured with a pH and lon-Meter (GLP 22 Crison, Spain) and the
electrical conductivity with a conductivity meter (probe Sension + EC5 HACH, Spain).

Total and volatile suspended solids (TSS and VSS) were measured according to
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APHA/AWWA/WEF, (2017). The COD was determined according to [18]. Total COD
was measured in the raw sample (:COD) whereas the soluble fraction (sCOD) and the
other analyses determined in the liquid fraction were performed in the centrifuged
(Centrifuge 5430 Eppendorf, USA) and filtered sample (0.45 um pore size, cellulose-
ester membrane, Advantec, Japan). VFA were determined by gas chromatography (6850
Series 11 Agilent Technologies, USA), ions (Li*, Na*, K*, Mg*?, Ca*?, CI, NOz, Br’, NOs"
, PO4s3, SO4?) by ion chromatography (861 Advanced Compact IC Metrohm,
Switzerland), and total organic carbon, inorganic carbon and total nitrogen (TOC, IC, and
TN, respectively) by catalytic combustion (TOC-L analyzer with the TNM- module,

TOC-5000 Shimadzu, Japan).

The content of biomass on intracellular TAGs and PHAs compounds was determined in
the lyophilized biomass samples according to [19]. Commercial calibration standards of
TAGs (palmitic-, stearic-, oleic-, and linoleic- acids) and PHAs (copolymer containing
88 % hydroxybutyrate (HB) and 12 % hydroxyvalerate (HV)) were used (Sigma Aldrich,
USA). The storage compounds content of the biomass samples was calculated on a mass

basis and expressed in dry weight (wt %) as a percentage of the measured VSS.

The elemental composition of the active biomass (X) was assumed to be CH18005No.2
[9] and its mass was determined as the difference between the mass of VSS (total
biomass) and that of accumulated compounds (TAGs + PHAS). Regarding Kinetic
parameters, specific maximum consumption (- gn) and production (grac, geHa, gx) rates
were estimated from the maximum slopes of the curves describing the evolution of the
different parameters. q values were expressed as Cmmol/(Cmmolx-h) except for gx,
which was referred to the substrate (S) and defined as Cmmol/(Cmmols-h). Overall
production rates (Q), Cmmol/(L-h), were determined by multiplying grac and gena by

the active biomass concentration in the system (Cmmolx/L). Production yields (Y),
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expressed as Cmmol/Cmmols, were calculated by dividing the production rates by the

carbon source consumption rates.
2.4. Microbial analysis

Samples (33 — 175 mL) from the accumulation reactors FBR-S (with salt, this study) and
FBR-C (without salt, [9]) were used to perform a microbial diversity analysis. These
samples were centrifuged (14,000 rpm, 1 min), supernatants were discarded, and the
resulting biomass samples were frozen and kept at -20 °C. Total deoxyribonucleic acid
(DNA) content was extracted using the FastDNA SPIN Kit and the FastPrep 24-
Instrument (MP Biomedicals, Germany) according to the manufacturer’s protocol. DNA
extracts were subjected to Illumina for bacterial 16S rRNA and fungal 18S rRNA
sequencing. Amplification was performed using the primers Pro341F and Pro805R [20]
and FungiQuantF and FungiQuantR [21] for Bacteria and Fungi, respectively. Default
settings were used for quality control, primer trimming, filtering, pre-clustering, and
chimera detection through Mothur V1.44.3. Operational taxonomic units (OTUs) were
assigned at the 97 % cut-off level. Singleton OTUs were removed for later analysis.
Finally, taxonomic classification was made by the 16S and 18S ribosomal database from
the National Center for Biotechnology Information (U.S.) using the blast tool of the
Geneious Prime v.2019 software (Geneious, U.S.). The 16S rRNA and 18S rRNA
sequences retrieved in this research work were deposited in GeneBank under the

accession numbers PRINA701464.

To evaluate the effect of salinity over the bacterial and fungal communities, two
hierarchical clustering analyses were made considering the relative abundances (RAs) of
the main bacterial and fungal OTUs (RA > 0.5 %) found in each sample. Non-parametric
tests (Mann-Whitney and Kruskal Wallis) were used to analyse differences among

samples (p < 0.05).
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3. RESULTS AND DISCUSSION

3.1 Waste fish oil valorisation under saline conditions

The medium salinity (10 g NaCl/L) did not affect the hydrolysis, and subsequent
metabolization of the waste fish oil fed to the enrichment reactor. Thus, the typical F/F
pattern in the SBR-S became apparent after only four days from the beginning of the
operation (eight enrichment cycles). DO concentration decreased after substrate feeding
and it was maintained at low values during carbon source consumption (feast phase).

Then it increased because of external substrate exhaustion (famine phase).

However, the culture accumulation capacity was found to be limited. Thus, the feast/cycle
length ratio obtained in period | was 0.31 £ 0.01, over the value of 0.25 found as optimum
[22]. This observation was confirmed by the complete characterization of an SBR-S
enrichment cycle carried after reaching stable operational performance (day 22) (Figure
1a) together with an accumulation batch assay in the FBR-S (day 29) (Figure 1d).
According to the kinetic parameters and production yields observed during the feast phase
(Table 1a), the high values obtained concerning qx, qn and Yx suggest that high N
availability in the medium promoted extracellular carbon source consumption for growth
instead of its intracellular storage. With a TAG:PHA ratio of 96:4, the culture was able
to accumulate about 17 wt % at the end of the feast phase and maximum intracellular

storage in the FBR-S was even lower (13.5 wt %).

At this point, the need for process optimization to increase maximum storage capacity
and productivity was clear. With this objective, those selective pressures favouring
preferential TAG or PHA production when using a non-pre-fermented hydrophobic

substrate identified in [9], were tested here under saline conditions.
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a) SBR-S

Period | Period 11 Period 111
Parameter (day 22) (day 85) (day 106)
% wt max. 17.0 17.4 8.5
TAG:PHA 96:4 50:50 80:20
grac (Cmmolrac/Cmmolx-h) 0.063 0.017 0.028
drHa (Cmmolpua/Cmmolx-h) 0.002 0.042 0.020
- gn (Cmmoln/Cmmolx-h)* 0.065 —0.000 0.004 - 0.052 0.014 -0.020
gx (Cmmolx/Cmmols-h)* 0.056 —0.001 0.000 - 0.050 0.036 —0.083
Yr1ac (Cmmoltac/Cmmols) 0.193 0.037 0.028
Yena (Cmmolpria/Cmmols) 0.006 0.090 0.020
Yx (Cmmolx/Cmmols)” 0.181-0.012 0.000 - 0.363 0.098 — 0.765
b) FBR-S
Period | Period 11 Period 111
Parameter (day 29) (day 85) (day 106)
%wt max. 135 54.2 50.9
TAG:PHA 94:6 28:72 63:37
grac (Cmmolrac/Cmmolx-h) 0.009 0.015 0.026
gera (Cmmolpra/Cmmolx:-h) 0.001 0.035 0.010
Qrac (CmmoITAG/(L-h)) 0.356 0.535 1.046
Qpha (Cmmolpua/(L-h)) 0.021 1.239 0.409
- gn (Cmmoly/Cmmolx-h) 0.030 0.050 0.012
gx (Cmmolx/Cmmols-h) 0.001 0.005 0.002
Yrac (Cmmoltac/Cmmols) 0.106 0.131 0.291
YpHA (CmmoIpHA/CmmoIs) 0.006 0.303 0.114
Yx (Cmmolx/Cmmols) 0.353 0.144 0.130

* Data referred to feast and famine phases: feast — famine.

Table 1. Maximum intracellular accumulation (% wt max. as a sum of TAG and PHA), maximum specific
production rates (), overall production rates (Q), and production yields (Y) determined in a) enrichment
cycles (SBR-S), and b) accumulation assays (FBR-S). Fed-batch reactor (FBR-S), nitrogen (N), sequential
batch reactor (SBR-S), substrate (S) , and active biomass (X).

3.1.1. Channelling lipids towards PHA accumulation

To promote the enrichment of the MMC in PHA-storing populations and hence maximise
PHA production in the FBR-S, in period Il C and N sources were added separately (DGL
strategy) and N availability was limited to the minimum required for growth in the famine
phase (Figure Sl 2a) [9].

Results obtained in the SBR-S concerning the percentage of intracellular TAGs and PHAS
accumulated at the end of the feast phase (Figure 2) show that the DGL strategy imposed

from period Il, was advantageous for PHA-storing populations even in saline

environments.

11
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Figure 2. Percentages of intracellular compounds accumulated (TAG (o) and PHA (0)), and composition
(palmitic (o), oleic (=), linoleic (m), PHB (m)) measured at the end of the feast phase in different SBR-S
cycles throughout periods | — I1I.

For example, between days 22 and 85 in SBR-S, although intracellular accumulation as
a sum of TAGs and PHASs only increased from 17.0 to 17.4 wt %, in terms of biopolymer
composition, the competitive advantage of PHA-accumulators was clear (the TAG:PHA
ratio shifted from 96:4 to 50:50) (Table 1; Figure 2). This enrichment of the culture was
evidenced by the reduction of the feast/cycle ratio, which decreased from 0.31 £ 0.01 to
0.11+ 0.03 after uncoupling (Figure Sl 2b). N limitation during the feast phase led to
insignificant biomass production (gx) and resulted in a larger specific PHAs accumulation
rate (QpHa) (Table 1). The wash-out of non-storing populations that were not able to grow
once imposed the DGL selection strategy caused a decrease in the VSS concentration at
the end of the cycle between periods | and Il (from 0.79 £ 0.12 to 0.63 £ 0.02 g VSSI/L,

respectively) (Figure SI 2b).
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The enrichment of the culture in PHA producers improved the accumulation capacity and
productivity in the FBR-S (Figure 2). Maximum intracellular PHA accumulation and
production yield increased from 0.8 wt % to 39.0 wt % and from 0.006 to 0.303
Cmmolpna/Cmmols, and the overall PHA production rate raised from 0.021 up to 1.239
Cmmolpra/(L-h), between days 29 (conventional ADF selection) and 85 (DGL selection),

respectively.

Previous studies exhibited higher PHA production yields than the obtained in this study
when working under concentrations of approximately 10 g NaCl/L (Table 2). Regarding
the maximum storage capacity, differences were significant in comparison with pure
strains but when considering MMCs and non-synthetic substrates, the results obtained in
the present research work were maximum (Table 2). Besides, unlike previous authors
reported [14,16,17], here it was not observed in the accumulation reactor (FBR-S) a
negative effect over intracellular PHAs storage due to the osmotic stress caused by
salinity. Thus, once reached the maximum accumulation, there was no intracellular PHA
degradation (Figure 1e) as occurred in [14,16,17]. This result might be a consequence of
the origin of the inoculum and its high degree of acclimation to saline environments

before the MMC enrichment.

13
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295
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297

>

Inoculum Substrate NaCl (g/L) Y % wt max.  Reference
PHA
0 0.32®W 61.0
3.5 0.32 75.0
Cupriavidus L 6.5 0.37 80.0
necator Acetic acid 9 0.41 78.0 [14]
12 0.13 60.0
15 0.03 20.0
0 0.72@ 53.0
Non-acclimated Synthetic 7 0.62 34.6 [16]
activated sludge VFASs mixture 13 0.65 174
20 0.62 8.9
0 0.64® 60.9
Synthetic 5 0.64 50.5
Activated sludge FWFL 10 0.74 52.0
acclimated to 15 0.79 42.6 [17]
salinity in the SBR 25 - 334
FWFL 5 - 30.9
10 - 30.6
Sludge from a SBR 0.42 @
located at a WWTP - yate fish oil 10 033® 390  Thisstudy
treating saline 028 ®
effluents '
TAG
Zygozacchorimyces 0 - 34.0
rouxii YPD 150 ! 28.3 [13]
0 0.06 @ 42.0
Rhodosporidium 10 0.08 39.0
torulpoides Glucose 50 0.15 48.0 [28]
100 0.13 43.0
0 - 55.1
5 - 62.1
- 10 - 62.2
Rhc;g?jroc;glgéum Glucose 15 - 62.4 [11]
25 - 60.6
40 0.18W 713
60 - 44.4
Sludge from a SBR 0.29 @
located at a WWTP Waste fish oil 10 0.30@ 32.1 This study
treating saline
0340
effluents

Table 2. Influence of increasing NaCl concentrations over TAG and PHA storage in pure and mixed

microbial cultures: a comparison with literature. Production yields (Y) expressed as: @ g/g; @

Cmmol/Cmmol; ® g COD/g COD. Food waste fermentation leachate (FWFL), sequencing batch reactor

(SBR), wastewater treatment plant (WWTP), volatile fatty acids (VFAS), yeast-peptone-dextrose medium

(YPD).
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3.1.2. Channelling lipids towards TAG accumulation

TAG producers present a higher tolerance to acid environments (pH 3 — 4 ) than PHA
ones [23]. Therefore, to select TAG producers, in period IlI, the amount of NaHCO3
buffer added in the dilution stream was decreased (Figure Sl 2c).

However, the reduction of the buffer concentration under saline conditions did not cause
the expected medium acidification in the famine phase that was observed in the absence
of salinity [9]. The pH at the end of the cycle decreased only 0.3 units presenting high
stability during the whole cycle performance. According to [24], increasing salt
concentrations reduce the activity coefficient of water leading to a CO2 solubility
reduction and therefore to lower acidification of the system.

However, although it was not possible to induce in the SBR-S an environment so acidic
as to favour TAG-storing populations, slightly lower pH values obtained during the feast
in period 111, in comparison to period Il, might have affected intracellular pH regulation
leading to a decrease in PHA production (Figure 2). Thus, bacteria regulate their
intracellular pH (within 1 to 2 units of neutrality) by controlling the flow of protons across
the membrane and when the cytoplasm becomes too acidic, protons are pumped out [25].
However, when NaCl is present in the media, Na* diffuses into the cells (the cell
membrane is negatively charged inside and positively outside) but cells need to pump it
out because it is cytotoxic [26]. Active transport of Na* requires proton motive force,
which is generated by pumping protons inside the cytoplasm but creates an intracellular
decrease of the pH that needs to be balanced. Under these conditions, the extracellular pH
increases, and maintaining the intracellular pH in neutrality becomes more costly for the
cell. Therefore, the intracellular pH might decrease leading to a decrease in PHA
production [27]. For example, on days 85 and 106 in the SBR-S, the average pH in the

feast phase was 8.4 + 0.1 and 7.1 £ 0.2, respectively (Figures 1b, 1c.) and while TAG
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storage only varied from 8.7 wt % to 6.4 wt %, intracellular PHAs decreased from 8.5 wt
% to 2.1 wt%. This lower extracellular pH was also observed to affect PHAs storage in
the FBR-S. Intracellular PHAs accumulation and overall PHA production rate decreased
from 39.0 wt % to 18.9 wt % and from 1.239 Cmmolpna/(L-h) to 0.535 Cmmolpxa/(L-h)
between days 85 and 106 (average pH during the assays was 7.6 = 0.1 and 6.5% 0.5,
respectively). However, TAGs storage and overall TAG production rate increased from
15.2 wt % to 32.1 wt % and from 0.409 Cmmolrac/(L-h) to 1.046 Cmmolrac/(L-h) (Table
1; Figure 3a).

Therefore, although alkalinity reduction was not enough to acidify the medium and create
a clear selective advantage for TAG producers, slightly lower pH values obtained during
the feast phase could have affected intracellular pH regulation and hence PHA storage.
Previous studies regarding intracellular TAG production using halotolerant strains and
hydrophilic carbon sources, exhibited higher intracellular storages although lower

production yields than the observed in the present research work (Table 2).
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3.2. Comparison with a non-saline control system

To evaluate the effect of NaCl, results obtained in this study were compared with those
reached in an analogous system fed with a non-saline medium, enrichment SBR-C, and

accumulation FBR-C [9]
3.2.1. Effect of osmotic stress over TAG and PHA production

Important differences were observed between SBR-C and SBR-S regarding aeration
requirements and the system buffering capacity. According to DO concentration profiles,
oxygen, and hence energy consumptions appeared higher in SBR-S (Figure 1) than in
SBR-C [9]. Indeed, it has been postulated that higher NaCl:COD ratios lead to higher
oxygen consumption rates due to additional cellular requirements [3]. On the other hand,
the presence of NaCl appeared to bring stability to the pH of the system. NaHCO3 addition
did not need to be progressively adjusted in SBR-S (Figure SI 2¢). The buffering capacity
of the saline system remained stable and did not rise over time as happened in SBR-C, in
which the amount of buffer added was diminished by more than 35 % during the first 50
days. This effect of NaCl over the pH could allow for a more stable and cheaper long-
term operation without the need for the use of automatic control equipment. Results
suggest that under high NaCl concentrations, NaHCO3 buffer might not be even required

to maintain the pH of the system around neutrality.

The overall activity of the MMC was also affected by osmotic stress. First, its respiration
capacity was altered. Concentrations of 60 — 80 mg/L of acetic acid were measured in the
media at the end of the cycle in SBR-S, which seemed to increase after N addition in the
uncoupled cycle (data not shown). This demonstrates that part of the acetyl-CoA
produced in the B-Oxidation of the LCFASs contained in the substrate was transformed
into acetic acid and brought out of the cell instead of being channelled to the Krebs Cycle

for energy generation. Secondly, it affected the overall obtained ratios of TAG and PHA
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production, being the later the storage compound more affected. The imposition of the
DGL strategy under saline conditions in SBR-S (Figure 3) led to a lower degree of
enrichment of the culture in PHA-accumulators than in SBR-C. This could be related to
a possible negative effect of salinity over PHA-accumulation kinetics, which correlates
with the previously reported decrease of PHA production rates with NaCl concentrations
in the range of 5 — 20 g/L [16,17]. In the present study, on day 85 (period Il), gpHa Was
0.042 Cmmolpra/(Cmmolx-h) in SBR-S (10 g NaCl/L) whereas, in SBR-C (no salinity),
it was 0.084 Cmmolpna/(Cmmolx-h) in period C-1I. Besides, in SBR-S, PHAs storage
presented a lag phase at the beginning of the cycle and it did not start until 2 hours after
C source addition. However, in SBR-C, microorganisms were able to accumulate PHAS

from the beginning of the cycle (Figure SI 3).

Because of this lower degree of enrichment in SBR-S in comparison with SBR-C after
the uncoupling of C and N feedings, results obtained in the FBR-S (period I11) were
substantially lower than in FBR-C (period C-lII). In terms of maximum biopolymer
accumulation, overall production, and production yield, values of 39.0 wt % vs 82.3 wt
%, 1.239 Cmmolpxa/(L-h) vs 2.225 Cmmolpua/(L-h), and 0.303 Cmmolpya/Cmmols vs
0.803 Cmmolrua/Cmmols were obtained, respectively. Besides, unlike what happened in
the non-saline system, increasing PHAs production in FBR-S after SBR-S uncoupling,
did not occur at the expense of TAG production (Figure 3a). This suggests that a higher
proportion of TAG-accumulating microorganisms remained in the MMC. In fact,
between days 29 and 85, TAGs production increased from 12.7 wt % (TAG:PHA ratio of
94:6) to 15.1 wt % (TAG:PHA ratio of 28:72). Overall, PHAs accumulation seemed more
affected by high salinity than TAGs accumulation (Figure 3), which correlates with

previously reported literature (Table 2).
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Under saline conditions, preferent TAGs or PHAs accumulation was not observed as it
occurred in the control system (Figure 3b). The fatty acid profile of the intracellular TAGs
accumulated was very similar and proportional to that of the substrate (Table SI 1b;
Figure 3b). Regarding PHASs production, no PHV was detected (Figure 3b). This was
expected because no PHV was measured in the control and it was previously reported that

PHYV production decreases with the increase of salinity in the medium [16].
3.2.2. Effect of osmotic stress over microbial diversity

In both FBR-S and FBR-C reactors, lower diversity of Fungi than Bacteria was observed.
There were 858,778 (71,565 * 2539 per amplicon library) and 679,360 (56.613 + 4161
per amplicon library) sequences for Fungi and Bacteria, respectively, and clustering

sequences into OTUs resulted in 1,138 bacterial and 124 fungal OTUs.

The bacterial community comprised 15 different phyla distributed into 45 classes (Figure
4a, Table Sl 3). 24 had a relative abundance higher than 0.05 %, and 13 composed the
bacterial common core (97% of the total number of sequences). Classes
Alphaproteobacteria and Gammaproteobacteria were the most abundant among the
different operational periods in FBR-S. However, in FBR-C class Gammaproteobacteria
was considerably less abundant than in the saline medium, especially in period C-11 (0.30
+ 0.2 %). Betaproteobacteria was identified as an additional dominant class, mainly in
periods C-1 (33.49 £ 1.75 %) and C-I11 (28.48 + 0.51 %). On the other hand, the fungal
community was composed of 4 different phyla and 13 classes (Figure 4b, Table Sl 4), 8

of them with a RA higher than 0.05 %.
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Figure 4. Structure of main bacterial (a) and fungal (b) classes (RA > 0.5%) identified by high-throughput

Illumina sequencing in FBR-S and FBR-C biomass samples considering analogous operational periods (I,
I, 111 vs C-I, C-I1, C-III).
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Saccharomycetes and Tremellomycetes were the main dominant classes in both reactors
throughout the distinct operational periods and the only ones comprising the fungal
common core (92 % of the total). According to the Kruskal-Wallis test (Conover-Iman
posthoc test), only classes Dothideomycetes and Cystobasidiomycetes (Table SI 4) from
FBR-S samples, and Chlamydia (Table SI 3) and Agaricomycetes from FBR-C samples
(Table SI 4) presented statistical differences in their RAs among periods I — 111 and C-1 —
C-I111, respectively. Overall, the structure of the majority of bacterial classes agreed with
previous research works concerning PHA accumulation in lab-scale bioreactors
inoculated with similar-origin inocula [29]. Also, the fungal communities found here
were similar to those previously described in conventional activated sludge bioreactors

[30].

Concerning the OTU level, 29 of the 1,138 bacterial OTUs (Figure 5a, Table SI 5) and 7
of the 124 fungal ones were dominant (RAs > 0.5 %) (Figure 5b, Table SI 6). Several
dominant bacterial OTUs (genera Acidovorax (OtuB0010), Acinetobacter (Otus BO003,
B0007 and B0008), Comamonas (OtuB0026), Flavobacterium (OtuB0013), Lysobacter
(OtuB0022), and Pseudomonas (OtuB0024), Rhizobium (Otus B0014 and B0015)) were
previously identified as able to accumulate PHAs [21,31-34]. Besides, different bacterial
(genera Acinetobacter (Otus B0003, B0O007 and B0008), Gordonia (OtuB0012) and
Pseudomonas (OtuB0024)) and fungal (yeasts Mortierella (OtuF0007) and Yarrowia

(OtuF0009)) ones were previously proposed as TAG-storing microorganisms [4,35-38].
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440  Figure 5. Relative abundance of the main bacterial (a) and fungal (b) OTUs (RA > 0.5%) identified by
441  high-throughput Illumina sequencing in FBR-S and FBR-C biomass samples considering analogous
442  operational periods (I, I1, 11 vs C-1, C-11, C-11I).
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Both FBR-S and FBR-C microbial communities presented important differences in each
reactor between the periods studied as a consequence of the operational conditions and
selective pressures implemented, which modulated their structure. Only the bacterial
groups OtuB0006 (Elstera), OtuB0017 (Thermomonas), OtuB0022 (Lysobacter), and
OtuB0020 (Fluviicola) did not present statistical differences over time in both FBR-S and
FBR-C (Table SI 4). Similarly, all the fungal OUT’s RAs found in FBR-C were
statistically different among periods C-1 — C-III, and only the RAs of OtuF0003

(Dipodascus) did not show differences over time in FBR-S (Table SI 5).

However, the hierarchical clustering analyses performed to evaluate the global effect of
salinity in the bacterial and fungal OTUs (Figure Sl 4) showed that for both communities,
salinity was a driver stronger than the operational period. Thus, the RAs of the dominant
OTUs for FBR-S and FBR-C were separated according to their origin (except for the
bacterial community of FBR-S in period I11, in which RAs were separated according to
the operational period) evidencing that NaCl stress specifically modulates the structure

of the dominant OTUs, as previous authors observed [39].

According to the Mann-Whitney test, independently of the sampling period, high salinity
negatively affected the presence of OtuB0005 (Rivicola), OtuB0006 (Elstera), OtuB0022
(Lysobacter) (Figure 5a, Table Sl 4), NaCl sensitive bacterial genera [40,41] that have
not been identified yet as TAG or PHA-storing populations. Nonetheless, all of them
reached the highest relative abundance in period C-I11 of FBR-C (26.21 + 0.63 %, 21.54
+ 0.03 %, and 2.87 £ 0.08 % for Rivicola, Elstera and Lysobacter respectively), in which
the maximum intracellular TAG accumulation was obtained (Figure 3). Concerning the
Eukarya domain, osmotic stress hindered the presence of OtuF0003 (Dipodascus) and
Otu0007 (Mortierella) (Figure 5b, Table SI 5). Dipodascus is a yeast without a TAG

accumulation trait [42] which relative abundance decreased from 50.13 £ 0.21 % to non-
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detected between periods C-1l (highest PHA accumulation) and C-I11 (highest TAG
accumulation (Figure 3). Mortierella is an oleaginous mould which accumulation
capacity was reported to be negatively correlated to NaCl [43]. It presented a relative
abundance of 19.41 + 3.10 % in period C-I1I in FBR-C (highest TAG production, Figure

3), whereas in FBR-S it was only detected in period 11 with a RA lower than 0.05 %.

On the other hand, salinity stimulated the development of OtuB0002 (Porphyrobacter),
OtuB0003 (Acinetobacter), OtuB0015 (Rhizobium), OtuB0016 (Kryptousia), OtuB0021
(Corynebacterium), OtuB0029 (Taibaiella), OtuB0027 (Epilithonimonas), and OtuF0002
(Candida glaebosa clade) (Tables SI 4 and Sl 5). Porphyrobacter was previously
described as halotolerant [44] and although, until the date, it was not identified as a TAG
or PHA-storing microorganism its relative abundance notably increased when the highest
TAG storage was reached in FBR-S (Figure 3, Figure 5a). Acinetobacter is an
osmotolerant bacterium (Hrenovic and lvankovic, 2009) identified as capable of
producing PHAs [46] and TAGs [47]. Its relative abundance notably increased in FBR-S
between periods | and Il (highest PHA production) whereas in period Il became very
scarce. Rhizobium was reported to survive under salt stress conditions [48] and, despite
being a PHA-storing microorganism [49], its presence was only observed in period | in
FBR-S (lowest intracellular PHA storage, Figure 3). Kryptousia was developed after the
SBR-S uncoupling and its relations to NaCl stress or biopolymer production are still
unknown. Corynebacterium, with a scarce presence in FBR-S (highest RA of 2.88 + 0.80
% in period Ill), can store amino-acids in response to osmotic stress although it is not a
TAG or PHA synthesizer [50]. Taibaiella (highest RA of 2.67 + 0.10 %) was previously
characterized as slightly NaCl tolerant, [51] but to the best of the author’s knowledge, is
not a TAG or PHA-storing microorganism. Candida glaebosa clade, affine to hypersaline

environments [52] presented a high abundance in FBR-S throughout the different
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operational periods reaching its maximum in period Il (82.92 = 1.32). The TAG
accumulation capacity in members of the current Candida genus has been previously
characterized [53]. However, the uncertain position of the members of this clade inside
the family Debaryomycetaceae hinders their assign within the group of oleaginous yeasts

[54].

4. CONCLUSIONS

The use of saline water (10 g NaCl/L) for dilution in a two-stage process for TAGs and
PHAs recovery from industrial waste fish oil appeared feasible according to the results
obtained in this study. However, further optimization focused on the adaptation of the
imposed selective pressures to the effect caused by salinity, would allow for the obtention
of more competitive outcomes.

e When PHAs were the main storage compound (TAG:PHA = 28:72), 39.0 wt %
PHA was accumulated yielding 0.303 Cmmolpna/Cmmols. On the other hand,
when TAG producers dominated (TAG:PHA =63:37), a maximum of 32.1 wt %
TAG was observed yielding 0.291 Cmmolrac/Cmmols.

e The selective pressures imposed in the enrichment stage to maximize preferent
TAGs or PHAs production in the accumulation reactor seemed less efficient when
NaCl was present in the medium.

e PHA producers appeared more sensitive to salt and although the DGL strategy
favoured their development, the culture needed to be further enriched to increase
specificity. In the case of TAGs, a more severe medium acidification might be
needed in saline conditions to create a clear selective advantage for TAG

producers.
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Salinity was observed to be the main factor influencing the structure of both
bacterial and fungal communities. Several OTUs presented a high relative
abundance in the presence of salinity, some of them previously identified as TAG
or PHA-storing microorganisms (Acinetobacter, Rhizobium and Candida

glaebosa clade).
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Figure SI 1. Configuration of the SBR-S operational cycles during periods | — I1I.

a) Coupled system configuration (period I)
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Figure SI 2. Evolution of different operational parameters in SBR-S. Concentrations of a) TN in the feeding (#), and TN at the end of the cycle
(#); b) feast phase length considering accumulation + growth (x), feast phase length considering only accumulation (@) and VSS concentration

(—); ¢) pH at the end of the cycle (o) and NaHCO3 concentration in the feeding (A ).
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Figure SI 3. Intracellular PHA accumulation in saline (SBR-S) and non- saline (SBR-C)

enrichment reactors operated under the DGL strategy (uncoupled C and N addition).
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Figure SI 4. Heatmap of the average clustering of the relative abundance of the main bacterial (a)
and fungal (b) OTUs identified in the DNA isolated from accumulation saline and non-saline

bioreactors (FBR-S and FBR-C, respectively).
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Table SI.1. Characterization of the waste fish oil used as a substrate (a) and composition of the

stream used for dilution (b).

a) Waste fish oil: carbon source (2 mL/cycle)

Parameter Value
pH 3.75%0.20
Electrical conductivity pS/cm 0.60 +0.10
Density g/L 900 £ 10
{COD a/g 2.50+0.11
Lipids a/g 0.823 +0.089
TS a/g 0.853 +0.018
VS a/g 0.852 +0.019

Elemental analysis N,C, HS

%
0.00, 87.41, 14.11, 0.00

Palmitic, stearic, oleic, linoleic, others
wt % 10.3+0.4,25+1.0,383+16,631.2+15,
17.7+4.2

Fatty acids profile

b) Synthetic dilution water stream (2 L/cycle)

Compound Value
NH,CI ® mg/L 600
MgSO. mg/L 140
KCI mg/L 100
KH2PO4 mg/L 750 - 1000
NaHCO; mg/L 200 - 250
ATU mg/L 2.5
NaCl mg/L 10000
Trace element solution @ ml/L 2

ATU (allylthiourea), total chemical oxygen demand (:COD), total solids (TS), volatile solids (VS).

) Addition during period I (coupled configuration). In periods Il and 111, no NH4Cl was added in the dilution water. It was
fed separately 20 mL of a concentrated solution containing 20 — 22 NH4Cl g /L.

@ Vishniac, W., Santer, M., 1957. The thiobacilli. Bacteriol. Rev. 21, 195-213.



Table SI 2. Characteristics of SBR-S operational periods and cycles monitored in the SBR-S and FBR-S.

Period | (days 1 —62)

Period Il (days 63 — 85)

Period 111 (Days 86 — 122)

Selection strategy

C & N supply

Nitrogen addition mg TN/cycle

Buffer addition g NaHCOs/cycle
SBR-S cycle Day of operation

FBR-S assay Day of operation

Conventional ADF

Coupled. Simultaneous
addition at the beginning of the
cycle.

234
1
22

29

DGL
Uncoupled. C feeding at the
beginning of the cycle and N
supply at the end of the feast

phase.

187

1
85

85

DGL
Uncoupled. C feeding at the
beginning of the cycle and N
supply at the end of the feast
phase.
187
0.8
106

106

Aerobic dynamic feeding (ADF), double growth limitation strategy (DGL), fed-batch reactor operated under saline conditions (FBR-S), sequential batch reactor operated under

saline conditions (SBR-S), total nitrogen (TN).



Table SI 3. Relative abundance in percentage (n=2) + SD of the main bacterial class (abundance > 0.05%) in biomass samples from FBR-S and

FBR-C in periods | — 11, identified by high-throughput Illumina sequencing.
FBR-S FBR-C
| | 11 | 1] 1
Acidimicrobiia 0.01+£0.00 C 0.87+0.00 A 0.14+005 B 232+058 A 0.01+001 C 029+0.00 B
Actinobacteria Actinobacteria 124+001 B 862+021 A 6.64+180 A 591+045 B 040+0.10 C 7.94+0.04 A
Thermoleophilia 0.00£0.00 C 0.25+0.01 A 0.09+003 B 0.21+0.02 A 0.02+0.00 C 0.07+0.00 B
Armatimonadetes Fimbriimonadia 0.00£0.00 A 0.00+0.00 A 0.00+£0.00 A 139%+033 A 0.01+000 C 0.27x0.02 B
Bacteroidia 0.03+0.01 B 058+0.01 A 0.00+0.00 C 0.07+0.01 B 0.30+0.00 A 0.03+£0.02 C
Chitinophagia 2771010 A 077004 B 0.02+001 C 125+030 B 0.69+0.11 C 219+£0.00 A
Bacteroidetes Cytophagia 0.01£0.00 C 426+005 A 266+102 B 331+054 A 0.07x001 C 028+£0.02 B
Flavobacteriia 238+0.14 B 1564+037 A 041+012 C 0.64+0.09 C 2.02+025 B 18.41+0.06 A
Sphingobacteriia 0.04+0.01 B 0.28+x0.03 A 0.01+000 C 331+206 A 057000 B 241+0.06 A
Chlamydiae Chlamydiia 0.00£0.00 C 0.09+0.00 A 0.02+001 B 025+0.19 A 0.03+0.00 A 0.23+0.02 A
Cyanobacteria Cﬁg&iﬁ&ﬁi‘ga 002+001 C 648+024 A 195+063 B 005+003 C 010002 B 227+007 A
Firmicutes Bacilli 0.00£0.00 A 0.00x0.00 A 0.00+0.00 A 160+055 A 0.01+0.00 C 0.02+0.00 B
Clostridia 0.01+£0.00 C 237+0.18 A 037+0.15 B 158+0.00 A 0.03+0.00 C 0.20+0.01 B
Gemmatimonadetes ~ Gemmatimonadetes 0.00+£0.00 A 0.00+£0.00 A 0.00+0.00 A 0.10+0.02 A 0.00+0.00 B 0.00+0.00 B
Alphaproteobacteria 29.11+0.17 B 23.61+057 C 79.30+5.06 A 1156+1.85 C 88.85+1.05 A 31.40+0.07 B
Betaproteobacteria  0.07+0.00 B 0.15+0.01 A 0.18+0.05 A 33.49%175 A 6.28%+0.48 C 28.48+0.51 B
Proteobacteria Deltaproteobacteria 0.00+0.00 C 0.25+0.02 A 0.02+0.01 B 176+038 A 0.12+0.02 C 0.21+0.01 B
Epsilonproteobacteria 0.00+£0.00 C 0.21+0.02 A 0.08+0.04 B 159+093 A 000+0.00 C 032+0.04 B
Gammaproteobacteria 64.28 +0.11 A 3494+180 B 8.07+113 C 2142+582 A 030+0.02 C 375+0.12 B
Oligoflexia 0.00£0.00 B 0.07+0.00 A 0.00+0.00 B 193+046 A 0.05+0.02 C 0.31+0.00 B

Capital letters (A, B, C) indicate statistical differences among the operational periods for a given reactor, according to Kruskal-Wallis (Conover-Iman posthoc test, p < 0.05).



Table SI 3 (Continuation)

FBR-S FBR-C
| 1 1l | I i
Opitutae 0.02+£0.00 B 0.16+0.01 A 0.00+0.00 C 1.08+0.60 A 0.02+0.00 C 043+0.00 B
Verrucomicrobia Spartobacteria 0.00£0.00 A 0.00+0.00 A 0.00+0.00 A 0.78+0.23 A 0.00+0.00 B 0.00+0.00 B
Verrucomicrobiae 0.00£0.00 B 0.02+0.01 A 0.00+0.00 B 299+042 A 0.00+0.00 C 0.30+0.01 B
Bacterial Minority classes 0.00£0.00 C 036006 A 004+£001 B 143+053 A 0.11+003 C 0.19+0.02 B

Capital letters (A, B, C) indicate statistical differences among the operational periods for a given reactor, according to Kruskal-Wallis (Conover-Iman posthoc test, p < 0.05).



Table Sl 4. Relative abundance in percentage (n=2) = SD of the main fungal classes (abundance>0.05%) in activated sludge samples from FBR-S

and FBR-C in periods | — Ill, identified by high-throughput Illumina sequencing. Capital letters indicate statistical differences among the

operational periods for a given reactor, according to Kruskal-Wallis (Conover-Iman posthoc test, p < 0.05).

FBR-S FBR-C
| 11 ] | 1 ]

Dothideomycetes 0.02+£002 A 001+x001 A 016+£022 A 056077 A n.d. B 014x0.17 A

Ascomicota Saccharomycetes 50.10+£028 B 83421208 A 14741066 C 6783+295 A 56.11+103 B 2166+141 C

Sordariomycetes  4.06+£3.66 A 0.03+0.02 B n.d. C 027+£038 C 1657+308 A 194+105 B

Agaricomycetes n.d. A n.d. A n.d. A 065+046 A 070x007 A 002000 A

- Cystobasidiomycetes 1.15+1.63 A 0.00+£0.01 A n.d. A n.d. A n.d. A n.d. A
Basidiomycota —

Microbotryomycetes 1.35+154 A 0.01+0.01 B n.d. B n.d. B n.d. B 167030 A

Tremellomycetes 43.32+3.83 B 16.41+206 C 8510+044 A 2497+152 B 23.89%215 B 5514+393 A

Mucoromycota Mortierellomycetes n.d. B 004+£001 A n.d. B 569+289 B 246+012 C 1941+438 A

Fungal Minority classes 0.03+£0.03 B 025+006 A 003+0.03 B n.d. B 007002 A n.d. B

Capital letters (A, B, C) indicate statistical differences among the operational periods for a given reactor, according to Kruskal-Wallis (Conover-Iman posthoc test, p < 0.05).
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Table SI 5. Relative abundance in percentage (n = 2) £ SD of the main bacterial OTUs in biomass samples from FBR-S and FBR-C in periods | —

111, identified by high-throughput Illumina sequencing.

FBR-S FBR-C

| 11 ] | 1 ]
OtuB0001(Niveispirillum) n.d. Ca 005+0.01 A a 003+000 B a 004+002 C a 7273+136 A a 0.17+0.02 B a
OtuB0002(Porphyrobacter) 4.06+0.10 B a 040+002 C a 7413+557 A a 002+001 A a 002000 A a n.d. B a
OtuB0003(Acinetobacter) 2.21+0.12 C a 3462+184 A a 419+059 B a 042+012 A b 004+£000 C b 022001 B b
OtuB0004(Azospirillum)  10.20+024 A a 0.02+0.01 B a 0.01+£001 B a 001+0.00 C a 1483%+025 A a 6.71£0.02 B a
OtuB0005(Rivicola) n.d. ADb n.d. A b n.d. A b n.d. C a 507020 B a 26.21+0.63 A a
OtuB0006(Elstera) n.d. ADb n.d. A b n.d. A b 140+£09 B a 001+000 C a 2154%£0.03 A a
OtuB0007(Acinetobacter) 18.94+0.17 A a 0.02+000 C a 035+011 B a 006004 A a 004001 A a n.d. B a
OtuB0008(Acinetobacter) 18.05+0.13 A a 0.01+0.00 B a n.d. B a n.d. B a 002000 A a n.d. B a
OtuB0009(Thalassotalea) 16.43+0.33 A a 0.01+0.00 B a n.d. B a n.d. B a 0.01+£000 A a n.d. B a
OtuB0010(Acidovorax) n.d. A a 001+£000 A a n.d. A a 1873+911 A a 001+000 C a 0.09+0.00 B a
OtuB0011(Kaistella) 061+008 B a 962+023 A a 036+011 C a 001+000 C a 131+0.04 B a 315%£0.02 A a
OtuB0012(Gordonia) 094+£002 C a 458+0.06 A a 275075 B a 152%+010 B a 026+0.05 C a 354+002 A a
OtuB0013(Flavobacterium) n.d. B a 011+0.00 A a n.d. B a n.d. B a n.d. B a 1257+0.11 A a
OtuB0014(Rhizobium) 10.44£0.14 A a n.d. B a n.d. B a n.d. A a n.d. A a n.d. A a
OtuB0015(Rhizobium) 236+0.06 B a 650+£0.17 A a 112+008 C a 063+0.27 A b n.d. C b 001+£000 B b
OtuB0016(Kryptousia) 0.01+001 C a 641+£023 A a 156+046 B a 001+001 C b 010001 B b 128005 A b
OtuB0017(Thermomonas) 6.53+0.04 A a 0.02+0.00 B a n.d. C a 239+142 A a 002+0.00 B a n.d. C a
OtuB0018(Polynucleobacter) n.d. A a n.d. A a n.d. A a 693+426 A a n.d. B a n.d. B a
OtuB0019(Caulobacter) 0.11+0.03 B a 191+0.17 A a 007+002 B a 026009 C a 056%x0.03 B a 236+£0.09 A a
OtuB0020(Fluviicola) n.d. Ca 492+011 A a 0.03+x001 B a n.d. A a n.d. A a n.d. A a
OtuB0021(Corynebacterium) 0.05+0.01 C a 0.88+0.04 B a 2838+080 A a 076016 A b n.d. C b 003+£001 B b

Capital letters (A, B, C) indicate statistical differences among the operational periods for a given reactor according to the Kruskal-Wallis (Conover-Iman posthoc test, p < 0.05).

Lowercase letters (a, b, c) indicate statistical differences between reactors, according to the Mann-Whitney (p < 0.05).
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Table SI 5 (continuation)

FBR-C FBR-C

| 11 1 | I ]
OtuB0022(Lysobacter) n.d. ADb n.d. Ab n.d. A b 175008 B a n.d. C a 287+0.08 A a
OtuB0023(Emticicia) n.d. C a 358+006 A a 026+012 B a 062+046 A a n.d. B a n.d. B a
OtuB0024(Pseudomonas) n.d. A a n.d. A a n.d. A a 474+£238 A a n.d. C a 001+000 B a
OtuB0025(Ravibacter) n.d. C a 016+£000 B a 220+080 A a 145077 A a n.d. C a 0.04+0.00 B a
OtuB0026(Comamonas) 0.01£0.00 A a n.d. A a n.d. A a 288x157 A a n.d. B a n.d. B a
OtuB0027(Epilithonimonas) n.d. ADb n.d. A b 001000 A b 004+000 C a 069+029 B a 263+£0.03 A a
OtuB0028(Mucilaginibacter) n.d. A a n.d. A a n.d. A a 267170 A a n.d. B a n.d. B a
OtuB0029(Taibaiella) 276 £010 A a 022+000 B a 0.01+£001 C a n.d. ADb n.d. ADb n.d. ADb

Capital letters (A, B, C) indicate statistical differences among the operational periods for a given reactor according to the Kruskal-Wallis (Conover-Iman posthoc test, p < 0.05).

Lowercase letters (a, b, c) indicate statistical differences between reactors, according to the Mann-Whitney (p < 0.05).
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Table SI 6. Relative abundance in percentage (n = 2) £ SD of the main fungal OTUs in activated sludge samples from FBR-S and FBR-C,

identified by high-throughput Illumina sequencing.

FBR-S FBR-C
I T i I T i
OtuF0001(Apiotrichum) 4329+271 B a 16.39+146 C a 8503030 A a 2493+107 B a 2384+151 B a 5448+297 A a
OwF0002(Candida 53 564199 B 5 82.02+132 A a 13072002 C a 1014006 B a 122+021 B a 2089+095 A a
glaebosa clade)
OtuF0003(Dipodascus)  0.83+0.83 A b 0022000 A b 001+0.00 A b 27371004 B b 50.13+021 A b 0.00£0.00 C b
OtuF0004(Geotrichum)  13.27+0.88 A a 003+0.01 C a 127+0.73 B a 3529+750 A a 4232015 B a 055+012 C a
OtuF0006(Pyriculariaceae) 4.06£259 A a 002+0.01 B a 000000 C a 000+£0.00 C a 1644+£205 A a 194+0.74 B a
OtuF0007(Mortierella)  0.00£0.00 B a 004+001 A a 000:+000 B a 569+205 B b 246+008 C b 1941+3.10 A b
OtuF0009(Yarrowia)  250+0.36 A a 001000 B a 0.10+010 B a 322+027 A a 008008 B a 000000 B a

Capital letters (A, B, C) indicate statistical differences among the operational periods for a given reactor according to the Kruskal -Wallis (Conover-Iman posthoc test
Lowercase letters (a, b, c) indicate statistical differences between reactors, according to the Mann-Whitney (p < 0.05).
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Highlights

- TAG and PHA were recovered from industrial waste fish oil under saline conditions.
- Uncoupled C & N feeding was advantageous for PHA producers despite salinity.
- Salinity drove the medium pH to neutrality so NaHCO3 buffer might be avoided.
- PHA-accumulators were more sensitive to high salinity than TAG-accumulators.

- Osmotic stress specifically modulated the structure of the microbial community.
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