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Abstract

The influence of changing salinity on community composition and functional activity (Bacterial
Production (BP) and ectoenzyme activity) of major bacterial taxa wasevaluated using microcosm
experiments in a tropical monsoon influenced estuary. Natural bacterial inocula at different salinities,
representing marine, brackish, and freshwater, were inter-transferred and elucidated their response
with an emphasis on community composition and B-Glucosidase (BGase) activity. The results
revealed a significant decrease in the total bacterial count (TBC) and BP on the translocation of
bacterial inocula to different salinity conditions in the case of freshwater bacteria. However, a
significant increase in BGase activity coupled with shifts in the studied bacterial groups was evident
in the case of marine as well as freshwater bacteria. Quantitative PCR (qPCR) revealed a shift in
major bacterial taxa upon translocation to different waters, which was dependent on salinity and the
source of inocula. Redundancy and qPCR analyses showed that members belonging to
Gammaproteobacteria and Betaproteobacteria were higher, and possibly influenced BGase activity in
marine and freshwater, respectively. Translocation of marine inocula to brackish and freshwater
resulted in an emergence of Bacteroidetes, Actinobacteria, and Betaproteobacteria, respectively.
Whereas, when freshwater inocula were translocated to marine or brackish water,
Alphaproteobacteria and Gammaproteobacteria taxa emerged, and this was coupled with increased
BGase activity. In contrast, brackish water bacteria showed a strong persistence in bacterial
community composition when translocated to different salinities within this estuary. Such
phylogenetic persistence or changes suggests species level shifts in specific bacterial taxa, and
unravelling the same using different functional gene markers would ascertain their role in organic
matter processing and is way forward.

Keywords: Quantitative PCR, Salinity stress, brackish water,Heterotrophic bacteria, Community
shift, Freshwater, Estuaries, Ectoenzyme, Bacterioplankton



1. Introduction

Estuaries are highly unique systems, where the mixing between the river and ocean water
results in steep gradients of different abiotic components that include salinity, temperature,
inorganic, and organic nutrients (Santos et al., 2014). Also, such steep environmental gradients
significantly influence the estuarine microbial communities either by altering their community
composition (Campbell and Kirchman, 2013), or the metabolic functions (Cunha et al., 2001).
Among the different bacterial metabolic functions, degradation of organic matter (OM) is one of the
major pathways wherein the nutrients are actively reinstated to the food webs (Hu et al., 2014) and
are catalyzed by different extracellular hydrolytic enzymes or ectoenzymes (Hoppe, 1983). However,
the production of these ectoenzymes by estuarine microbial communities is regulated by the nature
of substrate, concentration, as well as the community composition. Moreover, environmental
conditions can also modify the enzymatic activities and community composition in which salinity is
the prime factor (Cunha et al., 2001). In estuaries, salinity increase or decrease is known to influence
the functional activities of the microorganisms. Furthermore, along the estuarine salinity gradient,
the combination of marine and riverine influence results in higher bacterial diversity due tothe
replenishment of bacterial species (Herlemann et al., 2014). Several previous studies have reported a
salinity effect on ectoenzymes in both marine and freshwater environments (Cunha et al., 2001;
Santos et al., 2009). Results from field and experimental observations show an influence of salinity
on bacterial community composition (BCC) (Langenheder et al., 2003; Crump et al., 2004; Herfort et
al., 2017; Tang et al., 2012).For instance, Alphaproteobacteria, Gammaproteobacteria, and SAR11
were dominant. They efficiently assimilated OM in marine systems (Cottrell and Kirchman, 2000),
while in the estuaries, Bacteroidetes played a dominant role in the degradation of the OM pool
(Crump et al., 2004). Contrastingly, Betaproteobacteria efficiently consumes riverine OM and is
predominant in freshwater environments (Herlemann et al., 2011). However, very few observations
have simultaneously reported the effects of salinity fluctuations on BCC and the ectoenzymes, which
they produce (Bullock et al., 2017; Cunha et al., 2000; Langenheder et al., 2003). Such studies are
sparse in tropical estuaries.A recent study by Eswaran and Khandeparker (2017) reported that along
the estuarine salinity gradient, bacterial abundance, and ectoenzyme expression were high at the
saline mouth and during the dry season. Furthermore, high expression was related to
Gammaproteobacteria taxa, specifically Pseudomonadales.Whereas, during monsoon, it was
Enterobacteriales, which showed high expression(Eswaran and Khandeparker, 2019). The tropical

estuaries are inimitable due to the short episodic monsoon spells, which bring high freshwater runoff



resulting in the estuary to be in the non-steady state when compared to the temperate estuaries (Vijith

et al., 2009).

Zuari estuary is one tropical estuary located at Goa, West Coast of India, which discharges into
the Arabian Sea (Fig. 1A). Salinity characteristics of this estuary differ significantly from the low
runoff/dry period during November - May to the high runoff period during the summer monsoon
from June to September (Shetye et al., 2007). The run-off also contribute to the introduction of high
numbers of allochthonous freshwater or terrestrial bacterial communities (Divya et al., 2009;
Eswaran and Khandeparker, 2019). During the transport in estuaries, increasing salinity could be a
challenging factor for the proliferation of freshwater bacteria as compared to autochthonous estuarine
bacteria. Other than bacterial communities, riverine discharge also depositsa high amount of
allochthonous materials rich in carbohydrates. Among the carbohydrates, structural polysaccharides
are at higher concentration in estuaries due to their recalcitrant nature, when compared to storage
polymers (Khodse et al., 2010), and B-Glucosidase (BGase) activity is a useful proxy in assessing
their degradation. Our field observations have indicated a shift in the major bacterial taxa from low
saline-monsoon to high saline-non monsoon seasons that influence BGase activity/expressionin this
estuary(Eswaran and Khandeparker, 2017, 2019). Likewise, earlier Del Giorgio and Bouvier (2002)
reported that particular bacterial taxa markedly respond to salinity either by increase or decrease in
growth and cell-specific activities. Therefore, controlling factors such as salinity fluctuations might
act as a barrier to estuarine bacterial communities, resulting in either ‘perish’ of some species or
‘flourish’ of others, and that influence the OM degradation. In order to validate this hypothesis, we
conducted a series of experiments wherein natural bacterial inocula from different locations of Zuari
estuary were inter-transferred in microcosms and examined the response of marine, brackish, and
freshwater bacteria to different salinity conditions with an emphasis on major bacterial taxa and

BGase activity.
2. Materials and Methods
2.1. Study area and Field sampling

Water samples used in the present study were collected from Zuari estuary located in Goa, West
coast of India (Fig. 1A). Surface water samples were collected using5SL Niskin water samplerfrom
three different locations based on the salinity representing marine (bay-32.23; 15° 25" 16.9” N 73°47'
36.9" E), brackish (mid-estuary-19.34; 15° 24" 32.0" N 73°54' 50.2" E), and freshwater (upstream-
0.06; 15°16' 01.1" N 74° 06’ 36.0" E) (Fig. 1A, B). After collection, 200L of water samples from all

three stations were passed through 20 um mesh and stored in acid-washed Nalgene bottles (rinsed



with 10% HCI followed by MilliQ water), transported to the laboratory, and used for microcosm

experiments.
2.2. Microcosm setup

The culture media were prepared by filtering 20 L of water samples from each station (i.e.,
marine, brackish, and freshwater (n =3 x 3) through the manifold filtration system fitted with
multiple polycarbonate filter papers, which has 0.22 pm pore size and 47 mm diameter(HTTP04700;
Millipore, USA). Subsequently, the filtrates were autoclaved and kept in the dark. Meanwhile, filter
papers with particulate materials were stored in sterile Petri dishes (GEN-TCD-60-S, Genaxy, India)
at 4 °C until the filtrateswere autoclaved. The particulate materialscontained the particles which are
smaller than 20 pm in size such as, nanophytoplankton (3 —20 um), picophytoplankton (0.2 to 3 pum),
bacteria (0.2 to 2 um free-living; > 2 um particle-associated), and suspended particles (inorganic and
organic).In translocation experiment I, the marine bacterial inoculawere transferred tofiltered and
autoclaved fresh, brackish, and marine waters. In experiment II, the brackish water bacterial inocula
weretransferred tofiltered and autoclavedfresh, brackish, and marine waters, respectively. In
experiment III, the freshwater inocula were transferred tofiltered and autoclaved fresh, brackish, and
marine waters, respectively (Fig. 1B). The bacterial inocula, which wereretained in the water of the
same station,werereferred toas controls (Fig. 1B). Hereafter, for simplicity, the filtered and
autoclaved fresh, brackish, and marine watersare referred toas fresh, brackish, and marine waters,
respectively. The experiments were continued for 21 days under 12 hr light: dark cycle at a
controlled temperature (26 + 2 °C). Further, incubated bottles were agitated periodically everyday
throughout the experiment to avoid the aggregation of suspended particles at the bottom. Before sub-
sampling, the incubated bottles were mixed thoroughly and 2.1 L of water from each experiment was
transferred to clean beakers for the estimation of dissolved inorganic nutrients, transparent
exopolysaccharides (TEP), suspended particulate matter (SPM), dissolved organic carbon (DOC),
chlorophyll a (Chl a),total bacterial count (TBC), bacterial production (BP), major bacterial taxa, and
BGase activity. Sub-samples were collected on days 0, 1,4, 7, 11, 17, and 21, respectively.
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2.3. Nutrient analyses

Dissolved nutrient concentrations (silicate, phosphate, nitrite, and nitrate) were determined
colorimetrically with an automated nutrient analyzer (SKALAR SAN PLUS 8505 Interface V3.331,
Netherland) following the protocol described in Grasshoff et al. (1983).

2.4. Suspended particulate matter (SPM), dissolved organic carbon (DOC) and Chlorophyll-a
(Chl a) analyses

SPM was enumerated by filtering 100 mL of water samplesthrough the pre-combusted, weighed
GF/F (0.7 um, Whatman) 25 mm filter papers, and subsequently retained materials were dried in an
oven at 60 °C for 24 hr. After drying, the samples were reweighed, and values are expressed as mg
L. Water samples for DOC analysis were filtered through 0.22 um acetate cellulose filter papers
and acidified with 2 % H,SO, and analysed using a total organic carbon analyser (Shimazu; Model
TOC-L), and the values are expressed as mg L. Chl a was measured by filtering 100 mL of water
samples through GF/F filter papers, followed by overnight extraction using 90 % acetone at 4 °C in
the dark. After extraction, Chl aconcentrationwas determined using a fluorometer (Turner, 10-AU)

that was standardized with Chl a standard (Sigma, USA).
2.5. Transparent exopolysaccharides (TEP) estimation

TEP were quantified using the modifiedalcian blue method described by Klein et al. (2011).
Briefly, 250 mL of water samples from each experimentwere filtered through 0.4 pm polycarbonate
filter papers (HTTP 4700; Millipore, USA), and materials retained on the papers were scrapped using
GF/F filtered seawater. The resuspended materials were centrifuged at 3200 xg for 10 min,and
obtained pellets were mixed with 2 mL of 0.02% alcian blue (prepared using 0.06 % of acetic acid).
Subsequently, the mixtures were centrifuged at 3200 xg for 20 min to remove excess dye. The
stained pellets were rinsed with 2 mL of distilled water and centrifuged. The rinsing step was
repeated until the supernatant hasbecome clear. Acid digestion of stained pellets was done using 4
mL volume of 80% H,SO4 and kept for 2 hr. After incubation, absorbance was measured at 787 nm
by spectrophotometer (UV-VIS-2550; SHIMADZU) against alcian blue as a blank solution. A
standard calibration curve was obtained using Xanthan Gum following the above protocol. The

measured TEP are expressed as microgram Xanthan Gum equivalent per litre (ng XG equiv L™).



2.6. Flow cytometry analyses
2.6.1. Enumeration of the total bacterial count (TBC)

Subsamples of 4.5 mL were collected in triplicates from each experiment and fixed with filtered
paraformaldehyde (1 % final concentration), stored at — 80 °C until analyses. During analyses,
samples were brought back to room temperature, andaliquots of 1 mL werestained with SYBR Green
I (1:10000 final concentration; Molecular Probes, USA) and incubated in the dark for 15 min.
Subsequently, the stained sampleswere analysed with BD FACS Aria II flow cytometer configured
with a 488 nm nuclear blue laser. The TBC was recorded based on cell granularity (side scatter
signal (SSC)) and green fluorescence from SYBR Green I nucleic acid stain (Khandeparker et al.,
2017). The SSC and DNA fluorescence data from the cytometer were processed using built-in BD
FACS Diva version 6.2 software. Yellow-green fluorescence size beads (1 um) were used as an

internal standard to calibrate the SSC and FL-1 channel (Polysciences, USA).
2.6.2. Bacterial production

Bacterial production (BP) was measured using 5-Bromo-2-deoxyuridine (BrdU), which is a
synthetic nucleoside and an analog of thymidine (Eswaran and Khandeparker, 2017; Khandeparker
et al., 2018). Subsamples from each experiment were incubated with 1 uM final concentration of
BrdU for 3 hr at in situ temperature in dark condition. After incubation, the bacterial activities were
stopped by adding filtered paraformaldehyde (1% final concentration) and stored at -80 °C until
immunofluorescent detection. The immunofluorescent detection was performed using the anti-BrdU
antibody labeled with FITC fluorochrome. In brief, anti-BrdU with DNase I was added to 1 mL of
BrdU incorporated water samplesand incubated for 30 min in the dark,andsubsequently, anti-BrdU
labeled cells were counted using BD FACS Aria II flow cytometer with 488 nm nuclear blue laser.
Bacterial carbon production was calculated using 11 fg C per bacterium as a cell-to-carbon

conversion factor,and obtained values are expressed as pg C L™ h™' (Garrison et al., 2000).
2.7. Ectoenzyme analyses
2.7.1. Total B - Glucosidase (BGase) activity

Total BGase activity (includes cell-associated and free enzyme)was estimated by measuring the
fluorescence released from 4-methylumbelliferyl (MUF) -B - D-glucosidase substrate as described by
Hoppe (1983). The working stock was prepared by diluting the MUF tagged substrate in sterile
seawater with the addition of methyl cellosolve. A standard curve was prepared using a series of
MUF B- D-glucosidase substrate (Sigma, USA) concentrations ranging from 10nM to 500nM,

whichwere incubated in triplicates with 10 mL seawater for an incubation period ranging from 30min
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to 24 hr. Based on the substrate concentration and linearity of the observed fluorescence, the
standard concentration of 50 nM and an incubation period of 3 hr were selected for this study. For
sample analyses, 10 uL of the MUF substrates (50 nM final concentration) were added to 10 mL of
experimental samples and incubated for 3 hr. After incubation, 100 pL of Tris — HCI buffer (pH
10.3) was added to each 1 mL of the sample mixture,and fluorescence was measured using a
fluorescence spectrophotometer (Shimadzu RF5031) equipped with 365-440nm excitation and

emission wavelength. The rate of enzyme activity is expressed asnM C L™ h™.
2.7.2. Enumeration of the number of cells expressing -Glucosidase

Fluorescein di-pB-D-glucopyranoside (FDGlu; Molecular Probes) was used to enumerate the
number of cells expressing B-Glucosidase (BGase) from the TBC. Briefly, water samples were
incubated in the dark with FDGlu, which is a substrate for BGase. During the incubation, BGase
expressing bacteria cleaved the non-fluorescent FDGIlu to highly fluorescent fluorescein.
Subsequently, the fluorescence from BGase expressing bacterial populations were enumerated using
a flow cytometer equipped with a 488 nm nuclear blue laser.lym yellow-green fluorescent beads
were used as an internal standard for calibrating the fluorescence detector voltage. Obtained data

were processed using BD FACS Diva softwareversion 6.2 (Eswaran and Khandeparker, 2017).
2.8. Environmental DNA extraction

For extraction of environmental DNA, 1.5L volume of subsamples from each experiment were
filtered through 0.22pum pore size filter papers (GSWP04700; Millipore) under constant low vacuum
pressure and stored at -20 °C until the extraction. The DNA extraction was carried out in batches
soon after the filtration (not more than 24 hr)using a power water DNA isolation kit (MOBio, USA)

according to manufacturer’s instructions.
2.9. Quantitative PCR (Q-PCR) analyses
2.9.1. Calibration of the standard curve

Before environmental DNA analyses, the standard curves were obtainedfor different bacterial
taxa using group-specific primers that are listed in Table 1. Q-PCR standards were prepared using
genomic DNA (gDNA) that were extracted from different bacterial pure cultures, which are
classified under different taxa (For instance, Exiguobacterium indicum used for Firmicutes and
Serratia marcescens for Gammaproteobacteria primer set). Briefly, amplified PCR fragments were
purified using pure link PCR purification kit (Invitrogen, USA) and pooled to specific concentrations
(Checked using Bio spec, Eppendorf) that were diluted to six orders of magnitude ranging from 10°

to 10* gene copies L™, and used as standards. The standard curves were generated for each bacterial
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taxa by plotting the cyclic threshold (Cr) values against the concentration of each diluted standard.
The Crindicates the number of cycles taken for the fluorescence signal to exceed the threshold level.
All the standard curves, which were generated during the study, were linear (Table 1) with efficiency

ranging from 0.93 to 1.12.
2.9.2. Q-PCR assay of experimental samples

The experimental samples were analysed in triplicates withRotor-Gene Q 5X HRM machine
(Qiagen) using 2X Quantitech SYBR Green master mix in 20-uL reaction volume (Qiagen). The
reaction mixture consistedof 10 pL of the qPCR master mix, 0.5 pL of each primer, 1 uL of
environmental DNA template, and 8 pL of RNase free water. The raw fluorescence signals from
amplification werecaptured through the green channel at 510 nm with gain settings of 5.
Subsequently, data were analysed using built-inRotor-gene Q software wherein Cr values of
amplified samples were compared with thestandard calibration curve. Further, high-resolution melt
(HRM) curve analyses were performed to test the specificity of the primers with target samples by
increasing the temperature from 70 to 90 °C with 1°C interval. A single bell shape peak at 84 — 86 °C
indicated the presence of site-specific qPCR amplicon (Eswaran and Khandeparker, 2017).



Table 1: Quantitative PCR primers and conditions used in this study

S.no | Target group/Gene Primer sequence (5'----3") Reference Modified Q-PCR standard curve
annealing (slope and Efficiency)
temperature
used in this
study ( °C)
1. Actinobacteria ACT920F3: ACGGCCGCAAGGCTA De Gregoris et 53 Y =-5.013x + 49.596; R*=0.995; E = 1.12
ACT1200R: TCRTCCCCACCTTCCTCCG al., 2011

2. Alphaproteobacteria ALF682F: CIAGTGTAGAGGTGAAATT De Gregoris et 53 Y =-3.100x + 32.011; R =0.995; E=1.1
ALF908R: CCCCGTCAATTCCTTTGAGTT al., 2011

3. Betaproteobacteria BETA359F: GGGGAATTTTGGACAATGGG Ashelford et al., 53 Y =-3.232x + 30.936; R* = 0.997; E = 1.04
BETA682R: ACGCATTTCACTGCTACACG 2002

4. Gammaproteobacteria | GAM1080F: TCGTCAGCTCGTGTYGTGA De Gregoris et 53 Y =-3.468 + 33.271; R* = 0.996; E = 0.99
GAMI1202R: CGTAAGGGCCATGATG al., 2011

5. Bacteroidetes CFB798F: CRAACAGGATTAGATACCCT De Gregoris et 53 Y =-3.065x + 34.067; R*=0.997; E= 1.1
CFBY967R: GGTAAGGTTCCTCGCGTAT al., 2011

6. Firmicutes FIRM928F: TGAAACTYAAAGGAATTGACG | De Gregoris et 53 Y =-3.065x + 34.067; R =0.996; E = 1.12
FIRM1040R: ACCATGCACCACCTGTC al., 2011
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2.10. Statistical analyses

TBC, BP.total BGase activity, number of cells expressing BGase, and major bacterial
taxa data were log (X + 1) transformed to normalize the data. The transformed data sets,
which met the normality assumption,were subjected to parametric statistical analysis. A
parametric two-way ANOVA followed by post hoc Tukey’s HSD test was performed to
determine the significant variation in bacterial parametersbetween treatments (n = 3) and
incubation days (n = 7) (IBM statistics, SPSS version 22.0). Furthermore, the relationship
between major bacterial taxa, total BGase activity, number of cells expressing BGase, and
environmental variables was evaluated using the correlation matrix (IBM statistics, SPSS v
22.0)and redundancy analysis (RDA). Before RDA, the biotic datasets were evaluated for
linear characteristics by performing detrended correspondence analysis (DCA) (ter Braak and
Smilauer 2002). In DCA, the length of the first gradient axes was < 2 standard deviation (SD)
units,which confirmed the linear characteristics, and thus RDA was applied. During RDA,
firstly, scaling was focused on the inter-species correlations, and obtained species scores were
divided by SD. Besides, species data sets were standardized by the error variance. Secondly,
the significance of the RDA model was tested using a Monte Carlo permutation test with 999
permutations and combination. The species response and relationship with environmental
variables waspredicted using generalized linear models (GLM) in a stepwise manner
followed by F-statistics at the significance level of < 0.05. The above statistics were executed

using CANOCO software version 4.5 for Windows.
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Table 2 Background / Initial condition after passing through 20-um mesh during the

sampling in Zuari estuary

3. Results
Background/Initial conditions
Marine/ Brackish/ Freshwater/
S.No | Parameters Bay Mid-estuary Upstream
Abiotic components
1. | Salinity 32.23 19.34 0.06
2. Chla (mgL™) 0.57 0.88 0.22
3. SPM (mg L) 49.45 76.9 52.4
4. | DOC (mgL™) 1.42 1.05 1.49
5. | TEP(ugXGeq. L") 397.20 444 .44 518.70
6. | Nitrite (uMol L) 2.08 0.80 0.40
7. | Nitrate (uMol L") 0.56 1.23 5.95
8. | Phosphate (WMol L") 3.52 4.47 3.26
9. | Silicate (uMol L") 12.33 28.94 73.58
Biotic components
10. | TBC (cells mL™) 1.95 x 10° 3.11 x 10° 2.09 x 10°
11. |BP(ugCL'h™") 25.91 14.20 11.97
12. | Total BGase activity (MM C L™ h™) 240.00 185.80 215.25
13. | No of cells exp BGase (cells mL™) 421 % 10° 234 x 10° 7.56 x 10
14. | Alphaproteobacteria (copies pL™) 2.40 x 10° 4.13 x 10 1.37 x 10°*
15. | Betaproteobacteria (copies pL™) 1.93 x 10° 1.95 x 10 1.26 x 10°
16. | Gammaproteobacteria (copies pL™') | 1.53 x 10° 3.75 x 10* 4.09 x 10
17. | Bacteroidetes (copies pL™) 6.10 x 10° 1.16 x 10° 1.19 x 10°
18. | Firmicutes (copies uL™) 7.63 x 10° 1.42 x 10° 1.94 x 10°
19. | Actinobacteria (copies pL™) 6.41 x 10* 6.80 x 10" 4.26 x 10*
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Fig. 4 Response of (A) TBC (cells mL™), (B) BP (ug C L™ h™"), (C) Total BGase activity (nM
cL' h'l), and (D) no of cells expressing BGase (cells mL™) during the translocation of MB,
BB and FB to different waters. See Fig. 2 for additional details.

3.2.2. Marine bacteria

When marine bacteria with high TBC were translocated to brackish and fresh water
conditions,a significant decrease was evident from day0(1.28x10%nd1.12x10%ellsmL"")

today21(4.09x10%and]1.
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93x105cellsmL-!; ANOVA - F=9.17;p<0.01;Fig.4A,B)when compared to control
(marine bacteria in marine water). Similar to TBC, BP also decreased except when marine
bacteria were translocated in freshwater (Fig. 4B). Whereas, the total BGase activity showed
an increasing trend until dayl in brackish,and was high throughout in fresh water

translocation (Fig. 4C). The number of cells expressing BGase also showed a similar trend

(Fig. 4D).

In the case of BCC, a clear shift was observed between the control and the treatments
(ANOVA- F=58.19;p<0.0001; Fig. SA-C). Q-PCR analyses of field samples showed that
Alphaproteobacteria, Gammaproteobacteria, Bacteroidetes, and Firmicutes taxa were
relatively high in marine inocula (Table. 2). In marine water (control), the relative abundance
of Gammaproteobacteria was high and coupled with BGase and BP (Figs. SA and 6C; Table
3A; Suppl. Table S1). Their abundance was positively related to salinity, DOC, TEP and Chl
a (Fig. 5A; Suppl. Table S1).However, the translocation of marine bacteria to brackish
conditions resulted in a significant decrease in Gammaproteobacteria taxa, and the emergence
of Bacteroidetes and Actinobacteria (Figs. 5B, 6C,and 7A, C). Their proliferation in brackish
conditions was negatively related to salinity (Fig. 5B; Table. 3B; Suppl. Table S2). A similar
trend was also evident when marine inocula were translocated to freshwater, wherein
Betaproteobacteria and Firmicutes taxa were predominant and coupled with the number of
cells expressing BGase (Fig. 5C; Table. 3C; Suppl. Table S3), which were negatively
influenced by Chl a and TEP, and positively related to DOC (Figs. 5C, 6B, and 7B; Table
3C; Suppl. Table S3).
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Fig. 5 Redundancy analyses showing the changes in major bacterial taxa and their
relationship with environmental variables in (A) marine water (B) Brackish water, and (C)
freshwater treatments; blue and red lines in RDA tri-plots indicate biotic (response variable)
and abiotic variables (explanatory variables), respectively;Circles, boxes and up-triangle in
RDA tri-plots represent MB, BB, and FB in different waters, respectively; D = Days.

3.2.3. Brackish bacteria

When brackish water bacteria were translocated to marine water, TBC(ANOVA: F =
29.89, p <0.0001) and BP (F = 13.26, p < 0.001) decreased compared to control (Fig. 4A, B).
In the case of freshwater translocation,the decrease was evident in BP (Fig. 4B). While total
BGase activity and the number of cells expressing BGase showed an increasing trend until
day 4 and vice versa observed from day 7 to 21 (Fig. 4C, D). However, the variation between
the control and treatments were not significant (Fig. 4C, D). A similar trend was also evident
in BCC wherein Bacteroidetes (1.16 x 10° copies pL™), and Actinobacteria (6.80 x 10*
copies pL") taxa were higher in brackish water (Table 2; Figs. 5B and 7A-C), and followed a

similar trend in control as well as treatments (Figs. SA-C and7B-C). For instance,the relative
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abundance of Bacteroidetes, Firmicutes and Actinobacteria taxa increased from day 0 to day
21, irrespective of the treatments (Fig. 7B, C). Although a significant difference in the
abundance of Betaproteobacteria (F=13.92, p < 0.001)and Alphaproteobacteria (F=15.12; p <
0.001) taxa was evident whenbrackish inocula were translocated to fresh and marine waters,
it did not influence the BGase activity as evidenced from RDA tri-plotas well as species

response to RDA axes 1 (Figs. SA-C, 6A-B and 7A; Table 3A; Suppl. Table S1).
3.2.4. Freshwater bacteria

The translocation of freshwater bacteria to marine and brackish conditions resulted in a
decrease in TBC (1.36 x 10° and 7.04 x 10° cells mL"' respectively) and BP (0.5 and 5.35 pg
C L' h' respectively), irrespective of the treatments (Fig. 4A, B). However, total BGase
activity and the number of cells expressing BGase showed an opposite trend wherein the
activity increased significantly irrespective of the treatments (ANOVA F=33.951, P < 0.0001
and F=10.17;p<0.01;Fig. 4C, D). The increase was strongly related to the shift in the studied
bacterial taxa, as observed in RDA (Fig. 5A-C). RDA axes 1 and 2 explained 77.08 % and
50.57 % of the variance in the studied bacterial taxa, when freshwater bacteria were

translocated in marine and brackish water, respectively.

The qPCR analysis showed that the Betaproteobacteria was dominant taxa in freshwater
(Table 2). When Betaproteobacteria rich freshwater inocula were translocated to brackish, an
increase in the relative abundance of Actinobacteria, Bacteroidetes, and Firmicutes taxa was
observed on day 21 (Figs. 5B and 7A-C). Their increase was negatively related to DOC,
Chla, and TEP (Fig. 5B; Table. 3B; Suppl. Table S2). In the case of the marine condition,
saline related taxa were dominant, i.e., Alphaproteobacteria, and Gammaproteobacteria,
which showed a strong coupling with the total BGase activity and the number of cells

expressing BGase (Figs. 5A, 6A, C; Table 3A; Suppl. Table S1).
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Table 3 Species response on RDA environmental axes 1 and 2 using generalized linear model and F statistics; GLM — generalized linear model; NS — Not

Significant
(A)Marine water (B) Brackish water (C)Freshwater

S.

No | Dependent F P RDA1 | RDA2 F p RDA1 | RDA2 F P RDA 1 | RDA 2
1 | Alphaproteobacteria 58.14° 0.00004 0.16 -0.90 NS NS -0.23 -0.24 16.39° 0.001 -0.86 -0.07
2 | Betaproteobacteria 4.89° 0.04 0.52 -0.20 20.29* | 0.0005 | -0.85 0.22 9.90% 0.007 -0.84 0.04
3 | Gammaproteobacteria 6.97°/10.46° | 0.02%0.006" | -0.57 | -0.65 NS NS 030 | -0.41 37.56" 0.00003 093 | -0.05
4 | Bacteroidetes NS NS 0.41 -0.31 581° | 0.04 -0.48 0.53 NS NS 033 | -0.25
5 | Firmicutes 8.19° 0.01 0.38 -0.62 NS NS -0.30 0.39 9.38" 0.009 -0.77 | -0.49
6 | Actinobacteria 6.95" 0.02 0.57 -0.35 5.91° 0.02 -0.33 0.55 8.74° 0.01 023 | -0.79
7 | BP NS NS -0.25 0.42 473" | 0.04 0.55 -0.12 14.43° 0.002 0.64 0.45
8 | No. of cells exp BGase 17.75° 0.001 0.07 -0.76 NS NS 0.48 0.17 NS NS -0.48 0.12
9 | TBC NS NS -0.26 0.40 21.60° | 0.0004 | 0.76 -0.15 45.0° 0.0001 0.79 -0.09
10 | Total BGase activity 7.11%5.32° | 0.01%0.03° | -0.58 | -0.51 17.25° | 0.001 | -027 | -0.86 7.93%10.49" 0.01/0.006 | -0.77 0.53

* _significantly related to RDA 1; *-significant related to RDA 2
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Fig.6 Response of (A) Alphaproteobacteria, (B) Betaproteobacteria, and (C)
Gammaproteobacteria during the translocation of MB, BB and FB to different waters. See

Fig. 2 for additional details.
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4. Discussion

The present study evaluated the effect of salinity stress on major bacterial taxa in a

tropical estuary. The stations were well demarcated by salinity and nutrient composition
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during the sampling. The bay was characterized by high salinity, nitrite, and phosphate,
whereas silicate and nitrate were high at the upstream. In monsoonal estuaries, freshwater
discharge and tidal circulation regulate the variations in nutrients and salinity in which the
river run-off governs nitrate and silicate, while nitrite and phosphate via tide induced
sedimentary release (Anand et al., 2014). Similar to physicochemical conditions,the studied
bacterial taxa also varied significantly from the saline bay to the freshwater upstream in this
study. The bay was dominated by Alphaproteobacteria, Gammaproteobacteria, Firmicutes,
and Bacteroidetes, and these communities have also beenreported earlier in Delaware estuary,
Chesapeake Bay, and Columbia river estuary (Bouvier and del Giorgio, 2002; Cottrell and
Kirchman, 2004; Crump et al., 1999), thus indicating their possible occurrence as
autochthonouscommunities in the saline region of the estuaries. Meanwhile, many studies
have also shown the presence and dominance of these taxa in different environmental settings
such as rivers (Anderson-Glenna et al., 2008; Oshkin et al., 2014), sediment (Franco et al.,
2017; Khandeparker et al., 2017), soil (Eilers et al., 2010), and biofilms (Anderson-Glenna et
al., 2008; Edwards et al., 2010; Hede and khandeparker, 2018), suggesting their ecological
roles in other environments. Among the observed marine taxa, Gammaproteobacteria and
Firmicutes taxa were strongly coupled with BGase activity and salinity in this study. Several
studies have been reported that the Gammaproteobacteriacould account for ~ 1 — 50% of total
bacterial abundance in saline environments (Jiang et al., 2007; Wu et al., 2006), can degrade
the organic matter which is rich in carbohydrates (Baker et al., 2015; Eswaran and
Khandeparker, 2017 and 2019; Yu et al., 2011). Likewise, members of Firmicutes taxa are
also reported as a reservoir of BGase expressing genes (Zang et al., 2017). Other than
salinity, the relative abundance of Gammaproteobacteria taxa showed a strong positive
correlation to DOC, Chl a (indicator of phytoplankton biomass), and TEP in this study.
Members of Gammaproteobacteria taxa are often reported havinga strong association with
phytoplankton (Grossart et al., 2005). Although phytoplankton composition tends to vary
with hydrography and environmental conditions, a few heterotrophic bacterial taxa are
consistently reported to dominate as phytoplankton-associated communities. For example,
members of Alteromonadaceae in Gammaproteobacteria taxa recurrently occurred as
phytoplankton associated, which highlighted the role of substrate specificity driving the
bacterial communities (Buchan et al., 2005; Teeling et al., 2012). Nevertheless, the response
and proliferation of these autochthonous bacterial communities to different environmental
conditionshave not been addressed in monsoon influenced tropical estuaries. The

translocation experiments conducted to elucidate this revealed that when the marine inocula
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with high TBC, BP, and BGase activity were translocated to filtered and autoclaved brackish
(19 salinity) and freshwaters (0.06 salinity), TBC decreased significantly, irrespective of the
treatments. In the case of BP, the decrease was mainly in brackish water.Several field and
experimental studies have reported that bacterial abundance and activities are adversely
affected bysalinity (Painchaud et al., 1995; Langenheder et al., 2003). A study by del Giorgio
and Bouvier (2002) has suggested that changing salinity can be considered as a stress factor
for bacterial physiological states and functional activities. Whereas, total BGase activity
increased upon translocation of marine inoculato only freshwater. Earlier, del Giorgio and
Bouvier (2002) noticed sharp changes in the structure and function of bacterial taxa along a
salinity gradient wherein salinity ‘triggered’ particular groups of bacteria, while it ‘restrained’
others. In the present study, an increase in the relative abundance of Betaproteobacteria and
Firmicutes taxapossibly resulted inhigh BGase activity in freshwatertranslocation, which was
decoupled in themarine water control. Moreover, an increase in DOC, nitrate, and silicate
was observed after translocation to freshwater, which could be attributed to the breakdown of
TEP by BGase producing Betaproteobacteria and Firmicutes taxa. Also, cell lysis and
disintegration of Chl a contributes to the release of dissolved organic matter (DOM), that can
support the growth of heterotrophic bacterial communities (Morris et al., 1978). In
Betaproteobacteria, members of Comamonadaceae(Methylophillus, Sphingomonas, and
uncultured clones), Burkholderia (uncultured clones), and Oxalobacteraceae (uncultured
clones)have been linked to degradation and utilization of DOM (Kisand et al., 2002; Kisand
and Wikner, 2003;Lindh et al., 2015; Teira et al., 2009; Traving et al., 2017), and are
prevalent in lacustrine (Boucher and Debroas, 2009) and freshwater/low-saline conditions
(Kirchman et al., 2004; Pohlon et al., 2010). The other metabolic functions of
Betaproteobacteria includes denitrification (Gasol et al., 2002; Han et al., 2018; Heylen et al.,
2006), ammonia oxidation (Molina et al., 2007), that influences bacterial carbon fluxes
especially in coastal transition environments (Teira et al., 2009). Like Betaproteobacteria, the
persistence of Firmicutesafter translocation to freshwater indicates their ability to sustain in a
wide range of salinity (Rath et al., 2019). Also, their persistence and proliferation could be
attributed to species level change. For example, members of Firmicuteswere detected during
both high and low-saline conditions in this estuary in which marine originatedstrains were
dominant in high saline condition. At the same time, it was terrestrial/freshwater strains
during the low-saline condition (Eswaran and Khandeparker, 2019). It is known that the tide
induced saltwater intrusion and freshwater inflow are the two major factorsthat regulate the

salinity in estuaries and indirectly affects the bacterial communities.During the saltwater
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intrusion events, marine bacteria are relocated to freshwater systems, and vice versa,
observed during high freshwater inflow. Such physical events not only drive the shifts in
communitiesbut also possibly affect the gene regulation and expression of the communities
(Edmons et al., 2009).This could be another possible reason for the members of
Betaproteobacteria, and Firmicutes taxa to adapt and express BGase activity in two distinct

salinity conditions.

In the case of mid-estuary, which is brackish water (<20 salinity), Actinobacteria and
Bacteroidetes were dominant and negatively related to Chl a, phosphate, and SPM. Members
of Actinobacteriahave been detected at less than 20 salinity, which is similar to mid-estuarine
water, and utilize a narrow range of organic substrate for growth and metabolism (Sharp et
al., 2009). Likewise, members of Bacteroidetes have developed a unique degradation
mechanism that is generally encoded in polysaccharide utilization loci (PUL) (Fernandez-
Gomez et al., 2013). These PUL consist of genes that encode different hydrolytic enzymes
such as sulfatases, glycosidases, and polysaccharide lyases (Kabisch et al., 2014; Tang et al.,
2017). Our earlier study has also detected Actinobacteria and Bacteroidetestaxa in the upper
middle region of this estuary (Eswaran and Khandeparker, 2017). After translocation of
brackish inocula to marine, TBC and BP decreased when compared with control. In the case
of freshwater, the decrease in TBC, BP,total BGase activity,and the number of cells
expressing BGase was almost similar betweencontrol and treatments. Among the studied
bacterial taxa, the relative abundance of Actinobacteria and Bacteroidetestaxa remained
constant and gradually increased as that of brackish water control. It is known that the
estuarine and brackish water communities are a mix of riverine and indigenous populations
inhabiting the estuary but acclimatize to saline water, or originated from the freshwater
sources (Crump et al., 1999). An experimental study by Langenheder et al. (2003) using
Orealvan River water also reported similar findings and concluded that estuarine bacteria
might better adapt to salinity disturbance than marine/riverine bacteria. Although there was a
difference in the relative abundance of Alphaproteobacteria and Betaproteobacteria taxa after
translocation to different waters, it did not influence the BGase activity during the study. It is
possible that the species which emerged belongingtothese taxa or inocula may not be
expressing the BGase genesbecause bacteria tend to change the mineralization pathways
under different environmental conditions. For example, a study by Edmons et al. (2009)
reported that the artificial addition of saltwater in freshwater wetlands resulted in a decline in

methanogens and the emergence of sulfate-reducing communities. Likewise, Bernhard et al.
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(2005) observed a decrease in ammonia-oxidizing bacteria in response to increasing salinity

at Plum Island Sound Estuary, north-east Massachusetts.

The upstream freshwater station showed relatively high numbers of Betaproteobacteria
(1.26 x 10° copies pL™") as compared to other studied taxa during the study. Although these
taxa are present in other environmental conditions, they contribute significantly to ecological
processes that occur in the freshwater systems (Kan et al., 2006; Li et al., 2012). Li et al.
(2012) and Ruiz-Gonzalez et al. (2013) observed a positive relationship between the relative
abundance of Betaproteobacteria and DOC, which emphasized their significant role in the
processing of riverine DOC. Besides, they contribute up to 60 — 70 % of total bacteria in
epilimnetic waters (Newton et al., 2011). In our study, whenfreshwater inocula with high
numbers ofBetaproteobacteriataxa were translocated to marine and brackish conditions, their
abundance decreased significantly at the end of incubation. Whereas, an increase in the
relative abundance of Alphaproteobacteriaand Gammaproteobacteriataxa were detected in
marine waters and showed a positive relationship with BGase activity, salinity, and DOC.
The variations in salinity and source of DOC may have contributed to this response because
the availability of marine-derived DOC and increased salinity favors the proliferation of
specific marine species, which are inactive at low salinity conditions. For instance, within the
Alphaproteobacteria, members of Novosphingobium, and Sphingomonas, Nitratireductor
have been detected in mid-salinities with carbohydrate degradation ability (Soares Junior et
al., 2013). Whereas, metabolically versatile SAR 11 and Roseobacter clade was abundant in
high saline condition (Brinkhoff et al., 2008; Wagner-Ddbler and Biebl, 2006). Likewise,
Gammaproteobacteria are fast-growing opportunists and adapt quickly to salinity stress
(Langenheder et al., 2003; Soto-Ramirez et al., 2007), and changing substrate availability
(Pernthaler and Amann, 2005).Within Gammaproteobacteria, genus such as Serratia,
Citrobacter, Enterobacter, Pantoeahas been detected abundantly in low-saline waters, while
Pseudomonas, Vibrio, and Acinetobacter in high-saline water with carbohydrate degrading
ability (Arora et al., 2012; Eswaran and Khandeparker, 2019; Khandeparker et al., 2011;
Langenheder et al., 2003). In the case of freshwater bacteria when translocated to brackish, an
increase in the relative abundance of Actinobacteria, Firmicutes, and Bacteroidetes were
negatively related to DOC, Chl a, and TEP. During this time,silicate and nitrite levels also
increased significantly at the end of the incubation, which could be attributed to the
disintegration of freshwater phytoplankton communities in different salinity conditions

(Morris et al., 1978; Khandeparker et al., 2017).Thus, it seems that salinity and availability of
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labile DOC contribute to the proliferation and emergence of species belongingto
specificbacterial taxa, which in turn produce an array of enzymes to breakdown complex

molecules/polymers and play a significant role in the estuarine food web dynamics.

The use of group-specific primers, coupled with qPCR, helped in the enumeration of
major bacterial taxa in response to non-ambient salinity conditions during the study.
However, there could be other minor or rare bacterial taxa, which may show a similar
response to changing salinity and other environmental variables. Thus, further use of modern
molecular tools can manifest such species-level changes in the prokaryotic communities and

is need of the hour, especially in such monsoon influenced tropical estuarine systems.
5. Conclusions

Overall, the results of the present experiment revealed a clear shift in major bacterial
taxa on translocation to different salinities wherein marine and freshwater bacteria showed
pronounced changes in the studied bacterial taxa and BGase activity. Whilebrackish water
bacteria showed a strong persistence to changing salinity in this tropical estuary, especially
Actinobacteria and Bacteroidetes. The persistence or the changes in the studied bacterial
groups may also relate to the species level shifts in particular bacterial taxa,and unravelling
the same using different functional gene markers would ascertain their role in organic matter

processing and isway forward.
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Supplementary Table S1 Correlation analysis between biotic and abiotic variables during translocation of MB, BB, and FB in marine water.

Cells
exp Total
Salinity SPM Chla DOC TEP Phosphate Nitrite Nitrate Silicate o B Bac Firmi Actino BP BGase TBC BGase
Salinity 1.00
SPM -0.25 1.00
Chl 0.69" 0.04 1.00
DOC 0.16 0.05 0.48" 1.00
TEP 0.03 0.24 0.56" 0.15 1.00
Phosphate -0.08 0.02 0.11 0.08 0.29" 1.00
Nitrite 0.44™ | -0.39" 0.33" -0.11 0.08 035" 1.00
Nitrate 0.19 -0.27" 0.17 0.32" 0.09 0.07 0.40" 1.00
Silicate -0.21 -0.06 -0.05 -0.27 .300° 0.67" 0.55™ -0.01 1.00
a -0.24 0.10 0.04 -0.07 0.27° 0.10 0.09 -0.14 0.22 1.00
B -0.60™ -0.01 -0.67" -0.18 -0.23 -0.17 -0.07 0.09 0.14 0.16 1.00
Y 0.35% 0.16 0.39" 0.41" 0.39" -0.04 0.24 0.22 0.19 0.46" 0.25 1.00
Bac 0.34" -0.40™ 0.14 -0.12 0.03 -0.07 0.34" -0.15 0.20 0.46™ 0.05 0.07 1.00
Firmi -0.16 -0.27° -0.18 -0.25 -0.05 -0.27 0.10 -0.15 0.20 0.80™ 0.28 0.23 0.71" 1.00
Actino 0.03 -0.03 -0.18 -0.31" -0.31" -0.21 0.06 -0.38™ 0.14 0.43" 0.05 -0.14 0.59™ 0.67" 1.00
BP 037" 0.22 0.64™ 0.10 0.55™ 0.36™ 0.34" 0.05 0.37" -0.05 -0.38" 0.16 0.16 -0.23 -0.15 1.00
CCHS eXp s * ek ke ke ke
BGase -0.27 0.29 0.14 0.38 0.12 -0.16 -0.05 0.22 -0.15 0.66 0.15 0.54 -0.08 0.36 0.16 -0.22 1.00
TBC -0.03 0.24 036~ 0.06 0.46™ -0.10 -0.05 0.21 0.08 0.10 -0.11 0.33" -0.34" -0.15 -0.20 047" 0.21 1.00
TOtal ke * ek ek ek ke ek
BGase -0.35 0.34 0.22 0.39 0.48 -0.10 0.10 0.11 0.02 467 0.24 0.57 -0.15 0.12 -0.22 0.08 0.69 0.23 1.00

**Correlation is significant at the 0.01 level, *Correlation is significant at the 0.05 level. SPM — Suspended particulate matter; Chl a — Chlorophyll a; DOC —

Dissolved organic carbon; TEP — Transparent exopolysaccharides; o — Alphaproteobacteria; f — Betaproteobacteria; y — Gammaproteobacteria; Bac —

Bacteroidetes; Firmi-Firmicutes; Actino — Actinobacteria; BP — Bacterial Production; Cells exp BGase — Cells expressing B — glucosidase; TBC — Total

bacterial count; Total BGase — Total B — glucosidase activity
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Supplementary Table S2 Correlation analysis between biotic and abiotic variables during translocation of MB, BB, and FB in brackish water.

Cells
exp Total

Salinity SPM Chla DOC TEP Phosphate | Nitrite | Nitrate | Silicate o B Y Bac Firmi Actino BP BGase TBC BGase
Salinity 1.00
SPM -0.74" 1.00
Chl -0.62" 057" 1.00
DOC -0.05 0.13 0.26 1.00
TEP -0.07 0.07 032" | -0.08 1.00
Phosphate -0.26 0.22 0.53" | 0.20 0.09 1.00
Nitrite 0.29 0.09 -0.40" | 0.02 -0.04 -0.38" 1.00
Nitrate -0.01 0.08 024 | -0.28 0.06 0.44" -0.22 1.00
Silicate -0.20 0.26 0.34" 0.06 0.15 0.76" -024 | 0.18 1.00
o -0.13 0.49" 0.20 0.10 | 042" -0.26 0.40” | 0.10 -0.23 1.00
B 0.38" -0.30" | -0.74" | 0.08 -0.18 -0.47" 0.29 -0.09 -0.16 0.21 1.00
Y 0.23 -0.05 0.09 | 050" | o0.12 0.11 -0.14 | 021 -0.08 | 034 | 045" | 1.00
Bac -0.02 0.06 -0.63" | -0.18 | -0.29" -0.55" 044" | -0.13 0.13 0.12 | 057" | -0.28 1.00
Firmi 0.40™ -0.06 -0.08 0.02 0.21 -0.56" 0.55" | -0.24 0.11 | 053" | 0.05 0.06 | -0.05 1.00
Actino -0.61" 0.43" 0.08 0.;1" -0.21 -0.10 0.14 | -0.06 -0.22 0.09 | -0.12 0.5_3** 044" | -0.06 1.00
BP -0.54" 0.56™ 0.33" 0.21 -0.09 0.43" -0.37" | 0.18 048" | 0.04 | -0.18 | -0.07 | 0.19 | -0.60" 0.29 1.00
cells eXp * * * e er3 e
BGase -0.09 0.37 0.14 0.37 -0.09 -0.35 0.43 -0.03 | -0.48 0.01 | 0.15 028 | 022 | 0.61 0.19 -0.05 1.00
TBC -0.72" 056" | 0.62” | 0.16 0.14 0.42" 054" | 0.16 048" | 0.04 | 043" | -0.10 | -0.12 | -0.52" 0.32" 0.76" -0.17 1.00
E(();Zle 0.04 0.08 0.06 | 0.49™ | 0.43" -0.17 036" | -0.09 | -0.35" | 0.01 0.10 | 053" | -0.04 | 0.40" -0.27 -0.33° | 048" | -0.36" 1.00

**Correlation is significant at the 0.01 level, *Correlation is significant at the 0.05 level. See suppl. Table S1 for abbreviations
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Supplementary Table S3 Correlation analysis between biotic and abiotic variables during translocation of MB, BB, and FB in freshwater.

Cells exp Total
Salinity SPM Chla DOC TEP Phosphate | Nitrite Nitrate Silicate o B % Bac Firmi Actino BP BGase TBC BGase
Salinity 1.00
SPM -0.55" 1.00
Chl -0.61" 0.50" 1.00
DOC 0.20 -0.12 -0.10 1.00
TEP 0.06 0.12 0.55™ 0.09 1.00
Phosphate | 0.22 -0.29" 0.10 0.58" 0.34™ 1.00
Nitrite 0.05 -0.05 0.13 0.19 0.09 0.22 1.00
Nitrate 0.02 -0.13 -0.07 0.12 0.22 0.30" -0.22 1.00
Silicate 0.14 -0.24 0.15 0.63™ 0.34" 0.78" 0.22 0.29" 1.00
a 0.78" -0.28" -0.44™ 0.19 0.02 0.10 0.30 -0.17 0.07 1.00
B 0.83" -0.38" -0.51" 0.32" 0.06 0.16 -0.03 0.01 0.10 0.78" 1.00
v 0.61" -0.28" -0.49™ 258" -0.08 0.15 0.05 -0.12 0.11 0.55" 0.66" 1.00
Bac 0.16 -0.16 -0.61" 0.03 -0.37" -0.10 -0.03 -0.02 -0.17 0.15 0.19 0.18 1.00
Firmi 038" -0.03 -0.24" 0.34* -0.30" -0.42" 0.03 -0.55™ -0.44" | 053" 0.39™ 037" 035" 1.00
Actino 0.03 0.18 -0.29" -383" -0.54" -0.64" 0.13 -0.25" -0.70" 0.21 0.17 0.20 0.55" 0.44" 1.00
BP -0.56" -0.01 0.49" -0.06 0.27" 0.27" -0.20 0.22 031" | -0.61" | 053" | -033" | -031" | -0.51" | -0.42" 1.00
cells exp . . X .
BGase 0.22 0.21 -0.03 .349 0.25 0.21 -0.29 -0.11 0.24 0.07 0.28 0.53 0.18 0.22 -0.14 -0.10 1.00
TBC -0.76" 0.46™ 051" -0.16 0.07 -0.29" 0.06 -0.11 -0.23 -0.50" | -0.52" | -0.70" | -0.57" | -0.19 0.02 0.43" -0.30" 1.00
E(gie 0.59" -0.38" | -0.40" 0.09 0.24 0.27" -0.42" 0.35" 0.24 0.36" 0.46™ 0.35" 0.23 0.39* | 034" | -0.07 0.40" -0.50" 1.00

**Correlation is significant at the 0.01 level, *Correlation is significant at the 0.05 level. See suppl
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