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Abstract

Extracellular alkaline phosphatase activity (APA) was measured in four tropical
(Stylophora pistillata, Pocillopora damicornis, Pavona cactus, Galaxea fascicularis) and two
Mediterranean (Oculina patagonica, Cladocora caespitosa) symbiotic coral species, both in
the coral host and associated symbionts, as well as in one tropical non-symbiotic coral
(Tubastraea sp.). The effects of light, feeding, and bleaching (loss of symbionts) were also
tested in Stylophora pistillata. Host APA increased both with long-term starvation, irradiance,
and bleaching suggesting that APA is linked to the metabolic activity of the host and
symbionts, and to their phosphate limitation or repletion status. The comparison of APA
between coral species containing different symbiont clades suggests that clade C is less
efficient than clades A and B, but this result remains to be confirmed. At environmental
phosphate concentrations, if the total amount of phosphate generated by APA is taken up by
the coral colony, it can supply 0.3 - 1.6 mmol P m d™. In comparison, dissolved inorganic
phosphorus (DIP) and particulate organic phosphorus (POP) have been shown supply 0.2 - 1.6
and 0.9 mmol P m d, respectively, highlighting the importance of APA activity in

symbiotic corals.
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Introduction

Phosphorus is essential to living organisms because it enters into the composition of
many biological molecules as phosphate (e.g., deoxyribonucleic acids, ribonucleic acids,
phospholipids), and has a role in signaling pathways and metabolic reactions (mostly via the
role of adenosine triphosphate, ATP). Corals can fulfill their phosphate needs in several ways.
The first way is through the degradation of particulate organic phosphorus (POP), after the
capture of plankton caught by the coral host with its stinging tentacles (Johannes et al. 1970;
Wijgerde et al. 2011). POP in reef waters corresponds to a mean concentration of ca. 0.10
umol P Lt (Furnas et al. 1988; Charpy 2001). Coral acquisition of phosphate from POP has
been seldom examined. A recent study estimated that extracoelenteric zooplankton feeding in
the species Galaxea fascicularis may provide up to 0.9 + 0.3 mmol P m? d* (Wijgerde et al.
2011), which was however obtained with a relatively high prey density (4100 nauplii L™).
Phosphate is also acquired from dissolved inorganic phosphorus (DIP), directly through an
active uptake mediated by the dinoflagellate symbionts (D'Elia 1977; Jackson and Yellowlees
1990; Godinot et al. 2009). This DIP presents concentrations between 0.05 and 0.50 umol P
L1 in reef waters (Atkinson 1987a; Charpy 2001), and contribute 0.2 to 1.1 mmol P m2 d* to
reef benthos (Steven and Atkinson 2003; Cuet et al. 2011), and 1.6 mmol P m d™! to corals
(Godinot et al. 2009) at these concentrations. The last source of phosphate is represented by
dissolved organic phosphorus (DOP), which can be hydrolyzed into phosphate by
metalloenzymes called phosphatases. DOP concentrations in reef waters are in the same range
as DIP concentrations, i.e., generally lower than 0.5 pmol P L (Crossland and Barnes 1983;
Larned 1998). While the coral acquisition of phosphate from DIP has been frequently studied,
little research has been done on DOP degradation, and only isolated symbionts from
scleractinian corals were considered so far (Jackson et al. 1989; Annis and Cook 2002).

However, DOP may provide a significant alternative source of phosphate for corals, in
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replacement or in addition to DIP and POP, because it has been shown that phosphate uptake
from DOP hydrolysis by reef benthos phosphatases could be as fast as DIP uptake (Atkinson
1987h).

In reef waters, DOP is present as phosphomonoesters, phosphodiesters, and
phosphonates (molecules that contain a C-P bond). In this first study, we concentrated on the
use of phosphomonoesters. Phosphatases hydrolyzing phosphomonesters are classified as acid
and alkaline depending on their pH optimum; and each type has different substrate
specificities, catalytic mechanisms, and inhibition pathways (Hollander 1971). Phosphatase
activity has been shown to be a good indicator of phosphate deficiency and low
environmental DIP in a large number of marine organisms, such as cyanobacteria (Yentsch et
al. 1972), dinoflagellates (Dyhrman and Palenik 1999), and symbiotic dinoflagellates (Annis
and Cook 2002). Coral hosts and their symbionts (commonly called zooxanthellae), either
freshly isolated (F1Z) or cultured (CZ), exhibit phosphatase activity. Only two studies have
investigated phosphatases in FI1Z and CZ, showing both acid and alkaline phosphatases
activities (AcPA and APA, respectively) with intracellular (Jackson et al. 1989) and
extracellular (Annis and Cook 2002) activities reported. Some other studies only mentioned
the presence of intracellular (Goreau 1956) and extracellular (Hayes and Goreau 1977)
phosphatase activity in coral hosts.

This study therefore first aimed at examining the alkaline phosphatase activity in the
scleractinian coral Stylophora pistillata under different environmental conditions. We
therefore tested the effect of light, feeding, and bleaching (loss of symbionts) of the coral
host. The following hypotheses were tested: APA should increase with light as previously
observed with DIP (D'Elia 1977; Godinot et al. 2009), and APA should vary with the
availability of other phosphate sources. It should therefore increase with a loss of symbionts,

which leads to a decreased DIP uptake and a release of DIP (D'Elia 1977; Muller-Parker et al.
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1990); and it should decrease following feeding of the host, which corresponds to a POP
supply. It was indeed previously reported that zooxanthellae (zoox) APA significantly
increased after 5 weeks of host starvation in FIZ or after cultivation in P-limited medium in
CZ (Jackson et al. 1989; Annis and Cook 2002). The second aim of this study was to compare
APA in coral species containing different symbiont clades. All these questions have never
been addressed in corals, but are essential and timely because phosphate uptake is related to
net carbon production (Atkinson 1992), and should therefore be one of the key factors

determining primary productivity of corals.

Methods

Organisms

APA was assessed in four tropical symbiotic species (Stylophora pistillata,
Pocillopora damicornis, Pavona cactus, and Galaxea fascicularis), two Mediterranean
symbiotic species (Oculina patagonica and Cladocora caespitosa), and one tropical non-
symbiotic species (Tubastraea sp.). APA was also assessed in bleached S. pistillata, prepared
by culturing nubbins for 6 weeks in the dark. Microscopy observations confirmed that
symbiont density was 3 orders of magnitude lower in bleached nubbins (6.7 x 10® zoox cm™)
than in symbiotic ones (2.5 x 10° zoox cm).

All colonies were maintained in aquaria supplied with natural seawater (exchange rate
2% h) containing low nutrient concentrations (DOP < 0.1 umol P L, DIP < 0.05 umol P L-
! nitrate < 0.4 pmol N L™ and ammonium < 0.5 umol N L1). Seawater salinity was constant
at 38.2, pH was 8.1 £ 0.1, and temperature was maintained at 25.0 + 0.5°C for tropical corals
and 18.0 + 1.0°C for Mediterranean ones. Irradiance was 150 pmol photons m2 s for
symbiotic corals, with a light:dark cycle of 12 h:12 h. Since corals were cultured at this light

intensity and adapted to it, it corresponded to a maximal rate of photosynthesis. The non-
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symbiotic Tubastraea sp. and bleached S. pistillata were cultured in the dark. All corals were
fed twice a week with Artemia salina nauplii, but were used for the experiments three days
after the feeding (also for the experiments involving FIZ).

Isolation of symbionts

For each experiment with FIZ, symbionts were extracted from 5 coral nubbins using a
commercial-type Water-Pick. They were further purified by three centrifugations (2000
rotations per minutes for 5 min at 25°C) followed by re-suspension in seawater (Johannes and
Weibe 1970). Aliquots were frozen for subsequent cell counts, chlorophyll and protein
determinations. Zooxanthellae phylogeny was determined to the clade level according to
Santos et al. (2002), using chloroplastic ribosomal deoxyribonucleic acid sequences.

APA assays

In this study, all experiments were conducted in seawater (pH = 8.1) and should
therefore be considered as assays for APA. APA was measured using a colorimetric assay,
which is based on the non-biological substrate p-nitrophenyl phosphate (pNPP) to yield a
colored product, p-nitrophenolate (pNP), upon hydrolysis under alkaline conditions. Most
measurements were performed with the symbiotic coral S. pistillata and its FIZ, but APA was
also compared between different coral species cited above (see description below). In each
case, 5 nubbins or 5 FI1Z samples were considered. All APA experiments were performed
using six beakers filled with 200-mL of filtered seawater (0.2 um membrane filters, pH of
8.1), maintained in a water bath at 26°C or 18°C (for tropical and Mediterranean species,
respectively). Light was supplied by 400 W HQI lights and measured using a spherical
qguantum sensor (LiCor L1-193).

In experiments involving coral nubbins, individual nubbins suspended to a nylon wire
were introduced in five beakers. A beaker without coral served as a control for APA activity

in the filtered seawater and for any non-enzymatic hydrolysis of the pNPP substrate. Thirty
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minutes after nubbins were placed in the beakers (acclimatization period), the water was
enriched with 250 pmol P L™ of pNPP. Magnetic stirring bars ensured proper homogenization
inside the beakers. A 10-mL water sample was taken from each beaker immediately after
enrichment and then every 30 min for 120 min. Samples were immediately alkalinized with

2 mL of 1 mol L't NaOH to stop the enzymatic reaction and yield the yellow colored p-
nitrophenolate (pNP). Absorbance was read at 400 nm after 30 minutes against a blank of
filtered seawater treated with NaOH. Concentrations of pNP were calculated from a standard
curve of pNP absorbance vs. concentration established during each experiment using known
concentrations of ACS reagent grade pNP in filtered seawater treated with NaOH. At the end
of the experiments, corals were frozen for subsequent normalization of the data.

For experiments involving FIZ, a concentrated zooxanthellae solution, obtained after
isolation of F1Z, was used to inoculate the five pNPP-enriched beakers, yielding
concentrations comprised between 2 x 10* and 10° FIZ mLt. Sampling protocol and sample
measurements were the same as above, except that samples were filtered (0.45-um membrane
filters) prior to alkalinization to remove FIZ.

The working parameters for the APA assays were developed in preliminary tests. A
first preliminary test was performed to determine the optimal incubation length, using the
coral S. pistillata and its FIZ at various pNPP concentrations. During each assay, pNP
concentration increased linearly over time (independently of the pNPP concentration), during
ca. 180 min both for whole coral nubbins and FIZ. Thus, APA was considered linear over
these 180 min, and an incubation length of 120 min was chosen for the subsequent
experiments. We also examined the effect of pH on phosphatase activity in FIZ, since
previous studies suggested that pH optima is different for internal and external phosphatases,
and is likely related to the pH experienced by the zooxanthellae (Jackson et al. 1989; Annis

and Cook 2002). In the present study, external phosphatase activity of intact FIZ from S.
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pistillata was predominantly alkaline, as phosphatase activity was 2.5 times higher at the pH
of seawater (8.1) than at an acidic pH (5.8; Fig. 1). We therefore worked at a pH of 8.1 (in
natural seawater, no buffer added) for the FIZ in the following experiments. We also
examined the effect of initial pNPP concentration on APA to determine the kinetics
characteristics of coral and zooxanthellae phosphatases. We measured host APA using pNPP
concentrations of 0.05, 0.5, 1.0, 5.0, 25, 50, 250, 500, 1000, 2500, and 5000 umol P L%, and
F1Z APA using pNPP concentrations of 0.05, 5.0, 25, 50, 250, 1000, and 2500 pumol P L.
APA in the coral host was detectable at pNPP concentrations as low as 0.05, 0.5, and 1.0
umol P L™tand was equal t0 0.8 + 0.1, 4.1 + 0.4, and 5.5 + 0.7 nmol P mg prot™? h?,
respectively, and was 1.2 + 0.2 in F1Z at a pNPP concentration of 0.05 umol P L. FIZ and
host extracellular APA were strongly dependent upon DOP concentration, as already reported
for the intracellular phosphatases of FIZ (Jackson et al. 1989), and curves fitted with the
Michaelis—-Menten equation (Fig. 2; Eq. 1):

APAmax [pNPP] APA = APd 0 [BNPF]

APA= [PNPP]+ Km [znPPl+ K

(1) where [pNPP] is the initial concentration of p-nitrophenyl phosphate introduced in the
beaker; Km is the pNPP concentration at which activity is half-optimal, and corresponds to the
inverse of the affinity of the alkaline phosphatase towards the pNPP substrate; and APAmax is
the activity when the saturation concentration of pNPP has been reached. In both cases, APA
saturated for pNPP concentrations between 250 and 500 pmol P L, and in subsequent
experiments, APA was measured at a pNPP concentration of 250 umol P L™ (i.e., near the
saturating concentration for both corals and F1Z). Other preliminary tests revealed that APA
was strongly affected by light level and coral nutrition. These parameters were therefore
tightly controlled in each of the subsequent experiments, to test their individual effect.
Therefore, unless otherwise specified, light level was maintained at 150 + 10 pmol photons m-

251 and corals were fed three days before the experiments. The set of experimental
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conditions tested is summarized in Table 1. Moreover, for experiment 1 (Table 1), the dark
incubation was conducted at the end of the 12-hour dark period. For experiment 3 (Table 1),
APA measurements were also performed in the dark, at the end of the night, to prevent
metabolic changes associated with photosynthesis in the symbiotic nubbins.

Data normalization and statistical analyses

APA was expressed as units of pNPP hydrolyzed per hour, which corresponds to one
molecule of phosphate liberated by the enzyme per molecule of pNPP hydrolyzed. It was then
normalized for the coral host either to the chlorophyll (Chl) and zooxanthellae (zoox) content
(using the same methods as in Godinot et al. 2009), to the surface area of the nubbins (using
the wax-dipping method described in Stimson and Kinzie 1991), or to the protein (prot)
content (after extraction in 1 mol L™ NaOH for 30 min at 90°C, measured using the
commercially available BC Assay Interchim kit). Protein content is a good estimator of the
biomass, since there is a linear relationship between protein content and dry weight in S.
pistillata (unpublished results). Data for the FIZ were normalized to protein content, and to
cell density and chlorophyll content. All data are expressed as the mean * standard error of 5
replicates. The software GraphPad Prism (version 5.0) was used to perform linear regressions
to examine the effect of light, and to study concentration-dependent APA using non-linear
regressions with Michaelis-Menten fittings. For the other experiments, StatView (version 5.0)
was used to perform t-tests, and one-way and two-ways analysis of variance (ANOVAS) on

the data, followed by Fisher’s protected least significant difference (PLSD) tests.

Results

Since we used nubbins entirely covered with tissue and intact symbiont cells,
phosphatase activities should have been from external phosphatases only. In the following

results, we will refer to 'FIZ APA' for the activity related to the symbionts only, and to 'host
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APA' for the activity related to the entire symbiotic association, but mainly coming from the
host because only the host tissue was exposed to the medium. Moreover, normalization of
APA per protein and skeletal surface area led to the same results, and only the normalization
per protein is presented. It is considered as the most appropriate to compensate for the
difference in biomass per skeletal surface area between the various coral species used, and
between coral hosts and FIZ. In the clade experiment, results are also presented with the
normalization to chlorophyll content.

Effect of light and feeding on the APA of S. pistillata

APA increased linearly with light in both host (r?> = 0.61, F11s = 29, p < 0.0001) and
FIZ (r?=0.87, F11s =120, p < 0.0001; Fig. 3), being c.a. 3.0 times higher at 350 pumol
photons m s than in the dark. APA also significantly increased over time in both host and
F1Z when corals were starved (1-way ANOVA, both p < 0.0001, F3,16 = 16.9 for host, and
F316=57.4 for FIZ; Fig. 4). Host APA was the highest after 6 weeks of starvation (165.5 £
20.3 nmol P mg prot® h). At this moment, activity was 4 times higher than in fed corals
(40.0 + 2.4 nmol P mg prot h'%), and remained 2.8 times higher until 9 weeks of starvation.
FIZ APA was the highest after 3 weeks of starvation (154.6 + 4.3 nmol P mg prot™ h'l), being
1.5 times higher than in FIZ from fed corals (100.0 + 7.0 nmol P mg prot™* h™%). After this
point, APA decreased back to the level of FIZ from fed corals.

Effect of the symbiotic status

In the non-symbiotic Tubastraea sp., light had no effect on APA, as APA was not
significantly different in the dark (18.5 + 2.9 nmol P mg prot™* h') and in the light (19.3 + 2.2
nmol P mg prot™® h?; t-test, t=0.27, df =9, p = 0.76,). Host APA in the dark was not
significantly different between Tubastraea sp. and symbiotic S. pistillata (mean of 18.3 £ 1.6

nmol P mg prot™ h'l; 1-way ANOVA, p = 0.89, F212= 0.21; Fig. 5), but increased by 6.4 fold

10
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in bleached S. pistillata (115.1 + 20.4 nmol P mg prot™* h'; 1-way ANOVA, p = 0.0001, F212
= 21.85).

Comparison of APA in different coral hosts and zooxanthellae clades

When results obtained for the FIZ were normalized to the protein content, there was no
significant difference in APA between the clades (1-way ANOVA, p =0.18, F2,7=4.81; data
not shown). Conversely, a significant difference in host APA was observed between species
(1-way ANOVA, p <0.0001, Fs24=21.7; Fig. 6A). Differences were only related to
differences in the chlorophyll content normalized per protein content between coral species,
and were unrelated to the tropical or temperate status of the host, to the symbiont density, to
the chlorophyll content per surface area, or to the zooxanthellae clade (1-way ANOVAs, all
p > 0.4). For FIZ, results were also normalized to the chlorophyll content. With this
normalization, there was a significant difference in APA between species (1-way ANOVA,
p <0.0001, 192.6; Fig. 6B), which was related to the zooxanthellae clade (1-way ANOVA,

p < 0.0001, 232.7, respectively).

Discussion

This study reports on the alkaline phosphatase activity in coral hosts and their isolated
symbionts under various environmental conditions. It is the first to examine APA in coral
hosts, and to highlight the importance of host metabolism, and phosphate limitation or
repletion, on this activity. It also emphasizes for the first time the effects of light and
zooxanthellae clade on APA, and confirms that host feeding has a negative effect on this
activity.

Effects of metabolic activity on APA

In symbiotic corals, APA was dependent upon symbiont activity, and likely upon

zooxanthellae photosynthetic activity, since APA was 3.0 times lower in the dark than at 350
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umol photons m2 st in a symbiotic coral (Fig. 3) while it did not increase with light in a non-
symbiotic one. APA was also 6.4 times higher in bleached than in symbiotic colonies (Fig. 5),
suggesting a phosphate limitation in bleached corals, as previously demonstrated (Annis and
Cook 2002). In symbiotic corals, most of the phosphate requirements are supplied by the
activity of the symbionts, which continuously take up DIP from the surrounding seawater
(D'Elia 1977; Godinot et al. 2009). The loss of symbionts in bleached colonies corresponds to
a reduction of DIP uptake, and even to a release of it (Muller-Parker et al. 1990), which may
both lead to a deficit of phosphate in the symbiotic association. Therefore, the host has to rely
on organic phosphate (and increased APA) to fulfill its high phosphate metabolic demand
(Godinot et al. 2011). Conversely, in the non-symbiotic Tubastraea sp., APA was 6.2 times
lower than in bleached S. pistillata (Fig. 5), suggesting that despite the fact that Tubastraea
also looses DIP (D'Elia 1977), its total phosphate demand may be lower. Alternatively,
although non-symbiotic, bleached, and symbiotic corals, were supplied the same zooplankton
regime before the experiments, their feeding rates remain to be examined in order to
determine if their phosphate inputs from POP were different.

In symbiotic S. pistillata, host APA was also affected by heterotrophy and starvation.
The observed increase in APA with long-term starvation of the host (Fig. 4) can be related to
a lack of phosphate availability in the symbiosis. Indeed, feeding provides the host with a
source of POP (Johannes et al. 1970; Wijgerde et al. 2011), and this source disappears with
starvation, which therefore might trigger the increase of host APA. The same feeding effect
was observed in FIZ (Fig. 4) and was also reported previously in FIZ (Jackson et al. 1989;
Annis and Cook 2002). After a prolonged starvation (more than 3 weeks in FIZ and more than
6 weeks in the host), APA decreased again, probably due to a reorganization and/or reduction
of the coral metabolic activity, including a possible shut-down of metabolic machinery and

the recycling of macromolecules. It is in fact well established that starvation lowers protein
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and chlorophyll concentrations, symbionts density (Titlyanov et al. 2001; Ferrier-Pageés et al.
2003; Houlbreque et al. 2003), and rates of respiration and photosynthesis (Szmant-Froelich
and Pilson 1984; Davy et al. 2006). Such reduction of the metabolism may either be due to the
catabolism of alkaline phosphatases or may have led to a lower phosphate demand explaining
the APA decrease.

Results obtained finally showed that light increased host and FIZ APA (Fig. 3), maybe
due to the higher metabolic activity of corals in terms of respiration rates in the light (Porter et
al. 1984). Another explanation can be a faster depletion of phosphate stocks of the host by
symbiont photosynthesis, as phosphate is a component of ATP and enters into the
composition of other compounds of the Calvin cycle (Hall and Rao 1987), and as DIP demand
has been shown to increase with light (Jackson and Yellowlees 1990; Godinot et al. 2009).
Moreover, light levels used in this study are not as high as those encountered naturally in
reefs, and APA might therefore be even higher under natural conditions, with a much faster
hydrolysis of organic phosphate into inorganic phosphate.

Inter-species comparison and effect of zooxanthellae clade

Results obtained in this experiment suggest for the first time a possible dependency of
APA upon zooxanthellae clade, with the cosmopolitan clade C (Stat et al. 2008) being
apparently less efficient than clades A and B (Fig. 6). Specific metabolic characteristics of the
different clades may influence APA, possibly through differences in the phosphate demand
and/or uptake. This theory remains however to be further investigated, because only one study
has examined up to date the relationship between eutrophication and zooxanthellae clades
(Lampert-Karako et al. 2008), and has found no differences. Since only one clade B coral was
available for the present study, the preliminary results from this experiment need to be
completed by expanding the number of samples within the same clade, as well as the number

of clades investigated.
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Contribution of DOP to the phosphate demand of corals

APA measured at DOP concentrations of 0.05 and 0.5 umol P L*, which corresponds
to the range of those occurring in situ (Crossland and Barnes 1983; Larned 1998), was equal
to 0.8 + 0.1 and 4.1 + 0.4 nmol P mg prot™* h't in the light, respectively, and 0.4 + 0.1 and 1.9
+ 0.3 nmol P mg prot* h'in the dark, respectively (2.2 times lower compared to the light
value). These values correspond to 0.3 to 1.6 mmol P m d* (value x 2.2 mg prot cm? x 12 h
of day and night x10,000). If all phosphate provided by DOP hydrolysis through alkaline
phosphatase activity is entirely taken up by corals, DOP appears to be a significant source of
phosphate for corals, even at low environmental concentrations. Indeed, it has been shown
that DIP contributes 0.2 to 1.6 mmol P m? d! (Steven and Atkinson 2003; Godinot et al.
2009; Cuet et al. 2011) and POP brings of 0.9 + 0.3 mmol P m2 d* (Wijgerde et al. 2011).
DOP may have an even more significant contribution if sources like phosphodiesters,
polyphosphates and phosphonates are taken into consideration. Coral species can benefit from
these sources using other phosphatases and phosphonatases. The question that remains to be
examined is how much of the phosphate recycled from DOP can effectively be absorbed by
coral colonies, since phosphate might be rapidly flushed out of the reef by water currents
(Atkinson 1987b). Some additional studies, using a **P-labeled DOP source, may help answer
this question, by tracing 3P inside coral tissues.

In conclusion, this study showed that host and symbionts alkaline phosphatase
activities are dependent upon light and host feeding, and upon the metabolic activity of the
host and the symbionts (with a possible clade effect). We showed that DOP may represent a
significant source of phosphate for corals in oligotrophic reefs, since at similarly low
environmental concentrations (less than 0.5 pmol P L1), this source may bring as much
phosphate as DIP (1.6 mmol P m2 d*). The present study thus needs to be followed by

attempts at determining the amount of phosphate effectively recycled from various sources of
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DOP and POP by corals, in order to complete our first calculation of the balance of phosphate

inputs from DIP, DOP, and POP in corals under oligotrophic conditions.
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Table

Table 1
Working parameters of the four experiments performed to measure APA in various

scleractinian corals.
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Experiment Species (clade) Symbiotic Coral nubbin Light Host feeding [PNPP]
status or FIZ (1umol photons (measurements 3 (umol P L1
m2s?) days after feeding)
1 - Effect of light Stylophora symbiotic coral 0 control 250
pistillata (A) FIZ 150
250
350
Tubastraea sp. asymbiotic coral 0 control
150 250
2 - Effect of host S. pistillata (A) symbiotic coral 150 control 250
feeding FIZ starved 3 wks
starved 6 wks
starved 9 wks
3 - Effect of S. pistillata (A) symbiotic coral 0 control 250
symbiotic status S. pistillata (A) bleached coral
Tubastraea sp. asymbiotic coral
4 - Effect of S. pistillata (A) symbiotic coral 150 control 250
symbiont clade Pocillopora FIZ

damicornis (C)

Pavona cactus (C)

Galaxea
fascicularis (C)
Cladocora
caespitosa (A)
Oculina
patagonica (B)
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Figure legends

Figure 1: Effect of pH on APA of FIZ from Stylophora pistillata incubated with 250 umol L™

PNPP. Data are presented as the mean + standard error of 5 measurements.

Figure 2: Concentration-dependent APA in host and FIZ from S. pistillata. Data are mean *

standard error of 5 replicates.

Figure 3: Light-dependent APA in S. pistillata nubbins and FIZ incubated with 250 pmol L™
pNPP. Data are mean * standard error of 5 replicates. Light was measured using a LiCor

instrument and is expressed as pmol m? s PAR.

Figure 4: Effect of starvation on APA in host and FIZ from the coral S. pistillata incubated with

250 pumol L pNPP. Data are mean + standard error of 5 replicates.

Figure 5: Dark APA in the non-symbiotic tropical coral Tubastraea sp., and in symbiotic and in
bleached S. pistillata incubated with 250 pmol L™ pNPP. Data are presented as the mean +

standard error of 5 measurements.

Figure 6: Comparison of APA in different (a) coral hosts (b) harboring symbionts from different

clades. Data are presented as the mean + standard error of 5 measurements, (a) normalized per

protein content or (b) per chlorophyll content.
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