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METHODS

Experimental Materials

Carolina Biological Supply Company (Burlington, NC, USA) product numbers:
Cinachyra alloclada (Prod. No. #162927)

Cassiopea (Prod. No. #162936)

Phymanthus crucifer (Prod. No. #162942)

Marsilea (Prod. No. #156931)

Spirulina (Prod. No. #151900)

Water and tissue sampling

Water samples (2 mL) were removed by syringe at various intervals and stored in tightly capped
polyethylene containers for analysis of silica concentration. Part (0.2 ml) of each sample was
separated to evaluate pH change over time using serological pipettes (Table DR1). Solution pH
was measured using a Thermo Scientific™ Orion™ PerpHecT™ ROSS™ Combination pH
Micro Electrode, calibrated with the pH buffers 4.0, 7.0, 10.0 before each analysis. The error
associated with the pH measurement is within +0.02 log units (2c). Organic tissues were also
sampled at the same intervals for scanning electron microscope and energy-dispersive x-ray
spectroscopy (SEM-EDS) observations. Concentrations of silica were measured by
the molybdate blue method with metol as the reducing agent (Mullin and Riley, 1955) at 812 nm
using a UV/VIS spectrophotometer (Table DR2).

Organic tissue samples were fixed in 4% paraformaldehyde, stored at 4°C, and then coated with
6 nm platinum for SEM-EDS analysis with a Secondary Electron (SE) detector. SEM-EDS
analyses were performed at 3-10 kV with a FEI XL-30 scanning electron microscope and a
Hitachi SU7000 in the Department of Earth and Planetary Sciences at Yale University. Specimen

dimensions and weights are detailed in Table DR3.



Acid-base titrations

Potentiometric acid-base titrations were performed at the Department of Earth and Atmospheric
Sciences at the University of Alberta. Analyses were performed for each tissue type (5 samples
of each) to determine their proton reactivities. Before each titration, the pH electrode was
calibrated using commercial pH buffers (Thermo Fisher Scientific; pH 4.0, 7.0, 10.0). For each
titration, organic tissues were suspended in a 0.56 M NaCl solution. The suspension was then
bubbled for 30 min with N,(g) to ensure the solution was devoid of CO,. During titrations, the
experimental apparatus remained sealed and was continuously bubbled with N, to prevent CO,
from entering the system. Each organic tissue sample was titrated over a pH range of 3.0 to 10.5.
Initially, a small volume of 0.1 M nitric acid (HNO;, ACS certified, Fisher Scientific) was added
to bring pH to 3.0, and then 0.1 M sodium hydroxide (NaOH, ACS certified, Fisher Scientific)
solution was incrementally added to bring the pH up to 10.5 (forward titration). To test the
hysteresis of the samples, a backward titration was performed after each forward titration by
adding acid to decrease the solution pH from 10.5 to 3.0. After the volume of acid and base were
added, the corresponding pH changes were recorded at each titration step. The pH was
considered stable only after the electrode achieved a reading of 12 mV/min. A blank titration,
without the addition of biomass, was performed for electrolyte solutions at each of the titrations

performed.

Surface complexation modeling was performed for acid-base titration results of organic tissue
samples. Three types of surface functional groups (ELH, =XH, =MH) were invoked to represent

surface proton-reactive groups. The protonation behaviors of the three surface sites are described

as follows:

=L’ +H < =LH (R1)

_ _ [=LH]
Ka1 = Sl Teons (eq. 1)
=X"+H < =XH (R2)

__ [=XH]
Kaz = =X Jeogr (eq. 2)
=M +H" < =MH (R3)



__ [=MH]
Ka3 - [EM_].QH+

(eq. 3)

where square brackets denote the concentration of surface functional groups and o the activity
of protons in solution; K values derived by equations 1-3 are proton interaction constants that

govern the adsorption and desorption of protons from the sample’s surfaces.

A surface complexation model (SCM) was generated using the titration data and the modeling
software FITEQL 4.0 (Westall, 1982) in order to calculate K, values and ligand concentrations
that best describe the excess charge data. The initial protonation stage was estimated based on

Fein et al. (2005).

Table S1. pH measurements

Hour 0 1 2 18 26 48 97 117 121 141 144 148
78 7 78 7 67 67 78 78 78 15 74 7.7
78 7.7 77 78 8 718 77 77 779 770 715 7.7
77 77 76 7.6 7.6 76 76 75 77 175 74 74
78 7.1 69 68 69 6.7 76 68 69 72 77 73
78 78 78 78 7.8 78 78 78 78 78 18 1.2
78 78 78 78 78 78 77 78 78 76 7.6 1.8
78 78 78 78 78 78 78 78 78 78 78 1.8
78 78 78 78 7.8 78 78 78 78 78 78 1.8
78 & 76 78 7.1 78 78 78 78 78 7.8 1.8
78 78 78 78 7.8 78 78 78 78 78 78 1.8
78 78 77 78 7.6 78 78 77 78 7178 78 7.8
78 78 78 7.8 78 78 78 78 78 78 78 7.8
78 78 78 7.8 78 78 78 78 78 78 78 7.8
78 78 78 78 77 78 78 78 78 78 78 7.8
78 78 78 7.8 7.8 78 78 78 78 78 7.8 78
78 78 78 78 77 78 78 78 78 78 78 7.8
78 78 78 78 7.8 78 78 78 78 78 78 1.8
78 78 78 78 78 78 78 78 78 78 78 1.8
78 78 78 78 7.8 78 78 78 78 78 17 1.8
78 78 78 78 7.8 78 78 78 78 78 18 1.7
78 78 7.8 78 7.8 78 77 78 78 76 7.6 1.7

Cassiopea

Cynachira

Spirulina

Marsilea

Phymantus

Quercus

control

W N = [W N =W N =W N =W — W — W -




Table S2: List of ingredients for silica assay”

Reagent Concentration (g solute/500 mL

ddH,0)
Molybdate reagent
Ammonium molybdate 4
12N Hydrochloric acid 12.0°
Reducing reagent
Metol-sulfite
Anhydrous sodium sulfite 6
P-methyl aminophenol sulfate 10
Oxalic acid solution 50
Sulfuric acid (50%) 250.0°

Note: The molybdate reagent, metol-sulfite, oxalic acid and sulfuric acid solutions
were prepared independently in 500 mL of ddH,0. Metol-sulfite, oxalic acid and
sulfuric acid were mixed together to form the reducing agent (5:3:3, respectively,
v/v/v). 2 mL of molybdate reagent and 3 mL of reducing reagent were added to 4 mL
of sample before analyzing silica concentrations. Blanks and standard were prepared
by the addition of 0.2 ml of artificial seawater to 3.8 ml of initial sample.

* Modified from Newman et al. (2016)

1 Represents the addition of a liquid volume (in mL).

Table S3. Sample dimension, weight and time of decay

Diameter . Time to complete
Sample (cm) Weight (g) decay (h)
y
1 7.1 5.09 130
Cassiopea 2 7.2 6.21 125
3 6.8 4.89 125
1 6.8 6.88 N.D*
Cynachira 2 5.2 5.77 N.D*
3 6.8 5.11 N.D*
1 0.5 1.023 132
Spirulina 2 0.3 2.33 130
3 0.25 0.23 123
1 N.D* 5.3 N.D*
Marsilea 2 N.D* 8 N.D*
3 N.D* 7.23 N.D*
1 1.2 4 142
Phymantus 2 1.5 4.8 147
3 2 5 150
1 N.D* 2.3 N.D*
Quercus 2 N.D* 2.2 N.D*
3 N.D* 2.1 N.D*

*N.D: not determined



Table S4. Summary of acid-base titration and SCM results and comparison with literature results.
Site density and pKa values represent the average values of all replicates.

Léigaa;;d Average pKa Mean 31t(emc(§)1r/1g)e ntration Functional group®

LH 4.09 8.01E-06 Carboxyl
Cassiopea XH 6.41 3.69E-06 Carboxyl or phosphoryl

MH 9.57 3.45E-05 Amino

LH 4.48 2.16E-04 Carboxyl
Cynachira XH 6.49 2.62E-05 Carboxyl or phosphoryl

MH 9.59 3.18E-04 Amino

LH 6.37 1.33E-05 Carboxyl or phosphoryl
Spirulina XH 9.1 6.26E-04 Amino

MH 10.39 1.06E-04 Amino

LH 4.22 1.39E-04 Carboxyl
Marsilea XH 6.47 3.76E-05 Carboxyl or phosphoryl

MH 9.62 6.41E-05 Amino

LH 4.48 4.04E-04 Carboxyl
Phymantus XH 7.18 2.64E-05 Phosphoryl

MH 9.64 4.57E-04 Amino

LH 5.14 3.25E-05 Carboxyl
Quercus XH 7.37 4.44E-05 Phosphoryl

MH 9.4 8.53E-05 Amino

Literature results for biomass titration and SCM

LH 4.62 3.30E-05 Carboxyl
ialozlbr ix isolated  XH 6.12-7.26 1.4-2.7E-05 Carboxyl or phosphoryl
sheat

MH 8.06-9.15 2.3-4.1E-05 Amino

LH 4.89 5.20E-03 Carboxyl
Worm mucus® XH 6.93 3.55E-03 Phosphoryl

MH 8.98 2.51E-03 Thiol

LH 4.82 5.73E-03 Carboxyl
Worm mucus’ XH 7.08 4.67E-03 Phosphoryl

MH 9.3 6.89E-03 Thiol or amino

LH 5.07-5.42 1.17-1.51E-02 Carboxyl
Synechococcus sp.  XH 6.71-7.42 5.72-6.55E-03 Phosphoryl
PCC 7002°

MH 8.54-9.95 6.96-11.07E-03 Amino
Alginate LH 3.98 1.73E-03 Carboxyl
Diopatra MH -1.079613993 1.17E-05 Hydroxyl
parchment

*functional group estimation in this study is based on literature values (see Liu et al., 2015; Phoenix et al.,

2002; Konhauser, 2009).
®results from Phoenix et al. (2002)
“results from Lalonde et al. (2010)



dresults from Petrash et al. (2011a)
°results from Liu et al. (2015)
"results from Petrash et al. (2011b)

£ results from Konhauser et al. (2020)

Figure S1. Images of Marsilea in experiments after: (A) 60 h, and (B) 120 h. Images of Quercus
in experiments after: (C) 24 h, and (D) 96 h. Note lack of visible signs of silica precipitation.

Scale bar is 2 mm.
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Figure S3. Acid-base titration curves for Phymantus.
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Figure S4. SEM images of pristine demosponge spicules in experiments after (A) 60 hours, and
(B) 100 hours. (C) EDS spectra of panel B demonstrating the siliceous composition of the

spicules. Pt peaks correspond to the coating.
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