In vivo pH measurement at the site of calcification in an octocoral
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1) Supplementary Material and Methods
Biological material

Branches of Corallium rubrum (Linnaeus, 1758) were removed from parent colonies at 10 meters depth near Marseille (Plane Island, Gulf of Lion) by IMBE/Marseille. Sampling permission was delivered by the Maritime Prefect of the Bouches-du-Rhône, France. Visual inspection confirmed that healing of the parent colony occurred within two weeks after removal of a branch. Branches were transferred to the Centre Scientifique de Monaco and maintained in an open-circuit seawater aquarium supplied with filtered Mediterranean seawater (18 ± 2°C). Branches were fed every working day with frozen rotifers and twice a week with live Artemia salina nauplii.
Transmission Electron Microscopy for histology of microcolonies 

Samples preparation, fixation and decalcification for Transmission Electron Microscopy (TEM) were performed according to protocols described in Tambutté et al. 1. Briefly, microcolonies were fixed overnight (0.085 M Sorensen phosphate buffer, 0.5 M sucrose, 4% glutaraldehyde, pH 7.8, 4°C) and then transferred in a solution for decalcification (0.085 M Sorensen phosphate buffer, 0.5 M sucrose, 2% glutaraldehyde, 0.5 M EDTA, pH 7.8, 4°C). Samples were then rinsed in Sorensen phosphate buffer, post-fixed for 1 h with 1% osmium tetroxide in Sorensen phosphate buffer, dehydrated through a graded series of ethanol and embedded in Epon resin. Observations of 1 µm thick sections were performed with a CM12 Phillips TEM at the Centre Commun de Microscopie Appliquée at the University of Nice-Sophia Antipolis. 

pH calibration solutions
Calibration solutions contained 60 mM Na+, 200 mM K+, 190 mM Cl-, 25 mM Pipes (pH 6-7.5) or Tricine (pH 8–8.5, with mannitol added to adjust osmolarity to 1100 mosm.L-1) 2,3. The ionophore nigericin was included in each calibration solution at a concentration of 60 µM.
2) Supplementary Tables and Figures
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S1 Fig. Calibration of intracellular and extracellular pH. Calibration of intracellular (pHi) and extracellular (pHe) pH with the ratio of SNARF-1 AM and SNARF-1 fluorescence at 585 and 640 nm. See Material and Methods for details.
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S2 Fig. Images showing that the dumbbell-shaped crystals deposited at the growing edge give rise to microprotuberances. (A-A’). Scanning electron micrograph at the growing edge showing that dumbbell-shaped crystals give rise to microprotuberances (arrow). (B-B’). Decalcified dumbbell-shaped crystals and mineral sheet labelled with an antibody against organic matrix showing intense labelling of the microprotuberances that point outwards from the dumbbell-shaped crystals. Maximum intensity projection of optical sections acquired with a confocal microscope. 
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S3 Fig. Confocal images of calcein labeling of mineral sheets deposited on the coverslip and labeling of cells showing crystals-tissue organization. (A) Confocal image merged with transmitted light image of mineral sheets stained with calcein (green) at two days interval and observed nine days after the first labeling. Lateral extension of the mineral sheet between the 1st and 9th day is denoted by the white arrow. (B) Rounded calcified sheet (C) marked with calcein (green) surrounded by cells labeled with Phalloidin (red) and DAPI (blue). D: Desmocytes. 
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S4 Fig. Optical sections acquired with a confocal microscope through a mature sclerite labeled with anti sclerite SOM (red), and cells labeled with Phalloidin (actin, green) and DAPI (nuclei, blue). Mature sclerites are present in the mesoglea where they have been extruded from secondary scleroblasts with a cell network passing between protuberances.
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S5 Fig. Summary of cellular processes of sclerites formation in the Octocorallians. The interstitial cells of the oral ectoderm give rise to scleroblasts as suggested by Dunkelberger & Watabe, 1974 and Woodland, 1905. Two distinct functional forms of scleroblasts have been highlighted: primary and secondary scleroblasts. The initiation of calcification would take place within a vesicle or vacuole of a primary scleroblast (1). The growth of sclerite can continue intracellularly (2a) either within a syncytium formed by incomplete cytokinesis (Alcyonium digitatum) or within the scleroblast vacuole (Leptogorgia virgulata). The sclerite formation can involve an extracellular medium formed following the aggregation of secondary scleroblasts (2b ; Corallium rubrum, Pseudoplexora flagellosa, Sinularia gibberosa, Swiftia exerta) or following the formation of a pseudosyncytium by fusion of plasma membranes of secondary scleroblasts (2c ; Renilla reniformis). Finally, steps (3a-b-c) refere to mature sclerites. 

See the main manuscript for references 29-37.
S1 Table. Summary of studies regarding the use of microcolonies of scleractinian corals growing on coverslips or glass slides. Stars (*) indicate studies related to pH measurements at site of calcification.
	Authors
	Year
	Publication title

	* Tambutté et al.
	1996 4
	Processus de calcification d'un scléractiniaire hermatypique Stylophora pistillata (esper, 1797). Etude de la croissance in situ sur l'atoll de mururoa.

	* Muscatine et al. 
	1997
	Morphology of coral desmocytes, cells that anchor the calicoblastic epithelium to the skeleton.

	* Reynaud-Vaganay et al. 
	1999 5
	A novel culture technique for scleractinian corals: Application to investigate changes in skeletal δ18O as a function of temperature.

	Shafir et al.
	2001 6
	Nubbing of coral colonies: A novel approach for the development of inland broodstocks.

	Shafir et al.
	2003 7
	The use of coral nubbins in coral reef ecotoxicology testing

	* Puverel et al. 
	2005 8
	Antibodies against the organic matrix in scleractinians: A new tool to study coral biomineralization.

	Shafir et al. 
	2006 9
	Coral nubbins as source material for coral biological research: A prospectus.

	* Raz-Bahat et al. 
	2006 10
	In vivo light-microscopic documentation for primary calcification processes in the hermatypic coral Stylophora pistillata.

	* Tambutté et al. 
	2007
	Observations of the tissue-skeleton interface in the scleractinian coral Stylophora pistillata.

	* Venn et al.
	2011
	Live tissue imaging shows reef corals elevate pH under their calcifying tissue relative to seawater.

	* Tambutté et al. 
	2012
	Calcein labeling and electrophysiology: insights on coral tissue permeability and calcification.

	* Venn et al.
	2013
	Impact of seawater acidification on pH at the tissue-skeleton interface and calcification in reef corals.

	* Holcomb et al.
	2014
	Coral calcifying fluid pH dictates response to ocean acidification.

	* Tambutté et al.
	2015
	Morphological plasticity of the coral skeleton under CO2-driven seawater acidification.

	* Shapiro et al. 
	2016 11
	A coral-on-a-chip microfluidic platform enabling live-imaging microscopy of reef-building corals.

	Ohno et al.
	2017
	An aposymbiotic primary coral polyp counteracts acidification by active pH regulation
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S2 Table. Summary of studies regarding the pH at the site of calcification of scleractinian corals (Hexacorallia) compared to the surrounding seawater pH. pH SW: pH of the surrounding seawater ; pH CF : pH of the calcifying fluid.
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