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The STPCA gene is over-expressed to regulate pH and 
maintain a basal rate of calcification during the night.

Figure 4 : Variations of calcification rate and expression of STPCA between the day and the night.
Diurnal values are reported to 1. Calcification was measured by 45Ca incorporation in the skeleton. Gene expression 
was determined by real time PCR (Moya et al. 2008).

Figure 1 (right): The scleractinian coral Stylophora pistillata. 
A) Mother colony. B) Microcolony used for physiological studies. C) Schematic representation of the coral histology.

Carbonic anhydrases (CA) play an important role in biomineralization (calcification) from 
invertebrates to vertebrates. We have cloned, sequenced and localized a CA from the reef 
building (scleractinian) coral Stylophora pistillata. This CA was named STPCA. Since in 
corals, calcification rates vary between light and dark, we have determined the expression 
of the STPCA gene in the dark and in the light. We have also measured STPCA activity and 
its inhibition by a series of inorganic anions and sulfonamides.

Introduction

Inhibition by anions confirms similarities with the human 
secreted CAVI and indicates that the calcifying medium is 
different to seawater.

Table 2 : Inhibition constants of anionic inhibitors against human isozymes CA I, II and VI - and STPCA for the CO2 
hydration reaction at 20°C. For details about the full dataset, see Bertucci et al. 2009a.

          Ki (mM)      Concentration in
Inhibitor    hCAI  hCAII  hCAVI STPCA seawater (mM)
 
F-      > 300  >300  0.60  0.62
NO3

-     7   35   0.76  0.56
NO2

-     8.4  63   0.82  0.77
Sulfamide   0.31  1.13  0.07  0.010
Cl-      6   200  0.72  0.50    546
SO4

2-     63   >200  9.9  0.91    28
Br-      4   63   0.73  0.0097   0.84
HCO3

-     12   85   0.80  0.45    2
CO3

2-     15   73   0.69  0.010   0.2

STPCA is a secreted form of alpha-CA.

Figure 2 : Alignment of alpha-CA amino acids sequences from S. pistillata (STPCA), F. scutaria, N. vectensis, 
H. sapiens CAVI, XIV, I, II, A. elegantissima and R. pachyptila.
The first 23 residues of STPCA are a signal peptide. Conserved residues are in orange, 80% and 60% identical 
residues are respectively in dark blue and light blue. H = Histidines involved in Zinc cofactor binding. Asteriks = 
residues involved in the hydrogen-bound network. Putative N-glycosylation and phosphorylation sites are shown as ‡ 
and losenges respectively (Moya et al. 2008).

Its catalytic function is similar to the secreted human CAVI.

Table 1 : Kinetic parameters for the CO2 hydration reaction catalysed by the human isoforms CAI, CAII, CAVI and 
STPCA at 20°C and pH 7.5 in 10mM HEPES buffer ; and inhibition data with acetazolamide 
(5-acetamido-1,3,4-thiadiazol-2-sulfonamide) (Moya et al. 2008).

Isozyme  activity level  Kcat   Kcat/Km   Ki acetazolamide
          (s-1)  (M-1. s-1)     (nM)

hCAI   moderate  2,0.105  5,0.107     250
hCAII   very high  1,4.106  1,5.103     12
hCAVI  moderate  3,4.105  4,9.107     11
STPCA  moderate  3,1.105  4,6.107     16

STPCA is localized in the calicoblastic ectoderm, which is 
responsible for coral calcification.

Figure 3 : Immunolocalization of STPCA on a tissue section of S. pistillata.
A: view of the oral tissue (OT) and aboral tissue (AT). B: magnification on the aboral tissue showing the aboral endorm 
(AE) and the calicoblastic ectoderm (CE). SW = seawater ;  Co = coelenteron ; Sk = skeleton. Orange :  anti-STPCA 
coupled with Alexafluor 568. Blue :  nuclei stained with DAPI (Moya et al. 2008).

Calcification decreases at 
night as photosynthesis of 
symbiotic algae stops.
This results in an acidosis 
in calcifying tissue.

The over-expression of 
STPCA allows calcification 
to continue and counters 
pH variation at the 
calcifying site.

Conclusion
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This work coupled up molecular, biochemical, physiological and 
pharmacological techniques to provide the first example of such a 
complete study of a purified carbonic anhydrase in corals. 
This results, combined with experiments on living organisms, will 
help us to better understand the calcification mechanism in corals 
and especially the role played by STPCA.

MKLSLF I SSLLAMI VACP- - - - - - NLAES^dpt qvoambdma J qt he e vha ` bde bnpmf kf s mha qc c bmdi
j bi moqf pt i c ^ j ^^c c i J J J J J J h` qbpi dqt pvodmbpma J qt ^ e e vma ` ^de hnpms kf s mhnqs c a ^di
j pi s ` oc i c c c ` i f s c f i d^ i bos b^^amj da t pva b^qdmpJ qt mke cme ` ddhj npmf kf kqbb^hva dpi
J J J J J j o^ i s i i i pi c i i dJ J J J J dn^ne s pa t qvpbd^ i a b^e t mne vm̂ ` ddnonpmf ki noqhs ovkmpi
J J J J j i c p^ i i i bs f t f i ^ J J J J J ^ a ddJ J ne t qvJ bdme dna e t m̂ pvmb` dkk^npmf a f nqa ps qc ama i
J J J J J J J J J J J J J J J J J J J J J J J J J J J j ^pma t dva a hkdmbJ nt phi vmf ^kdkknpms a f hqpbqhe a qpi
J J J J J J J J J J J J J J J J J J J J J J J J J J J J j pe e t dvdhe kdmbJ e t e ha cmf ^hdbonpms a f a qe q^hvampi
J J J J J J J J J J J J J J J J J J J J J J J J J J J j ^ ^mht dvdmkkdmpJ ht ^ha c m̂ ^^d^onpmf a f hqe a ^ne a p^ i
J J J J J J J J J J J J J J J J J J J J J J J J J J J j ^ ^ t a vJ b^k m̂ J qt ^hpcmi ^^dhhnpmf a f a m̂ ps phhpqp

W SS
W SS
W TO
W SP
W SN
W QR
W QQ
W QR
W QO

^J J a i s s kvbhps p^hi c kkJ de qs n^qc i qdhpJ kf pJ ddki qpe c o^ i nj e c e t dJ J pbkpodpbe ns ddo
^ J J a i qf kvbmks i ^hi bkkJ de pf n^pc i qdhpJ kf pJ dddi mpoc nq^ni e c e t dJ J pbki odpbe nf kdo
qJ J a i a f hvmkqqa s i i s ke e de ^ f b^a f i ppbmJ c s ^qd^a i ppovoi ^nc e c e s dJ J ppa f ndpbe e f e ds
hdi kj qdvbqn^dbJ cmj s kkde qs nf pi mpJ J J J qj oj qs ^a dqs vf ^nnj e c e t dd^ppbf pdpbe qs a df
m̂ i nme dva nmdqbmi a i e kkde qs ni pi mpJ J J J qi vi ddi mJ ohvs ^^ni e i e t dJ nhdpmddpbe nf kpb
J J hmf ps pvkm̂ q^ J hbf f ks de pc e s kc ba ka kops i hddmc pa pvoi c nc e c e t dJ J pqkbe dpbe qs a ds
J J hmi ps pva n^qpJ i of i kkde ^c ks bc a a pna h^ s i hddmi a dqvoi f nc e c e t dJ J pi a dndpbe qs a hh
hf hmi hf nvpndka J c ks qkkdvpi s f pohqpbdJ qki pddmi be kvoc bnc e c e t dJ J hqpdpdpbe i i a dh
J J J ^ i s ^pvkm̂ ^pJ kqi qkqdi pc ns ps a J J J J J dqi pddmi dkbvh^^pc e c e t pJ J hqp^bdpbe qs ^dh

W NPO
W NPO
W NQM
W NPN
W NOU
W NNP
W NNO
W NNQ
W NMQ

hcmi bf e f s e vk^bhvmps pb^ s a hda di ^ s i df i s bi nJ s na kms c a s j s a ki a h^ovhdkbs f i mpJ i nmc
hvmj bf e f s e vk^bhvmk^pq^ j hhma di ^ s i df i s bi nJ ^ka kms i kpf qa j i bqf ovhda qoi ` o^ J i s J J
hvmi bj e i s e vkJ a hvmk^pp^ndi i a di ^ s f ps i c bppJ pqa km̂ i kbf f a ki nk^pvha bbf qs nkJ s ms d
oe s f bf e f s e vkpJ hvhpva f ^na ^ma di ^ s i ^^c s bs hkvmbkqvvpkc f pe i ^kf hvmdnoqqi qdJ i a s n
^qc ^bi e f s e va pa pva pi pb^^bomndi ^ s i df i f bs dJ bqhkf ^vbe f i pe i e bs oe ha nhqps mmJ c ki o
hvp^bi e s ^e t kp^hvppi ^b^^ph^a di ^ s f ds i j hs dJ J b^kmhi nhs i a ^ i n^ f hqhdho^mc qkJ c amp
hv^^bi e i s e t kJ qhvda c dh^ s nnma di ^ s i df c i hs dJ J p^hmdi nhs s a s i a pf hqhdhp^a c qkJ c amo
^c m̂ bi e i s e t kqa i c ppc db^^pphkdi ^ s i d^c s nf dJ J dbp^di hqf qa i f mns nkf da hna i hs mc ki p
^v^^b^e f s e vk^^hv^pc na ^ s h^a a di ^ s i ^qc f nmdJ J ^qk^ds nhf f a i i mps mqhda q^qf mddc a s ^

W OMP
W OMN
W ONM
W OMO
W NVV
W NUP
W NUN
W NUR
W NTR

pc i me a f ^nvvqvodpi qqmd` c bps nt c s c ke qcmf pn^ni a hc oa i c a pbhna qhhi mi s a kvoms nmi vd
J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J

hf f mqa qbhc vovkdpi qqmm̀ c bqs ht f s i hhq^pf pbhni onc ops c pqpon^qhmkpi s a kc omqnpi kd
a j i moki ne vvqve dpi qqmm̀ qbks e t c s i ^ a c s hi poqns t hi bkpi i a e okJ J J J hqf e ka vooqnmi ke
bi i mhni dnvc ovkdpi qqmm̀ vnps i t qs c voopnf pj bni bhi ndqi c pqbbbJ mphi i s nkvo^ i nmi kn
qi i mpJ pi a c t qvmdpi qemmi vbps qt f f ` hbpf ps ppbni ^nc opi i pks bda J k^ s mj ne kkomqnmi hd
di i mbJ pi a vt qvmdpi qqmmi i b` s qt f s i hbmf ps ppbns i hc ohi kc kdbdbJ mbbi j s a kt om̂ nmi hk
pi i mpkqka vt qvpdpi qqmm̀ vbps pt c s c hbmf e ^qbknj nnc opi h^ka ddJ J J J J ` f s a kvoms j a dpd
` i i mda nphvt vvmdpi qqmm̀ c bps qt f s vhamf ni ` bkni ^^ i ohf qdJ J J J J J J J J J J J ` kc omqi di ` d

W OTS
W J
W OUP
W OTN
W OTN
W ORQ
W ORO
W ORP
W OPS

ops pb^pk^ i i cms ^oe nqhi t f ^ t a pi j qonvc j hnnpf ` ^ i vnmnJ J J J J J J J J J J J J J J J J J J
J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J
of f ohkc dhi i hvf f vJ J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J
os s bpkcmknJ J bvqi dpbc nc vi e hf bbf i a vi oo^ i kJ J J J J J J J J J J J J J J J J J J J J J J J J J J
oj s c ^pc f n^dppvqqdbj i pi ds df i s d` i ` i i i ^ s vc f ^ohf ohhoi bkohps s c qp^n^qqb^
oqs o^pc J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J
onf h^pc hJ J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J
oks o^pc bJ J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J
ons pppc J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J

W POP
W J
W OVV
W PMU
W PPT
W OSN
W OSM
W OSN
W OQP

:S. pistil lata
:F.scutaria
:N. vectensis
:Human CA-VI
:Human CA-XIV 
:Human CA-I
:Human CA-II
:A. elegantissima
:R. pachyptila

:S. pistil lata
:F.scutaria
:N. vectensis
:Human CA-VI
:Human CA-XIV 
:Human CA-I
:Human CA-II
:A. elegantissima
:R. pachyptila

:S. pistil lata
:F.scutaria
:N. vectensis
:Human CA-VI
:Human CA-XIV 
:Human CA-I
:Human CA-II
:A. elegantissima
:R. pachyptila

:S. pistil lata
:F.scutaria
:N. vectensis
:Human CA-VI
:Human CA-XIV 
:Human CA-I
:Human CA-II
:A. elegantissima
:R. pachyptila

:S. pistil lata
:F.scutaria
:N. vectensis
:Human CA-VI
:Human CA-XIV 
:Human CA-I
:Human CA-II
:A. elegantissima
:R. pachyptila

G G G

GG G GG GGG

G G G GG G

G G GGGG G GG G G G GG

‡ ‡

◊ ◊ ◊

◊

◊ ◊

◊

◊ ◊

◊ ◊ ◊

◊ ◊

◊

◊ ◊

GG◊

J J

Inhibition by sulfonamides / sulfamates reveals STPCA 
specific inhibitory responses.

              Ki (nM)
Inhibitor       hCAI   hCAII   hCAVI  STPCA

Dichlorophenamide   1,200   38    79    431
Sulpiride      12,000  40    0.8   430
Saccharin      18,540  5,950   935   40.3

Table 3 : Inhibition constants of some of the 37 tested sulfonamides / sulfamates.
Stopped flow CO2 assay method, pH 7,5, 20mM Tris-HCl buffer. For details about the full dataset, see Bertucci et al. 
2009b.

Potentially useful 
for in vivo studies
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