Introduction

Cords are symbiotic organisms composed of a photosynthetic
dinoflagellate (zooxanthellag) and an anthazoan animdl and are
responsiblefor the massive calcium carbonate structures of coral
reefs. Cora reefs constitute some of the largest ecologica structures
on earth and provide an estimated 10% of theworld’ sfisheries. Over
the past two decades, cord reefs have experienced extensive
degradaion duein part to extensive cora bleaching (Figure 1). Cora
bleeching involves ether the mass expulsion of the zooxanthellae or
theloss of photosynthetic pigments within the dinoflagellate(Figure
2). Strong correlaions between high water temperature and cora
bleaching suggest that the cause of cora bleaching may berelated to
hest stress. Cord's may recover and regain theirzooxanthellae after
severd months of bleaching as water temperature decreases due to
seasond changes (Figure2). If water temperatures remain high
through most of the growing season (e.g., globa waming, mgjor
climetic changes such El Nifio), cords may not recover their
zooxanthdlaeand die (Figure 1) (Dustan, 1999).

Themechanismof bleaching is suggested to be heet stress-
associated thermolability of certain components of the photosynthetic
mechinery of thedinoflagellate. Photosystem|l is one of the most
thermolabile components of photosynthesis. Hest stress can ater
eectron flow within Photosystem|l fromits normal pathway from
chlorophyll to quinoneand insteed to oxygen, forming superoxide.
Hydrogen peroxideformed fromthe Oxygen Evolving Complex of
Photosystem I may react with superoxide to form hydroxy! redicas.
Thesehydroxy! radicas may bedestructiveto Photosystem Il if it
ovewhelmsthe anti-oxidant defenses of thechloroplast. Evidence
from severd labs indicates that cord bleaching is caused by incressed
oxidative stress originating fromwithin the chloroplast and that this
can causedestruction of anumber of different photosy nthetic
components (Lesser, 1995; Wamer 1999).

One adaptation of vascular plants is the production of the
chloroplast small heat-shock protein (chlpsHsp). ThechlpsHsp is
known to specificaly protect Photosystem Il fromboth hest stress
and oxidativestress (viaultraviolet radiation or chemicaly induced
hydroxy! radicas) (Heckathom et d., 1998; Downs &t d., 1999b).
The chlpsHsp has auniquemethionine+ich domain and is known to
bind and protect the Oxygen Evolving Conplex of Photosystem I
(Downseta., 1999a Heckathom et d., in press). Preliminary
evidenceindicates that the chipsHsp acts as atarget-specific anti-
oxidant (Downs et d., 1999a).

It is unknown if dinoflagellates possess a chipsHsp or whether
this protein acts in ahonologous fashion by protecting Photosystem
Il. Theobjectives of this study areto determine: (1) whether there
exists asHsp in thechloroplasts of dinoflagdllaes; (2)if this
chipsHsp has an antigenicaly similar methioninerich domain; (3) the
induction pattem of the chlpsHsp in corals during cord bleaching.
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Materials & Methods

Dinoflagellate Symbiodinium spp. were kind gifts from Drs. Mark Wamner and Willian
Fitt (Univ. of Georgia, Athens, Georgia, USA). Dinoflagellates were grown under conditions of
25°C temperature and 50 =M m2s1 PAR during a14 hour photopeiod Dinoflagellates were
hest stressed by ramping the temperature from 25C to 31C over athree hour period, held & 31C
for two hours, rarped again from 31C to 35C over athree hour period, held a 35C for one hour
and then ramped down from35C to 25C over four hours. Dinoflagellates werethen harvested at
the end of the heet stress regime. Chloroplastsfrom both control and hest-stressed dinoflagell
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wereisolated according to amodified methods of Downs et d., 1998 by breeking open cdls using
amodified “bead-beater” method.

Coral Feld Collection: Montastrea annulariscorals were collected fromCary sfort Reef,
Key Largo, Florida. All corals samples were collected aound 20 ft. of depth. Fivetypesof cords
were collected: hedthy, lightly bleaching, intermediate bleaching; advanced bleaching, and
bleached. Coras were water picked using a SDS-homogenization buffer, placed in Facon tubes,
and frozen immediately upon havesting.

Cord Laboratory Collection: Monstatreaannularis coras wereraised at Mote Marine
Research Laboratory in Pigeon Key, Florida, USA under 25°C-2&8C temperature and
400 EM m2 s PAR. Cords were subjected to heat stress by ramping the temperature from 25°C
to 33C and held for eight hours. Coras were frozen after heat stress regime.

Both cords and dinoflagellate tissue were homogenized in an SDS-homogenization buffer.
Protein concentration of samples were determined and samples were subjected to SDS-PAGE.
Gelswerethen subjected to westemn blotting, and membranes were assay ed with anumber of
different antibodies: antibody against Hsp60; antibody against the*methionine-rich” domein of the
chlpsHsp; antibody against chloroplast Mn-superoxidedismutase and antibody against Cu/Zn
superoxide dismutase.

Results
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Fgure3. Western blot of control and heat-stressed dinoflagellates
Dinoflagellates were subjected to control and heat-stress temperatures.
Chloroplasts were isolated fromdinoflagellates under both trestments.
Whole cell and purified chloroplasts were subjected to SDS-PAGE (50
ny/per lane), Westem blotted, and assayed using an antibody specific to
the “methionine-rich” domain of the chloroplast small hest-shock
proteins of terestrid plants.
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Fgure4.Hsp60. Westem blot of
control and hesat-stressed
Control dinoflagellates. Dinoflagellates

Fgure5. Mn superoxidedismutase. Cord cultures weregrown in the
laboratory for over six months. Corels were hegt stressed both in the
light and in thedark. Cord tissuewas homogenized in an SDS buffer,
subjected to SDS-PAGE, Westem blotting, and the blot was assayed
with an antibody specific to manganesesuperoxide dismutase (localized
to only the mitochondrion and chloroplasf) as an indicator of oxidative-
Stress response:
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Fgure6. Cu/Zn superoxidedismutase. Cora cultures were grown in
thelaboratory for over six months. Corals were heat stressed both in the
lightand in thedark. Coral tissuewas homogenized in an SDS buffer,
subjected to SDSPAGE, Westem blotting, and the blot was assayed
with an antibody specific to Cu/zn superoxidedismutase (localized to
only themitochondrion and chloroplast) as an indicator of oxidative-
Stress response:

| s,

Fgure7. Chloroplasts wereisolated from heat-stressed dinoflagellates
and solubilized in a2D-PAGE buffer consisting of 8 M ureaand 1%
triton X-100. Sample was subjected to pH 3-10isoelectric focusing and
then 1D SDS-PAGE, Westem blotted, and the blot was assayed with an
antibody spexificto the* methioninetich” domein of the chloroplast

smell heat-shock protein of terestrid plants (Abmet).
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Chloroplasts wereisolated from
dinoflagellates under both
trestments. Wholecell and
purified chloroplasts were
subjected to SDS-PAGE (50
ny/per lane), Westem blotted, and
assayed using an antibody to
Hsp60, aprotein found only in the
mitochondrion and chloroplast.
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Fgure8. Sepaatecora
colonies from Carysfort Reef
were collected and subjected
to SDS-PAGE, Westem
blotting and assayed with
Abmet. Lane 1 = hedthy;
lane2 =dlightly bleeching;
lane3 =intermediate
bleeching; lane 4 = severe
bleeching; ; lane5 =
completely bleached (no
zooxanthallag)
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Discussion

In summary, we present evidence for the existence of
ahea-inducible chloroplast smell heat-shock protein
(chlpsHsp) that has antigenichomology to themethionine-
rich chloroplast sHsps of terrestrid plants. Further, thereis
apositive raionship between the quantitative
accumulation of this protein and cord bleaching. If the
dinoflagdlate chipsHsp has ahonologous function to that of
terrestria chlpsHsp, then this would indicate that: (1) during
bleeching, Photosystem Il isbeing dameged, either by heat
stress or oxidative-stress mediated hest stress; (2)
progression of cord bleaching would indicate agradua
increase of oxidativelheat stress; (3) the chlpsHsp is not only
adiagnosticindicator of cord stress, but could possibly be
used as aprognostic indicator for the pathology of cord
bleaching.

Evidencefromour own lab and that of our
collaborators a the University of Georgia (Athens, Georgia,
USA) suggests that Photosystem Il may be centrad for the
generdion of oxidative stress within cords. Observations
fromthe scientific coral community indicate that there exists
clades of dinoflagellates that are morelikely to incur
bleaching. Theseobservations, coupled with this data, is
now being used to further research in dleviating cora
bleaching: either viatransgenicapproaches or by classica
sdlection culturing. Suchdinoflagellate strains could be
hypotheticaly used to seed bleaching cord to such an end
that may either prevent further bleaching and/or ad in the
recovery of bleaching.

It has been suggested tha a prime cause of bleaching
isincreasing regiona or globa temperatures. Other factors
such as eutrophicaion, pesticides, herbicides, and other
pollutants may be contributing factors to cora bleaching,
and may be primary factors for bleaching in the absence of
high temperatures. Our labs, in collaboration with meny
other laboratories have begun the ducidation of both the
function and mechanism of protection for the chipsHsp, as
waell as other sHsps, in corals and determining if toxin-
mediated oxidative stress is arelevant factor for meny
regions where cora bleaching exists.
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