INCREASED LIGHT INTENSITY INDUCES HEAT SHOCK PROTEIN HSP60 IN CORAL SPECIES
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flntroduction

* The effect of increased light intensity and heat stress on heat shock protein Hsp60
was examined in two coral species using a branched coral and a laminar coral,

"
their

* Coralreefs fthe di and valuable mari rth.

 Coral bleaching, which results in massive death of coral beds, can be triggered by
environmental stresses.

Heat shock proteins (Hsps) play important roles in cellular repair and enable cells to
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o Investigations of Hsps in most
intensity as a stressful stimulus.

have not i light

The observation that light intensity affects the health of coral beds and a recent
report demonstrating the effect of light on heat shock protein Hsp60 homologs in
cyanobacteria influenced the design of our present coral investigation that focuses
on Hsp60 and includes, as stressful conditions, both light stress and elevation of
water temperature.
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(Materials and Methods

and T. rmfolm:s (Tur, a more resasum !ammar coral), colected from the Red Sea, were maintained

f27°C

Heat and light stress of corals. Nubbins [27°C,

low light [LL: 200 wmol photon m- 2 5- 1]), (b) high ight (HL; 27'c high light [400 ymol photon m- 2

s- 1)), (c)hca(shock(“S)BlJ? ClmﬂerLL u\d(d]NSur\wr)l Three nubbins of each species were
24and4Bh, -80°C.

Maxlmnl quantum yield (dark adapted FviFm), a
parameter for mynmem efficiency, was measured at each condition on six nubbins using a
DIVING PAM (Walz. 240r treatment

Coral sample preparation und Wulom blotting. Nubbins were reduced to a powder by gnndng
under liquid nitrogen, weighed, and proteins extracted in 20 /g of cold buffer containing S00mM
potassium phosphate <pn 7 a) 10-1- L-ascorbic acid, 20 mM pheny! methyl sulfony! fluoride, and 10
Skosoton ragr
uooo-g 10min, 4°C d. Samples
for 20 min, beft for 155 at 13,000 rpen to remave insoluble partices.
Ewal loadings of 50 pg of protein per lane were separated by 12% SDS-PAGE and subjected 1o
Western blotting analysis with specific antibody for Hsp60 (SPA-807, StressGen). Results were
8085)

semmi

alysis of sequence of
GroEL were obtained from Protein Data Bank (PDB id 'IGRU) Viewed by PyMol
{nttp:/iwww.pymol org). the apical, hinge, and equatorial domains were color annotated on the protein
sequence. Hspb0 amino acid sequences for human, sea anemone, and plant (Arabidopsis thakana)
were obtained from the National Ctﬂlo' for Bcammobgy Inlofmahon database, with sequence ids

J
N\

J

P10809, AAR , andNP_189041, sequence, using
Clustav liple oa»ome |nl)
lysis, C f Fv/Fm between was tested using two-way analysis of
\ variance (ANOVA)
Results

Figure 1. Effect of light and thermal stresses on induction of heat shock
:mmu;zsmmmm;mimUy_sg:.-;mxa_mmam@mm
(Sty) and the more resistant laminar coral T. reniformis (Tur)

A) ds d arobust of Hsp60 in
Tur at 24 h in response to heat stress (32°C) or high light conditions (HL;
400 pE).

* Amore Hsp60 it at48 hwas after heat stress in the

presence of high light.

* Sty exhibited a slight transient induction of Hsp60 at 24 h in response to heat
stress but notafter increased lightintensity.

* HspB0 signal was not detected at control conditions (C; 27°C and low light [LL;
200 pE))

B) Relative optical density of the Western blot.

\

Figure 2, Effect of light and heat stresses on coral photosynthetic activig\

Ayaan -y 8)asn
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coral (Sty) and the laminar coral
(Tur) were measured after 24 (t)lndls h(b)at27°C or32°C under low (LL) or
high (HL) lightintensity.

o Light stress and heal stress i at2dhand48h
in Sty. No recovery was observed.

* Heatstress, but not light slress at24hinTur.
By48h, Turhad i ivity

.

The lammar cofal (Tur) has been repoﬂed to better toleraie adverse conditions in

tothe

Tur demonstrated an enhanced ablmy to induce HspSO in response to light and

heat stress, and its P ! pa ; the ability to
Table 1. Two-way ANOVA testing the effect of light and heat

stresses on _maximal photosynthetic efficiency of the
nd the laminar coral (Tur) after 24 and

T
48 h of incubation

igure 3. Multiple uen: lignment of /GroEL
Comparative amino acid was p to gain insights
into features of Hsp60.

GroEL, the HspB0 bacterial homolog, has been the focus of more extensive
structural and 'uncbonal studies.

® Amino acid a closely related Cnidarian
sessile marine animal, was emplayed smce coral Hsp60 sequences are lacking in
the literature.

The three major domains of GroEL are the equatorial domain (yellow boxes with
solid triangle, alignment positions 1-189 and 421-590), the hinge domain (pink
boxes with solid squares, alignment positions 190-224 and 410-420), and the
apical domain (dark green box with solid circle, alignment positions 226-408).

The salt-bridge: The two red boxes correspond to GroEL amino acids R452
(asterisk, alignment position 487) and E461 (number sign, alignment position
496) that take part in salt-bridge formation, which stabilizes the double-ring
structure in GroEL.

The eight amino acids involved in polypeptide binding: The six blue boxes (open
circle, within alignment position 233 to 298) represent the eight hydrophobic
amino acids that are required for the binding of the unfolded polypeptide to the
interior wall of the cavity created by the GroEL-GroES complex.

Ala/Gly insertion at the apical domain of HspB0: The insertion of a small amino
acid at ahgnmenl position 339 is shown using a cyan box (open triangle, alignment

38-340; Gly human, Ala i

.

The conserved Gly-Gly-Met monl The Gly-Gly-Met repeats at the C terminal of
Hsp60 are shown i 1gH (open square, §72-590).
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[ Figure 4A. The salt-bridge \

GroEL Sea Anemone

R452-E461 salt-bridge formation (GroEL) allows GroEL to exist as a double

heptamericring.

* In human Hsp60, substitution of Arg by Met disrupts salt-bridge formation, resulting

inasingle ring structure.

Substitution of His in sea anemone oould enable adoobon of either a single- or

double-ring

o Atlow pH, His acquires a net positive charge allowing sea anemone Hsp60 to mimic
the GroEL double-ring structure; at high pH, basic groups of His remain uncharged

and sea anemone HspB0 could behave as its single-ringed human homolog.

Figure 4B. The Ala/Gly insertion at the apical domain of Hsp60

o Compared to plant (Arabidopsis) Nspso and GroEL, mserbon of an extra amino acid
in the apical domain was for sea (Alai ion) and human (Gly
insertion).

* As indicated by a white arrow, the insertion corresponds to the apical domain of
GroEL, between Glu (GroEL amino acid E304) and lle (GroEL amino acid 1305).

® As the apical domain is mvo!ved in polypep(ndebmdmg itis possible that Cnidarian
and human Hspbl 10

\ other Hsp60 homologs )

[ Discussion \

* The laminar coral (Tur) demons(mled a rohus( lmns»enl induction of Hsp60 in
andheat I (Sty).

. Th-s observation Is consistent with the relative susceptibility of branched coral (Sty)
resulting in the massive death of

ooralbedsol lhlsspeoes

* Our observations also demonsirate that increased light intensity and heat stress
exhibited a groalef negative impact on the photosynthetic capacity of
coral (Sty) than the more resistant laminar coral

(Tur).

These results support between stress i of Hsp60 and (a) ability
to counter perturbation of photosynthetic capacity by light and heat stress and (b)
; ; : sy '

Sublethal light stress encountered at midday periods of peak light intensity could

trigger Hsp80 synthesis in the laminar coral and protect it from adverse

environmental conditions.

e Hsp60 could protect tr
than thermotolerance,

« In Red Sea reefs, where our samples were originally acquired, the branched coral

(Sty)is one of the most susceptible coral species to tissue lost and damage.

We suggest that Hsp60 induction levels could be a potential indicator of resistance to
ek irad inq in di | species.

y using a different other

L ive amino acid analysis was performed to gain Insights into
features of Hsp60. Although the physiological significance and potential benefits of
these sequence variations in Cnidarian Hsp80 are not fully understood, changes in
critical domains could potentially affect the regulation and hence kinetics of Hsp&0-
mediated protein folding in corals.

Hsp80 in sessile Cnidarian marine animals may exhibit adaptability to changing
environmental conditions.

Single-/double-ring interchangeability in sea anemone, a Cnidarian closely refated to
corals, could enable Hsp60 to cater for specific sels of binding substrates that may

.
require protein f g stressful environmental
conditions.
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