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Use of symbiotic algal pigment composition as a proxy for coral physiological health during light- and 

temperature-induced bleaching 

 

 Recent increases in average global temperatures, coinciding with rising atmospheric carbon dioxide 

levels, have brought about massive coral bleaching episodes across a wide range of geographical locations.
1
 

Coral bleaching, defined as the deterioration of the symbiotic relationship between coral hosts and resident 
Symbiodinium or zooxanthellae, disturbs the balanced relationship in which zooxanthellae provide carbon and 

energy to the coral in return for protection within the host’s tissues. Widespread bleaching events not only 

threaten the livelihood of coral-containing ecosystems, but also endanger thousands of species dependent on 

coral reef communities as well as coastal societies dependent on productive ocean environments for food and 
economic stability.
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 A variety of factors affect an organism’s bleaching susceptibility, including elevated temperatures, 

irradiance levels, geography, species of resident zooxanthellae, water quality, temperature history of the region, 
sedimentation and a range of other environmental stressors.

1
 While the coral bleaching process is not entirely 

understood, elevated temperatures and high light levels have been experimentally identified as two compounding 

factors that accelerate bleaching.
3
 Previous research conducted in Dr. Luisa Marcelino’s lab has identified the 

coral skeleton’s light transport properties as an additional factor contributing to a host’s susceptibility through 

differential distribution of light to zooxanthellae-containing tissues. High light scattering corals (high µs’) reflect 
incoming photons back along the pathway of entry, minimizing the number of zooxanthellae exposed to the 

light. Conversely, low light scattering corals (low µs’) diffuse light throughout the coral tissues before the light 
exits the organism, thereby increasing the amount of zooxanthellar light exposure. It is hypothesized that under 

elevated temperature and high irradiance conditions, low µs’ corals will exhibit a greater bleaching response than 

high µs’ corals due to greater zooxanthellar subjugation to elevated light levels.  
 As a result of the funding provided by a Summer 2012 Undergraduate Research Grant through the Office 

of the Provost and Initiative for Sustainability and Energy at Northwestern (ISEN), a small-scale experiment was 

conducted in June 2012 in Dr. Marcelino’s lab in which 2 low µs’ and 2 high µs’ corals were subjected to the 
following four conditions: (i) control temperature and low light, (ii) control temperature and high light, (iii) 
elevated temperature and low light, and (iv) elevated temperature and high light. The data suggested significant 

differential physiological responses between the two µs’ groups, which could have been further strengthened and 
highlighted by the addition of additional species to the sample size. Consequently, a large-scale experiment was 

conducted in early October 2012 which tested 10 species: 5 low µs’ species and 5 high µs’ species. The 
photosynthetic health of the zooxanthellae was monitored throughout the experimental period using pulse 

amplitude modulated (PAM) chlorophyll fluorometry and oxygen evolution. Members of Dr. Vadim Backman’s 

collaborating optics research group monitored skeletal reflectance in addition to recording photographic 
qualitative evidence of the coral fragments throughout the treatment. At 8 different time points, a fragment from 

each of the 10 coral species and each of the 4 conditions (40 fragments total) were removed from the aquaria and 

processed for the following parameters: (i) small clipping of coral and zooxanthellar tissue was removed and 
stored at -80°C for future protein and mRNA analysis, (ii) removal of zooxanthellae for cell counts and high-

performance liquid chromatography, and (iii) fragment surface area measurements. All cells at this stage have 

been isolated from the coral hosts and reserved in liquid nitrogen at Northwestern for pigment processing. 

High-performance liquid chromatography (HPLC) is a method for isolating, identifying and quantifying 
photosynthetic pigments in photosynthesizing organisms.

4
 This technique operates by separating chlorophyll and 

carotenoid pigments on the basis of their individual absorbance spectra at unique peak wavelengths via 

spectrophotometry or fluorescence.
4
 Each pigment yields a peak absorbance quantity at a unique wavelength, 

and elutes out of solution at a specific retention time. Over 50 carotenoid pigments, chlorophylls and degradation 

products can be isolated from marine phytoplankton and algae, including from the symbiotic algae Symbiodinium 

residing in coral tissues. Of these pigments identifiable via HPLC, the following 6 pigments will be quantified 
using calibration curves constructed with standards: chlorophyll c2, peridinin, diadinoxanthin, diatoxanthin, 

chlorophyll a and pheophytin a (Appendix 1). The chlorophyll pigments (a and c2) and peridinin aid in the 

capture of light energy to be used in the electron transport chain for photosynthetic processes, while 

diadinoxanthin (Dd) and diatoxanthin (Dt) serve a photoprotective function.
5
 Chlorophyll pigments, including 

chlorophyll a and c2, have both been observed to decrease as a function of increasing environmental stressors 

such as seasonal fluctuations, increased light exposure and during periods of coral bleaching.
6
  Peridinin is a 

brown-colored pigment found in Symbiodinium and other symbiotic dinoflagellates as part of a peridinin–
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chlorphyll a–protein complex (PCP);
7
 the degradation of the peridinin pigments during periods of environmental 

stress contribute significantly to the depigmentation characterizing coral bleaching responses.
8
 Additionally, 

chlorophyll a typically degrades to various pheopigments as well as pheophytin a, which has been observed in 
increase in corals that have been exposed to elevated temperatures and irradiance levels.

9,10
 

In addition to declining chlorophyll levels, fluctuations in the xanthophyll pool ratios may serve as an 

important indicator for overall photosynthetic health. Xanthophyll pigments, including diadinoxanthin (Dd) and 
diatoxanthin (Dt), are present in micro-algae that aide in the dissipation of excess heat and light by acting as a 

photo-protective mechanism for the light reaction centers.
13

 Previous studies have determined that upon exposure 

to increased irradiances, diadinoxanthin degrades to diatoxanthin in a diadinoxanthin-based xanthophyll cycle 

evolved for photo-protection as it has in higher plants.
14

 A parameter relating diatoxanthin to the total 
xanthophyll pool, calculated by the ratio Dt/(Dd+Dt), indicates which fraction of the total pool has been 

converted to the diatoxanthin; thus we expect this value to increase as zooxanthellae undergo increased light-

induced stress.
15

 Studies have seen a positive correlation between the Dt/(Dd+Dt) value and non-photochemical 
quenching (NPQ), a fluorescence parameter that describes the ability of the photo-protective mechanisms to 

divert excessive energy away from photosystems I and II in the form of heat.
16

 These relationships have been 

identified in previous studies, and provide a wealth of information regarding the physiological and 

photosynthetic health of the corals as they undergo temperature and light treatments. 
Our group collaborated with the Keck Biophysics Facility at Northwestern University to analyze the 

samples harvested in the June 2012 experiment, and will continue this relationship through the winter in order to 

analyze the additional samples obtained from the October 2012 experiment. Dr. Arabela Grigorescu, Managing 
Director of the Keck Biophysics Facility, and Corey Janczak, Instrumentation Specialist, have helped Dr. 

Marcelino’s lab immeasurably with instrument operation and troubleshooting as well as providing necessary 

reagents, and our group intends on continuing this invaluable relationship in conducting pigment analysis from 
the October 2012 experiment. The HPLC in the Keck facility is equipped with a photo-diode array detector 

(DAD), which has been used in previous studies to detect the changes in pigment quantities and ratios resulting 

from algal photosynthetic stress.
11

 In order to quantify the pigments to be used in meaningful normalized 

parameters – for example, mass of pigment per cell or unit surface area – calibration curves must be prepared 
using pigment standards of known pigment concentrations. For each individual pigment, a dilution series of the 

quantified standard will be processed and an equation relating peak absorbance to mass of pigment will be 

generated. These equations for each pigment will then allow for the translation of peak absorbance values into 
pigment masses for further normalizations. Awarded funds from the Office of the Provost would be used towards 

ordering these pigment standards necessary for pigment quantification from DHI Water and Environment 

(Appendix 2); additional funds to cover any costs over the awarded $1,000 would be paid for using grant money 
awarded to Dr. Backman’s lab for his collaborative research with Dr. Marcelino’s group. 

Protocols for HPLC have been adapted from Rogers et al. (2007) in order to fit the specifications of the 

HPLC instrument and our column.
12

 For all samples, the pigments are extracted from the cells using methanol 

supplemented with an ammonium acetate buffer to better improve pigment resolution.
4
 Samples are then exposed 

to a solvent gradient in the liquid chromatograph according to the methods outlined in Rogers et al. (2007), a 

procedure which has been optimized for our algal samples by various undergraduates enrolled in independent 

research courses.
12

 In order to quantify each pigment, the six standards will be purchased and diluted in order to 
obtain a range of peak areas from different concentrations. Standard quantification curves were generated 

previously using this protocol on a different column; therefore, the protocol has been optimized but the standard 

curves need to be re-generated due to inherent variability in how pigments are handled by different columns and 

guards. The construction of these calibrations using pigment standards is paramount to understanding the 
pigment density changes during the experiment, as peak absorbance quantities are unusable without determining 

the corresponding pigment masses. 

  Receiving this grant would allow for pigment quantification of the 320 total collected samples from the 
October 2012 experiment, which I am scheduled to process before winter break as a component of my ENVR 

SCI 399-1 Independent Research course. By having all quantifications completed before January, my ENVR SCI 

399-2 course in the winter can be spent analyzing pigment data and collaborating with our post-doctorate Dr. 
Timothy Swain on paper preparation in order to ensure that our findings will be out for review by spring. Any 

potential funds received from an Academic Year URG would allow me to continue the research made possible 

by the Summer URG in preparation of not only a senior honors thesis for my BA Environmental Sciences 

degree, but also multiple papers for publication. 
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Appendices 

 

Appendix 1. A standard pigment profile for Symbiodinium. The 6 pigments of interest in the current study are 

peridinin (1), chlorophyll c2 (4), diadinoxanthin (5), diatoxanthin (6), chlorophyll a (8), and pheophytin a (10).
17

 

 

 

 
 

Appendix 2. Costs of DHI Water and Environment pigment standards, available at 

http://www.labproducts.dhigroup.com/ProductDescriptions/PhytoplanktonPigmentStandards.aspx. 

Pigment Cost (€) Cost (USD) using 30-Oct-12 conversion rate 

Chlorophyll c2 € 136.50 $ 176.69 

Peridinin € 153.89 $ 199.20 

Diadinoxanthin € 153.89 $ 199.20 

Diatoxanthin € 381.17 $ 493.39 

Chlorophyll a € 136.60 $ 176.69 

Pheophytin a € 153.89 $ 199.20 

SHIPPING FEES € 237.00 $ 306.77 

TOTAL COST € 1,352.84 $ 1,751.12 

 

 



 4 

References 

 

1. Veron, J.E.N. et al. The coral reef crisis: The critical importance of < 350 ppm CO2. Marine Pollution 

Bulletin 58, 1428-1436 (2009). 

2. Costanza, R. et al. The value of the world's ecosystem services and natural capital (Reprinted from 

Nature, vol 387, pg 253, 1997). Ecological Economics 25, 3-15 (1998). 
3. Hill, R., Frankart, C. & Ralph, P.J. Impact of bleaching conditions on the components of non-

photochemical quenching in the zooxanthellae of a coral. Journal of Experimental Marine Biology and 

Ecology 322, 83-92 (2005). 

4. Wright, S.W. et al. IMPROVED HPLC METHOD FOR THE ANALYSIS OF CHLOROPHYLLS AND 
CAROTENOIDS FROM MARINE-PHYTOPLANKTON. Marine Ecology-Progress Series 77, 183-196 

(1991). 

5. Apprill, A.M., Bidigare, R.R. & Gates, R.D. Visibly healthy corals exhibit variable pigment 
concentrations and symbiont phenotypes. Coral Reefs 26, 387-397 (2007). 

6. Brown, B.E., Dunne, R.P., Ambarsari, I., Le Tissier, M.D.A. & Satapoomin, U. Seasonal fluctuations in 

environmental factors and variations in symbiotic algae and chlorophyll pigments in four Indo-Pacific 

coral species. Marine Ecology-Progress Series 191, 53-69 (1999). 
7. Chang, S.S. & Trench, R.K. PERIDININ-CHLOROPHYLL A PROTEINS FROM THE SYMBIOTIC 

DINOFLAGELLATE SYMBIODINIUM (= GYMNODINIUM) MICROADRIATICUM, 

FREUDENTHAL. Proceedings of the Royal Society B-Biological Sciences 215, 191-210 (1982). 
8. Douglas, A.E. Coral bleaching - how and why? Marine Pollution Bulletin 46, 385-392 (2003). 

9. Shuman, F.R. & Lorenzen, C.J. QUANTITATIVE DEGRADATION OF CHLOROPHYLL BY A 

MARINE HERBIVORE. Limnology and Oceanography 20, 580-586 (1975). 
10. Ambarsari, I., Brown, B.E., Barlow, R.G., Britton, G. & Cummings, D. Fluctuations in algal chlorophyll 

and carotenoid pigments during solar bleaching in the coral Goniastrea aspera at Phuket, Thailand. 

Marine Ecology-Progress Series 159, 303-307 (1997). 

11. McDougall, K.E., Gibb, S.W., Boyd, K.G. & Brown, B.E. 'Chlorophyll-like' compounds as novel 
biomarkers of stress in corals. Marine Ecology-Progress Series 325, 137-144 (2006). 

12. Rogers, J.E. & Marcovich, D. A simple method for the extraction and quantification of photopigments 

from Symbiodinium spp. Journal of Experimental Marine Biology and Ecology 353, 191-197 (2007). 
13. Brown, B.E. et al. Diurnal changes in photochemical efficiency and xanthophyll concentrations in 

shallow water reef corals: evidence for photoinhibition and photoprotection. Coral Reefs 18, 99-105 

(1999). 
14. Demers, S., Roy, S., Gagnon, R. & Vignault, C. RAPID LIGHT-INDUCED-CHANGES IN CELL 

FLUORESCENCE AND IN XANTHOPHYLL-CYCLE PIGMENTS OF ALEXANDRIUM-

EXCAVATUM (DINOPHYCEAE) AND THALASSIOSIRA-PSEUDONANA 

(BACILLARIOPHYCEAE) - A PHOTO-PROTECTION MECHANISM. Marine Ecology-Progress 

Series 76, 185-193 (1991). 

15. Warner, M.E. & Berry-Lowe, S. Differential xanthophyll cycling and photochemical activity in 

symbiotic dinoflagellates in multiple locations of three species of Caribbean coral. Journal of 

Experimental Marine Biology and Ecology 339, 86-95 (2006). 

16. Enríquez, S. & Borowitzka, M.A., edited by D.J. Suggett, Prášil, O., and Borowitzka, M.A. (Springer 

Netherlands, 2010), Vol. 4, pp. 187-208. 

17. Venn, A.A., Wilson, M.A., Trapido-Rosenthal, H.G., Keely, B.J. & Douglas, A.E. The impact of coral 
bleaching on the pigment profile of the symbiotic alga, Symbiodinium. Plant Cell and Environment 29, 

2133-2142 (2006). 

 

 


