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PRINCIPAL INVESTIGATOR(S): Dr. Clayton B. Cook 

INSTITUTION: Harbor Branch Oceanographic Institution 

GRANT TITLE:  »Genetic Regulation in the Aiptasia pallida  Symbiosis" 

AWARD PERIOD:  1 March 1996 - 28 Feb 1999 

OBJECTIVE:  To understand gene regulation in the symbiosis between 
dinoflagellate symbionts (zooxanthellae) and their sea anemone host, 
Aiptasia pallida. 

|£PP£C|: We used two general approaches in addressing this question. 
In one approach we prepared samples of the dinoflagellate symbionts 
(Symbiodmium bermudense)   as they occurred in host tissue and in 
?Srme' Th^Sfmples were sent to The Institute of Genomic Research 
(TIGR) , so that cDNA libraries could be constructed from each 

Sm?fiSOnS-°5-eXPreSSed sec*uence tags (EST's) from these libraries 
conditions/ ndlCat6d geneS that were expressed under the two different 

In the second approach, we examined various physiological differences 
lll7tLlhe  Symbj°"ts in cult-e and in the intact symbiosis, with tne 
hope that some of these phenotypic differences would correspond to 

£^enm ^,the f T'S ±n the TIGR StUdy-  We focused on three areas.  (1), the release of photosynthetically fixed carbon by the 
symbionts, and its use by the host; (2), the expression of phosphatase 
enzymes by the cultured and symbiotic algae, anS (3), the rSle of the 

'symbiosis306 in mediating rec°gnition during the establishment of the 

I^PHSJMENTS:  The DNA work with TIGR proved unproductive.  At 

Hit UB™        WS deVeloped methods of isolating the native symbionts 
™ with ~?f n° C°nlTinating  h°St Cel1 DNA-  ^though we provided TIGR with cells in both the symbiotic and cultured states, no cDNA 
thertwoepT?

ere C°ftructed.  This was in part due to the departure of 
the two Pi's involved (Drs. L. FitzGerald and Dr. H. Tomb), both of 
whom left TIGR for other positions during this project. 

MLease p| photosynthetic carbon by the symbionts.  The release of 
photosynthetic carbon to host tissue is characteristic of algal cells 
that grow symbiotically in animal cells. This release can be 

of^if!? ^ fref^  isolated symbionts by the addition of extracts 
of host tissue.  Early m this project we found that the cultured 
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symbionts from Aiptasia pallida  showed no response to these host 
tissue extracts; indeed, release was often repressed.  We established 
a population of the cultured symbionts growing in host tissue.  Within 
two months the response of the algae was indistinguishable from that 
of the native symbionts, indicating that this release was a phenotypic 

orS?nnsym^iosis!Pended " "^^ ^ S^ionts were ^own in cultuS 

One explanation for the difference in carbon release by cultured 

cultuLSYf T±C  Cf1S WaS that Und6r thS hi^h nutrient conditTons ?n 
TarlZ  fn?^0n SB  WaS rePressed <i-e-, the symbionts retained 
carbon for their own growth under nutrient-replete conditions.) We 
looked at_carbon release by symbionts in hosts that were very well- 

Si    lu  ?°StS that Were starved for Prolonged periods (up the 
increaseS ~ \ ^t**'   ^^ ^^ ^  the algae in the anemones 
r^n^f f starvation proceeded.  One preliminary experiment with 
cultured algae indicated that release did increase slightly in cells 
that were nutrient-limited.  We examined the nature of the 
photosynthetic products that were released by the algae.  Typically 
glycerol is the major product that is released by these 
dinoflagellates.  In short-term photosynthetic experiments with "C02, 

was tZ J?  r  af °f glycero1 bV the cultured algae;  glycollic acid 
was the major product.  Surprisingly, 14C experiments with the 
symbiotic algae from fed anemones also revealed little labeled 

wiYH?H°^- /°St °f,the released Products were various organic acids. 
*tt    f   S°me glycero1 release by alsae from starving anemones.  In 

contrast, measurements of total glycerol showed substantial glycerol 
release by symbiotic algae, even from fed anemones.  The results 
indicate that the glycerol that was released was largely pre- 
synthesized. y  * 

The second area of the HBOI work was to examine phosphatase 
activity in the cultured versus symbiotic algae.  We chose these 
enzymes since they were easily assayed, and preliminary studies 
indicated differences in the pH profiles between the two states.  The 
functions of these enzymes is to provide phosphorus by cleaving 
phospho-diester bonds.  Surface phosphatase activity in algae is 
induced_under phosphorus-limited conditions and is repressed when 
lnKr2a?^ phosPhate is Present.  Cultured symbionts grown at pH 8 
b£i£inenH 7  H o^ ph°Sphatase activity, but had a broad pH peak 
between pH 7 and 9.  In contrast, symbionts freshly isolated from the 
host showed a strong acid phosphatase peak at pH 5, and little 
activity at alkaline pH.  When the cultured algae were maintained at 
norlrn«C«dl° Peak^aS ind^ed, and when symbionts were isolated into 
normal pH 8 media, they exhibited an alkaline activity peak 
Histochemical evidence indicates that the host cell vacuoles 
containing symbiotic zooxanthellae represent an acidic environment. 
Thus, the differences between the phosphatase activities of cultured 



and symbiotic algae appear to be functions of the pH of the 
environment. 

The third area of the HBOI work focused on the role of the 
symbiont cell surface in affecting cell recognition processes.  The 
algae are mtracellular symbionts, and the symbiosis is established 
through a suite of events involving initial cell-cell contact, 
phagocytosis of the potential symbiont by the host cell, and the 
proliferation of symbionts throughout host tissue.  Using aposymbiotic 
(symbiont-free) A.  pallida,   we found that symbionts freshly isolated 
from symbiotic anemones were phagocytosed at high rates, whereas 
cultured cells were taken up only sparingly.  Once in host tissue, 
both symbiotic and cultured cells proliferated at similar rates.  We 
examined the uptake of the cultured cells with transmission electron 
microscopy, using facilities at the university of Georgia.  These 
cells exist in two forms:  non-motile cells with thickened cell 
coverings, and flagellated motile cells with a thin covering that is 
morphologically similar to that of symbionts growing in host cells 
Motile cells in contact with the host cell surface were surrounded by 
a meshwork of microvilli that were not seen when non-motile cells 
contacted the surface.  Apparently these motile cells have a cell 
surface chemistry that is similar to that of the normal symbionts. 

One interesting sidelight of this work was a project done by 
Santiago Perez, one of my graduate students.  He surveyed a variety of 
symbiotic dinoflagellates for infectivity in aposymbiotic A.  pallida 
In this study he developed a number of heterologous host / symbiont 

^combinations.  It is known that "coral bleaching" is a response to 
elevated temperatures in which symbionts are lost from host tissue 
Perez found that these combinations "bleached" at different 
temperatures, depending on the sensitivity of the particular algal 
strain to elevated temperatures.  Thus, the specificity of coral 
bleaching events appears to be a function of the symbiont, rather than 
of host tissue. 

CONCLUSIONS:  We have identified several areas where genetic 
regulation m the Aiptasia pallida  symbiosis is likely to occur  The 
synthesis, storage and release of glycerol by the algal symbionts is a 
manor area where "symbiotic genes" are likely to operate.  A second 
major area is the response of the algal cell surface to the symbiotic 
and cultured states. 

SIGNIFICANCE:  These studies lay a foundation for understanding how 
genetic regulation occurs in this and other marine symbioses 
Molecular techniques should be applied to the questions that we have 
studied to gain this understanding. 
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