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Caulerpa is single-celled, multi-nucleated tropical green alga 

which produces morphologically distinct structures such as erect 

blades and root-like rhizoids along a cylindrical main body (1). 

The rhizoids are responsible for anchoring the plant to a variety 

of substrate types such as solid rock, shells, and mud. Recent 

studies have shown that Caulerpa contains a vitronectin-like 

protein (2). Vitronectin is generally found in the extra-cellular 

matrix of mammals where it is involved in cell to cell adhesion 

(3). The vitronectin-like proteins are thought to be associated 

with adhesion pads found on Caulerpa rhizoids.  

Fig. 1.  Habit picture of Caulerpa mexicana showing 

morphologically distinct regions 

Collection and Growth 

Plants were collected from the Florida Keys 

Plants were grown in tanks at 22oC with artificial seawater 

(35-40 ppt)  

Light cycle: 14 hours light/10 hours dark 

 

Fixation 

Karnovsky’s fixative buffered with 0.2M Hepes (made from 

seawater at pH 7.4) 

Exposure 4 hours followed by 3 rinses of Hepes buffer 30 

minutes each 

 

Staining Technique – Immunolocalization 

Anti-vitronectin antibodies (Sigma ™) tagged with 

fluorescent quantum dots (Qdots 655 Invitrogen ™) which are 

nanocrystals that absorb photon of light at 400-600 nm, then 

reemits photons at 655 nm (Fig 2).  

A concentration of 1 conjugated Q-dot to 50 µl phosphate 

buffered saline (PBS) containing 2% bovine serum albumin 

(BSA) and 0.05% Triton X-100 

Exposure time was 24 hours followed by 3 rinses of PBS. 

 

Visualization 

Zeiss Axioplan II microscope with epifluorescence  

 

Photograph Processing 

Both bright field and fluorescence micrographs were taken in 

same position. Fluorescence micrographs were then layered 

over bright field micrographs and merged together to make final 

images utilizing PhotoshopTM processing program..  

 

Controls 

Background staining was reduced by pre-blocking with BSA 

Auto-fluorescence was checked by examining tissue not 

exposed to Q-dots. 

Tissue was exposed to non-conjugated Q-dots. 

Fig. 2  Q-dots 

structure (4) 

The objective of this research was to survey different 

regions of Caulerpa for presence of vitronectin with a 

concentrated effort on the rhizoids and the 

rhizoid/substrate interface in order to determine if this 

protein may play an important role in substrate adhesion 

in Caulerpa. 
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Results: Two Means of Adhesion 

I.  Adhesion Pads 

Vitronectin is thought to be involved in the adhesion of Caulerpa 

to the substrate through the rhizoids. One method of adhesion 

seen in Caulerpa through this research is adhesion pads. Through 

scanning electron microscope (SEM) photographs a glue around 

the adhesion pads can be seen (Fig 3 and 4). 

Quantum dots were used to test these areas for vitronectin which 

is found associated with the adhesion pads (Fig 5 and 6). 

There are different densities of vitronectin seen on adhesion pads. 

Some adhesion pads seem to have no vitronectin associated with 

them, this could be due to the pulling off of the adhesion pads 

from the substrate or there are other protein glues. Different 

concentrations of quantum dots were tested with similar results 

seen in all trials. 

II.  Constriction 

Another form of adhesion 

for Caulerpa is rhizoid 

constriction around the 

substrate where rhizoids 

wrap tightly around substrate 

or crevice (Fig 7). Protein 

glue would not be needed in 

this process but could be 

combined with adhesion 

pads to anchor the alga. 

Controls: Blade, Stipe, and Tip 

Surveying the entire alga showed vitronectin to only be 

associated with the rhizoids. No Q-dots were seen in association 

with the blades, stipe, or growth tip as exemplified by this bright 

field/fluorescence overlay of the blade tip region (Fig 8). 

Controls: Rhizoids 

The controls which were exposed to non-conjugated Q-dots 

showed no Q-dots. This indicates the Q-dots conjugated to the 

anti-vitronectin antibodies where the only Q-dots to bind to the 

Caulerpa (Fig 9 and 10).  

Conclusion 
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Fig. 3 SEM of Caulerpa mexicana 

adhesion pad, white arrows indicate 

areas of glue. 

Fig.  4 SEM of Caulerpa mexicana 

underside of adhesion pad, white arrows 

indicate areas of glue. 

Fig. 5 Bright field/fluorescence overlay 

of adhesion pad on Caulerpa mexicana, 

white arrows point out Q-dots bound to 

vitronectin. 

Fig. 6 Bright field/fluorescence overlay 

of adhesion pad on Caulerpa mexicana, 

white arrows point out Q-dots bound to 

vitronectin.  

Fig. 7 SEM of Caulerpa mexicana 

constriction rhizoid wrapped around a 

rock substrate. 

Fig. 8 Bright field/fluorescence overlay of 

the blade tip region on Caulerpa 

mexicana. 

Fig. 9 Bright field/fluorescence overlay 

of adhesion pad on Caulerpa 

mexicana. 

Fig. 10 Bright field/fluorescence 

overlay of adhesion pad on Caulerpa 

mexicana. 
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Vitronectin was found to be associated with the adhesion pads 

on the rhizoids of Caulerpa mexicana but not with other parts of 

the alga. 

Two forms of adhesion were observed while studying the 

rhizoid/substrate relationship: adhesion pads and constriction. 

Vitronectin densities indicate there are most likely additional 

adhesion proteins associated with the adhesion pads. 
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