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Abstract 
 Chlamydomonas reinhardtii is a green alga that phototaxes, and perceives light by 

means of a complex organelle known as the eyespot. Assembly of this organelle is not 

well understood. Various Chlamydomonas mutants have been identified but the eye2 

mutant that possesses the eyeless phenotype is of particular interest. The mutant has 

single, unorganized pigment granules, but organized pigment granule layers are not 

visible in the light microscope.  Utilizing an anti-EYE2 antibody, the localization and 

presence of the EYE2 protein in eye2 mutants and in other eyespot assembly mutant 

strains can be determined. The EYE2 antibody specifically recognizes the EYE2 protein. 

The EYE2 protein is found in mutant strains but not in eye2 mutants. The ChR1 

photoreceptor, however, is still present in eye2 mutants. The results suggest EYE2 is 

responsible for the organization of the pigment granules, not their synthesis. The data 

also suggest that the EYE3 protein is not required for the synthesis or stability of EYE2. 

Likewise, EYE2 in the eyespot is not required for the production and localization of the 

photoreceptor. Further research on the localization of EYE2 needs to be conducted to 

determine whether its cellular localization is altered in eyespot mutant strains.  

 
Introduction 

Chlamydomonas reinhardtii is a unicellular green alga that has the ability to 

phototax. The organelle within Chlamydomonas identified as the eyespot is complex in 

its structure and location and is responsible for phototaxis. The eyespot is composed of a 

plasma membrane, inner and outer chloroplast membranes and carotenoid pigment 

granule rows lined up in between thykaloid membranes within the chloroplast.  

Rhodopsin-like photoreceptors are located within the plasma membrane. Following light 

absorption by the photoreceptors, a signal is sent to the anterior flagella and, depending 



on the light intensity, the cell will phototax either toward or away from the light source. 

The eyespot is located asymmetrically within the cell. Just under the plasma membrane, 

two sets of microtubule rootlets extend from the base of the anterior flagella toward the 

posterior of the cell. Subsequent to cell division, one set of rootlets comes from the 

mother cell and the other set is newly synthesized within the daughter cell. Each set 

consists of both a 2-membered and 4-membered microtubule rootlet. Just prior to cell 

division, the eyespot goes away. However, following cell division the eyespot reappears 

at the same location, clockwise of the daughter 4-membered rootlet. Within a single cell, 

the processes that direct the assembly and localization of organelles and complex 

structures are not fully understood, and the eyespot provides a useful model for the study 

of these processes. Four mutant Chlamydomonas strains have been identified that render 

the cells unable to phototax because of defects in eyespot assembly (Lamb et al., 1994): 

eye2 and eye3 (eyeless), min1 (mini eyespots), and mtl1 (multiple eyespots).  

Previous research has lead to the isolation of the EYE2 gene which encodes a 

protein of 541amino acids (Roberts et al., 2001); eye2 mutants lack an eyespot that is 

visible by light microscopy.   The EYE2 protein is a member of the thioredoxin 

superfamily and contains a LysM domain and two conserved cysteine residues in the 

active site. Members of this family have exhibited the role of facilitating the folding, 

assembly or function of other proteins. The carotenoid pigment granules in the eye2 

mutant are disrupted and not organized which has directed us to the hypothesis that the 

EYE2 protein has a chaperone like function in the organization of the pigment granules. 

We are attempting to characterize the function and localization of the EYE2 protein using 

a polyclonal antibody directed against a portion of the EYE2 protein.  The specific goals 



of the research described here were to determine whether the anti-EYE2 antibody is 

specific for the EYE2 protein and, if so, to determine whether EYE2 is present in other 

eyespot assembly mutant strains.  Finally we hope to use immnofluorescence with anti-

EYE 2 antiserum to determine the location of EYE2 within Chlamydomonas cells.  

Previous work has led to the production of another polyclonal antibody specific 

for the ChR1 photoreceptor in the eyespot plasma membrane.  Therefore, a second goal 

of this research was to determine whether the ChR1 photoreceptor is present in eye2 

mutant cells, even though they lack organized pigment granules.  

 

Materials and Methods 
 
Growth: Chlamydomonas cultures were kept on solid TAP medium (Gorman and 

Levine, 1965) or TAP + 0.2 mg/mL arginine. For isolation of genomic DNA, liquid 

cultures were grown in modified Sager and Granick medium I with Hutner’s trace 

elements (Harris, 1995) containing 0.1% sodium acetate (R medium). For transformation 

of arginine-requiring strains, cultures were grown in modified Sager and Granick medium 

limited for NH4NO3 (one-tenth concentration), and supplemented with 0.2 mg/mL 

arginine (RNA). For Western blot analyses of cellular proteins, cultures were grown in R 

medium or in the same medium without acetate (M medium). All cultures were grown 

under continuous light at 25˚C. 

 

Whole cell extracts: Inocula from fresh cultures on solid medium were transferred to 2 

mL of liquid M medium and grown overnight at 25˚C under continuous light. The cells 

were harvested at 6,000 rpm for 5 minutes, resuspended in 400 µL of 4X Laemmli 



loading buffer with protease inhibitors (2 µL of stock solutions of aprotinin, leupeptin, 

pepstatin, and 8 µL of the PMSF stock solution per 1 mL of Laemmli), vortexed, and 

placed on ice. The cultures were then immediately heated for 5 minutes at 100˚C and 

stored at -20˚C.  

 

Western Blotting: 30 µL of each sample (prepared whole cell extracts) were 

electrophoresed through 10% polyacrylamide-SDS gels and transferred to nylon 

membranes using standard techniques. The blots were blocked in 5% non-fat dried milk 

(NFDM) in TBS-T for 1 hour at room temperature and probed overnight at 4˚C with 

either polyclonal anti-ChR1 (1:5,000), monoclonal anti-tubulin (clone B-5-1-2 at 

1:10,000, Sigma, St. Louis MO), or polyclonal anti-EYE2 (1:1,000) in 1% NFDM in 

TBS-T. The blots were washed in TBS-T and probed with a 1:10,000 dilution of either 

goat-anti-rabbit-HRP (horse radish peroxidase) or goat-anti-mouse-HRP in 1% NFDM. 

After several washes in TBS-T, the blots were incubated in SuperSignal substrate (Pierce, 

Rockford IL) for 1 minute and exposed to ECL Hyperfilm (Amersham).  

 

Immnofluorescence: Inocula from fresh cultures on solid medium were transferred to 2 

mL of liquid M medium and grown overnight at 25˚C under continuous light. Cells were 

harvested from 0.5 mL of culture at 5K for 10 minutes, resuspended in 150 µL of 

autolysin and incubated at room temperature for 1 hour. Cells were harvested at 5K for 

10 minutes. The cells then underwent different fixation techniques A, B, C, or D: A. Cells 

were resuspended in PBS and spotted onto 10-well poly- L-lysine coated slides, allowed 

to settle for 10 minutes at room temperature then dipped into -20˚C methanol for 30 



seconds. B. Cells were resuspended in 50 µL of 4% paraformaldehyde buffer (1000 

µL16% paraformaldehyde, 60µL NP-40 and 2940 µL MTSB/HG), and allowed to sit at 

room temperature for 45 minutes.  10 µL of cells were spotted onto 10-well poly-L-lysine 

coated slides and allowed to settle for 10 minutes at room temperature and then fixation 

was removed. C. Cells were resuspended in 50 µL of cacadylate/gluteraldehyde (500 µL 

100 mM cacadylate, pH 7.5, 200 µL 25% gluteraldehyde, and 300 µL water) and allowed 

to sit at room temperature for five minutes. 200 µL of 50mM cacadylate was added to the 

cells, then 10 µL cells were spotted on onto 10-well poly-L-lysine coated slides and 

allowed to settle for 1 hr at room temperature. Fixation was subsequently removed. D. 

Cells were resuspended in 50 µL of PBS and 10 µL of cells were spotted onto 10-well 

poly-L-lysine coated slides and allowed to settle for 20 minutes at room temperature. 

 The cells were incubated in block buffer (1% bovine serum albumin (BSA) in 

wash buffer (1X PBS, 0.1% Tween-20)) for 1 hour at room temperature. Block was 

removed, and cells were then incubated with anti-EYE2 in block buffer at 4˚C overnight. 

The cells were then washed 4 X10 minutes with wash buffer, and incubated in 1:4000 

donkey-anti-rabbit-Alexa488 (Molecular Probes, Eugene, OR) for two hours at room 

temperature. Cells were washed in wash buffer 3 X 10 minutes and 1 X 10 minutes in 

PBS and coverslipped with Vectashield hard set mounting medium (Vector Laboratories, 

Burlingame, CA) and dried overnight. Fluorescence was viewed with a Leica DMRXA 

microscope using a Leica PL APO 100x, 1.4 numerical aperature, oil immersion 

objective. Alexa 488 fluorescence was excited with 519 nm light and images were 

captured with 1 or 2 second exposures using a QImaging (Burnaby, B.C. Canada) Retiga 



EX cooled CCD camera driven by Universal Imaging (Downington, PA) MetaMorph 

v.6.1.2 software.  

Figures 

The figures were produced utilizing Adobe Photoshop and Microsoft Powerpoint. Minor 

adjustments for brightness, contrast, and size were made to the immunoblot images.  

 

Results 

The EYE2 antibody specifically recognizes EYE2. Due to the insertion in the EYE2 

gene in the H9-8 mutant, the EYE2 protein is not present in this strain. Wild-type 

Chlamydomonas cells are expected to contain the EYE2 protein. The EYE2 protein 

should therefore be detected in wt cells and not in H9-8 mutant cells if the antibody is 

specific and recognizes the correct protein.  As shown in Figure 1, the anti-EYE2 

polyclonal antiserum recognized a protein of approximately 65 kDa in extracts from 

wild-type cells, but not in extracts from the H9-8 mutant.  The molecular weight of the 

detected protein is close to the predicted molecular weight for EYE2 of 65 kDa.  Anti-

tubulin was utilized to normalize the amount of protein loaded in the samples. 

 

EYE2 does not exist in the eye2 insertion mutant but does exist in other 

Chlamydomonas eyespot assembly mutants. After characterizing the EYE2 antibody, it 

was used to detect the presence of EYE2 in other mutant cells.  As shown in Figure 2, the 

EYE2 protein was present in extracts from min1, min1 insertion (H6-2), min1mtl1, and 

mlt1 mutants.  As previously observed, EYE2 was absent from the eye2 insertion (H9-8) 

mutant. Though anti-tubulin was utilized to normalize the amount of protein loaded in the 



samples, the variability observed between Western blots precluded use of the data to 

determine the relative amounts of the EYE2 protein in the different samples. 

 

The photoreceptor ChR1 is present in the eye2 mutant strain. Anti-ChR1 (one of the 

photoreceptors in the eyespot) and anti-EYE2 were used to detect the presence of the 

photoreceptor and EYE2 in wild-type and Chlamydomonas eyespot assembly mutants. 

Figure 3A and 3B indicate that although the EYE2 protein is absent in the eye2 insertion 

(H9-8) mutants, the photoreceptor still exists.  Furthermore, the photoreceptor is present 

in the other strains; H6-2 mutants, min1 mutants, minlmlt1 mutants, mlt1 mutants, eye3 

mutants, and uni1 mutants. Due to the variability between Western blots, the amounts of 

EYE2 and ChR1 could not be quantified accurately.  For example, EYE2 levels in min1 

and eye3 differ according to figure 3A and 3B; Figure 3A indicates that EYE2 levels are 

low in eye3 and high in min1. Conversely, Figure 3B indicates that EYE2 levels are low 

in min1 and high in eye3. There is not enough data to quantify this variation relative to 

wild-type levels. Anti-tubulin was utilized to normalize the amount of protein loaded in 

the samples. 

 

Discussion 

The assembly of the eyespot in Chlamydomonas reinhardtii is not well known. 

The EYE2 protein however is not present in the eye2 mutants that possess the eyeless 

phenotype. EYE2 possibly has some function with the eyespot and a good way to analyze 

this is to use the EYE2 antibody to localize the EYE2 protein and determine whether 

EYE2 is present in other mutant strains that have organized pigment granules.  



 

The EYE2 antibody specifically recognizes the EYE2 protein. The eye2 insertion 

mutant (H9-8) does not produce the EYE2 protein and thus the EYE2 antibody should 

not detect any proteins in extracts from H9-8 cells. However, the antibody should 

recognize the EYE2 protein in wild-type cells.  As shown in Figure 1, anti-EYE2 does in 

fact recognize a protein of approximately 60 to 65 kDa, close to the 60 kDa predicted 

molecular weight of EYE2. Any disparity, smaller or larger, in the size of the protein 

according to the size markers can be attributed to the way the gel ran.  The 60-65 kDa 

protein was detected in wild-type cells, but not in the eye2 mutant (H9-8) cells, 

confirming that the protein is EYE 2.  Therefore, the antibody is specific and can thus be 

utilized to detect EYE2 in cells.  

 

EYE2 is not present in eye2 mutants (H9-8) and is present in other mutants.  

Figure 2 displays qualitatively that EYE2 is present in the mutants: min1, min1 insertion 

(H6-2), minmtl1, and mlt1 and not present in eye2 mutants. This is not surprising because 

EYE2 is absent in cells without organized pigment granules (eye2 mutants), so all other 

mutants with organized pigment granules should contain EYE2. In addition, knowing that 

the mutants possess organized granules and eye2 possess single granules, suggests that 

the EYE2 protein is not responsible for the assembly for the pigment granules but rather 

their organization, which is consistent with our hypothesis. This is also consistent with 

the results of Mary Rose Lamb et al. (1999), who also suggested that the role of EYE2 is 

in the organization of the pigment granules and not in their synthesis or assembly. 

 



The photoreceptor ChR1 is present in the eye2 mutant while EYE2 is absent. Figure 

3A & B indicate that the photoreceptor is present in wild-type, eye2 insertion mutant, H6-

2 mutant, min1 mutant, minlmlt1 mutant, mlt1 mutant, eye3 mutant, and uni1 mutant 

cells. The most significant result is that the photoreceptor is still present in eye2 mutants 

when the EYE2 protein isn’t; this is suggestive that EYE2 in the eyespot is not required 

for the production and localization of the photoreceptor. The presence of the 

photoreceptor in eye2 mutant cells also indicates that synthesis and stability of the ChR1 

photoreceptor are not dependent on the EYE2 protein, or on the presence of organized 

pigment granules. This figure also displays information about both eyeless mutants.  

Despite the fact that eye3 and eye2 both express the eyeless phenotype, the EYE2 protein 

is present in eye3 mutant cells.   In both eyeless mutants, the pigment granule layers are 

not organized, but pigment granules have been found singly and disorganized (Lamb, 

1999).  The presence of the EYE2 protein in the eye3 mutant strain indicates that the 

EYE3 protein is not required for the synthesis or stability of EYE2.  In addition, the data 

indicate that EYE2 is not degraded in the absence of organized pigment granules. 

Therefore, further research needs to be conducted in terms of the location of the EYE2 

protein in the eye3 mutants. This can be accomplished by immnofluorescence or cell 

fractionation, breaking up the cells into their components and probing for EYE2.  
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Figure Legends 
 
Figure 1. 

Western blot of total cellular protein from either wild-type (wt) or eye2 (H9-8) mutant 

cells. The blot was probed with a polyclonal antibody against the EYE2 protein followed 

by anti-tubulin (clone B-5-1-2, Sigma, St. Louis MO).  



 
Figure 2.  
 
Western Blot of total cellular protein from wild-type (wt), eye2 mutant (H9-8), min1 

insertion mutant (H6-2), min1 mutants, minlmlt1 mutants, and mlt1 mutants with the 

polyclonal antibody against EYE2 protein followed by anti-tubulin (clone B-5-1-2, 

Sigma, St. Louis MO).  

 

Figure 3. 

A. Western Blot of total cellular protein from wild-type (wt),  H9-8 mutants, H6-2 

mutants, min1 mutants, minlmlt1 mutants, mlt1 mutants, eye3 mutants, and uni1 mutants 

with the polyclonal antibody against the photoreceptor ChR1 (gift of P. Berthold and P. 

Hegemann, Humboldt-Universität zu Berlin, Berlin, Germany). The blot was further 

probed with the polyclonal antibody against the EYE2 protein followed by anti-tubulin 

(clone B-5-1-2, Sigma, St. Louis MO). B. Same as 3A but a different blot preformed 

simultaneously. 
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