
Algal 
Diversity

(photo by V. Flechtner)

Representative green algae. 1. Halosphaera cf. minor; 
prasinophyte (photo by C. O'Kelly). 2. Two conjugating 
filaments of Spirogyra maxima; charophyte (photo by C. 

Drummond). 3. Klebsormidium flaccidum; charophyte 
(photos 3–9 by C. F. Delwiche). 4. Chlorokybus sp.; 

charophyte. 5. Marine macro-alga, Caulerpa; an ulvophyte. 
6. Mesostigma; flagellate charophyte. 7. View of part of a 
Coleochaete orbicularis thallus, with eggs, charophyte. 8. 

Entransia fimbriata; charophyte. 9. Ulothrix sp.; ulvophyte. 
10. Myrmecia sp.; trebouxiophyte (photo by V. Flechtner). 

11. Colonial planktonic alga, Pediastrum duplex; 
chlorophyte. 12. Microthamnion sp.; trebouxiophyte. Figs. 
13 and 14. Macroscopic and microscopic view of the water 
net, Hydrodictyon reticulatum from a pond in Connecticut; 

chlorophyte. 15. Nitella hyalina with orange sex organs; 
charophyte (photo by K. Karol). 16. Trentepohlia sp., with 

abundant orange secondary pigments forming a shaggy coat 
on rocks at Point Reyes, California; ulvophyte. 17. 

Chlorosarcinopsis sp.; chlorophyte .

A dinoflagellate showing its transverse flagellum.
Image: Harvey Marchant

http://www.aad.gov.au/default.asp?casid=3432

Dinoflagellate containing ingested diatoms.
Image: Harvey Marchant

http://www.aad.gov.au/default.asp?casid=3433

Movement by deformation. Euglenoid.
Image: Harvey Marchant

http://www.aad.gov.au/default.asp?casid=3432
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Rhodopsins are found in all kingdoms: prokaryote 
and eukaryote.

Structure of rhodopsin 
chromophores in 

a halobacteria
(archaea) and algae (plants) 

b in metazoan (animals).

Peter Hegemann
(1997) Vision in microalgae.
Planta 203:265–274.

Light-induced 
photoreceptor (P) and 
flagellar (F) currents, 
whose sign depends on 
the orientation of the 
cell in the pipette. 

a. The eyespot (Ey) is 
inside the pipette. 

b. The flagella (Fl) is 
inside the pipette, and 

c. Eyespot and flagella 
are outside the pipette. 
Scale bar 10 µm.
Harz H, and P Hegemann (1991) Rhodopsin–
regulated calcium currents in Chamydomonas. 
Nature 351:489–491. 

News Physiol. Sci. 19:133–137 [2004]



FIGURE 1. A: a Chlamydomonas cell with two 
flagella, a large chloroplast
(green), and the yellow/orange eyespot. 
B: eye function under consideration of 
channelrhodopsin 1 (ChR1), channelrhodopsin 2 
(ChR2), and a voltage- or H+ -gated Ca2+ channel 
(VGCC). The voltage change is transmitted along 
the membrane and sensed by VGCCs in the 
flagellar membrane.

http://silicasecchidisk.conncoll.edu/LucidKeys/Carolina_Key/html/Trachelomonas_Main.html
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http://silicasecchidisk.conncoll.edu/LucidKeys/Carolina_Key/html/Ochromonas_Main.html

Diatom motility: 
Observed in pennate 
forms. The mechanism 
remains controversial 
but may involved actin 
and myosin.



Cells and Chloroplasts

Eremosphaera viridis
Brightfield 467 nm (blue)

(to highlight chloroplasts)

Eremosphaera viridis

Cells and Chloroplasts

Chara australis

Cells and Chloroplasts

Chara australis

Cytoplasmic movement 
behind the peripheral 
sheath of chloroplasts 
probably serves to 
move photosynthate 
products throughout 
the cell.

Cells and 
Chloroplasts



Localization of mitochondria (green) and chloroplasts (red). 

Mitochondria Merged Chloroplasts

Chloroplasts do not exist in isolation 
within the cell. In Eremosphaera viridis, 
chloroplasts (red) are often closely 
associated with mitochondria (imaged 
with MitoFluorGreen).  

High light intensities cause 
the chloroplasts to move to 
the center of the cell to 
protect the nucleus. 
Mitochondria stay at the 
cell periphery.  
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Chloroplasts and 
mitochondria in 
Eremosphaera 
viridis.  

During high light-induced 
chloroplast movements to the 

center of the cell, 
mitochondria remain at the 

periphery. So, the two 
organelles are not co-

localized in an obligatory 
fashion in Eremosphaera 

viridis.



The Structure of Chloroplasts
Three-Dimensional Organization of Higher-

Plant Chloroplast Thylakoid Membranes 
Revealed by Electron Tomography.

Plant Cell 17:2580-2586 (2005)

http://www.pubmedcentral.nih.gov/
articlerender.fcgi?artid=1197436

The Structure of Chloroplasts
Three-Dimensional Organization of Higher-

Plant Chloroplast Thylakoid Membranes 
Revealed by Electron Tomography.

Plant Cell 17:2580-2586 (2005)

http://www.pubmedcentral.nih.gov/
articlerender.fcgi?artid=1197436

Warning: The following 
movies may not be suitable 
for all audiences due to 
depiction of graphic algal 
sex and cell division.

Parental Guidance is advised 

Spirogyra (video created by Dr. Pickett-Heaps) 



Desmid division (video created by Dr. Pickett-Heaps) 

Species of volvocalean green algae spanning a large range in size. Shown are the single-cell C. reinhardtii (A), undifferentiated colonies Gonium pectorale (8 cells) (B) and 
Eudorina elegans (32 cells) (C), and those with germ-soma differentiation Pleodorina californica (64 cells) (D), Volvox carteri ({approx}1,000 cells) (E), and Volvox aureus 
({approx}2,000 cells) (F).
Solari CA, S Ganguly, JO Kessler, RE Michod, RE Goldstein (2006) Multicellularity and the functional interdependence of motility and molecular transport. PNAS 103(5):1353–1358.

Multi-cellular Organization

Movie file of Pleodorina californica (notice increasing flow rate into colony by flagellar beating) and Haematococcus (a bi-flagellated unicellular algae). (http://
eebweb.arizona.edu/Michod/hydrodynamics.htm)
Solari CA, S Ganguly, JO Kessler, RE Michod, RE Goldstein (2006) Multicellularity and the functional interdependence of motility and molecular transport. PNAS 103(5):1353–1358.

Multi-cellular Organization

Flagellar feeding of V. carteri (narrow-band laser illumination, bright field) of V. rousseletii. 
(http://eebweb.arizona.edu/Michod/hydrodynamics.htm)
Solari CA, S Ganguly, JO Kessler, RE Michod, RE Goldstein (2006) Multicellularity and the functional interdependence of motility and molecular transport. PNAS 103(5):1353–1358.

Multi-cellular Organization



High-speed movie (125 
fps) showing flagella 
(brightfield)
University of Cambridge  >  DAMTP  >  Goldstein 
Lab  >  Pictures and Movies

http://www.damtp.cam.ac.uk/user/gold/movies.html

Multi-cellular Organization

Chara australis

Multi-cellular Organization

Multi-cellular Organization

Bull Kelp (Phaeophyceae)

Multi-cellular Organization
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