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Representative green alga. 1. Halosphaera cf. minors
prasinophyte (photo by C. O'Kelly). 2. Two conjugating
ilaments of Spirogyra maxima; charophyte (photo by C.

Drummond). 3. Klebsormidium flaccidum; charophyte

(photos 3-9 by C. F. Delwiche). 4. Chlorokybus sp.;
phyt Caulerpa; an ulvophy

6. Mesostigma: flagellate charophyte. 7. View of part of a
Coleochaete orbicularis thallus, with eggs, charophyte. 5.
fata; charophyte. 9. Ulothrix sp.; ulvophyte.

Microthamion sp.; trebousiophyte. Figs.
13 and 14. Macroscopic and microscopic view of the water

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

on rocks at Point Reyes, California; ulvophyte. 17.
Chiorosarcinopsis sp.; chlorophyte .
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FiG. 2. Design principles of phototaxis in Chla- Lu;m Pattern

mydomonas. (a) Side view of cell; (b) end view. The
incident light pattern is indicated by solid arrows.
The eyespot, which lies inside the chloroplast (dashed

line), forms part of the antenna. Rotation of the cell /
causes the antenna to scan the incident light. This

produces a signal that controls the flagellar beat (see
Fig. 3). The antenna direction (open arrow) is normal
to the cell surface. The antenna is most sensitive to
light coming from this direction. Successive positions
of the flagella during the power stroke are shown.
Flagellar motion causes the cell to translate with the
flagellar end forward and to rotate in the left-hand
sense.
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Foster KW, and RD Smyth (1980) Light /
antennas in phototactic algae. Microbiol. Rev.
44:572-630. Antenna
b N direction

Rhodopsins are found in all kingdoms: prokaryote
and eukaryote.

Structure of rhodopsin
chromophores in

a halobacteria
(archaea) and algae (plants)

a halobacteria and green algae

b in metazoan (animals).

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

b animals

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

¢. Eyespot and flagella
are outside the pipette.
Scale bar 10 ym.

Harz H, and P Hegemann (1991) Rhodopsin-—

regulated calcium currents in Chanmydomonas
Nature 351:489-491

“Vision” in Single-Celled Algae

Suneel Kateriya,' Georg Nagel,? Ernst Bamberg,” and Peter Hegemann'
Unstitut fiir Biochemie, Universitit Regensburg, 93040 Regensburg: and “Max-Planck-Institut fir Biophysik 60439 Frankfurt am Main, Germany

Photosynthetic unicellular algae have a unique visual system. In Chlamydomonas reinhardtii, the
pigmented eye (ompmes the optical system and at least five different rhodopsin photoreceptors.
Two of them, the ch Irhod are rhodopsin-ion channel hybrids switched between
closed and open states by plmlalsamenzahon of the attached retinal chromophore. They
promise to become a useful tool for noninvasive control of membrane potential and
intracellular ion concentrations.

News Physiol. Sci. 19:133-137 [2004]




plasma
membrane

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
(ChR2), and a voltage- or H* -gated Ca2+ channel
(VGCCQ). The voltage change is transmitted along Ay

the membrane and sensed by VGCCs in the /

flagellar membrane.
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irachelomonas

A loricated euglenoid

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

Nitzschia
palea




Cells and Chloroplasts

Brightfield 467 nm (blue)
(to highlight chloroplasts)

Eremosphaera viridis

b

Cells and Chloroplasts

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

Chara australis




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

Merged
T

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

Ml T CHLT
HIGH LIGHT INTENSITIES CAUSE
THE CHLOROPLASTS TO MOVE TO
THE CENTER OF THE CELL TO
PROTECT THE NUCLEUS.
MITOCHONDRIA STAY AT THE
CELL PERIPHERY.

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.
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OF HIGHER-
EMBRANES
PMOGRAPHY.
586 (2005)

THE STRUCTURE OF CHLOROPLASTS

L ORGANIZATION OF HIGHER-
AST THYLAKOID MEMBRANES
BY ELECTRON TOMOGRAPHY.

ELL 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




Movie file of ¥ ng) unicellular algac). (hup:/
ecbuwebarizons.eduMichodhydrodynaics him)
Solari CA, 5 Ganguly,JO Kesler, RE Michod, port PNAS 103(5)1353- 1358

V. carteri illumination, bright ield) of V. rousseletii.




High-speed movie (125
fps) showing flagella
(brightfield)

Uni DAMTP > Goldstein
Lab > P

and

/s damip.cam ac uk/user/goldmovies huml

’L@W Chara shoot and apex
\",“/ modified from Smith et al 1953
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(photo by V. Flechtner)




