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Introduction
Chlamydomonas reinhardtii is a metabolically versatile 
photosynthetic eukaryote that is used extensively as a genetic 
model of photosynthesis. The discovery of its ability to 
produce H2 gas when grown in anaerobic conditions [1, 2] has 
recently attracted much attention to the possibility of using 
this organism as a source of bioenergy. [3, 4] In addition to its 
photosynthetic and oxidative respiratory pathways,  
C. reinhardtii performs catabolic, anaerobic metabolism with 
the capability to produce ethanol, acetic acid, formic acid and 
malic acid, which are excreted into the growth medium in 
mM quantities. [5] Our goal was to use synchrotron radiation 
in the mid-infrared region to determine if we could detect 
the production or consumption of intracellular metabolites 
inside intact cells. The ability to study the macromolecular 
composition of individual algal cells has been previously 
demonstrated. [6] However, to the best of our knowledge, no 
one, to date, has performed time-resolved measurements of 
specific small-molecule metabolites in single photosynthetic 
eukaryotic cells using in vivo IR spectromicroscopy.

Results and Discussion
In an attempt to examine the products of fermentation in 
vivo, we measured the FTIR spectra of individual cells of  
C. reinhardtii as a function of time. Cell diameter is in the 8 to 
12 µm range, requiring a mid-infrared light spot focussed to 
the diffraction limit. Beamline 01B1-1 (MidIR) at the CLS was 
used to provide sufficient brightness to perform time-resolved 
measurements with high signal-to-noise. Cells were measured 
in the presence of 10% glycerol (v/v with D2O) to prevent cell 
movement due to Brownian motion. D2O was used to reduce 
IR absorption from H2O while allowing cell survival for the 
duration of the experiment.  

Figure 1: Time resolved spectra of a single cell of Chlamydomonas reinhardtii in 
D2O/H2O/glycerol. A) Time change of absorption reported as 3D plots. Deep blue 
corresponds to negative variations and red/pink to positive variations. B) Time 
course of absorption at selected wavelengths.

Figure 1 shows the time response of the FTIR spectrum of a 
typical wild type C. reinhardtii cell. Spectra are reported as 
absorbance variations from the first measurement. A large 
portion of the mid-IR spectral range (2000 to 2600 cm-1) 
is covered by saturating absorptions from H2O, D2O, and 
the optical windows of the sample holder. Nonetheless, the 
spectral regions 1300-1900 cm-1 and 2600-3100 cm-1 are 
still accessible to investigation. The higher frequency region 
corresponds to absorptions from C-H stretching vibrations, 
whereas the lower frequency range has the characteristic 
stretching modes of carbonyl groups and the bending modes 
of C-Hn groups. Both regions change markedly over the 
2-hour time period (Figure 1). 

The main effect in the C-H stretching region corresponds 
to the increase of a band at 2982 cm-1, accompanied by the 
weaker changes in other absorption bands (Figure 1A and 
B). This is paralleled by the increase of a band in the lower 
frequency region, at 1391 cm-1 (Figure 1B), corresponding to a 
methyl bending vibration. Band position and relative intensity 
suggest the assignment of this pair of bands to methyl 
vibrations of ethanol, or an alpha-substituted derivative.

Due to the design of the sample holder required to hold the 
cells in a static position, it is expected that the C. reinhardtii 
cells rapidly become anaerobic when maintained in the 
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absence of photosynthetically active radiation (400-700 nm). 
Thus, it is consistent with the known anaerobic production  
of organic acids and alcohols by anaerobically grown  
C. reinhardtii cells to suggest that the change observed in the 
1391 cm-1  band (Figure 1B) is due to increased accumulation 
of intracellular ethanol, and/or a combination of pyruvate-
derived organic acids.

The increase of a strong band at approximately 1653 cm-1 
is also observed (Figure 1B). The frequency of this band is 
characteristic of carbonyl stretching vibrations from a number 
of amides and carboxylic acids. Again, the strong increase 
in this particular absorbance band suggests the intracellular 
accumulation of one or more organic acids, as is known to 
occur in anaerobic C. reinhardtii cells.
 
Finally, an increase in absorption at 1450 cm-1 (Figure 1A) 
parallels the other changes. Absorption in this region can be 
assigned to several chromophores, including the bending 
mode of HOD, the N-D stretching vibration of deuterated 
amides, and stretching vibrations of carboxylic groups. 

Overall, the observed spectral changes are indicative of the 
formation of at least two molecular species, most likely 
ethanol and one or more carbonyl containing compounds. 
The formation of such compounds is consistent with the 
known products of anaerobic metabolism in C. reinhardtii 
cells. [5] Future activity will involve in vitro studies to provide 
independent confirmation of the identity of these metabolites.

Conclusion
We have shown the feasibility of a time resolved study 
of metabolite formation in individual, intact cells of the 
green alga C. reinhardtii using synchrotron FTIR spectro-
microscopy. We are planning to extend these studies using 
mutant strains of C. reinhardtii which are defective in 
particular steps in photosynthesis or are unable to perform 
normal starch catabolism. [7] Photosynthetic mutants are 
known to accumulate lower starch reserves, and thus are 
unable to perform anaerobic fermentation to the degree of 
wild-type cells. Similarly, cells that are unable to breakdown 
starch are deficient in fermentation, due to the lack of starting 
material.  
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