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Summary. In vivo microspectroscopy represents an effective and reliable technique to study pigment composition and 
distribution. In contrast to traditional extractive techniques, it preserves the integrity of biological specimens, without 
modifying the nature of the pigments. The spectroscopic apparatus we used is very simple and consists of a common 
microscope equipped with a monochromator, a photomultiplier, and two pinhole diaphragms. Absorption spectra 
obtained by means of this apparatus on different species of cyanobacteria are presented. 
Key words. Pigments; microscope photometry; absorption spectra; digital microscopy; Spirulina maxima; Spirulina 
platensis; Anabaena azollae. 

The study of spectroscopic pigments and their distribu- 
tion in cellular structures is usually based on extractive 
procedures, followed by biochemical or spectroscopic as- 
says. Extractive techniques often present two major 
drawbacks: they can modify the nature of the compo- 
nents, and they may not be successful in isolating the 
pigments. Direct spectroscopy on intact specimens has 
the advantage of preserving the integrity of biological 
structures or substructures, using a very simple appara- 
tus: an ordinary microscope equipped with a monochro- 
mator, two circular pinhole diaphragms and a photomul- 
tiplier. This instrument can be controlled by a computer. 
This article describes absorption spectra of the cyanobac- 
teria Spirulina maxima, Spirulina platensis and Anabaena 
azollae in order to investigate the distribution of their 
pigments. 

oliniana with a teflon roller and by coarse-filtering the 
mixture obtained. 

Description of spectra, and discussion 
In vivo absorption spectra are shown in figures 1-4. 
Figures 1 and 2 show the spectra of a vegetative cell 
and of a heterocyst of the symbiotic cyanobacterium, 
Anabaena azoltae. The spectrum of the vegetative cell 
(fig. 1) confirms the presence of the pigments of both 
photosystem I (chlorophyll a 440, 580, 670nm, 
carotenoids 470, 490, 510 nm), and photosystem II (phy- 
coerythrin 500, 550 nm, phycocyanin 620 nm, allophyco- 
cyanin 640 nm) a. 
In the heterocyst spectrum (fig. 2) photosystem II is defi- 
cient, but still present, contrary to what was previously 
reported by Donze et al. +. Photosystem I is much more 

Materials and methods 
The apparatus used to perforrn absorption measure- 
ments, which has been previously described in detail 1, 
consists of a common microscope (Zeiss Standard 16, 
FRG) equipped with a continuous filter monochromator 
(Schott, FRG), two circular pinhole diaphragms, and a 
photomultiplier (Hamamatsu, Japan) connected to a 
computer (IBM AT, USA). One of the two diaphragms 
takes the place of the field diaphragm, and the diameter 
of its image on the object plane is 8 gm. The second 
diaphragm is placed in the plane of the real and inverted 
image, and its image on the object plane has a diameter 
of 0.5 #m. An oil-immersion condenser (n.a. 1.4) and a 
100x oil-immersion planapochromatic objective (n.a. 
1.25) were used for the measurements. This simple con- 
figuration can minimize the typical errors of microspec- 
trophotometry, such as glare, distributional error and 
photobleaching. The energy striking the samples was 

10-9 Joule during the 3 min necessary to record the 
absorption spectrum. 
Spirulina maxima and Spirulina platensis were grown in 
seawater supplemented with nitrate, phosphate, bicar- 
bonate and Fe-EDTA 2. Anabaena azollae was obtained 
by squashing fresh fronds of the water fern Azolla car- 

0.3 

0,28 

0,26 

0,22 

0,2 

0,18 

0,16 

0,14 

0,12 

0.1 d 

0.08 

0,06 

0,04 

0,02 

0 I I I ~ I I I I L I + I ' I I I ~ I ~ I ' I ' I J I J I ' { 

400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 

Wavelmgth [nm]  

Figure 1. Absorption spectrum of a vegetative cell of the symbiotic 
cyanobacterium Anabaena azollae. 
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Figure 2. Absorption spectrum of a heterocyst of Anabaena azollae. 
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Figure 4. Absorption spectrum of Spirulina platensis. 
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Figure 3. Absorption spectrum of Spirulina maxima. 

concentrated than in vegetative cells (almost double, as is 
confirmed by the O.D. value) 5. Figures 3 and 4 show the 
absorption spectra of Spirulina maxima and Spirulina 
platensis. The trichomes of these non-heterocystous 
cyanobacteria are composed only of vegetative cells 6, 
that contain both photosystem I and photosystem II, 
with the same pigments as the Anabaena azollae vegeta- 
tive cell, but in a different ratio. Spirulina platensis spec- 
trum (fig. 4) has a higher optical density value due to the 
absorption of the out-of-focus cells of its closely coiled 
triehome. 
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