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Investigation of C-phycocyanin from blue-green alga spirulina platensis 
with scanning tunneling microscope* 
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C -phycocyanin (C -PC) was isolated from blue-green alga .~pirulina platen.l'is. A scanning hmneiing 
microscope (STM) has been used to investigate its three-dimensional structure. The samples were 
dialyzed before the STM experiment, and then deposited on highly oriented pyrolytic graphite 
(HOPG). The measurement was carried out in ambient condition at room temperature. STM images 
showed that C-phycocyanin was unifomlly distributed on solid-state substrate HOPG. The shape of 
C-phycocyanin is disklike with a channel in the center. It is concluded that STM has great potential 
to observe the structure of biliproteins and phycobilisomes. 

I. INTRODUCTION 

Phycobilisomes are the light-harvesting antennas of blue
green algas and red algas. They arc mainly composed of 
biliproteins and small amounts of linker polypeptides, which 
are required for the assembly of the phycobilisomes and their 
attachment to potosystem n (PSII). There are four major 
types of biliproteins, They are phycocyanin (PC), phyco
erythrin (PE), allophycocyanin (APe), and phycoerythrocya
nin (PEC) ,I The energy transfer procedure from quanta ab
sorbed by the peripheral phycobilisome pigment is 
PE(PEC)->PC---+APc .. "psn.1 Hence, stmctural infommtion 
of phycobiliproteins and phycobilisomes is very important 
for understanding the mechanism of light absorption and 
transfer. 

During the last years, the distribution, biochemical com
position, and function of C-PC have been studied exten
sively with various analytical tools. Through very hard x-ray 
crystallography work, simulated crystal structure models of 
several types of PC have been constructed (one is illustrated 
in Fig. l),z,5 However, until now, there are no results from 
direct real-space observation of hiliiproteins. 

Scanning probe microscopies (SPM), particularly, scan
ning tunneling microscopy (STM) and atomic force micros
copy (AFM), have become useful tools for real-space imag
ing of surfaces. The application of SPM to biomaterials in 
ambient conditions has growing potential. Many biological 
objects have been investigated by SPM in the past few years, 
such as DNA's,6 DNA-protein complex,? polypeptides and 
protein molecules,8-12 actins,13 membranes and membrane 

. 14-16 I h' fi .. protems, ' etc. n t lS paper, we rst present a senes of 
STM images of C-phycocyanin (C-PC, one of the major 
biliproteins of blue-green algas, is composed of two chains, 
a and (31) from spirulina platensis. 

II. EXPERiMENT 

The C-PC was purified from blue-green alga, ,Ipirulina 
platensis. The biliproteins were extracted by autolysis in dis-
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tilled water, the C -PC was isolated by hydroxylapatite col
umn chromatography, washed with 30 mM phosphate buffer 
solution (j)H 6.7, 0.2 M NaCl), the abosorption spectrum 
was determined with Shimadzu UV-240 spectrophotometer, 
and the C-PC protein concentration was calculated with Ro
man's method. 1 The sample was dialysed against distilled 
water for 3 days, 5 ,ul of diluted C -PC solution (approxi
mately 5 ,ug/ml) was dropped on freshly cleaved HOPG 
(highly oriented pyrolytic graphite) surface, and then ad
sorbed on it for 5 min in air at room temperature. The excess 
solution was removed with filter papers. 

STM experiments were carried out in ambient environ
ment with a domestic STM setup CSTM-9000 (manufac
tured by Institute of Chemistry, Academia Sinica). STM 
measurement perfonned with normal STM constant current 
mode, using tungsten tips made by electrochemical etching. 
Tunneling current is 0.65 nA, and bias voltage is ~260 mY. 
All STM images presented here are raw data images without 
any smoothing and filtering. 

m. RESULTS AND DISCUSSiON 

Tn general, there are some difficulties in the application of 
STM to biological macromolecules, such as poor conductiv
ity, flexibility and mobility of biomolecules, and effects of 
salt in the sample solution, etc. These difficulties are major 
causes of low resolution and lack of reproducibility of STM 
images. The actual distribution on substrates greatly depends 
on the concentration and the size of biological objects, and 
the time allowed for absorption. We have done a lot of ex
periments to study the characteristics of C-PC and salt, in 
order to avoid the influence of salt, finally, we can control the 
concentration ofthe phosphate buffer solution to make cope 
molecules distributed uniformly and evenly on graphite (Fig. 
2). In our experiment, the sample solution was dialyzed be
fore STM ohservation, so the effects of salt have been mini
mized. 

Figures 2 and 3 are STM images of C -PC molecules on 
graphite. The pictures clearly show several disk-shaped 
structures on a graphite surfaceo Since the samples were dia
lyzed quite thoroughly before the STM experiments, there 
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F1G. 1. The C-PC hexamcr crystal structure model from agmenellum qua
druplicatum deduced from x-ray crystallography results (Ref. 3). Its diam
eter is 110 A, and its thickness is 30 A. 

should be little inorganic salt left in the C -PC solution, and 
then the most objects left on the graphite surface should be 
the C -PC molecules. Therefore, we attribute the disklike 
structures to be the C-PC individual molecules. The average 
lateral size of the disklikc shape structures is about 24 nm, 
although there were some differences in their shape and 
sizes. 

The high resolution STM image of C -PC was shown in 
Fig. 4. The results showed that there was a channel in the 
center of disk, the diameter of which was around 10-14 nm. 
The subunits of C-PC from spirulina platens!s are arranged 
in rings. 

The crystal structure models of C-PC from mastigocladus 
laminosus,2 agmenellum quadruplicatum,3 etc. by x-ray crys
tallography showed that all these reported C -PC have similar 
structures, that is, disklike structures: (af3h trimers with 
threefold symmetry and dimension of llOX30 1\,2 (af3)6 

F(( •. 2. The STM image of C-PC from spirulinll platensis. Vbi,,'- ··235 mY, 
/,=0.61 nA. Scan area: 350X350 nrn2 
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FIG. 3. The STM image of C-l'C from sl'irulina platensis. Vbia"c235 mY, 
1,=O.6! nA. Scan area: 200x200 nm2 

hexamer (llOx60 A? by head-to-head aSSOCiatIOn of two 
trimers. The x-ray crystal structure model resembles the 
STM images of C-PC from spirufina platensis. so the x-ray 
results support our STM observation, and express that we 
have decreased the salt effects in STM measurements and 
really obtained the C-PC individual molecular structure in 
real-space. According to the models, the STM image of 
C-PC (Fig. 4) was probably (af3h or top view of (af3)6, 
everyone of the evenly divided three parts of the cope 
image might be a monomer: (af3). 

Compared with the conventional method of x-ray crystal
lography, the smnple preparation for STM is very simple, 
and the STM now available can process data almost imme-

FIG. 4. STM ~mage of (,-PC from spiruiinll platensis. A high magnification 
100 X 100 nm- scan of the same area as Fig. 3, Vbid,~235 mY, /,=0.61 nA. 
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diately using rdatively inexpensive and compact equipment. 
On the other hand, the result by the x-ray study is deduced 
from crystals of biological objects, whereas, STM is able to 
directly investigate the structure of biomaterials under physi
ological conditions. From the re~mits above, it could be con
cluded that STM has great potential to study the three
dimensional structure of biliproteins and phycobilisomes. It 
will help us to directly identify and analyze the structure of 
photosynthetic apparatus. 

IV. CONCLUSIONS 

The three-dimensional structure of C-PC from spirulina 
platensis was directly observed with a scanning tunneling 
microscope. It is disk shaped, 240 nm in lateral diameter 
with a channel in the center, and the results were verified by 
the C-PC crystal structure model deduced from conventional 
x-ray crystallography. We could conclude that STM is poten
tially useful to image biliproteins and phycobilisomes. 
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