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LETTERS TO THE EDITORS 
:/.'he Editors do not hold themselves responsible for opinions expressed 

by their corresp011dents 

Haemoglobin in Protozoa 
THE presence of hremoglobin in the ciliate 

Paramecium caudatum was discovered by Sato and 
'I:amiya1 • This is the first, and so far the only, record 
of the occurrence of hremoglobin in Protozoa, one 
of the largest phyla of the animal kingdom. 

In the course of our study of the structure and 
properties of cytochrome in micro-organisms, we were 
able to confirm Sato and Tamiya's observations on 
Paramecium, to extend them to another ciliate 
Tetrahymena (Glaucoma) pyrijormis, and to determine 
the concentration of hremoglobin in both ciliates. 
Our study of Paramecium caudatum was based upon 
cultures of this ciliate kindly provided by Dr. P. N. 
Ganapati. The ciliate was cultivated for 14 days 
at 24° in a bacteria-free medium containing a sus
pension of the yeast Torula utilis in half-saturated 
calcium sulphate solution. A suspension of Para
mecium freed from yeast was concentrated by centri
fugation ; the supernatant fluid was rapidly decanted 
leaving a cake of ciliates which was pink by reflected 
light and distinctly red by transmitted light. Spectro
scopic examination of a well-aerated suspension of 
this ciliate showed two strong absorption bands of 
oxyhremoglobin at about 582 and 545 mµ. which, 
when aeration was interrupted, disappeared and were 
replaced by the bands of the reduced components 
of cytochrome. In an aerated suspension treated 
with cyanide the a-band (582 mµ.) of oxyhremoglobin 
could be seen together with the bands of the reduced 
components of cytochrome, while the ~-band ( 545 mµ.) 
was somewhat modified by the appearance of the a
band of cytochrome c ( 550 m µ.). On passing through the 
suspension a current ofa gas mixture CO/O 2 = 4, the 
bands of oxyhremoglobin were replaced by two more 
diffuse but still very distinct bands of CO-hremoglobin 
lying at about 574 and 539 mµ.. When the current 
of gas mixture was interrupted, the band at 574 mµ. 
remained visible together with the bands of reduced 
cytochrome. On treating the suspension of Paramecium 
with an oxidizing agent such as quinone, the absorption 
bands of oxyhremoglo bin disappeared and were replaced 
by the weak band at 635 mµ. of acid methremoglobin. 

In a similar way we were able to demonstrate the 
presence of hremoglobin in another ciliate, Tetra
hyme,na pyrijormis (GL.), the strain of which was 
kindly supplied by Dr. E. G. Pringsheim. This was 
the strain described by Lwoff2 under the name of 
"Glaucoma pirif ormis" and reclassified by Corliss•. 
The organism was cultivated at 30° in two to four 
litres of sterile medium containing I per cent peptone 
and O ·4 per cent sodium chloride, harvested after 
six days of growth, using a small angle centrifuge, 
and resuspended either in O ·45 per cent sodium 
chloride or in Ringer-phosphate solution•. Aerated 
suspensions of Tetrahymena showed a weak but 
distinct a-band of oxyhremoglobin at about 582 mµ. 
which was somewhat masked by the absorption bands 
of cytochrome. The formation of carbon monoxide 
hremoglobin and of methrernoglobin was recognized 
by the disappearance of the bands of oxyhremoglobin 
in the presence of carbon monoxide or quinone 
respectively, rather than by the appearance of the 
characteristic bands of these derivatives. It may be 
noted that Baker and Baumberger5 , who studied 
the absorption spectrum of cytochrome in Tetrahymena 
geleii (Tetrahymena pyrijormis (T.) 3 ), failed to record 

the presence of hremoglobin in this ciliate. However, 
the fact that they refer to the observations of Sato 
and Tamiya on hremoglobin in Paramecium suggests 
that either hremoglobin was completely absent in 
their cultures of Tetrahymena or present in much too 
low concentration to be easily recognized. 

The concentration of oxyhremoglobin in Para
mecium and Tetrahymena was determined by com
paring the intensity of their absorption bands with 
those of a standard solution of oxyhremoglobin. A 
flat-bottomed "tube containing a thick suspension 
of ciliates was placed on the stage of the micro
spectroscope ; the tube was surrounded with ice to 
slow down the respiratory activity of the cells, and 
therefore the deoxygenation of hrernoglobin. A little 
tributyl citrate was added to the suspension to pre
vent frothing during aeration, and the absorption 
spectrum of oxyhremoglobin in the tube was matched 
against that of a standard solution of oxyhremoglobin 
placed in one of the compartments of a double 
wedge trough". The hremoglobin content of Para
mecium was also estimated as the carbon monoxide 
hremoglobin derivative, the absorption spectrum of 
which, although not as strong as that of oxyhremo
globin, is nevertheless very distinct and more stable 
than the latter. Moreover, carbon monoxide protects 
hrernoglobin from slow oxidation to methremoglobin. 
This method was not, however, applicable to the 
study of Tetrahymena, the hremoglobin content of 
which was too low for the proper observation of its 
carbon monoxide derivative. 

The hrematin content of the ciliates was determined 
as pyridine hremochromogen, the absorption bands 
of which were matched with a standard solution of 
pyridine hremochromogen prepared from pure hremin. 
Assuming that the equivalent weight of hrernoglobin 
in ciliates is about 17,000, the hremoglobin content 
of Paramecium from several batches of culture gave 
values (on a dry-weight basis) varying between 1·12 
and l ·74 per cent, which correspond to a hrematin 
content of 0 ·043-0 ·067 per cent. On the other hand, 
the hrematin content estimated as pyridine hremo 
chromogen was found to vary between O ·088 and 
0 · 11 per cent ; the excess of hrematin thus estimated 
belongs to other hremoproteins present in the cells. 

The hremoglobin content of Tetrahymena pyrijormis 
(GL.) estimated as oxyhrernoglobin was found to vary 
between O ·22 and O ·3 per cent, which corresponds to a 
hrematin content of O ·008-0 ·012 per cent, whereas the 
total hrematin content estimated as pyridine hremochro
mogen was found to be between 0•025 and O ·035 per cent. 

The presence of hremoglobin in two very common 
ciliates, Paramecium caudatum and Tetrahymena 
pyriformis, suggests the possibility that hremoglobin 
may have a much wider distribution in Protozoa than 
was hithe:rto suspected. However, this problem can 
be solved only by careful spectroscopic examination 
of thick suspensions of these organisms. Unfortu
nately, pure mass-cultures of Protozoa are often very 
difficult to obtain. 

This work was carried out while one ofus (J. F. R.) 
held a Medical Research Council studen1 ship. 

Molteno Institute, 
Cambridge. July 25. 

D. KEILIN 
J. F. RYLEY 

1 Sato, T., and Tamiya, H., Cytowgia, Fujii Jubilee Volume, 1133 
(Tokyo, 1937). 

'Lwoff, A., "Recherches biochimiques sur la nutrition de Proto-
zoaires" (Masson, Paris, 1932). 

'Corliss, J. 0., Parasitol., 43, 49 (1953). 
• Ryley, J. F., Biochem. J., 6l!, 483 (1952). 
'Baker, E. G. S., and Baumberger, J. P., J. Cell. Comp. Physiol., 

17, 285 (1941). 
• Keilin, D,, and Wang, Y. L., Biochem. J., 40, 855 (1946). 


	LETTERS TO THE EDITORS
	Haemoglobin in Protozoa


