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PYOCYANIN AND ALLIED PIGMENTS. 

By CAPTAIN G. T. L. ARCHER, 

Royal Army Medical Corps. 

INTRODUCTION'. 

'l'HE pigments which occur in cultures of Pseudomona.~ aeruginosa 
(B. pyocyaneus, Gessard, 1882) have excited the interest of bacteriologists 
ever since the :discovery of the organism. 

Jordan (1899) [1] refers to the work of previous investigators and himself 
gives a description of pyocyanin to which little has been added by later 
observers. He also noted the presence of a green pigment (" fluorescein "), 
a yellow or yellow-brown pigment which he considered to be an oxidation 
product of fluorescein, and a black pigment which he described as an 
oxidation product of pyocyanin, though Gessard, who also had observed it, 
described it as resulting from the oxidation of t.yrosine. No red pigment, 
other than acid pyocyanin, is described. 

'Topley and Wilson quote the work of Boland (1899) who found that 
a solution of pyocyanin in chloroform became yellow if exposed to sunlight. 
This is ascribed to the oxidation of pyocyanin by chlorine liberated from 
the chloroform. The yellow pigment is called pyoxanthose. Boland also 
stated that pyocyanin was dissolved largely by hydrochloric acid which 
turned it red, and pyoxanthose by ~3 per cent sulphuric acid which turned it 
reddish I yellow. Both pigments were soluble in chloroform. In some 
cultures he found a reddish-brown pigment soluble in.! per cent alkali 
and in water, but not in chloroform. This pigment did not appear until 
the second week. 

The Medical Research Council's "System of Bacteriology " (1929) 
quotes two formulre which have been ascribed to pyocyanin: C26JiI24N402 
(Wrede and Strack, 1924) and C26H2sN.Oa (McCombie and Scarborough, 
1923). Reference is also made to the influence of temperature, reaction, 
the medium, symbiosis, and bacteriophage on its development. Pyorubin 
(Meader, Robinson and Leonard, 1925) is referred to and described as: 
(1) Soluble in water; (2) insoluble in chloroform; and (3) remaining 
unaffected in colour when treated with alkali or acid. 

Thresh, Beale and Suckling givetbe usual description of pyocyanin and 
fluorescein ,and add that a third pigment bright red in colour and called 
pyorubin has been described, but that whether this is a distinct substance 
or a derivative of pyocyanin is uncertain. 

Kolle and Hetsch quote C14H 14,N20 (Ledderhose) as the formula for 
pyocyanin. They do not mention pyorubiu. Robinson (1932) [2] describes 
the production of pyocyanin on synthetic media. He finds that phosphorus, 
carbon, and nitrogen are essential elements, and probably also magnesium. 
A formula for a suitable medium for pigment production is given. 
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28 Pyocyanin and Allied Pigments 

The object of the present communication is ': (1) '1'0 adduce some 
further facts concerning pyocyanin; and (2) to show that there are probably 
two' distinct red, pigments C which may be derived . from cultures of 
B. pyocyaneus, one of which is a derivativ~of pyocyanin, is an indicator 
like the latter, and is possibly the pyoxanthose of Boland, whereas the 
other is probably the pyorllbin of Meader et al. 

The strains of B. pyocya1'~eus used in this investigation were isolated 
from human lesions and from various water supplies in India; finally 
National Collection of Type Culture No. 254 Goat was used. The work 
was carried out in India and at the Royal Army Medical College. 

PYOCYANIN. 

'Pyocyanin, as was appreciated by very early investigators, is an 
indicator. The turhingpoint occurs at pH 4'6. 

Very strong acids (e.g. pure nitric acid) and alkalies, however, appear to 
.act upon the substance bringing about an irreversible change. The change 
brought about by alkalies will be further noticed below. 

It is well known that alkaline pyocyanin is more soluble in chloroform 
than in watery fluids. The addition of ether, however, to a chl9roform 
solution lying under water tends to drive the pyocyanin from the chloroform 
into aqueous solution. 

Peptone water is recognized as a very suitable medium for pigment 
production, but it has been found that with Witte's peptone the yield is 
definitely better than when Fairchild's is used. 

Contrary to expectations, growth with pigment production invariably 
occurred in a medium composed of pure gelatin (Coignets) and distilled 
water (pH adjusted with NaOH) , though prolonged incubation is necessary. 
This appears to be at variance with the findings of Robinson who states 
that phosphorus is essential for growth and· pigment formation· and that 
the presence of magnesil1mis probably necessary also, whereas pure gelatin 
contains neither of these elements. Analysis of the gelatin used however 
revealed the presence of a trace of phosphorus. 

The synthetic medium described by Robinson as suitable for pigment 
production was tested. Growth was found to be abundant, but in only one 
tube of several after prolonged incubation was there even a trace of 
pigment. The reaction of the cultures was alkaline and a pinkish tinge 
was observed in some tubes to which reference will be made later. 

Many strains of B. pyocyaneus ferment glucose. Cultures in glucose 
peptone water therefore often show a reddish tinge near the surface owing 
to the acidification of the pyocyanin produced. This tinge may spread 
through t.he whole culture. This in spite of the fact that the organism is 
stated to be methyl red negative (Topley and Wilson). '(The pH range of 
methyl red is pH 4'4 (red) to pH 6'0 (yellow) and the turning point of 
pyocyanin as stated 'above 4'6.) Subsequent alkalinization turns the culture 
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G. T. L. Archer .. 29 

green and a slight amount of pyocyanin may. be extracted with chloroform, 
though the yield of pigment under these circumstances is very small. 

Attempts to demonstrate. antigenic properties for pyocyanin have 
yielded negative results in my bands. . 

THE RED PIGMEN'rS. 

(1) Pyoxantho~e. 

Jordan and Boland both observed that exposure of pyocyanin to .light 
produced a changeincolour-to blaqkish-brown according to the former, 
to yellow according to the latter. This change was considered as being due 
to the oxidation of pyocyanin, and Jordan stated that the same result is 
effected by the addition of potassium permanganate. 

It is proposed to. show here that the. change ·from blue to. green and 
finally yellow is due t.o tJ;1e hydrolysis of pyocyanin to a pigment whicb is 
red when alkaline and yellow when acid. 

Ifa chloroform extract of a peptone water culture of. B. pyocyaneus is 
left to stand either under the residue or und~r water the chloroform turns 
green. This change occurs. when. oxygen is absent or greatly diminished, 
e.g. in a Buchner's tube in which the oxygen is absorbed by alkaline 
pyrogallol, and in a tube in which theairb,as been replaced. by coal gas 
which contains approximately 0'5 per cent of oxygen . 

. If' an alkali. is added to the green solution a red pigment is extracted 
leaving again a blue solution of pyocyanin in chloroform. 

T.he red pigment so obtained is not extracted from tbe alkaline' solution 
by treatment with either chloroform or ether, but the addition of acid 
converts it at pH 7'7 to 7'9 from red to yellow (this change is reversible, 
i.e .. the substance, like its precursor pyocyanin, is an indicator) and this 
yellow pigment. is. more soluble in . both chloroform and ether. t;han in 
watery media. and maybe extracted from the latter by tpem. 

The formation of this pigment is rapidly effected by the repeated 
evaporation and re-solution. of an original chloroform culture extrf1ct, 
each fresh solution being paler green until finally a yellow solution is 
produced. 

TUhe solution of pyocyanin ispurifiedby acid extraction, neutr!Lliza
tion, and re-solution in chloroform it doesn.ot turn green on standing and 
the addition of a supernatant layer of broth or .p.eptone water has. no 
effect, showing that the change is not due to interaction with any 
constituent of uninoculated media. 

The same increase in stability jsobserved in anextract made from a 
culture which has undergone .preliminary extraction with ether. 

The ethereal extract is yellow, but remains yeHowin subsequent alka
line extraction. The addition of the roughly neutralized· alkaline extract 
from the ether to purified pyocyanin in :chloroformseerns to be ·effective 
in causing a slight amount of the red derivative to be formed;. but thi,s is 
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30 Pyocyanin and Allied Pigments 

difficult to ascertain with certainty by the method employed for its 
demonstration as will later become apparent. 

Preliminary extraction with toluol has no effect in preventing or retard
ing the development of the red-yellow pigment in a solution of pyocyanin 
in chloroform. 

'l'he method used for demonstrating the presence of small quantities of 
the red-yellow pigment in chloroform solutions of pyocyanin, which failed 

. to produce an obvious change to green, consisted in the addition of alkali 
which extracts the pigment in its red form. 

It was noticed that, if such preparations were left to stand, the depth 
of the red tint increased and the blue faded; Further experiments showed 
that the addition of alkali to pure solutions of pyocyanin caused the for
mation of the red pigment after prolonged contact, and moreover that the 
effect varied with the strength of the alkali used; thus 4 per cent and 
2 per cent sodium hydrate were very effective, 10 per cent less so, and 
20 per cent and 40 per cent were almost inert. 

Consideration of the more marked effect produced by weaker solutions 
gave rise to the suggestion that the cause of this phenomenon might be of 
a physical rather than a chemical nature; equal volumes of the same range· 
of percentages of sodium hydrate were therefore added to pure saline 
solutions of pyocyanin. In this case the stronger solutions were the more 
rapidly effective. With 40 per cent alkali added the blue solution turned 
red in one minute, with 20 per cent in fifteen minutes (approx.), with 
10 per cent in thirty minutes, etc., bearing out the supposition that the 
results obtained with chloroform solutions are probably due to physical 
causes. The action which takes place in both cases is apparently one of 
alkaline hydrolysis. 

It was noted that the red pigment obtained by treating the watery 
solution of pyocyanin with alkali was less readily affected by acid than 
that obtained by leaving a crude chloroform solution to stand. A" lag " 
seemed to occur, the solution remaining pink, but the pigment being 
extracted in the yeUow form on addition of chloroform. 

It is snggested that the fact that the alkaline cultures in the synthetic 
medium were faintly pink, while no pyocyanin could be extracted as noted 

'above, may have been due to hydrolysis of the pyocyanin as formed, unless 
the pink colour was· due to pyorubin (see below). Amounts were too small 
for investigation on this point. 

SUMMARY. 

The hydrolysis of pyocyanin produces a pigment yellow in acid and red 
in alkaline solution and changing colour at pH 7·7 to 7·9. The alkaline 
form ismore soluble in weak alkalies than in ether or chloroform. The acid 
form is soluble in ether and chloroform. 

The hydrolysis can be effected by a substance present in cultures of 
B. pyocyaneus but not' inuniIioculated media. The active substance is 
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G. T. L. Archer 31 

extracted from the culture containing the pyocyanin by treatment with 
chloroform. It is destroyed or removed from the culture by preliminary 
treatment with ether. It is not present in an active form at least in an 
acid extract of the chloroform solution. 

(2) Pyorubin. 

The supernatent fluid in some old cultures in gelatin which had been 
treated with chloroform showed a deep red colour near the surface. This 
pigment may also be observed in old peptone water cultures similarly 
treated. 

The colour in this case is unaltered by the addition of acid or alkali 
(except that contact with alkali tends to bleach it to a yellow tint, the red 
being restored by shaking). 

The pigment is not extracted by chloroform or ether from either an 
acid or an alkaline solution. 

CONCLUSION. 

Two red pigments which may be derived from cultures of B. pyocyane'us 
have been described; whether, however, they are definitely distinct or the 
second a more stable form of the alkaline state of the first is not certain. 
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