
II.-BIOLOGICAL OXIDATION OF SULPHUR. PART m. 
A Sulplmf=Oxidising Organism From Activated Sludge. 

By C. V. Ramaswami Ayyar. 

A review of recent literature on the isolation and study of 
organisms connected with the oxidation of sulphur and its compounds 
shows that the special organisms responsible for the process differ 
widely according to their source and the conditions of their normal 
activity. It has thus been shown that the reaction of media on which 
they are cultivated influences their behaviour to a marked extent, and 
that organisms isolated from sea-water, mud and sulphur-soil composts 
respectively exhibit specific differences in their morphological and 
physiological characters. These facts suggested that it might be 
possible to isolate from various other sources organisms which are able 
to bring about the oxidation of sulphur but differ in character from 
those previously described. 

By composting sulphur, rock phosphate and soil it was found that 
the sulphur was rapidly oxidised to sulphuric acid which acted upon 
the tricalcium phosphate producing di- and monocalcium phosphates. 
In absence of a neutralising agent considerable quantities of acid 
accumulated in the compost, and by inoculating a suitable culture 
medium with such material, Waksman and Joffe (I. Bact., 1922,7,239) 
isolated a minute organism capable of rapidly oxidising elemental 
sulphur. Brown (J. Amer. Soc. A;;ron., 1923, 15, 350) succeeded in 
isolating a motile organism from activated sludge by inoculating a 
suitable liquid medium with fresh sludge, the organism being able 
rapidly to oxidise sulphur and produce acid. These observations of 
previous workers suggested the possibility of isolating a specific 
organism from suspensions of sulphur in activated sludge aerated 
until a high acidity developed. 

ISOLATION OF THE ORGANISM. 

In the foregoing paper it was shown that suspensions of sulphur 
in activated sludge, aerated for over a month, developed an acidity 
of PH 2'1 and eliminated practically all the contaminating organisms, 
leaving the sulphur-oxidisers qS almost the sole Sllrvivors. If the 



mixture is then directly inoculated iJ;to the sterilised liquid medium 
of W~ksman and J?fie (loc. ot.) aJ?-d mcu!"ated at 28-30°, the growing 
orgamsms render tne culture medIUm unIformlv cloudy within a week 
when sulp!1ur .is pres~nt ~s the ?hief source of energy, By repeated 
sub-c~ltunng m the .hqUld medIUm pure cultures of sulphur.oxidising 
organ;sms. were obtamed. In presence of a neutralising agent such 
as tnca!clUm phosphate, there was a characteristic formation of 
gypsum. crystals which appeared ~oncurrer::tly with the development 
of cloudmess. The PH of the medIUm remamed stationary at about 2'4 
with the conversion of the tricalcium into monocalcium phosphate. 

EXPERIMENTAL. 
The methods and media employed were mainly those of Waksman 

and Joffe (I. Bact., 1922,7, 606) with certain modifications. The 
liquid medium contained (in grams per 1000 c.c. of distilled water) :_ 
(NH')2 SO" 0'2; MgS04• 0'1; FeSO" 0'01; H,KPO" 5'0; CaC1" 
0'25; Sulphur, 10'0. The solutions were prepared in bulk and 
measured in 500 c.c. portions into 850 c.c. conical flasks plugged with 
cotton wool and sterilised by steaming for 30 minutes on three conse­
cutive days. The inoculations were made from a seven-day old 
culture and the flasks incubated at 28-30°; the P!i of the medium 
was 4'6. 

Washed agar medium.-The agar was prepared by washing the 
fibres in distilled water for several days and drying at 60" (I. Bact., 
1920, 5, 591); a 2'5 per cent. solution was fi!tereJd clear, tubed in 
IO c.c. portions and sterilised in an autoclave at 15 lbs. The following 
solutions were prepared (in grams per 100 c.c.) and sterilised :-(1) 
H2KPO" 3'0; (2) NH,CI, 0'1; MgClz, o'! and CaC!2' 0'25; (3) 
Na,S20S'SH20, 5'0. 

The agar was melted, cooled to 40° and plates made by placing 
I C.C. each of solutions J, 2 and 3 in sterile petri·dishes, adding the 
desired inoculum and then the melted agar. The solutions were ten 
times the usual strength and were used in the preparatio~ of agar or 
silica gel media. 

Silicic acid gel.-The method of Beijerinck as described by Gibbs 
(Soil Sci., 1919, 8, 439) combined with the modificati.on suggested by 
Waksman and Carey (!. Bact., 1926,.12, .90) gave sat~sfactory results. 
From a normal solution of hydrochloric aCId, 5 c.c. porti.ons were pla~ed 
in a series of test tubes and varying amounts of an eqUlval~nt sol,utlOn 
of sodium silicate added. The contents of the tubes were Immedlat;ly 
mixed and poured into dishes, a?-d the mixture where the gel formatIOn 
took place within two to five mmutes was chosen. It was found that 

~ 
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5 C.c. of silicate solution gave the best results. To IS C.C. of normal 
hydrochloric acid IS C.C. of 8 per cent. silicate solution was added and 
the mixture immediately shaken and poured into petri-dishes which 
rested on a level surface until the gel was well formed. They were 
then placed in wash-basins, dialysed in running tap-water until free 
from chlorides and then transferred to sterile vessels containing boiled 
distilled water, this being replaced several times. After draining, they 
were flamed to sterilise the surface of the gel, on to which was poured 
the sterile concentrated nutrient solution; this was allowed to diffuse 
through the gel for about 10 minutes, the excess was poured off and 
the surface of the gel once again flamed to ensure sterility. The 
medium was then inoculated with a drop of the culture spread evenly 
over the plate which was then allowed to remain in the incubator at 
28-30°. The character of the growth was very satisfactory for the 
study of colonies. 

Morpholog-y.-The organism when grown on the synthetic medinm 
described above, consisted of short rods with rounded ends, usually 
occurring in pairs. Spore formation was absent. The cells were 
motile in the earlier stages and remained so during over a month. 
By adopting the new method of gram-staining (Burke, j. Bact., 1922, 

7, 178) the organism was found to be gram negative. Deposition of 
sulphur did not occur within or without the cells (Figure I). 

In the course of the morphological study of the organism the pre­
sence of long filamentous forms were occasionally observed. At first 
they were believed to be due to contamination, but a careful study of 
hanging drop preparations showed that they were only involution 
forms of the sulphur-oxidising organism, appearing in old cultures or 
when conditions became unfavourable. The involution forms varied 
in length sometimes reaching 100 p with numerous forms intermediate 
in size (Figure II). They were non-motile and differed in physio­
logical activity from the normal, developing most quickly when the 
temperature was too high for normal growth, i.e., between 35° and 
37° ; if the temperature is again lowered, they disappear and the 
organism regains its normal characteristics. 

Agar plates.-Plates of washed agar were prepared as previously 
described, inoculated from one of the pure cultures on liquid medium 
and incubated at 28-30°. In seven days, colonies began to appear; 
they were small, but visible to the naked eye as an opaque, creamy 
colony. Examination under the microscope revealed a central nucleus 
with a creamy, uniform margin (Figure III). 

Silicic acid gel plates.-The colonies obtained by using silicic acid 
gel were more satisfactory than those on washed agar, which they 
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resembled but were somewhat. more dense. They began to appear in 
two. days and develop~d rapIdly all o.ver th~ pl:,te attaining their 
maxll;num development In 7 to IO ~ays, IncreasIng In density from the 
m~rgIn to the ~entre, t~e former. b.eIng wavy in appearance under the 
mIcroscope. 1 he orgamsms exhIbIted the same characteristics as those 
grown on liquid medium, but appeared slightly protuberant due to the 
change in the environment (Figure IV). 

Gypsum blocks.-These were prepared as usual, and having been 
sterilised by heating in an electric muffle furnace at a temperature of 
400° for half an hour, were transferred to petri·dishes containing 
50 C.c. of a .liquid in which thiosulphate was the source of sulphur. 
~he'y wer~ llloculat~d on the surface from a pure culture grown in 
lIqUid medIUm and lllcubated at 28-30°. Pale brown colonies deve­
loped, in size equal to those on agar plates. By repeated sub-culturing 
in liquid medium the organism could be kept alive and active for any 
length of time. It was often noticed that there was a decided increase 
in their activity. 

Physiology.-Besides deriving all its carbon from the carbon 
dioxide of the atmosphere, the organism was able also to utilise car­
bohydrates and glycerol, but not carbonates which even in small 
amounts were toxic because in their presence the medium remained 
alkaline throughout, a condition unfavourable to the growth of the 
organism. Sulphur and thiosulphate were the important sources of 
energy to the organism. The amount of sulphur oxidised and acid 
produced were greater in presence of carbohydrates than in their 
absence, indicating the beneficial influence of such compounds. The 
organism grew equally well whether the medium contained elementary 
sulphur or thiosulphate, the cloudiness appearing in either case within 
a week's time. Sulphides and sulphites were not utilised. Mere 
traces of inorganic salts in addition to phosphates were sufficient for 
growth. In absence of nitrogen the organism did not normally thrive 
and the presence of ammonium salts such as the SUlphate assisted its 
growth. In presence of mannitol, however, the organism seemed able 
to make good growth even .in .absence of am~on!um salts, su~gesting 
that it might be able to asslm!late atmospheriC mtrogen. ThIS aspect 
of the question is being further investigated. 

Influence of various inorg'anic and organic compounds on th~ amount 
of sulphur oxidised.-A detailed ~tudy has been made of th<; lll~uence 
of various inorganic and orgamc compounds on the oXldatlOn of 
sulphur by a pure culture of the organism. The me~il1:m was distri­
buted in 500 c.c. portions in 850 c.c. flasks contallllllg 5 gms. of 
sulphur flowers and 0'1 per cent. of salt under tes~, the flasks being 
sterilised in steam in the usual way. The orgamc compounds were 



sterilised separately and then added to the sterile medium. The flasks 
were all inoculated with I c.c. of a r·in·jo dilution of a 7·day old 
culture of the organism and incubated at 28-30°, 50 c.c. portions being 
withdrawn from time to time with sterile pipettes for analysis. The 
PH was determined by the colorimetric method using the colour 
standards of Medalia (f. Bact., I920, 7, 589) and the total acidity 
estimated by titrating 5 C.c. of the culture medium against N/so 
sodium hydroxide using phenolphthalein as indicator. The water· 
soluble sulphates were determined gravimetrically, 

The amounts of sulphur oxidised under various treatments as 
compared with sulphur alone are shown in Figures V and VI. The 
amount of sulphur oxidised per 100 c, c. in the control was 65 mgms. 
in 40 days, whereas in the presence of ammonium sulphate, aluminium 
sulphate and sodium silicate over the same period the amounts were 
438'0, 307'0, and 278'0 mgms. respectively. In presence of organic 
compounds such as lactose, mannitol and glycerol the amounts 
oxidised were 256'0, 223'0 and 185'2 mgms. respectively. From this 
it will be observed that while such organic compounds had beneficial 
influence on sulphur·oxidation they were less effective than inorganic 
salts. 

The general behaviour of the cultures under these different 
treatments requires some explanation. Although there was considera­
ble difference in the initial reaction of all the various media, the fall in 
PH was quite rapid in all and reached 1'2 within 40 days, there being 
a progressive development of titratable acidity in all the cultures. 
The behaviour of sodium silicate was the most remarkable. Initial 
PH was 6'6 and the organism did not show any activity for over 10 days 
being able, presumably, to acclimatise itself to the new conditions; it 
eventually began to grow rapidly, PH being reduced to the level of 
other cultures in 30 days, and the amount of sulphur oxidised compar­
ing favourably with the rest of the series. This indicates that 
in the silicate medium the PH limits are from 6'6 to 1'4, far higher than 
those observed by Joffe (loc: cit.) for his organism. With aluminium 
sulphate, manganous sulphate, ammonium sulphate and tricalcium 
phosphate, the PH was favourable from the beginning, and the organisms 
increased rapidly and oxidised more sulphur. The effect of ferrous 
sulphate was not markedly favourable and was inferior to that of the 
other salts studied. Throughout the series accumulation of free acid 
rose proportionately with the amounts of sulphur oxidised as indicated 
by the titration figures shown in Tables I and II. The PH values of 
the series are shown in Tables III and IV. . 

In presenGe of organic compounds it was observed that the series 
uniformly started with PH 5'0, the fall therefore measuring the influence 
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TABLE 1. 

iNORGANIC SALTS SERIES, 

Titratable Acidity in c,c, of N/50 Sodium Hydroxide 
for 5 C.c, of Medium, 

Time In days 

- I I I Start 12 20 30 40 
------------------
Sulph:ur only 5-5 

I 
5'7 96 12'3 

I 
15'9 

I 
Sodium thiosulpbate only 5'4 5'5 20'0 22'2 27'S 

With aluminium sulphate 6'4 

I 

17'5 28'2 34'S 

I 

45'1 54'1 

manganous sulphate 6'5 126 31'S 39'9 45'S 

" ammonium sulphate 6'7 14'4 32'2 41'9 575 72'S 

ferrous sulphate 6'1 

I 

S,g 14'0 lS'1 22'0 26'1 

calcium phosphate 5'5 7'0 16'8 22'7 24'3 25'4 

sodium silicate 3'5 3'5 6'1 20'S 32'5 44'3 
I 

TABLE II. 

ORGANIC COMPOUNDS SERIES, 

Titratable Acidity in c,c, of N/50 Sodium Hydroxide 
for 5 C.c, of Medium, 

I Start I 

'I'ime in days 

12 20 32 40 

I 

I 

Sulphur only .. , .. , 5-5 5'7 9'6 12'3 15'9 ! ... 
With dextrose ... ' .. 5'4 5'3 16'5 1S'l 20'2 22'4 

glycerol 5-4 5-7 17'4 27'3 30'4 33'4 
" .. ' .. , 

I 

alcohol .. , 5'3' 5'9 10'5 14'2 16'9 19'0 
" ... 

mannitol 

I 

5'2 5'3 14'5 23'7 34'S 39'0 
" 

.. , 
lactose .., 5'S 5'7 17-2 33'7 40'6 44'3 .. 
fructose 5'3 7'9 23'7 29'3 32'S 37'l 

" ... ... 
3 

50 

22'1 

30'8 

60'3 

83'4 

31'3 

26'4 

51'1 

50 

22'1 

26'9 

40'2 

23'4 

49'4 

51'0 

47'0 



TABLE lH. 

Znor![anic Salt Series; Chan![c iH PIf· 

I
I TUlle in days 

Start 1 I";~r-~- I 4ol-;­
-S-U"l"P-h--u"-r-o"D--IY---~-----~-------_-"----:-1-~-__ -(1)-'--:--B6-~I- ::~--:::~::-" -::;-1- ~:: 
SodIUIll thlOsulphate ..J 

i 2-8 j-g ] 7 ]-5 ]"2 1-2 I ]"2 Sulphur..:,.. all1mm1um snIp hate 

+ manganous sUlphate 

-I- ammon il1m sulpbate '._ 

-t ferrons sulphate 

+ calcium phosphate 

+ sodium sil!cate 

4"5 2"2 ]"5 1"4 1";3 ]-3 ]"2 

4-; 2"3 1"6 1"3 ]"2 1-2 1"2 

3-2 2'5 2'0 ],S 1'7 1-7 1'7 

4"9 3"0 2"8 2"5 2"4 2-4 2"4 

6"6 6"6 3"5 ]"7 1"6 ]"3 ]"3 

TABLE IV. 

Organic Compounds Series; Change in PH. 

Sulphur only 

With dextrose 

glycerol 

•• alcohol 

" mannitol 

" lactose 

fructose 

I Time in days 

______ ~ __ JStartl--! -j-2-1~~-r~~ T 50 

5"0 

5"0 

5"0 

5"0 

5-0 

5"0 

5"0 

::: ::: :::1
1 

:::-"/1--::;"-- ::: 
4"4 j"8 j"7 j"6 j"6 j"3 

3.4 ""3 2"1 j"g j"S ]"7 

3"8 1-9 ]"7 i ]-6 1 1"4 

::: ::; I ~:: I ::; I ::: 1"4 

of the substances added. All the sugars disappeared rapidly, lactose 
and mannit.ol seeming to be the carbohydrates with maximum stimula­
ting action, followed by glycerol and fructose. Joffe found dextrose 
to be more favourable for his cultures. Gas was not evolved, but the 
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characteristic cloudiness observed in, th~ medium was even more 
marked in these cultures, Sulphur,oxldatlOn was not as vigorous as 
in the inorganic media. 

The stimulating ,action of, such inorgan~c ,salts on biological 
pro,cesses has beer: no!I:::ed pre:"ously, and theIr mfluence on nitrifi. 
cation and ammomficatlOn studIed by Brown and Munges (Soil Sci., 
19 16,3,67) and ~thers, It, has been argued thatthe salts of aluminium 
undergo hydrolysIS producmg a strongly acid medium, With initial 
PH, 2'8 it would be expec,ted t~a~ the sulphur.-oxidising organisms, 
be1l1g able t(l tolelate such hIgh aCIdIty, would thrive; while others less 
adaptable organisms such as nitrifiers and ammonifiers would' not. 
Consequently it was not surprising to find that alu:-ninium salt 
showed a distinctly stimulating effect. On the other hand, the superi. 
ority of ammonium sulphate to aluminium sulphate could be traced to 
the favour,able effect of, easily available nitrog~n! readily utilised by 
the orgal1l,ms for theIr development and actIvity. In the case of 
sod~um ~ilicate, h?wever, :he remarkable effects are most probably 
attnbutable to the InCreaSed surface presented by the colloidal silicic 
acid, and not to the reaction of the medium which approached 
neutrality. 

In/iumce of ort[anic compounds.-It has been mentioned above 
that carbohydrates were favourable to the bacterial oxidation of 
sulphur; this was observed also by Waksman and Joffe (lac. cit.) who 
attributed the stimulation to their utilisation by the organisms, Starkey 
(J. Bact., 1925, 10, 192) found that dextrose disappeared from the 
media with growth of the organisms during incubation and a definite 
correlation existed between its disappearance and the amount of acid 
produced. Hence he also attributed the stimulation to the assimi· 
lation of carbon from dextrose. 

It is therefore desirable to ascertain whether the easily available 
carbon compounds would serve as a source of carbon for the organisms 
in absence of atmospheric carbon dioxide. Sterile 100 e.c: !;ortions 
of the synthetic medium in 250 c.c. Erlenmeyer fia?ks, contamlng the 
various organic compounds in the same co?centratlon as before, were 
inoculated with a pure culture of the organIs~ and placed under ~ell. 
jars covered with black paper and ,sealed w:th ta~·grease, The Jars 
containing the cultures were aspIrated, WIth all' pa~se.d through 
100 per cent. caustic potash and so~a.hme tubes., SimIlar guard. 
tubes were also provided on the other SIde of the bell·Jars close to the 
pump by which air was drawn into t~e syste.m. Care. was taken to 
renew the solution as frequently as posslbl; .dunng aeratIon; a cor!es· 
ponding series was run under normal condItions over the same perIOd. 
The cultures were analysed after one month. 



In comparing the activity of the respective series, t~e amount of 
sulphur oxidised in the sulphur series without the orgal1lc compound 
was taken as unity; the ratios are given in Table V. 

TABLE V. 

I 
__ ._!~~~~.s ofsu\phur ol<,dised . 

Substance added I . ___ ~ ____ ~ ________ ~~~~~_~r~~:~~:_:~~ from CO
2 

Sulphur only 1-00 1'00 

+ gll1cose 1-60 0·56 

+ lactose 2-95 2-27 

+ glycerol 
---I 

4-42 3-06 

-[ 3-42 1-75 

+manoitol 

It will be seen that in absence of carbon dioxide the organisms 
did not utilise glucose, while the other organic compounds stimulated 
the oxidation of sulphur, but not to such an extent as under normal 
conditions. The figures support the view that this activation has 
been effected by the assimilation of readily available carbon from the 
organic compounds studied. Under normal conditions the accelera­
tion was proportionately greater as the carbon conld be obtained from 
the air and from the organic compounds. This observa tion confirm­
ed the view expressed by Starkey (loc. cit.) that in the presence of 
organic compounds a general stimulation is noticeable, due to utilisa­
tion of carbon from the substances supplied. 

bz/luence of aeration.-Ranganathan and Norris (J. Indian Ins/. 
Sci., 1927, lOA, Il4) have observed that the supply of air to a culture 
containing ammonium salts in presence of nitrifying organisms hastens 
the nitrification process leading to the accumulation of nitrates. 
Hence it was thought that a continuous supply of air to a culture of 
sulphur· oxidising organisms would accelerate oxidation of sulphur. 
A culture of the organism incubated at 28-300 was aerated, and 
periodical samples withdrawn under sterile conditions to determine 
titratable acidity, PH and sulphur oxidised. Similar determinations 
were conducted with an unaerated sample. The results are recorded 
in Table VI, indicating a general fall by 50 per cent. in the amount of 
sulphur oxidised in the aerated culture as compared with the un­
aerated. Even though there had been a slight fall in PH with rise in 
titratable acidity, these did not compare favourably with the unaerated 
series, confirming the observation that additional air disturbing the 



cultur~ adver.sely aff~cts the ~or.mal. gr~wth and development of the 
orgamsms, with considerable dlmlllubon III their activity. 

Analysis 
after 

TABLE VI. 

Rate of sulphur oxidised with and withoul aeratioN. 

Mgms. of sulphur lU Di t' J l"ntratableaciditYinc,c. 
100 c c mtnu lon I PH , N/SO NaOH pel' C.t:. _______ l~x~~;~~r ________ I medIum __ . 

A:~e~ ae~;~~ __ ~gmS~_A~:ated I aZ~'ed I Aerated I ae~j~d 
cont:;'~I- 8'78 ! 8-78 I I 4'~ --r~----~~1-0-'---;~ 
7 days ... 9'32 9-90 I 0-58 I 3-8 3'8 1'16 1'24 

12 ]9-23 32'40 I 13-17 I 2'7 2-4 1'46 1-92 

20 31'59 SO-oO I 18'91 I 2-4 2'2 1-79 2'46 

30 41-20 70-80 I 29-60 I 2-3 ]'9 2-08 3"20 

Influence of Li~ht.-The effect of exposing micro,organisms to 
direct sunlight, diffused light, polarised light and in darkness has been 
recorded (Giltner, Microbiolo~y), it being found that direct sunlight is 
for the most part fatal to their growth. Whilst diffused light,exerts a 
beneficial influence on some fungi, most organisms develop well in 
darkness and function normally. From a study of the influence of 
diffused light and of darkness on the amount of sulphur oxidised, it 
was found that after an incubation period of 45 days the amounts of 
sulphur':oxidised were 174 and 368 mgms. respectively in 100 c.c. of 
medium. The results indicated that, although diffused light did not 
completely retard growth and activity, darkness was more favourable 
to them. This observation agrees with those recorded with many soil 
organisms:preferring darkness to light, and as the sulphur-oxidisers are 
commonly present in all soils, their behaviour appears quite normal. 

Influence ofCharcoals.-The important effect of surface phenomena 
in biological reactions has been well recognised, and chemical changes 
produced by organisms mostly occnr at surfaces. The relative accele­
ration in activity has also been shown to depend on the dispersion of 
the substrate, finer division leading to greater activity. In sulphur­
oxidation it was found by Starkey (J. Bact., 1925, 10, 154) that differ­
ent forms of sulphur varying only in their fineness of distribution in the 
liquid phase affected markedly the rate of oxidation. In the case 
under investigation, it was found that in any hanging drop culture 



examined under a microscope with a few particles of sulphur, the 
organisms c}ung to the surface ?f the partiC!~s which gradu~lly 
disappeared III the course of a few mmutes, suggestmg that the reactIOn 
occurred at the surface of contact of the organisms and the substrate; 
hence the finer it is, the more rapid will be the conversion of sulphur to 
sulphuric acid. Any process enlarging the surface exposed should 
lead to increased oxidation by the organisms. 

I t has been known that charcoals are definite catalysts to oxidation, 
possessing enormous surface and high power of adsorption; hence it 
was thought that their introduction into cultures might lead to an 
increased rate of oxidation. Moreover, an interesting observation has 
been recorded by Hutchinson (Sci. Rep. Agri. Res. Inst. Pusa, 1924-
25, 38) that addition of charcoal in small quantities to a sulphur­
phosphate compost enhanced the rate of phosphate solubilisation. No 
reason has been assigned to the acceleration, but it is quite probable 
that this might have resulted in the increased oxidation of sulphur with 
consequent production of sulphuric acid, this in turn hastening the 
production of soluble phosphate. This solitary and remarkable 
observation suggested a detailed inquiry into the general behaviour of 
charcoals, both vegetable and animal, to explain the mechanism of 
acceleration. 

At this stage, it is enough to investigate whether there was any 
acceleration in oxidation of sulphur due to the introduction of various 
charcoals in the least quantity possible as in the experiments cited 
above. In the experiments to be reported hereunder only 0'05 gm. of 
the respective dry charcoals has been employed. To 100 C.C. of liquid 
medium contained in 250 c.c. conical flasks was added 0'05 gm. of the 
charcoals, sterilisation being effected by flowing steam for 30 minutes 
in 3 days. Inoculation with one c.c. of the pure culture followed and 
incubation at 28-30°, periodical analysis being made for titratable 
acidity, PH and amount of sulphur oxidised. These are given in 
Tables VII, VIII and IX. It will be seen from the tables that there 
has been an all round acceleration in the amount of sulphur oxidised 
with all the charcoals irrespective of their source, the stimulating 
influence being at a maximum in the norit series. The nature and 
mechanism of this activation will be discussed in a later paper. The 
ratio of increased oxidation varied from 1"5 to 3'0 when compared with 
the sulphur series without charcoal. With the fall in PH there was a 
corresponding increase in titratable acidity, which might be due to 
various factors. These may be the increase in the amount of surface 
introduced by the charcoals, their electro-kinetic behaviour, or the dis­
placement of bases from the charcoals liberating some stimulating 
bases like aluminium or manganese, which have been previously shown 
to accelerate the oxidation of sulphur. Alternatives are general 



stimulation of growth or adsorption of gases from the air which might 
be readily utilised by the organisms for their cell respiration and deve­
lopment with the consequent increase in activity. Other physical 
factors such as sllliace tension and viscosity, which numerous workers 
have shown to be effective in modifying profoundly the behaviour of 
micro-organisms, might also account for the observed stimulation. 
These possibilities are being investigated. 

TABLE VII. 

Amount of sulphur oxidised in mgms. per 100 C.c. of medium. 

Timem days 

No, Sta,t i 10 I 2» 1 30 , 4U I 5U 
1 " 

Control 

2 Inoculated ... ;::;~II~::~; I~::! ~,:: 7:::: i 8:::: 
3 + Ammal charcoal .. _ 7'68 10-16 I 3598: 79-38 84-87 97'24 

4 I + Norit ... ...1 769 1 63'46 I 104'65
1

130'47

1

159'90 209'6 

6

5

1

1 
+ Coconut ch~ircoal" 6'59 /' 32-14 53'021 90-93 102·18 121'7 

-t Wood charcoal 7-14 12'64 50'82, ~9 08 J04-11 /172'8 

7~1 _________ '_'_P_01_Y_Ca_r_b_on ______ • .L __ 7'_l4 __ ~1_10_.'_IG_'-L __ 65_'6_'7 __ r __ 83_'7_8_,~i _lU_3_'9~ __ 1_39_' __ O 

TABLE VllI. 

Titratable acidity in c.c. of N/50 Soilium Hydroxide per c.c. of medium. 

4 

5 

6 

I 
Tv,," 10 Days 

-~t:l~--1;0-T_3~J ;-1-50" ... 
------- -1 I I 

j ssl 1'88 I l'S8 i I'S8 I'SS 1'88 

Inoculated 1 88 24S 3 33 3 76 4-08 I 4-46 

+ Animal charcoal I'SO l'S8 I 263 4'04 [ 4'20, 4'62 

,:'1 j'R4 3-51 I ,j'78 564 I 6'24! S'O:3 

3'16 I 4'22 4'831 5'34 

3'10 1 4'20 4'61 /)'92 

3'57 4'39 4'621 5'96 

Control 

+ Norit 

+- Coconut charcoal , .. ) 1'84 2'54 

+ Wood charcoal ! 1'80 201 

+ Polycarbon 1'84 1'88 
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TABLE IX. 

No·1 

I TIme ill Days 

I Start I IV 20 1~-30 
1 I Control .. , ... 4'6 

I 

4'6 I 4'6 i 4'6 
I 

4'6 4'6 .. , 
I 

I 

2 lnoc111ated .. .. , .. , 3'8 3'0 
j 

2'8 2'0 2'6 2'2 

3 I " 
+ Ani:ual charcoal '" 4'4 

I 
4'4 3'2 2'8 2'6 2'0 

4 " + Norit .. , , .. 4'2 

I 

2'4 

I 

2'0 
I 

1'6 1'4 1'4 

5 " + Coconut charcoal .. , 4'2 3'0 2'8 2'4 2"4 1'8 

6 " 
+ Wood charcoal .. ' 4'4 

! 
4'2 2'8 2'4 2'4 1'6 

7 " 
+ Polycar bOll '" 4'3 i 4'2 

I 
2'5 2'2 2'2 1'6 

Sulphur-Carbon ratio of the sulphur-oxidisine oreanism.-The 
O'eneral morphological characters of an organism do not satisfactorily 
~ettle the question of its identity, for most of the observations are 
purely qualitative; but they may be used with advantage provided 
definite quantitative data are revealed by its physiological behaviour. 
In the study of similar autotrophic oxidising organisms it has been 
found that a correlation existed between the amounts of carbon assimi­
lated and of substrate oxidised. This relationship has been ascertain­
ed in the case of nitrifying organisms by Meyerhof (Arch. ees. Physiol., 
1916, 164, 353) and of the sulphur.oxidising organism isolated from 
soil-sulphur compost by Waksman and Starkey (f. Gcn. I'hysiol., 
1923, 5, 289). Thus the sulphur-carbon ratio of the organism isolated 
from activated sludge should decide whether this is identical with the 
one so well studied by the foregoing authors; accordingly, the ques­
tion has been studied with the normal forms of organisms at 28° and with 
the involution forms at 35° to ascertain definitely the variations due to 
alteration in the structure of the organisms. 

The usual liquid medium of Waksman and Joffe was employed, 
but conductivity water was used in its preparation. The sulphur was 
weighed into the individual flasks of 850 c.c. capacity which had been 
cleaned previously with potassium dichromate-sulphuric acid mixture. 
The medium (300 c.c.) was placed in the respective flasks, plugged with 
cotton wool and sterilised in flowing steam for 30 minutes on three con­
secutive days, all manipulations being conducted under strictly sterile 
conditions; one C.c. from a seven-day culture of actively growing 
organism was used for inoculating each flask. Some flasks were not 
inoculated and thus served as controls. 
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Methods of analysis.-Acidity in 5 C.c. of the filtered medium was 
titrated with N /10 sodium hydroxide using phenolphthalein as indi­
cator. The hydrogen. ion concentration was determined colorime­
~ric~lly usin~ the colour standards of Medalia (lac. cit.) with the 
Indl~ator senes o! Clark and Lubs. Sulphate was estimated gravi­
metrically as barIum sulphate. Total solids were determined by 
evaporatmg the filtered culture in the desiccator over sulphuric acid in 
vacuum and weighing the residue. The total carbon of the culture 
was estimated by means of the wet combustion apparatus resembling 
that of Waksman and Starkey (I. Gen. Physio!., 1923, 5,289), the 
details of estimation being strictly observed. The accuracy of the 
method was checked with pure sucrose which gave nearly 
98 per cent. of the theoretical yield. Carbon was estimated in the 
control and inoculated samples at the end of various incubation 
periods, using 100 C.C of unfiltered medium; the balance was filtered 
and used for oth,-r determinations. The results are tabulated in 
Tables X and XI. 

In presence of the normal forms, sulphur·oxidation and carbon­
assimilation progressed rapidly; with increase in the carbon assimilated 
there was a corresponding rise in the amount of sulphur oxidised. In 
the course of 45 days 36 per cent. of the sulphur was oxidised with a 
fall in the hydrogen.ion concentration to less than PH 7'4. The ratio 
of the sulphur oxidised to carbon assimilated varied from 22'4 at the 
beginning of active growth to 46'95, falling to 40'85 at the end of the 
experiment, with an average of 40'75 parts of sulphur oxidised for 
every gram of carbon assimilated as carbon dioxide from the atmosphere. 
During the early stages the ratio was small indicating the economic 
utilisation of energy at the active growth phase, but with multiplica­
tion of organisms there was an increased intake of carbon with a 
proportionate rise in the sulphur oxidised, the sulphur-carbon ratio of 
the organism isolated by Joffe being 31'8 (lac. cit.). As the organisms 
developed under normal conditions of temperature and medium com­
position, the sulphur-carbon ratio of 40'75 seems to be quite character­
istic of the activated sludge organism; but it has been observed by 
Starkey (I. Bact., 1925, 10, 160) that with initial concentrations of I and 
5 per cent. sulphuric acid the ratios were 36'6 and 43'0 respectively, 
with the organisms having 31'8 as the ratio. Hence under favourable 
conditions the organisms might have a high sulphur-carbon ratio. 
Such conditions being absent with the observations herein recorded, 
we are justified in classifying this as a distinct species of sulphur­
oxidising organism. 

In presence of involution forms working at a temperatUl:e .(35°) 
most suited to their development, the amount of carbon aSSImIlated 
was very small, and the sulphur oxidised was also low. If the same 



Days 

o Control 

26 

-42 

Average 

.e Inoculated ... 

12 

16 

23 

.30 

37 

45 

TABLE X, 

Tlze Sulphur-Carbon Ratio wid, Norma! forms, 

M feb' I i Mgms, of sulphur as \ 1 I <> ~ S .l10~ms. 0 f ar dO~ III Mgms. of S04 in 100 c,c. of 1'1 f RatIo of )1 .:::: ..... ,E Total 
C,C. 0 me 1 m. I carbon medlum. s~~~·u~ Sulphur PH Z &-g solids: ----'---1--- a.ssimila~ i----- .------ oxidised I to I E~ s ! mgms. in 

1 I A I ted I 1 'A I Carbon · .... 0 ..... \ 100 c.c, l ' veragel veragel I 8 Z 0 

2'59 

2'46 

2'49 

4'24 

1'78 

2-04 

2'01 

3'71 

4'31 4'31 

6']2 

7'SO 

7'44 

8'55 

.. ,' 10'08 

5'30 

5'52 

6'72 

8'76 

10'38 

2'18 

2'25 

2'25 

I 2'23 i 

I~I 
5'71 

6'66 

7'08 

8'66 

I 10'23 

I 

1'75 

2'08 

3'48 

4-43 

4'85 

6'43 

8'00 

I 
7"69 8'24 7'96 I 4'6 0'39 

7'69 8'24 7'96 I I 4'6 0'38 

7'69 7'69 7'69 I 4'6 0'38 

'i 7"87\ i 

46'70 47'251-::-1 39'11 22'35 I 3'0 0-63 

100'eO 100-60 i 100-60 I 92-73 44-63 I' 2-4 0'96 

143'38 145'03! 144-21 1 136-34 39'13 1'8 1'30 

212'04 212'041212'04 I 204'17 46'07 I 1'6 1'65 

236'77 234'581235'681227'81 46'95 I j'6 1'79 

270'30 270'30 270'30 262'43 40'83 1'4 2'04 

370'26 370'26 t 370'26 I 362'39 i 45'29 I 1'4 2'63 

I Average /'"40:771 
I I I 

570 

580 

570 

710 

890 

1,080 

1,520 

1,600 

1,760 

2,310 

'" '" .. 



Days 

o Control 

20 

Average 

5 Inoculated ... 

16 

30 

40 

TABLE XI. 

The Sulphur-Carbon Ratio with Involution forms, 

I I U I Mgms. of Carbon in Mgms. of sulphur as 804 S 0 s I 100 C.c. of medium j Mgms. of in 100 c.c. medlUm Mgmo. of RatIo of .......... 1i).E:! Total 

I 

car,bon sulphur Sulphur PH Z p.,"g sohds,. 
-~-~-I ~~ I asslmi- 1--1 QXldised to t::o a rugms.lu 

1 2 Averag 1ated Average] Carbon ~~t:: I 100 c.c. 
! Z ! 

1'65 I 1'96 1'80 8'79 8'36 8'57 5'0 

2'50 I 2'11l 2'34 8'79 9'18 898 5-0 

2'07 S'77 

2'28 

2'75 

3'34 

3'37 

4'52 

2'46 

2'71 

3'34 

3'65 

4'99 

2'37 

2'73 

3'34 

3'51 

4'76 

0'30 

0'66 

1'27 

1'43 

2'69 

22'41 

37'14 

52'74 

/

58'23 

82'40 

21'32 

37'36 

52'52 

/

59'88 

83'50 

21'86 

37'25 

52'63 

59'D6 

82'95 

13'll 

28'49 

43'88 

50'30 

74'20 

43'92 

43'35 

3"68 

3512 

27'63 

3'4 

3'0 

2'5 

23 

20 

0'22 

0'23 

0'31 

040 

0'50 

0'55 

0'72 

360 

366 

400 

440 

52G 

560 

672 

..., ..,-
"" 
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volume-weight of the organisms both of normal and involution forms is 
considered from the point of view o[ the total surface, it will be evident 
that the involution forms would natnrally possess much less surface than 
the normal ones. As the rate of the reaction is proportional to the 
reacting surface, the energy requirements of the involution forms will 
be proportionately much less than those of the normal ones. Hence it 
is but natural to expect less intake of carbon by the involution forms 
with a corresponding decrease in the amount of sulphur oxidised. The 
velocity of oxidation in the latter instance has been reduced by 33'8 
per cent. during the period of observation. 

SUMMARY. 

The cultural and physiological characteristics of a sulphur-oxidising 
organism isolated from activated sludge are described. 

The organism develops on washed agar, silica jelly and gypsum 
blocks presenting both normal and involution forms; the characteristics 
and cultural behaviour are different from those observed by Joffe and 
co-workers. It withstands PH 6'6 and can utilise carbohydrates to 
some extent, oxidising more sulphur in their presence. Certain 
inorganic salts also have a favourable effect, the influence of sodium 
silicate being very marked. 

Additional air resulting in disturbance of the culture retards the 
progress of sulphur-oxidation. 

The influence of vegetable and animal charcoals has been studied 
and is found to accelerate oxidation. 

The sulphur-carbon ratio of the organism is 40'75; that of Joffe's 
31'8. Thus the organism is much more economical in the utilisation of 
energy. 

Peculiarities in the morphological and physiological behaviour, the 
higher sulphur-carbon ratio and other similar considerations afford data 
sufficient to classify the organism as a new species, capable of oxidis­
ing elemental sulphur to sulphuric acid and not accumulating sulphur 
within or without the cells. 

The author desires to express his indebtedness to Prof. R. V. 
Norris for his constant guidance and valuable suggestions. 
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