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.—BIOLOGICAL OXIDATION OF SULPHUR. PART II'.
Effect on the Microflora of Activated Sludge.

By C. V. Ramaswami Ayyar and Roland V. Norvis.

The value of microbiological analysis as a guide to the changes
occurring in the soil has been much debated with a growing tendency
to depreciate the reliability of inferences drawn from such work. The
reason for this attitude lies in the scarcity of standard methods and
the disregard of many factors limiting their applicability. = Waksman
(Soél Sci., 1922, 14, 343) has, however, shown that the plate method,
when carried out under well defined conditions, gives much reliable
information in regard to such changes, the number of the organisms
thus revealed serving to indicate the soil conditions. Since the
inferences drawn from such investigations have agreed with field
results obtained with various crops over a number of years, it is
clearly helpful to obtain information regarding the manner in which
the soil population is affected by external conditions.

As in our previous investigation on the biological oxidation of
sulphur (/. /udian [ust. Sci., 1928, 11A, 85), forming Part ' of the
present series, we have used activated sludge, which is to be regarded
as an intensified form of soil; the results may therefore be taken to
indicate the general type of changes occurring in a soil population
resulting from development of acidity. The work was also expected
to indicate improved means for the isolation of sulphur-oxidising
bacteria from this source. '

EXPERIMENTAL.

Suspensions of activated sludge were aerated under different
conditions for several weeks. Samples from each series were taken
every 24 hours for enumeration and examination of microflora. Three
sets of trials were conducted :—(1) Activated sludge alone, serving as
control, (2) activated sludge with sulphur and (3) activated sludge
with sulphur and mineral phosphate. The samples taken after suitable
dilution (usually 1 in 40) were plated out on (1) nutrient agar, (2)
wort-agar and (3) a special sulphur medium (/. Bact., 1922, 7, 606).
The plates were incubated for 24 hours at 37° in the case of (1) and
for 7 days at 30°, in those of (2) and (3). Comparative studies of the
number and type of colonies developing on the plates were made.
The reactions of the samples were also determined. The results are
presented in Figures I, II and III.

Activated sludge alone.—There was very little change in reaction,
the Py remaining about 5'9 throughout. No marked decrease in
bacterial numbers was observed as aeration proceeded. Considerable
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changes, however, took place in the nature of the organisms found.
At first spreading colonies ptedominated but soon died out, as did
also putrefactive and chromogenic bacteria. It was however observed
that the filamentous organisms believed to be responsible for the
bulking of sewage (/. /ndian Inst. Sci., 1929, {24, 133) persisted in
spite of continued aeration although the phenomenon has generally

been regarded as a symptom of inadequate air-supply. The number

of organisms developing on wort-agar or on the sulphur medium was
small, the reaction not being favourable to the development of fungi or
yeasts, and distinctly unfavourabie to the growth of sulphur-oxidising
organisms.

Activated sludge with sulphur.—In this series the results obtained
were quite different. As aeration continued, owing to biological
oxidation of sulphur, the acidity mcreasefi steadily, the reaction at the
end of ten days being PH.5'4. The conditions then seemed favourable
to acid-producing organisms as there was an abrppt rise in acidity,
the P, after another week reachxpg 28.  On continuing aeration, the
rate of change slowed down considerably, but eventually a Py, of about
21 was attained after another 14 days’ aeration.

This change in reaction had a marked influence on' the flora.
In the beginning, when the development of acidity was slow, the
bacterial numbers as shown by agar counts tended to increase, this
increase being particularly marked when the Py reached 54. The
agar counts in consequence reached a maximum between the 1oth and
15th days. The development of further acidity, however, checked
the increase of bacteria, and encouraged that of fungi and sulphur-
oxidising organisms.  The intermediate stage was characterised by a
rapid increase of Actznomyces and moulds which became the predomi-
nating types, a result which is in close agreement with Waksman's
observations in the case of soil (Sos/ Scz., 1922, 14, 74 and 151). At
first the Actinomyces predominated, but as the acidity rose these
decreased more rapidly than the moulds; among the latter, varieties
of aspergillus, fusarium, penicillium and trichoderma were the most
common. By the time, however, that the acidity reached a P, of 24
most of the moulds also had died out with the exception of fusarsusm
which seemed able to withstand a highly acid reaction, but did not
survive when the Py was about 2:2. No large increase in the number
of sulphur-oxidising organisms took place until the Py fell to 3-0.
Counts on the sulphur medium then increased rapidly while those
on nutrient agar and wort-agar became very low, the sulphur organisms
not growing on those media. Practically all other types were now
extinct. It was then easy to isolate sulphur-oxidising types even in
liquid cultures, they being almost the sole survivors when oxidation
was allowed to continue until a Py; of 2°2 was reached.
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Activated sludge, sulphur ana phosphate.—The results were inter-
mediate in character between those found in series I and II. This
was due chiefly to the buffer action of the phosphate added, the Py in
consequence undergoing less rapid variation. The phosphate added
was a mineral phosphate from the Trichinopoly deposits and contain-
ed about 17 per cent. of calcium carbonate together with impurities
such asiron and alumina. The initial Py was slightly alkaline being
about 7:2. Due to the buffer action already referred to (/. /ndian Inst.
Scz., 1928, 11A, 87) the Py changed but slowly in the initial stages and
not till 10 days had elapsed did the figure fall to 66, The acidity
then increased rapidly, the reaction changing from 66 to 4'0 in ten
days, after which Py 3°2 was reached.

In the beginning the bacterial counts were lower than in series
I and II, but later increased, changes similar to those described
under Series I taking place. Owing to the slower development of
acidity, these were later in developing, increase in Actinomyces occur-
ring between the 16th and 20th days. The counts on wort-agar and
sulphur media varied somewhat from those previously des¢ribed. The
presence of lime from the mineral phosphate appeared to check the
development of moulds and consequently the wort-agar counts did
not show marked increases until the Py had fallen to about 4'0. On
the other hand, the multiplication of the sulphqr-ogcldlslng types took
place at a rather earlier stage, the numbers beginning to rise ‘when the
P, reached 32. It is possible the phosphate had a stimulating
influence on those organigms.

SUMMARY.

During the progress of aeration and oxidation of sulphur there
was decrease in the number of faecal and putrefactive bacteria and of
. chromogenic organisms. At a latter stage, further specialisation took
place and only a few well defined soil types persisted. - When the Py
reached about 5'2 Actinomyces were the predominating organisms,
dying out at a reaction between 3 and 4, when moulds appeared in
large numbers. The latter surv1qu until the Py was about 21,
fusarium being usually the most resistant type. At this last stage,
the sulphur-oxidising organisms began to multiply vigorously; they
were almost the sole survivors and continued to increase and function
actively. Owing to the absence of nearly all other organisms, it was
then easy to isolate the sulphur-oxidising organisms in pure culture.

Department of Bio-Chemistry,
Indian Institute of Science,

[Accepted, 23-10-29.] Bangalove.



I.—BIOLOGICAL OXIDATION OF SULPHUR: PART IIL
A Sulphur-Oxidising Organism From Activated Sludge.

By C. V. Ramaswamz:'/lyyar.

A review of recent literature on the isolatio

organisms connected with the oxidation of sulphur an

n and study of

: : _ d its compounds
shows that the special organisms responsible for thé 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
that organisms isolated from sea-water, mud and sulphur-soi] 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.

extent, and

By composting sulphur, rock phosphate and soil it was found that
the sulphur was rapidly oxidised to sulphuric acid which acted
the tricalcium phosphate producing di- and monocalcium
In absence of a neutralising agent considerable quanti
accumulated in the compost, and by inoculating a suit
medium with such material, Waksman and Joffe (/, Bac:., 1922, 7, 239)
isolated a minute organism capable of rapidly oxidising elementy]
sulphur.  Brown (/. Amer. Soc. Agron., 1923, 15, 350) succeeded N
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 aerateqd
until a high acidity developed.

upon
phosphates,
ties of acid
able culture

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 Py 2°1 and eliminated practically all the contaminating organisms,
leaving the sulphur-oxidisers as almost the sole survivors. If the
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mixture is then directly inoculated into the sterilised liquid medium
of Waksman and Joffe (/. cit.) and incubated at 28~30°, the growing
organisms render the culture medium uniformly cloudy within a week
when sulphur is present as the chief source of energy. By repeated
sub-culturing in the liquid medium pure cultures of sulphur-oxidising
organisms were obtained. In presence of a neutralising agent such
as tricalcium phosphate, there was a characteristic formation of
gypsum crystals which appeared concurrently with the development
of cloudiness. The Py of the medium remained 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 (/. Bact., 1922, 7, 606) with certain modifications. The
liquid medium contained (in grams per 1000 c.c. of distilled water) :—
(NH,), SO,, o*2 ; MgSO,, o'1; FeSO,, oo1; H,KPO,, 5:0; CaCl,
o'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 Py 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° (/. Bact.,
1920, 5, 591); a 2'5 per cent. solution was filtered clear, tubed in
10 c.c. portions and sterilised in an autoclave at 15 1bs. The following
solutions were prepared (in grams per 100 c.c.) and sterilised :—(1)
H,KPO,, 30; (2) NH/CI, o'1; MgCl, o1 and CaCl, o°25; (3)
Na,S,0,5H,0, 50.

The agar was melted, cooled to 40° and plates made by placing
1 c.c. each of solutions 1, 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 preparation of agar or
silica gel media.

Stlicic acid gel.—The method of Beijerinck as described by Gibbs
(So2/ Sci., 1919, 8, 439) combined with the modification suggested by
Waksman and Carey (/. Bact., 1926, 12, 90) gave satisfactory results.
From a normal solution of hydrochloric acid, 5 c.c. portions were placed
in a series of test tubes and varying amounts of an equivalent solution
of sodium silicate added. The contents of the tubes were immediately
mixed and poured into dishes, and the mixture where the gel formation

took place within two to five minutes was chosen, It was found that
2
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5 c.c. of silicate solution gave the best results. To 15 c.c. of normal
hydrochloric acid 15 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.

Morphology.—The organism when grown on the synthetic medium
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, /. 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 x with numerous forms intermediate
in size (Figure 1I). 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.

A gar 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, :
colony. Examination under the microscope revealed a central
with a creamy, uniform margin (Figure III).

creamy
nucleus

Stlicic acid gel plates.—The colonies obtained b

; using silicic acj
gel were more satisfactory than those on washedy g silicic acid

agar, which they
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resembled but were somewhat more fden_se. They began to ap eat Jn
two days and developed rapidly allfove\r\ the plate ::1tt:;1i;:5m)g;é ir

maximum development in 7 to 10 days 'ncréé._sing in d%]m the
margin to the centre, the former being w ~i8’a1343§;{a;‘f" #der the

microscope_. The organisms exhibited the same ¢hatacteristics 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.
They were inoculated on the surface from a pure culture grown in
liquid medium and incubated 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 djd 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 ammonium salts, suggesting
that it might be able to assimilate atmospheric nitrogen. This aspect
of the question is being further investigated. '

Influence of various inorganic and organic con pounds on the amount
of sulplur oxidised.— A detailed study has been made of the influence
of various inorganic and organic compounds on the oxidation of
sulphur by a pure culture of the organism. The medium was distri-
buted in 500 c.c. portions in 850 c.c. flasks containing 5 gms. of
sulphur flowers and o'1 per cent. of salt under test, the flasks being
sterilised in steam in the usual way. The organic compounds were
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sterilised separately and then added to the sterile medium. The flagks
were all inoculated with I c.c. of a 1-in-350 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
Py was determined by the colorimetric method using the colour
standards of Medalia (/. Bact., 1920, 7, 58¢) and the total acidity
estimated by titrating 5 c.c. of the culture medium against N/so
sodium hydroxide using phe_nolphthalein 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‘t.he presence of ammonium sulphate, aluminium
sulphate and sodium silicate over the same period the amounts were
4380, 307°0, and 278'0 mgms. respectively. In presence of organic
compounds such as lactose, mannitol and glycerol the amounts
oxidised were 256'0, 2230 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 fa]] in
Py was quite rapid in ali and reached 1-2 within 4o days, there beip
a_progressive development of titratable acidity in ail the cultures,
The behaviour of sodium silicate was the most remarkable,
Py was 6-6 and the organism did not show any activity for over 1o days
being able, presumably, to acclimatise itself to the new conditions ; it
eventually began to grow rapidly, P, 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 Py limits are from 6:6 to 1-4, far higher than
those observed by Joffe (loc. ¢cit.) for his organism., With aluminjum
sulphate, manganous sulphate, ammonium sulphate and tricalcium
phosphate, the P, was fav_ograble 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. 'Ijhroughout the series accumulation of free acid
rose proportionately with the amounts of sulphur oxidised as indicated
by the titration figures shown in Tables 1and II. The P, values of
the series are shown in Tables 111 and IV, :
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TABLE 1.
INORGANIC SALTS SERIES.

Titratable Acidity in c.c. of N/50 Sodium Hydvoxide
for 5 c.c. of Medium.

Time in days

Start 7 12 20 30 40 50
. ) I
Sulphur only e | 55 57 96 123 159 22+1
Sodium thiosulphate only ...| 54 55 20°3 222 27'5 30'8
With aluminium sulphate ..} 64 17°5 282 345 45'1 541 603
,» manganous sulphafe 65 126 315 399 455
,, ammonjnm sulphate .| 67 | 144 | 322 | 419 | 55 | 725 | 834
,» ferrous sulphate 61 89 1440 18°1 v 220 261 31'3
., calcium phosphate e 5:5 70 168 22:7 24'3 254 264
,, sodium silicate w | 35 35 | 61 | 208 | 325 | 443 | 511
TABLE II.
ORGANIC COMPOUNDS SERIES.
“ Titratable Acidity in c.c. of N/ 50 Sodium Hydyoxide
for 5 c.c. of Medium.
. ,
Time in days
Start 7 12 20 32 40 50
. 1
Sulphur only ] 535 57 96 12'3 159 221
With dextrose C e 54 53 16-5 18°1 20°2 224 269
. glycerol 54 57 17-4 27°3 304 334 402
,, alcohol | 53 59 105 | 42 | 168 | 190 | 234
,- mannitol 52 53 145 237 348 390 49-4
,» lactose 53 57 17-2 337 406 44-3 510
,» fructose 53 79 237 293 32-8 371 47°0

3
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TABLE III.

Inor gantc Salt Series ; Change in Py,

Time in days

T Start} 7 i 12 20 30 40 50

Sulphur only e { 51138 ) 24 ) 22 ) 19| 147 | 17
Sodium thiosulphate ... .. | 50 { 46 18 18 | 1'8 | 17 17
Sulphur + aluminium sulphate ... o | 28 ro | 17 | 15| 12 12 12
. + manganous sulphate ... e | 4°5 2°2 15 14 1-3 1.3 {12

” + ammonium sulphate ... e | 47 23 16 1-3 1-2 1-2 1-2

. + ferrous sulphate e |32 2°5 2:0 1'8 17 1 17
.+ calcium phosphate .. ol 49 30| 28 | 25| 24 | 224 | 224

. + sodium silicate ... | 66 66 35 17 16 1'3 13

TABLE 1V.

Organic Compounds Series ; Change in Py.

Time in days

T Start] 7 | 12 | 20 | 30 ‘ 40 \ 50
e —————————— ‘ gL N U

Sulphur only - .1 50 1 38 ) 24 ) 22} 19} 17 | 17
With dextrose .| 50 ‘ 33 9| 19 { 17 17 17
,, glycerol .1 50 ! 44 | 18| 17 | 16 } 16 | 13
,, alcohol \ 50|34 | 23| 21| 19 18 17
,, mannitol ..l 50 38 19 17 16 ! 14 1-2
,, lactose E 50} 37, 18} 1'6 | 14 I 133 | 12
,, fructose . i 5-0 2'6 17 1'6 1-6 15 14

of the substances added. All the sugars disappeared rapidly, lactose
and mannitol 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 the medium was even more
marked in these cultures. Sulphur-oxidation was not as vigorous as
in the inorganic media.

The stimulating action of such inorganic salts on biological
processes has been noticed previously, and their influence on nitrifi-
cation and ammonification studied by Brown and Munges (Soz/ Sci.,
1916, 3, 67) and others. It has been argued that the salts of aluminium
undergo hydrolysis producing a strongly acid medium. With initial
P, 2°8 it would be expected that the sulphur-oxidising organisms,
being able to tolerate 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 aluminium salt

showed a distinctly stimulating effect. On the other hand, the superi-
ority of ammonium sulphate to alumimum.sulphate cou!d be .tr'aced to
the favourable effect of easily available nitrogen, readily utilised by
the organisms for their development and activity. In the case of
sodium silicate, however, the remarkable effects are most prol?a_bl_y
attributable to the increased surface presented by the colloidal silicic
acid, and not to the reaction of the medium which approached

neutrality.

yoanic compounds.—It has been mentioned above
that jzzlet)e:é;dgt:sgwere faeourable to the bacterial oxidation of
sulphur; this was observed also by _V_Vak.sman and Joffe (oc. cit.) who
attributed the stimulation to their utilisation by the organisms. Starkey
(/. 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 c.c. portions
of the synthetic medium in 250 C.C. Erlenmeyer flasks, containing the
various organic compounds in the same concentration as before, were
inoculated with a pure culture of the organism and placed under bpll-
jars covered with black paper and sealed with tap-grease. The jars
containing the cultures were aspirated with air passed through
00 per cent. caustic potash and soda-lime tubes. Similar guard-
tubes were also provided on the ot.her side of the beil-jars close to the
pump by which air was drawn into the system. Care was taken to
renew the solution as frequently as possible during aeration ; a corres-
ponding series was run under normal conditions over the same period.
The cultures were analysed after one month.
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In corpparing the activity of th_e respective series, the amount of
sulphur oxidised in the sulphur series without the organic compound
was taken as unity ; the ratios are given in Table V.

TABLE V.
Ratios of sulphur oxidised
Substance added
Ordipary air | Air free from CO,
Sulphur only 1-00 1-00
»»  +glhicose 160 0-56
. +lactose 295 227
.. +mannitol 442 306
,,  +glycerol 342 175

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 could be obtained from
the air and from the organic compounds. This observation confirm-
ed the view expressed by Starkey (foc. cit.) that in the presence of
organic compounds a general stimulation is noticeable, due to utilisa-
tion of carbon from the substances supplied.

Influence of aevation.—Ranganathan and Norris (/. [udian Inst.
Sci., 1927, 10A, 114) have ob;served 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 28-30° was aerated, and
periodical samples withdrawn under sterile conditions to determine
titratable acidity, Py 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 thg amount of
sulphur oxidised in the aerated culture as compared with the un-
aerated. [Even though there had been a slight fall in Py with rise in
titratable acidity, these did not compare favourably with the unaerated
series, confirming the observation that additional air disturbing the
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culture adversely affects the normal growth and development of the
organisms, with considerable diminution in their activity.

TABLE VL

Rate of sulphuy oxidised with and without aevation.

|

u
| Mgms. of sulphur in |

I'Titratable acidity in c.c.

 Analysis 100 c.c. }11)1112“3;{:3? J Pu- 1 N/50 I;Tni(giliger c.c.
after el ~—'~‘v oxidised, }_,,_,___T_,, R e P
Aerated : Lvlrjztlte d : mgms. ‘\ Aerated :, ag':t-e d ; Aerated i aeg&é d
Covtrol .| &78 . §78 | 48 % 48 1110 '( 110
7days .l w3 | ww ]4 058 i 38 } 38 1116 i 1-24
12, .| 1923 32-40 ! 137 | 27 24 146 1-92
20, .| ss | 5050 | 1891 [ 24 22 179 i 246
0, .. 412 ! 7080 } 29-60 l 23 19 | 208 | 320

Influence of Light.—The effect of exposing micro-organisms to
direct sunlight, diffused light, polarised light and in darkness has been
recorded (Giltner, Microbiology), 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 of Charcoals.—The important effect of surface phenomena
in biological reactions has been well recognised, and chemical changes
produced by organisms mostly occur 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 (/. 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 thatin any hanging drop culture
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examined under a microscope with a few particles of sulphur, the
organisms clung to the surface of the particles which grad,ually
disappeared in the course of afew minutes, suggesting 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. Ar}y process enlarging the surface exposed should
lead to increased oxidation by the organisms.

[t has been known t};at charcoals are definite
ossessing enormous surface and high power of a son - .
Ix)vas thought that their introductipn igto culturegs?;?gt;lotnl,e al':ieri(;eaxr‘lc

increased rate of oxidation. Moredver, an interesting observation h

been recorded by Hutchinson (Sci. Rep. dgvi. Res. 7y o aj
25, 38) that addition of charcoal in smal] quantities to 2 o 9;‘;}

phosphate compost enhanced the rate of phosphate solubilisati p Nr-
reason has been assigned to the acceleration, but it is it lon.b blo
that this might have resulted in the increased oxidation gf " ﬁro a'tﬁ
consequent production of sulphuric acid, this in turp ha tp Jr w;h
production of soluble phosphate. This solitary and Senmi b]e
observation suggested a detailed inquiry into the general br;:lm"‘_r able
charcoals, both vegetable and animal, to explain the eha\qour of
acceleration. mechanism of

catalysts to oxidation,

At this stage, it is enough to investi
acceleration in oxidation of sulphur due t
charcoals in the least quantity possible as in- . )
above. In the experiments to be reported hereéggeixgg?m?ms cited
the respective dry charcoals has been employed. T looy 0°05 gm. of
medium contained in 250 ¢.c. conical flasks was addeq O.OC-C, of liquid
charcoals, sterilisation being effected by flowing steam fo 5 gm. of the
in 3 days. Inoculation with one c.c. of the pure culture rf \1310 o
incubation at 28-30°, periodical analysis being made fo owed and
acidity, Py and amount of sulphur oxidised. ese aOr titratable
Tables VII, VIII and IX. It will be seen from the tap) re tg-wen in
has been an all round acceleration in the amount of gy (;'15 at there
with all the charcoals irrespective of their source ths u; 0x:d1§ed
influence being at a maximum in the norit serjes, The : ltm ulating
‘mechanism of this activation will be discussed in a later nature and
ratio of increased oxidation varied from 1°5 to 30 when COI;?per. T.he
the sulphur series without charc%a;]. With the fall pared with
corresponding increase in titratable acidity, which m;
various factors. These may be the increasz in the haxzxn;%gt b? du? w©
introduced by the charcoals, their electro-kinetic behayioyy o tS}?r gf:e
placement of bases from the charcoals liberating some ,s(t)irmule t.ls-
bases like aluminium or manganese, which have been previous] ﬁ ing
to accelerate the oxidation of sulphur. Alternatives are Ygi n(::aﬁ

gate whether there was any

o the introduction of various

in P there was a’
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mulation of growth or adsorption of gases from the air which might
: readily utilised by the organisms for their cell respiration and deve-
pment with the consequent increase in activity. Other physical
ctors such as surface tension and viscosity, which numerous workers
wve shown to be effective in modifying profoundly the behaviour of
icro-organisms, might also account for the observed stimulation.
‘hese possibilities are being investigated.

TABLE VIL

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

Time in days
No, —_— ! ! |
Stait 10 20 | 30 | 40 50
e
1| Control ... 1 604 | 604 742|769, s2| su
2 | Inoculated ... o 7ee | evaz | osed 66'92% 7718 | 8735
3 4 Avimal charcoal ...| 769 | 106 | 3598 7938  sve7 | 974
4 ., + Norit .. ol 769 | 6346 | 10065 | 13047 | 15990 | 2096
5! ., + Coconutcharcoal.. | 6359 | 3214 | 5302 9093 102418 | 1217
6 " 4+ Wood charcoal ...| 714 | 1264 50°82 | 8908 | 10411 172:8
4 ., + Polycarbon .| 7| 1006 | 6567 83'78f 1039 | 1390
TABLE VIII. '

Titvatable acidity in c.c. of N|50 Sodium Hydroxide per c.c. of medium.

Time in Days
No- e Start i 10 20 ‘ 0 | 40 50
1 | Control 1-88 1-88 1-88 E 1-88 1-88 1-88
2 | Inoculated ... o 18| 248 333 376 | 408 | 446
3 .- + Animal charcoal ... 1-80 1-88 1+ 263 : 404 420 462
4 N + Norit ... . L8| 51| 478 564 | 62| 803
5 . + Coconut charcoal ... 1-84 2°54 316 422 4:83 534
6 ' + Wood charcoal ... 1-80 201 310 ‘ 420 4:61 6-92
7 " + Polycarbon 1-84 1-88 357 4:39 462 596
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TABLE IX.
Céll??-ge 292 PH"

g' Time in Days
ND‘% T | Start % 1e é 20 i . 7? R

| I T I Tt § %

1 % Control ﬂf 46 46 % 46 i; 46 § 46 46

2 | fuoculated .. RN L g 26 { 26 | 92

3 . + Animal charcoal ... é 44 &4 } 32 | 28 i 2 2q

4 §L ' + Norit S 42 [ 24 g 2°Q 5} 16 \; 1q 14

5 g g + Cocoput charcoal ... f 43 i 30 i 28 | 29 % g 18

6 3 . + Wood charcoal } 44 \ 42 § 2’8 i 24 i 24 16

7 \f ) + Polycarbon '3 43 ! 49 ( >5 ( 29 :{ 33 § 16

Sulphur-Carbon ratio of the sulphur-origi., )
genera] morphological characters of ai organig:;z}éi zzfa”??"”'r_he
settle the question of its identity, for most of the oh Satistactonly
purely qualitative; but they may be used with . dvantS:rvatmns. are
definite quantitative data are ravealed by its physiolo ica%eb Prov;ded
In the study of similar autotrophic oxidising Organ%sm ,tegxavxour.
found that a correlation existed between the amount s 1t has been

A 8 imi
lated and of substrate oxidised. This relationship h;;f ggésoaz; (?esrstan.
ed in the case of nitnfying organisms by Meyerhof (Arch, ges, P féys?;?.

L .y

1016, 164, 353) and ot the sulphur-oxidising orean i

soil-sulphur compost by Waksman and Sgtark§y n;sjm (E;S,;lati% irf);“
1823, 5, 289).  Thus the sulphur-carbon ratio of the organi§m isgng é
from activated sludge should decide whether this is identical with ti
one s0 well studlefi by the foregaing authors ; accordingly, the e
tion has been studied with the normal farms of organisms at ;go an dqx;‘fg

the involution forms at 35° 1o ascertain defipitely th fati
ion i € vanat
alteration in the structure of the organjsms. d tons due to

The usual liquid medium of Waksman and J
but conductivity water was used in its preparation.
weighed into the individual flasks of 850 c.c. ca
cleaned previously with potassium dichromate-
The medium {300 ¢.c.) was placed in the respec
cotton waol and sterilised in flowing steam for
secutive days, all manipulations being condu
conditions; one c.c. from a seven-day cult
organist was used for inoculating each flask
inoculated and thus served as controls.

offe was employed,
_ The sulphur ‘was
pacity which had beeq
sulphuric acid mixture,
tive flasks, plugged with
3ominutes on three cop.
cted under strict} y sterile
ure of actively growing
- Some Rasks were not

201

Meshods of analysis— Acidity in 5 c.c. of the filtered mediom was
titrated with N /1o sodium hydroxide using phencliphthalein as indi-
cator. The hydrogen-ion councentration was determined colorime-
trically using the colour standards of Medalia {(loc. ¢2£) with the
indicator series of Clark and Lubs. Sulphate was estimated gravi-
metrically as barium sulphate. Total solids were determined by
evaporating 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 (/. Gen. Physiol., 1923, 5, 284), the
details of estimation being strictly observed. The aceuracy 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 mediam; the balance was filtered
and used for other determinations. The results are tabulated in
Tables X and XI.

In presence of the normal forms, sulphur-oxidation and carbon-
assimilation progresseq rapidly ; with increase in the carbon assimilated
there was a corresponding rise in the amount of sulphur oxidised. Ia
the course of 45 days 36 per ceunt. of the sulphur was oxidised with a
fall in the hydrogen-ion concentration to less than Py i°4. The ratio
of the sulphur oxidised to carbon assimilated varied from 22+ 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 ratia of
the organism isolated by Joffe being 358 (for. r72.). As the organisms
developed under normal conditions of temperature and medium com-
position, the sulphut-carbon ratio of 4075 seems to be quite character-
istic of the activated sludge organism; but it has been observed by
Starkey (/. Bact., 1925, 18, 160) that with initial concentrations of 1 and
5 per cent. sulphuric acid the ratios were 36:6 and 430 respectively,
with the orgamisms having 318 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 classilying this as a distinct species of sulphur-
oxidising organism.

In presence of involution forms working at a temperature (35°)
most suited to their development, the amount of carbon assimilated
was very small, and the sulphur oxidised was also low, If the same
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volume-weight of the organisms both of normal and involution forms is
considered from the point of view of the total surface, it will be evident
that the involution forms would naturally 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 iess 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 338
per cent. during the period of observation.

L wiwy® SUMMARY.
1 & ¥4 The cultural and physiological characteristics of a sulphur-oxidising
\ e& ? or%anism isolated from activated sludge are described. '
s he orga{lism develops on wgshed agar, silica jelly and gypsum
O blocks presenting both normal and involution forms; the characteristics

and cultural behaviour are different from those observed by Joffe and
co-workers. It withstands Py; 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
3i'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.
_errivfor-his constant guidance and valuable suggestions.

Department of Bio-Chemistry,
Indian Institute of Science,

Bangaloye.
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