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ABSTRACT

Effects of 13 organic compounds including glucose, fructose, xylose, glutamate,
succinate, malate, glyvcine, lactate, acetate, pyruvate, citrate, formate and cis-aconitate
on the oxidation of thiosulfate and the availability of these compounds as the substrate
for the respiration by Thiobacillus concretivorus,which is known to be an obligated
autotroph, were studied. Malate and glycine at 0.5 per cent concentration nea-
rly doubled the thiosulfate oxidation compared ¢to the control. No other organic
substances enhanced the thiosulfate oxidation. Moreover, some 30 to 40 per cent
inhibition of thiosulfate oxidation could be observed by glutamate, succinate, lactate
and acetate. Pyruvate and citrate inhibited the thiosulfate oxidation by nearly 60 to
70 per cent, and formate and cis-aconitate resulted in the complete inhibition sconer
or later. On the other hand, glucose was proved to be of no influence on thiosulfate
oxidation. Fructose and xylose injured the activities a little (10 to 20 per cent).

Respiration rates were much lower in the thiosufate-free organic compounds-salts
medium, indicating this organism prefers thiosulfate to any other organic compounds
tested as the substrate for respiration. Compared to the result obtained from thio-
sulfate-salts medium, some 30 to 40 per cent decrease was recorded by fructose,
citrate, xylose, malate, glucose, glutamate and succinate. No respiration could occur
when formate and pyruvate were supplied as the substrate for respiration. But it
was obvious that glucose, fructose, xylose, glutamate, malate, citrate and succinate
could be used as the substrate for respiration to some extent, regarding the fact that
some increase in respiration rates could be recorded compared to the result from the
salts medium, where neither thiosulfate nor organic compounds were added.

Thus, it was postulated that this organism could possibly be converted into mixo-

troph or heterotroph if appropriate conditions could be prepared.

rium which can wutilize thiosulfate,

INTRODUCTION sulfur or H,S as the sole source of
Thiobacillus concretivorus is known energy, and CO, as the sole source of
to be an obligatory autotrophic bacte- carbon. When Winogradsky first de-
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monstrated rigorously the existence of
obligate autotrophs through his studies
on the nitrifying bacteria (1890), he
emphasized that organic compounds are
not merely untilizable by these organi-
sms, but are inhibitory at relatively
low concentration (Winogradsky and
Omeliansky, 1889). Silver et al. (1967)
demonstrated that 10 per cent glucose
inhibited the oxidation of sulfur and
iron by Ferrobacillus ferrooxidans. By
LeJohn et al. (1967),

table carbon sources gave rise to cata-

several fermen-

bolic repression of all enzymes implica-
ted in thiosulfate oxidation in the facu-
Itative chemoautotroph, 7. novellus. By
Borichewski(1967),a low concentration
of keto acids(107*M), especially pyruvic
acid, Is a growth-limiting factor in
autotrophic growth of T. thicoxidans.
Similar observations have been made
on Nitrobacter agilis and some other
autotrophic Thiobacillus species, but
addition of
pyruvic acid inhibited only the hetero-
trophic growth of T. denitrificans(Pan
and Umbreit, 1972).

they demonstrated that

On the other hand, a number of
workers have shown that obligatory
autotrophs are not, in general, unu-
sually susceptible to growth inhibition
by organic substances. As early as 1902,
Thiobacillus
thioparus can grow in the presence of

Nathanson observed that

some simple organic compounds at con-
centrations as high as 0.5 per cent(w/
v). Later work on 7. thicoxidans indi-
cated that up to 1 per cent concentra-
tion of dextrose did not injure the
activities of this organism(Waksman
and Starkey, 1923).

Recently,the use of tracer method has
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shown that some organic compounds
can be absorbed by obligate autotrophs
and incorporated into cell materials.
The assimilation of one or more organic
compounds has been demonstrated for
thiobacilli(Butler and Umbreit, 1966;
Vishniac and Santer, 1957; Smith, Lon-
don, and Stanier, 1967), Nitrobacter
(Smith 1968; Ida and
Alexander, 1965) and blue-green algae
(Smith, London, and Stanier, 1967).
Though a variety of researches has

and Hoare,

been concentrated on the autotrophic
metabolism of most species of thioba-
cilli, there still is little information
concerning the nutritional nature of 7.
concretivorus. The experiments reported
here, so, were undertaken to determine
the effect of various organic compounds
on the oxidation of thiosulfate by T.
concretivorus and the availability of
these compounds as the substrate for

respiration by this organism.

MATERIALS AND METHODS

Cells of T. concretivorus isolated and
identified in this laboratory were grown
for 7 days at 30°C in a 500 ml flask
on a reciprocal shaker(112 rev/min).
The medium used contained: 2 g of (N
H):80, 0.3 g of MgS0,-7H0, 0.3 g of
CaCl,-2H,0, 0. 01 g of FeS0,-7H,0, 4 g of
KH.PO, and 10 g of Na,S$,0,-5H.O in 1,
000 m! of distilled water, with the final
PH of 4.6. Thiosulfate was sterilized
separately with Seitz filter and added
aseptically after the medium was auto-
claved for 15 min at 121°C. Cells were
harvested by centrifugation at 10,000
K G for 10 min and were washed twice
with 0.0016 M H,SO,(pH 2.4).

These cells were subsequently ino-
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culated in the same medium and incu-
bated for 60 hr to get physiologically
active cells (late lag phase) and har-
vested by centrifugation, which again

were washed twice and suspended in

the medium above (0.5-1.5 % 10%ells/ml).

This suspension was used for the de-
termination of the effects of organic
thio-
sulfate. For the determination of the
availability of compounds,
exactly the same procedure was adopted
of thiosulfate
in preparing the cell suspension after
60 hr of incubation.

Experiments

compounds on the oxidation of
organic

except for the omission

carried out by
standard manometric method. The ma-
in compartment of each Warburg vessel
contained 1.8 ml of cell suspension. In
the center well was placed 0.2ml of 20
per cent KOH, 0.2 ml of organic

pound was placed in the side arm which

were

com-

was tipped into after 2 to 3 hr, yielding
the final concentration of (.5 per cent.
Control was prepared by replacing the
organic compound with sterilized H,O,
for the determination of the effects
of organic compounds on the oxidation
of thiosulfate. For the determination
of the availability of organic compounds,
control was prepared by placing thios-
ulfate in the side arm. To measure the
endogeneous respiration, neither thio-
sulfate organic compounds was
added. Instead, H.O was added.

All the organic compounds were ste-

nor

rilized separately. Initial pH of the cell
suspension and organic substances was
adjusted to 4.8. The gas phase was air,

13 kinds of organic compounds were

used as follows; glucose, fructose.

glutamate, xylose, acetate, cis-aconitate,

lactate, succinate, malate, pyruvate,

citrate, formate, and glycine. All the

organic acids used were of sodium saits.

Consumption of O, was measured at
20 min interval for 8 to 10 hr. Uptake
of O, during 6.5 hr and 5 hr after
tipping was expressed as s/ 0,/10° cells/
ml for the determination of the effects
of organic compounds on the oxidation
of thiosulfate and the availability of

organic compounds, respectively.
RESULTS AND DISCUSSION

the
effects of organic compounds on thio-

Results of the determination of

sulfate oxidation are shown in Figs. 1,
2, 3 and Table 1. As seen in Fig. 1 and
Table 1,
added) showed 73.5uf of O, uptake per

10° cells/ml during 6. 5hr when fructose

control(no organic matter

and xylose were added, the O, uptake-
decreased to §9.8 and 81.6 per cent of
control, respectively, where no marked
No inhibition of
thiosulfate oxidation was observed by
the addition of glucose (Fig. 2, Table .

inhibition was noted.
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Fig 1. Effects of organic compounds on the
oxidation of thiosulfate by T.concretivorus.
(Thio=thiosulfate; Fru=fructose; Xyl=
Xylose; Glt:=glutamate; Suc=succinate)
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Fig 2. Effects of organic compounds on the
oxidation of thiosulfate by 7. concretivorus.
(Mal =malate; Gly=glycine; Thio=thios-
ulfate; Glu=glucose)
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This well coincides with the observa-
tions for other autotrophic thiobacilli
(Waksman ef al., 1923;
1967).

Malate and glycine

Silver et al.,

nearly doubled
the O, uptake of this organism (Fig. 2,
Table 1). Borichewski(1967)
that keto acids at low concentration
{107*M) T.
thiooxidans. In present study, result is.

reported
inhibited the growth of

quite different from his observation.
On the other hand, Pan and Umbreit
(1972) indicated that, though pyruvate
inhibited the growth of Nitrobacter a-
gilis at 5 X 107° M concentration, 10°°
M pyruvate did not inhibit the growth
of T.thioparus, T.denitrificans, and T.
neapolitanws on thiosulfate. But on
glucose, addition of 107* M pyruvate to
the culture of T.denitrificans growing
in dialysis culture immediately stopped
the growth, whereas the same addition

to the dialysis culture on thiosulfate

Table 1. Effects of organic compounds on the oxidation of thiosulfate by T.concretivorus.

Material 03 }Jpqaki at 0: uptake 6.5 l;r Net QJ.UPFakE Per cent
tipping after tipping after tipping of control

Thiosulfate 60 133. % 73.5 100
Fructose 58 124 66 89. 8
Xylose 58 118 60 81.6
Glutamate 62.5 109. 5 47 73.9
Succinate 56 106. % 50.3 68. 7
Glucose 60 131.5 71.5 97.3
Malate 56 213 157 213.6
Glycine 56 199 143 194. 6
Lactate 27 73.5 46.5 63.3
Acetate 30 71.5 41.5 57.8
Pyruvate 60 92 32 43.5
Citrate 56 82 26 35.4
Formate 62 85 23%* —
Cis-aconitate 57.5 57.5 0 0

* 1 2d0;/108 cells/mi
** : Complete inhibition was recorded 4.5 hours

after tipping.
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had no significant effect. Though they
observed that no significant inhibition
on thiosulfate oxidation was occured
by pyruvate, there still is no report
keto acids accelerated the oxi-
thiosulfate. Thus, it

very interesting that malate at such a

that

dation of is

high concentration as 0.5 per cent did

really double the O, uptake. Further
study should Le necessary on this
problem.

Glutamate, succinate, lactate and

acetate inhibited the thiosulfate oxida-
tion by some 30 to 40 per cent (Figs. 1,3
and Table 1). Though pyruvate inhi-
this still
of

Borichewski who observed the comyplete

bited by nearly €0 per cent,

did not coincids with the results

irhibition of sulfur oxidation by T\ #hi-
ooxidans by 2 X 107 M pyruvate (1967).
inhibited the

Formate completely

thiosulfate oxidation 4.5 hr after addi-
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Fig.3. Effects of organic compounds on the
oxidation of thiosulfate by 7. concretivcrus.
Thio=thicsulfate; Pyr=pyruvate; For=
formate; Cit==citrate; Lac=lactate; Ace-=
acetate; Cis=cis-aconitate.

tion, and nc thiosulfate oxidation could

take place when cis-acenitate was added

Table 2. Effects of organic compounds on the respiration of 7. coiccretivcris in the absence

of thiosulfate.

8l a1
Material O; uptake at

0. uptake 5hr

Net O, uptake Per cent

tipping* after tipping* after tipping* of control
Thiosulfate 43 128 83 100
Fructose ol 100 53 69,0
Citrate i7 102 55 G 3
Xylose " 100 53 £3.9
Malare 16 98 Hy 59
Glucoze ol 97 L6 !
Glutamate 16 a4 48 5708
H.O 15 a2 4 53
Succinate 10 90 50 G0. 2
Cis-aconitate 43 78 30 3a. 1
Glyvcine 47 79 32 38.8
Acetate 50 70 20 24
Lactate 32 G0 8 3.7
Formate 45 45 0 0
Pyruvate 32 32 0 0

* ol 0,/108 cells/mli.
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{Figs. 1, 3 and Table 1). By Smith and
Hoare (1968), 1 to 10 mM concentration
of acetate did not affect the rate of
nitrite oxidation by N. agilis.Moreover,
they reported that N. agilis could assi-
milate acetate even in the absence of
nitrite. In present study, on the con-
trary, a marked decrease in thiosulfate
oxidation was resulted by the addition of
acetate (42.2 per cent). Result was the
the same when the respiration was me-
absence of thiosulfate
(Fig.5, Table 2).

The data on the determination of the

asured in the

availability of organic compounds as
the substrate for respiration are seen
in Figs. 4, 5 and Table 2, 3. 83 ¢ O, was
consumed in control during 5 hr after
tipping by 10® cells/ml.

respiration rates were much lower when

In general,

fructose, citrate, xylose, malate, glu-

cose, glutamate and succinate were

added, compared to the values obtained

1
+

i 2 3 4 5 6 7 8
HOURS

Fig. 4. Availability of organic compounds
as the substrate for the respiration of 7.
concretivorus. Thio=thiosulfate; Fru=
fructose; Cit=citrate; Xyl=xylose; Mal=
malate; Glu=glucose; Glt=glutamate; Suc
=succinate
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by the addition of thiosulfate. Some 30
to 40 per cent decrease was recorded
(Fig. 4, Table 2). Among them, O,
uptake was highest when fructose was
supplied as substrate. Unexpectedly,
citrate showed relatively high availa-
bility regarding the fact that only 35
per cent of thiosulfate oxidation could
occur when it was added to the
sulfate-salts medium.

thio-
One of the results most difficult to
explain was the effect of malate on the
oxidation of thicsulfate and its availa-
bility as the substrate for respiration,
When it was added to thiosulfate-salts
medium, it nearly doubled the oxidation
rate as stated above. But only 60 per
cent of respiration could take place
when no thiosalfate was present. The
reason was not studied yet, remaining
to be investigated in the future.

When only H.0 was added instead of
ozher organic substances, the O, uptake
was recorded o be 53 per cent of the
centrol. With this result, it was su-
pposed that, though thiosulfate proved
te be the best substrate for respiration,
other organic compounds such as fru-
ctose, citrate, malate,

glucose, gluta-

mate,, xylose and succinate, to some
extent, also were able to be utilized for
respiration. This relation is well seen
in Table 3.
Cis-aconitate,

¢glycine, acetate and

lactate all inhibited the respiration
markedly. Glycine, which conspicuously
enhanced thiosulfate oxidation, showed
extremely low respiration rate in the
absence of thiosulfate, as was the same
in the case of malate. The reason was
Formate and

inhibited  the

not followed in detail.

pyruvate completely
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Table 2. Availability of organic compounds respiration oa addition. The inhibitory
as the éubstrate for respiration of 7. effect of pyruvate in the absence of
concretivorus.

- thiosulfate is well compared with pre-
Substrate dgzinlgifp%al}(]i* o?eéor??rn;l vious report(Pan and Umbreit, 1972).
H,0 " 100 As a whole, the inhibitory effects of
Glucose 6 104, 5 xeto acids(Porichewski, 1967; Pan and
Fructose 131. 8 Umbreit, 1672) could not be rerecognized
Glutamate 48 109.1 clearly in this study. Though only
Malate 49 111.4 malate and glycine enhanced the oxida-
Citrate 55 125 tion of thiosulfate and no other su-
Succinate 30 113.5 bstrates accelerated thiosulfate oxida-
Thiosulfate 83 180.5 tion or were used preferably to thio-
* 4l 0./10° cells/ml. sulfate, glucose and some others were
Six other organic compounds iwere not proved to give rise to little or no injuries
included in this table since they showed en the activities of 1. concretivcrus.

KL O, ?{mgh lower respiration rates compared to Mereover, 6 of 13 organic compounds
150 o really increased the respiration more
or less, indicating that they could be
Thio. used as the substrate for respiraticn,
although no growth could be confirmead
when cultures were undertaken using
100+ the organic compounds-salts mediz in
the absence of thiosulfate. But the
crowth-accelerating effect could clearly
be recognized by the addition of come
crganic compounds to thiosulfatz-zalts
>0 medium at 0.5 per cent concentraticn.
Effects of these organic compounds on
the growth of T. concretivorus will be

included elsewhere.
o Regarding &1l the data zhove, it is
o3 b s b H?)URQS believed that T.comcretiverus, though

Fig. 5. Availability of organic compounds known to be an obligate autotroph, cou-

as the substrate for the respiration of T. Id possibly be converted into mixotroph

concretivorus. Thio=thiosulfate; Cis=cis-
aconitate; Gly=glycine; Ace=acetate; Lac
=lactate; For=formate; Pyr=pyruvate. conditions were to be prepared.

or heterotroph, provided approgriate

i B
Glucose, fructose, xylose, glutamate, succinate, malate, glycine, lactate, acetate, pyruvate,

citrate, formate, Bl cis-aconitatef$2] 137¢] Mo obligate autotrophel Thivbacillus concre-
fivoruse] thiosulfate Mefbe] =21 @8 9 o] Biel fk3 WREER/12 BEatk HE ot Fex
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