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Tetrathionate hydrolase produced by Thiobacillus ferrooxidans has been known
to be the enzyme responsible in the devulcanization of used rubber prior to recycling. The
aim of this study was to statistically obtain a model that would yield an optimized
media concentrations for the best production of this bacterial enzyme. One-factor-at-a-
time (OFAT) experimental design was applied to find the possible optimum range of five
media components. Based on the OFAT results, a face centered central composite design
(FCCCD) by Design Expert® 6.0.8 was applied using a 4-factors, 3-center points to find
the optimum media concentrations to yield the highest tetrathionate hydrolase. Response
Surface Methodology (RSM) predicted the level of factors for maximized response. In this
study, it is concluded that the medium containing 0.4g/L. MgSO,.7H,0, 4.0g/L. (NH,),SO,,
2.0g/L. Na,S,0,.5H,0 and 3.0 g/L. KH,PO, results in the production of the highest specific
activity of tetrathionate hydrolase (295.7 U/mg Protein). Other parametric conditions
used were 0.25g/L for CaCl,.2H,0 with an initial pH buffer of 4, incubated at 25°C while
agitating at a speed of 125 rpm.
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Thiobacillus ferrooxidans are
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This mentioned enzyme is known as

autotrophic sulfur-oxidizing bacteriabelonging to
thefamily of Thiobacteriaceae and are commonly
termed as colourless sulfur bacteria'. These
microorganisms whose energy metabolism is
uniquely adapted to obtain all the energy required
for growth from oxidation of inorganic sulfur
compounds to sulfate and utilize carbon dioxide
for the synthesis of cellular materials?. The ability
of these sulfur-oxidizing bacteriato oxidize sulfide
and reduced inorganic sulfur compounds are
attributed to an enzyme system present in the celI®
by which sulfide or the reduced inorganic sulfur
compounds are biologically oxidizeto sulfate.
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tetrathionate hydrolase, reported to beresponsible
for the enzymatic devul canization of waste rubber
products where it breaks the sulfur cross-linking
invulcanizedtires. Until now, the exact cell location
of this enzyme is still unclear. Buonfiglio et al.,
described this enzyme as an outer membrane
protein®. However, de Jong et al., and Chi et al.,
described it asasoluble and probably periplasmic
protein®’ while Kanao et al. reported it to be a
membrane-associated proteiné.

The aim of this study wasto stetistically
obtain a model equation that would yield an
optimized media concentrations for the highest
production of this bacterial enzyme. Since the
location of the enzymeisstill unclear, in thisstudy,
tetrathionate hydrolase was extracted from the
incubation mediaaswell asthe cell lysate.
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MATERIALS AND METHODS

One-factor-at-a-time analysis was
employed to eval uate the possible optimum levels
of the medium components that showed positive
effects. The five media components of nutrients
studied for tetrathionate hydrolase production
were KH,PO,, where the range of concentration
studied werefrom 0.0 - 0.5% (w/v), MgSO,.7H,0
from0.0—0.05% (w/v), while(NH,)SO,, from 0.0—
0.5% (w/v). In the cases of Na,S,0,.5H,0 and
CaCl,.2H,0, the ranges studied were from 0.0 —
0.5% and 0.0 —0.03% respectively. Face centered
central composite design (FCCCD) was used to
optimizethefour screened variablesfor enhancing
tetrathionate hydrolase production. The four
significant factorswere chosen based on theresults
obtained from the OFAT experimentsand they were
KH,PO,, MgSO,.7H,0, (NH,),SO, and
Na,S,0,.5H,0. Using Design Expert software, the
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4 independent factors and 3 center pointsyielded
a set of 27 experimental runs.Also, based on the
OFAT results, CaCl.,.2H,0 was maintained at afixed
concentration. Theinitial pH buffer of 4, agitation
speed of 125 rpm and incubation temperature at
25°C were maintained in the incubation shaker
based on results of aprevious study®. Fermentation
was carried out in a batch process using shake-
flask culturetechnique and sampleswere collected
at 24 and 48 hours for enzyme and protein assays.

RESULTS AND DISCUSSION

One-factor-at-a-time(OFAT) Analysis

Figure 1 and 2 represents the responses
obtained in the OFAT analysis, in terms of
tetrathionate hydrolase activity and specific
activity respectively, asafunction of MgSO,.7H,0,
(NH,),SO,,Na,S 0,.5H,0, CaCl..2H,0 and KH,PO,
concentration in % (w/v). Yusof and Ahmad have

Table 1. Results of specific activity of tetrathionate hydrolase using four selected media components

Run Fact. A Fact. B Fact. C Fact. D Resp.
MgSO,. 7H,0(g/L) (NH,),SO,(g/L) Na,S,0,(g/L) KH,PO,(g/L) SpecificActivity (U/mg)

1 0.70 1.00 0.50 5.50 6.25

2 0.40 4.00 0.50 3.00 103.96
3 0.70 4.00 2.00 3.00 12.61
4 0.70 7.00 0.50 0.50 9.30

5 0.40 7.00 2.00 3.00 275

6 0.10 1.00 0.50 5.50 69.57
7 0.10 7.00 0.50 0.50 9.37

8 0.70 7.00 0.50 5.50 61.07
9 0.10 7.00 0.50 550 45.32
10 0.40 4.00 2.00 0.50 132.41
11 0.70 7.00 3.50 0.50 79.89
12 0.40 1.00 2.00 3.00 48.31
13 0.70 1.00 3.50 5.50 14.76
14 0.70 1.00 0.50 0.50 50.35
15 0.10 1.00 3.50 5.50 49.99
16 0.10 1.00 3.50 0.50 194

17 0.40 4.00 2.00 3.00 295.70
18 0.70 1.00 3.50 0.50 2.03

19 0.10 1.00 0.50 0.50 153.80
20 0.40 4.00 2.00 3.00 98.84
21 0.10 7.00 3.50 0.50 44.59
22 0.10 7.00 3.50 5.50 116.52
23 0.40 4.00 2.00 5.50 247.95
24 0.40 4.00 2.00 3.00 211.77
25 0.10 4.00 2.00 3.00 3.69

26 0.40 4.00 3.50 3.00 111.91
27 0.70 7.00 3.50 5.50 13.26
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optimized the process conditions to promote the
growth of Thiobacillus ferooxidans and the
accumulation of protein during the growing
process’. According to their findings, the highest
bacteria growth and highest protein accumul ation
was achieved when the optimized concentration
of MgSO,.7H,0, (NH,),SO, andNa,S,0,.5H,0 were
0.03g, 0.4g and 0.5g respectively. While CaCl,.2H,0
and KH,PO, were 0.025g and 0.4g respectively in
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Fig. 1. OFAT for tetrathionate hydrolase activity were
done at temperature 25°C and pH incubation of 4. The
absorbance was measured at 290nm after 48 hours
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Fig. 2. OFAT for specific activity of tetrathionate
hydrolase were done at temperature 25°C and pH
incubation of 4. The absorbance was measured at 290nm
after 48 hours
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Fig. 3. Response surface for specific activity of
tetrathionate hydrolase after 48 hrsincubation at pH 4,
25°C.
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100mL dH,Owithinitia pH buffer 4, agitation speed
of 125 rpm and incubation temperature at 25°C.

However, the present study focused on
the optimizing the media components to improve
the production of tetrathionate hydrolase. Based
on the optimized growth conditions reported by
Yusof and Ahmad, the production of tetrathionate
hydrolase was screened and measured by first
employing OFAT analysis on five media
components.

The results show that the effect of
MgSO,.7H,0 to the activity of tetrathionate
hydrolase was highest at the concentration of
0.04% (w/v) which was 0.047 U/ml. This
concentration was found to be adequate for
enzyme activity since Mg? plays someregulatory
functionsthrough the increase of ATP metabolism
and nucleic acid synthesis'®. For nitrogen sources,
inorganic source was used which was (NH,)_SO,.
The highest tetrathionate hydrolase activity was
0.053 U/ml at 0.1% (w/v). Most enzymes such as
amylase and protease are repressed by ammonium
salts'’. This is also applicable to tetrathionate
hydrolase where at concentration of 0.5% (w/v),
the enzyme activity waslow.

Na,S,0,.5H,0 was supplemented to the
media as food and carbon source for the bacteria.
At the concentration of 0.3% (w/v), the activity of
enzymewasmaximal (0.059 U/ml). Schook and Berk
reported that the increasing amount of thiosulfate
in the growth medium did not stimulate bacterial
growth?2, Thus, further addition of morethan 0.3%
(w/v) resulted in a decrease in tetrathionate
hydrolase production.

Phosphate is a key element in the
metabolic currencies of known life forms and
provides the connecting bridge between the
nucleobases in RNA and DNA™. Various
concentrations of KH,PO, were found to have
positive effect on tetrathionate hydrolase activity.
The highest enzyme activity was 0.131 U/ml at a
concentration 0.4% (w/v). Whilefor CaCl,,.2H.0,
the highest enzyme activity was 0.090 U/ml at
concentration 0.025% (w/v).

Response Surface M ethodology

Table 1 presents the responses obtained
inthe experimental design, intermsof tetrathionate
hydrolase specific activity, as a function of
MgSO,.7H,0, (NH,),S0O,, Na,S,0,.5H,0 and
KH,PO, concentration in (% w/v), where one can
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observe that the highest tetrathionate hydrolase
specific activity (Run 17, 295.70 U/mg) was
obtained when all the factors used were at the
center point.

The analysis of variance (ANOVA)
permitted us to validate an empirical model
(Equation 1) for tetrathionate hydrolase specific
activity, with a correlation coefficient of 0.50
(p<0.05)and to build the response surface
presented in Figure 3.
Y ,,=110.37-13.63*A-0.83*B-4.12*C +7.83*D-
91.36 *A2-73.97*B2 + 8.43 * C2 + 90.67 *D2 +
9.35*AB+3.00*AC-7.37*AD +21.28*BC+ 10.04
*BD +6.67* CD (1)

where Y is tetrathionate hydrolase
specificactivity, AisMgSO,.7H,0, Bis(NH,),SO,,
CisNa,S,0,.5H,0, and D isKH,PO, concentration.

The response surface in Figure 3 was
described by the model equation to estimate
specific activity over the independent variables
MgSO,. 7H,0 and (NH,),SO,. This measurement
refers to the activity of enzyme per milligram of
total protein (umol/ min. mg) at specific pH and
temperature. It is seen that the specific activity is
optimal when both saltsare at 0.40g/L and 4.00g/L
respectively. Harahuc et al. reported that low
magnesium ion requirement can be attributed to
theslow growth of bacteriaculture'. Thus, specific
activity is low when magnesium ion is low.
Thiobacillus ferrooxidans acquire nitrogen in the
form of NH*. As mentioned earlier in the above
text, tetrathionate hydrolase production usually
repressed by ammonium salts. Thus, at 4.00g/L of
(NH,),SO, is an adequate amount for this enzyme
to function. This model will be validated in the
futurefor further analysis.

CONCLUSIONS

In this study, it is concluded that the
concentration of 0.4g/L MgSO,.7H,0, 4.0g/L
(NH,),SO,, 2.0g/L Na,5,0,.5H,0 and 3.0 g/L
KH,PO, results in the production of the highest
specific activity of tetrathionate hydrolase (295.7
U/mg Protein). Other parametric conditionswere
maintained as previously found. They were
CaCl,.2H,0at 0.25g/L withaninitial pH buffer of 4,
incubated at 25°C while agitating at aspeed of 125

rpm.
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