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ABSTRACT

Heavy metals (Mercury, Lead, Chromium and Bismutb3ponse behaviors (Freundlich model) of
indigenousPseudomonas sp. PRK786 was analyzed using thiosulphate mediumlsommnted with 5% of
sodium thiosulphate. Monitored the biomass agdfrestontrol and the absorbance values at,£DTest-
0.983 and control- 1.23 (Qu§ E.coli/ml)) were converted to dry weight (0.39® of SOB/ml). The
behaviors like growth, pH, conductivity, total peot content, total thiosulphate, and sulphate ion
concentration of heavy metal treated culti?se(iddomonas sp. PRK786) were significantly inhibited in the
following order: Bismuth<Chromium<Lead<Mercury.ofm the results revealed, that the mercury (95%-
10ppm) and lead (92%-10ppm) were completely initiie all biochemical behaviors than thechromium
(50%-20ppm) and bismuth (10%-20ppm). The FTIR &sialpf bioadsorption of heavy metals on the
bacterial surfaces results suggested that, thergtiiso bands around 1400Chof all treated bacterial
surfaces indicates adsorption sites of on the heastalsexcept in untreated bacterial surface (Mgreu
1400.63Cnt, lead — 1403.76Cry Chromium — 1403.76Cry Bismuth — 1402.28 Crj. The absorption
bands around1400¢is due to the vibration of C=0 of COO- carboxgl&ins and O—H carboxylate ions
are may be responsible for adsorption of theseyheestals.

Key words:Pseudomonas sp. PRK786, thiosulphate, biomass, absorbance, and.FTlI

INTRODUCTION

Both directly and indirectly discharge of heavypetroleum, electrolysis, leather, printing, paint,
metals (lead, chromium, mercury, uranium,electronic manufactures, power plants and
selenium, zinc, arsenic, cadmium, gold, silverbatteries manufacture industries into aquatic
copper, and nickel) from fertilizer, metallurgy, ecosystems. It became a matter of concern in
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India over the last few decades and it has creatdd ATERIALS AND METHODS

a life threating problems [1 & 2]. There is

considerable  interest was raised forBacteria and growth conditions

microbiological processes can affect thelniosulphate medium were employed by
behavior of metal contaminants in natural angEnriching with (5% of sodium thiosulphate) for
engineered environments and their potential foFultivation of sulphuroxidizing’seudomonas sp.
bioremediation [3]. Biosorption of heavy metals PRK786.The medium contains 5.0 g,84;,

by Pseudomonas from wastewater [4], Soil [5], 0-1 9 KHPO, 0.2 g NaHC@ 0.1 g NHCI in
and aqueous solution [6] were studied. Mercur);ooo ml distilled waterandbromocresol purple
is a very toxic element that is widely spread in(PH indicator) with pH 8.0. In addition, 5.0 g of
the atmosphere, lithosphere, and surface wateg/ucose, 0.5g of yeast extract and 0.5g of
Concentrated mercury poses serious problems RFPtone were added /per liter.Inoculate the
human health, as bioaccumulation of mercun}?seudomonas sp PRK786 form stock into
within the brain and kidneys ultimately leads tomMedium and incubated at &7 for 24 hrs. Cells
neurological diseases. To control mercuryV€ré grown aerobically with CO(by 0.2 g
pollution and reduce mercury damage to humaflN@HCQ/100ml) enriched and harvested in the
health, sensitive determination of mercury islat€ €xponential growth phase «p between
important, suggesting that sulphur oxidizingo-240 and 0.250) by centrifugation at 10,000 g at
bacteria (SOB) may provide revolutionary tools? “C-

in biomedical and environmental monitoring of Determination of biomass

mercury 7] and pseudomonas Cells harvested from an exponential phase by

aeruginosa[8].The previous study evaluates the centrifugation at 5000rpm for 5 min, pellet was
biosorption of Cr (VI) by pseudomonas washed twice with 33 mMTris/HCI buffer (pH
aeruginosal9] andtannery effluent inhabitant 8.0) and resuspended in 50 mMformate buffer,
Pseudomonas spp[10]. Biosorption of heavy PH 3.0. Enabling absorbance at 440 nm used for
metals like zn (Il), Cu (Il), and the binary monitored the biomass: Absorbance values
mixture of these two metal ions by the Were converted to dry weight by reference to a
indigenous Thiobacillusthicoxidanswas ~ C@libration curve prepared for suspensions of
investigated [11]. Biosorption of lead from Organisms (0.g E.coli/ml) dried to constant
aqueous solutions by soil boRseudomonassp ~ Weight at 105C using ovan.[14]

was studied [12]. A technologically and Assay the Heavy metal response behaviors
economically feasible process called bioleachingi€avy metal containing sterilized thiosulphate

was used for the removal of heavy metals fronfn€dium — were  prepared using different
livestock sludge with indigenous sulfur- concentrations of mercury chloride, lead acetate,

oxidizing bacteria [13]. Sulphur Oxidizing bismuth sulphate and potassium dichromate (in
Bacteria (SOB) is a group of microorganismsthe form of hexavalent chromium - supplied in
widely used for the biofiltration[14]. Main the form of potassium dichromate solution in
objectives of this study were to; determination ofdeionized water and filter-sterilized before use)
dry weight, analyses the heavy metal responseflution ranging from 5 to 20 mg/l (5-
behaviors like growth, pH, conductivity, total 20ppm).Lag phase culture was inoculated
protein content, total thiosulphate, sulphate iorflowed by incubated for 3T for 24 hrs with
concentration of culture and bioadsorption oforbital shaking (120rpm), after incubation

heavy metals in bacterial surface by FTIR. period; cells were harvested by centrifugation at
6000 rpm for 15 min at 4°C.
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The growth ofPseudomonas sp. PRK786 was (control) indicate no growth (purple color
monitored by absorbance (UV=VIS retained) and right flash was loses the purple
Spectrophotometer UV-1700- Shimadzu)atcolor due to growth of Pseudomonas sp
ODsoonm =1. The pH and conductivity of the PRK786. (D4 between 1.740 OD, pH — 1.3
culture supernatant were measured using @esponsible for loses of purple color of the
digital pH meter (elico-LI120) with regular medium), conductivity (emf) — 350mV, protein
intervals. Before, the estimation of proteinconcentration — 2i8)/ml were observed at 37
(Lowry’'s method), culture were centrifuged, for 21 hrs.

washed with distilled water and finally heated in
a boiling water bath for 10 min after adding 2.5
ml 0.5M NaOH for solubilized protein read at
670nm. Changes in thiosulphate concentration
were measured by the decoloration of
methylene- blue at 670 nm in acidic
conditions,and the changes in 80 were
measured by using Bacprecipitation method.
The pellets were washed thrice with deionizec
water to remove heavy metals not absorbed by

the bacteria it is used for FTIR analysis[16, 17 Fig.1 Growth of sulphur oxidizing bacteria in
18] thiosulphatebrot

Bioadsorption of heavy metals on the surface .

SOB by FTIR®. Dry weight _

The bacteria has pelleted by centrifugation of 5¢Vashed pellets were resuspended in 3ml of 50
ml cultures at 6000 rpm for 15 min at 4°C angMMformate buffer, pH 3.0 dry cell weight
subjected into vacuum desiccated using af'€asurement was carried out by OD at 440nm -
ROCKER vacuum bump. Heavy metals loaded’-983 and the control (Qu§ E.coli/ml) OD is
biomass was washed dried and powdered aftdr23 that will express relative biomass in the
bioadsorptionof heavy metal ions under theSUspended solutlon.. Absorbance values were
same conditions. One milligram of finely converted to dry weight (0.398g of SOB/mI)

crushed biomass was mixed with 400 mgagainst the control dry weight. In addition to
potassium bromide. The mixture was grounorechecked dry biomass of the organisms dried
into fine powder and translucent sample disk&!Nder constant at 10% using muffle burner.
obtained by using a manual hydraulic press at Rfied biomass (0.2749) is slightly changing
pressure of 100 kg cm—2 for 10 min. The disthen the relative biomass. A report has been said

was fixed in an FTIRSpectrophotometer (FTIR [0 US @ predetermined concentration of the
8400S SHIMADZU). FTIR spectrum of the indigenousT. thiooxidansbiomass (0.3 g of dry

biomass unexposed (control) and exposed tG€ll weightml) was used to study the
heavy metals at concentration of 15 mg/l werdosorption of Zn(ll) and Cu(ll) [11].Biomass

obtained from 500 to 4000 cm—1.[9] was detailed reported in [15] Biomass
production increased with increasing substrate
RESULTS AND DISCUSSION concentrations: thus the vyield increased from

5.5g dry wt/mof for thiosulphate, 7.0g dry
wt/mol™* for trithionate and 12.5 g dry wt/mbl
for tetrathionate

Bacteria and growth conditions
Fig.1 shows from left conical flash has
thiosulphate medium with bromocresol purple
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d

Fig.2 (a) Existence of Different concentration of m(er)curWIuie treated cultureg*éeudomonas sp. PRK786);

L to R: negative control, positive control, 5ppm@ppm, 15ppm, and 20 ppm of Hgeated(b) Existence of
Different concentration of lead acetate treateduces; L to R: negative control, positive conti&bpm, 10ppm,
15ppm and 20 ppm of Pbfd;0;,),treated.(c) Existence of Different concentration of potassidithromate
treated cultures; L to R: negative control, positbontrol, 5ppm, 10ppm, 15ppm and 20 ppm gEKO-treated.
(d) Existence of Different concentration of bismuthphdte treated cultures; L to R: negative contrositpve

control, 5ppm, 10ppm, 15ppm and 20 ppm afBjS;treated.
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Graph .1 Effects of heavy metal response behaviorBsfidomonas sp. PRK786;(1) Absorbance at 600nm,

(2) pH, (3) Conductivity(mV),(4) Amount of thiosulphate consumptig) Amount of sulphate production and
(6) protein concentration.
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Assay the Heavy metal response behaviors treated cultures; 7.6-5ppm, 7.9-10ppm, 7.9-
This is a first report to heavy metal responsel5ppm, 7.9-20 ppm and 7.4 -5ppm, 7.9-10ppm,
behaviorsof SOB are exhibits valuable results7.9-15ppm, 7.9-20ppm respectively. Finally,
According to the metals treatment; generallybismuth and chromium metal has partially to
biosorption of metal ions usually classified asinfluence the thiosulphate oxidation due to the
two types the Freundlich model, in which thecrabbmling of thiosulphate oxidizing enzymes.
amount of metal uptake by the biomass increaségariation of conductivity in different conc. of
with time, and the Langmuir model, in which theheavy metals treated growing -cultures was
amount of metal uptake by the biomass reacheshown Graph.1 (3), that indicates bismuth
equilibrium[19]. Evaluated the heavy metalsulphate treated culture has observed high
response of the indigenou®seudomonas sp.  conductivity (219mV-5ppm, 201mV -10ppm,
PRK786 according to the Freundlich model wasl70mV -15ppm, 190mV -20ppm) when the
tested againstmercury, lead, chromiumandaoncentration of heavy metal increases the
bismuth. From the results, the mercury chlorideconductivity of the solution was inversely
treated culture significantly reduce their growthreduced (~10mV) due to the unknown reasons.
even 5ppm concentration shown Graph.l (1)The same results were observed on the
(absorbanceat Qfh,,=0.10). That might be due potassium dichromate treated culture (098mV-
the inhibition of sulphur oxidizing enzymes 5ppm, 101mV -10ppm, 100mV -15ppm, 110mV
(SOE) or glucose catabolic enzyme like-20ppm) here the reduction rate is ~3.5mV.
membrane-bound  glucose  dehydrogenasklence, mercury chloride and lead acetate treated
(mGDH) of SOB. Pervious results also coinedculture has no change the conductivity that was
the same [20]. In addition to that SOB was usedjenerated by due to the complete inhibition of
thiosulphate as an energy source (because it ggowth.

chemolithoheterotrophic) and lead acetatdn general, SOB are oxidizing the reduced
treated culture was also observed no growtlsulphur compounds especially thiosulphate, it
(absorbanceat Ofbn=0.10) becauseit might was oxidized into to form undetermined long
also inhibited the SOE andmGDH, since thatthain sulphur by thiosulphate oxidizing
mode of inhibition was still unknown. Hence, enzymes: namely thiosulphate dehydrogenase,
the response against another two (Bismutlthiosulphatereductase, tetrathionate hydrolase
sulphate and Potassium dichromate) are lesand sulphiteoxygenase. The groups of enzymes
sensitive then the mercury and lead treatedvere responsible for thiosulphate oxidation.
culture. Bismuth sulphate and potassiumHere, the growing cultures were treated with
dichromate treated culture was observed a littlenercury chloride, lead acetate, potassium
growth (absorbanceat OD600nm=0.67 and 0.97)ichromate and bismuth sulphate metals and
respectively. Bismuth and chromium ions aredetermined the thiosulphate consumption (%)
may be involved crabbmling of enzymesafter 24hrs at 3. From the results shown in
activity. Graph.1 (4) mercury chloride and lead acetate
The pH reduction of these cultures was shown itreated culture containing SOB do not uptake the
Graph.1 (2), that exhibit the bismuth sulphatethiosulphate as an energy source. They can exist
treated culture has greatly reduce pH (2.7-5ppnin the medium even the 5ppmconcentration. The
2.9-10ppm, 4.1-15ppm, 4.9-20ppm) less greateiollowing percentage of thiosulphate can exist in
then the potassium dichromate treated culturenedium 96-5ppm, 99.6 -10ppm, 100 -15ppm,
pH (5.2-5ppm, 4.9-10ppm, 5.1-15ppm, 5.9-100-20ppm and 95.8-5ppm, 99.6 -10ppm, 100 -
20ppm). The mercury chloride and lead acetaté5ppm, 100-20ppm respectively. That represents
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the above heavy metals are directly interact witthat other cultures contains no significant
thiosulphate consumption. However, untreatecamount of protein was observed. Protein

cultures containing SOB consume the (53% andoncentration of culture mainly depends on the
59.9%) respectively. The potassium dichromateyrowth.

and bismuth sulphatetreated cultures containETIR

71.2-5ppm, 79.4-10ppm, 76.8-15ppm, 82.5-Bacterial surfaces characteristic of SOB
20ppm and 59-5ppm, 59.4-10ppm, 76.8-15ppm(Pseudomonas sp. PRK786) by FTIR analysis
82.5-20ppm percentage of thiosulphate can existith and without adsorbed (passively) mercury,
respectively. Compared then potassiumead, bismuth, and chromium were shown in Fig.
dichromate and bismuth sulphatetreated culture® 4, 5, 6 & 7 respectively. A number of
the bismuth sulphatetreated cultures hasbsorption peaks in the control sample Fig.3
significantly consume the thiosulphate nearlyindicated the completebacterial surfaces
59%. It is equal to positive control culture. Thecharacteristics. Shows that the band’s observed
results shown in Graph.1l (5) indicate sulphateround at 3415.42 cinto 3427.86 cim results

ions production. Protein concentration of heavy(form — NH,) asymmetric stretching mode of
metal treated cultures were displayed in Graph.amines, which

is slightly broad indicating
(6) only the bismuth sulphate treated cultureoverlapping of amines and hydroxyacyl
containingug/ml of proteins (1.24-5ppm, 1.14- stretching on the  bacterial  surface.

10ppm, 1.12-15ppm, 1.97-20ppm) apart form
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Band — | the amide | band of amide bond in poly-N-
The previous study also exhibit broad absorptioracetyglucosamine and the protein peptide bond
band between 3500 and 3200 "&ndue to present in biomass considered to be due to
bonded —OH stretching vibration and in thiscombined effect of double bond stretching
range of stretching vibration of amine groupvibrations (mainly C=0) and hydrogen bonding.
located at around 3415.42 ¢m(Control), The typical amides | band, C==0 stretching
3427.86 crit (Chromium), 3426.94 cth vibration, appears strongly at 1654.99 tmas
(Bismuth) and 3427.13 ci (mercury) and observed only on the control bacterial surface,
3426.94 (lead). but treated bacterial surface has less abortion (
Band — I Bismuth — 1653.92 cih , Mercury — 1654.09
The absorption peaks around at 2853 to 2878m* , lead — 1653.81 ¢ chromium -1658.91
cmt  indicates CH vibration, generally cm™. which were indicate chromium ion are may
symmetric CH vibration occur a 2885 to 2865 be strongly binds to the amide groups. The same
cnt. While CH;asymmetric stretching vibration result observed in the previous report [24].

occur at 2975 to 2950 Cip above these peaks Band —V

was not responsible for bioadsorption heavyCH; symmetric absorption can occur both
metals on the bacterial surface. treated and control (control - 2961.50tm
Band — IlI Chromium - 2955.03ci) Mercury — 2956.01
The bands at 2927.09 Cm(control), 2924.93 cm*, Bismuth -2956.01 cih and Lead -
Cmt  (Mercury), 2925.04Ch  (lead), 2958.76 crit). CH; asymmetric deformation can
2924.49Crit (Chromium) and 2924.85 Cln  be absorbed both control and treated bacterial
(bismuth) can be assigned to the —CH Stretchingurfaces. The band are(control -1440.97%cm
vibration (indicator of alkyl chains) the same Mercury — 1450.47ci, Lead — 1457.44Ct

results has been observed in the previous repor@romium — 1465.40cth and Bismuth -
[21, 22, 23, 9] 1458.84crt) absorbed and also generally, the
Band — IV formation asymmetric deformation absorption

The IR analysis of biosorbent specifically thefalls on 1440 — 1470 cy which was indicated
1650-1620 cit band indicated the existence of—-CH; of acetyl moiety, so they may can'’t

Periyasamy Rameshkumar, et al. 114



HEAVY METAL RESPONSE BEHAVIORS OF SULFUR-OXIDIZIN®seudomonas sp. PRK786

responsible for bio adsorption of Heavy metalssuggested the chemical groups are may be
on bacterial surface.[9] responsible for adsorption of these heavy metals.
Band - VI In future, Pseudomonas sp. PRK786 contains
We are seen the absorption bands aroundnzymes may be used for made up portable

1400Cm? on the treated bacterial surfaces alondiosensors.

(mercury — 1400.63CrH lead — 1403.76Cr

Chromium — 1403.76Cth Bismuth — 1402.28 ACKNOWLEDGEMENT
Cmt) but it is not observed in control Bacterial We would like to express a special thanks to

surface. The absorption bands around1400cmideal

Analytical And Research Institute,

is due to the vibration of C=0 of COO- carboxyPondicherry for provided the FTIR facility.

late ions and O—H carboxylate ions. Which were

indicating to us, carboxyl late ions are may beREFERENCES

responsible for adsorption of these heavy metals..

[22]
Band — VI

The other typical amide bands (amide IIl)2.

located in 1381.11 cinto 1383.89 criwere
identified both control and treated bacterial
surfaces.

Band — VI

The peaks at around 1544.20 tnknown as

3.

amide I, is contributed to a motion combining 4.

both the —NH bending and the —CN stretching
vibration of the group —-C(=O)-NH- in its
transform.[23]

CONCLUSION S.

Heavy metals response behaviors of indigenous
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oxidations. The corrosive sublimate (mercuric
chloride)and salt of Saturn (lead acetate):

completely suppressed the all behaviors due tg.
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