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HISTORY ABSTRACT

Molybdenum is a pollutant that shows toxicity to spermatogenesis while polyethylene glycols
(PEG) are used predominantly in detergents. The pollution of molybdenum and PEGs are
reported worldwide. We have isolated ten molybdenum-reducing bacterial isolates from soil that
can reduce molybdenum (sodium molybdate) into the colloidal molybdenum blue (Mo-blue). The
screening of these isolates for PEG-degrading ability showed that one isolate was capable to
utilize PEG 200, 300 and 600 for optimal conditions were pHs between 5.5 and 8.0, temperatures
between 30 and 37 °C, phosphate at 5 mM, molybdate between 10 and 30 mM, and glucose as
the electron donor. Biochemical analysis of the bacterium identifies it as Escherichia coli strain
Amr-13. Growth was best supported by all PEGs at concentrations of between 600 and 1,000
mg/L. A complete degradation for PEG 200 and PEG 300 at 1,000 mg/L was observed on day
four and five, respectively, while nearly 90% of PEG 600 was degraded on day six. The growth
of'this bacterium on these PEGs was modelled using the modified Gompertz model, and produced
growth parameters values, which were maximum specific growth rates of 1.51, 1.45 and 1.18 d°
and lag periods of 0.53, 0.87 and 1.02 day for PEG 200, PEG 300 and PEG 600, respectively.
PEG 200 was the most preferred substrate for this bacterium, while PEG 600 was the least
preferred.
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INTRODUCTION molybdenum mine in western Liaoning, China, tailings waste

materials have brought on the molybdenum concentrations in

The principal usage of molybdenum is in the steel and alloy
industries. Molybdenum contamination from manufacturing
exercise has generated pollution in water bodies and soils.
Marine environments from the Black Sea and Japan Bay are
polluted with molybdenum at concentration exceeding beyond
requirements of regulatory authorities [1]. Molybdenum emitted
by industrial fumes in Tyrol, Austria has polluted agricultural
areas over several years. The hazards of this action was only
appreciated when cows grazing the land became ill and deaths
reported [2]. Metals prospecting locations are further important
causes of molybdenum toxic contamination. In New Mexico,
concentrations of dissolved molybdenum as high as 900 mg/L
have been documented in the tailing waters from a molybdenum
mine [3]. Within the same location, molybdenum concentration
up to 2000 ppm or 20.8 Mm is discovered in soils [4]. From a

several locations of the Nver River sediment to exceed the
regulatory limits by more than a few hundred times posing a bad
risk towards the regional ecosystem [5]. In Egypt molybdenum
levels above the regulatory limit has been discovered in mackerel
fish caught in the neighbouring seas, possibly a result from
human industrial activities [6]. Based on recent data,
molybdenum is discovered to inhibit spermatogenesis and arrest
embryogenesis in many terrestrial and aquatic organisms [7-9].
Hence, molybdenum removal from the environment is being
intensely researched. Bioremediation is a viable and cheaper
approach to molybdenum bioremoval. Mo-reducing bacteria are
on of such candidates for bioremediation, and several have been
isolated [10-12].
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Polyethylene glycols are used in many industries such as
cosmetics, lubricants, pharmaceuticals, and antifreeze for
automobile radiators and in the production of non-ionic
surfactants. Millions of tonnes of PEG are produced yearly, and
their contamination of aquatic sediments in rivers and seas have
been reported. In mammalians, PEG can act as a
parasympathomimetic-like compound. Wounded rabbit exposed
topically to polyethylene glycol-based antimicrobial cream
model showed evidence of nephrotoxicity with symptoms of
failure. Several of the animals tested died within one week of
therapy [13][14]. Intravenous feed showed that PEG results in
blood clot and leads to clumping of cells and even death through
embolism.

Absorption of PEG can lead to fatal toxic syndrome, and this
has been suggested due to the formation of mono- and
dicarboxylated forms of PEG [13]. PEGs-tainted effluents are a
major polluter in traditional sewage treatment systems [15].
PEGs are generally recalcitrant for degradation especially in
water sediments with 5 mg/L of PEGs up to PEG 400 requiring
nearly 170 days for complete biodegradation under anaerobic
conditions [14]. Biodegradation of PEG was first documented in
1965 [16] and further isolations of PEG-degrading
microorganisms have been reported [14,17-25].

The presence of both heavy metals and xenobiotics in
industrial effluents presents a significant barrier to
bioremediation. The hunt for a microorganism with a wide range
of heavy metal and xenobiotic detoxifying capabilities is one of
the most active endeavours now underway. Keeping this in mind,
the goal of this study is to discover a microbe capable of
detoxifying heavy metals, using molybdenum as the model
metal. Despite molybdenum being a hazardous metal, little study
has been done on the process of molybdenum detoxification. A
molybdenum-reducing bacteria capable of growing on several
PEGs has been reported in this study. In order to accurately
predict the development of this bacteria on PEGs, the modified
Gompertz model was used. Both the heavy metal molybdenum
and PEGs, as organic contaminants, are well-suited for
bioremediation using this bacterium's numerous detoxifying
potentials.

MATERIALS AND METHODS

Soil sampling

During a 2014 field study in Sadat City, Egypt, soil samples were
collected from the grounds of a contaminated site (auto repair
workshop). Using a sterile big steel spatula, soil (ten grammes)
was removed from the topsoil about 5 cm below the surface and
placed in a sterile polycarbonate container for storage.

Mo-reducing bacteria media

Minimum salts medium (MSM) and sodium molybdate (LPM)
medium were used to isolate molybdenum-reducing bacteria
from soils. Initially, a soil suspension was created by combining
1 g of earth with 10 mL of deionized water and stirring it
thoroughly. Soil microorganisms cannot be harmed by deionized
water because of osmotic effects due to the high organic content
of the soil. It was then transferred to an agar-coated plate, where
it was incubated for a few h before being transferred to a new
plate (0.1 mL). The medium (w/v) at pH 6.5, with the
composition as follows: Na2MoO4*2H20 (0.242 % or 10 mM),
NaCl (0.5%), agar (1.5%), MgSO4+7H20 (0.05%), glucose (1%),
yeast extract (0.5%), (NH4)22SO4 (0.3%), and Na2HPO4 (0.071%
or 5 mM) [12]. The plate was covered with many white and blue
colonies that emerged after 48 h of incubation at room
temperature. It was necessary to transfer ten blue isolates onto

another LPM agar plate several times in order to purify the isolate
before screening it for growth on various PEGs.

Quantification of Mo-blue production

The determination of mo-blue was carried out in a 100 mL liquid
culture of LPM bacteria. This was done in order to identify the
most effective isolate. The best isolate was selected using an
extinction coefficient of 11.69 mM.-1.cm-1 at 750 nm [12].

Identification of bacterium through biochemical analysis
This study was carried out in accordance with the Bergey's
Manual of Determinative Bacteriology, using phenotypical and
biochemical methods, and the results were entered into the ABIS
online system, as was done previously [12].

Resting  cells Mo-blue
characterization

As before, the preparation of resting cells was carried out [26].
On an orbital shaker (120 rpm) at 28 °C, the bacteria were grown
in 1 litre of high phosphate molybdate media (HPM) for 48 h.
Mo-blue colloidal particles, however, induced cells in the LPM
to aggregate, resulting in a 100 mM concentration in the HPM.
Deionized water was used to wash the cells twice before they
were resuspended in LPM media, as described in the preceding
section of this article (glucose omitted initially). A sterile
microplate was used to distribute the produced cell suspension
(180 pL) and incubate it for 30 min. Mo-blue was formed by
adding sterile glucose (20 pL) from a 10% (w/v) stock solution
to the cell suspension. Sterile sealing tape was applied to the
Corning® microplate to allow for gas exchange. The microplate's
temperature was maintained at room temperature. Model 680 of
BioRad's microtiter plate reader was used to measure Mo-blue
production at 750 nm. It was found that the Mo-blue
concentration could be accurately measured by using the specific
extinction value of 11.69 mM-! cm™ [27].

preparation for production

PEGs as carbon sources for growth

Initial results suggest that none of the PEGs were able to support
molybdenum reduction; as a result, the PEGs will be tested for
their ability to sustain the growth of the isolated strains. Using
the microplate format and the growth media described above, the
ability of polyethylene glycols such as PEG 200, PEG 300, PEG
600 and so on to support growth was investigated using the PEGs
at a final concentration of 1,000 mg/L in a final volume of 250 L,
with PEGs in the final volume of 250 pL. The microplate format
specified above was used to analyse the results.. The medium was
composed of the following components: NaNOs (0.2 percent),
(NH4)22S0O4 (0.3 percent), yeast extract (0.01%), MgSO4+7H.0
(0.05 percent), NaHPO4 (0.705 percent or 50 mM), NaCl (0.5
percent), and one millilitre of trace elements solution. The pH of
the growth medium was 7.0. The trace elements (mg/L) was as
follows: FeSO4*7H20 (40), CaCl2 (40), MnSO4+4H.0 (40),
CuSO4+5H20 (5), ZnSOs7H.0 (20), NazMoO42H.0 (5)
CoCl2#6H20 (5), [12]. At 600 nm, the microplate reader was used
to monitor the development of bacteria for five days at room
temperature (28 °C) (Bio-Rad 680).

PEG degradation assay

At a concentration of 10 mg/L, the stock solutions of several
PEGs were produced. The combination had a total capacity of 2
mL and was composed of stock solutions of various PEGs that
had been stably diluted to achieve a final concentration ranging
from 1 to 7.5 mg/L, depending on the PEG. Before adding the
samples from the resting cells preparation to the assay reagents,
they were appropriately diluted. During the first incubation
period and after an extensive incubation time of 10 days at 28 °C,
samples were collected. The colorimetric reagents comprise of a
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solution of 5% (w/v) BaCl.2H20in 1 M HCl (200 pL) mixed with
another 200 pL of a solution of 1.27 g iodine that was first
dissolved in 100 pL of 2% (w/v) potassium iodide. The mixture
was incubated at room temperature (28 °C) for 10 min of
incubation and the color was measured at 535 nm in comparison
to a reagent blank with water as a reference point. The
concentration of PEG was evaluated by observing the intensity
of brownish orange hue produced by the complex solution during
the experiment. This is a sensitive, straightforward approach that
can be used to any PEG compounds [28].

PEG degradation percentage of (Eqn. i) was calculated as:
%PEG degradation = [1-([PEG]#/[PEG]#:)] x 100% (i)

Where [PEGJ#r =PEG concentration at the time of final
incubation, and [PEG]#; = PEG concentration at the time of initial
incubation.

Mathematical modelling of growth on PEG

Bacterial growth on PEG was modeled using the modified
Gompertz model (Eqn. ii) [29]. The absorbance values
determined at 600 nm was first converted to natural logarithm.

y:Aexp{exp[’LZ’e(ﬂt)H}}

where A=bacterial growth at lower asymptote; u»= maximum
specific bacterial growth rate, A=lag time, e = exponent
(2.718281828) and ¢ = sampling time.
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RESULTS AND DISCUSSIONS

Molybdenum reduction to molybdenum blue has been observed
in a river that turns blue. The river runs through molybdenum-
rich contaminated soils [30]. Bacterial reduction of molybdate to
Mo-blue by was first mentioned more than a century ago in the
year 1896 [31]. Further reports are scarce. For example, the next
immediate report is by Jan in 1939 [32]. Intermittent reports [33—
37] on microbiological reduction of molybdenum to
molybdenum blue from the works of Jan until the year 2000
highlighted the scarcity of information on this phenomenon. The
earliest most comprehensive works on this phenomenon were
carried out by Campbell et al. in the bacterium Eschericia coli
K12. It was Ghani et al. [35] who are fast to notice the possible
applicability of this event for molybdenum bioremediation of
molybdenum contamination.

Table 1. Characterization of some of the Mo-reducing bacteria isolated
to date.

Bacteria Optimal C Optimal Heavy metals Author
source Molybdate inhibition
(mM)
Klebsiella oxytoca strain glucose ~ 20-30 Cu?*, Ag', Hg>[38]
Saw-5 Cd*
Pseudomonas glucose  20-30 Cd*, Cr",[39]

aeruginosa strain Amr- Cu",Ag', Hg™

11

Klebsiella oxytoca strain glucose ~ 5-20 Cu?*, Ag, Hg*" [12]

Aft-7

Bacillus sp. strain A.rzi  glucose 50 Cd*, Cro%,[11]
Cu?* Ag', Pb**,
Hg?" Co?*,Zn?*

Bacillus pumilus strain glucose 40 As**, Pb*, Zn?*,[40]

Ibna Cd*, Cr%, Hg™,
Cu2+

Pseudomonas sp. strain glucose  30-50 Ccd*, Cr", [41]

DRY1 Cut Ag', Pb?",
Hg2+

Klebsiella oxytoca strain fructose 80 Cu?*, Ag, Hg*" [42]

hkeem

Pseudomonas sp. strain glucose  15-20 Cr%, Cu?, Pb*',[43]

DRY2 Hg™

Acinetobacter glucose 20 Cd*, Cr®, Cu?',[44]

calcoaceticus strain Pb%*, Hg?*

Dr.Y12

S.  marcescens strain sucrose 20 Cr%, Cu?, Ag',[45]

Dr.Y9 Hg™

Serratia sp. strain Dr.Y8 sucrose 50 Cr, Cu, Ag, Hg [46]

Enterobacter sp. strain glucose  25-50 Cr%, Cd*, Cu?',[47]

Dr.Y13 Ag', Hg™

Serratia sp. strain Dr.Y5 glucose 30 n.a. [48]

Serratia marcescens sucrose  15-25 Cr%, Cu?*, Hg?* [49]

strain DRY6

Enterobacter  cloacae sucrose 20 Cr', Cu?* [35]

strain 48

Escherichia coli K12 glucose 80 Cro* [34]

Identification of molybdenum reducing bacterium

Ten Mo-reducing bacterial candidates were identified, with
isolate I being the best candidate based on the amount of Mo-blue
it produced. Nonetheless, screening for potential PEG-degrading
capability among the Mo-reducing bacteria reveals that isolate B
can only weakly grow on PEG 200, isolate H can only grow on
PEG 300 at medium strength, and isolate E is the best because it
can degrade PEG 200, PEG 300, and PEG 600. Isolate E is the
best because it can degrade PEG 200, PEG 300, and PEG 600.
The isolate in question was chosen for further investigation.

The bacterium was motile, had a rod-like appearance, and
was a facultative anaerobic and Gram-negative bacterium,
according to the findings. The colonies were between one and
three millimeters in size and had a shiny, smooth, cream white,
round look. The ABIS online program was used to execute the
various biochemical tests (Table 2) that were obtained. The
software offers Escherichia coli as the bacterial identity because
it has the highest homology score (>90 percent) and the best
accuracy score (100 percent) of all the bacteria tested. Although
this is true, the moniker is just temporary until the bacterium can
be accurately identified through molecular analysis of the
16sTRNA gene. The bacterium has been identified as Escherichia
coli strain Amr-13 for the time being. A previous report have
shown the ability of bacterium from this species to reduce
molybdenum to molybdenum blue [34] and to weakly degrade
PEG-200 [19].
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Table 2. Mo-blue production by bacterial isolates measured at 750 nm,
and growth on various PEGs measured at 600 nm. Strength of bacterial
growth on PEG was indicated using X, XX and XXX, which indicate
growth of between 0.1 to 0.2, between 0.2 and 0.3 and >0.3 absorbance
units, respectively, measured at 600 nm.

Isolate A 750 nm (+standard PEG 200 PEG 300 PEG 600
deviation, n=3).

A 0.42 + 0.04 - - -

B 024 + 0.01 X - -

C 0.96 + 0.04 - - -

D 0.92 + 0.12 - - -

E 1.01 + 0.05 XXX XXX XXX
F 0.53 + 0.01 - - -

G 124  + 0.08 - - -

H 0.97 + 0.06 - XX -

I 1.97 + 0.06 - - -

J 0.10 + 0.05 - - -

Table 1. Biochemical tests for Escherichia coli strain Amr-13.

Motility + Acid production from:

Pigment -

ONPG (beta-galactosidase) + L-Arabinose +
Catalase production (24 h) + Alpha-Methyl-D-Glucoside -
Ornithine decarboxylase (ODC) + Glycerol +
Oxidase (24 h) - D-Adonitol d
Lysine decarboxylase (LDC) + Dulcitol +
Arginine dihydrolase (ADH) d Cellobiose -
Methyl red + myo-Inositol -
Nitrates reduction + D-Glucose +
Indole production + Maltose +
Voges-Proskauer (VP) - Lactose +
Acetate utilization + D-Mannose +
Hydrogen sulfide (H2S) d D-Mannitol +
Citrate utilization (Simmons) - Mucate +
Malonate utilization - Melibiose +
Esculin hydrolysis + L-Rhamnose +
Tartrate (Jordans) + Raffinose +
Urea hydrolysis - D-Sorbitol +
Gelatin hydrolysis - Salicin +
Lipase (corn oil) - Trehalose +
Deoxyribonuclease d Sucrose +
Phenylalanine deaminase d D-Xylose +

Note: d indeterminate result, + positive result, — negative result

The use of a microplate format can speed up Mo-reduction
characterization and screening works [26], while washed, whole
or resting cells have been used in studying xenobiotic
detoxifications including molybdenum reduction [35] and
pentachlorophenol degradation [50]. Mo-blue production was
optimum between 34 to 37°C (Data not shown) and between pH
5.8 and 6.8 (data not shown).

Carbon sources as potential electron donor to Mo-blue
production

The sugar glucose was shown to be the most effective electron
donors for enabling Mo-blue synthesis, followed by sucrose, d-
mannose, lactose, melibiose, maltose, trehalose, I-rhamnose, 1-
arabinose, myo-Inositol, and d-mannose, all in descending order
of effectiveness (Fig. 5). The ideal concentration of glucose was
1 percent (w/v), with higher quantities limiting the synthesis of
Mo-blue. (data not shown). Glucose inhibition at concentrations
above 1% (w/v) is also reported in several Mo-reducing bacteria,
and this is likely due to the osmotic stress caused by high
concentrations of glucose [12,47].

Either glucose or lactate, and sometimes formate are the best
electron donor supporting metal bacterial reductions, which
includes arsenate [51], and chromate [52]. As far as Mo-reducing
bacteria is concern, nearly all either prefer glucose or sucrose
(Table 1). This is because the Mo-reducing enzyme requires
NADH or NADPH as electron-donating substrates, and both
sucrose and glucose can produce these compounds via generic
pathways [35,53,54], thus explaining the preference observed.
Some metal reduction works have concentrated upon cheaper
substrate such as molasses [55,56], and current works are being
carried out the possibility of using this substrate as a cheaper
alternative.
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Fig. 5. The effect of various carbon sources as potential electron donor
sources (1% w/v) for Mo-blue production. The error bars are average +
standard deviation of triplicates.

The effect of sodium molybdate concentrations to Mo-blue
production

The optimal sodium molybdate concentration was found to be
between 10 and 30 mM while studying its effect on Mo-blue
synthesis (Fig. 6). The ideal concentration range is between 5 and
80 mM, which has been found in previously identified Mo-
reducing bacteria (Table 1). Anionic heavy metals, in contrast to
cationic heavy metals, can be tolerated and reduced by bacteria
at high concentrations. For instance, the most tolerant
microorganism can tolerate and reduce selenate at 20 mM in
Bacillus sp. [57], chromate at 30 mM in Pseudomonas putida
[52], vanadate at 50 mM in Pseudomonas isachenkovii [58] and
arsenate at 60 mM in Citrobacter sp. NC-1 [51] . Because these
bacteria exhibit the capacity to reduce molybdenum at unusually
high concentrations, this implies that molybdenum is not toxic to
the Mo-reducing bacteria. The concentrations of molybdenum in
waters and soils have been reported to reach up to 900 mg/L and
6,500 mg/Kg, respectively [59]. Even at these high
concentrations of molybdenum as a pollutant, these bacteria are
good instruments for bioremediation. Another important
requirement is the phosphate concentrations in soil and water
should be close to 5 mM or should not exceed 20 mM for
reduction to occur. Fortunately, phosphate concentrations are not
found in concentrations above these range in typical water bodies
or soils [60].
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40
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Fig. 6. Mo-blue production at various sodium molybdate concentrations.
The error bars are average + standard deviation of triplicates.

PEGs as carbon sources for growth

Growth of this bacterium on PEG 200, 300 and 600 was
examined in the range of 100 to 1200 mg/L at various PEG
concentrations. Concentrations between 600 and 1,000 mg/L of
all PEGs were shown to be the most favourable for growth.
Growth was marginally inhibited by PEGs at higher
concentrations (Fig. 7). All PEGs showed a one-day lag period
in degradation testing. Nearly 90 percent of PEG 600 degradation
occurred on day six, while PEG 200 and PEG 300 decayed
completely on day four and five, respectively (Fig. 8). To predict
bacterial growth on these PEGs at 1,000 mg/L, a modified
Gompertz model was used (Fig. 9). PEG 200, PEG 300, and PEG
600 had maximal specific growth rates of 1.510.06, 1.450.05, and
1.180.04 d-1, although 90% of PEG 600 deteriorated by day six
(Fig. 10). There was a lag time of 0.530.06, 0.870.04 and
1.020.04 for PEG 200, PEG 300 and PEG 600, respectively. PEG
200, PEG 300, and PEG 600 all had adjusted coefficient of
determinations (adjR2) of 0.995 to 0.995, suggesting good
agreement between the anticipated and observed values. While
PEG 600 was the least preferred substrate for this bacterium, it
had the highest specific growth rate and lowest lag duration of all
the substrates. It has also been seen in other bacterial studies of
PEG breakdown, and the length of the lag time ranges from one
to two days in aerobic circumstances and more than ten days in
anaerobic ones [14,21].

Xenobiotics and heavy metals detoxifying bacteria are
rarely documented. There were few cases. As an example, in
chromate reduction, an electron donor such as phenol could be
utilized [61]. Because this bacteria can metabolize PEG and
reduce molybdenum, its bioremediation potential is regarded
unique and helpful. According to search databases, short PEG
chains (1,000) are more biodegradable than longer chains
(5,000). PEG-degrading monocultures with longer PEG chains
(PEG 20,000) are extremely unusual, with only a handful known
to exist [62,63]. As a result, PEGs with longer carbon chains
degrade more slowly than PEGs with shorter chains of carbon.
Anaerobic degradation of chains longer than PEG 10,000 takes
hundreds of days, while aerobic degradation occurs when
bacterial co-culture is present [18].

80

When PEG (PEG 400) biodegraded for the first time, it
occurred in 1962 [64]. Under aerobic conditions, the primary
enzymes that degrade PEG are alcohol dehydrogenase, aldehyde
dehydrogenase, and an ether-bond-splitting enzyme that converts
PEG to carboxylic acid groups and eventually to the Kreb’s cycle
bypass metabolite glyoxylate (GOA). PEG absorption by
microorganisms appears to begin with the production of this
metabolite. For example, glyoxylate shunt can be used to bypass
Krebs' cycle and feed into other anabolic pathways without going
through the Krebs cycle [18,24,62,65-67]. Heavy metal
detoxifying bacteria and xenobiotic degrading bacteria are rarely
reported. Few samples were available. It's possible to employ an
electron donor like this in the reduction of chromate, for example.
It is therefore deemed new and valuable for bioremediation since
this bacterium has the ability to breakdown PEG and decrease
molybdenum.

Abs 600 nm

0+ T T T T T

600
PEG (mg/L)
Fig. 7. Growth of Escherichia coli strain Amr-13 on PEG 200 (O), 300

(A) and 600 (<). The error bars are average + standard deviation of
triplicates.

800 1000
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» =] ]
o o o
1 1 1

PEG degradation (%)

N
o
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1200
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Fig. 8. Degradation of 1,000 mg/L of PEG 200 (O), 300 (A) and 600
(<) by Escherichia coli strain Amr-13. PEG degradation was monitored
according to the assay. The error bars are average + standard deviation of
triplicates.
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Abs 600 nm

0 - T T T T

0 1 2 3 4
Incubation (day)
Fig. 9. Escherichia coli strain Amr-13 growth on 1,000 mg/L of PEG 200
(0), 300 (A) and 600 (<>) as modelled using the modified Gompertz
model (solid lines). The error bars are average + standard deviation of
triplicates.

CONCLUSION

Molybdenum is a new worldwide contaminant that has been
discovered to be extremely harmful to spermatogenesis in animal
studies just lately. These bacteria will be isolated from soil and
tested for their ability to degrade polyethylene terephthalate
(PEQG). It has been discovered that a Mo-reducing bacterium can
utilise PEG 200, 300, and 600 as carbon sources for growth. A
molybdenum-degrading activity with PEG-degrading ability has
never been reported before. This bacterium's Mo-blue production
has been characterised, and the results are consistent with prior
findings. Two of the PEGs examined completely degraded after
five days of incubation, according to studies. Finally, growth of
these bacteria on PEG was simulated using the modified
Gompertz model, and important growth characteristics indicated
that PEG 200 was the optimal substrate. The use of a modified
Gompertz model for PEG is new to our knowledge. Partially
identifying the microorganism as Escherichia coli strain Amr-13
was a promising first step. The 16s rRNA gene is being
sequenced as part of a new identification effort, which will be
followed by molecular phylogenetic analysis. It is being purified
and the PEG-degrading capacity of the molybdenum-reducing
enzyme from this bacterium is being studied. The capacity of this
bacteria to detoxify PEG and molybdenum, two of the most
resistant contaminants, is helpful for bioremediation.
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