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KEYWORDS Abstract Steroids, including testosterone, estrone, 17p-estradiol, estriol and 17p-ethinyl
Steroids; estradiol, are harmful not only to the population dynamics of aquatic life forms but also to
Testosterone; public health. In this study, a marine testosterone-degrading bacterium (strain N3) was isolated
Biodegradation; from Nanao Island in the South China Sea. In addition, the strain could also use 173-estradiol
Vibrio sp. N3; (E2), 17B-ethinyl estradiol (EE2), estriol (E3) or cholesterol as a sole carbon source. According
Plackett-Burman to the 16S rRNA gene sequence analysis, strain N3 was identified as Vibrio sp. Further charac-
design terization showed that the strain is aerobic, gram-negative, and mobile and exhibits resistance

to ampicillin, carbenicillin, penicillin and spectinomycin. For enhancing its capacity of testos-
terone degradation, the Plackett-Burman factorial design and the central composite design
were used to optimize the culture condition. Under optimal conditions, 92% of testosterone
was degraded by Vibrio sp. N3 in 48 h.

© 2018 Published by Elsevier Espafa, S.L.U. on behalf of Asociacion Argentina de Microbiologia.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

PALABRAS CLAVE Aislamiento y caracterizacion de una bacteria marina degradadora de testosterona:
Esteroides; Vibrio sp. N3

Testosterona;

Biodegradacion; Resumen Los esteroides—que incluyen la testosterona, la estrona, el 17 B-estradiol, el estriol
Vibrio sp. N3; y el 17 B-etinilestradiol—son nocivos no solo para la poblacion dinamica de las formas de vida
Disefio de acuatica, sino también para la salud publica. En este estudio se aislé una bacteria marina
Plackett-Burman degradadora de testosterona de la isla de Nanao, en el Mar del Sur de China, a la que se

denomind cepa N3. Se determind que esta cepa también podria usar 17 B-estradiol (E2), 17
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B-etinilestradiol (EE2), estriol (E3) o colesterol como Unicas fuentes de carbono. De acuerdo
con el analisis de la secuencia del gen 165 rRNA, la cepa N3 se identifico como Vibrio sp. La
caracterizacion adicional mostré que dicha bacteria es un organismo aerobio, gram negativo y
movil, y que presenta resistencia a ampicilina, carbenicilina, penicilina y espectinomicina. Para
optimizar la condicion de cultivo en relacion con su capacidad de degradar la testosterona, se
utilizaron el diseno factorial Plackett-Burman y el disefnio compuesto central. En condiciones
optimas, el 92% de la testosterona fue degradada por Vibrio sp. N3 en 48 h.

© 2018 Publicado por Elsevier Espafa, S.L.U. en nombre de Asociacion Argentina de Microbi-
ologia. Este es un articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.

org/licenses/by-nc-nd/4.0/).

Introduction

Marine pollution has become a global problem in recent
years with increasing contamination levels and negative
effects in the marine environment. It has been reported
that the survival of aquatic organisms and human health are
affected by pollution in most coastal areas of the world.
The problem of endocrine-disrupting chemicals (EDCs) has
emerged as a major environment and human health issue,
gaining attention from scientists, governments, and media®.
EDCs, including pesticides, plasticizers, and steroids, have
been detected in lakes, drinking water, rivers and sea
water3’4’13'23125.

Steroids include natural hormones testosterone, estrone
(E1), 17B-estradiol (E2), estriol (E3) as well as artificial
hormones such as 17«-ethinylestradiol (EE2). The most
likely sources of testosterone are municipal sewage sludge,
paper mill effluents, and runoff from agricultural production
sites'1>1%, Steroid hormones are able to act as endocrine
disruptors in aquatic environments, and are harmful to
humans and other mammals. For example, it has been shown
that wild fish living downstream of municipal sewage drain-
ing exits were negatively affected by androgenic steroids?®.

Several environmental models such as soils®?°, waste
water treatment plants'?, and stream sediments have been
used to degrade testosterone’. Furthermore, the application
of microorganisms to degrade testosterone is a promising
technological choice. It has been reported that terrestrial
bacteria can degrade testosterone completely into carbon
dioxide and water'"'2'®, In addition, two marine bacte-
ria isolated from the Baltic Sea at Kiel in Germany were
found to be able to degrade testosterone, estradiol, and
cholesterol?2?7,

Statistics-based experimental designs have proved use-
ful in the optimization of biotreatment processes’?. The
Plackett-Burman design (PBD) is widely used to screen
variables that have a significant impact on the process'>.
Response surface methodology is an empirical modeling
technique to evaluate the relationship between a set of
controlled experimental factors and observed results’.

In this study, four testosterone-degrading strains N1, N3,
N6 and N13 were isolated from sediment in the marine fish
culture area near Nanao Island, South China Sea. Its tax-
onomic characterization and steroid degradation capacity
were analyzed. The optimal testosterone degradation condi-
tion for strain N3 was established.

Materials and methods
Chemicals and culture media

Chemicals (analytical grade), including cholesterol, testos-
terone, 17B-estradiol, estrone, estriol, and 17«-ethinyl-
estradiol, were purchased from Sigma (USA).

The mineral medium (MM) was prepared with the fol-
lowing ingredients: 1.0g/l (NH4);SO4, 0.8g/l Na;HPO,,
0.2g/l KH,PO4, 0.2g/l MgSO4, 1ml/l FeCls(sq), 1m/l
(NH4)eM07024(sq), and 25g/1l NaCl. The 2216E medium was
prepared with 5g/l peptone, 1g/l yeast extract, 0.1g/l
FePO,, and 11 aged seawater.

Testosterone quantification with HPLC

Testosterone was extracted with the same volume of ethyl
acetate, dried with nitrogen gas, and dissolved in 1ml
HPLC elution buffer (ethyl acetate:H,0 in 1:1); 10 p.l testos-
terone solution was injected into a Hypersil ODS2 C18
4 um x 250 um column. The detection program was carried
out at flow speed 1 ml/min at 30°C for 15min. The testos-
terone peak was observed after 6.745 min at 245 nm.

Isolation of steroid-degrading strains

The strains were isolated from sediment in the marine fish
culture area near Nanao Island, South China Sea. Newly col-
lected seabed sludge (5 g) and surface seawater (50 ml) were
thoroughly mixed in a shake flask, cultured in a rotary shaker
(120rpm) at 25°C for 30min, and allowed to settle for
30 min. The cleaner upper phase was centrifuged at 5000 x g
for 20 min, the supernatant was discarded, and the pellet
was resuspended in 0.5 ml surface seawater. A serial 10-fold
dilution was prepared with physiological saline, and 0.1 ml
dilutions were spread on MM agar plates, containing 10 mg/l
testosterone as the carbon source. Plates were incubated
at 25°C for 3 days. The colonies were streaked repeatedly
until morphologically distinct colonies were generated. The
colonies were inoculated in MM medium containing 10 mg/l
testosterone as the sole carbon source and shake-incubated.
The cultures with increased turbidity (absorbance at 600 nm)
were selected for further analysis.
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Testosterone degradation by selected bacteria

The capacity of selected strains to degrade testosterone was
further studied in two means. The first was carried out as
follows: the selected strains (ODggo of 0.01) were cultured
with 0.3 mM testosterone in a 1:10 diluted low carbon source
2216E medium for 3 days. The culture without testosterone
was used as a control to determine bacterial growth. Total
protein was determined with the Bradford method (sub-
tracting the protein of control). After cultivation, an equal
volume of acetonitrile was mixed with the culture solutions
for 30min at room temperature. After centrifugation at
12000 x g for 20min, the supernatant was transferred into
new tubes, and testosterone concentrations were measured
by HPLC.

For the second approach, selected bacteria were cul-
tured in 2216E medium at 25°C overnight, collected by
centrifugation (12000 x g, 5min), and washed twice with
MM medium. Pellets were resuspended in MM medium to
an ODggo of 0.5, and testosterone (0.3 mM) was added as
the sole carbon source. Cultures were incubated in a rotary
shaker (150 rpm) at 25°C for 24 h. The OD¢g of the cultures
was measured every 6 h. The remaining testosterone in the
cultures was quantified by HPLC.

Identification of bacterial strain

The overnight culture of N3 cells (500 wl) was mixed with
50 L SDS (10%) at room temperature for 2min. Then, 300 pl
phenol and 300 p.l chloroform were used to extract the chro-
mosomal DNA of the cells twice. After precipitation with
1 ml ethanol and 25 pl NaCl (5M), the DNA was centrifuged
and washed with 70% ethanol twice. Finally, the DNA was
resuspended in 50 pul TE buffer. The purified DNA was used
as template for PCR.

The 16S rRNA gene of strain N3 was amplified by
PCR with primers 5-AGAGTTTGATCCTGGCTCAG-3" and 5'-
GGTTACCTTGTTACGACTT-3'. The PCR product (1489 bp) was
introduced into pMD-19T (Takara) and the plasmid was trans-
formed into E. coli DH-5a. Three positive clones were
further verified by sequencing.

The obtained 16S rRNA gene sequence was subjected to
similarity search on the NCBI web site. The highly similar
16S rRNA gene sequences of related species were obtained.
Multiple sequence alignment was carried out by using the
Clustal X program (version 1.8) with default parameters.
Phylogenetic and distance analysis of the aligned sequences
were performed by using the MEGA software (version 2.1).
The resulting unrooted tree topologies were evaluated by
bootstrap analysis of the neighbor-joining method based on
1000 resampling.

The identification of the N3 strain was ascertained by
physiological and biochemical tests’.

Plackett-Burman design for main factor screening

Plackett-Burman designs were used for screening the fertil-
ization factors that affected testosterone degradation rate.
Eight factors (pH, culture temperature (T), shaker roll-rate
(R), (NH4),S04, K;HPO4, glucose, NaCl, and yeast extract (Y))
were chosen as variables in the study. The degradation rates
of testosterone were evaluated after 72 h of the culture in
each condition containing the same amount of testosterone.
The design and analysis of the experiments were performed
using the Minitab 7.0 program. Each experiment was car-
ried out three times. The levels of each factor are given in
Table 1.

Response surface methodology for optimizing
the conditions of testosterone degradation

Response surface methodology with a central composite
design was used for the main factors of these parameters on
testosterone degradation using the Design Expert 7.0 pro-
gram. Based on the results of the Plackett-Burman experi-
ment, four factors (pH, (NH4),504, NaCl, yeast extract) were
chosen as the main factors for further condition optimiza-
tion. Therefore, a four-factor response surface methodology
with a central composite design was constructed. The design
had eight star points and six replicates at center points lead-
ing to 30 runs. The independent factors along with their
levels are shown in Table 2. Testosterone degradation rates
were measured after a 72 h culture period.

Table 1 Level setting and designation of the Plackett-Burman experimental design

Runs pH (NH4)2504(g/1) KaHPO4(g/1) Glucose(g/1) Y(g/l) NaCl(%) T(°C) R(rpm)
1 7 2 0.1 0 0.075 3 15 180
2 9 2 0.1 0.5 0.075 1 30 120
3 7 0.5 0.4 0.5 0.075 3 30 120
4 7 2 0.4 0.5 0.025 1 15 120
5 7 0.5 0.1 0 0.025 1 15 120
6 9 0.5 0.4 0 0.075 3 15 120
7 9 2 0.1 0 0.025 3 30 120
8 9 0.5 0.1 0.5 0.075 1 15 180
9 7 0.5 0.1 0.5 0.025 3 30 180

10 7 2 0.4 0 0.075 1 30 180

11 9 0.5 0.4 0 0.025 1 30 180

12 9 2 0.4 0.5 0.025 3 15 180

R: shaker roll-rate; T: culture temperature; Y: yeast extract.
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Table 2 Factors and their levels used in the central com-
posite design

Factors/levels —1 +1 —a +o
pH 7 8 6.5 8.5
(NH4)2S04 (g/1) 1.2 2.4 0.6 3
Yeast extract (mg/l) 45 90 22.5 112.5
NaCl (%) 2 4 1 5

Results and discussion

Isolation of testosterone-degrading bacteria

A total of 13 bacteria strains were isolated in this study and
marked as N-1 to N-13 respectively. The preliminary study
had shown that strains N1, N3, Né and N13 could grow up
in MM medium with 10 mg/l testosterone as the sole carbon
source, which indicates they have the potential to degrade;
therefore, strains N1, N3, N6 and N13 were selected for
further research.

Degradation of testosterone by the selected strains

Compared to the control medium which contained no carbon
source, all four strains, N1, N3, N6 and N13, grew as shown
in ODggo, and produced more total proteins in the medium
supplemented with 0.3 mM testosterone (Fig. 1). The result
indicated that strains N1, N3, N6 and N13 could use testos-
terone as carbon source. The result was in accordance with
the marine, steroid-degrading bacterium H5, which showed
better growth in cultures including testosterone, estradiol
and cholesterol compared to the non-steroid controls?.
Among the four strains, N3 could reach the highest concen-
tration and produce a high amount of total proteins.
Absorbance at 600 nm of strain N13 increased gradually
to about 0.85 during the 24h period (Fig. 2). However,
absorbance decreased initially at 6, 12 and 18 h for strain
N3, N1 and N6, and then increased to about 1.0, 0.68, 0.65 at
24 h, respectively (Fig. 2). For strain N1, N3, N6, N13, during
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Figure 1 Absorbance (A) at 600nm and total protein (P)

of four selected strains N1, N3, N6, and N13 cultivated in
1:10-diluted 2216E media for 3 days. EG(A) and EG(P) are the
absorbance and protein content of the experiment group in
which testosterone was added to media with a concentration of
0.3mM. C(A) and C(P) are the absorbance and protein content
of the control group without any additional carbon.
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Figure 2 Changes of absorbance at 600nm of N1, N3, N6,

and N13 in MM media in 24h. EG is the experiment group,
testosterone was added to media as carbon source with a
concentration of 0.3 mM. C is the control, no carbon source was
added.

the three day-incubation, the degradation rate of testos-
terone was 46.39%, 53.61%, 37.48% and 50.79%, respectively.
Strain N3 showed the highest testosterone degradation rate.
Moreover, strain N3 could also degrade a wide range of
steroids such as E1, E2, E3, EE2, and cholesterol (data no
shown), although not as efficiently as the degrading testos-
terone. Estrone and testosterone have been reported to be
the two main steroid pollutants in the environment®. There-
fore, strain N3 was chosen for further research.

Identification and characterization of strain N3

The results of the characterization showed that strain N3
is aerobic, gram negative and mobile. The result from the
Methyl Red-VP test (MR-VP) was negative (data not shown);
suggesting that strain N3 does not express pyruvate decar-
boxylase. N3 could not use citrate as the sole carbon source
but could degrade proline into carbon dioxide and water.
The strain is resistant to ampicillin (200 n.g/ml), carbeni-
cillin (200 pg/ml), penicillin (150 pg/ml) and spectinomycin
(30 wg/ml); but sensitive to chloromycetin (6 ng/ml), tetra-
cycline (6 pg/ml), and rifampicin (6 wg/ml). Strain N3 can
survive under low concentrations (6 ng/ml) of kanamycin,
streptomycin, and nalidixic acid.

The 16S rRNA gene was amplified from the total DNA of
strain N3 and sequenced. The accession number of the 16S
rRNA gene of strain N3 in GenBank is JN402325. After align-
ment with other 16S rRNA gene sequences in NCBI, the result
showed high similarity (>97%) to members of the genus Vib-
rio. The 16S rRNA gene sequence was further aligned with
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34 Vibrio roiferianus LMG21460

761 Vibrio harveyi ATCC 14126

45 Vibrio campbellii ATCC 25920
Vibrio owensii DY05

3 Vibrio communis R-40496
Vibrio sp.N3

324 Vibrio proteolyticus ATCC 15338

Vibrio ezurae HDS1-1

Vibrio fortis LMG 21557T

5
8 Ii‘/ibrio pelagius CECT 4202T
Vibrio hangzhouensis cn83

39 Vibrio hsp.H5

Vibrio alginolyticus ATCC 17749

"0
Figure 3  Phylogenetic tree based on the analysis of 16S rRNA
sequences showing the position of strain N3. The tree was evalu-
ated by bootstrap analysis of the neighbor-joining method based
on 1000 resampling.

the corresponding sequences from additional strains of Vib-
rio species in Bergey’s Manual of Determinative Bacteriology,
which were retrieved from GenBank (Fig. 3). Vibrio sp. H5 is
the first bacterium isolated from the marine environment,
which is able to degrade testosterone?”?’. The sequence
similarity of the 16S rRNA gene between strain H5 and strain
N3 is 91%, which indicates that Vibrio sp. N3 may represent
a new species of Vibrio that could use steroids as the sole
carbon source (Fig. 3).

Screening the factors affecting testosterone
degradation

Culture temperature (T), pH and shaker roll-rate (R) may
affect the physiological and biochemical conditions of the
organism. (NH4),504 and K;HPO, are necessary nutrients,
and can supply the organism with macro elements nitrogen,
phosphorus, and sulfur. It has been reported that low con-
centrations of glucose could enhance phenol degradation
because glucose intake could facilitate bacteria uptake
of the substrate?’. The bacterium was isolated from the
sea, which was highly saline. Different concentrations of
NaCl were added to the culture medium, because NaCl was
selected as an effect factor. Yeast extract contains certain
amino acids, peptides, vitamins, and several organic acids
that are important to the organism?*-?>, Eight factors (pH,

culture temperature (T), shaker roll-rate (R), (NH4),SO4,
K;HPO4, glucose, NaCl, and yeast extract (Y)) were chosen
as variables in the study. For exploring the effect of pH,
culture temperature (T), shaker roll-rate (R), (NH4),SO4,
K;HPO,4, NaCl, glucose, and yeast extract (Y) to testosterone
degradation, a Plackett-Burman design was used to identify
the main effect factors. Results of variable analysis are
shown in Table 3.

Four of the eight factors, including initial pH, yeast
extract, (NH4),;504, and NaCl, had a significant effect on
testosterone degradation (p <0.05), and of these four fac-
tors, initial pH showed the most significant effect (p <0.01).
Therefore, these four factors were chosen for further opti-
mization. Temperature (T), shaker roll-rate (R), K;HPO,4, and
glucose were less effective on testosterone degradation by
strain N3, and based on the results of the experiment, the
highest degradation rate of testosterone was obtained under
the condition of 25°C, 0.025¢g/l glucose, a shaker roll rate
of 150rpm, and 0.25g/l K;HPO,.

Response surface methodology for optimizing
the conditions of testosterone degradation of
strain N3

A central composite design was applied to analyze the main
and interactive effects of the four significant factors and to
find the optimum values within a coded range of —« to +«
in the testosterone degradation rate.

The experimental design and results are shown in Table 4.
The experiment results were modeled with an equation to
explain the relationship between the testosterone degrada-
tion rate and each of these four factors. The mathematical
regression model using the coded factors is given as:

R = —767.0017 + 222.5083X; + 2.3764X, — 0.4034X;
— 8.4025X4 + 2.1917X, X2 4 0.1374X;X; + 2.495X; X,
+0.0263X,X; + 0.1938X, X4 — 0.044X3X, — 15.3242X2
—6.3362X7 + 0.0044X% — 1.4023X?

where R is the predicted response of the testosterone degra-
dation rate and X; is the initial pH, and X;, X3, and X,
are concentrations of (NH4),SO,4, yeast extract, and NaCl,
respectively.

The experiment results of the regression model analysis
are shown in Table 5. The regression coefficients and the

Table 3  Analysis of variables in the regression model of the Plackett-Burman design

Term Effect Coeff SE Coeff T-value p-value
pH —0.3467 —0.1734 0.02279 —7.61 0.005
(NH4)2S04 0.1560 0.0780 0.02279 3.42 0.042
K2HPO4 —0.0542 —0.0271 0.02279 -1.19 0.320
T —0.0052 —0.0026 0.02279 —0.11 0.917
Glucose 0.0572 0.0286 0.02279 1.25 0.298
R 0.0849 0.0424 0.02279 1.86 0.160
Y 0.2221 0.1110 0.02279 4.87 0.017
NaCl 0.1471 0.0736 0.02279 3.23 0.048

coeff: coefficient; p-value: hypothesis tests; R: shaker roll-rate; SE coeff: standard error coefficient; T: culture temperature; t-value:

Student’s t-test; Y: yeast extract.
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Table 4 Biodegradation rate of testosterone by Vibrio sp. N3 expose to different factors

Runs pH (NH4)2504 Yeast NaCl Degradation rate
extract (%)
1 —1 —1 —1 —1 88.12
2 +1 -1 —1 —1 89.14
3 —1 +1 —1 —1 73.88
4 +1 +1 —1 —1 87.91
5 —1 —1 +1 —1 76.63
6 +1 —1 +1 -1 92.27
7 —1 +1 +1 —1 77.61
8 +1 +1 +1 -1 82.02
9 —1 —1 —1 +1 81.68
10 + —1 —1 +1 86.94
11 —1 +1 —1 +1 72.52
12 +1 +1 —1 +1 84.92
13 —1 —1 +1 +1 68.9
14 +1 -1 +1 +1 86.8
15 —1 +1 +1 +1 72.25
16 +1 +1 +1 +1 81.75
17 —a 0 0 0 53.54
18 +o 0 0 0 88.58
19 0 —a 0 0 71.26
20 0 +o 0 0 83.26
21 0 0 —a 0 64.93
22 0 0 +a 0 80.08
23 0 0 0 —a 74.67
24 0 0 0 +a 86.88
25 0 0 0 0 89.6
26 0 0 0 0 90.12
27 0 0 0 0 89.34
28 0 0 0 0 86.79
29 0 0 0 0 89.93
30 0 0 0 0 89.26
Table 5 Regression analysis for the biodegradation of testosterone by Design Expert 7.0 for quadratic response surface model

fitting (ANOVA)

Source Sum of squares Degrees of freedom Mean square F-value p-Value Prob > F
Model 177.71 14 126.91 2.80 0.0286

Residual 680.07 15 45.34

Lack of fit 672.70 10 67.27 45.66 0.0003

Pure error 7.37 5 1.47

Total 2456.77 29 R*=0.7232 Adeq precision=6.023

Adeq precision measures the signal-to-noise ratio, and a ratio greater than 4 is desirable. The ratio of the model was 6.023, indicating

that this model could be used to navigate the design.

interaction between each independent factor were consid-
ered statistically significant for p-value of 0.0286 (p < 0.05).
R? correlation coefficient of the quadratic regression model
was 0.7232. The Model F-value of 2.80 implied the model
was significant. There was only a 2.86% chance that such a
large ‘*Model F-Value’’ could occur due to noise.

The effect of initial pH on testosterone degradation

The effects of the independent factors (initial pH, concen-
trations of (NH4),SO,4, yeast extract and NaCl) and their

interactions on testosterone degradation were examined.
The 2D contour plot and 3D response surface were used
to represent the regression equation graphically. Figure 4
presents the 3D response surface for the optimization of
degradation and components of the medium.

The initial pH value of the medium played the most
important role in testosterone degradation, which was con-
sistent with the results of the Plackett-Burman design.
Figure 4A-C clearly showed that the testosterone degra-
dation rate changed most dramatically with the alteration
of the initial pH. When the initial pH value of the medium
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Figure 4 Three-dimensional surfaces of the effect of four variables on the testosterone degradation rate. When the effect of two
variables was plotted, the other two variables were set at zero levels.

changed from 6.5 to 7.5, the testosterone degradation rate
increased from about 60% to 85%, respectivley. It proved that
when pH is lower than 7.5, the medium is not suitable for
strain N3 growth, or that a low pH could have a negative
effect on some enzymes and proteins which are impor-
tant to testosterone absorption and digestion. This result
showed that pH has an important effect on the testosterone
degradation rate; therefore, it should be considered as
an imporatnat factor to isolate the testosterone-degrading
strain.

The effect of other factors on testosterone
degradation

As shown in Figure 4, when the concentration of one of
the other three elements was changed, the degradation
rate was also changed, but the effects were weaker than
those of pH. When pH was kept at a constant level, the
other factors did not have dramatic effects on testosterone
degradation (Fig. 4A-F). For example, when pH was 7.5
(Fig. 4B) and the concentration of yeast extract changed
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from 22.5mg/l to 67.5mg/l, the degradation rate decrease
was less than 10%. The maximum decrease in the degrada-
tion rate of testosterone was 10-15% with these three factor
changes. (NH4),S0,4 and yeast extract are important nitrogen
sources, and play an important role in the rates of chemi-
cal degradation'”'8. In addition to supplying nitrogen, yeast
extract also contains amino acids, peptides, vitamins, and
several organic acids, which are necessary to organisms?¢-28,
The main role of NaCl is to maintain the osmotic pressure
of the cells>'’. A lower or higher concentration of NaCl
could cause the cells to take up or lose water; either sit-
uation is harmful to cell survival and the ability to degrade
chemicals.

Optimum conditions for the degradation of
testosterone and optimized model

The degradation rate reached the maximum value when
the concentrations of (NH4),S0,4, yeast extract and NaCl
were optimized. Overall, considering the main and inter-
active effects of the four factors, the optimal conditions
were determined by solving the regression equation with
the Design Expert 7.0 software. The final result is as fol-
lows: initial pH 7.95, 1.75g/l (NH4),SO4, 68.06 mg/l yeast
extract, and 3.12% (w/v) NaCl.

For the purpose of testing this model for testosterone
degradation, degradation experiments were carried out
under optimal conditions. The result showed that 92% of
testosterone (0.3 mM) was degraded in 48 h. Consistently,
from the prediction of the RSM model, 95% of testosterone
(0.3mM) was degraded in 72h. The results demonstrated
that the model was accurate and the optimized conditions
that we determined could be used for further research.
The optimum concentration of 3.12% salt and pH 7.95
were similar to that of seawater of the South China Sea,
which indicates that it could also show high testosterone
degradation rate in the original environment. Since testos-
terone contamination has become a serious problem in
the environment, strain N3 could be a potentially useful
microorganism for testosterone pollution treatment.

Conclusions

In this study, four testosterone-degrading strains N1, N3, N6
and N13 were isolated from the sediment in the marine fish
culture area near Nanao Island, South China Sea. Strains
N1, N3, N6 and N13 could grow in MM medium with 10 mg/l
testosterone as the sole carbon source. The capacity of the
selected strains to degrade testosterone was further studied
in two steps. Vibrio sp. N3 showed the highest testosterone
degradation rate. Strain N3 could also degrade E2, EE2 and
cholesterol. Based on the results of the Plackett-Burman
design and response surface methodology with central
composite design, the optimal conditions for testosterone
degradation were the following: initial pH 7.95, shaker roll
rate 150rpm, 25°C, 1.75g/l (NH4);SO4, 0.25g/l K;HPO,,
68.06 mg/| yeast extract, 0.25 g/l glucose, and 3.12% (w/v)
NaCl. Therefore strain N3 could be a potentially useful
microorganism for steroid pollution treatment in the envi-
ronment. Although this strain could degrade a wide range of
substrates, several problems need to be addressed before

bioremediation application. These issues include: the mech-
anism underpinning the degradation of these substrates, the
enzyme(s) responsible for the breakdown of substrates, and
the capacity to degrade the extremely low concentration of
environmental steroids.
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