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Isolation, identification and selenite metabolism of a
selenium-tolerant endophyte from Cardamine hupingshanensis
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Abstract: [Background] Cardamine hupingshanensis is a novel selenium (Se)-hyperaccumulating
plant in China with the predominate Se species as selenocystine (SeCys;,), which is different with
other Se-hyperaccumulating plants in USA, eg. Astragalus bisulcatus, Stanleya pinnata. [Objective]
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To explore the role of microorganism during Se-hyperaccumulation in Cardamine hupingshanensis,
isolation, identification and Se metabolism in vitro of a Se-tolerant endophyte from C.
hupingshanensis were conducted. [Methods] A Se-tolerant endophyte was isolated and purified from
fresh leaves of C. hupingshanensis as CSN-1. The physiological and biochemical analysis and 16S
rRNA gene sequence analysis were carried out. Moreover, the endophyte CSN-1 was cultured in
selenite medium to study its Se metabolism. [Results] The Se-tolerant endophyte CSN-1 was
identified as Bacillus methylotrophicus. The selenite culture revealed that the medium absorbance
was higher than that in controls under 1.5 mg Se/L medium, but lower under 10 mg Se/L medium.
The metabolized Se speciation was Se** in supernants, but SeCys, in bacteria deposits. [Conclusion]
The Se-tolerant endophyte Bacillus methylotrophicus CSN-1 presented in Se-hyperaccumulating
plant, Cardamine hupingshanensis, and could transform selenite into SeCys,. The low concentration
of Se could promote the growth of Bacillus methylotrophicu CSN-1, but negative effects could be

observed at high Se levels.

Keywords: Cardamine hupingshanensis, Selenium-tolerance, 16S rRNA gene, Bacillus methylotrophicus,

Selenocystine/SeCys,
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PCR
K XV Sigma-Aldrich-
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70% 5 min
3 2% NaClO; 0.5 mL/L Tween-20
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[26]
10 (10" 1072
10°% 10* 10° 109 100 pL
200 pg/L TSA-YE
28 °C 48 h
200 mg/L TSA-YE
50%
-80 °C
15 HFEMELETE
1.4 DNA
16S rRNA
16S rRNA 27F (5-GAGTTTGAT

CCTGGCTCAG-3') 1492R (5'-TACGGTTACCTT
GTTACGACTT-3) PCR
1 448 bp PCR (50 uL) 27F
1492R (20 umol/L) 1.0 pL DNA
2.0 uL  dNTPs (2.5 mmol/L) 4.0 uL 10xBuffer
50uL MgCl; (25 mmol/L) 5.0 uL. Tag (5.0 U/uL)
0.5 puL 50 uL PCR
95°C4min 94°C40s 55°C45s 72°C

60s 30 72°C 10 min 4°C
PCR
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MEGA 6.0
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[27]

1.7 FRERIMR ISR R
171 WHREMRE I Za9NE
CK Se 1.5 mg/L
Se 10 mg/L 120 h
A=600 nm

1.7.2 EIEENE
GB 5009.93-2010

1.7.3 WS E
(LC-UV-AFS) 0.1g
1mL 10mL
5 mL Tris-HCI
30 min 1 000 mg/kg K 0.4 mL
250 r/min 50 °C
24 h 1 000 mg/kg XIV 0.4 mL
37°C 18h 4°C 10000 r/min 30 min
0.22 pm
(SeMet) (SeCys,)
(SeMeCys) (Se™)
1.8 HEAE

I+

Origin 7.0 t

2 ER54H5M
21 EWSE. it
200 pg/L
48 h 10°
3 3
TSA-YE

TSA-YE

CSN-1

22 BEHEE
2.2.1 HIBHEFISE
CSN-1

V-P
HS( 1)
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(Bacillus methylotrophicus)

222 HTFEYFIHE
CSN-1  16STrRNA

EZBioCloud BLAST
Bacillus methylotrophicus KACC13105
99.1% CSN-1
1 CSN-1  Bacillus
methylotrophicus KACC13105

(Bacillus methylotrophicus) CSN-1
16S rRNA PCR

GenBank KY777720

F& 1 CSN-1 E#REERETRAE (LHF1E
Table 1 Physiological and biochemical characteristics of
CSN-1

Characteristics Results
Nitrate reduction +
Gram staining +
Urea production +
Hydrolysis of gelatin +
Glucose fermentation +
Indole test -
Citrate utilization +
V-P V-P test +
H2S H>S production -

200 mg/L

+ —

Note: +: Positive; —: Negative.
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Figure 1 Phylogenetic tree of strain CSN-1
16S rRNA GenBank

Baceiifus subtilis DSM10{AJ276351)

Bacillus tequilensis KCTC 13622 (THAYTO01000043)
Brevibacterium halotolerans DSM 8802 (T) (AM747812)
Bacillus mojavensis RO-11-1 (T) (JH600280}

Bacillus vallismortis DV1-F-3 (T} (JH600273)

Bacillus atrophaeus ICM 9070 (1) (AB0O21181)

Bacillus amvloliguefaciens ATCC 23350 (X60603)
CSN-1 (KY777720)

Bacillus methviotrophicus KACC 13105 (1) (JTKJO1000077)
Bacillus siamensis KCTC 13613 (T) (AJVFO1000043)
Bacillus vanitlea XY 18 (T) (KF986320)

Baeiifus vanillea XY 18 (T) (KF986320)

Bootstrap

Note: Numbers in parentheses represent the accession numbers in the GenBank for the 16S rRNA gene sequences of the strain; Numbers at
the branch points indicated the bootstrap values; The number on the branch is bootstrap; Bar (0.02) represents sequence divergence.
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3
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Figure 2 The growth curve of CSN-1 in different Se media
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Figure 3 Total Se weights in deposits and supernatants

2 CSN-1 Se 1.5 mg/L
Se** 8 h
90%
8 h
36 h 10% 8h
12 h
3 CSN-1 Se 1.5 mg/L
(SeCysy)
48 h
(SeMeCys) Se** (SeMet)
8 h 35.46%
96 h
S 0.05 mg/L
3
( )
Crenarchaeota

Thermophilic bacteria

Purple bacteria %%

[30]

[23]

[31]

*2 LERPEMESHSERRNE
Table 2 The contents of Se species and the Se extraction
ratios in culture supernatants

H Y 2%
Time (h) SeCys, SeMeCys Se*  SeMet Extj/:c?(of )

1 = = 1.65 = 96.78
2 = = 1.14 = 100.56
4 = = 1.13 = 99.84
6 = = 112 = 90.47
8 = = 112 = 91.07
10 = = 1.10 = 80.00
12 = = 0.44 = 21.00
24 = = 0.13 — 14.77
28 = = 0.14 = 19.52
32 = = 0.13 = 18.50
36 = = 0.07 = 6.52
48 = = 0.07 = 5.22
72 = = 0.06 = 5.27
96 = = 0.05 = 3.95

Note: Not detected.

%3 CSN-1 BHEAR P ZIRASHAS E RIZME
Table 3 The contents of Se species and the Se extraction
ratios in CSN-1 deposits

T
Time (h) SeCys; SeMeCys Se*" SeMet Extf;Ec ?ﬁf )
4 7.09 = = = 271.27
6 11.13 = = = 44,71

13.28 = = = 35.46
10 17.22 = = = 30.25
12 28.53 = = = 22.99
24 49.26 = = = 16.72
28 67.70 = = = 16.45
32 68.98 = = = 16.55
36 43.64 = = = 16.93
48 17.79 = 2.30 = 14.67
72 16.27 = = 5.25 10.30
96 26.21 0.90 = 5.66 12.82

Note: Not detected.
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