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The Reduction of Selenite by Bacillus licheniformis
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Abstract ; Bacillus Licheni formi ,which can reduce the toxic selenite anion to red elemental selenium (Se’), was iso-
lated from a carbonaceous mudstone with high content of Se. The results showed that this strain can stand in 320
mM SeQ?™ and in more than 1000 mM SeQ?”. However, the high concentration of Se(Q?” can inhibit the growth of
the strain in liquid medium (YEG). No matter in aerobic culture or anaerobic culture that the strain was inocula-
ted,it can reduce selenite anion to nanospheric elemental selenium granules, distributed around or within the cells.
In the liquid YEG medium contains 5mM of selenite,the transformed efficiency of Se** to Se® by Bacillus licheni -
formi was 42 % approximately. Since no rigorous requirement for Bacillus licheni formi to live,it is suitable to be
selected in microbial remediation techniques as the strains that cope with selenium pollutions, and to produce the
nano-Se granules with bioavailability. At the same time,the phenomena of selenite anions reduced to elemental Se
by the bacterial provides a chance to further understand the microbial mineralization of selenium in the environ-
ment.
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B . SEEYFR; ERRERE BN SHEE EEN
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BEAREETEERADY., MEYTHEEER
A TERE R FE A EEERATEDSH,
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RAYER) B B (DMSe) %09, — s B B
HRWERE RSB RIREER, e R
SR MR L ARG S H Se® F1 S’ , R
AR, UEREERTEIR R AR,

PEMBIR R, /] LT 5 R R4 A Y
MEDEBRBENMIEYR  MANNEEZEY+
R BT, REMNMAEYHE ERAE (her-
mophilic bacteria) \i FE G+ C(low and high G+
O & B4 . % = KA E (Gram-positive bacteri-
a) JAEJE B (Proteobacteria) Ll K Y68 B M i £ 1 —
U (purple bacteria) Y, XA Y E 4
HEFRELRAARRER EHLHEKE. BEIEM
SR 119 RO A 60 F A RE S AR AR
RRT R A RTEE, WRABE
K B M B (Escherichia coli )™, ¥ B 2 W E
(Rhodobacter capsulatus)™ B 878 KB CH34
(Ralstonia metallidurans CH34)U'9) M EEHIFE
(Bacillus subtilis ) %", M FUREMTREZENMN
BERENAERHESABAES", HReHFHIH
BHBERAERENMEYRE ERMNWHAE
WAL B s R B i TR A (& B R TF 500
mg/ke) FHEAEY S HERER b, REREH
B— R R E (B. licheni formis) Jy BF 3% %t
2 AE TR &b | WA R & T 32 M Y R e, AR
FREZYPIUEBFE ., ZF RN MAE Y
RUEESBRERTALARE—SWESENL, RN
G ARIE HETT RN A & s e E B B
BB .

1 #MES5F®
L1 RRARE

PR HRWKARE T 2007 5 2008 £
8 AR E#ALE BT £ it & R ¥
HAETHMBREER SR AREAFREX A S
HRAFAE R 2 SOk [13, 14, REEFEH—KHE
THERHER BERBRE , EERREAENE,F
ER-MNAEERME. REMNREKRBRERE
24 hA B R LR EE TRIKEKE AR ERF.

1.2 WREBFEHRE.SESEE
EEHAEREAMET AR L 1 g AT

100 mL TH MilliQIMQ) /K 28k, ZE KA 2
GREHAEAE 1 mLBABBRIGHREELEILAN
% 10~100 mg/kg VA4 HR (4= 3 o DA 7 A8 AR 4R AR A0
R LHERETD 0 R E & (ERGRESH
+HEE, A XPRRKR YEG IR ERELE
BESHES OUEINBIARAICEHZOHHE
% HARETEUBREHBESAR 4 MERE
WP REEEFREL REALHRE—NEES
HBES 4 MK 100 me/ke) B IR YEG $55 5
L EAK 3 h FIFIRTE R [F B[R] B EURE , HEE B AR
BB BT MR E N RIFE.

BRMBZHE G BBOE R RASFEYER
FHEHETEE. BANER. kit E %k DNA #
BREMAgd, FHELBETEYIBRERRSAER
AT E BB FXT 165 tDNA 4y B Bt Eubac27F.
(5" —AGA GTT TGA TCC TGG CTC AG—3").
Eubacl492R: (5’ — GGT TAC CTTGTT ACG
ACT T3 4ERBER5|4,#47 PCR ¥"#. PCR
%A%k 95°C A5 ¥ 1 min, 60°C & ¥ 40 s, 72°C ZEf
100 5,3k 35 MER,. BF A 72°CEHEH 10 min,
PCR ¢ H 7= Yy 4 fL /5 FC B 3] pMD-18T kL H, K
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MQ KEEBEAM AR EE (715%.50%.25%.10%) i
5 BRI K T AT R B A3 L B AL B, WA
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1.4 WRENUE
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R B AR EEE IR FAMN 0.5 mL HNO, IR
HEZEETHEA6 mol /L HCLEAZE 3 mL, R
HREE 25 mL NILBEHT 95 CTKE 45 min,
BBZE 25 mL Y, AR FMEHENRSE
G PR A B A 200~10000 mg/kg.

REFEMNERBRABLEHN ELE® 0.1
mL, A 0.1 mL f§RIBEAFHE B H,#HH
MQ KZHZBR(L: 100 HR, FEAEREEESEH
0.72M (6% YK HCL % /5 EALAF . YEG 5
FEFMATEHEBRAFENHHEERN 5.10.25 mM,
MEWELE R MALFERAMERABEHEY R
100~1000 mM,

2 HR53®

MR FRITE AT Z LW
BZEUNRTEE UHBRE BRI AR E
BB YEG FiREAREFRE L BREFREUE
WRFAREERHNHEERS, FE PR L%
BR/ADN. BHRIE—REREDEE, LW . HEKER
AR R S PR FLBYEITH, 5 LET
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WA E WA R ZEEH RN, BE R E R, YK
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600 mM BT REIEIE TAK. TEME, EAANE
WEROmMZH AR 255 M EHERHZ
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Fig. 1 The Effects of selenite (Se(:™ ) and selenate (SeQ:™ )

on the growth of Bacillus Licheni formis

WARFRFER—LRETENERTCFOK
HWE, AT LET  EHR—FERNE 2 KM
WOHEERBERARSOC,BAMMREREN
37C, MU MFMAEXFERMEL IS, EEER
BTEK. Bl EZE 8K &R
AT BRABEINF N E OB, REEISI YRS
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2.2 M 3REFAAT B X I B 2 W Y R R
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TR G 19 F AR B A R AT AL @ ) T R R
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the variation of bacterial cell count
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T AR 0 3 Fe 2 h R B 4 ORI B R B AR R 3 5
EPFEBRERREHEAE LS CRBERERTP
BR),AIEEEKIN 6 h AWNEREKAEHBK
MHEER, MEKRMEKE 6 h ZEF Rk, 8
HEFHEREOF BB &K EEFEK 24 b
BEWRE B ERK. XRUZERNBENERFEE
EEEERKMBREY HEANETRER T EME
FANLG FREKRERKAEZEME ., 5 M T
EERMEFREPHEREN L, TUMAR B BREF
HATEXT RN P NN EA IR REREAA
42%.,

F AT @A X 551515 2 1% bR A 1t
(DT AKERGR MAEKMHER(,.GD.,

_log2
-1y —d{log(OD)}
GR(H™) dT ’
U Alog(ODgoocconwon ) — Alog (ODgoy 1oy )
GI ( A) Alog(ODsoo(contml) )
X100%,

PLFRID 20 mM 9 WA RGN BER G0 0. FER
S 0 T R A0 5 9 2 o T A R e A, AR B B I
H,RLT2h AKEERE OIS MAERMTE
T P 0 R R 0 0 35 3 2 o, 5 48 i 43 91 2. 70
hf 1.8 h; EKBEERRH0.16 h 'F10.11 h ™ ;4K
MK 92.8% F180.0% ., XEAARMB K
B ER AEERZIT ARBENME,
H RN TR G 55 2 o 9 4 K B B8 F R aE
MR EANAER, iEL T U WBREHEX %
KBS TIRRRELTA .

WIS E UMMM RS RET AT
KIS TS HEBRR ISR ERNE
PRIER A X — G, AU F AR AR M 35 5
Bk KRR . X UL B B R XY TR R 4 TR R
R TR S TE R LR RS R R R AR
By, ST AS TR T S HLEE 8 Rk RALE
FEARARBEARSHEES, R AUREERAE
FDEF (S’ /Se!™ >Se) M HMAEK KR
B2 G B A M JE B TR 3 P Y 5 X e AR LR
MM ER S AEEEEENARABRALEEH
0008) | P RN & THE BR 4 5 VR R
Z B X A BR N 050 SR B D B4 TR T RE AR AR
KEARSTHERMNEREFN, FRBLHERE
I JE T B ok R 01 TR UMK T R 0 O R 0 3 R
WESRRMEE MEKEEKERTBEREN

B Ebn, RA T EBRIEEA LIRS B,
WRREXN FXMBESNEYAEZSEMEIER.
ETRELRENEG . XHF THEBERLEHT
e it —B5E M.

R PR E RS AR R EWTHEREL
BREEPERKKRTHET 320 mM), {XETHE
BfE) (24 DEFFIERERRWERTEERE. B
WX — R BT T R TS Y i+ 58 R oK AR ] DL B
EYBENER BRHNEEAEEENSEY TR
RHEMEEAYEREIXERTE T RO ERR
WK B, NI RAEYHE.

2.3 TEBEHKRFRTETHSG

R 5~25 mM TR YEG Bk 5%
ER ZEAKIhUEHERAEEAEL, EIRER
HABRRE, RAFTEBEHER. B 3A MHE 3B
BRTREBEERBFMIM. B4 ZLUBKIENA
BHAEPIRNBREY A TEE. ZELETHER
BFREERATCTEBNEN T EESFEREENAE
WL EEEEE, KRG EE KRR ARFRES,
HMEENBETEBRE R, B ERFEFHMA
HEARSRMTERE U, TR 5 7E RN
XEH4MBEHAANRATERR ., ZEE AT
B R BB — M 0 To e & B, K/ 20~100 nm,
B 43 50RE R & AR T B P P T IR R R B B B R AR
RGBT RITIE,

HMEERN TET PRI ERRTHE
B AESHAMNAHEET. MOX—F AL REER
A ESN®RE BN TFaRITEEEE S H
FABETIR L, ERE S HRE LB EHT R
Bz @B ERHARIETER. AT,
WA R HLH T R K FARAT B 9 4>
TOHRHE R , B T B A% I KR BB R /A X B —
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BRI REH AR B B R = 0, X R BR A B Y
AR B RSN FE IE B AR K I 40 3 1 T R 9E BB B
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AFRMHAE SR TR TER. XETRMEKS
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W T U E RIS AL AN R BRI E R R B
BARKEOAR, BMFNTEFHS S0, A EET
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Fig.3 The distribution of elemental selenium particles formed by Bacillus Licheni formis strains
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Fig. 4 EDX analysis of elemental selenium particles

formed by Bacillus Licheni formis strains(keV)
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