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Isolation, Identification and Characterization of A Serratia marcescens with High Selenite

Reduction Efficiency
WANG Mingshi, JIANG Daihua”, HUANG Xuejiao, LI Shenghui, ZHANG Yu, HUANG Jinlan, DENG Huawei, TIE Wenzhou
(College of Agriculture, Guangxi University, Nanning 530004, China)

Abstract: A bacterium strain QZB-1 with high selenite reduction efficiency was isolated from Se-rich soil in Qinbei District of
Qinzhou City, Guangxi Province. The strain was identified as Serratia marcescens through 16S rDNA gene sequence analysis.
The results revealed that the strain could tolerate selenite concentration as high as 180 mmol/L. Further study suggested that the
strain QZB-1 could reduce 95% of 1 mmol/L selenite within 36 hours, and selenite reduction rate decreased with the increase of
selenite concentration. The orthogonal experiment indicated that the rank of influence degree by selenite reduction was initial
selenite concentration > incubation time > inoculum. The optimal conditions for selenite reduced were as following: initial
selenite concentration 1 mmol/L, inoculation volume 10%, and incubation time 36 hours. Under these conditions, selenite
reduction rate was more than 98.55%. The findings suggested that the novel selenite reducing strain Serratia marcescens QZB-1
can efficiently reduce selenite to elemental selenium nanoparticles, and can be effectively applied in the bioremediation of
selenite polluted soil and water.
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BErp sk mat g BrE L B, e R 4y
5 O 3 ) B A 0 EL A R ) SIS R 340 I ol 4 K A
BIBE ST, LTI AT B H TS A B R T
PEUIST e g 4 EORHG 49 K J0RE R EL A b ST i 7 4
T PRI M, ATYE PR 2k kT
ARk, Wang ST BTG 49 A JBURLAG 4 A 00 37 150 4
BE 7 PR | S8 AECHB RS I AR 1 3 IR P4,
EHTF COVID-19 (AT . b, Hu 201
5 45 S 3 BRI 20 K SB0RE Rk /N 22 4l P e i, el
R SRR IO G, BRI BRR g K BRI A A R
Se(IV) H-HAL AP, [FIA R SHEEPOB o8t %
RN KA T AE R A7 R0 YR B A 11 4 T W SR & 2 i
CL o B e T 1 2 WA R $hid i A 1y, (H2 R
T A WA A 2 A T AN 1 S SR A8 R AR A5 )
(i) Pk SHe A7 STV G R T e 0 g 30 D o2 P A ) R T
ARV, AR LA A A X R
AFFEXT G2, 38 A SR 0 3 H ELAT AR e A T A Y
PR, FF I X SV AT R R 7 38 TR A TR A5 A4
b, DAFE 3 s 3 A FH A S0 AT R 16 B S A= e i,
AR A Ja A A AN K AT, g i & L il TS L A B 1Y
R AW RS

1 #REFEZE

1.1 HEHARE

FHER AT VR A A O R K R
(108°32'53" E, 22°05'31" N)AYRIRE MG+, K
BN, TACIRIHZR LIRS, Ja R A B 2 XU
SR 22 C, REWEEE, FHRENEN
21042 mm, IWHI/EZ, F2 - ERRI LIRS
T E. R S SEED, SR IERZ AR
M, SREERE N 0~ 20 cm, B4 AREEL 200 g 13,
¥ 5 SRR G, PREMEYERIR I AR,
B d [ Y B LiR P M e (T e 2 i w1
HIEABEIER ] pH 5.47, ALK 20.80 ghkg, &4
0.99 g/kg, Mfifi 0.81 mg/kg, %N 71.56 pg/kg.
1.2 ExE

LB JRIAEFREE: AR 10 g/L. BERHEEU
5¢g/L. S4LHN 10 g/L, pH 7.3 £0.03; LB [EfAk¥EH
L. 7F LB JRIREEIRIEMIERE IR INBIE 15 g/L.
1.3 EHRHIE. 4

S HRBEBAEP , BU10 g HriE EREA
AR DRI ESERAY 90 ml JCHE PBS(phosphate
buffer saline)™', 30 C. 180 r/min #E¥% 30 min,
B 5 min, YA TEEW, BT 5 000 r/min B0

15 min, 245 [, DOUEA] 10 ml PBS &% B 2 ml
EWIME] 100 ml FEAGRREEHEE S 1 mmol/L 1Y
LB WA SR B AT e 95 0 30 *C L 180 r/min 72
Ui FRPIR, 5% R abI%R 5 WE, FIBRRERR
Bl & 1072~ 10° RAVFRFER, 508 100 pl TR Ai
F LB [EAREFRIET, 30 'C FIREREREERL,
BUAATETE, SRAPEAR RIS RSl 724
1.4 RGN RERKNOUE

PRHLI B SliAL J5 0 SRR VR R B LB AR R
ForpiigE, BU100 pwl K595 T 24 ~ 48 h M5 IR IR
T & AR E SRR W B LB B ARRE =38 i
[ A SR N A v BE B IS BRBE S 1. 2. 5. 10, 20,
30, 40, 50, 60 FI 70 mmol/L, Z5id ks FEhti
IRJGE, TR H R A 1Y) PR P A7 0 v A T e e 3 3K
B K53 B O A TR R AR S AR B A 0 5.
25, 75 M1 160 mmol/L WWHEFRELAY LB MK, 73
Hh, DU H AR R M 2 IR AE 30 'C R LA 180 r/min [¥)
IR EE SR . ARG 3 h BURE—IK, LARR RS 40 %L
(BETETE AT, cfu)i e 40 AR A i T8 b B T A
BE10°° JEHC100 pl AR AR BERE AR IR A 2] LB [ {4
R b, JFAE 30 'C R RESR 72 h oRIE ofu %L,
1.5 BEHREE

PR R IE A5 LS B A A AR R IR I 22 LA
W ARG TN ) PR (kY sc kit 5 ) POl
bk 16S rRNA B Bk 16S rRNA A ]
a1 ¥ 27F(5-AGAGTTTGATCCTGGCTCAG-3') Fi
1492R(5'-TACGGCTACCTTGTACGACTT-3") # %7
PCR ¥#, PCR RWIAZR(GSO pl): 514 27F #1514
1492R(20 pmol/L)4% 1.0 ul; Atk DNA 1.0 ul; R4
£33% dNTPs(2.5 mmol/L) 10.0 ul, 10 x Buffer 15.0 ul,
Taq (5.0 U/ul) 1 ul, H,0 21 pl, PCR i #54n
T: 96 °C 3 min; 93°C30s, 58°C30s, 72°C 60s,
35 MEFR; 72 °C 10 min, PCR UNEEHE, 1% B
BB E I Axygen B [R50 & (R Is BIT
7 PCR P7W R Br. WHERY PCR 43874 thid A=
MRS (CLBOA AT SE ST , B 21y 5
FEHIERINE] NCBI #E17 Blast FoX), $kik 5 b bk [F] V8
Pef IR, #FH MEGA7.0 #E47 750047,
PANJ LR R R R E W .
1.6 T #KR X T2 A% B 25 1938 TR i E

R R X IV 6 3 S D 3R 4 0 2 e A B S P
D5 T AT PRE LB [ ARS S5 3 b (0 BB 75 4%
F T 50 ml LB W AAEEFREEH, 30 'C, 150 r/min #%
RIS FR BRI, ;5% (9 L9 B 40 TR
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B (600 nm YK T REOGEEE N 0.5)5 B4R T
WIRWREE R 1. 5. 25, 75, 160 mmol/L F{ VAR £E
LB Wik, AR E 3 AN ERE ., 35°C.
150 r/min R HEFE 36 ho BEfE 12 h PUHE—IK, 555
YWAE 10 000 r/min 250> 10 min J5, ] HG-AFS
E LR Se(IV) WM.,

VAT PR R 3 J5E 28 (Yo) =(W] 4 A Bl — |- I VA 1% 4t )/
IR B < 100
1.7  ERIE R 0 AR B b 10 I 35 R 38

SR AN (] SR A% A R s D I R P 52
YRR A RN R R Mk s . S Rmpla] . BERhE 3 A
£ 3 MK, FIH L3 IEASIREF AT IEA IR
SIHTER 1o REILBETT 9 DMASFEFIALEL, FRTE A
MNP Z JE, PSSR 10 000 t/min E.0> 10 min,
FIH HG-AFS € FiGw T Se(v) Bk 1t
AL A T STV AT R SRR

#1 EXABWEARRKE

Table |  Factors and levels of orthogonal experiment

K- ESES
WA AR R e JEFRAT R (h) e i (%)
& (mmol/L)
1 1 12 2.5
2 5 24 5
3 10 36 10
1.8 RS

PRI AR % F Microsoft Office Excel 2019
PEATALBE, R SPSS 26.0 X EURIEAT T 2087, R
FH Origin 2021 F1 MEGA 7.0 %F5cd vEA TR

2 HEREHSH

2.1 THEAREMND BHE

o - MR VR R S AN A 5 A A R 1) [ A
B 1 O 7 - 3 S FAR A 2 D [ N £ B 1
ANFEB TRV 7 B 82l , s 16 #RA] LI JFT
FRER AR TR o B ENESE— DTl o B, B2k
W1 BREA B PER AT QZB-1, L4 fE
iR Eh ¥k FE 4 180 mmol/L 1Y LB [EMAR: I3 A5
AR MEE LB FERER SR A KA QZB-1 Hkk (A
1A), HMAEFENILAG, hEpERE, B, &£
HEHE B, HEERN T 02~03 mm, F 2K
o5 2B B WANFREL WA 1 mmol/L Y[
REEFREE L, WE 1B s, QZB-1 FRkB K I A
PR ER A I 21 € BBl , 3 R 1P Pl 2L 1 B A
LI T .

(Bl A F/RH#E QZB-1 FETCHE LB B FRIE I 1Y 15 TE SR
fits ¥ B MBIk QZB-1 7EHN LB MR 5 & LR EIE AR
fiE, L (TR P 2R SV A9 3 3 I A A1 €2 B BTG )

1 EfREFE EME N SEHE

Fig. 1 Morphological characteristics of bacteria on solid medium

22 EWEE

2k PCR 7= W)F 52 , bk QZB-1 JE[K PCR
FEYFFIE R 1397 bp K TR AY B RE 16S rDNA
B P HE L GenBank  H A 8 R A7 3 R 8 4
Fo, BEECSHMR QZB-1 [RVEM: S, B4 Mk
HFESIE R, it MEGA7.0 UM 25 L FEL,
wmE 2 s, FHEkE QZB-1 F45 Serratia marcescens
PZ11 FERRAHIME SR, =ik 99.93%. GRS LT
B0, %EEKE QZB-1 MR BV E [T (Serratia
marcescens)
2.3 HAEEARLMEREEREME THEKHE

BT HRAME QZB-1 X W AiRER (Se,05 )71
(R SN, 38 e A 5 5 R R S AN [Tl B %) I A 7R
WA AR AE L. B 3 AT, AN
R QZB-1 WA WA ERERD, 0~3h IAK
X, 3 ~24h JHEIREE FAAAELE, 24 ~ 36 h i
AFE IR T, AR BB WD . 5 ANl
FHEG, WAL A Y 55 R B 35 95 T 3 h Z 5 3
T RN TR B 2T €5, 2 I A0 TR EL AT B A 75 10 UG 7
AL JCTE R LT (A R A A E 1PN T AT (i
TG P T, AR P DYk ol s 5 5 10 4 o o A
I, T AAS IS0 R TR B T AR A U B R v A T
IR

P QZB-1 VRN T AR B i e dh 2 J5
ATHSRARFR RAF I A R R 34, 2 I B 4 1) SV A T 55 o) 4
B QZB-1 KM WARE . TEMENHILE KB
BHO ~ 3 h), BB E AR SR, 2
JETEZIE 3 h IR Z G, N[l B A B 40 B
R Ih& TG BB 2200, 7F S mmol/L WE T, 40
PR AE Yyt LA AR A &, 76 21 h A, dHEEAEY)
BRI YR 2T 2.63x10° cfu/ml; 7 25 mmol/L
WARGRRER MR EE S, HAWRAERER T 9 hZ 5l
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3 QZB-1 (MZ182358)

9
100| LSerratia marcescens PZ11(MN519524)
Serratia marcescens ZPG19 (MW308502)

Enterobacter cloacae 70206 (EU647232)
r Cronobacter sakazakii VL1 (MN611378)

100

L00LCronobacter sakazakii PM492 (1X307673)

Serratia fonticola DSM 22080 C1 (NR_116808)

ool

0 Serratia proteamaculans DSM 4543 (NR_025341)

Proteus mirabilis YC801 (MKO071741)

Vibrio natriegens SK42.001 (MF193488)
Agrobacterium sp. CR-B19 (MH456793)

—_—
0.020

2 ETYER 16S rDNA FHILISBIZLMENRZA B R

Fig. 2 Phylogenetic tree constructed by neighbor-joining method based on 16S rDNA sequence of bacteria

TS (10° cfu/ml)

—=— () mmol/L
—e— 5 mmol/L
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1 1 1 1 ]

0 1 1 1
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1] (h)
B3 e R IR AR T A0

Fig. 3  Growth curves of bacteria under different selenite
concentrations

Xif A AN TR R BE (3 i, AN 9 2 TP 0K SOV i
W FEAUA X QZB-1 oA 5%, RmifEsE T
ANER A Li S RIS AR E I 3 2 (0 AT e A
FIF AN A AET6 A, SRIMTE Zhang ZEPOBFIERY
AN TG e o A 2 4 4 A A R i e, T ) A R AT
T A, K AT AR A BT I 1 04 TR R E A T
o A B . =z, 7R WO R AR Wk N
75 mmol/L Hl 160 mmol/L ZF, ¥i3rdEhiyA)
WA TAFEREMRA, Hrh 160 mmol/L WET
AWy RIS T 27.2% ZeA o iR 45 SR 2k
£ 75 mmol/L ZJ&, B 55 7755 WA R 5 vk i 1y 348
i, HEREPE S AR N MG K, S BUHA Y S T
AR TP bR QZB-1 1E 160 mmol/L ¥ & 2 T ik fig
TR —E AR, SE—2UE W T b B R 25 G
i b ELAT 5 s A T

2.4 ARELAHEREL IR E X BRI R 2= A0
HE 4 AlA, FEEERE R E /N 25 mmol/L
{14 R 9 2 RIUAH [ 355 75 0 PR T il S A i vk B 1)
B, AR T R AR R AR B R, R I A
VAR B T v X BRI AR IV G 7 5 LA A A VR
TEP AR ER Y B R T 25 mmol/L fE ik T, #H
[F] By 3% % B (8] X B PR AR IR R S A 2, 5
1 mmol/L fifi¥k & T YL )3 AH I, 75 mmol/L
160 mmol/L 113 JF 3R i REAI%, (RS P& Z i) 22 5
AN, B R AR R AT v P LA R R E N [
BF, FER—WRBET , Al S e b 5 1 75 o [R] 38 i
BN, IR R AR — B ) 5 58 A SR . T Py b
100
[ J12h [ 1240

b

& 40

20

1 1§
75 160

AN ERER R (mmol/L)
(&1 /NG RN [ R [ — 1 7 I TR A [a) SE A6 AR 6 ik JBE Ak 2R

] 2 5 i 3 (P<0.05))
B4 MEAARTMELEIRE. A EEE T X s 5h
R R

Fig.4 Reduction rates of selenite by bacteria at different
concentrations and time
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e 554 %

B AR ER A RS, I A, 7EE
TR LR FE TR R 1 mmol/L (RENL T, Pk R Y
AR ER A 7E 36 h XA ER A IFHRN 60%
A7 s Kora" B R HHA R 7E 48 h YT 1 mmol/L 1)
AR ER IS TN 82.73% 24T, U BHAHIFIY 435 i 1k
) MV BPG F  d Jir R LA L i AT B s A R S 3 . >
T SC R A %) G R R 3 S TR A AR ZF AT I
(Bacillus  licheniformis)®® | %7 4 ¥F & (Cupriavidu
Bl A 4. 40 ¥ (Rhodobacter
azotoformans)™> . KIGATF#E (Escherichia coli)*45 60 %
FR AN ook B Vb 6 ER B (Serratia marcescens)
WA/ FHGE , (ER X AR R ER A R P (R A S
AR RIS 5 i AR P RIS SRR F R S v T
[ i (Serratia marcescens)&EA B .
2.5 BEIHRIER ML AR ER £h A9 IE 351X 06

R 2. % 3 AJAlL, 3 APER AR R S5O AN R
RIS E WL, (E B~ PR 3R S el 1Y) fb
AR . MRPE 2204 R {ERTHT . 145 MR R £
VR X A B I ST A R 3k P S e e K, LU= B SR )
] A b, ZEPREEPN OB g AR T AR R SR R
0 X G ) A 3R S e e K o RSP 2Z (8 ) 25 PR 3R
A YRR B0 55 N S L 415 R0 46 Sl R 2 Tk B
1 mmol/L, Hi3%Hf[H] 36 h, #Fh i 10%, fEULFMFT
AT R A TR X IV T R 1 38 S AR

#2 EHQZB-1 TEHITRFMHERIRELER

Table 2 Results of orthogonal experiment on selenite reduction
conditions of strain QZB-1

smetallidurans)®" |

5= K&
MR ER  SE Rt HeRb i W ARRERIE R
#¢ B (mmol/L) (h) (%) (%)
1 1 1 1 45.73
2 1 2 3 96.92
3 1 3 2 98.44
4 2 1 3 25.07
5 2 2 2 29.59
6 2 3 1 44.14
7 3 1 2 12.35
8 3 2 1 19.42
9 3 3 3 30.64
ki 80.36 27.72 36.43
ks 32.93 48.65 46.79
ks 20.80 57.74 50.88
R 59.56 30.02 14.45
MR 90l S A7 R 6 e > 5 % o ) > o
T LK 1 3 3

Wk ok ks BIFERAR 1,2, 3 KERPEE; R FomFE—
MNMHET ki k. ks B2

®3 EXHKBRAESN

Table 3  Analysis in variance of orthogonal experiment

FES I 2805 AME B F M BEME

] 1 S R 6 R 1.783 2 0.892125.486™ 0.000

P SIN| 0.427 2 0.213 30.023" 0.000

it 0.100 2 0.050 7.026" 0.005
W= 0.142 20 0.007

e ek #RRIFOR 223 HHE P<0.001 1 P<0.01 357K Y-,
3 g

N X 38 53 B O 328 1 — R R T ) R
Pk QZB-1, £ 16S rDNA FEFH 75504, B HEE R
A RV TR R (Serratia marcescens) o BERRXS VAR PR ER
(AT 1 3% 180 mmol/L, [FIEF QZB-1 HAT % & iy
WFERLR, 7E 36 h XS 1 mmol/L VAR ER ft)3A i
A 95% FiAio IEACIRIRZE R R = KR LA
PRI 55 TG T3 e P 522 M O 7 24070 s IV 78 6 Yk >0
FRAF >R . SRR R IR SR 0f WA R Sk vk
JE4 1 mmol/L ., H:Fhit N 10%. BiREHE 2k 36 h,
LA T TR R R EAl 2 6 1Y) 23 B 2 1538 98.55%
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