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MY E B8l Staphylococcus sp. YZ-1 # Bacillus cereus CC-1
Cr(V)iRS45 M SHIE

WME #EE XNEL AR
KEH T RFEM S 07T M4 124221

B OB IF57)] af4%ERkEhidsad, Cr(V)ERBAMRE R ENEL, 128 AT g
RtG Cr(VBLEAF AN A4y . [ B 69) sk AAkar 2 B ARy Cr(VI) B hds s, TR
Cr(VI)af % Ah) 69 £ 5 BL KB AR5 54T, AREEDIEN S A XAE; HMEELREA
RERER, ZFRAET LR T LG RER . L5 & PAFHRF 35 5 & 2B Saphylococcus sp.
YZ-1, 5 Bacillus cereus CC-1 # A7 2 ah4¥ b Ao Cr(VI) A MR M L6 buiR, Fidid 4 K B 40 5 7 69 o
IR MM X 2t R, [ R AR E AL A AR 4F M, {2 CC-1 BB IR E £ 5, 4 Cr(VI)
REH 0.1 mmol/L H LT, CC-144 12h WA 95.3%¢49 Cr(Vl), @ YZ-1 RA#H%R 40.1%. £t
—F KT KN YZ-1 RAext Cr(VIEATIE R, H 404 T a9 A AL Cr(lll), # CC-1 44 F) B 2
Cr(VI)#ATIE R AR I . AERAHSWH LI YZ-1 A hAINHERE G H AR F4% 4 NAD(P)H A4t
T REE AR, @ CC-1 LA %h4kitiakd ChrA e C fLL BB AR . AARE R
B AR R AL Cr(VI). Te(IV)8) & KA, HBGKL R~ MR ERE B RN, (441 aHr
YZ-1 4= CC-1 ¥ A ot 34438 R, 42 YZ-1 F 694638 R BE A ik F A B, CC-1 0 AR A B, AF4
HAB AT SR E P VT B R B A 8 % AP AT AUBI A X A KR . RAOH BT AL S YZ-1 98 %
BAFMATE A 6 Te(IV)ICr(V)E R E M, A LN E AL,

Cr(VI) detoxification characteristics of salt-tolerant
Saphylococcus sp. YZ-1 and Bacillus cereus CC-1
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Abstract: [Background] Cr(V1) reducing bacteria are important for bioremediation of high salinity Cr(VI)
containing wastewater. However, Cr(VI) detoxification characteristics of salt-tolerant bacteria are little
known. [Objective] Comparing the Cr(VI) remova performance and resistant mechanism of two
salt-tolerant strains. Identifying the putative Cr(V1) resistance related genes from the result of genome
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sequencing. Constructing the microbial consortium of Cr(VI) reducing bacteria, and investigate the
synergy effect on pollutant removal. [Methods] Staphylococcus sp. YZ-1 was isolated from Chaka salt
lake in Qinghai province, and its Cr(VI1) removal performance was compared with a previously identified
strain Bacillus cereus CC-1. Genome sequencing was used to identify the putative Cr(V1) resistance related
genes. [Results] Saphylococcus sp. YZ-1 and Bacillus cereus CC-1 both had Cr(VI) removal
characteristics, but the latter was superior. When the Cr(VI) concentration was 0.1 mmol/L, Bacillus
cereus CC-1 removed 95.3% Cr(V1) but Saphylococcus sp. YZ-1 only 40.1% in 12 hours. Strain YZ-1
reduced Cr(VI) to organic Cr(lll) species, whereas CC-1 removed Cr(VI) through reduction and
absorption. Genes encoding pump protein and NAD(P)H oxidoreductase were found in the genome of
Y Z-1, whereas genes encoding chromate transporter protein ChrA and cytochrome c oxidoreductase were
found in the genome of CC-1 The mixture cultures of these strains could self-flocculate and carried the
reduced Te® as participation. The Cr(VI) reductase of YZ-1 was inducible enzyme, and the Cr(VI)
reductase of CC-1 was constitutive enzyme. The related encoding genes of multiple Cr(VI) resistance
mechanisms maid simultaneously in bacteria. [Conclusion] Saphylococcus sp. YZ-1 and Bacillus cereus
CC-1 both are salt-tolerant Cr(VI) reducing bacteria. After mix culture of the two bacteria, the
auto-aggregation and Te(1V) reducing performance of YZ-1 may extent the application of Cr(VI) resistant

consortium in wastewater treatment.

Keywords: Salt tolerant bacteria, Cr(V1) resistant, Detoxification mechanism, Genome
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FH (L) EHAM 100, BEHEE K 5.0, NaCl
0-200.0; [k LB 5L MIZSMImA 2.0%—2.5%
B, LB E3R3E pH ol 6.5-7.0, i AT M EZE
KK (1x10° Pa, 20 min), BEJSFELHERIES
HH22 AR KB 15 min,
12 FEXFIFNZE

EEMR . BEEHE A, Gt R A Y E AR B
el FEARTREN, KREHEERHLRBA A
SALEN, R AR X R R A0 S
Skl . SR, R RS k2= R R
B, BTRLT T R, H B T AT
ICP-MS, ZHEeRHE A RA R ST,
SR AR R ARG A R TRy,
TR SRR B AT FRAF
1.3 HEHFESERE

o R A% TR 37 TR AR 07 3 R R R R T 5 I A8 R R
AR K ARG . 7E KB B LB K573 (NaCl
el 5%)HR AN 0.1 mmol/L K,Cr,O7 LAK 1 mL
WKFESY, 30°C., 150 r/min T %5 24 h 474k
W, REZRAMLE RGN, sl YZ-1,
BERRAG %R 16S rRNA FERIN , I FHIE 1514
27F (5-AGAGTTTGATCCTGGCTGGCTCAG-3) il
A5 14 1492R (5-GGTTACCTTGTTACGACTT-3)
#EAT PCR 3341 PCR 4y a1 i i 2 T 2R T 7%
(i) ety A BRAA RIS T Y , 34578138 1 fE 4k
Ik % #% EzBioCloud (https://www.ezbiocloud.net) i}
1o —8k e, 581 MEGA 8.0 tWEE R 40
HEARR
1.4 Cr(V1), Te(IV)ME

BT N E  Cr(V)He BE () 1 2Rk e — o
AR V6 (GBIT 15555.5-1995) M il 52 Te(IV)
W 1 1o — O AR L iR (DD TC)
WA 23 B 2 A0 66 BE R I K 540,
340 nm TR, ML EL 3K,
1.5 Bk YZ-1 %1 CC-1 HEERZT
151 FE#k YZ-1F1 CC-1 REARYHE

Ay A5 S pH &y 4.0-11.0, NaCl i 4 0. 50,

100, 150, 200 g/L, Cr(VI)# 4 0.05, 0.1, 0.2,
0.5. 1 mmol/L, Cu(ll). Co(ll). Mn(I#&E K 0.1,
0.2.0.5 mmol/L 5 0.1 mmol/L Cr(VI)F:/EAY LB 1
Frdk, HERh 1% G SR 48 h, il RAE K
BURIBI B R YZ-1 F1 CC-1 R 3REE 45 0FFlHs W4 e
BT YT SZ M RE
1.5.2 EFk YZ-1#1 CC-1 /Y Cr(VI) XML

BEE Cr(VI)HJE 4y 0.1 mmol/L 1 NaCl ¥ & Ky
50 g/L /Y LB 35 FR 5L, 43l el 1%11) Y Z-1 Fi CC-1
W, R 12 h DU B R AR RS DL L S i
Cr(VWREE; I3 E A SRR I%S FOM IR, AETCI
S N HERR 24 h R EEFR AL Cr(V IR EE K 48 h
Je FORE AR TE 10 000 r/min R ES.C> 10 min, B E 1S
1 0.22 um PVDF i 5 Al ICP-M S X & Cr ¥ i i
P, RS Cr(VI) RS bR 38 F1 7K A ik BE Y B
TS PRR A 1Y Cr W
153 E#k YZ-1 50 CC-1 RURITIRERE M

YR HERE YZ-1 Al CC-1 fE+% 0.1 mmol/L
Cr(VDHLAMASE Cr(VAY LB K53 1535 48 h,
S35 20 mL B AR R 10 000 r/min T L
10 min, YA b IE R F RS MEE 00 ;5 K R
JLVER Tris-HCI (10 mmol/L, pH 8.0)% 31k, 3/
AR HLAE 300 W R R HIBE 1 s X 4i i a i
20 min, K40 AL B S Y TR ZE 14 000 r/min T E§
L 10 min, AR FIE WO TR BES A9 DU 5 A4
JLABE B i B4 RDRUE P TrissHCI 8 3 Ik, &
BT F S P T 200 B R T P o R T U R
P Z8memE — kA, 4 mL ROVAR R 4% 0.04 mL
Cr(V1),0.2mL NADH, 2.96 mL Tris-HCI #1 0.8 mL
EHW, KF % Cr(VI). NADH, Tris-HCI # ¥4y
%% 0.05, 1. 10 mmol/L, 30 min J5ill# Cr(VI)
Y¢S , FEFIT) Bradford A R AR (7 it
T3 U [ug/(mg-h)]
1.6 Bk CC-1 FURERZARRMERERR R

(1) Cr(VI)He BE Xt CC-LARMR A1 Cr(V 1)k J5idk
RE 52 1A
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I 20 mL XPECAE K AR CC-1 Bk, 10 000 r/min
B0 10 min J5 ] TrissHCl 28 s i T dr, IfF
FIFHEE SN 3G BETHAE A Ry 660 nm T~ 374 5 L
6K 1.5, RS BIE Cr(VIHE R 0.1, 0.2,
0.5, 1 mmol/L FY/RIRANAMIA R, Hids 24 h %
W Cr(VIH ARk .

(2) pH % CC-1 FRARZHMI Cr(V )ik 5 RE A

FH HCI 1 NaOH ##5 pH & 4.0-12.0 FJ/RHAR
AHfEARZR, A Cr(VIEEER S 0.2 mmol/L, K5
F¢ 24 h S Cr(VI)HREE AR AL

(3) HLTFHEAX] CC-1 FRARZHNAL Cr(V )ik 51
FIE 457 1

43 1 B AN 5 g/l TNERBEREN . ZBREN |
FLEREN REIZTHE L Hm AR IR AN A IR B 0 AR R
A Cr(VD i HH > 0.2 mmol/L, 5537 24 h il
WD Cr(VIHREE ARk s 55 B & bR iy =
FIXFRE, I Cr(VI)HkE A4k
1.7 EEREBENFREDEEFESH

AR R O RS Tk CC-1 AL
H5E K Rl (GenBank %534 5/ CP023179-CP023183)..
K YZ-1 MR RICEE . DNA SRICGRIZEREAR I |
P22 RS AR S CC-1 281 (GenBank &5t 5
& QHJIX01000001-QHJIX01000018), i F&% K
G ALHE KEGG. GO, NR. [Fi, 7ELR R4 4%
RAST Server 4% FH T 5 A 7 B

1.8 YZ-1UCC-1 E&HEM Cr(VI)-Te(IV) %
T BE

PEB W AR Z A 20 mL 0.1 mmol/L K,Cr,O7 i
NaoTeOs HA7nY LB 5584k, HLHiAh 5%, 47
FBEE W YZ-1 7 H A 100%.80%.60% ,40%
20%. 0% (XFIifR CC-1 (5 oA 0%, 20%. 40%.
60%. 80%. 100%), & 24 h N Cr(VI). Te(lV)

2 HREHMH
21 BEFRYZ1HETE

XA R P R B A A B A T — kAR
it 32 YZ-1 (GenBank & 515 MH426978), X H:
16S rRNA P THXT, FKBIHY Saphylococcus
warneri ATCC 27836 Hy/¥4I—8itfermr, B8 T
99.79%, I T YZ-1 ARG IR (A 1),
Tl 5 122 1 Bkl i 25 BK 1 )8 (Staphyl ococcus)
2.2 HE#k YZ-1F0 CC-1 BE A4

T AERTERR YZ-1 Fl CC-1 fEAE AT T
ZEL, MR LAIH, WPk YZ-1F1 CC-1 HyJ& T
WE, HYZ-1 A EMmERrEGE, X—PERgnT
AES YZ-1 & CC-1 BA & A AR 2 Mo iy Ak
R G [l , & AT AT 52 0.5 mmol/L (%) Cr(V1),
x—VERES T EIRIEN Bacillus K Saphylococcus
Ji& A0 B TR 32 9 R Y Ak, iRk CC-1 AN

100, Staphylococcus sp. YZ-1 (MI1426978)

100

. 58

2

1 E#E YZ-1 &EF 16SrRNA EEFFIH RS

92] | Stapindococcus warneri ATCC 27836 (1L37603)

Staphvlococcus pastenri ATCC 51129 (AF041361)

——— Staphviococcus epidermidis AICC I499Q (L37605)

Staphviococcus caprae ATCC 35538 (ABO0Y935)
Staphylococcus higdunensis ATCC 43809 (AB009941)
Staphviococcus devriesei LMG 25332 (FI389206)

87 08 - Staphylococcus petrasii subsp. petrasti CCMB8418 (JX139845)
L Staphviococcus petrasii subsp. jetterrsis SEQ110 (JNO92118)
Staphvlococcus haemolviicus MTCC 3383 (LILFO1000056)

Figurel Phylogenetictreebased on 16SrRNA gene sequences of Staphylococcus sp. YZ-1

T 55T S5 RR AR GenBank 55 433 %S4 Bootstrap {8, F/RBAFEE; W RKEREZTRITH 25

Note: The number in parentheses indicates the GenBank accession numbers of bacteria; The number on each branch are bootstrap values,
which represent confidence coefficient; The ruler length represents the nucleotide sequence difference.
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F1 EFRYZ-1H CCLMMBELEMENEEE FHTZ L4

Tablel Theenvironmental conditionsand metal ionstolerant characteristics of Staphylococcus sp. YZ-1 and Bacillus cereus

CC-1

Bk Strains NaCl (g/L) pH Cr(VI) (mmol/L) Cu(ll) (mmol/L) Co(Il) (mmol/L) Mn(l1) (mmol/L)
YZ-1 100 50-80 05 0.5 0.5

CC-1 50 4.0-11.0 05 0.5 0.5

YZ-1 %E W EAJE &, W Cu(ll). Co(ll)F1
Mn(I)3EA—E i 3214, 7 0.5 mmol/L ik &5+
FETERT, PIRRRII AT DLUIE# A .
2.3 EHE YZ-1 51 CC-1 8 Cr(VI)EBRMERE

K 2 /R T HEk YZ-1 F1 CC-1 7EM&Hfi LB 1
FRILH) Cr(VIYEREFIAE K2k, CC-1 [ LI7E 12 h
N LR 95.3%f Cr(VI), 1 YZ-1 NF7% 48 h 4 1]
¥ Cr(VISE B SR ER T IR 12 h 19, YZ-1
ﬁ?ﬁﬁﬁxfﬂth Eﬁﬁé@ﬁztﬁﬁ% MR Cr(VI)

S0 BB T 40.1%, XEWE LB f?’%ﬁisﬁ

éﬁEﬁT Eths lﬂIJT Cr(VI LBt Frh s i

Trﬁni«&?ﬁﬁ LB =z (IR AL SR, LB iﬁ%
i H BT AE 48 h NiB It 43%0 Cr(V1), iX—4%
FHTE LB B350 h iy Cr(V £, BEHRIEA Y
WA AVERT,  BAE Wi = W B 1 A A
[ S 45 R0

K 3JERT YZ-1H1 CC-1 1 Cr(VDE I ERE,
Y Z-1HE0 5 Cr(V ), K AR H AT 3 A LA Cr(l1n)
di bk 98.7%, VAT YZ-1 %F Cr(11) JLP- V%A W [

—@— YZ-1Cr(VI) —m— YZ-1 0Dy,

r —O— CC-1Cr(V) —1 CC-1 OD(m ]
100 ¢
= -6
X
< g0t
8
I+
—~ —
3 60f +g
1S Q
g
5 40t S
= -2
= 20t
Q
0F -0

2 BEHK YZ-170 CC-1HJ Cr(VI)EFREFEMAEKihL%
Figure 2 Cr(VI) removal rate and growth curves of
Saphylococcus sp. YZ-1 and Bacillus cereus CC-1

BER T CC-1 b st f2H, KA Cr(ll) & EE A
76.1%, BEEHE Cr YiFh b e 17.5%. X—450 5%
B, PIRRERIE SR E 25BR Cr(VIF, YZ-1 F3kEE
AEYRRIEMER, 1T CC-1 AR A P B AA IR F
2.4 Btk YZ-1F1 CC-1 HEEEEZR

N T X HERk YZ-1 K CC-1 [y 2
BL, AT T #8 JEEEE S pii. 7EAR T Cr(VvI)
3SR P AT E SR, Wbk CC-1 HA % 14 S s
P, 1 YZ-1 ARG EEEYE, fEXF YZ-1 it
1 Cr(V)iFETIE, YZ-1 R THISIEWEYE,
Kl 4PN, BEPE CC-1 AR . 2 M A5 K e P 2
SRYURBLE T8RRI T, RIS 50 2.01,
0.34. 0.39 pg/(mg:-h), FAH CC-1 A HEH f Z i
XF Cr(V )T 5L, Hoax ek 20 il o APk Y Z-1
TE 0.1 mmol/L Cr(VD R gkt 5538 )5, 4
JHL RS EL P 20 50 B AR T B A TG P LU 43
$1°4 0.02, 0.70 pg/(mg-h), £ YZ-1 i85 5
R A R

I Cr adsorption
~ [ Organic-Cr(IlI) [ ]Cr(VI)

L T
80 |
9 98.7 76.1
£ 60|
2
2
£ 40
20
0 6.42 |
YZ-1 CC-1

3 Cr(VI)2& Saphylococcus sp. YZ-1 #1 Bacillus
cereus CC-1 R K1 R B = 53 4

Figure 3 Cr species after Cr(VI) removal by
Staphylococcus sp. YZ-1 and Bacillus cereus CC-1
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Figure 4 Chromate reductase activity of Bacillus cereus
CC-1(A) and Saphylococcus sp. YZ-1 (B)

e A HbRk CC-18A %t Cr(VIE S B8 JFEEE M ; B
BERE YZ-1 255 0.1 mmol/L Cr(V )55 I 88 140 S5t 176
Note: A: Chromate reductase activity of Bacillus cereus CC-1
without Cr(VI) induced; B: Chromate reductase activity of
Saphylococcus sp. Y Z-1 with the 0.1 mmol/L Cr(VI) induced.

25 Btk CC-1 IKERZmAR M RERR SR

i F bk CC-1 H4% 8 JE el 4RIl , AHAL
F YZ-L R UIATT ERATA S, ELPR Hh HAa
RS, NIk Ak CC-1 A 7 il — A 5% .
K 5A Fran, BRE CC-1 PR 4 %8 14 S5 1 7 43
BRI 4G Cr(VD)EI3E T %, 0.1 mmol/L 19

A

—a— (0.1 mmol/L

—@— 0.2 mmol/L
" —&— 0.5 mmol/L
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100 =

S
2
<
= 60F
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>
£
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>
S 20F
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1 1 1 1 1 ]
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B ~
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I —&— pH6.0 —e— pH11.0
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<
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s
£
L 20F
=
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0 -
N 1 1 1 1 |
0 6 12 18 24
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C —m— PIAAREEN Sodium pyruvate
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—h— FLMREN Sodium lactute
100 e
—¥ %8 Glucose
= 80 —&— 1l Glyecrinum
£ | — FrHEAREY Sodium citrale
2 [ —»— 25 [1%F B Control
= 60F
>
£
S 40 F
=
S 20
0 -
1 N 1 N 1 . 1 N 1 M|
0 6 12 18 24
t(h)

5 CC-1KER#MRBZEARE Cr(VI)iRE(A). pH (B)F
B FHEAEC)TH Cr(VI)ERRE

Figure 5 Cr(VI) removal rate of CC-1 rest cells with
different Cr(VI) concentrations (A), pH (B) and electron
donors (C)
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Cr(VITE 24 h WA B FEER 80%, THILs Cr(VI)Hk
FEFHZ 1 mmol/L B, BEBRE TS| 5%LIN . Kl 5B
J&/R T AR pH XFRtE CC-1 BBk 0.2 mmol/L
Cr(V)isZmy, pH 8.0 i, Bkk CC-1 X} Cr(VI)iY
W JFRAE IR F] 40.7%, 1fifE pH 4.0-11.0 AL I,
BIFRTE 24 h INHERXT Cr(VI) EA 20%0) F Y2 R
UL AR CC-1 1 pH M 32w, Ko itk
i Bacillus cereus S5.41"" | Klebsiella pneumonia
MKPF5. Acinetobacter gerneri MKPF7I8145 | 3%
pH 7E 7.0 &£47, 7E pH & 5.0 5% 9.0 B}, FEPEATIE
P22 230, A Cr(VIR R EE T T R
SN R HE A I AT AR CC-1 BBk Cr(VI) T
REELA AR RN, i 5C s fETRAMINHE +
PHAMEOL T, WARTTZE 24 h IR JE 40%01
Cr(VI1); FLEREN. #i%M . NEREREN . THhA iR
B AT AN [ AR P 3 SR TR AR 1 Cr(V DR S PERE
FREEBREN A I AAME] T Cr(VDAYIE B, 24 h {38 5
AN 9.4%.
26 H£MEEESHER

ST YZ-1 F1 CC-1 g A7 T AR 4l e,
YZ-1 74K N 2.66 Mb, CC-1 &y 5.08 Mb, YZ-1
[ (G+C)mol %% &y 32.53%, CC-1 & 35.47%.
R A B , YZ-1 3545 194> Contig 1 18 4
Scaffold, 1fii CC-1 345 54> Contig. YZ-1 43k
PRI 2H B50Hi w0 75 T ) 3 R 2 630 A4, ZE 1 i X
2 569 1, Ifi CC-1 &l EEA 5 516 4, &
F 4fih [X. 5 483 A AR B 114 Tinf 2k R 52 46 g 125
FAHRIEF AR 2 PR
27 EEEHEM Cr(VI), Te(lV)BR1taE

% RN IR R S B Cr(VI R
Se(IV) . Te(IV) 1 ik J5 3G 14, A B 55 % 18 2
YZ-UCC-1 B AR FR, DIRRIRHETELLE Cr(VI).
Te(IV) B A1 REAE AL . TR B 1A R AE 24 h IXT Cr(VI)
i Te(IV)REBRIEREUNE 6 . BAE YZ-1 kb
CC-1 R T B3R Cr(VI). Te(IV)BRREE, [H]
Bf AR R A R ) R B BRI YZ-1 7E
AR AR T IR ) B 2R EE AT LI SO S5 0 fff

FEBRR, Y37, CC-1 Bphfefent, Te(IV)HIF
R AR, AR RN I E A B i SR £
W] Te(IV) 3 Z 5L IR S R A HLER R
ARGy Te(IV)MK I 5E 4 Bk, M LA
HOBRR AT, Y Z-1 32 S0 BRSO 7T LAAS L)
PRER, DT S BB Al A K AR PR R RS IR
3 WikE4w

AR 5T 0 1k I 5 T — BRI R 8% T 52
Saphylococcus sp. Y Z-1, ¥ H 552063 2 Rk il
filiiA )5 Bacillus cereus CC-1 EA7 LA it ot
o, Witk YZ-1 #Eifit 52 100 g/L % NaCl, CC-11{¥
fiETM 32 50 g/L; 7E 0.1 mmol/L f Cr(VI)He i 544
T, 12h P YZ-1 % 40.1%(% Cr(V1), ifi CC-1 2
Bk 95.3%. iX —SCHING 1 YZ-1 Fil CC-1 & Ayt
A I, ZHTA SCER B 2 Saphylococcus
arlettae strain Crll GE7E 24 h Nif )5t 100 mg/L /Y
Cr(V1), HIRIFEREAZ 100 g/L NaCI™, S5
YZ-1 WS RCREAR . WA SCikHiE LD Bacillus
circulans BWL 1061 fiE7E 60 g/L NaCl £&14F, 36 h
WiRJE 50 mg/lL Cr(VI), PEREILT CC-1, HE
FRIERE YZ-1 78 Cr(V1)i 35 HAG 8 5w e,
JIT B W I R 175 S U, T CC-1 {5 % A0 Il
NI TR, Y Z-1 A0 AR 4 A
MR T Cr(VIARJIEM:, T CC-1 7EMIP . A ik
PR SARA AT AR Cr(V)BE R, X —45 R
HIRE W R R By th Z R LRk, B
XL AEAE AT A 2257

X PR TR ) 4 S R 2 E A 7 400, R IR LA 5
B T 2 RO JFAH G SRR, Y Z-1 HAT SRS R
AR A LN | g ANHESE R A D | i
IV Al R R A D A 2 R L R 4 iS NAD(P)H Ak
WIREFAZEN . WA HEE Cr(VI) AT DUE s A R
3 i A AR R P T Staphylococeus
aureus LZ-01 fgiisl 29-ABC H 4 @ /Hi 4 £z
B HSMIERT 2 Cr(vI), ek dE, T
Y FRER IR SN Cr(VI) BRI, T NAD(P)H
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Table2 The potential related geneswith salt and heavy metal ionsresistancein Saphylococcus . YZ-1 and Bacillus cereus CC-1

LR ThEE Saphylococcus sp. YZ-1 Bacillus cereus CC-1
Genefunction % GenBank 3¢5 R GenBank & 5%5
Annotation GenBank Annotation GenBank
accession No. accession No.
[N St H R RRTHSR I a  H PXX85639.1 Sty H IR SR s A ASZ20207.1
Sdt resistance  Glycine betaine transporter OpuD Glycine betaine transporter OpuD
il YR IZ PRI ATP PXX839181  Ziffi ASZ20373.1
Cu(ll) Copper-trandocating P-type ATPase Copper resistance protein D
resistance
i 57 E ey B 3 e PXX86338.1 Sl B A AL ASZ67998.1
Mn(l1) Divalent metal cation transporter Superoxide dismutase [Mn] 1
resistance
32 A EE-Ai A & CorC PXX86172.1 St BE-hEIE ) CorA ASZ17274.1
Co(ll) Magnesium and cobalt efflux protein CorC Magnesium and cobalt transport protein
resistance CorA
iz T EE RlRER ) D52 TR PXX86183.1 EREEIZE ] ChrA ASZ19960.1
Cr(VI) Putative sulfate exporter transporter Chromate transport protein ChrA
resistance R R £ 175 PXX84713.1 SR R L 15 it ASZ15760.1
Sulfate permease Sulfate permease
Hifih ABC 41z m iz PXX86061.1  %fith SOS M il Kl T HIZE 1 LexA ASZ16672.1
ABC transporter permease SOS-response repressor and protease LexA
it 2 BN AR MIEEE PXX84100.1 %ty ATP i) DNA fiftieht ASZ17545.1
MATE family efflux transporter ATP-dependent DNA helicase RecQ
Hifithid S AL S PXX86581.1 iy ABC 55181 R4 578 1 ASZ18470.1
Catalase ABC transporter substrate-binding protein
s ATP UK DNA fi# et PXX84877.1
ATP-dependent DNA helicase
Ty TTE R 5 PXX8A0TLL 4l AR JEE AS718103.1
Cr(VI) Nitrite reductase Nitrite reductase
reduction i NADPH & ALk PXX84912.1 i AR PR R I 8 2R B ASZ19570.1
NA DPH-dependent oxidoreductase Sulfite reductase [NADPH] flavoprotein
RSB R ER A SR NADPH #5251 PXX84584.1 Sl 2R E B R ASZ16465.1
Sulfite reductase [NADPH] flavoprotein Favodoxin
AN 3 C R ILIE R AS265286.1
Cytochrome C reductase

AE AR VS W 1 BAT Cr(VI)IR S £ T4
LAk, BRE YZ-1 Fa 9 UvrD-like /) DNA fi
iR il 4 ) 3 AT DA R Aok A A S il 4 ) 22 ] Al AT e R
DNA &5 LUK AL TR 2B SG, X Cr(VI) A
AR TR, B — )7, EERE CC-1Hh, R
H T gRABAREEE T ChrA [IER | gt R EA
AL | PSR C AAbib e, DL K dwhs
DNA ff#ERF Y SE o (TR s iR iE i ChrA 25
BEEE AR LR P8 75 Dong %X R

Serratia sp. S2 WA LA b R BT
ChrA E F7E Cr(VI)ZE AL AR 21 e 17 T

Beller #izifi T 8% % & Ml i F T3 R 0] LIAE L
Cr(VIRIEIE? | Xia 25408 T # £ HE A2 —mdk
PRI R , %] Se(IV)FI Cr(V )R AR Y,
Han 2548 1 35 2 A AL IS R FREAE Cu(lD)AFTER) 2%
PEFE MRS E Cr(V)RJEM:RERY, Belchik 4
W3 T MM 2 C Xt Cr(VD Y MIAMA 5T | 4 di
I Bacillus cereus CC-1 Hffish Cr(VIifJE A REE
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Figure 6 The removal rate of Cr(VI), Te(IV) (A) and
self-agglutinability (B) by mixed bacteria system at
different proportion

e B: fEA YZ-1 /5 Eh(100%—0%) T A9TR Bk 2 1 H 205k
TERE.

Note: B: The self-agglutinability of mixed bacteria system in
different Saphylococcus sp. Y Z-1 proportions (100%—0%).

WREREAMAMEER C MK, FI, 456K
JIE L Tl P 3 D R R DR 2 A AT 2 S, DN PR R T
(4 Cr(V 1) B 23 HLIE A0 55 4% R 2k S HE FIES FR R A
JERGAS FEA AL, T DNA fREREN S/ DNA
16 52 FARAL R T 25 A S il X i 32 Cr(VI e H
AR DT . TESEFRRAR YZ-1 fyad #rp, AT
RILYZ-11E Te(IV)FEAE R a] LB i B SR i B
LRERIR, BEWE Te(V)EET IES YZ-1 k&
B, [FERE Te(V) Al BB REAOR ok, 3
A %18 Bacillus thermoamylovorans SKC1 R[] if %}
Cr(VI)HI Te(IV) AR IE/EHFA, shi 24 8 it W
ML S R E S Te(IV)d A %5, W
FHEEOCH XiaEHiET 5 Cr(vl)., Se(IV)i
WAL I R E R R S
W, X Cr(Vl). Se(IV). Te(IV)#HEA if A
A2 YZ-1 5 CC-LIRAAMIRRAR R, YZ-1

() A BRI T IR R, B Cr(VI)AT Te(1V)
(38 SO A & A B B R B, B Te(IV) 34 5
FEIRT AR SO S KRR A T4 o IR, R ELA R
R PERE N ER TR TALA v LA g A
ZAE HACPRYERERS S B N TR I, 7E S PR i /K b 2
Hn] B AT VAR R N R A (B

ZE LTI, AR SO T R T R 8% A B 1A T
AR . BTG LA AT, W2
Xof A A O i TR I R LB 22 S A T T 40
B S5 AMAE B PR R R TR AR R, L
R Z eI RIF 5 A B R B RE , 7 CPR
H g BV TE L 4
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