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Abstract

The study focused on the chromium (VI)-resistant bacterial strain Serratia sp. CM01 to explore its
whole-genome information and to mine its potential chromium metabolism-related genes. In this re-
search, genomic sequencing technology was employed to perform whole-genome sequencing on CM01
and to analyze its gene sequence characteristics. Additionally, the results from previous differential
protein studies were integrated to analyze genes related to chromium metabolism. The sequencing re-
sults indicated that the CM01 genome is 4,902,254 base pairs in size, with 4547 genes predicted to en-
code protein sequences. Protein function annotation revealed a high proportion of genes involved in
oxidation-reduction, amino acid metabolism, carbohydrate metabolism, and energy metabolism. Com-
bining the outcomes from previous proteomics studies, 12 genes related to chromium metabolism
were identified. Quantitative real-time PCR analysis showed that the expression of ChrA1l, Srpc, GrxA,
and NemA genes was upregulated under Cr(VI) stress. The complete genome sequence of CM01 has
been uploaded to NCBI with the accession number PRJNA675313. Through the genomic sequence anal-
ysis of CMO01, this study provides a foundation for a comprehensive understanding of bacterial chro-
mium metabolism mechanisms and offers a theoretical basis for the development of new biotechnolo-
gies for the remediation of environmental chromium pollution.
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1. 3]

HE BTG RIS AW UL SOK A S B AR . 4 )8 £& (chromium, Cr) 2 & ILIF PR Y
HHEMZ—, #SZ N TR, SRaE. RERE. BT[], BEEJE Cr i) A,
DA B 2 7R B VS AL AN 8 i 1 7™ B ) A5 e i /2] 42 S Cr A WA EE M EIERS, RIS
E&[Cr(VD]FI =& [Cr()], ¥ LA Cr(VDTERAFE TS . Cr() & AR D 75 i ECE, 11 Cr(VI)
HARIEME, HAERRNEEEMEE, SN IRN IR, feslie . UM . K
GBI TR AR EAS . AR DL K DNA (454431 Rk, B EARIZER Cr(VD) ARSI
Cr(l)2&FEmRITIEZL —

AEPEEIAEEH Cr(VI)TG Gt — R R BB ARG 75, B T R P AR 2k i
PREGZ: RS P (A AL YR, AR . ISR ANHELL R AR AR B [4] . X RO RIALAALE
FHIRBE AU BRA G AP ek, BH R EL SR Cr(V)R. BRl, B&RIT £ 5
HATBR Cr(VDEE S AR  FFREXTIREE H (1) Cr(VI)¥5 el AT A B R B T 16 1977 8 O ILBR Cr(VT)
B I B R [5], LI 2 P ER Cr(VI) APk bl 224508, Fer 4 B 5 48K 240 Bk Cr(VDZH 1 Bacillus
cereus (L 2 AT ) (2020) [6]. Sporosarcina saromensis (V% #111#) (2021) [71%%. IE4EkK, AR
BRIV R BRI 5 e E 4|, W0 Serratia sp. GPOL, W 70 & K BLi% # bk RELE 48 /Nt
gD 69.05 mg/L Cr(VI) [8]. BtAt, WFFERIIM Cri5 eI 3A 5% mh 4y 5 Hi i £k Serratia sp. Cr-10 [9], X
Cr(VI KT 23 L 3] T 1500 mg/L, HAEH Cr(VI)IE FUARIE TR Yk 2B 35 AR R -

][l
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AHFFEH ) Serratia sp. CMOL (&R CMOL)& M EE P17 b /N B ) SR AR b [X PR v e R B vp 7 5
FENIHI[10]. ZIEDTH i Cr(VIRE MYILITIE, 5245 BIRETE S 140 mg/L Cr(VD)I¥ LB R FR ik IE
AR RIS (VD ER[11]. R, BATEN CMO1 tH AR Cr(VDAE S, AT LA R RIEE SRS H Cr(VI)
FRT 35 Y 5 18] o A SR JE R AL PR R b CMOL 3 BRI AELEAT I, 20 e Cr(VI) R R FRI R 56 3 B
W Fe45 FEr R A PR R R TR R AR BRI B 4% (V)15 G AR (R A A

2. MR
21 EMEER

AAEATI 5T R TS G IR R 43 B ) CMOL B bk, T-80°C fR1F. HX-80°C fRAF7f CMO1, LA 1:100 i
Eefl, WX 150 pL BT 15 ml HriEfy LB WifaRFe 5k, T-37°C, 200 rpm E75 12 h; B FAR B RAE
LB [fARs 775 By =X K2k, 37°C K577 12 hy BRHUREETE, #2\ LB ks FRAEH, 37°C, 200 rpm
Bt 12 hy BGZHEW 5 ml, ZWEACEE 15 min, &% EIFIRARE VR AR AT BR A 7 BT .

2.2. BEEANFSHLE

CMO1 FE I 2 34 F IluminaNovaSeq #1 PacBioSequel /514, K H 45 —ACHIEE =ACI 7 HA
BEATIN A . SRIUEE AL DNA, Zi40 e #EAT Bk, i H 20 49k (Quant-1t PicoGreen dsDNA Assay Kit) il
Ff it DNA 2B, 1% Il e e FLvic R I DNAA B 1R S 88 1 o A5 4% 1) DNA B4, BT )5 48 Hlumina
TruSeq Nano DNA LT %Al Pacbio Template Prep Kit 1.0 SCZERIE ST . xF — AR R i $R15 10 R 46 304
LRI BRI R S B . K Pacbio SR1FI N HLEE (£ A HGAP [12], CANU [131# 44T
P, 1930 contig /741 AKX ARG AT AHE, 8 pilon [L41ER A2 T AR m s = HE X =
X contig 45 AT IE, AP B ERITS.

2.3. EAWNSFRE

KA GeneMarkS [15]%F ik #5321 (1) 56 8 3 34T S R Tl . 4= DR 4 A 1 tRNA £ R B RNASs-
can-SE il 3k #3[16], rRNA F£ [X B Barrnap Fii3R7S, @it 5 Rfam F0dE 31T L A H A B %R TS RNA
[17]. Fgmid R 2 5% 751 5 NR. eggNOG, KEGG, Swiss-Prot, GO 544 PE k47 % EL, % & (1 Ifigd
FTTERE
2.4, TR EEZETN

ANntiSMASH [18] 0] FI -T2 B4 « 2 B AR A 3 DR 20 mp YR AU 32 DR 758 ) T 43 A, A 35 T s 2R AR O
IRl 5 [R5 IR B8 5 R 0] RAE AL (HMM) SR T A NCBI 3k 75 0 Genbank S04 4% 3] AntiSMASH
Hh, TR CMOL R AR I P 3L Rl st 47 1 Tl

25. BABHEXERES

M5 4 5L DR AL Py 20 A B B 11 G R B DRI D REVE RS R, [RIINE &5 & A 22 S B W 45 R [19], fiade
SHACHAR R R A .

2.6. BRFHEXERRLIEEE

K SEIF 5O 5 B PCR B&AIEA L8 WHE T, CMO1 1 ChrAl. Srpc. GrxA. NemA LK [ RIEE . F
F NCBI #it 514, 4 1, LLgyrB JEFEH mRNA KFAE NN S . K CMOL1 B ERFNT 15 ml LB W)
R RS, F 37°C, 200rpm B57EFE R, SRHERE 12 h, BZE R L 1% R Cr(VIIRE N 0
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A1 140 mo/L (EHEE LB WARRE 5235, Horb 0 mo/L Cr(VIRFEEVE R IBAL, 140 mg/L Cr(VI)iK FEAE s
40, T 37°C, 200 rpm [ FAEK 12 he SR RNA F2BGR S5 HUE RNAL $2HUE 1 RNA, {4 HiScript
I All-in-one RT SuperMix Perfect for qPCR 5¢ i 2 K1 2H 5 ik 5 10 % 5% e B . ] Taq Pro Universal SYBR
gPCR Master Mix 77| & 1T qRT-PCR. qRT-PCR Jx Miff&Z: . FF514(10 pmol/L)# 0.4 uL, cDNA
(1ug/mL) 1 pL, 2 x Taq Pro Universal SYBR qPCR Master Mix10 pL, HNFCHGE/K 2 & N A& AR A 20 pL.
i/ QRT-PCR F&/5 N, 95°C, 30s; 95°C, 10s; 60°C, 30s, 40 MEH; 65°C, 5s. FFRAFEHELT 3 1K
AT 2 B PCR A . A 27220 it B IRAR 6 R IA & o

Table 1. List of primers used for quantitative PCR
#= 1. qPCR HIE5 14951

ElEYER Bl 751 (5°—37)
ChrAl-F ATACGTTAAAACCGCACCCG
ChrA1-R CCTAGCCACAGAAAGCCCAA
Srpc-F CTTTATTGGCGTTCGGCGG
Srpc-R ATCCACTGATGCACCTCCAC
GrxA-F ATCGTCGCGTTCTTCAGTCA
GrxA-R TTGCAGTAATCTTCGGGCGT
NemA-F CGGCGATGTGAATGTAAGCG
NemA-R GCAAAGAGAAACTGGGCGTG
gyrB-F CATCTACTGCTTCACCAACAACATTCC
gyrB-R CCTTCTTGCTGTAGCCTTCCTTCTC

3. RS54
3.1. EEERRD T

X CMOL BRI 40U 77317, 45 BB 7R CMOL FR IR R H K B 4,902,254 bp, G + C & &4 59.89%.
FEIB B AR B A 4547 A, BTG g b 25 1 R T 81 B BE DR 4547 A, FFT80 SEHE P 5 B 40 4,221,894
bp, hFERIH MK 86.12%. 45 FHMILA RNA314 4, Hd rRNA22 41N (5S RNAS 1>, 165 RNAT 4,
23SRNA7 M), tRNA87 4, ncRNA205 4. KR AT H. FEGmis RNA Tl K 25 K Tl &5 fir 6 {5 S %
4 HL GBK (GenBank)#g 32, SR J5 K H cgview BfE22H] CMOL PR ZH I8 &1, 4nf&] 1 [20].

3.2. ThaREERE
R gD EE A 5 6 AN Hle AT LoXT, e a5 R R, 75 NR 2l R e 1 4473 41, eggNOG
w4261 1, KEGG 1 2881 4>, Swiss-Prot ' 3867 1, GO 1 3646 4.

3.2.1. EARwBERER eggNOG(COG)iFH

CMO1 [ 1 4 i JE PR Bie 4 7E eggNOG ¥ J22 25 SEThREER (1 TPt EL 21 20 3%, 3t 4261 DNEER, 0l
2. BRINBEARFZERISL, b “Hesg” FERBERZ (400 1), HUGE, “RIEMFASMAL” (386 1),
“BOKAE VISR " (336 4N) . “OHLERE TGS AR " (323 ). “REEAEHIAL” (249 1)
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RAGH %

R B/ RO A M R AR (262 4N). AN, “DNA Ei). EAMBERREA39 )« “AlER s
FOARHT” FELR (145 AY),  “BHIE. RZPEARZEMRIEY) R A FER (174 N WAFE— & Lhfl, HEWHZ E R H
IXEEFLR RN Cr(VDHEEATARH, Jfilid 5 IRAIBE 524 DNA SKHRPT Cr(VD I EEEAE H
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Figure 1. Genome circle map
1. EFEAEE

COG function classification

. A:RNA processing and modification
1600 . B:Chromatin structure and dynamics
. C:Energy production and conversion
. D:Cell cycle control, cell division, chromosome partitioning
. E:Amino acid transport and metabolism
. F:Nucleotide transport and metabolism
750~ . G:Carbohydrate transport and metabolism
. H:Coenzyme transport and metabolism
. |:Lipid transport and metabolism
. J:Translation, ribosomal structure and biogenesis
. K:Transcription
. L:Replication, recombination and repair
500 - . M:Cell wall/membrane/envelope biogenesis

B necel oty

. O:Posttranslational modification, protein turnover, chaperones

Number of matched genes

. P:Inorganic ion transport and metabolism
. Q:Secondary metabolites biosynthesis, transport and catabolism
. R:General function prediction only

2501 . S:Function unknown
. T:Signal transduction mechanisms
. U:Intracellular trafficking, secretion, and vesicular transport
. V:Defense mechanisms
I I I . W:Extracellular structures
0o - - . . . Y:Nuclear structure

Z:Cytoskeleton
Function class

Figure 2. Bacterial eggNOG (COG) functional classification map
& 2. 4HE eggNOG(COG)Ih&E 5 2 E
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3.2.2. EARBERER KEGG &

KH KEGG #4i PEX CMOL (1) H 4 2 R L X, S 247E 51 JRid ik Hhox b B 25 1 2881 4>, Wil 3.
Horr, WRAE S R B S BALBE . R, s (F 58S, BRI, ki s
YA e AU AR gD IR R o A, X R B 4 B A R AR AR /1. 76 COG Al KEGG
HEDIRERT, HRNGESES. BiE. R, Bk YA AT BE &AL R A B0m 1) o5
too BRIk, FRATAEM, 7R85 G RIEEd, i—'uCr(VI)ﬁ)\éHﬂ@ww, 72 AR IR RO L AT BRI B A5 AR
JELEE 12 A TS AR, A KR I 18 B R8I B T REAE S S0 AT Cr(V) AR i G AE FH

KEGG classification

09190 Not Included in Pathway or Brite_09194 Poorly characterized -

09190 Not Included in Pathway or Brite_09193 Unclassified: signaling and cellular processes -
09190 Not Included in Pathway or Brite_09192 Unclassified: genenc information processing -
09190 Not Included in Pathway or Brite_09191 Unclassified: metabolism -

09180 Brite Hierarchies_09183 Protein families: signaling and cellular processes -

09180 Brite Hierarchies_09182 Protein families: genetic information processing -

09180 Brite Hierarchies_09181 Protein families: metabolism -

09160 Human Diseases_09176 Drug resistance: antineoplastic -

09160 Human Diseases_09175 Drug resistance: antimicrobial -

09160 Human Diseases_09174 Infectious disease: parasitic -

09160 Human Diseases_09172 Infectious disease: viral -
09160 Human Diseases_09171 Infectious disease: bacterial -
09160 Human Diseases_09167 Endocrine and metabolic disease -
09160 Human Diseases_09166 Cardiovascular disease -
09160 Human Diseases_09165 Substance dependence -
09160 Human Diseases_09164 Neurodegenerative disease -
09160 Human Diseases_09163 Immune disease -
09160 Human Diseases_09162 Cancer: specific types -
09160 Human Diseases_09161 Cancer: overview -
09150 Organismal Systems_09159 Environmental adaptation -
09150 Organismal Systems_09158 Development and regeneration -
Organismal Systems_09156 Nervous system -
09150 Organismal Systems_09155 Excretory system -
09150 Organismal Systems_09154 Digestive system -
09150 Organismal Systems_09153 Circulatory system -
09150 Organismal Systems_09152 Endocrine system -
09150 Organismal Systems_09151 Immune system -
09150 Organismal Systems_09149 Aging -
09140 Cellular Processes_09145 Cellular community - prokaryotes -
09140 Cellular Processes 09144 Cellular community - eukaryotes -
Cellular Processes_09143 Cell growth and death -
09140 Cellular Processes_09142 Cell motility -
09140 Cellular Processes_09141 Transport and catabolism -
09130 Environmental Information Processing_09132 Signal transduction -
09130 Environmental Information Processmg 09131 Membrane transport -
1 and repair -
09120 Genenc Information Prucessmg 09123 Foldlng somng and degradation -
09120 Genetic Information Processing_09122 Translation -
09120 Genetic Information Processing_09121 Transcription -
09100 Metabolism_09112 Not included in regular maps -
09100 Metabolism_09111 Xenobiotics biodegradation and metabolism -
09100 Metabolism_09110 Biosynthesis of other secondary metabolites -
09100 Metabolism_09109 Metabolism of terpenoids and polyketides -
09100 Metabolism_09108 Metabolism of cofactors and vitamins -
09100 Metabolism_09107 Glycan biosynthesis and metabolism -
09100 Metabolism_09106 Metabolism of other amino acids -
09100 Metabolism_09105 Amino acid metabolism -
09100 Metabolism_09104 Nucleotide metabolism -
\_09103 Lipid b

09102 Energy

09100 1_09101 C:

Function class

v|||l""||||||-"|"""” r|

o
N
x-
S

500 750
Number of matched genes

Figure 3. KEGG summary graph
[ 3. KEGG %tit &
3.2.3. ERHBEREM GO R

GO ¥ FEtRyn s AR K 70 7 Ihse . 4UM P ALz B2 5 Y B G B R Ry =3k
CMOL FEE A g i A= 5 e 442 GO HdiE FE (1) 7 1 Dhfie . AL & . A2 #d A2 1 = ontology Ho%t LL 3|
HH 3646 1, ik 4. fEAMPT AL E S, RIS KA %H@Hﬁ%ﬂéﬁﬂ@éﬂﬁ‘ﬁ@%ﬁﬁﬁ%ﬁlIEH:B&%G
A R R B N AR AR EA A AR A R AR R R AR . T Db
FEWRE TG AL EEETE. DNA 255655, iXEM, CMOL r LU i iEsh. iRk e
B Cr(VDAR P vl BUIE S A AL I8 S5 B Cr(VDIE s Cr(1lT)

KRB GEE AT 75 4

AntiSMASH Fitill 7 CMOL XA P& i3t 9 MR, WAk 2, BFEAE AL 48 3k
(NRP-metallophore). & 1% 41 % (prodigiosin). 3% 4 ik (thiopeptide) . & PITig(hserlactone). 3 /™ JEAZ AR 1A ik
4 EE(NPRS) S ALIE U4 K] T (redox-cofacor) f A ik (thiopeptide) . X UEFE KR EIES 5 T 5HAWEY &
B A% AEE R IS AR DG TR ik DR ) R R o dd 5 O AR DR A L R B, E T ) NRP-
metallophore [ #%H & L5 AntiSMASH il i MIBIG AL = HE & IR=HHE R, &K M
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EFRA 46%MIHHPUL, XATRERE R CMOL 2 & % IR AR 4 -

GO classification

ion binding -
enzyme regulator activity -
enzyme binding -
ligase activity -
isomerase activity -
lyase activity -
hydrolase activity, acting on carbon-nitrogen (but not peptide) bonds -
hydrolase activity, acting on glycosyl bonds -
phosphatase activity -
nucleotidyltransferase activity -
transferase activity, transferring alkyl or aryl (other than methyl) groups -
transferase activity, transferring glycosyl groups -
transferase activity, transferring acyl groups -
oxidoreductase activity -
kinase activity -
lipid binding -
methyltransferase activity -
transcription factor binding -

structural molecule activity - | |

helicase activity - ]

RNA binding - ]
DNA binding -
molecular_function -
nucleic acid binding transcription factor activity -
protein binding transcription factor activity -
protein complex -
organelle -
external encapsulating structure -
thylakoid -
plasma membrane -
cytosol -
cytoplasm -
cell-
intracellular -
extracellular space -
extracellular region -
cellular_component -
nitrogen cycle metabolic process -
cell wall organization or biogenesis -
membrane organization -
protein maturation -
cell division -
chromosome organization -
cofactor metabolic process -
neurological system process -
cell motility -
anatomical structure development -
ing ism through itism -
small molecule metabolic process -
homeostatic process -
ribosome biogenesis -
locomotion -
cellular nitrogen compound metabolic process -
transposition -
cellular component assembly -
secondary metabolic process -
photosynthesis -
biosynthetic process -
catabolic process -
cell death -
biological_process -
signal transduction -
cell adhesion -
chromosome segregation -
cell cycle -
response to stress -
transport -
sulfur compound metabolic process -
lipid metabolic process -
cellular protein modification process -
protein folding -
translation -
mRNA processing -
generation of precursor metabolites and energy -
carbohydrate metabolic process -
immune system process -
cell morphogenesis -
reproduction -

Function class

er

O-—m

1000 2000 3000
Number of matched genes

. biological_process . cellular_component . molecular_function
Figure 4. GOSlim annotation map
& 4. GOSlim ;&

Table 2. Gene clusters related to secondary metabolite biosynthesis of Serratia sp. CM01
2. WERE CMO1 BR BB =40 & BEE FR TN

(X 45 KA iafrE &R E CURIAH (LA E X 7% FHACLE

trichrysobactin/cyclic

. . A . 46%
trichrysobactin/chrysobactin/dichrysobactin

Region1  NRP-metallophore 273382 337441

Region 2 hserlactone 487975 508619 - -

Region 3 betalactone 695078 720748 - -
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Region 4 prodigiosin 1064633 1099653 prodigiosin 100%
Region 5 thiopeptide 1666460 1692904 O-antigen 14%
Region 6 NRPS 2230671 2278622 microcin H47 20%
Region 7 redox-cofactor 2355695 2377857 lankacidin C 13%
Region 8 NRPS 2406428 2454938 viobactin 46%
Region 9 NRPS 4358979 4402914 xantholipin 4%

3.4. BRIBHEXERS T

£ COG i FExf b, FRATT M S Ik s i A A i S 0k (R i 1) 1 BE 5] AraA AT FIY . 7EHT A 5
FALAE R, RIUERITE Cr(VDIZAET, AraA fil FIiY IEAREGEER . ELIE T iE
AR IL P b B 2L K] ChrALl. Srpe. Fief Al MT1781. ChrAl £l Srpc #24wAY Cr(VI)#4iz 5 1 1 FE K]
[21], Fief il MT1781 M| 75l 4w Ak 512 25 (1 [22) AR ER ShodiE 25 (1. 7F KEGG £ d e Lt ik #2vh, 7652
A5 S L 2] 7R TrxA, fEREEAQHHE RS im ik 2] 7B FIdA. TrxA F FIA #% B 41 5t 4 i
—MEALIE R E A, Hd TrxA AL E A, FIA FidiE R8I R E A, XA R ZEIRA AT
RAMAEF R BRTRES S T Co (VDI E . ILAh, 78 GO ThfgiRe, 7476k ontology Hiifiik
tB%I NemA, H A 574m5—Fh NADH # R E L8 R B [23]

&, SETAVE AU ML RAE AR DI R g B, g B S8 BHAR G 1
E%l 12, WL 3. FApds 5 Mmin AR R EEIE R NemA . TrxA, FIdA. GrxA. YdjA; 4 Fhgmit 2
a8 ChrAL, SrpC. FieF. MT1781; 2 #h % 5k BRic A 4 i (1 2L X AraA FI FliY; &
A2 5N FA.

Table 3. Chromium transport-related genes in the genome of Serratia sp. CM01

= 3. WERIKE CMO1 £ E4H Y& M N8 X & F

EAS PG AES R FT FEH AR Theg
Scaffold_70 NemA NADH:flavin oxidoreductase
Scaffold_108 TrxA Thiol reductase thioredoxin
AR R Scaffold_1040 FldA Flavodoxin
Scaffold_1478 GrxA Glutaredoxin
Scaffold_2526 YdjA Nitroreductase family protein
Scaffold_2132 ChrAl Chromate transporter
. Scaffold_2133 Srpc Chromate transporter
iz #iAk
Scaffold_2312 FieF Cation diffusion facilitator family transporter
Scaffold_2481 MT1781 Sulfate transporter
B Scaffold_1961 AraA Amino sugar and nucleotide sugar metabolism
FIERRIZ R A
Scaffold_2716 Fliy L-cystine transport system substrate-binding protein
A Scaffold_1756 FtnA Ferritin
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35. BRBHHEXEAREIEERH

N PIAE FIREEREES A N I RIE, BATIERE TS HAZER ChrAL, Srpc Flgwhd %
b8 JE L R GrxA Al NemA #EAT SZI 9% )% 52 B PCR 5286 . AHXT 2¢O E B PCR 455, WK 5 s, #H
AR, S2I6d 5 HR4IEE A ChrALl, Srpc. GrxA Al NemA [)Zik B &2 % F(P < 0.05), 4 FhFkRH
(I8 8 S AT T, ST AL AR A R — 8. fERNE R, ChrAL JERERIA/K T ET . %
R, B IR Eh 12 T 1 ChrAL B IE Z323E I HIAE T, R S 2 7 HE 88 8 2R [24], ATTTFEAIR Cr(VI)

X 24 L B A
4 —
Omg/L Cr(VI)
5 . 140mg/L Cr(VI)
1]
8 *k %k %k
S
5 2 * * *
(]
>
&
— 1 —
e
0 ] ] ] ]
N o \g o
\s R < &
\ A\
St ° © <

Figure 5. Expression of four target genes in CMO1 of experimental group and control group. Note: “*” mean significant
difference (P < 0.05) between the experimental group and the control group
[ 5 SLIEFIXTERL CMOL 4 MEMERENRILE. F: 7 REKWASHBAHELEEREZ(P <0.05)

4. ¥1ig

AR CMOL HEAT T A3 BRI 2 5 DA S B A DO Re v B e At A5 SR A W I, CMIOL R 4 v i S A7
FEHEAARHEFEME R, I HEd E A ReER N i R, ZER T & 2 MAR®E. o
T INRESE 5 AU K.

WBEAMGILR S 5 ANERIZEATHO, RATE COG Hdh 1 i To LR B8 7 i AR i g 42 v i
HET 4 NEEEEAMCHER. PFARHRETERESE NI EIE R SR B ML IEE A MR
[25]. WbAh, EEJRFHEE AR AE NS B IKPUE EE AR N P AR S 2L [26]. JHh, ChrA ZE[H Frgmfis
() Cr(VI)AMIEE 11 ChrA(BS R £ 58 T8 R) )8 T CHR MR, /& H aT#it /e i 2 sl & B, 3
TERIEEE 1, CAPESEnT DUF] A RS A S A e 24 Cr(VD) A A HEZ f4h[27], AT FRAIR Cr(VI) B 5
PEo ATHTEAXT Serratia sp. S2 H1%f ChrA BRI 58 HUF L |48 MR #h #1285 1 ChrA 1E Rk 52 E 3R 1k
R R 7 2h i H s R Eh[28]. [N, FRATERIL T AE ChrAL JEH 1 R i 5 H ARSI o AF e 57—
Fh 4% s 28 (A AL Srpe, I H. ChrAL Al Srpe 2[R A AR E DR I E B 1 . 785 N Rk B IIIE
tR I, FEERINE TR CMOL H Srpe FE BRI IR IA B I . FE BT IR A TR BB e K B, ChrAl1-Srpe 3t
R RIE B T Cr(VDRE (52 KBR)IIET PR BRI . Fitk, AN Srpe 2 F 5 ChrAl %
KR Z 5 CMOL H Cr(VI)I/EFI[29].

B /KA G DR R A U 2 5 T B e o B P DR B VA BT [30] e AR M TE X B & @ B i, TR £
(1) B 2 oF 4 5 LA i TG S RS MR B AL o BROKAL SN R B B SRR, ARSI R G A A
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RGN (TCA TR K58, NRCEDFRHE T LB RE R . JATTE COG il KEGG i & Hh 45 ) Ik
KA G AR A e B AR B R A B ) T B e BRSO R I, B 45 X R P I o ) B T A A AR 5 T B
1E Cu Bl R &I 26 Pk /K AL G ae EAREIAR S B A R AR BBk, o, WEIEBE IR ILEG . I
A TN A R T 5l 11 30 K i R, R R SO I B AR A 0 T oK A A A ARARE[31] . TETR
ATRTIIRE TS P ORI, FEESHMETT, CMOL Hh ok T BEEAXIHT ) NAD(P) & 4t 1) 3% 31 2 - i i 20§ GabD.
NAD(P)* 4 #i [1) £ S ok 5 Bt S (BADH) iR BH R, IXRH, EHPBIE T, CM01 &iEid fe B TR
KR Cr(VD G . HUEFEIE, AT IBERR e R E A R E N, R CMO0L1 Hfr/Kik
E VAR AR P R R TR 4 1% 52 BRI [32] - 11 CMOL & 7538 13 B /K Ak & P HoAh iR 42 R B Cr(VI)FR
BRIk 5 Eit— PR

TE VR R ARSI R #5210 T 23 B vb & B, #E T (¥) NRP-metallophore 3 R #% 7 & L 5 MIBIG FAEHK =
HEER. WR=ZEITE R, £ K. WEHRA 46%MALIE . 1 _EiR LA K TUR R 58 8 T8k
T FWR[33]e KT BREAA BRI T, BRE A A F 1) &R R A F R, BA B KRR
B, SHEYEMENOFEY, BREBING RS, RHEMSRIEEHESBIGR15, nf IR
AP G R RIS [34] . DRI, FRATTAR 0 4 e 454k = DR A 1Y) A7 1 W] A T 0 B0 A1 % B A i2% A ok ke B 5% o
Cr(VDER, AARRIRANGFHEAL T80 8B . 68 SR R i b — 2o 5 & Jmis i . R sEFnic 5
MRME A . EARRAHEFA, o] DB A 8 TR A BRI MNE R 10 48 3R 3 R R JE 47 T2 B it
Cr(VI). Bx Cr(VI)REJJIIWT I, BRIE %45 i 5k DR R RO A7 76 A2 75 B M R AR IR g Cr(VID AR A

BeAh, BATEGREH T 2R S8R XA RN . EANRE . B IS R B2 b 4 R
WAL, DU A8 52 1 A SR B o AR I R R 5 R F AR S R T LS IR R R N,
AR Cr(VI)IE BB Cr(1). Hrh, 3R EULE A FEE FIdA 240 B AR Y h 2 F AR BT 75
TR . FIJA RE N NADPH i1 35 2 IR R i IR (FAD) & A I3 R AL B A1k AL
FHA JREF(Fpr) 232 B T, IER X B i L3028 Cr(VI), MIE R JFONBARER LR Cr(in) [35]. L4k,
FIdA 1 B T80 75 M E(ROS) 7= 45, AT ek 8% o dd 51 S 1) A0 47 . NADH 38 R AL IS NemA
REBZAELL Cr(VI)IE R A Cr(11), AT gk 5o 2 Hf R 2312 [36] o IX L85 Ab 34 JE G o] R L [R] 3K B Bl 2 S fkid
JR S S PA S Cr(VI) A= 43E S

[F, 5ERATHTH CMOL 2R R Ewt g R, Lk h 7 0L IR 2 1 4 i 25 K] DX900-04235.
W 2 A H =PI R OIS A ArnA. BRER LUK S S 8 A gmAg e R FIiY_1 Ak A 4mid 2L K FtnA
S, XERAE Co(VDE N P ZERFEL. Wik, BFRFHANEII A EZEEES S CMOL FI4% I
B, AR EARNE LT 53—t 7.
5. &g

A TR AV 28 AR A R R ALI P EARXT CMOL R AL, 34T 2 5 51 A £ Gt
BRI o # . S50, CMOL FERI 4 b 2 F i DRIV RE B A AR A2 70 T DI e 5 5 4R . CMO01
1P1E5 ChrAl, Srpc 52NN HEAARGAHCIIER, AIERIDAMICIRIEMEEEAER . 5% ERiE
AL . 2 5 BACHEE %% . SR qRT-PCR #F— B IR1IF 1 85 il T £ K ChrAl, Srpc. GrxA il
NemA [FRIE B AW 50 4s R L RIS S B TH2488 CMOL WBTER) Cr(VI)PitEEER, R A
PG B P AR (VTS e it 1 B IR HEA
S

AT BT FH 0 R B A 38 1 45 350 Fh B PR R RL R 28 A 36 P AR 2 e d At
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