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Complete genome of Micrococcus luteus V017 and its
transcriptomic response to gamma ray radiation
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Abstract: [Background] Radioresistant microorganisms are important type of extreme microbial
resources, which are of great significance for studying radiation-resistance mechanism and environmental
protection. [Objective] To analyze the genetic background of Micrococcus Iluteus V017 and the
transcriptome response to radiation through genome and transcriptome. [Methods] The full genome of
strain V017 was sequenced and its unique gene sequence was revealed by comparative genome analysis.
Further, transcriptome response of strain V017 to gamma ray radiation was performed, and then followed
by functional analysis of their differentially expressed genes. [Results] The whole genome of V017 was
obtained through de novo assembly. The genome size was 2 527 399 bp with GC content of 72.9%.
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Comparative genome analysis revealed many mobile element sequences unique in V017 genome, which
may be helpful for it to adapt to the extreme irradiation environment. Transcriptome analysis showed that
the basic metabolic pathways such as fatty acid and tryptophan metabolic pathways were significantly
down-regulated. By contrary, expression level of the DNA damage repair pathways was significantly
up-regulated. Especially, homologous recombination repair may play a major role in response to
irradiation. [Conclusion] The genomic and transcriptome data analysis implied that the specific mobile
sequences of strain V017 may help to adapt to the radiation environment through modulation of DNA
rearrangement. Alternation of DNA damage repair and basic metabolic pathways in response to radiation
stress may be an important reason for the moderate radiation resistance of strain VO17. These studies laid
the foundation for further understanding the adaptation and resistance mechanisms of radioresistant
microorganisms, as well as the utilization of its microbial resources.

Keywords: radioresistant microorganisms, Micrococcus Iluteus, genome, transcriptome, resistance
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TGY HiJfdk(g/L): BEEANK 5.0, BEERE 3.0,
HZHE 1.0, pH 7.0,
113 EZRXFFLEE

PrimeScript™ RT Reagent Kit with gDNA Eraser
F1 2xTB Green Premix Ex Taq 11, A9 TRE(KIE)

HIRAF]; 2xTag Master Mix, B s 4E%e 4 Y}
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A T AW TR (EE) RO A BRA R #EEE, 1
B R FREMF B AR IR TR 5 T L5,
Synergy H1 Multi-Mode Reader, BioTek /A H]; 4
A i % 2L, Biolog /2 l; NanoDrop One
IR A 66 1], Thermo Fisher 23 H] ; CFX Connect
SehfE R PCR X, Bio-Rad /A7l .
1.2 FHi&
1.2.1 H# V017 EE

FIHEH G 9(27F: 5'-AGAGTTTGATCCTG
GCTCAG-3', 1492R: 5-GGTTACCTTGTTACGA
CTT-3"), L VO17 HEFRE /DR MM, PCR
Pt 16S rRNA HEH, 5IWZUEEE 0.5 pmol/L,
PCR WK ZR (20 pL): 2xTag Master Mix 10 pL,
27F . 1492R (10 pmol/L)4% 1 uL, ddH,0 8 pL. PCR
FW &A% : 95 °C 2 min; 94°C305s, 52°C30s,
72 °C 90 s, 30 ME¥F; 72 °C 10 min. R4
VO17 PR 16S TRNA SEE 4474, 2 DNA I
JPIt5 NCBI $d 2 b i) )P 5 A T4 R Hext . [
i, FIH Biolog 4 F Zlis Ak 4 % e () F4 RE A 4
BTN T VO17 BRIARXT 95 Ffrfsie I i A 155 1) FH
B, e, MR 16S rRNA JE PR 51 St AiE
XF V017 BRI TS
1.2.2 EF 48 DNA BREL R 5

B AR VO17 76 30 °C. 200 r/min FE;3%, &
J& 4°C. 8000 r/min Z.0» 5 min YEEH M, FARA
B IG—80 °C fRf7. SRJE, IR SERI 41 DNA P
AR R SR BURE S LR 4] DNA, FFEZFEb
WARBOERHE BeAn A B w], R =X PacBio H1

O3 F- WP 15 254 7 358 DR A 00 o 35 DR 20 D oy T
P52 NCBI SRA (¥4 (PRINA644446) .
123 E#k V017 2R ERE KN E

WEESE TGY IR IH VO17 Hitk, 4 PBS
ZZMRER)E , R BEIRHREE ODgoo M 0.8 G T
W53 3 030 For 1y TR T UK EAE Ry X R4
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125 MFHIELES S
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P38, R XA VO17 B 4L53 003 7 T GO
(Gene Ontology)i:F"!# KEGG (Kyoto Encyclopedia
of Genes and Genomes )it 73l 145 20 25 17 A 14
PR V017 JER 4 C B 1% % GenBank £t 15 (5
35 CP058971).,

PR VO17 5 SEL I 745 B0 1 5 4 St 0k 1 7
PHE, R ACEOE . ] HISAT 2.0 #0420 mi 4 5)
HIERIZH b, ffiH StringTie #4258 3483145
A SR A i R R R B 33K 1 (Transcripts Per
Kilobase Million, TPM).. %5 5% Maza 19251 |
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FEHE SN LogoFC B4aX TR FEi ST 1, iR
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1.2.6 SKEPCEEE PCR SR

K SEBF 26 E 7 PCR 5 ik iy 98 5k ] 114
SRR SERF S E B PCR R tEg P L3 1,
PCR [N F 225 3CHR[23], Hh oI YAk ER
0.2 pmol/L, 54 cDNA 5.0 ng. PCR Sz v 5544 :
95°C3 min; 95°C10s, 57°C10s, 72°C30s,
40 MIEFR; 95°C 10s. [FmF, PIFRE V017 #Y 16S
TRNA JERVERNSEEN o SEIT5E ' E B PCR 4t
R Livak B pab #Y,

2 HRE4H
2.1 HE#R V01T EE

Pk V017 7E TGY #5574 | 30 °C 15 Fk 2-3 d
J& , PR TG A I | TG ST ) R A R TR
(1 1A), H 16S rRNA [ ¥ 51 (GenBank % 535
5 MN006451)5 NCBI ¥ 14 o ) il 2 sk
(Micrococcus luteus) & FEARL, AR 99.9%
(K 1B). [FIF, 1 FH Biolog 4= A shifstA: ¥ % & X
M54 T Bk VO17 XF 95 il it A A )
TE, 45 R IE Rk VO17 RTLAFIFT 25 Rl ,
Horfa ikt 40, DB, BERR . LR, N
MR . 2,3- T —RE. 2% . WUTF. D-L-o-f%
B2 H A AXF R-FOBIES . JER . T 58 M

F1 KHRKAZEE PCR3IY
Table 1 Primers of real-time qPCR

N istii=1L ] TS 1Y B
Gene Forward primers (5'—3") Reverse primers (5'—3") Size (bp)
radA CGGACACCCTGCGTCTGA GCAGGGTCTGCACGGAGT 105
recA AAGCAGTTCGGCAAGGGTTC AGGACTCCGGGCCGTAGAT 154
lexA GCCGTCGTCGCAGGTCTC CGCCATGACGTCCTCGACC 140
Ribonuclease J2 AGCCCGAGTTCGTGATGCC ACGTAGCCGCACTCCACCTC 175
Extracellular protease precursor TCGCTGTCCGACATCGCC GCGTTCTGGTAGGTGGTGCC 140
elaB TGAGCAGCCGCAGACCGA GCGAGGGCCAGGAACG 159
16S rRNA CGGTTTGTCGCGTCTGTCG GCCTTCGCCATCGGTGTTC 147
B Strain V017 (MN006451)
—E Micrococcus luteus (MH142592.1)

Micrococcus endophyticus (MN093407.1)

Micrococcus antarcticus (MN330471.1)

Micrococcus flavus (MT759861.1)

Micrococcus lylae (MH393514.1)

Micrococcus cohnii (MN187295.1)

Micrococcus terreus (MH714877.1)

0.002 0

1 E# V017 EERESA)RET 16S rRNA EEFFIASZ KA EMENRZ L EMB)

Figure 1 Colony morphology (A) and phylogenetic tree (B) based on 16S rRNA gene sequence by maximum likelihood
method of strain V017

. REREWMPRIS S N R GenBank 55 REUE H R AYFR R 78 W BRI BE 9 25 5 B 0.2%

Note: The number is the GenBank accession of the strain at the end of the phylogenetic tree; The ruler of the phylogenetic tree indicates
that the difference is 0.2 percent between the two strains
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D-FLERH Bs . BEF0R . L-RER . L-Z4AMR. T
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Z, o0l HIZZEEENECH Y 47%F0 38%; TR
o, Y45 #14 (Cellular Anatomical Entity)
FNZH M N (Intracellular) 1 5 Y FE R B |5 HE ) e 22
G390 i ZE LR H B9 50% 1 38%.
2.3 Micrococcus luteus A~ 5] & ¥k LU B F 4R =
ST

WZ 2019 4F 11 7, £ NCBI Adu8ds e 2
AEA 67 > M. luteus FER A, Hirb HAT 7 A~ 244
SEeR. I, AU R VO17 BYREIZ X
TASERAIAT T HBIER AT, BRSO ILER 2.
X 8 Rk BRI A BE R 20K/ ME 2.48-2.84 Mb §iE
FEIN, Hi vo17 HAy 48 MrA RN, 16 324>
Yt #% sl o4 ¥ 41 (Mobile Element Sequences), i
BT E VO17 b TP iy 28 S5, X AT B 518 4R
MR A K
2.4  Micrococcus luteus V017 B42 BB 53 %
22 F

P BRI V017 41 IEAE 2 A4 48 B f b P
Ja ., SARMHEAX AT, 4 0H ODsoo
il TAEKMZ . mE 3 AL, FERR AR, A
PRI E A RAR T XS BRZEL, T H. 500 Gy 1% Arsk

'y ~
.\‘3\@6"}1}
QQ\Q
§5 &
\‘D§
T8 S

Cell component

2 FRERMIKE V017 EHRERYE GO IREERE 2 ST

Figure 2 Gene ontology classification of Micrococcus luteus V017 genome
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Table 2 Comparison of V017 genome sequences with the other 7 M. luteus genomes
TEFHORE LA P JRAE G JEIE $%i2 RNABREK RNA B4L/7518 GC content GenBank  References
M. luteus Genomic size All genes  Coding genes tRNA ~ rRNA Repeat (o) accession No.
strains (Mb) region
NCTC2665 2.50 2 407 2 356 48 3 58 73.0 ASM2320 [25]
trpE16 2.50 2 402 2 351 48 3 59 73.0 ASMS87779 [26]
SGAIr 0127 2.65 2 635 2583 48 4 46 72.8 ASM307152 [27]
SA211 2.48 2 366 2314 48 4 38 73.1 ASM369167 [28]
SB1254 2.55 2 497 2 445 48 4 42 72.9 ASM411701 —
AS2 2.84 2776 2723 50 4 70 73.3 ASM528033 [29]
ATCC4698 2.56 2 549 2494 51 4 105 73.1 ASM609441 [30]
V017 2.53 2413 2359 50 4 92 72.9 CP058971  This work

PG A K et o ARIE 3 A A K ith4k, o
FEEPE 0.0, 0.5, 1.0, 3.0 F1 6.0 h & 5 A NHffE] &
BUREEREL RNA, S G IR IR S 3 AN EE
RNA #Efh, ARG A THE A B 15 Nt
Bl o M8 B HISAT 2.0 Bk e 5t e 3 ok 7
V017 ZEH A, B Clean Reads JLAF-14A] Bt i
FIEHA, BRI RT 92%, XEWAREE V017
SRR TR, AT TIRE .

FIFH edgeR B4 Hr gt T AR AL B A4S B
() 555 6] BEA E i 22 S S RVBOH o R 4 iR, Y
y SYERER BRI EE 250 Gy I, TEAS RIS B SR i)
] st AT 22 AL B E A 759 A4, o B E SR
¥HR 448 A, THRBEEFEEE R 311 15 Ky

1.2
~*-500 Gy

1.0 -=250Gy
8 08F  —*Control
206
5
= 041
S o02r

00 1 1 1 1 J

00 10 20 30 40 50 6.0
t(h)

3 EH V1T E y HEAERREEFRE KL
Figure 3 The growth curve of strain V017 recovery
culture after y-ray treatment

WMAIEA 500 Gy B, ZRERHHESZ, 4t
1196 4>, Hrb FREEEEE R 776 4, THBY
FEAECH By 420 A~ UL LRI /KPR B
U AR B 5 R B R A OGS OISR, KA
AP RO h), TRMERSGRRZ, 4055
TR EH R 65% (250 Gy)Fll 44.5% (500 Gy),
i, YA FREORT 240 i 35 ok P 43 495 T 2 B0 22 R TR A 3R
KT BRI TR A R I, Rk B0 2
PRIECH B drsg i, e 1 & FisRARn B, 40
JHL 328 25K 5 T AR A AR

250 250 Gy
200 |- ™ Up-regulated
150+
100

500 Gy

i wn
S o O
T T

100
150

Number of differentially expressed genes

200 M Down-regulated
250t
00 05 10 3.0 60 00 05 1.0 3.0 6.0
t (h) t (h)

4 EREFIE vy HEERLBEEER V017 IER
REERKR

Figure 4 Number of differentially expressed genes of
V017 under different doses of y-ray irradiation
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2.5 EEMHIBSHH KEGG EERHIEE
E—2P¥s 25 R BN BT KEGG &80T, &
BAA 213 AERENEA KO 5, HFEET
104 4~ KEGG Ui igterh, I8 5 JlR 1 s 4R AR I
3 20 > KEGG UBH#AR, F2 A5 g ik Qi
(Fatty Acid Metabolism), PNFRER{ i} (Propanoate
Metabolism) . i /I E&RR#f# (Fatty Acid Degradation)
S P R SR AR . FREM 22 R RIRHE I
BT 3, REREFRZR® S 25 HERE,
TERRBUS 1 R R B2 TR, (e R 5
B R R, Blan: Z 58N 3-
o FE G A A7 i (3-Ketoacyl-CoA Thiolase, FadA)
O3 AL A S (3-Hydroxyacyl-CoA
Dehydrogenase, FadB)J& K 7848 I FL A R iE # 5
STREAHEL, 20 I T 3.2 f580 1.6 %5 7ENERER
g, 2-H B R I S8 (2-Methy Icitrate
Dehydratase) 5 5 7 & B H lg & f# i
(Methylisocitrate Lyase)2 3 [F 76 48 iR J5 A0 2 1

kWA 2 5200 T GARAEHEER AT
FLATE A i S B (Acyl-CoA Dehydrogenase) T i
Sl (Aldehyde Dehydrogenase)~ 3 K () 15 1 1
TR EROKA S AR T, DI R A
(Pyruvate Metabolism)igs 72 78 4 5 to g i,
RPN R 72 5 4 B (Pyruvate  Dehydrogenase) -t Z i
B A 5 B (Acetyl-CoA Synthetase)&5 K £ 1k
AT T 1245/ 1.5 5, [HAFEENENR
ARSI S A T LA SORIR
(TCAEFR
2.6 DNA A2 EMXBREERMERRIE
R R M L5 2 2R, o DNA it
XA A Y . Ui DNA #i A9 e iHs 4
LA TEIRFETS, YA SR DNA Fifh 5 &4
PO R S DG . — o IR, FRATTaE— 2500 T
K DNA BRI . 1E V017 HHREEN 4+
ERAFAE 3 75 DNA B ik1e. DNA PIER.
MR EA B, R 37 RN

Top 20 of KEGG enrichment
Fatty acid metabolism °
Propanoate metabolism | o
Fatty acid degradation | °
Tryptophan metabolism | °
Lysine degradation | °
Valine, leucine and isoleucine degradation | ° (.}e{lg mumber
Sulfur metabolism | ° ®20
o Fatty acid biosynthesis | B ®30
g Benzoate degradation o : ;‘8
§ ABC transporters °
= Biosynthesis of unsaturated fatty acids .
Phenylalanine metabolism °
Histidine metabolism o g value
Selenocompound metabolism . 03
Limonene and pinene degradation . 0.2
Pyruvate metabolism ° 0.1
Homologous recombination =
Beta-alanine metabolism .
Degradation of aromatic compounds .
Microbial metabolism in diverse environment

5 ERFEEE KEGG EERIAT 20 MUGHEER

03 05 07 09
Rich factor

Figure 5 Top 20 KEGG pathways enriched with the differentially expressed genes

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



PIMECEE: RS TAORTET VO17 HEDRIZH I Py R 3o e B ) 2 S 2B e i

1655

*3 BEEMEMN KEGG ERRBREFHEEERREER
Table 3 Differentially expressed genes in KEGG-enriched metabolism pathways in response to y-ray radiation stress by
M. luteus V017

SRS R i y FRERG R ARXTRIB AL
Gene ID Annotation Pathway y-radiation  Relative expression fold (Log,FC)
dosage (Gy) 0.0 h 0.5h 1.0h 30h 6.0h
Peg.1094 3-ketoacyl-CoA thiolase (FadA) FM/PM/FD/TM/PyM 250 -3.12  0.11 0.56 0.45 0.68
500 -3.21 -0.52 -0.29 0.72 1.01
Peg.1095 3-hydroxyacyl-CoA FM 250 -1.64  0.08 0.18 0.13 0.18
dehydrogenase (FadB) 500 -1.63 027 -033 -0.59 —0.34
Peg.231 Acyl-CoA dehydrogenase FM/FD 250 —-0.76 —-0.46 —-0.67 -0.38 —1.50
(FadE) 500 -0.01 -0.11 -0.74 —0.66 —1.33
Peg.1844 Acetyl-CoA carboxylase FM/PM/PyM 250 —-0.56 -0.17 —-0.21 -0.24 0.73
(AccABCD) 500 -1.14 -0.61 —0.18 —0.32 4.77
Peg.600 Methylcrotonyl-CoA FM/PM/PyM 250 -1.42 031 0.22 0.34 0.30
carboxylase 500 211 -0.99  0.82 0.36  0.66
Peg.1080 3-oxoacyl-ACP FM 250 0.06 -342  -0.05 0.05 -0.46
reductase(FabG) 500 -022 334 -0.17 -0.01 —0.58
Peg.1092 Fatty-acyl-CoA FM/FD 250 -2.05 -0.02 0.01 -0.16 0.30
500 -1.92 -024 -028 —0.36 —0.18
Peg.1989 Long chain fatty acid FM/FD 250 -0.36 0.07 1.52 0.85 0.59
CoA ligase (FadD) 500 -0.45  0.16 1.43 137 0.76
Peg.1992 Enoyl-CoA hydratase FM/FD/PM/TM 250 0.07 —0.01 0.06 1.05 0.57
500 -0.14  0.24 0.49 1.12  0.88
Peg.59 Aldehyde dehydrogenase FM/TM/PyM 200 -1.12 -0.16 -0.22 0.13 -0.81
500 -044  0.35 -0.19 -0.28 -1.07
Peg.1885 Acyl-CoA dehydrogenase FD/TM 250 -1.80 —-0.40 —-0.02 0.15 0.39
500 -1.71 -0.26  —0.05 0.51 0.08
Peg.2175 Alcohol dehydrogenase FD 250 =3.57 0.27 0.22 -0.46 0.19
500 -390 -0.31 -0.17  —0.11 -1.60
Peg.230 Acetyl-CoA synthetase FM/PM/PyM 250 -1.32  0.21 0.02 0.69 0.47
500 -1.49  0.07 0.40 0.94 0.24
Peg.1343 Gnt R family transcription PM 250 -1.62  0.50 0.53 0.25 1.41
regulator 500 -2.56 —0.85 0.27 042 1.28
Peg.1344 2-methylcitrate dehydratase PM 250 -1.47 —0.11 0.19 0.57 0.71
500 -2.00 -0.77 -048 074 0.62
Peg.1345 Methylisocitrate lyase PM 250 —2.02 -0.43 0.20 0.61 0.87
500 -236 —-1.10 -0.30 097 0.40
Peg.1346 2-methylcitrate synthase PM 250 -1.24 -0.10 0.18 0.26  0.15
500 -1.56 -0.69 -0.46 023 043
Peg.165 Catalase KatE ™ 250 -2.09 044 —0.51 -0.02 —0.26
500 -1.42 -027 —0.10 —0.32 0.02
Peg.212 Pyruvate PyM 250 -1.94 -022 -040 —0.13 -0.27
dehydrogenase 500 -1.15 -0.04 -070 -0.54 —0.16
Peg.150 Malate synthase PyM 250 =177 2.67 0.92 0.35 0.56
500 -0.87 3.18 2.75 0.86 0.95
Peg.1847 L-lactate dehydrogenase PyM 250 0.66 0.06 0.07 0.36 1.32
500 0.03 0.14 0.03 0.43 1.31

TE: FA: JENERICHE; PM: TARRERIUME; FD. JENimRREf?: TM: @2RIUSH; PyM. TITRER IS

Note: FA: Fatty acid metabolism; PM: Propanoate metabolism; FD: Fatty acid degradation; TM: Tryptophan metabolism; PyM: Pyruvate

metabolism
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£ 4 BINTEREANIE)S , DNA Bifig EikiE B KATRIPLER (6 h), iR A 56 R E H 28 8Tk
A5 ] 55 55 AR A B % R LU 1) 22 5 3Rk A, AT b, FFH 500 Gy %@ BEGR i 0 B AT R SRR R W
WHSEEUY DNA BB EEE (17 MHIESRIR 85T 250 Gy. 7ERIR V017 MEZITRRVIFRE
AL PRI R E TR N (<1 h) B VRFRIE, Bl 4Rk (Nucleotide Excision Repair, NER)i&{EH, UvrA |

#*4 DNA e EEANMMERMBREIERRIA

Table 4 Differential expression of DNA damage repair genes in response to y-ray radiation stress by M. luteus V017

RS R i y ARG AR
Gene ID  Annotation Pathway y-radiation Relative expression fold (Log,FC)
dosage (Gy) 0.0h 0.5h 1.0 h 3.0h 6.0 h
Peg.336 UvrD NER/MMR 250 1.05 0.59 0.39 0.47 0.50
500 1.37 0.96 0.72 0.80 0.68
Peg.520 DNA ligase (NAD") NER/BER/MMR 250 0.54 0.37 0.30 0.05 —0.22
500 1.12 0.71 0.61 0.12 —0.33
Peg.1040 UvrB NER 250 0.97 0.69 0.78 0.41 —-0.07
500 1.44 0.93 1.08 0.65 0.03
Peg.1050 UvrA NER 250 0.98 0.52 0.72 0.47 0.24
500 1.50 0.99 1.18 0.90 0.65
Peg.1033  DNA polymerase [ NER/BER/HR 250 —-0.01 —-0.07 —0.37 —-1.67 —0.10
500 —0.16 —-0.28 —0.55 —1.80 —0.30
Peg.138 Exodeoxyribonuclease II1 BER 250 0.84 0.58 0.54 0.36 —0.33
500 1.53 1.07 0.82 0.58 —-0.27
Peg.704 DNA-3-methyladenine BER 250 2.72 241 2.53 1.93 —0.03
glycosylase 500 391 3.44 3.56 2.47 —0.11
Peg.208 DNA polymerase II1 MMR/HR 250 1.34 1.02 0.98 0.48 0.36
subunits gamma and tau 500 1.92 1.57 1.47 0.83 0.45
Peg.287 DNA polymerase III subunits MMR/HR 250 0.54 0.36 0.37 0.15 —0.17
delta & prime subunit 500 1.22 0.85 0.84 0.44 —0.26
Peg.1164  DNA polymerase 111 MMR/HR 250 0.53 0.42 0.40 0.43 0.26
subunits delta subunit 500 1.01 0.89 0.82 0.75 0.44
Peg.1436  DNA polymerase 111 MMR/HR 250 0.81 0.57 0.60 0.03 0.17
subunits epsilon subunit 500 1.11 0.90 0.97 0.20 0.08
Peg.207 RecR HR 250 1.8 1.4 1.2 1.0 0.5
500 1.9 1.5 1.5 1.4 0.8
Peg.640 RecA HR 250 2.9 2.3 1.8 1.0 0.1
500 3.5 2.9 2.3 1.5 0.5
Peg.1210 RuvB HR 250 2.18 1.55 1.20 0.68 —0.07
500 2.39 2.02 1.90 0.97 0.07
Peg.1211  RuvA HR 250 1.91 1.87 1.29 0.88 0.72
500 222 2.27 1.78 1.26 0.94
Peg.108 RadA HR 250 2.55 2.17 2.47 2.03 1.04
500 3.36 2.77 2.96 2.54 1.57
Peg.274 RecQ HR 250 0.91 0.52 0.73 0.49 0.53
500 1.58 0.90 1.16 0.69 0.50
Peg.1553 RmuC HR 250 2.54 2.20 1.99 1.74 0.86
500 3.37 2.90 2.68 2.11 1.163

¥: NER: BHBRYIBREE; BER: WIEVIBREE; MMR: #5EEE; HR: [FHEH

Note: NER: Nucleotide excision repair; BER: Base excision repair; MMR: Mismatch repair; HR: Homologous recombination
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UvrB #l UvrD HyFiEHEE B 1.5 500 L 3 Rk
Y] 5% 1% 42 (Base Excision Repair, BER)& 12 [
DNA-3-HUL RN B AL g 2k i A 3 4%
DNA 5t & & (Mismatch Repair, MMR)i&42 ) 3
FEIEDR, W0 mutS. mutl VR mutH W)FRx w2 KA
2225, AT HE MMR #1250 2 5 41 i fm B 5
') DNA i e 5 .

YHMITETE 37 v S 4R AR IS 21 ORI 9 DNA
XEEWT 2L (Double Strand Breaks, DSB), DNA [d] i
P R G R YN E o 57 c e
Fbk V017 JEH41H, KEGG RS SREEL
(Homologous Recombination, HR)AJFHEE I 18 />,
Hrp 12 MGk 4R 22 3R 5N, Hg 6 MR
FIRBAK, FIEEHBE R FEHEE,
40 RadA. RecA UK RmuC 257 9wt 3L e
REALIS Ry BRI SRR 2-3 £, DI, 7ERkE
Vo17 i, [RIEE A BN DNA 547 14 3= 2
WwAR . WA, FATRIE R VO17 B HE R4 b sy
RecC. RecD Fll SbeB 4541, {HZfFTE RecFOR

AW, xR V01T ik EEZ A RecA N3
1] RecFOR j& 42K 52 il DNA 25, i~ J& RecBC
WA, 76 V017 i RecFOR %42 H1, RecR 5 RecQ
LR R A5 FIRZ 2 4%, {HJE RecF . RecO DA}
SSB (Single Stranded DNA Binding Protein)%% & 2
H R IR AN B2 197281k, [ RecFOR & 42
A i RA R B ER, XWIFRREE
V017 HEA RS 0 A
2.7 RT-qPCR BiE

R T VAR SR I TR, SRS EEO
JE T PCR AT T BTk 6 DHEEITE 3 MR £5(0.0.
0.5, 1.0 hAYFRIEE, G55 6. RJF, FIHIER
FRAHK R B (Pearson Correlation Coefficient) i 5%
SEZHIN P RS 5 SR G E B PCR 45 R AHSCHE
KIS RadA . RecA . LexA LI} Extracellular
protease precursor FNEERAETERS= AR DCE(H>0.8),
Ribonuclease J2 5 ElaB W #& ) 45 5% b B A ¢
(0.5<[1<0.8). FJLAF Hi RT-qPCR S 552 syl 14
SR RAFI— 35l , Ui B AT 5 .

A gs5- radA B recA C Extracellular protease precursor
g 45 2301 0500 Gy : 00 05 1.0 t(h)
= DL )
£ )s £ 9l 2038 m250 Gy
% ’ = L S 0500 Gy
S S 10t 2 04
1.0 - [ |
T 00 05 10 0.0 05 L0 0.0t
£ (h) t(h)
D lexA E Ribonuclease 12 F elaB
2y 250G 0 1.2
= y | “r
316+ 0500 Gy | =250 Gy 0.0 0.5 1.0 7(h)
&0 2 3.0 0500 Gy "
% 11 %D r gn 0.8+ m250 Gy
= 5 2.0 = 0500 Gy
=) 6t - o
o = o
| ° S 04f
0.0 0.5 1.0 r F

¢ (h)

Bl 6 SERRLEE PCRIEIE
Figure 6 Verification of RNA-sequence by real-time qPCR

¢ (h)
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3 WikE4n

BRI AR SR W AR A 1 24l , T
HIBER AL st o i C HT/#MT D. radiodurans
RI ZETERRAG TR SHALH ST, 5 H AT il 4 5
JHE S TUOK DA R PR SR A N B B JVAR D . AR
ST IE DR 8 e BT TR (M. Tuteus )R 55 R 4H 7
TS G B, Rk VO17 HAT 32 MR
Bahoolt, skt RN R Z 80 shooH1E
mRELRAEIF LR EE, B/RE V01T /]
Fi 2 8 2 3G M G 3 PR A ) T R S I g B
B, BONRESMUEY A DNA R E R a0,
AL, Btk Vo7 FHE A e kA K HE T
Gk 2), R E PGB R4 KM
3%, XA AWM 5B oC Ak, miE
Deinococcus T Jg W 221> PR AE R 2H v ts & 34 R
)2 2niDTR IS 2 7| I+ 81 > 27 v G ool N: =B SE )
AN 4 REPR B ER A 3l )

y WS, Bk V017 Z2 4R unis
I ERA S . PR R ERACIS . PR A3 A 2 R R At
RN . RRNTRR A HA M A= W2 D Re
N W AT A= T AFH > i PR (i 1) D7 R 5 g 1 7R T
A5 S A4 B 1) e S 8 S —— W AR RN 5 (RIS i
VBRI B EAL T R an PR AL RE R 7R 2 Rh i
Prrb, COREE B Z P an AT koA 4 I PN A D7 1R 17 28
SRR | E T 5 0 240 IR RS A 0 sl ) e T
PR V017, BEDTRRACH AR AT L/ 4 A
AR TR 4H 73 ek A8 i N TR S AL, axX AR Ak b e S e
PER I REB L5 . WAk, Btk V017 25
Re iR B A LI¥EE 1 FadA Fll FadB 7E4R M5 2 3%
TR, DA AT A A R e 1 R RE ST AR, SR/ ME
Xt RS FEROK AL AR, R b B
JE B VOLT AN IR ERFN R A i A T
. R, NIRERCHE T 2-H B
R 4 [ (2-Methylcitrate Synthase)F P4 iR £h 55 ¥ i
PR (Oxaloacetate)4i A MR H iR, BllJ= 7€ 2-H
FEFTHE R B & i (2-Methylcitrate Dehydratase)t5 53

FrG R B i 24 f#% i (Methylisocitrate Lyase) 4
AR N T R SR IR AR . AN AT S =R R A FR
(TCAYRIWTH FEIFURE, FER bR VO17 48 B 1y
A, IR ER G R AR g AT 2-F AT IR R A T |
2- HBE A A6 1R 0 S0 It 5 S A A R T TR 2R Tl X
3 KRBEMEA ALY, HARIA B TR, R4
AT B IE A ] A LA v 1 6 IR 3 o 000 PN PR R
TR D 2 A5 ) T 9 T R AR AT P T 7R 0 B BT IR 1Y)
G, TE— 2B SR TCA TR RS, X
SRS H D. radiodurans R1PMY M. Iuteus
SC1204% R MELF ) TCA 384732 I — L.
y SRR B R PR 7 A O BT MR
(Reactive Oxygen Species, ROS). K, —25i4H
A F 240 47 ) ot LA 5 O B AP B L s AL 4y
Mri27~ D. radiodurans R1 F1 Pontibacter korlensis
RS, 1 E8 LA (Catalase) M4 & F s ia 5
LN B AP (B, ERE V17 iy sk
HESE D, Fnliid S A | A A
R B 1 d A 1 A B R AR TS DR Ay i R i
IR, MO, FRATEBE V017 1 (2R iR 12
TE 58 BRJS WM ] o SR T HA D5 A M BE 18R 2 5
ZH| ROS WU, Hb &R 55 5 v A A4
Pl X IR V017 3248 RS L (g
RRACH AL, W]k 2 1 il 2 ROS MYt 451405

D. radiodurans R1 TR &5 AR SHRFES
% TR ERE B9 DNA 82 25, vo17 18
8 U MAZ IR VB 18 52 3345 TT g SRR T
UvrA /7. 7€ D. radiodurans R1 BHER) UvrA
X UvrABC RN VIRHE S R Gk B2 1
FAY), Wi H UvrA BR T 25 DNA B8 240, wlfi
25414 DNA Wi%iz, v KAk 524 DNA
iz A, AR T B R 7R 201 DNA 5 e 52 i
PR E A R SRR A, #ifk T DNABK
(RS AN Y. RecA 2R (1 A9 SN 2 ]
VR 2 R AW AR, R RS 0 41 i i R 4
WK E EEE, D. radiodurans R1 FH ¥k DNA 19
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MR EHBEE &R FELZEHH RecA It T 1Y
RecFOR & %28 52 1% %% Gutman %5 % ¥ i /b
RecA 1K) D. radiodurans R1 &35 IR FE I H %]
B GRS AR AN S A U RAE RecA I
RErEiZ R S E AL, H DNA &5 A
{UFTEE RecA, BT LRI RadA 5, RadA
AT DNA AR s SRR RS 16 T
PR V017 1, RadA MRk LI 352, 5 RecA
B FRIAEAML, XEKY RadA 5 RecA HETE
B AR VO17 ([R5 F 4Lk 45 Hh 35 R ¥ 5 EEE A
£ RecFOR & it , K414 RecOR i 5 5 Bl
RecA H5IH¥45 DNA, B &K RecFR i 37 WUk
DNA S XUE-BEE R H:, Hh RecR RS
RecA A T FH A O St 3 40 1900 8K i 7 7 ok
V017, RecRIEFFRIATE FRZ 245, XL
RecFOR & A 1A7E DNA #4514 52 i) 0l e & 45—
FIPEA ; AT RecO F1 RecF BYFR AR EA
WAk, XA AT RESE S EOAE V017 YT fa 51 6E
&TF D. radiodurans R1 [f)J5iH 22—, Deng %"
AT T ESE BEME T M. luteus SC1204 (IR (142
ARAk, o s g 5 P R AT D I S5 1 Qi a4k A48 7 O R
WM R PEE SR, (A DNA B E AR &
FIeIk o & AR, 150 BT 6 S fk A o o e vk AL
il R —Se A, th A —E 25

B, A I R 4L R S FEfR b T
PRV THOKTE VO17 RS HUIENLEE, SHERA T f#
TR 8 SR R LE D B 40 LB, L R R AR 7 17
FHRG G P X S 5 Ty R AL T —E i RR
WA
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