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SR HO, BUSIE 22 57, JFAEAR N RS PPAR T
KEE MR E HEHR PR R ). IRITER
R N RS BORIRI AL 5 Dy e KRR DR A
D. radiodurans UG HLE] 0 4E B 4L T 38 0
P S IE

1 MR57E

1.1 ##y

111 & bR K R: IR O AR B A Rk W
D. radiodurans R1, KJFF & DH-50, 7 N Wi B A4
K BF R E. coli k12 (N*) ¥ H 0 [ St 8 5% = 1 {4
0y (CCTCC) #2486, 40 % 55 77 F LB 15 97 3k .
1% & R, 0.5% 8% BESE B, 0.5% & A6,
pH 7.2. TGY £5373E: 0.5%HE AN, 0.3% Rk
Y, 0.1%H%0, pH7.2.

1.1.2 ). ESR HEH %5 DMPO(S, 5-dimethyl-
1- pyrroline-1-oxide), W H 3¢ [H Sigma-Aldrich 2
Al, PCHIE 0.8 mol/L M A, A8 VG M Ak Atk 5 &
-20C fRAF&H. ARSI PTH TaqDNA K&, B
I N D) A2 DNA Marker 06 [ K& 5 A4 4
] (TaKaRa), 2% % % M R IE R B £ E
Cayman Chemical 24 7). PCR-Blunt(Kmr) 77 [% 2% &
) F 5% [ Invitrogen 22 . TADNA EE:f, JHk
PR FI & PCR 4l b A0 i ek 77 50 0 1 26 [
Promega A H). 5| ¥)4& R DNA W [ v 3 L
HEFEA (Invitrogen) 2E iy H AR A R A 7] 58 1K

1.2 A&

1.2 REHE MR LC-MS 4317

A NI BONEUE Kb i 0T B
200 ml, 4000 g B0 20 min, 285 7/KUE3 K, 4
PRUTVE 10 ml KA O - FHRER 3« 2)Hh
P&, 4T BEEARE AR 20 min, 4T, 10 000 g &L
20 min, HX i, WADEESR LR RE 3 &
2 EIEE, G, 30C TR AKET,
FENALSE N 99.99% MRS, E-80C TRfF, B
T 1mlREHH, 4022 wm ERLIE G HEHERE
HH4T HPLC K LC-MS 23 #r.

LC-MS % #7: 3% B Thermo Electron 2\ )
Finnigan LCQ Deca XP MAX ¥ - FUIE A, FCHE
Finnigan Surveyor & 41| m 2% W AH 5 % 4%,
LightPipe™ A& [ 41 (PDA) AL Il #5 .  Finnigan %
P T BT, B AL 2 F S (APCI) Y.
i 45k Waters ODS J#H C18 {73 41:(4.6 mm x

250 mm, 5 um), VEhAH: QM 0 FEE D STk
(85:10: 5), Ky A 470 nm, JHE 0.2 ml/min,
HEFE R 10 pl. BUEAE: EE TR, Bk
W R 4.2 kV, BAEEER 250C, TS
WA 6.0 ml/min, I TNL)FEA 1.05 L/min, Hii
B % 4 0.16 L/min. 304 R4 7 X £E m/e
20~2000 70 [ W EEAT 44 AR A s O
#r: Finnigan Xcalibur™(Version 2.0) #fF.

1.2.2  ctrB B curl FEDRI G ARRE I Ry 3t S 455
SEAFREIIR 3. S IR OCHR[S]14E X D. radiodurans R1
KLINIZ1 DNA, DA Bty 19 B 2R P41, 3L
T4 5 cneB B2 K (DRO862) (19514 4y crtB-F,
5" TATCCATTATCGCAACTGTTTTCGC 3', X
crtB-R, 5" GTATAGTGACAGGCCGTATTCGTCG 3'.
PP YK E 516 bp, 7T crtB & (%S 1 54 3]
225 Z ). ¥ 84 cril 3K (DRO861) 51 WA crtl-F,
5" CATTTAGTTCGGGTCAAGGAGGGCG 3', X
crtl-R, 5 CTTGGTTGGGATGTTGTGGTGCTTG 3'.
1K E A 825 bp, A7T ertB 2 1T 103
F 377 2 W . 88 ) PCR 7= 4 4 4l iy 7o B 2
PCR-Blunt 244 (Kmr) 1, 4R Ji5 18 i # A 46 [ Y5 5
AT NEHN D, radiodurans R1 FERZ . #4k
S 2 IEOSCHR[ 1T TR vk, 1597 R T8 54
R KW, {84 30 mmol/L CaCl, ) TGY 15773
FEFRBARE 2 h JE A AL T2, IS Hut A
) PCR 7“4, 30C }77% 36 h, Ll 25 mg/L KS%#
FIHIEAF R cnB K crel FERIG AR R MB-10 &
MI-21.

KA E: 5 TGY HithFh F K AN
MRV G, PR RTVE S IR o e K, 12
HUHEK 4] DNA 152 PCR ¥ B (AR, 532 BI LA crtB
e erd LD BB GTN 51 )3E4T PCR 474, PCR 7=
WGk R PIOG 35 b e 28 AR iy B AT PR 2 =1
J¥, XTI 51 Jiff i A A5 A A L PR ik R st 2 58
AR,

1.2.3 AP HL B AR 5 A HLO, I BUSME I 5
NCo y S LR 4m BB IR I 4% DL TP BT BRI
R1. MB-10 }& MI-21 WM R EFE T, 30C BrER
XPHUER I, 18 Y550 R 5 B9 E T 10 mmol/L A=
HERK A, I, E T 9Co ~y 52k R W
Y (0~12 kGy). #EHSH 100 wl B, FREvR
i T TGY VAR L, 30C 559% 48 h J5ih . LIRSS
R B () 40 B8 A e BT LA iR A S %, A
AEFRER 3YGRE M. HO, BUS MRS 2 1 3
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1.2.4 R b REPUAEARETIVET.

a. \WEREIREINES RG(UIB). KiE N &
PUEALBE VP B X N W B KR AN 3 R 4
(ultraviolet induction of bacteriophage N, UIB )l x& ,
R 7L S BOCHR12] 30T, ¥ 37°C Ki Rk 1)
E. coli k12 (\*) 5384044 10 10 W LLgl 56 N 55—
fE[) LB 90k, R HFE 6 h Ja, 4000 g, 4C
B0 15min, #F B3, I 2 ml 0.1 mol/L i R 2%
PR (pH 7.2) 8 B B . B 1.5 ml B B i A
0.5 ml AN[FEREE RIS M ZWW, AT 6 cm
FigRmd, BT 15W %46 (254 nm, UVC) F
30 cm AR FE 30's, [RIBSDAAS IS b2 AR S AE
AR RO R R R TR ST, B 100 wl vRAT
LB P, & 37CHEE R, MR e V& B AT
(CFU)THEANHIZ (%): FNHIZH=(CFU 3—CFU wpe)/
CFU 5 x 100%.

b. LT A EILIRESR)KM . 4 F BRUKER
22T ESP300 B4 Hi 1~ H e LR %A, ESR Al 4%
TR HUDEEY 3420 G, BOBIhE 10 mW, $13%
¥ 100 G, HIHZ 25 Hz, 618 0.5 mT, W
NI [H) 81.92 ms, M7 2, XA HERAEMELEE 25°C. %
TR R G AR B 108 A /ml. 2R A 2k B8 A I 1)
30s. VAR ZR: 28 pl ¥ E (108 /> /ml), 5 ul
DMPO(0.8 mol/L), 5 wl DETAPAC(1 mol/L), 12 pl
NaCl(0.85%). 4= e A L5 H HAS 1 mm
PIARAE A B0

PUAMRE IS UIB R4 L E = AL phs
H 5L, RSP T1(0,) 45 A H2E(-OH), 1F
NS = =5 1B e W N S L I /NI N I 7 - £
D. radiodurans 251 % N IR, [R5 SLH0 4104
TNUIE L ESR PR AL, AR Pl ESR 15 5 R
(TR (Yo) R VT L0 1 S R e ).

125 St A si R« = s Fon. Hdl
Giik o M fli FH SPSS # A (Version 11.0)F1 Student’s
t KB, P<0.05 KB EER.

o R

2.1 D. radiodurans 2% NEHI LC-MS 247

D. radiodurans PR E M E G ERE AT
1% 4> A deinoxanthin ((all-E)-2, 1 -dihydroxy-3'-4' -
didehydro-1", 2'-dihydro-B, us-carotene-4-one), %)
TN CoHsiOyr 5 2 ANFRFE S 1 ANk,
o gk P 1. AR SCAR 3 0 H 5 IR ) S

PRI 5 45 3 FF 2 OCERIRIE S8 N 2RI
Wfen ], ORI R I R I B A A S R AR
EM S —FEE bERWE 1), LC-MS o#r EandL
oy T A 566.26 u. HEM K15 1A CypHsO,.
PGP AP AR R 25 5L, P & 5530l
H R ) 46%A1 38%.

(2)

HO
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Fig. 1 HPLC profile of D. radiodurans carotenoids
and UV-vis data of two main carotenoids
A: Deinoxanthin; B: Unidentified carotenoid. (a) The chemical structure
of deinoxanthin. (b) HPLC chromatography. (c) UV-vis data of two

main carotenoids.

2.2 D. radiodurans ctrB X ctrl ZF 5K =T HRRY
M3E

J\E TG ML 2 5 B (ertB) 42 D. radiodurans 28
TS SRS BOSETT S — AN R B 2), &
A 20 B e LA ) Lo — W2 (GGDP)  #%
R TC 0 IR )\ F 3l 41 & (phytone), TG & 4E J\
AT R AR crtD L, SECP AR N
AR ALt 1 OEE b () R A3 i 4 &=
(lycopene)l. &AL FERIHE M RIA—DH K
R E A i, AT R 81— RN KX
N, EEE N PEY) deinoxanthin, A SCi#E i) PCR
NS Y 8B T D, radiodurans T crtB X crtl
PR By (] 3), J i B DA [m]gs s 41 7 5K
I BNL AL AL DNA 1, Sl brbEiiE 2 T



«718¢ EMEEEYYEHER

Prog. Biochem. Biophys. 2009; 36 (6)

GGDP
crtB l
™ X ™ VIR N
Phytoene ertl
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Fig. 2 Presumed carotenoid biosynthesis
pathways in D. radiodurans

GGDP:

Geranylgeranyl diphosphate; crtB, phytoene synthase; crtl, phytoene

Terminal products of biosynthesis routes are shown.

desaturase.
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Fig. 3 PCR results of crtB and crtl genes
in D. radiodurans
M: DNA marker DL2000; /: crtB gene; 2: crtl gene.

ANEEFIGEARE. AR RIDWEL LR, enB &
crtl FERI A 5E A 25 3 B0 (0 B A R VR PR e A8
SEATOMSARKE. WP AR cnB
ert] FED AR 5828 E MB-10 % MI-21 BEFT = 2560 5
N2 HPLC Ll A& 4), 5EFABUAHLEL,
MB-10 f MI-21 [ 3 BELr (2R 8 b ik igy o
IR, KRR ABNTEE S, WiET
D. radiodurans crtB M crtl &R B GEAMAL EE Rl T .
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Fig. 4 HPLC profile of the carotenoids extracted from the cell cultures of

wild R1, ctrB and ctrl deletion mutants of D. radiodurans

A : Deimoxanthin; B: Unidentified carotenoid.

2.3 BHHBEHRMRTHRI vy H4% & H0, BT
B ELER

D. radiodurans ¥¥"ERY, crtB M ered FER G5
AR MB-10 J2 MI-21 BRAEAS [F) % FEGR 21 (1) 40 i
PG LK 5a. BPAE R R ELAT B0 A 45 S Bk,
HAFE ek 2 F L 2k, 72/ T 4 000 Gy
HAFE S T 93%. 11 HE K D) Resk bk MB-10 &
MI-21 AR LL R U, I 5 R1 B3R A [F
eV 2. MB-10 J MB-21 P54 2 [a] (475 %

ZR 22 FH1EL,  £E 4000 Gy 4 FUA L 23% 440
IAERT %, E7ER B 6 000 Gy), PFANZE AR FE %
EEST TR A R CERRUER. B A R A RAER )
H,O, MEUEPE M2 5 v 5 4 1 4R H AHL(E 5b).
RISk, FTYESHEN crB J crd FE RILE T 45 5 A7 BR A
RO pUE R AEE EEAE N, AR ALEI AT RE
ertB J ertl FEDA [P 2R 5848 5 B G AB BEAS e fE AL R
B SR AN R T AR AL K B — &
U R N 2R IR LU A D Re PR AR
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Fig. 5 Comparisons of sensitivity of wild D. radiodurans, ctrB and ctrl deletion mutants to y-irradiation (a) and H,0, (b)
m—u: Wild R1;e— e: MB-10(ctrB~); A—aA: MI-21(ctrl).

24 EPFE NERMELETM
MUK E N EALE D. radiodurans
SRARSSUME T VR S T B s A, &
Se R TS I HTEAG BE ) AE ) 22 PPN A ——N i
Wk R K AN R R 4 (UIB), 1R K NV
D. radiodurans % N ZREEY) K P AP 4153 %)
H HEFERREH . UIB R4 2 A A D B 1
(07) J2J¢ B % (-OH),  TMHX P ATSRAY B 1 1E 2
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v S BRI 7 A0 B AR A R AR R R ) R
e, R H UIB RS0 15— B B, y 5 4%
KRS T R BN AN B AR A B S R S A O
UIB il Z it B e Rl 6 a fros, o] WAH$EY)
MIZH 5y A B #RR B T W S fifE . HAEH
BRIIIIT A A+B > B> A > HI4EY).
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Fig. 6 The inhibitory effects of D. radiodurans carotenoids on UIB system and the free radical
scavenging capacities measured by ESR spin trapping technique
(a) Measured by UIB system. (a) and (c) A: Deinoxanthin; B: Unidentified carotenoid. (b) Measured by ESR technique. /: UIB +UV; 2: UIB +UV +
deinoxanthin; 3: UIB+UV+B; 4: UIB+UV+(deinoxanthin and B). (¢) Quantitative results of ESR.
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RJTIENL ARSI R, AMUERMEER] T
UIB #2457 LR A G, T HAERSR & 7
W T D. radiodurans FEWE 2 o 0 % RS ™
A H HEEEBRAER. N TR T R 22 20 A0 2 U,
AT R A S S (K eb, 1), A
D. radiodurans WKW M RJ5, A HEE(E 53 E
B PRI (KT 6b, 2, 3, 4). PAFRIEHEHE &3t
PR S SR AVE F, 6k BSR AN ) H IR 5 10 5
TR 60%- 32%F1 22%(& 6¢). ESR & &5
RE 0] UIB 2 G i OR 1000 e &5 R 58 4 — 2
H—2PWUE T D. radiodurans 8% N FEX] 0 &
*OH HABRIERAE ). LR IREN], K
BN R TAEZ BRI DU P B4 ) i )
T FRAE VAR,

3 it it

o ZEMHI, B FATH BN A
D. radiodurans WG R 2247 LR LA
. e, HAA MW DNABE RS, nlthidE
R B ) DNA BT 5. Ok, gk N
TEAEH A LY I (SOD) A i 45 4k AL (CAT) S 4t
AL ORI AR OCEE R IR s /KPR, BAT IR Al TR
R B BT L b R P AR =, 4l
PR R RS O 2 A s, SR MR T TR
BB S @ AR IR )2 POl v 18 2 5
HEF RSN P 5 S R A5 424 710,

D. radiodurans W35 AE A I (0] (RAS T ZE 1, 41
WIS DRI R RIG G, T g 3= M
SRR ME, NI PR ae S hier.  H.
D. radiodurans K E N FE A crB K el HEP
R GEAR R L B S S HLO, IR TR RN Y A2 B AH LL
WERK. RULERE D. radiodurans PUTEIRZ
BRI, R MEEAE ERAER]. AR H A0 i
SRR BTNy, SR D ER R 8 R BR AT
SEAAERT, 7040 B RO R 45 PR 3R T 5 3 R TG M4
EZEIINE RN AV E e S S (S AT P
R PRI B S LU 45 4 1) 20 1 2 5 4 R ot JTi
Oy VIR JEEAR S, H Iy AE s i 7 1) 1 T
A0 N1, IR IR £y P A 3RO
RN SIS AT ART R FE PRI AT 35 ) pR Ak

HHET, D. radiodurans "R E b= EE L
AR IS b 2R AR RO RT3 842 % E
AW LR TR RIS b =G Bugieh
AN KEEVEIED enB B entl WIEEDR SR SEARRE, FFLE

BT B RR SPI R SEAR MO HL B AR A HLO, A
JEPEZE S, K enB B entd HE DR AE W) 2 D Re AT
THPEWI, R A N ARSI RN RGEVET T 2K
W N ER ) H SRR iR Re . B MR
J& D. radiodurans 1) 35 S5 K PEAL RS 53 I A5 40 g
TN BATAE, ERATRS y SFERER I 2 AL
PN 2 A AR —— B A B 7 (0)) AR H AR
(~OH) MG BREE 1, MITTHe e T 4Npax A B LA
SRR, 2RI N A
D. radiodurans Ha5 HUENLE] I — AN B i EZEA A,
IR BRI S DRI EY G LR 5 A2
hte, KRS NFRAE D. radiodurans 558U
PR AR B L SERBR N I B85 T RAF I AR SLAL.

R SO R R e A BT PTRE fR
WFTL 3 S R e 5, v e 2 b e el X
P S AT RO B R R R e S 6 % S mTAE
FUOLS N B TR IIAE ESR S K B e At
Jr Mg IR .
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Effects of Carotenoids on The Radioresistance of The Extremely
Radioresistant Bacterium Deinococcus radiodurans”
YANG Qiao"?, ZHANG Xiao-Ling?, ZHANG Lei?, DAI Jun?, ZHANG Jun-Xiang?, JIAO Bing-Hua"™
("Department of Biochemistry and Molecular Biology, Second Military Medical University, Shanghai 200433, China;
IState Key Laboratory of Virology, College of Life Sciences, Wuhan University, Wuhan 430072, China;
YEast China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China)
Abstract To investigate the biosynthetic genes and the biological functions of carotenoids on the radioresistant

mechanisms of the extremely radioresistant bacterium, Deinococcus radiodurans, the carotenoids of this bacterium
were extracted with cold methanol and acetone, then were isolated and analyzed by LC-MS technique. Two
colorless mutants knocking out of the phytoene synthase (crtB) and phytoene desaturase (crtl) genes were
constructed by PCR and in vivo homologous recombination. The successful construction was confirmed by
phenotype observation and carotenoids analysis by high performance liquid chromatography (HPLC). Comparative
analysis of the sensitivities among the two colorless mutants and wild R1 showed that the two colorless mutants
were more sensitive to ionizing radiation (IR) and ultraviolet (UV), indicating that the deletion of ¢rtB and crt/
genes made the mutants unable to biosynthesize the crucial intermediate lycopene and series of downstreaming
carotenoids. The scavenging abilities of the two carotenoids were measured using the ultraviolet induction of
bacteriophage N (UIB) system and electron spin resonance (ESR) spin trapping technique in vivo and in vitro,
respectively. The results showed that the main two carotenoids exhibited significant antioxidant capacities to
superoxide anion (O, ) and hydroxyl radicals (+OH) which were two main types of free radicals produced during
IR. This study has provided for the first time a new and direct evidence to explore the biosynthesis genes of
carotenoids and their biological functions for the radioresistant mechanisms of D. radiodurans.
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