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1.2.1 Deinococcus radiodurans F)35 57 & 5 DNA )
REL: ¥ Deinococcus radiodurans 1P 2 iR 5E 7r 5
T 1% B, 0.5% B ERERM. 0.5% ¥ 5,
0.5% NaCl, F NaOH i pH 7.4, [ &85 7 0
1.2% 350> 30°CHREIETR 24 h, HRFEE LS ml B
TR ORCEE R, SRR [5] RELR DNA.
1.2.2 FUREEIESYT. EE. FAieorE [5]
HEAT.

1.2.3  Deinococcus radiodurans 35BS R EEE F
M R A0 32 G5 8 AR pSE380-res-rd [ &: 1R
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GenBank 1 2125 A gi | 15807030 #7 CDS 7 41
CEATRIFR mres-rd) WAL TFEIM. LEFT N S
ATACCATGGCCCAGGCACACCCGGAGTGG 37, T
#5318 5" ACTCTGCAGTCAATTCAACCGCAGCC-
AG3', LUHFFIR 5 it T Neo T BEUIAL &,
TSR 5 T Pee T BTN AL {F TR
B|FRIEH AR pSE380 £, PCR £ {F1% 94°C T 4
2 min, ZRJ594%C 30 s, 65T 30 s, 72C 2 min, 55
A 35 MMEM G 72°C IEB 10 min. 75 3 tres-rd
HEHEF e G, H Neo | A Pst [ HATIHAL,
INE S H Neo | F Pst 1 BBV R pSE380, #HARIE
., EEEYR ARG AR A, 2RI
FrES U] B Yk S iE, TRIES B EH RN A A
pSE380-tres-rd.

1.2.4 EBEAFRVREREZEFYE) SDS-F N
TG TR (SDS-PAGE) 43#7: R EH Bkt
FRIEAT S B BE BL21 . [F T L pSE380 £
M, IR REEINTATEESR (100 mg/L)
LB B P, 3TCIRBIEFE 4, =0.6 B, /0
IPTG B2 W A 1 mmol/L #HATIESFEIE, 160 G
HL 1.5 ml 855l B OB AR, N30 pl KEEH
., BINEEEN 2 x EQREK EEENR, 7T
WK AR S min, FR)5 10 000 t/min 5L 1 min,
HUS ul HHAT SDS-PAGE 43-17.

1.2.5 sl 124D BES 16058
BRI 1.5 ml B WEEER, F 1.5 ml BEEZE M
M (2 mg/L ¥EHEE, 1% Triten X-100) EBHEE,
FE3TC RSB KA 12 h, 45C K 30 min,
10 000 t/min B Lx 10 min, 5 FIFED AR5 E ARG
BIAHEE . B 300 wl BE N A& 0.1 mol/L.
pH 6.5 B B Z i il I & 1) 30% Z FREE
30C /R W 20 h f&5, FIF HPLC C Agilent 1100 %)
STEAL BRI P= AT 4. iR ROV AR R
20 5, HAFE 10 pl, TE30C. E 4.6 x10° Pa,
WA 285 K (84:160.

1.2.6 EAEBMERNST: B1.2.5 PIRENE
300 Wl IMAZE 0.1 mol/L pH 6.5 R £ 2%
MIRECE & 30% ZFMERREY, REETHE
PCR L 4 A& A FREE (10T, 10.9C,
13.7C. 18.1C. 22.9C. 27.6C. 32.4C.
37.1C. 41.9C) T REZ20 h. 25 H HPLC 4047
RN EERE S BEN TS, FREEERS
MR E R hE R & E R LIEE L300l
B, 43 B n AN AR AR R 0.1 mol/L pH 4+ A A

5.0, 5.5. 6.0, 6.5. 7.0. 7.5. 8.0. 8.5 HIHRG
BEMGEEEN 0% ZFEER, F37CRM
20 h. FRIEH HPLC 534 R R4 i e 5 g R
Barth, B AR EERE D pH ECAE N &
£ pH.

2 AR

2.1 mres-rd RIAFAERHE

AR sy BEA 1.7 kb IRITERERS
THER) tres-rd (111 659 bp A/NFAEFT CE 1), 9"
ISR DNA FrBElWe, H Neo T #0 Pst [ BE Y],
I FIFEER AL IS IR E B A pSE3S0 R, EE
FERIRR AL IM109 RS2 AU R, 2/ BRI R
Neo T F1 Pst T XUESYD. Ik EE. SREWH (F
2), BRI B DEREDFRIEEAR pSE380, EAR
RLFE a7 4 A7 pSE380-tres-rd, F &M T I64E 7 H T
RiE.

Fig. 1 Electrphoresis of PCR products of tres-rd gene
I: DNA marker DL2000; 2: PCR products of tres-rd gene.

2 000 bp

Fig. 2 Restriction enzymes digestion of
recombinant plasmid
1: DNA marker DL2000; 2: Recombinant plasmid;
3: pSE 380 plasmid.
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2.2 FRIEFYE) SDS-F P15 Witk i i i vk i

Y EA FR AL B OB AT BB BE BL21 AT
SRIER SDS-FR W% B R B H 7K (SDS-PAGE)
AT, SRFH (E3D, BAEHAFMNA BL2 F
PR S % B EETE 66 ku IS IEE AW, 58
BFANHRHEENEE RS FREMFT. £H
TRES-RD 7E BL21 Btk P15 H|FRIE.

Fig.3 Analysis of expression products by SDS-PAGE
I: Protein marker; 2, 3, 4: Tatol protein of E. eoli BL21 with plasmid
pSE380-tres-rd: 5: Tatol protein of E. coli BI21 with plasmid pSE380.
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Fig.4 HPLC analysis of 20 h enzyme reaction with
30 % maltose as substrate
(a) The standard trehalose shown as peak 7. (b)) Reacted sample.
(c) Control sample. 7: Maltose; 2: Trehalose.
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Fig. 5 Effect of temperature on conversion rate

The data were taken from three times experiment.
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Fig. 6 Effect of pH on conversion rate

The data were taken from three times experiment.

2.5 tres-rd EEFEME T

KWK AE, FIET IR R EHEN
ORF (gil 158070303 #& —h#i Al EAEEE & FUB
B, HBEP RN s TR S E
BT, EHBRFFIFEENCREERESE
F AR A LR, 7E GenBank AT BT
FIH) Blast g4, SRR ERES AR E
. FIH gl 15807030 RIS E R FFITE GenBank
AT Blast FIIE R B 47, @ REW, &
GenBank PR RB|FEMREMEEREF5], 22—
LIRS EER. T, BeEaRE.
o EREBHEEENTERFF, EENRFERE
#AE 60% LU, RIIRTE &G AE R B Burkholderia
cepacia BEH B { Glycosidases gi | 46324159 FI3E
B Streptomyces coelicolor A3 (2 ) — BL I fE & #f

Sequences producing significant alignments:

E, M EBEFENIEBR T (gl
212256090, [FEHEMEHZ s79% (B 7). AWAH
AARIRIES:, 3K B Sweptomyces coelicolor A3 (23
I A EHE oi | 21225609 10 CDS JTF) w2 3k
WA HATRE, HREIN,. WS RE KSR
gi | 15807030 A1 Streptomyces coelicolor A3 (2) H]
gi | 21225609 LhEEAARIE]. gil 21225609 A EEHG =
RS T RS ERS T, KRR EM—
ST, TE hitp: //prodes. toulouse. inra. fr 352 E
HATEER T 6 R T X347, 2i | 15807030
Mg AR . SHM. BT ERTHTIEE
ZAFRERTR (B8 FHAaRE), RKRT
HE®F | H FLRNHDELTLEMVTD 15 & B8,
KA REAEATE R THRITEA X, (RIS
m AR —MEEH TR, ST AN FE R R
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FRINERARREBGERNFEERE, Fib
BRI B X LB DR B R N L E s L
. BHRIRIEE SRS . WS, IERBexX L
FIERT XS o FEXBEZFRRS BMEIL 1 R 4
HARAMARETY, M ENIEE AR RS
MUK =F 4. FEFEA TS EREEN =44
o, RS =R M ER, FHE—F T
BN S AUER 1 R AL A s R FE P RO L
AL, SEFESEEEREED o al-6 o
ol -1 FEFEERIENREABIETERZENE
S, BRTEA TR UNA IETE AT X7 IR 7.

£i|15807030|ref|NP 295759, 1| trehalose synthase, putative [... 1148
£i| 46324155 [ ref [ZP 00224521, 1| COGO366: Glycosidases [Burkh... 651
ri| 45548444 [ref |ZP 00188476, 1| COG0366: Glycosidases [Rubro... 651
£i|21225606 ref [NP 6312388.1] putative trehalose synthase. [... 651

gi| 46648441 |ref | 7P 00188473, 1
gi| 46648437 | ref |ZP_ 00188469, 1
gi| 456648439 | ref |ZP 00188471.1

gi| 46313908 | ref | ZP 00214496, 1
gi| 465617565 | ref |ZP 00169116, 1

gi| 45548443 [ref [ZP_00188475. 1| COGO366: Glycosidases [Rubro...
£i| 22967526 [ref [ZP 00015118, 1] COG0O366: Glycosidases [Rhodo. ..
gi|8250620] emb | CAAO4601. 2| putative trehalese synthase [Str...
gi| 45548435 [ref [ZP 00188467, 1| COGO366: Glycosidases [Rubro...
£i|21223801 [ref [NP_629580.1] putative trehalose synthase [S...
COGO366:
COGOAGE
COGO3GE
£i| 21229612 [ref [NP_635529.1] trehalose
gi| 45648433 [ref [ZP 00188465, 1| COGOIGE;
g1 21240626 [ ref [NP 6540811.1] trehalose
COGO366:
COGO3GE
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pi|46548431 | ref [ZP 00188463, 1| COG0366: Glycosidases [Rubro. .. 642
g1 23063523 | ref |ZP 0008R2E4. 1| COGO3G6: Glycosidases [Pseud... 642
£i| 29826345 [ref [NP 823979, 1] putative trehalose synthase [S... 641
£i|46153236 [ref[ZP_00207621. 1| COGO366: Glycosidases [Rhodo. .. 640

£i| 29833938 [ ref [NP 828672, 1] putative trehalose synthase [S...
£i| 28869947 [ref [NP_792566.1| alpha amylase family protein [...
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Fig.7 Blast of the amino sequence of gi | 15807030 in GenBank
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gil15807030 HTOAHPFE S5 F LS RT O GG K FP TSR LKN CL LHF L D
gild6324159 HHKREDSLDDYRRAUFASYAPAGTARARRARRREPALSTODPL D I YHKS YS W I FP IHKE IAE TI LFPF R D
gil21229612 HNAYPALOADAEQSAYYADO=-L D T YHKS F 5D I FP IS5k IAE TI LFPF R D
gil28863947 HAKKPDAARTFIKDPL D I YHKS FAN I FA IEK IAA TI LFPF R D
gil21225609 HTYNEFYPOTFEDTPAGDRHPD R = YL RS 0S5 G I LK TRAK LOHW CL PFEK L G
CONSBNSUE | .iceencsssrssanstsssonansnassssnnsntssss hp. . . v.rzgsg i fp ELk 1.. cl 1Tfp 1 d
101 110 120 130 140 150 160 170 180 130 200
| L * L |
gil15807030 A RGHF L TLD FKYFLRE AR L GL T 5 AA RGPTLPD SPHEYH 5 EGKE ADT T ¥ L EQ
gild6324159 A RGHF Y TLA YRRFIRE A I A LTI D RA RAK===P S5T==HR 5 TDTK AGT L T H PY
gil21223612 A NA HF Y TIA FEALYAG A I TL I D RA HAP==-=A SP==ER 5 TDQE EGT C K H PY
£il28869947 S FDHS Y THA AKRFIAD K L S LI D KA HAK===F SK==AR 5 TDQK DGT L T H Py
gil21225609 S TRLF FOLAFYEFYDAR 0 H TIFH D ES KHP===0 =P==YG A DOTR ADA ¥ A H PY
Consensus a r, hp . tla f,  F.., a ., . 1. d 8 ++Pee.d sp..Y. z ,d,, adt . . . PV
201 210 220 230 240 250 260 270 280 230 300
| + + * ¥ ¥ ¥ + + 1 1
gill5807030 A K AS K YEELHGAAR LL FY IERE 5C ET EI KGF AHY R GRL 1] WE
gild632d153 A 0 SH A YREY¥IOYHR LI LL YERE HH ET AT KEI ATI A  HEH 1] YOE
gil?1229612 A O 5H A LESYLEYHR RY LL IERS 5SH ET AL RKI ATL A DFH n 00
gil28869947 H 0 SH H LDAYLEYHR LI LL IERD HH E1 Q¥ KRL AELI H  DRH 1] TaL
gil21225609 R 0 5H A QEEHLAHLK LY YL YAEE HL AS HF KRY¥ REL H  DTY 1] ¥vD
Consensus a q b a .ee.l.a.r 1. .1 iere nc et ai kr. a.i a dr. q vy,
301 310 320 330 340 350 360 370 380 330 400
| + + ¥ ¥ ¥ ¥ + + + 1
gil15807030 TEA-—EP F CHW ¥ L SLKR DTSS R GRL KIPSFG CT D AF YHR P A 0KI ¥ PLH
gild6324159 -HE----D U A H L I SIAS URFF L  ROI ALAPSH RAY 5 DL HOT S R ARL L FHER
gil21229612 OHA----D U AP H L H AIAR DRFP T  RQI EIPETC AL S DY HOT S R ARL L PLR
gil28869947 DSKGPDGD U P H L H ALAQ URFFP T  RQI EIPEHC AL B DY HHY AR AR1 L FYER
gil21225609 DYS-TGGD U B H ¥ I AYRR SRYP S  BKI ALPSGL GL E DY YHE K P 0rA I TLH
ConsSensus  ....... dec ah v . A..r dr.p . ..L Lips.c .1 . dyya, . . nari, pln
40l d10 d20 430 4d0 dhi dBiy 470 480 490 500
| + + ¥ + + + ¥ + + |
gill156807030 KR LNTY B 5 IL 1 LGP G HAGTS5G 1H  SDCFF P QUPY  GRY  SULODPS K 1A OLEL
gildB324159 KRR INSL § T ¥vI L IHG G SSURHG  RH ELLYL P HGSL  UAL  AUTRUPH M 1R ILAT
gil21229612 ER  HTSL T T VYL 1 IHG & SIDRHG  RH AALYL P HDOPL  uRY AUIRDAH T 1R YLSY
gil28869947 KR LHSH § TTL 1 IYG & SIDRHG  RA  ASLYL P HOPM  05Y  SUERUPH N HE HLAY
gil21225609 D@ FTAL B 5 1L 1 IHG A TPURNA IC GRLYL A HOPY  UYT  ASHASPS H 1R HIEI
Consensus  rr N P - T 4 § i i.e2 eadrpg ta L.1.1 p ndpvy  q.v aq..dps . br oL le,
501 510 520 530 540 550 560 570 580 530 600
| + + + ¥ ¥ ¥ + + + |
gil15807030 RAHPH AH DLTHIETG PHI T UYDG————- TL IS FHGHA AGL AP ¥ BRA  TLSGASPL ¥ T HGQ PYYHGLKYD YHLR N
gild6324159 RATQY GR IIRHLRPE RKY L ELDG———-H PY U A LSRAS AYE St H BN ENTSDSPE P - QLT LLIFPPYG LHFY SEHGR
gil21223612 KRYQH GR ILRFLYPG RRH L CYQAD-———- TY C A LSHTL AYE St E RY ODIIGGGSF P - RLT LLIYPPHG YAFQ YSEGT
il28869947 KQOKH GR ILKHLSPS RRI T EYTAPDGHS ¥Y U A VSS5AH ARE  SG H TY EHLLGSAF P - QLN LLILPPYG YHFL ATENQ
gil21225609 KQWPH GL IYIELPSS PHY L EYED————- LY C N FHRFH PTE  RE H BH ELFGGYRF A - ELP LLILGGHG YHFR TRYAS
Consensus k,.pa g, tlbfle,, pas 1 €Yessvaes o¥ € 4 Fac,a s, se a8 r. elegps.f o o ol llt.paup uiir L.,

Fig. §  Alipnment of amino acid sequence of gil 15807030 and other amino acid sequence of trehalose synthase, glycosiases

and alpha-amylase family protein from GenBank run on web site http:.//prodes. toulouse. inra. fr

Red: The hest conserved regions.  The accesgon number of the sequence are g | 15807030 putativetrehalose synthase ( Detnococcus radiodurans
gl 46324159; plyeosidases ( Burkholderiz cepacia), gi| 21225609 putative trehalose synthase { Streptomyees aoelicolor A3 (200, g1| 21229612,

trehalose synthase ( Xznthomenas campestris )y g | 28869947: alpha-amylase family protein ( Pseudomonas syringae pvl.
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Cloning and Identification of a Gene Encoding Novel
Trehalose Synthase From Deinococcus radiodurans ™

WEI Yu-Tuo'? , ZHU (i-Xia®’, LUQ Zhao-Fei® ,

CHEN Fa-Zhong”’ , LI Gui-Yuan®™ ., HUANG Kun'', HUANG Ri-Bo"’ ™
(U Guangxi Key Laboratory of Subtropical Bioresource Conservation and Utilization, Guangsi University, Nanning 530004, China;

ZjSinozy:m Biotech Co. Lid, Nanning 530004, China)

Abstract An open reading frame ( ORF ) was annotated as putative trehalose synthase in Deinococcus radiodurans
sequenced genome, which has been found in GenBank database through amino homology blast base on combination
of bioinformatics. Blasting against the database indicates that amine acid sequence of this ORF has less than 60%
homology with the reported terhalose synthases. The function, which was identified by expressing this ORF in
Escherichia coli» proves this ORF is a novel trehalose synthase gene. Using the 30% maltose as substrate, about
65% maltose can be converted into trehalose by this enzyme. Recombinant enzyme showed optimal activity at

pH 7. 0 and 30°C when it converts maltose into trehalose.

Key words Deinococcus radiodurans, terhalose synthases, cloning, identified funection
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