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MTSase fll MTHase {F Brevibacillus brevis
R va R 2k K v S

S RN S A7t S S LR S
(L EHF2E SR FRE A% TR, VLI B8 214122;2. TERIA: Tl W RS M A 5 %
%= L0 o8 214122)

FE. HEAWK KRR TR AT E (Sulfolobus acidocaldarius ) ATCC 33909 4 % 3 545 3K 5
BNES R B (MTSase) A= % o F 455 E MK BB (MTHase) 24242 3 047 B (Brevibacillus
brevis) ¥ #9 & 41k ik | 4 ) A AR A pET-24a(+)—~treY F= pET-24a(+)—treZ # ## PCR ¥ 3§
7% %) MTSase #= MTHase A B K B, i@ i 5 R X H4k pSVN £ 8 RF 2 TRk, B H AL LK B £
Brevibacillus brevis, R % #) 3% € 28 # Brevibacillus brevis/pSVN —treY #o Brevibacillus brevis/
pSVN—treZ, 40 4 TM 3% 5% A& F L B 48 h, Je W B & 71 4 %) 3% %] MTSase 630.0 U/g(wet cell)
MTHase 170.0 U/g(wet cell), & 28 MTSase #= MTHase #t /7B 4510 236 R A, B A K E R
JE A 100 g/l B 44 Z ity A kM B350 & 4 60 °C,pH A 5.5, /nBs% % MTSase 80 Ulg 4 .
MTHase 20 Ulg 74y, % & L85 5 Ulg &5 A= SRMH B 8 ¥ K 4545 85 (CGTase) 15 Ulg 74, BB
48 h, # BEAE S R A 3] 80.2%,
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Abstract: In order to achieve efficient production of the MTSase and MTHase from (Sulfolobus
acidocaldarius ) ATCC 33909, gene sequence encoding MTSase and MTHase were PCR-amplified
using recombined plasmid pET-24a(+)-ireY and pET-24a(+)-treZ which were fused to expressional
vector pSVN. The recombined plasmid was transfered into expression host Brevibacillus brevis by
electroporation, The enzyme activity of MTSase and MTHase expression in Brevibacillus brevis
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were 630.0 U/g (wet cell) and 170.0 U/g (wet cell) after cultivated in shake flasks for 48 h. Also
presented are the preliminary studies on the reaction conditions of conversion by the enzymes. The

optimal conditions for the conversion are as following:the initial pH was 5.5,the reaction

temperature was 60 ‘C ,initial potato starch concentration was 100 g/L,enzymes concentration were

MTSase 80 U per gram of substrate, MTHase 20 U per gram of substrate ,Pullulanase 5 U per gram

of substrate and CGTase 15 U per gram of substrate,incubated for 48 h. Under this conditions, the

yield of trehalose reached approximately 80.2%.

Keywords: maltooligosyl trehalose synthase , maltooligosyl trehalose trehalohydrolase , Brevibacillus

brevis ,enzyme activity , trehalose

A ZFSEOBE L % OB S B (maltooligosyl
trehalose synthase , MTSase, EC5.4.99.15) 127 27 5% b
5o OB OME K R I
trehalohydrolase ,MTHase,EC3.2.1.141) 43 5l 1 &
treY Fl treZ St , & WUBE L A 7= V5 i b () S e J 1
TE ) 22 28 55 0 50 B 6 VE M & W Oy i
MTSase 1 Joff T IRA 6 JEPEA S 1) C1-OH, 7=/
o—1,4-BETFEE B o, o1, 1M SR 1) 4 7 P 2 M
VERT T8 B (6] 77 49 2 25 SEME Ak vf 3 0 ; MTHase W)
T — b N YD IZ 8] 7 b 22 2E SRR S 5 i R A
HE o1, 4B B, R Y Vi S ED

WSS — A AR M U, T AT AR
b, R A YUK VRS S A ORI R E Ao IR
PR WA AR 1 5 A R O T AN B R TR R ME
Az i A B A W R AR R i ek RO SRR B v R
XF 8 BT AR W RS R A3 IR R A R R O 4
FH 575 ¥ S8 T AR A A 9 DA K 15 2% U i 1 1 K
ot OR S TR I A= | S K (S - & iR e )
P 25 A T ) B R RS E RO, [ P Y O R T
A AP E £ o TR e B A R R R B A R
TR v B R M A A T R W AT, T R PR Ay v
BEREEAT R R A AL Ve ORI RE , NI T
B2l B At i AR AT

Vg MR 11 T 48 0 ik R R R AR AR AR R
77 B RS AR W e e i1 DR T AR S
B A 9000 i T A T v L AR A R B AE R A
FUBCR H ] 25 7 BERE G T O VER i A X
O3 R BRI A G I | M A U R | 2 S L T
T G JI0 G I 22 2 S LV S K S Tl L 2

A FE N (Sulfolobus acidocaldarius ) ATCC
33909 S U 1) 22 2 SENHE 2L U 0 Ml 15 JIU I A 22 2 SE I

(maltooligosyl trehalose

FL PR K R B AE Brevibacillus brevis 384T T 7¢
BTk |, 7L B Al 3R T T OURE I ) 25 1% e b B T

T
Lo

1 wiS7E

1.1 ##
111 A # A& R W E coli M09 F1
Brevibacillus brevis M A< 5255 % AR5 ; FUK. pSVN |
pET-24a(+)-treY Fl pET-24a(+)—treZ M A< S50 %=
PRI
1.1.2 # A& £ 23X A  EcoR 1 Hind 111 BRI N
I 1§ , T4 DNA ligase,PrimerStar Tag DNA % & Jiff ,
dNTPs, #ra: 2= B30 A L5 49 ; DNA 4l 4k i)
&M A AT W& L CGTase AR5 % fir
AyEAR B Z2REAK FRREWA
Oxiod (9 [F] ) 28 w5 HoA 50 34 2 [ 7= 3 B 2, 1 A
ESEZTE YCi N
1.1.3 3k SOB KiFs 4k (¢/L) : 85 H R 20.0, ¥
# # 5.0, MgCl, -6H,0 2.0,NaCl 0.5,KCl 0.19,
pH 7.0,

LB 5373k (¢/L) . 1R 10.0, BEREKY 5.0, NaCl
10.0,pH 7.0 (BEAR KT FR I 1.5%~2.0% I BEH )

TM AR B T3 (g/L) . Z2 R E A 10.0, 4 Rk
5.0, LRy 2.0, TE/K # 4B 100, R ITER I 10 mL,
pH 7.2,

TM [ 235 (/L) Z RE AR 10.0, 4 RE
B 5.0, BERERY 2.0, JC/K # 45 BE 10.0, & 0 R W
10 mL,MgCl,-6H,0 4.1, Bt§ 4 20.0,pH 7.2,

ot E W (g/L) :FeSO, - 7H,0 10.0,ZnS0, -
7H,0 5.25,CuSO, -5H,0 3.0,MnSO, -4H,0 0.5,
Na,B,0,+ 10H,0 0.23,CaCl, 2.0, (NH,)sMo,0,, 0.1,
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1.2 Ak
1.2.1 31kt M8 e M treZ FEH R4, Fi2 18
ST R A 51 P DNAMAN #5231 LA
T (CF RIS 53 508 EcoR 1F1 Hind 111 )
LR,

treY (EcoR 1 .Hind I11)

F1: 5= CGGAATTCATGATTAGCGCGACCTAT
CG-3" 28 bp

R1: 5'- CCAAGCTTACATACGCACCAGGATA
C-3" 26 bp

treZ(EcoR 1. Hind I11)

F2: 5'—= CGGAATTCATGTTTAGCTTTGGCGGC
AA-3" 28 bp

R2: 5" - CCAAGCTTATTCCAGTTGATACACG
C-3" 26 bp
122 PCR %% wreZ AW K 8 435I LL pET-24a
(+)-treY 1 pET-24a(+)-treZ JHAHL , F1/F2 R1/R2
NIER WGP 3 reY 1 treZ 2N FBY, PCR &
$.94 °C WM 4 min; #E A PCR 136 .98 C A&
105,55 C iRk 55,72 CHEAH 2 min 20 s B¢ 2 min,
30 MEIR i Jm 72 °C 10 min, 4 °C /35 .
123 BoA RS E ¥ 122 e
W3R R B 5 4 EcoR 1 M Hind 111 [ Y1464k 5 1
44K pSVN, H] T4 DNA ligase 4 °C # 4 16 h, %%
FERIREAL TS . E.coli JM109 ¥4 LB [ R K5 77
B (F 10 py/mL FrE %) ,30 C B RME 7% 10 h,
PRUCERL BV, , 28 LB MR B 35 3L (5 10 pg/mL 8%
%)30 C H55% 8 h Jo , WA B PR32 ook, 2600 5 2
RS 05 T o 7 W< il YAl N £ S i e =
Brevibacillus brevis , ¥ 4ii TM [EARE FEHE (& 10 pe/
mL B8 R ),30 C Wi 4557 12 h, PRI,
28 TM AR R IR 56 (7% 10 we/mL B8 £ )30 C K577
10 h JE PR H T
124 FTHHWHEMAHAETHE G H SDS-
PAGE % #7

(1) 20 T 1 925 0F 2 9% < 23 ) B 20 ol H o A
547 00 I 4H @ Brevibacillus brevis/pSVN —treY H
Brevibacillus brevis/pSVN —treZ 4 # T 10 mL TM
WARES F2 35 (7 10 wg/mL 5 £ ) ,30 °C,200 1/
min 57 8535, B 0.5 mL B3R L8] 50 mL
T™M BARE FH (% 10 pg/mL FHEZX) 1 30 C,
200 r/min R 7% 15 5% 48 h, KBEZE A5 ,8 000 r/min

B0 15 min PR,

(2) e H 50 S BB 240 L 4 B AR T 0E T im A —
FE 1Y 20 mmol/L Tris—HCl ( pH 8.0) & # & &
A, FH R e 50 0 440 0k A AL A 248 L, 8 000 1/min
B 15 min, WEE IS,

(3)FEYLE 11 SDS-PAGE 4 #7 . 40 g ik BE |

54 SDS-PAGE 43 #7 .
125 F@ZFamEhnz KEFIHEEWRT
20 mmol/L. pH 6.0 FY # R — 7 45 2 2% vh i, TiC Al
1% 122 2F FOWRVE W, B 0.49 mL i, A 10 pL
MTSase HL i # ,60 C S i 2 h, 100 C¥f 7K &
10 min £ [k 2 W, DNS %2200 B 75 . MTSase F) B
TG A AR T min KA 1 pmol 22 2F HOME A= i
7 2F =RV PR T AT 1 Bl

W5 42 ZF TR T 20 mmol/L pH 6.0 (1) iz -
FrgEmR & b, B 1% 1Y 42 2F TOWE I, B
0.48 mL IZFEW, A 10 pL ¥4 i MTSase B,
60 °C M 2 h,100 Ci#p 7K H & 10 min 2 1k 0,
193 22 2F =R SR KB, FRIRRR A,
A 10 pL. MTHase ¥ i % ,60 °C & i 10 min,
100 Ci# /K #1210 min 2% 1k 2B, DNS 352210 fifg
1% . MTHase G 50 E XA EE 1 min K22 25 =
RV OB A B 1 pumol YR R I T B4 il
1.2.6  WUBE k& ) & i S0 0 B AL ARBTFIE L
S BEVE R N R, G WAk A B S TR IR K VA R R
HEAT Wl AL SE 5

(1) 5 =2 il X Vi W o 45 I S o, 1D 0 o Uk
FEh 200 o/l B8 B IEM A WAL, 1A MTSase
80 Ul/g V& ¥} Fl MTHase 20 Ulg JE #5437l A 5 Ulg
E B 1) 38 6 24 il RO N - 22 i pH 5.5,60 C1E
T KV FE IR , 150 v/min, [N 48 h, HPLC £ il fiff 7%
19 .

(2)MTSase Il MTHase fill fif £ X 6 5 0 i 2 (1)
o, R RN 200 of/L DA% B ek 2 WAL, 2y
s A OMTSase 40 Ulg VEH MTHase 10,20 .40,
60 Ulg JEH ; @MTSase 60 Ulg JEH MTHase 10,
20,40 .60 Ulg JE 3 ; BMTSase 80 Ulg ¥E ¥y MTHase
10.20.,40.60 U/g & ¥y ; @MTSase 100 Ulg & ¥ .
MTHase 10,20.40 .60 Ulg V&8 ; INA 6 4§ 5 Ulg
VEHT,pH 5.5,55 CAEE KB FEIR , 150 v/min, S
48 h, HPLC il 5% 1k 7= ) .

(3) 0 JE 0T Vg S 0 o 5 A S ) P G U R
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200 /L B4 B E M LW AL, A MTSase 80 Ulg &
¥ ,MTHase 20 U/g JE#;r, & 40 5 Ulg 38y, pH
5.5,50.55.60 .65 CHEIE/KBEFEIR , 150 r/min, JTHY
48 h, HPLC K f 5% Ak =4 .

(4)pH X Vg 5 1 ) & (0 52 e 9 o VR B R
200 /L H 48 B E M LW AL, A MTSase 80 Ulg &
¥3 ,MTHase 20 U/g U€¥y, & & =0 5 Ulg i€k ,pH
5.0.5.5.6.0 ,60 CIH k7K ¥ #2 K , 150 r/min, JZ i
48 h, HPLC il 551k =4

(5) Ji 1y e % Vg W ) 5 s ), D O o ik
& > 100,150.,200.250 300 o/L T 4% 2 3 #y 4 W
A&, A MTSase 80 Ulg VE#i ,MTHase 20 U/g JE#7,
e 22l 5 Ulg JER, pH 5.5,60 °CIH K B 48 &
150 r/min, JZ 17 48 h, HPLC A5 1k =4,

(6) P BIIAT i 7 W 5 5% B2 i (CGTase ) X 1 356 0
Hil A R sZ I, BT R B 200 o/L B EIEM 4
WAk, A MTSase 80 Ulg JE#¥3 ,MTHase 20 Ulg 1E
By, S 2l 5 Ulg 38, 20 BI7E 0.12.24 h Jm A
15 Ulg VE ¥i 1) CGTase F1A fil CGTase,pH 5.5,
60 CHHIR/K B HE IR , 150 r/min, 2 48 h, HPLC
IR AL 0
1.2.7 Bsk4b F e thml H HPLC & il 5% 1k
7). HPLC AW 254 4 < i sl A (257K =80:20)
W ;0.8 mL/min, # i 40 C ,NH, H# (APS-2
HYPERSIL, Thermo Scientific ) , 71 22 37 %46 il #5231

| 2 55t I

21 HHEEHT 18

LL pET-24a(+)~treY Fl pET-24a(+)~treZ FiE
B, 973 treY treZ B:PH Bt ,PCR /=¥ 0.8%35 5
WEGE I HL VKR I, 9318 BER/ING i 2928 2 200 bp
A1 700 bp, SHLS(H —FL
22 BEHEFRERMAIHE

PCR ¥4 14 treY .treZ FEH R Bt 73 il 5 e ik 2%
& pSVN i 3% . #4851 £ E.coli
JM109,LB [ {4 85 2 5L 3 5% PRBUR IV, , 4 LB 1)
PREE IR IR IR 8 h i , WA DA PR A Ok 36 00 7 A
HLIN 0 45 SR 58 4 IE W, H A RO ORI A 5
B, 2H 3R GA BRL L A% A R IA 18 Brevibacillus
brevis ¥ FE H 41T
23 EHEREMALERE

HA AR 30 CEBE, RS K i i

Pk, B wGE L 15% 7 BT SDS-PAGE 73 #r,
RN 1R 2 Bas, 7E MTSase Al MTHase !
W41 I L T S A T MR A AR S T
A 45 R R AL N B T 43 00 58 B MTSase
630.0 U/g(wet cell) MTHase 170.0 U/g(wet cell), B
i & F NakaDa B4 38 ) MTSase 1.2 U/g (wet
cell) Fil MTHase 3.4 U/g(wet cell),

kDa M 1

o72 el
66.4 - S

443
29.0 |-

20.1 -

14.3

1-MTSase / Brevibacillus brevis 4l ig 8% BE I3 ;M5 i 55
Jit Marker
B 1 E4 MTSase & H ik
Fig. 1 SDS-PAGE analysis of recombinant MTSase

1 M kDa

- 07.2
—» T 66.4

o 443

290

20.1
14.3
1-MTHase / Brevibacillus brevis 4 Mo i BE I ¥ s M—F5 & H
Jii Marker
2 =44 MTHase EH B XS
Fig. 2 SDS-PAGE analysis of recombinant MTHase

24 WEGEH FERBENEEMRL

241 H&FZEaiERBEAN &SN DRER
W K SCBEVEHD , SR 1 MTHase F1 MTSase ¥4 g
YER T s VER IR a-1,6-FE1F 8, FBURYF]
PR, & 2R K o1, 6-BE 17 8E I
AL E a1, 4R B 5 % 2 R, R, A B
FUE SERIE T U N 6 22 il 5 IC X T A Y A Y
S, Z5 AN 3 TR IS 22 S U
3R T4.2%, AT N6 22 il 14 ¥ R i T %
1H 46.4% , I HATTEIE K BEAE AR B 6 22 il ) —
Zrb R B 7 R R W A R 2E
ZAh, FEIE N DUMESE AL o L AR, R
38.6%, M Us i 45 == B i 40 2 & 2 W1 4 1 B, A
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S 10.0% , K it TS 545 = il i 0% A7 3500 IS ) )
FH DT $ 5 16 B M A AL R
80 . A
0 o —
60 ﬁﬁm .
S50 f
%m 7
ﬁé 30 [
20
10 [
Nl =

AN I S
B3 EeXmriERmgeEnsm
Fig. 3 Effects of pullulanase on the production of trehalose
242 g GRJE pH Fe kMK E X i Bk KR B &
el AR SN Wl o A O BN SRR EAT T
e, FEZ A4k MTSase #1 MTHase 19/l | B 5% 16
ML pH LSRR e, AN 1Al 4 B
o it g 2 B O Al S RN A 7 R E BN R O
Hi 58 AH %, A, T MTSase Fil MTHase 43
) A JEG 00 0 D AR S ) B B B I A A 2 S
BT R WE B K AR S, T B A L A9 X T M
O AR A BRI O TR TEAS RN X
B2 052 m , ABESEAE pH 5.5 Al 55 CHRAMF T %
%2 [ MTSase Fll MTHase A~ [R] 1% ¢ 5 i1 EL 451] 5 1)
B R . 25 IR R 24 MTSase 1 MTHase 9 [t

80~

S
# 601
=
¥ —A— MTSase 40 U/giit]
~O—MTSase 60 U/gji Ay
—M— MTSase 80 U/git )
~X/~ MTSase 100 U/gii
40 30 40 %0
MTHase/(U/gHE )
(a)
80
# 601
=
&
40l . ,
5.0 5.5 6.0
pH

(©)

B K 421, G & 50 oA 80.0 Ulg ¥E #3 Al 20.0 Ulg
TRE A8 ) VA TR A Ak R i

Tk A2 5 ) i AR B 2 R SR T 9 R
MTSase Fl1 MTHase 3 v il £ 16 5605 1) 52 M | A B
FEAE 4 AR BN SEAT R A AL RN o S 43 )
i 50.55.60.65 CHI , T #0554k 3 55 5k .
61.2% 14.4% 715.9% .65.1% , th 5 vl 1 | 24 16—
Tk B 9 P TR B 0 T o T R I e R B S
AHR £ 8, AH R 7R 35 B i S L 60 CJa , M s bl 1Y
B AR R IR R 1 T v T R BT R A

AR R UG pH 23 %8 il (0 05 3 SR p = A A
[vi) 2 1) 2 ), 12 5 ) 8 G A A 00 R PR AR
T AFRIG pH X5 AL A, 4553 oS pH
5.5 BF, O EEE R A RN 00 e AR R, RBIA
76.0%., I, Wi A 6 feid pH ok 5.5,

G AN ) I VR T Wl AR A SR — E
S AR T 4 FRORTR P 5 B R I
B R AR YR i R EE 43 A 100,150
200,250,300 g/L I}, T BMEF AL R0 510 78.8%
78.6% .76.4% 14.2% . 70.4% , i3 Ji& ) o 4t 1k B 1)
TV BEWE e AR B TR AR

PRI,V 0 o) B 1) SR R 250 R £ 100 /L Bh4%
BYER AR, WL AT R 60 °C,pH A 5.5, Jinfif
it MTSase 80 U/g JE#3 \MTHase 20 U/g JEHS .

80

§ ././'\'
60
=
b=
W— 35 60 65
HEEC
(b)
i H\'\‘\'
S
3 60l
x
b=
40

10 15 20 25 30
TR 1%
(d)

B4 AEREEFGHGEEELENZM

Fig. 4 Effects of different reaction conditions on the production of trehalose
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243 CGTase *F i #EEH & 09 Hm N LIBAFSE
SRATLUES, RN ERREZ AR 2
ZEERN A 28 = WS /Ny TR, FSE R B MTSase Xt
DP {H %5 /55 1) 22 28 520 slOWIRE 45 IS 0 19 56 Fn ) 3%
=, TR BEAE ORI A 5% Hh B 0 7 4 /N oy
B 1S SR YR % . CGTase J&—Fh Z I BERH L 72
it , e A Fb A 2 7 =2 B) 1) 2 W SR D 0 2SN o
T Al A OB B A I A ) H A
CGTase REME AL 7= 9 vh T A 9 08 DA & — bk &
A B M 3L I AR R MTSase B2 V8, M2 =
TP AL I, R 224898 T IR I CGTase X
T S A AL SR W S | I 2 88T S (R R in B[] 7 il
HARTESL . 5 B, AN CGTase B, 1 34 4%
R A 76.2% ; B K HR N CGTase i, Wi i bl 5
1b#H 80.2% ;12 h F1 24 h B IIA CGTase ¥ F %,
3 5R 78.7%H 77.5% , Wi FHER il CGTase BEFE = ifF
FE A I ELACRS ) RS A R AR R

I
RUELET
e

AR 1%
SRR
S

—_
S o
T

RICGTase 0l 12 h i 24 h

5 CGTase Xt i tE L E 200
Fig. 5 Effects of CGTase on the production of trehalose

33909 e U5 1) 27 25 55 WE BL 165 B B BTG R 22 2F SE b
g OB K R B AE Brevibacillus brevis H1 384T 7 7¢
eIk AL AE TM K3 5L b & 18 48 h, i P S
7143 5 ik 8] MTSase 630.0 U/g (wet cell) MTHase
170.0 U/g(wet cell) . 7EBLIEA FHRTT T UG il £
VEFEORE I T2 % B 4 MTSase #1 MTHase #E77 Bi§5%

A, 5 — B0, KON Y 2 2R A H At 4]
Or B A Y B R R, {E AR N ) R
XA HEYS CGTase BIKf#IGTER .

|3 & i

A 5T UM (Sulfolobus acidocaldarius ) ATCC

fRszsy, Z5RFRW, ML 150 o/l D8 ik A K
Yy, WEEALIRE N 60 °C,pH N 5.5, hnpEgE N
MTSase 80 Ulg #E#3 MTHase 20 U/g JEH, & %
fitg 5 Ulg VE ¥y 1 0B KG ) %) A 5L 5% 7% 1 (CGTase)
15 Ulg TEMT , [V 48 h, T #bE AL 25 3] 80.2%

S Hk

[1] MARUTA K,MITSUZUMI H,NAKADA T,et al. Cloning and sequencing of a cluster of genes encoding novel enzymes of
trehalose biosynthesis from thermophilic archaebacterium Sulfolobus acidocaldarius[J]. Biochimicaet Biophysica Acta (BBA)-
General Subjects, 1996,1291(3).177-181.

[2 ] FANG T Y, TSENG W C,GUO M S, et al. Expression,purification,and characterization of the maltooligosyl trehalose
trehalohydrolase from the thermophilic archaeon Sulfolobus solfataricus ATCC 35092 [J]. Journal of Agricultural and Food
Chemistry,2006,54(19):7105-7112.

[3 ] NAKADA T,IKEGAMI S,CHAEN H,et al. Purification and characterization of thermostable maltooligosyl trehalose synthase
from the thermoacidophilic archaebacterium Sulfolobus acidocaldarius [J]. Bioscience,Biotechnology ,and Biochemistry,
1996,60(2) :263-266.

[4 ] NAKADA T,IKEGAMI S,CHAEN H,et al. Purification and characterization of thermostable maltooligosyl trehalose
trehalohydrolase from the thermoacidophilic archaebacterium Sulfolobus acidocaldarius [J]. Bioscience,Biotechnology ,and
Biochemistry, 1996,60(2):267-270.

[ 5 1 NAKADA T,MARUTA K,TSUSAKI K, et al. Purification and properties of a novel enzyme , maltooligosyl trehalose synthase,
from Arthrobacter sp. Q36[J]. Bioscience, Biotechnology,and Biochemistry,1995,59(12):2210-2214.

[ 6 ] ZHANG Yuhua, LING Peixue,JI Baoping. Current status of research for trehalose and its prospective applications [J]. Food and
Drug,2005(3):8-13.(in Chinese)

[7 ] CHENG Chi. A natural biological preservative—characteristics and application of trehalose [J]. Food and Fermentation
Industries, 1996 (1) :59-64.(in Chinese)

LHStHRAZIL 2018 FE 7B 8



RESEARCH ARTICLE WU Shixiong, et al: Heterologous Expression of MTSase and MTHase in
Brevibacillus brevis and Its Application

[ 8 ] CROWE J,CROWE L,CHAPMAN D. Preservation of membranes in anhydrobiotic organisms: the role of trehalose [J]. Science,
1984,223(4637):701-703.

[9 ] BANAROUDIJ N,LEE D H,GOLDBERG A L. Trehalose accumulation during cellular stress protects cells and cellular proteins
from damage by oxygen radicals[J]. J Biol Chem,2001,276(26):24261-24267.

[10] THEVELEIN J M. Regulation of trehalose mobilization in fungi[J]. Microbiol Mol Biol R,1984,48(1) :42-45.

[11] SREEZAS. T 7 W6 o0 TR BR ) 5 A8 Rl , 35 7R S04 b 4 WAl A (M A 52 [D]. R L Tolk k24,2004,

[12] REN Xiaoqin,ZHUANG Gui. Production, research situation and development of trehalose [J]. Journal of Zhengzhou Institute
of Technology,2001,22(1):82-85.(in Chinese)

[13] CROWE J H,CROWE L M,CHAPMAN D. Preservation of membranes in anhydrobiotic organisms:the role of trehalose[J].
Science, 1984 ,223(4637) :701-703.

[14] MADIN K,CROWE J H. Anhydrobiosis in nematodes: carbohydrate and lipid metabolism during dehydration [J]. Journal of
Experimental Zoology,1975,193(3):335-342.

[15] HOTTIGER T,BOLLER T,WIEMKEN A. Rapid changes of heat and desiccation tolerance correlated with changes of trehalose
content in Saccharomyces cerevisiae cells subjected to temperature shifts[J]. FEBS Letters, 1987,220(1):113-115.

[16] HAN Shaoqing,ZHAO Qin,PENG Qijun. Trehalose extraction by the technology of membrane separation [J]. Journal of Food
and Science and Biotechnology,2005,24(2):93-96.(in Chinese)

[17] ZHU Yueming,ZHANG Jun,XING Laijun,et al. Progress on molecular biology of trehalose synthase-a review [J]. Acta
Microbiologica Sinica,2009,49(1):6-12.(in Chinese)

[18] MIAO Jing. Preparation methods of trehalose[J]. Yantai Teachers University Journal (Natural Science),2000,16 (1) :60-63.
(in Chinese)

[19] %% H i, S 5% PR T W bl — 21 140 /8 RS 25 [M]. Translator ¥ Jb 58, fk2# Tl H et ,2010.

[20] GOMES F C,PATARO C,GUERRA ] B,et al. Physiological diversity and trehalose accumulation in Schizosaccharomyces
pombe strains isolated from spontaneous fermentations during the production of the artisanal Brazilian cachaca [J]. Can J
Microbiol ,2002,38(5) :399-406.

[21] DE S K A L,WESTON A ,BROWN I N, et al. Three pathways for trehalose biosynthesis in mycobacteria [J]. Microbiology,
2000,146(1):199-208.

[22] MILLER G L. Use of dinitrosalicylic acid reagent for determination of reducing sugar [J]. Analytical Chemistry,1959,31(3):
426-428.

[23] LUO Feng,DUAN Xuguo, SU Lingia,et al. Cloning, expression and fermentation optimization of Thermobifida fusca trehalose
synthase gene in E. coli[J]. China Biotechnology,2013,8:18.(in Chinese)

[24] ZOU C,DUAN X, WU J. Enhanced extracellular production of recombinant Bacillus deramificans pullulanase in Escherichia coli
through induction mode optimization and a glycine feeding strategy[J]. Bioresource Technology,2014,172.:174-179.

[25] LI Zhaofeng,GU Zhengbiao,DU Guochen,et al. Structure characteristic and catalytic mechanism of cyclodextrin glycosyl-
transferase[J]. China Biotechnology,2010,30(6) . 144-150.(in Chinese)

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.37 No.8 2018



