A )24 Acta Microbiologica Sinica
48(10): 1301~1307; 4 October 2008
ISSN 0001-6209; CN11-1995/Q
http://journals.im.ac.cn

Research Paper JR’iE:%i v

B B R R R R ERRIAE R EL M 1%
B HARY, RREML BER]

(M RABE R T R A S25%, Kk 300457 )
(2 HRERER L A 2 e, 15 056001 )

WE: [HA) ARG B RG22k, IR Rf e o0, i — 20 W5 g Bl 5 T B i 4 =2 (1]
MRER, NEAA AT —a e . Uik Y A RIIR A0 i, bR 1 S bt iR 1 Vi 5 40 it 1Y)
ATHL JE KRN A P T S B A NTHL JE [N, A T WMV S i B B2k 288 bk (dathl ), Hh ki e bl g
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i AR T YRR T (S5 Y BRI B s SRR A — ARG o SR BRI M Y
s, R T AT R B RS 7l BT W EE B R A

KRR . W EENE; hPEIE R R R O AR AR s MR RV B R R R AR s BRI AR I BRI

PESES: QI33

U S — Rl R SR I O, FEAN . HR
FAE ) B AR B g A BEAE T . 76 Crowe 2f—iK
P TS B P R R A E R 2
23 8 3¢ W 3 W R {L S Saccharomyces cerevisiae H
(18— ol T SO R AU, T L AT DA S TR 40 Y
AP . — S mIREE (B, T, #ut
HEE) R, AW iAon] DUE o R T U R Y A R R
AN AR RAGE B LU SR Bl A o 2
it P F) o S AR R H B A R A O
T, M P A T A A o T DA 0T AL N
TR W 1Y) T R R R AR R TR R T 1 A ROR AR . TR
EE 14 43 gt P R 2806 8 B T (Trehal ase) 4%, Hh 2 1A
BEFERE(NTH, fH nthl F1 nth2 3 K 24 5 ) Fn iR P 1
B (ATH, 1 athl 5208 4 65) 450 A5 1 [ 9
AN L, M T BRSO o I A
B 2 0 XUl 2 2 A8 bk, L BEL R v i A A i, AR
S TR, DT B g R S A

ERWE: =% RIEL5FR 8L WA 34 (20050057001 )

XERARIREE: A X EHS: 0001-6209 (2008) 10-1301-07

1 mpfehiE

11 ##

1.1.1 R ARG SR pUGE Tkl JH. He-
gemann Z(HZHEE; KIAHFE (E. coli, DH500) FlRELE
( Saccharomyces cerevisiae BY-6 ) B4 A S %8 5
ff. FEEEFM, LB, YEPD. YNB 530, wiHm
B 1,

#1 HARA
Table 1 Formula of dough

Fresh
Dough Flour/lg  Sucrose/g  NaCl/g yeastlg Water/mL
common g, 2 1 2 20
dough
Sweat 50 15 1 2 20
dough

12 BRRERRARTHRIEE

R T P B TR M G ( ATHL) Arp el
fig (NTHL) (3L ERealisests 4 PL, P2 F1P 3,
P4, P1: 5-GATCGCTTTGGTTCAATGCG-3', P2: 5'-C
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ATCATACACTCCTTGTACTGCC-3', P3: 5'-CGTCAGC
TTAGCGCTAGGC-3', P4: 5'-CAATGCCTACCATCC
GATCGC -3,

# PCR 44 kg ATHL JE[A, F EcoR 1 -Nde I i}
Y1, 5 pUC19 #ifAAii% , 4  pUC-A JitkL, JH Hind Il -Sacl
M pUG6 ] loxp-Kan'™-loxp A B, %A pUC-A ik,
Ha pPUC-AK TR, 485 Sap T pUC-AK BRI AL .
[FIREKS PCRA 4 3£ NTHL L, Fi] EcoRI-Nde [ i 1],
55 pUC19 iAMHIE, FIAL pUC-N ki, i HindI-Sac T
M pUG6 ] loxp-Kan'-loxp H-Bt, 3% A pUC-N ik,
P pUC-NK JFikr, $RJ5H Pci 1K pUC-NK JEkr2ktk
k. Kan' (RsERS IR SCER, SR FIBEmRER ALk, K
PRV T4 TR pUC-AK Fil pUC-NK 5 fh % BE s
YA, %A &4 200 mg/L G418 [ YEPD P-4, 30%C
Rigk 4~5d. FFEE4AM DNA 43552t Hereford $2H1¢,
Southern Z%aZ AR il i F A R e B . ECL #%
FRARC AR 245 . #% Boehringer Mannheim /A w] /Y DIG
DNA Labeling and Detection Kit 13 B 4534
1.3 EEmMHRE

MAEHATE— PR % T 30 mLYEPD 15 9:3EH, 30C
B 1R BE 55 24 h, FELL 10%4 42 Fl it 4% 4 F 50 mLYEPD
B 30°C . 150 r/min 383 15 35 306 Bt

K EE AR BDECP IR EERE RS G, PRV 2 1R, 1R EERE
V. #egk LB Ve R, T TR AT 0K 8% 30 min,
TE TR P &2 B 90 min, 0 i e MACRR 22 B o 3 5
T A K 1 7 5 RIS T AT 2E 4 T 7% 8 30 min, FECA
—20°C¥ VR 3 A, MR kBES, WRIBGE)E,
JerE 30°CHRYE, G R &R 90 min, JIE
A AR 22 R R v R 1w A R T8

BUS 20 Eeh IR B 10 mL, FAHCHIKE OUE
V3G, 110 mL TR K EERER, HA-20CHkAfT
RURRAE 3 JHG, 30°CHEAIG , PRIk VRGN
PR VA VR T AT TR ESOR LU ) AR B A A AT 2R

K E R BIXECPIABERE, B0, FIVKIEA A&
TF7E 50 mLYEPD 35, Y41 Ak A 5 ODgoo=0.5
IF, 75 52°CHEEFE 30 min, I5E A0 MIAETE 2

BRSO B P AR TR 5 mL e 4 ) 5 2
50%(1 50 mL MG R AP AL IR 2 h, HISE =gk
0 5 40 A7 08 %

W 55 75 BN BRI R mERE B0, TRIR 29K, 19
Bl #eHER LRIVE AT, )R e 1 00 e 3 1 ]
I W TR A 0 R T

B RS RCP I L mL, FBRE) 10° 4~/mL,
R A A i s TRIAs, B 5 mL BRI
BDTRYG, BB ESTR 18%AY 50 mL YNB B33
t, EEEGAF] 1084 /mL, 30°C150 r/min, %FE 1h
WORE, WAl YEPD PR, W5 A7 %
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B B —— 1 )

2 ERAitk

2.1 J&RHI pUC-AK #1 pUC-NK HEy#aEE

PIBEEE S DNA Jfid, i#id PCR 4§ ATH1 I
NTH1 R H4k, HlskHIk I F] 3500 bp F1
2600 bp 1y H 547 o Alifk s ATHL ZERAT NTHL £ K
SRS pUCL9 Ak -, # pUC-A Fil pUC-N BTk,
FH loxp-Kan'-loxp 73531 3% 4 3| 5 kL pUC-A Fl pUC-N
b, MR pUC-AK A pUC-NK (& 1),
2.2 I3 Aathl RZTHKR. Anthl RZTHRFA Aath1Anthl
Xk 2K 5 2

P4 kL pUC-AK il pUC-NK %5 AsEEr, it 5
KL E A ATHL R NTHL 43 51 51 B g e A B i ] 8
FPoEA UL, A S AR Y e AR b B Y o R —
il FAE— TR Kan S5 | ARERF YLk, ff
AR E G418 Hitk; Ji— T, FoRLrE AT T
TEERRL AR F Y ATHL AT NTHL B, 7224 A
SERELR ATHL R NTHL JEPRIA R FRIRE &2 751, AT
SCELATHL AT NTHL JER ASREIR (K 2),

¥ JFUkE pSH-CUP ¥ A Aathl 2875k, fiifi kan', 3%
157 Aathl 228 FR( kan™ KRk pUC-NK 5 A dathl
2875k (kan ), 53] dath14nthl Xk 26 28 28 % .
2.3 Southern %%

DL ATHL JER FR 2BV 2.7 Kb B BEORERER, 5
Sapl M AIEEEEE DNA 2258, BT 3.8 kb Z4sc 4
W, MBI R A oedE ATHL RN Sap T B
5 Aath T 2878k Sap T M AY5. DNA 24588 3.5 kb
5.0 kb Y 2 25885501, ARERRL AR | ATHL LA
WA Sap 1S kL pUC-AK | Sap T ki
8] DNA B [AIFE, DL NTHL JE D))
1.2 kb B R BOARES, 524 P 1 BRI A DNA 4%
228, BT 4.02 kb 25854, R R BT
% NTHL LR Pei [ B 5 Anthl %72k Poi T
4.5 DNA 252 HHBE 2.0 kb i1 4.35 kb (1) 2 44385471,
R YL R - NTHLSER BRI R IR Pei 1 A5 5 0
ki pUC-NK I:‘Pq(q:i I{iﬁ[ﬂ DNA B E (K3)
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T4 DNA ligase
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ATHI
Hindll

loxp-KanMX-loxp ’
Sac | EcoR |

1 FHFHK pUC-AK HIHE
Fig.1 Construction of the recombinant plasmid pUC-AKConstruction of the
plasmid pUC-NK the same as pUC-AK.

A Sap | Nde 1 ATHL  peor 1 Sap |
I ' : |

Sap 1

Nede | Kan' EcoR |
|

Sap 1 Sap 1 Sap 1
B m

2 BEE ATHL RIREHEREIRE
Fig.2 Homologus Recombination of ATH1 gene. A: Homologus recombination between ATH1 gene in plasmid pUC-AK and ho-

mologus gene in Saccharomyces cerevisiae BY-6; B: Sequence analﬁis of recombinator. o
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bp M 1 2 bp
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4000 — = 40320
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B

B 3 Southern blot 44T dathl REHKF Anthl REH
Fig.3 Analysis dathl mutant (A) and 4nthl mutant (B) by
Southern blot. A:1 ATH1 gene/Sap I ; 2 4athl mutant; B:

14nthl mutant; 2 NTH1 gene/Pci [ .

X T AathlAnthl SR ZRASRER, 43 31| 2L ATHLFINTHL
FERH 2.7 kb F1 1.2 kb 1 BEAH%ER, RAT Southern blot
RIS 4),

bp 1 23 4 M bp

5000

4350
4020
3800

3500

2000

& 4 Southern blot %4 4athl Anthl RE#k

Fig.4 Analysis 4athl Anthl double mutant by Southern blot. 1-2.
hybri dized with a 2.7 kb EcoRI-Nde I fragment containing the
ATH1 ORF; 3-4. hybridized with a 1.2 kb EcoRI-Nde I fragment
containing the NTH1 ORF.

24 RFEAE

Rk 3 JHfE, SEAMAGRS 85.32%, il Anthl,
AathIAnth1 Fl Aathl JEAERRAEIE 24T P AL ER X i 1Y
K, S 95.21% . 93.029%F11 88.42%. S FINF, A
HAHEF A A i R3] 10.01%,, T} Anthl, Aathl4nthl F1 Aathl
AR PN T 20 1 18.54% |, 16.6%7F11 13.98%( 415 ),

TE V3 VAR T P T 3 R AN T sl e ) 99 A T 5 B
PV S TR KA, DT R X R B A P £ . i LA
YR 10 N T BT R T A VR ) i 1T
TR 00 A SR 1) T R A 5 S M K A ( ATHL
NTHL) A 5¢, BRI 28 A8 MRAE TR e RS i o it
TRRARGENS: , ATy AT EREE o A K, (A R

A AR IR ¥ R DL
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Fig.5 Trehalose content (A) and survival (B) after freezing.
2.4.1  VRURTHIAT LIS 45 1 VRIS fa )
SE R T AT URTET AT R BT o SRATEVR VR 3 R AH
XA R A IER I —, T 4nthl, dathl #1 dathlA
nthl SARRAAERFAER 1 KK, 5 2EA HORH Ve VR
Feebk i) e 1 T 18.12% ., 13.36%71 10.71% (% 2),
B M B S AR IR AR v R RE ) KRS s 17

®2 REEBBENEZEN

Table 2 Relatively leavening ability in frozen dough

Leavening Parent strain  4nthl  4athl  Aathl4anthl
Commom dough/
(mL/1.5h) 46 60 54 56
Frozen dough/
(mL/1.5h) 30 50 41 44
Relatively 65.21 8333 7592 7857

leavening/%

25 EiRmTE

XF AR AS R 52°C 15 L Ab FRUS 19 77 15 2
T HH (F6), fEHE 30min &, FEARKFIER
k1 14.53%, Tfii Anthl, AathldAnthl Fil Aathl (4E1% %
Al ik 82.67%. 75.75%7 73.23%., 7 b2 i BE 4 Py
HRAR = 5 EE L R, BT DS R R
(A ResE Mk, RN P S 2 A L R A R
T BENE-6-WE IR S AU (tpsl ) AYFEIA R, B bE
(1 £ 8 o JIT LA o VS g, T L L 1 Y 0 14 40+ fie
A4S g A R B, DA T4 H v a2
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Fig. 6 Survival after heat-shock (52C).

26 SELE

2.6.1  EBEARTE SRR S AR A (0 ML A Vi
AT R Z R R U T T AR (B 7). okl (i
T 50% ) AbFE 2 h J5 , SEARHIAAIERGE N 7.43%,
Ifii Anthl, Aathl Anth1 F Aathl S RRAGTETE AT ] i
AR K, 25 92.91% ., 85.43%F11 83.02%.

SUGIRIET, SEAS BT EERE S R RS 2%, 1 Anthl,

AathlAnthl FI Aathl (4 PHESENE & 52500 17.89%

15.34%71 14.66%, X FEEREAImTEMALE], DT EE
BEFEAE Crabtree 20007, BV BRAL T 5 e B AT MR
FEWFI RGO B2 32 B R R i ], KT
Bt o, M Tty ke 14 e 153 X T B ™ A 3 7 o
FEMTEMERR T, A BRI SR, AEREREBK Y
P R R A A SE e, 5 L A R Sy s T

90 ]

Survival /%
o
(=]

201

oL
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o L
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Fig. 7 Survival (A) and trehalose content (B) after high-sweet shock.

zathl nthl

2.6.2 IR A R H R e 1 A 5 1A A
AR 141, 27 A 1) o W TR A A T ) K Ay Dok
B—2, Anthl, Aathlanthl 1 dathl &4 A k& B
FHEAEE T 18.78% . 16.03%7F1 11.86% (% 3) ,
Ut B S8 A8 bk ) R M T P i T

3 SHEEHABENEZEN

Table 3 Relatively leavening ability in sweet dough

. Parent
Leavening strain Aathl 4nthl  gathlanthl
Common
dough/(mL/1.5h) 46 48 50 48
High-sweet
dough/(mL/1.5h) 30 37 42 3
Relatively 6522  77.08 84 81.25

leavening/%
2.7 EFEWE
PO T 0 BRI TR AR R R A A6 % (&1 8),
TR 2 h G, SEALAGEFRIE TR, HA 52.84%,
ifii Anthl, Aathl nthl Fl dathl 7735 %y 94.21% . 90.53%
1 88.32%. MRk TR AR A A o Wk TR AN, RT AT
il i 2 T 5 S 1 200 i P 0 1 i s R B g R 2 i
T L BERE SR T (A2 16 52 o WA T L ISl i A
PERERR SE A S5 4, MTRRE T 4 pett

100
90
80 r
70
60

Survival/%

40 r
30 1
20
10

parentstrain aathl antnl 4 athl nthl

8 BERTLRARGFEEER

Fig. 8 Survival after ethanol shock.
3 Wh

TERERS Pl v, SR o RE FL AT AR A0 T 1 0
Bi, FCHRR | PR RIS Dol b, A REREXS
KGR 52 AR SR, (HE A —E RN, CEEies
X R 7 AR B AR o 2 e TR R 40 i ) 2 R
BYE, JFREON R L EEMERE . DU AAT#R S E 1%
GER) 2 AT RIOPAT TP E B, SR B 7 fh o o 2%
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FEAT DAY /D e R 2 RO B ), FRRAER RS 5 o Vi
Bl AT DUGR AP 20 RS, 7 Ik Zkidk DNA £ 2% Al
WIR A INE | Bk 2 X B0 40 (440 1 7 5 96
B R E PR BRI, 0] RS A0 A =
T aa A5 BN e B AR 0 TR . B
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Construction and stresstolerance of trehalase mutant in
Saccharomyces cerevisiae

Ye Lv', Dongguang Xiao'", Donggin He %, Xuewu Guo*

(* Key Laboratory of Industrial Microbiology, Tianjin University of Science and Technology, Tianjin 300457, China)
(¢ Handan Vocational Technology College, Handan 056001,China)

Abstract: [Objective] Accumulation of trehalose is critical in improving the stress tolerance of Saccharomyces cerevisiae.
Two enzymes are capable of hydrolyzing trehalose: a neutral trehalase (NTH1) and an acidic trehalase (ATH1). We con-
structed trehalase disruption mutants to provide a basis for future commercial application. [M ethods] To retain the accu-
mulation of trehalose in yeast cell, we constructed diploid homozygous neutral trehalase mutants (Anthl), acid trehalase
mutants (Aathl) and double mutants (d4athl4nthl) by using gene disruption. We tested mutants’trehalose content and
their tolerance to freezing, heat, high-sugar and ethanol concentrations. [Results] These trehalase disruption mutants were
further confirmed by PCR amplification and southern blot. All mutant strains accumulated higher levels of cellular treha-
lose and grew to a higher cell density than the isogenic parent strain. In addition, the levels of trehalose in these mutants
correlated with increased tolerance to freezing, heat, high-sugar and ethanol concentration. [Conclusion] The improved
tolerance of trehalase mutants may make them useful in commercial applications, including baking and brewing. protein.
Keywords: trehalose; ZAnthl mutant; Aathl mutant; 4athl4nthl mutant; stress resistance
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RHSCRE R AR AR RGN . BRI BA KR, SUEIRERMIT TAEBA SEm. MRH SR R H Y,
SR EACRHIT P BE A B B TR A R AR R RR R AT . Y RES SRS R e . NI, RS ARAEE L ER
P, AEEDOZ R ST, B SRR . T WM S AR R s SR SRR

FERMGE SO EAE, W SRS AR SIRMBEIESC, i, BRBHES, kR LML
Sl ARG SIRRIBOEEEZB, b D B SERAIR A B TR ERPLS POV TEEAC, BAA
REBRMEME LR AR L, 245, REMEE ACHKRE A CCER RS A G, —Eha)mis
Jeo fRIEHLZ:, MU A O T BRI bR B R SCE A SRR, AR ZARE S e 4 B i ik .

JEE, ARG S (1) BH . R, SHP AR S ROV HE— AR EEARR TH, R
HIE H PGS, SER A TEE SR RGRARIRRE R, Itk 2 TR A BORE IR S #3030,
SR ESCREGAG IR T o (2) 2. [k, MEEARmarhy, —BMESC TR, NIt ARG S X
THRE P B EIE TR A I, QR B e, BT 6 W, WA RS . FRTES — I Bl A
WEIRMS, FHUAR GRS S WP SRR SRR AR (20f) 25, B Zisdaheb (4515 ), miE
AFHERZA SR 24 (3) 130 IESCPAS IR I AR 2 T A E 2 A IR X BRI T A S e A
EORI A A

A —LISMNO ARSI, AEEERRAIZT (mL), 27 (kg), 2080 (min) &5, WADEP L5 TR, HSRECA
TR 2 Z2 BRI, B AR SCR Y AT B A S A R ) B, IR TR E R i IR S AR et A it . Re (L
AR ) RERS IR R — N IEA TS h 40 B TR i L
T RSO, OISO — U BTG SR i, NI R SSRERTE SO, DUBES T R L ARG — T R .
A B (e, H5 ).

(RMH )
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