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1.1  �� 

1.1.1  �Ó<x��ÔÕppUG6 �ÓÊÖ× J.H. He-

gemann ØÙÚÛqÜÝÞx>E. coli�DH5α?<��
>Saccharomyces cerevisiae BY-6?ßà�ÊVáEâ�

ã,ä}ÔÕ*pLB@YEPD@YNB ÔÕ*[6],åæ�

ç-èd 1, 
 

� 1  ���� 
Table 1  Formula of dough 

Dough Flour/g Sucrose/g NaCl/g 
Fresh 

yeast/g 
Water/mL 

Common 
dough 

50 2 1 2 20 

Sweat 
dough 

50 15 1 2 20 

 

1.2  ���������� ! 

    éêåë��:��	
�>ATH1?<=��	


�>NTH1?�*;ì(íîïðñò{ P1@P2 < P 3@

P 4,P1p5ó-GATCGCTTTGGTTCAATGCG-3ó�P 2p5ó-C 
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ATCATACACTCCTTGTACTGCC-3ó�P3p5ó-CGTCAGC 

TTAGCGCTAGGC-3ó�P4p5ó-CAATGCCTACCATCC 

GATCGC -3ó, 

ô PCRõö�¥� ATH1*;�0 EcoR÷-Nde÷�

ø�� pUC19ù�aú��¤ pUC-A�Ó,0Hindû-SacI

Ñ pUG6=�ø loxp-Kanr-loxpüý�úþ pUC-A�Ó�

�¤pUC-AK�Ó���0Sap÷ôpUC-AK�Ó���,

1�ôPCRõö�¥�NTH1*;�0EcoRI-Nde÷�ø�

� pUC19ù�aú��¤ pUC-N�Ó,0Hindû-Sac÷

Ñ pUG6=�ø loxp-Kanr-loxpüý�úþ pUC-N�Ó�

�¤ pUC-NK�Ó���0 Pci�ô pUC-NK�Ó��

�,Kanr�56���	[7],
0�:�
�.[6]�ô�

¡����34�Ó pUC-AK< pUC-NK
�����

�NO���`J 200 mg/L G418� YEPD���30�

ÔÕ 4~5 d,��NO DNA��rÊ Hereford\��,

Southern ��réê�i#�}��0���@ECL  

:±!<"#!$,% Boehringer Mannheim&'� DIG 

DNA Labeling and Detection Kit ^_()�,  

1.3  ������ 

    Ñ*å+��x,T 30 mLYEPDÔÕ*=�30�

-.ÔÕ 24 h�/� 10%�,sM
,T 50 mLYEPD

ÔÕ*=�30�@150 r/min01ÔÕ234=5, 

    ôÔÕ234=5����6�78 2��9��

:,%d 1�ç-��åæ�åæ��;<� 30 min�

g=þM>=<� 90 min�#)?��K@A"B 

åæ<�Cq1Dôåæ��;<� 30 min�/=þ

−20�WX 3 E�FE#��<�C�åæ+���

Gg 30�¿X���=þM>=<� 90 min�#)

?��K@A"WXåæ<�C, 

    +ÔÕ234=5�xH 10 mL�0IxJ�67

8 3���0 10 mLIxJ3Kx��=þ−20�LM=

WX�ã 3E��30�¿X����.ñ4,WX��N

x4�WX?�Nx4aO�OoA"WXãNÆ, 

    ôÔÕ234=5�����6�0WJ78�K

Pg 50 mLYEPDÔÕ*=�³NOQQR2 OD600=0.5

D�g 52���~ 30 min�#)NOãNÆ, 

    +ÔÕ234=5�xH 5 mL
,2`ST


50%� 50 mLS
ÔÕ*=�~ 2 h�0UVWX.

#)NOãNÆ, 

    ôÔÕ234=5����6�78 2��9�

�:,%�d 1��åæ�/0M>.#)B åæ

<S
åæ�<�C, 

    +ÔÕ234=5xH 1 mL�YZ2 103 [/mL�

/0��ñ4.#)ñ4NO4,1D�+ 5 mLxH�

�678�
\]`Z[ 18%� 50 mL YNB ÔÕ*

=��x4R2 108[/mL�30�150 r/min�F^ 1 h

+���� YEPD��ñ4�#)ãNÆ, 

1.4  �	
��
� 

_:`  ̀ab.[8]  

2  �����  

2.1  �� pUC-AK � pUC-NK ��� 

���c DNA "d�� ¡ PCR ô ATH1 <

NTH1 *;õö�¥�ef
gh�i2 3500 bp < 

2600 bp���´j,k��ô ATH1*;< NTH1*;

�lú,2 pUC19ù�ì��¤ pUC-A< pUC-N�Ó,

/ô loxp-Kanr-loxp�lú,2�Ó pUC-A< pUC-N

ì��¤�Ó pUC-AK< pUC-NK>m 1?, 

2.2  �� Δath1 ����Δnth1 ���� Δath1Δnth1
������ 

ô�Ó pUC-AK < pUC-NK 
þ��=� ¡�

Óì� ATH1 < NTH1 �l���=�WX�ì�12

îï<%34�Ñ�nD2��WX�ìoWX��p

·�,34��-åô Kanr*;òþ���WX���

34x�&% G418 q�qr�-å��Ó�sþ't

7��WX�ì� ATH1 < NTH1 *;�&%ÊË[�

un� ATH1 < NTH1 *;�¤�vw3·îï�Ñ�

áx ATH1< NTH1*;�yz>m 2?, 

ô�Ó pSH-CUP
þ Δath1����5{ kanr�|

97Δath1���>kan-?[7],/ô�Ó pUC-NK
þΔath1

���>kan-?�92 Δath1Δnth1A�
���, 

2.3  Southern ��  

� ATH1*;=��ø� 2.7 kb�üý""}��

SapI�¿���c DNA����x7 3.8 kb���´

j�"��WX�ìë`un ATH1*;� Sap÷üýq

� Δath÷��� Sap÷�¿�c DNA ���x 3.5 kb

< 5.0 kb� 2´��´j�"��WX�ì ATH1*;

ìí<(í� Sap÷~���Ó pUC-AK ì Sap÷~�

� DNA üý��Q,1��� NTH1 *;=��ø�

1.2 kb�üý""}��� Pci÷�¿��¿c DNA�

���x7 4.02 kb���´j�"��WX�ìë`u

n NTH1*;� Pci÷üýq� Δnth1��� Pci÷�¿

�c DNA���x 2.0 kb< 4.35 kb� 2´��´j�

"��WX�ìNTH1*;ìí<(í�Pci÷~���

Ó pUC-NKì Pci÷~�� DNAüý��Q>m 3?,         
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� 1  ���� pUC-AK ��	 

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

 

 
� 2  
� ATH1 �
����� 

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 analysis of recombinator. 
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� 3  Southern blot �� Δath1 �����nth1 ��� 
Fig.3  Analysis Δath1 mutant (A) and Δnth1�mutant (B) by 
Southern blot. A:1 ATH1 gene/Sap� ; 2 Δath1 mutant; B: 

1Δnth1 mutant; 2 NTH1 gene/Pci�. 
 

��Δath1Δnth1�����	
��
ATH1�NTH1

��� 2.7 kb� 1.2 kb������
�� Southern blot

������( 4)! 
 

 
 

� 4  Southern blot ���ath1�nth1 ��� 
Fig.4 Analysis�ath1�nth1 double�mutant by Southern blot. 1-2. 

hybri dized with a 2.7 kb EcoRI-Nde�fragment containing the 

ATH1 ORF; 3−4. hybridized with a 1.2 kb EcoRI-Nde�fragment 

containing the NTH1 ORF. 
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"# 3 $%
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./_`�CD;<=45ab"#�cd�e!Gf
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,-./23�;<=45
mnRZo
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� 5  ������	
(A)��
���(B) 
Fig.5  Trehalose content (A) and survival (B) after freezing. 
 

2.4.1  "#GHQRr:st 1IJGH
u�?v�w

`xyGH�"#GH�QRr!&'0"# 3 $%1

�QRr@A�z{�_|
+ Δnth1�Δath1� Δath1Δ 

nth1 ��	,./01}3�45
7&'~2�"#

RZ�QRr�3� 18.12%613.36%� 10.71%Et 2F


��;<=g����	�b"#�r���3�! 

 
� 2  ��������� 

Table 2  Relatively leavening ability in frozen dough 

Leavening Parent strain Δnth1 Δath1 Δath1Δnth1 

Commom dough/ 
(mL/1.5h) 

46 60 54 56 

Frozen dough/ 
(mL/1.5h) 

30 50 41 44 

Relatively  
leavening/% 

65.21 83.33 75.92 78.57 

 

2.5  ���� 

�&'���	� 52�3���%�()*�

��~2E 6F!0�� 30min %
&'�()*

� 14.53%
+ Δnth1�Δath1Δnth1� Δath1�()*

-� 82.67%675.75%� 73.23%!;<=aRZ�D

��3��������
�-
�����@��

��`q
�I���^T��� ¡!��¢��

;<=-6-£¤¥¦gEtpslF�t�?
��;<=

�>?!̂ 
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mn;<=�?«¬
X+�3�3�bq[10]! 
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� 6  52�������	
 

Fig. 6  Survival after heat-shock (52�). 
 

2.6  ���� 

2.6.1  �����:��	
��
���������

���������������(� 7)��� !"�

�� 50%#$% 2 h&'�
����()*+, 7.43%'

- Δnth1�Δath1 Δnth1� Δath1�	
����./01

23����45'67, 92.91%885.43%� 83.02%�

9:;<'�
������*+= 2%'- Δnth1�

Δath1Δnth1 � Δath1 ��������67, 17.89%8

15.34%� 14.66%��>?@�A��BC'DEF,?

@�2 CrabtreeGH'I?@$>�JK!"�LM<'

NOPQ�RSTU=!"�+VWX�YC'Z?[*

+\]^'��_`a��bcd�?@eSfg�hi�

2A��j
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� 7  ��
�����	
(A)������(B) 
Fig. 7  Survival (A) and trehalose content (B) after high-sweet shock. 

2.6.2  ��|}Z?[���:~� 1 C���|}

���|}'�
���|}Z?[k�*+,�a

���'Δnth1�Δath1Δnth1 � Δath1 ��|}Z?

[��
��� 18.78%816.03%� 11.86% � 3#,

���	
���Au���� 
 

� 3  ��������� 
Table 3  Relatively leavening ability in sweet dough 

Leavening 
Parent 
strain 

Δath1 Δnth1 Δath1Δnth1 

Common 
dough/(mL/1.5h) 

46 48 50 48 

High-sweet 
dough/(mL/1.5h) 

30 37 42 39 

Relatively  
leavening/%  

65.22 77.08 84 81.25 

 

2.7  ���� 

������Q��j
��
���� � 8#�

��$% 2 h&'�
���k�*+'�� 52.84%'

- Δnth1�Δath1 nth1� Δath1���, 94.21%890.53%

� 88.32%�?@jq�����JK���<'/�Y

C������q���X������?@q�

2�����M���������/�9r���

u���} R'¡-¢£�q�r[12]� 

 

 

 
� 8  ������	
�� 
Fig. 8  Survival after ethanol shock. 
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J�|n��� �!"#$%&'(}~��+
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w=>�Ôg���2Õ:�ÈÐÖ�×Ø¿¨vÙ
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Construction and stress tolerance of trehalase mutant in  
Saccharomyces cerevisiae  

Ye Lv1, Dongguang Xiao1*, Dongqin He1, 2, Xuewu Guo1 

(1 Key Laboratory of Industrial Microbiology, Tianjin University of Science and Technology, Tianjin 300457, China) 

(2 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. [Methods] To retain the accu-
mulation of trehalose in yeast cell, we constructed diploid homozygous neutral trehalase mutants (�nth1), acid trehalase 
mutants (�ath1) and double mutants (Δath1Δnth1) 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; �nth1 mutant; �ath1 mutant; Δath1Δnth1 mutant; stress resistance  
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