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1.1.1  �������	
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1.1.2  BCD�EFG�BCD�HIJK3L
M

2.0 g NH4NO3�2.0 gNLOPQ�0.5 gRSTU��

1.0 gVWXY�0.2 gZ[\�pH 7.5�9;6]^

N; NaAsO2_`a� 2×10−3 mol/L�bcdeBC

Df]^ 15.0 ggh� 

1.1.3  ijklmno�NaAsO2�pqr�stu

v�Merck�wPCR xyklz TaKaRa T{w|}

~� (�3��pqnob�,���)w��BC�

��3�����c,����w�������3
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��n� San Leandro, California�w PCR ��n
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U�3��12 1 g 8EFG�BCD
�M

2×10−3 mol/L�aAsO2��28?�200 r /min~�BC

7 d�U 1 mLG�#�� ¡&EFG�BCD
�

��¢��£ 3���&G�#¤U 2 mLT¥¦§
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BC��³ËÌÍ;e�;Ç§ DNA &TUµ¶   

¨�� 

1.4  16S rDNA PCR-DGGE 
PCR��»Î�aÏ·¾¹º[15]�£aÏ6&

�ÐÑÒ8 20 μL N;L�DGGE ��p³�DGGE 

�a����ÓÔ#���ÕÖ»×Ø·¾¹º[15]�

×Ø6ÅÆÙ¸�ÚÛÅÆ ���Ü�ÌÍ¼½�µ¶

·¾¹º[15]� 

 ÝÝÒG��
&Þß;»;ÇÂàá�â

ã�ä 3 ���&¥¦;Ç&§ DNA  å°��    

0 16Sæ rDNADç V3)&è0é�ÅÆ PCR���

DGGE pqw ÝÝÒG�12
&ÚÛêëì  

,íîÊ&rBC;´ïðñò�£íîÊ&ó, 

rBC;´& 16S rDNA PCR-DGGE Î�m¥¦;

Ç& PCR-DGGE Î�¨fÄ�ô��1�� DGGE

pq�  

1.5  16S rDNA����� 

ä© 3���óõö&¥¦;Ç&§ DNA  å

°��� 16S rDNA[8]�r� PCR Î��ï pMD19-T 

÷eø���� ùúûüý DH5α�°�37?B

C 12 h 6�þ��Xíî��U��v���0�

b��Ü	 Hae�	Üp
��U�¨Û
&�4v

��ÅÆ¼½(�3¿À��)�0 DNAMAN Öñ

¼½ÂÃÅÆ���pq������&½�Ä

GenBank ���
ÅÆ BLAST���  

£½��ñÂÃx¨&v���� ����

p���( operational taxonomic unit, OTU)� !¤

� OTU&�"�!#$Ä¹�
ó%&�&� 

1.6  �������� 
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Table 1  Arsenite-resistant bacteria isolated from deep sea sediments of southwest Indian Ridge 

MCCC accession number* Original number Closest relatives in GenBank database Similarity GenBank accession number 

1A03025 CK-I1-1 Idiomarina seosinensis CL-SP19  722/738 (97%) EU770414 

1A03026 CK-I1-2 Pseudoalteromonas tetraodonis IAM 739/740 (99%) EU770415 

1A03027 CK-I1-6 Pseudomonas alcalophila AL15-21 710/710(100%) EU770416 

1A03028 CK-I1-7 Halomonas meridiana Slthf1 739/740(99%) EU770417 

1A03029 CK-I1-10 Marinobacter vinifirmus FB1 589/590(99%) EU770418 

1A03031 AS-I1-3 Pseudoalteromonas tetraodonis IAM 720/720(100%) EU770412 

1A03032 AS-I1-5 Halomonas meridian Slthf1 730/730(100%) EU770413 

1A03033 Mn-I1-6 Marinobacter vinifirmus FB1 727/730 (99%) EU770419 

*MCCC: Marine Culture Collection of China. 
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� 1  3����������������  
Fig. 1  The structure changes of arsenite-resistant community after 
different transfers. Lane 1 to 3, the first to the third transfer. 
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���£OP�¤���o���¥¦§4�o 3 �¨

�()��©5 DGGE d�} Mn-I1-6 (M. vinifirmus, 

99%)C�4>ª�o«¨�}{@�*|#C��¬¨

�%&()4d®?¤U¯"�AS-I1-3�P. tetraodonis�

100%����N?,OP��
�4 

2.3  �����
�� 

����°#3���#k�5� 10×10−3 mol/L 9

��9����?±²4>?�CK-I1-1�CK-I1-2�

CK-I1-7��9��³= 10×10−3 mol/L} 15×10−3 mol/L

�´�µ CK-I1-6�CK-I1-10�Mn-I1-6�AS-I1-5��9

��³= 20×10−3 mol/L} 25×10−3 mol/L�´�OP�

AS-I1-3�MIC¶K 26×10−3 mol/L4 

2.4  16S rDNA ��
��� 

C·¸!¹ 64 º»
¼½]^¾¿
À�Á

HaeÂÁ��./ 5ºÁ�ÃÄ, wºÁ�ÃÄ!¹ 1 

ºxJ¼½Å%&()�()²�K 1.6 Kb4()D

E5 GenBank Æ�Ç?%& BLAST BC�BCD

Eef./0 3 º OTUs�¼½ÈÇ?OP¼½Å�

Pseudoalteromonas tetraodonis (100%)�Halomonas 

meridiana (100%) � Marinobacter vinifirmus (99%)�

©É*�ÊÇË[Ì� 72.5%�10%� 7.5%�)1*

���# AS-I1-3�AS-I1-5�Mn-I1-6�)1C���4 

2.5  ACR3 ��
�� 

C 8 #3���#%& ACR3 '�bc�
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CK-I1-6�P. alcalophila, 100%�� CK-I1-10�M. vinifirmus, 

99%�?ÍÎ/lºÏÐÑÒ�'ÓÔ�750bp��^

>?�lm PCRaNÕ()aN�Î/lº()Ö��

)14)1BCDEef�©É*�K putative arsenite 

efflux pump�CP000514.1��466/609�76% �} arsenical- 

resistance protein (AM406670.1)�600/673�89%)4��

¨� DGGE×(0�OP�?¼½0 ACR3'4 

3  �� 

ØÙÚ`������DGGE �Q*+� 16S 

rDNA ÛÇ�ÙÚLÜ�ÝÞßghN?àá9�


��â�
4DGGE�Q*+� 16S rDNAÛÇ*+

DEkef���N?�9�
OP��ãäåæç

��Pseudoalteromonas��>X�èæç��Halomonas�

�ßé��Marinobacter�4̀ ������*|� 16S 

rDNA()/0 8#�
��¤U5� 2 mmol/L�à

á9����±²4�9��67�{@3���#

k¤U5�@ 10×10−3 mol/L �àá9����9�

��±²�>?? AS-I1-3�
,ê�¤U±²�

,ê��K 26×10−3 mol/L4 
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ÙÚ�ô¨Iõöñò4�
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ãø ArsA ATPase�ù'4Øú�×(0�8 3#

OP��5Ü�Ý�>ªûü�IR-TVG2� IR-RVG3�

¬@*|0��2<=OP��¨6J�4[��C

=�9�Q�*+ÈýBþ���>�Þß��?�

�9�Q�*+�ðV�¨Iñò4 

ï=y�9�
¸¿ÙÚ,â�� ars operon�

�����@Aº	v÷*�As( )�  
Á�Ars C�

F As(Â) �"��Ars B  ACR3 �4�É^ ACR3
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Enrichment and diversity analyis of arsenite-resistant bacteria in deep sea 
sediment samples from southwest Indian Ocean ridge  

Shuangxi Chen, Zongze Shao*  

(Key Laboratory of Marine Biogenetic Resources, The Third Institute of Oceanography, State Oceanic Administration, Xiamen 361005, China) 

Abstract: [Objective] The aim of this study was to assess the diversity of arsenite-resistant bacteria in deep sea sediment 

of the southwest Indian Ocean Ridge. [Method] Arsenite-resistant bacteria in the deep-sea sediment were enriched with 

2×10−3 mol/L NaAsO2 and isolated on plates. Their diversity was further examined by Denaturing gradient gel electro-

phoresis (DGGE) and 16S rDNA library analysis. Furthermore, the gene encoding putative arsenite efflux pump was de-

tected with degenerate primers among these isolates. [Result] Eight arsenite-resistant isolates were obtained; they be-

longed to five different genera of γ-proteobacteria. One isolate named As-I1-3 can grow in presence of 26×10−3 mol/L 

NaAsO2, showed highest similarity to Pseudoalteromonas tetraodonis IAM (100%). DGGE result showed that As-I1-3 

was dominant in arsenite enriched community, followed by isolate As-I1-5 (Halomonas meridiana,100%) and Mn-I1-6 

(Marinobacter vinifirmus, 99%). 16S rDNA library analysis reconfirmed the result of DGGE, which showed that the three 

bacteria occupied 72.5%, 10% and 7.5% of the total OTUs (operational taxonomic units), respectively. However, only 

from other two isolates which were not dominant, the gene encoding a putative arsenite efflux pump was obtained. [Con-

clusion] Different bacteria of arsenite-resistance inhabited in deep sea environment, among which P. tetraodonis (100%) 

showed highest resistance; they might play a certain role in the geobiocycling of arsenic element in marine environments. 

Keywords: Indian Ocean; deep-sea sediment; arsenite-reistant bacteria; diversity 
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