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��	�� ATCC 51329����	� SK2^\] 27�����	�� 24�_89% �̀abc@A

BC�5��	�defLg�hi5jikl?HIm"(5n-GAAACGGGTG-3n)JK DNA �O�
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�	��ú�ûT 2007 �üýÂþ����e�¸

�T�[��Â���[6]* �� ATCC£¤	�5

��	����	�������ST�����	

��$;%��	�����	�w��FGw<=

YZw�P!"#$%�+g&'	()* 

1  ����� 

1.1  �� 

1.1.1  	������	�ATCC29544�ATCC 29004�

ATCC 12868�ATCC 51329?¾¿��	(Enterobacter 

cloacae)ATCC 13047�°
��	(Enterobacter  aero-

gene)ATCC 13048����
�	(Escherichia coli)ATCC 

11775�������	(Citrobacter freundii)ATCC 8090�

�;�F�	(Proteus mirabilis)ATCC 10005�°���

��	(Klebsiella oxytoca)ATCC 43165�������	

(Klebsiella pneumoniae)ATCC 4352������v	Ä

����_American Type Culture Collection�ATCC *̀

� 27 �����	 IQCC10403w IQCC10403.1- 

10403.26 � MN!"#�������	�**ATCC 
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29544wATCC 51329wATCC29004���� 10403.75

10403-14 �Þ�	��K$* 

1.1.2  =%&ó5'(�)�*+,-_BHI �̀difco

./?012�32/0_TSA �̀45/0�67

89:;�<=>./!°*M-13 DNA?�&ó@�

�� promega./°¡�HIm"�A�BCDE!

":;�<./*JKFG� GeneAmp PCR 

9700PCR (ABI)���Ý�!"HI./�¡* 

1.2  ��������	
��
�� 

7J��[6]�+,�K67LMNOPQRS

�T �cU0V2WXYZ[�K 100 mL�È\   

1�100]^�����	_145,- 24 h`5"

6 mL�37a`52b*`5+cc	W((0.22 μm¢

dWe)2WX	*KW+ 100 μLfÈTÖG�	�

!ø-.gh�i 37a`5 3j4h ³BC�	�*

K-.ghBkÃ�	�(lowmûn)�/0oÈ

\ 5 mL 45,-��!pqi 1j2h ³ 4a2b�

þrK� 0.1 mLÈ\ 2 mL,-`5���sÈ 50 μL

tÝ<=	K	+�uv³!pqi 15 min�37a`

52b�`5+cc	W((0.22 μm¢dWe)2W�

¨W+�w 4a�x*W+yz]^³�²{�Bá

|}~ 3þ��ST?���	�* 

1.3  �������  

¨�	�·Ä�+�`5�Ù 10 ���]^

³��]^�K 10 μL�È\T 0.2 mL <=	K	

+��u-.gh9:��f��f�(pfu/mL ) = �

�yz�ghB�����]^���100[7]�12B

CFl�	�����:ÆÙf�_Routine test 

dilution�RTD *̀ 

1.4  ��������� 

¨ 27�����	���5�� 7Ä��ATCC

���	6Ú	78	�5��	��ÆÙ	�c

BHI K	³��c	V��K`5+��Þ45/

0�¨ 10 μLf�� 106j109 pfu/ mL��	�fu

����	��O��37a`5 18j24h�12BC

	�Be�Fl�	�9:�	��<=YZ* 

1.5  ������ !"#$ 

�K 3j4Ã�	���T� 400 μL�SM ��

�+�_5.8 g NaCl�2.0 g MgSO4⋅7H2O, 50 mL�    

1 mol/L Tris (pH=7.5)�0.1 g o��Þ 1 LY�P�

��100 kPa�	 15 min)�T¡u!p�qi 1 h�

�³fT�[��B� �-¡¢&'ab�£�

Philips/ Tecnai12l¤@ABC5¥J* 

1.6  ���	�%&'�� 

������� M-13 DNA �	
���	


�� DNA����� 5�-GAAACGGGTG-3��

�	�
�� DNA �������� (Random 

amplified polymorphic DNA!RAPD)"#$%!&

'��()�*+!,-./$0
���$12

�34 [8]�50 μL56789 25 μL 2 x PCR :;

7(Promega )!0.5 μmol (2 μL)��!1 μL$0 DNA

<=>?!22 μL @AB!�CDEF=G94H      

5 minI94H 1 min!37H 1 min!72H 2 min!40

JCDI72H 10 min��� 2%KLMNOPQR

S��T��UVRS RAPD-PCRWX� 10JY

Z[��!\]^568_` ��!abc��

�de � 

2  �� 

2.1  ����	
�() 

�� 1.6fgh<!^ 5ijk�l�m�n

opq�rst\u�vwT2xy
�z!T2

rs{|t
�z��}m~��t��4 �

����}���2�t�����������

� �RAPD�$%!����= 5 ����
�

�!$���= SK1�SK2�SK3�SK4� SK5, �

1= 5�
�������� DNA��� 

5��	��ÆÙf�_RTD`5� mL¦�F

lk§_PFU/mL �̀SK1� 10−45 4.4×1010?SK2�

10−25 1.58×109?SK3� 10−25 1.78×107?SK4� 10−2

5 2.12×106?SK5� 10−25 1.12×106* 

 

 
 
� 1  ��� SK1,  SK2,  SK3,  SK4� SK5��	
��
DNA
� 
Fig. 1  Fragments from five phage DNAs with RAPD. Gel 
showing lane 1, 2, 3, 4 and 5 are the fragments of phage SK5, 
SK4, SK3, SK2 and SK1 with RAPD. LaneM is marker. 
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� 2  ��������� 
Fig. 2  Electron photomicrographs of five phages. The icosahedral head and rigid contractile tail are typical features of the Myoviridae 
family. A: SK1; B: SK2; C: SK3; D: SK4; E: SK5. Bar in picture A represents 250 nm, the others are 100 nm. All electron photomicro-

graphs taken at 100,000 magnification with a Philips/Tecnai12 transmission electron microscope. 

 

2.3  ���	
��
 

2.3.1  * ATCC+,���-./012345 5�


��*6789� ATCC�29544�29004�12868� 51329

�:./)SK1;;*<1=�� ATCC 29544:.�

>?@A�B�CD)EF ATCC �GHIJ�678

9�ATCC 29544KLMN DNAOP�+,��)SK2�

*Q& 4�6789�+,��:.�>R&�BCD)

STUV�L�<WX ATCC 12868YZL[\]^8

9�_`abc�)SK3d*<WX ATCC 29004:.

e�f* ATCC 29544� 51329?@Aghi/)
�

� SK4 � SK5 �j��\klm1=�6789��

SK4* ATCC�+,���n:.�o SK5* ATCC�

+,��pqrs�
�t�? 1
) 

2.3.2  WXuv0\wxyz
���ghi/�{

3|WXuv}�~M����
����[CD�

RTD�d 27 �6789�e�f�M5 7 �89�

�<�+,���? 2\ghi/) 

5�
�� SK1� SK2� SK3� SK4�� SK5

*�6789��e� 7 �89����n:.)

SK1 ;�gh 27 �1=�m� 6 � (22%)�SK2 �

�gh 24�(89%)�L 5�
��mghuvY��


���SK5 K?@A���ghuv(74%)�� 

 

� 1  ��������������� !�"# �$%&' 
Table 1  Isolated E. sakazakii phages: plaque morphology and source 

Plaque morphology on reference E. sakazakii from ATCC 
Phages Source 

29544 29004 12868 51329 

SK1 ATCC29544 Clinical speciesa clear plaques -b - - 

SK2 ATCC51329 unknowen clear plaques clear plaques clear plaques clear plaques 

SK3 ATCC29004 Clinical speciesa clear plaques clear plaques - clear plaques 

SK4 10403-7 Milk powder - - - - 

SK5 10403-14 Milk powder - turbid plaques - turbid plaques 

a: Information from ATCC. b: No plaque. 
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�������	
� SK2�
� SK2���63%�

�����������confluent lysis�CL���

SK5 �63%������	�����opaque lysis, 

OL�� !" 2#
 4 $ ATCC %&'$	()�*

'+ SK4�",-./���01�23�� 27 $

45'$6� 4$��7�89 1$� CL��# 
 

� 2  ������	 
Table 2  Host ranges of phages specific to the E. sakazakii 

Strain SK1 SK2 SK3 SK4 SK5 

E. sakazakii       

 10403 − CL CL − OL 

 10403.1 − OL − OL OL 

 10403.2. − CL − − OL 

 10403.3 − CL OL − OL 

 10403.4 CL CL OL − OL 

 10403.5 − OL − OL OL 

 10403.6 − − − OL OL 

 10403.7 − − − CL OL 

 10403.8 − CL OL − OL 

 10403.9 − OL OL − − 

 10403.10 − CL OL − OL 

 10403.11 − OL − − OL 

 10403.12 − CL − − OL 

 10403.13 − − OL − − 

 10403.14 − OL − − CL 

 10403.15 − CL − − − 

 10403.16 − OL − − − 

 10403.17 CL CL CL − − 

 10403.18 − CL CL − OL 

 10403.19 − CL − − − 

 10403.20 − CL CL − OL 

 10403.21 OL OL OL OL OL 

 10403.22 − CL OL − OL 

 10403.23 − CL OL − − 

 10403.24 CL CL CL − CL 

 10403.25 OL CL - OL OL 

 10403.26 OL CL CL OL CL 

E. cloacae ATCC13047 − − − − − 

E. aerogene ATCC13048 − − − − − 

E. coli ATCC11775 − − − − − 

C. freumdii ATCC8090 − − − − − 

P.mirabilis ATCC10005 − − − − − 

K oxytoca ATCC43165 − − − − − 

k.peneumoniae ATCC4352 − − − − − 

“−”Not sensitive; “CL”confluent lysis; “OL”opaque lysis. 
 

3  �� 

�������	
��
���������

���������� !"#$� 5%�����

&�'�SK1
 SK2
 SK3
 SK4� SK5�()*

+,�-.!��/$01�23�4,5��67

34�%�89:;<�/$=>?3�@AB 

"#������&�'CDEFGHI�J

K�LMN&�'�OP� 20 Q'�RP�STU

R�VW 2005 XYZ[\"]^_`abcdeL

f$�"]gh��ijL"#� 5%&�'�kl

S�mnoR&�'p(myoviridae),q�5%&�'

�rst� dsDNA[9] BuvwCD DNA "x�G

�yz&�'��?3�{|}�?3�,q~��

���������B 

���p���"]���(�X�v�(�

�B��������������������

�B&�' SK4 � SK5 7��������%?�

9������%����%��(�z�Q�( 

¡5¢£¤¥¦§"#¨© ATCC 29544 �&�'

SK1�G��§,ª��|� ATCC 29544�«� DNA

¬­�®¯�%¢7 4% ATCC �%°89�&�'

SK2�7±²P""#�%³�/$S´�¥¦�¢

���µ������¶��
/(�·�����

������% ATCC12868�³£¤� SK2 ¥¦B

¸¹º»f�¼½�&�' SK1� SK2� SK3¾«

�������"]�¿ÀB 

ÁÂ"#�&�'Ã�v4¤ÄÅÆ¥¦ 27 %

������6�ÇÈ 5%&�'�¨©@A�SK2� 

SK3� SK4 � SK5 ºnÉ«¤Ä¥¦ 27 %-.�

%�(&�'����v4ÊË[Ì'ÍÎÏ§ÐÑ

��ÒÓÔÕfÖ�CDuvw-.�×Ø¤Ä«�

ÙÚÛÜ�Ý)�D:Þ	
!������ßàB 
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Isolation and characterization of bacteriophages of Enterobacter sakazakii  

Guiming Zhao*, Qingwen Zhang, Lisi Yao, Ying Chen  

(Chinese Academy Inspection and Quarantine, Beijing 100123, China) 

Abstract: [Objective] To isolate bacteriophage of Enterobacter sakazaki from sewage using reference and isolated strains 

as indicators, and to observe the biological characteristics of the bacteriophage. [Methods] Bacteriophages were isolated 

from sewage with double layer agar. Specificity and host ranges of the bacteriophages were determined by reference bac-

terium from same genus and family. Phage particles were observed by electron microscope and its molecular character was 

analyzed by Random amplified polymorphic DNA. [Results] Five bacteriophages of E. sakazakii were isolated from 

sewage and showed relatively narrow host ranges, only E. sakazakii could be lysised. The phage SK2 isolated from ATCC 

51329 could form plaques on 24 of all 27 E. sakazakii strains (89%). All five phage particles had the hexagonal heads and 

tails after observing with negatively stained method by electron microscope. Random amplified polymorphic DN� analy-

sis showed the polymorphism of the five phages. [Conclusion] E. sakazakii phages isolated from sewage were only sensi-

tive to E. sakazakii, and had potential usage in typing, preventing, treating E. sakazakii and entironment protection. 

Keywords: Enterobacter sakazakii; bacteriophage 
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