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�� �������(avermectin) B �	
�(oligomycin)����
�(Streptomyces avermitilis)

CZ8-73 
����, �������� pXL05(pKC1139�∆olmA1+∆olmA4), ����� CZ8-73 �,

 !��"#�$%�&'�()*+,, -$%�./0 90 kb�	
� PKS��1(olmA)234�

�56. � 4�7 Southern8+9:;<�����56�23=>�?�HPLC@A, �B 4C56

�DEF�G	
�H������ BIJ, �����K�L� B1��LM����NO, PQ	


� PKS ��1����ERS�����GTUV. W��56XY$%�. !()*+,ZV

�, E[�G2\]�^I, �_56�`abc, YdeG�.fghijk.

��� ����� ��� ���� olmA �	
�

�����������	
��
����

������������
� , ����� �

!"
#$%, �&'()�*��#+,�, -.

/012345674
	8[1]. �����9:;

<	=>� 8?
@: A1a, A1b, A2a, A2b, B1a, B1b,

B2a, B2b, A8 B1 
@��#$%(B, CD%(

E[2]. �����FG	
����, H	
I!�

JK��������LM=NNO��(P 1). O

���QRS=TUVLWXL�YZ+ , D%[

B[3].

� 1 �������

��������	
�� A �


&' , �\����M]�
L^_`abc

�defghGij%�kl . �����
=M

]mnfbopq [4,5], �\�brsf-tu, v

wbr�xyfz{[6~8]. Ikeda |}[9]~2(��]

G������br
���, �br
�E) 9.02

Mb, ���� 7574 ?����. ��������

��� �>� 30 ?brs�����M]�\,

A8O���
=M]brs(�, �� 104 kb, >

� 18 ?����(P 2)[10]. ��brs���� 90

kb ����� 7 ?������ (olmA1-olmA2-

olmA3-olmA6-olmA7)5(olmA5-olmA4), ��>� ¡

vxy�¢£M¤(polyketide synthase, PKS), ¥L

O��¢£ ¦��
=M]. �¢£M¤� 17 ?

§¨(module)
], >� 79 ?¥L¤©(domain), A

8��ª¤©«�xy . �brs¬­��ªbr

�y�¢£ �®¯�\[10].

�2O��°QRS=�[��D% , r±�

²4
	8³´µ¶@·¸¹º�»;<¼8F½.

�¾� , �2�ª
	¿ÀÁÂ;<¼1Ã+Äg

ÅÆÇÈÉÊZ]R+ËÌ , ÍÎF½A8�O�

�, ÏÐÑÒÀ68D. ±!, O���	
°
	

²}�Ó ÔÕÖ×]�{�ØÙ . Ú�ÛÜ	�

��� B 5O���iÝÞ)ß;�Þ, µ¶°à

?O�� PKSbr(olmA)káâã, »CäåGO�

� PKS�M], æhGç	O��CÜ	����B

�br²è�.

1 �������

(é) �Þ5êë . �ìí�(Escherichia coli)

DH5αÛ^êë pIJ2925 î�oïðñ. �����

CZ8-73 )oòóï�ô�Ü	���� B 
õ�i

ÝÞ [11]. pKC1139 )�ìí�-���ö÷êë [12],

�8¾øaùú
=deûüýþ����(� 1).

(�) ��b. �ìí���b) LB[13]. ��
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� 2 �������	
��
(����[10])

����	
��
� PKS��; ��	
��������������; ����	
���
� !"����. olmA#$�


� PKS; olmR#$ luxR-%&'()*+,; olmC#$-./; olmB#$01�� P450; mcmA#$2�345678/ A9:/;

pptA #$;5<7=�>?�'@/; ccrA#$AB7�8/ ACD/; hbdA#$ 3-E7�8/ AFG/

� 1 �����

����� ���	 
�

�
�� DH5α supE44, lacU169(ϕ80, lacZ∆M15), hsdR17, recA, endA1, gyrA96, thi-1, relA1 [16]

����� CZ8-73 ��������� 76-9 � aveD�����, ������ B�� [11]

����� Olm73-5,
73-12, 73-31, 73-51

����� CZ8-73� olmA�����, �� ��, ������ B �!"

pMD18-T 2.69 kb, T#$, bla lacZα TaKaRa%&

pIJ2925 2.69 kb, pUC18'(#$, bla, lacZα [17]

pKC1139 6.50 kb, �
��-���)*��, aac(3)�, lacZα, oriTRK2 [12]

pXL01 3.31 kb, pMD18-T+∆olmA1 (0.6 kb) �!"

pXL02 3.33 kb, pMD18-T+∆olmA4 (0.6 kb) �!"

pXL03 3.31 kb, pIJ2925+∆olmA1 (0.6 kb) �!"

pXL04 3.95 kb, pMD18-T+∆olmA1 (0.6 kb) +∆olmA4 (0.6 kb) �!"

pXL05 7.75 kb, pKC1139+∆olmA1 (0.6 kb) +∆olmA4 (0.6 kb) �!"

��������	
��
� YEME(�����

25%), �������	
� RM14[14], ������

����	
� YMS[15]. ���	
(1 L)� 30 g !

"#$, 4 g%&', 2g()*+,, 10 mg CoCl2-6H2O.

.%�	
� !"#$, %&$, K2HPO4-3H2O,

CaCO3, MgSO4-7H2O, CoCl2-6H2O.

(/) 012�345678. 9:";<0�

=>�?@ABC�D, T4 DNAEF01TaqGH0

�(E TaKaRaBC�D, !�0� BiozymeBC�

D. IJK�3LM=>�?@ABC, N����

100 µg/mL; OP�3(apramycin, Apr)Q LB �	


RSN���� 100 µg/mL, Q YEME, YMS T

RM14�	
RSN���UV� 5, 10T 20 µg/mL.

���3 B1SWXDTY�3WXDUV�Z[:

\]T Serva BC�D. �^ DNA _`WaS DIG

DNAsWabc78dLM RocheBC.

(e) DNASfg4hi. (jk�lmnop

S:qTr54stS DNA uvhiwxy[13]z

{. ���| DNA T�}Sfg~xy[18]T[21].

���������S:q4r5wxy[14]z{.

PCR��4DNASEF�w�D���z{. DNAS

��c��(E TaKaRa BC��. ���Wa DNA

_`T Southern��w��D���Txy[18]z{.

(�) ���3S��.%. wxy[19]z{.

(�) ���3TY�3S HPLC U�. ��x

y[19]. g 1.0 mL.%�, �� 4.0 mL��, �U�

��� 30 min�,  ¡g¢£�z{ HPLCU�. U

�¤¥�: C18¦§¨, ¨© 250 mm, ¨;ª 4.6 mm;

«¬§�­® -�� -¯ (62°18°20); «±� 1.0

mL/min; bc²©� 224 nm.

2 ��

2.1 �� olmA ������	
���


�³´µ¶Y�3 PKS
·¸(olmA)¹º, UV

»¼ 2 ½¾?, ¾? 1(5¿-CGTCAACACGGCAC-

TCAC-3¿)T¾? 2(5¿-GAACTCGGTACGGTCCA-
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GG-3¿)S���?� 622 bpS olmA1
·;À��

(∆olmA1),¾? 3(5¿-GCGAGATCTCCACGAAGGTG-

3¿, Á�ÀU¾�³ BglÂ0<ÃÄ)T¾? 4(5¿-��

ATAGCGATCGTCGGGATGG-3¿),�����?� 634 bp

S olmA4 
·;À�� (∆olmA4). Å�����

CZ8-73S| DNA�ÆÇ, UV��ÈÉÊS 622 bp

T 634 bpS DNAËÌ, ´ÍÎUVEF^ pMD18-T

Ï�SÐuvÃÄ¢, Ñ�} pXL01T pXL02, c�

ÒÓ� , �^ÔÕ olmA 
·¹ºÏ� pXL05

(pKC1139�∆olmA1 +∆olmA4). �} pXL05SÔÕÖ

A~× 3.

2.2 olmA �����

´Q E. coli DH5αRÔÕØS pXL05 r5��

��� CZ8-73 S���� , Q�ÙOP�3S

RM14��ÚÇ¢�	 10 d�, ÛÑÜ 56¶r5�.

�����Q RM14���	
¢Ý��, Þßgr

5�Q�OP�3S YMS ÚÇ¢�	Åàá��.

âãßg 8 ¶r5�fg�}, ä0<ÒÓåfM

E.coli DH5αS�} pXL05�æ§ç.

UVèé 8 ¶r5�S��, Åê�	ëì 100

¶��íî^�ÙOP�3S YMS ÚÇ¢, ï^ 28ð

�	 72 h�, ´ÚÇñò 39ð�ó�	 7 d, Åôõ

�} pXL05. pKC1139 �óö÷S(jk�-���

øùÏ�, úó��^ 34ðûÝüMýá:, þÙú

���} pXL05 ���SÀU olmA1 
·� olmA4


·å CZ8-73 ���¢Sç	
Ì.�ç	��,

�µHÜ���¢S��
üQ�ÙOP�3S

YMS �	
¢�©. ´ 39ð©ÈS2OP�3S�

�����QÝ��2�3S YMS ÚÇ¢��, Û

rF 4 ��, ��OP�3ölS������, Û

ÑÜ 200 ¶ Aprs S��. ßg�RS 5 ��, å

CZ8-73��Q YEMER 28ð���	 48 h, ��ü

�RfgÈ�}, �����} pXL05��ôõ, ´

 5��UV!"� Olm73-5, 73-12, 73-25, 73-31T

73-51.
�³N���ü#�^@$��R , ýÎQ�

��¢S%¹ºÀÃ&Ù¾�2"Wa ,  '¹

º���S���(��)�. ������ (¹º

Ï��µHÜ���¢) ä*2ÚÇ�����Ü

S AprsS�� ü+�.�³���S¹º���,

, ü+¹ºÏ�-�����¢æÀ<õ..�

³/á��S��, ·01Þz�23Ö Southern�

�� PCR(�ÅÒÓ.

.

� 3 �� olmA �����	
�� pXL05 �
�

2.3 ����	
 DNA � Southern ��
�

fg 5 ¶ AprsS���Å4 CZ8-73 S| DNA,

� BamH40<�, Å pXL05Rì 1.25 kbS EcoR4

T Hind50<ËÌ (∆olmA1+∆olmA4)�_`z{

Southern��(× 4). pXL05���SÀU olmA1
·

T olmA4 
·å���¢Sç	��.�����,

 ´ olmA 
·¸¢∆olmA1 T∆olmA4 ËÌR6S©
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7 90 kbS��æÀ¹º8, Q Ìì 90 kbS��

;ÙÐ¶ BamH40<ÃÄ, .Q 1.25 kbS∆olmA1+

∆olmA4 ËÌR&Ù90<ÃÄ , ·0È.��

CZ8-73 ���#È: 2 ¤���, .¹º���#

;È: 1¤���. �× 4S<=(>, CZ8-73S�

�?@RÈ: 2¤���, . Olm73-5, 73-12, 73-31

T 73-51;Ù 1¤���, Ó� 4����ABS

¹º��� . C Olm73-25 S���Ù 2 ¤ , å

CZ8-73 S��?@(D§ç, ��9����.�

¹º��.

� 4 � DNA BamH������	
��
�(a)�

Southern ��(b)
1 � S. avermitilis CZ8-73 �� DNA; 2 � 1-kb Ladder Marker; 3 � S.

avermitilis CZ8-73 � DNA � BamH�����; 4~8 � Aprs �	
�

� DNA � BamH�����(�
� Olm 73-5, 73-12, 73-25, 73-31,
73-51)

2.4 ��������	
 HPLC ��

´ 4¶ä Southern��ÒÓABS olmA¹º�

��å S. avermitilis CZ8-73 ��z{��.%T

HPLCU�. <=E�, CZ8-73õ�����3 B1a,

B1b, B2a, B2b, 1��Y�3 A (× 5(a)); 4�¹º�

��Ý���Y�3, .;����3 BS 4¶�F

(× 5(b)). CZ8-73 S���3|�G� 1572 µg/mL,

�R���3 B1� 754 µg/mL, Y�3S�G� 35

µg/mL. 4¶
·¹º��� Olm73-5, 73-12, 73-31T

73-51S���3|�GUV� 1489, 1642, 1593T

1607 µg/mL, ���3 B1�GUV� 697, 819, 785

T 795 µg/mL, åÈ.�� CZ8-73(H§ú. Å¢<

=��Y�3 PKS 
·S¹º�ÝIJ���3S

�?H�.

2.5 �����

����

´ 4¶¹º���UVQ YMSÚÇ¢EKrF

5 ��, �LnMNT�	MNåÈ.��§ç, �

� 5 S. avermitilis CZ8-73 (a) � olmA ������	

Olm73-12 (b) 
��
� HPLC ����

B1a, B1b, B2a � B2b ��������� 4 � B ��, �� olm �

��� A

©�Ø, ��OP. HPLC bc.%�?, �Ý��

�Y�3, ���3S.%�Ã,�.��5, ��

¹º���QQ�¢+R�S.

3 ��

S�÷S�����Ý;�����3 , çû

,��Y�3 , @$��R�^�����3S�

��TU+�S�÷��V�Ñ( , ·0,��Y

�3. Ikeda WX[7,20]Y� Tn4560 ½�����S�

÷��z{rZV�ÑÜ 2 �Ý�Y�3S���,

�[�rZ�¢SQ�Wa´rZ�Q���¢\

�SÃÄz{�Ã , ]�´\�³rZ�SY�3

H�
·ËÌuvÜóö÷�} pKU110¢, ÔÕ�

��} , ½;����3M��FS@A��z{


·g� , ÑÜÝ�Y�3.;����3M��

FS��� . 9��+3Öç	��QY�3S�

?H�
·¸¢\�³rZ� Tn4560 .^�\�º

_, N���Ý�H�Y�3. �^rZ�SrZM

N , N`ÑSrZ�\����aaQQ�¢ÝR

�b1 ü.�/á��.

ýÎ3Ö½©7 90 kb SY�3 PKS 
·¸

(olmA)z{¹º, �æcd³Y�3Ge�fgSH
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�, N¹º���Ý���Y�3. ¹º��+Q�

��¢3Öç	�����S , Ýh.�z�2S

��, ·0���QQ�¢+R�S. 0i, QÔÕ

¹º���û�¾�2�3S2"
· ,  Ù[^

���Q@$��R#�.

jkl�ÔÕS
·@A�Ý�Y�3;�_

"m�S���3 B �F,  �nopq³rsS

���3TY�3Å4���3 B �FT A �FS

U 2t, u5³fg@v, f�³�D�G; w�

noQxy���jSçû,�z³��@XS{

�|}. ·0,  ½9@A�z{.%¤¥T�	


~5, z�2f����3 BS�G, Å�^@$�

�.

�� ��������	
� pKC1139. �
����

���������(���: 2001AA214071)�� !.

� � � �

1 Burg R W, Miller B M, Baker E E, et al. Avermectins, new family

of potent anthelmintic agents: Producing organisms and fermenta-

tion. Antimicrob Agents Chemother, 1979, 15: 361~367

2 Egerton J R, Ostlind D A, Blair L S, et al. Avermectins, new fam-

ily of potent anthelmintic agents: Efficacy of the B1a component.

Antimicrob Agents Chemother, 1979, 15: 372~378

3 Pinna L A, Lorini M, Moret V, et al. Effect of oligomycin and suc-

cinate on mitochondrial metabolism of adenine nucleotides. Bio-

chim Biophys Acta, 1967, 143:18~25

4 Ikeda H, Omura S. Genetic aspects of the selective production of

useful components in the avermectin producer Streptomyces aver-

mitilis. Actinomycetol, 1993, 7: 133~144

5 Ikeda H, Omura S. Avermectin biosynthesis. Chem Rev, 1997, 97:

2591~2609

6 MacNeil T, Gewain K M, MacNeil D J. Deletion analysis of the

avermectin biosynthetic genes of Streptomyces avermitilis by gene

cluster displacement. J Bacteriol, 1993, 175: 2552~2563

7 Ikeda H, Takada Y, Pang C -H, et al. Transposon mutagenesis by

Tn4560 and applications with avermectin-producing Streptomyces

avermitilis. J Bacteriol, 1993, 175: 2077~2082

8 Ikeda H, Nonomiya T, Usami M, et al. Organization of the bio-

synthetic gene cluster for the polyketide anthelmintic macrolide

avermectin in Streptomyces avermitilis. Proc Natl Acad Sci USA,

1999, 96: 9509~9514

9 Ikeda H, Ishikaw J, Hanamoto A, et al. Complete genome se-

quence and comparative analysis of the industrial microorganism

Streptomyces avermitilis. Nature Biotechnol, 2003, 21: 526~531

10 Omura S, Ikeda H, Ishikawa J. Genome sequence of an industrial

microorganism Streptomyces avermitilis: Deducing the ability of

producing secondary metabolites. Proc Natl Acad Sci USA, 2001,

98: 12215~12220

11 ��, ��, ��, �. �	
��
 aveD ������	�

������. �����, 2002, 42(5): 534~538

12 Bierman M, Logan R, O’Brien K, et al. Plasmid cloning vectors

for the conjugal transfer of DNA from Esherichia coli to

Streptomyces spp. Gene, 1992, 116: 43~49

13 Sambrook J, Fritsch E F, Maniatis T. Molecular cloning. A Labo-

ratory Manual. 2nd ed. New York: Cold Spring Harbor Laboratory

Press, 1989

14 MacNeil D J, Klapko L M. Transformation of Streptomyces aver-

mitilis by plasmid DNA. J Ind Microbiol, 1987, 2: 209~218

15 Ikeda H, Kotaki H, Tanaka H, et al. Involvement of glucose ca-

tabolism in avermectin production by Streptomyces avermitilis.

Antimicrob Agents Chemother, 1988, 32(2): 282~284

16 Hanahan D. Studies on transformation of Escherichia coli with

plasmids. J Mol Biol, 1983, 166: 557

17 Janssen G R, Bibb M J. Derivatives of pUC18 that have Bgl�

sites flanking a modified multiple cloning site and that retain the

ability to identify recombinant clones by visual screening of Es-

cherichia coli colonies. Gene, 1993, 124:133

18 Hopwood D A, Bibb M J, Chater K F, et al. Genetic manipulation

of Streptomyces, A Laboratory Manual. Norwich: John Innes

Foundation, 1985

19 ��, � !, ��, �. �	��"#�$�%&'�	��

B1�(). ��*+��, 2000, 16 (1): 31~35

20 Ikeda H, Pang C H, Endo H, et al. Construction of a single com-

ponent producer from the wild type avermectin producer Strepto-

myces avermitilis. J Antibiot, 1995, 48(6): 532~534

21 Kieser T. Factors affecting the isolation of cccDNA from Strepto-

myces lividans and Escherichia coli. Plasmid, 1984, 12: 19~36

(2003-09-19,-, 2003-11-28,./-)


