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����� � � ��(Coniothyrium sp.)�éx �G; �ê ë ���Ù,�ì

� � �í | îu ; �� � Ùï  ! "�	# $% & ' D) * G� ; Ù

b ð ñ ò > Dó ô à éß G� ô õ Q �\¿� � ��ö ÷ ø� ù ú �

û ü ý þ ��(Setaria palmifolia Stapf ) � `�� � � �:; <� Coni 

-othyrium sp. CSM � �89 ÙÍ. / � o p À �� # $ � � Ç 	 %  

(A549) D � � É %  (Huh 7) & ' 
 Û! "� Staphylococcus aureus

�� �¿� ø� � � 
 7 O P � � . / � d e a Ù� � � �v ; L Û

� � �� { ¿M K. / � Ù. / ºV W 30 �Û. / � £ ¤ pHZé

4-5 Ùéð ��Þ � ; L � � ¿Í. / � � � Ùø¸ ¹ � � �Û

ZnSO4r| � � � �v ; L �� ¸ ¹ � � �Û NaNO3 ã r � ; � �

�� � ; ¿� �NKQ ) o p Q ) NÀ �� # $% & ' �� � �� Ù

,o p �ñ 48Â ¢Ç % & ' DÉ % & ' ; L # $  IC50é 1.12 

µg/mLD 0.36 µg/mL¿Í HPLC B C ! á � � � Ô Õ � � �� � " Ù

� � # øQ ) � � � { � n 8¿Ô 
 $ ø�� B C Û� ¯ §�� � �

% � � & � Ù� � # � � . / � � Ûo p �� � �6 § � � � # $%

& ' �� � �� � { ¿�
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Abstract 
  Some Coniothyrium fungal strains have been reported to have the 

capability to synthesize secondary metabolites with antibacterial, 

antifungal, or antialgal activities. An endophytic strain of Coniothyrium 

sp. was isolated from the stem of palm grass (Setaria palmifolia Stapf) in 

our laboratory. The extract of this fungal culture exhibited an 

anti-proliferative effect on cancers and bacteria (Staphylococcus aureus). 

The objective of this study is to find out the optimal conditions for 

producing these bioactive compounds. The experimental data have 

showed that the optimal fermentation temperature was 30 , and the �

optimal pH was 4-5. Modified media for the best yield of bioactive 

cultural extracts were determined, and a set of manipulation parameters 

for fermentation was decided. The anticancer components of the cultural 

extracts were partially purified using HPLC technique. The IC50 of the 

partial purified extracts against human lung adenocarcinoma A549 cells 

and human hepatocarcinoma Huh 7 cells were 1.12 µg/ml and 0.36 µg/ml 

after 48 h incubation, respectively. The major anticancer compound of the 

culture extract has been tried to identify.  
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� � � �� � � �� � � �� � � �  
�	� � � �� � � �     

    � � � � (Coniothyrium sp.) z { º | % � } ~  (Deuteromycot 

-ina)	 � S �  (Coelomyctes)	� � S Ô  (Sphaeropsidales) G<�¿

� � � ��v ; L D�; S c � Q GV W g h é 0-30 �Ùø 20 

�RéS � ¿ñ � � � ¢ � W é 90 %øà  Ù� � � ��; S c

r � G � Q  (Campbell, 1947)¿ 

    � � � �r P ; �� � (Sclerotium sclerotiorum)	Â�� �

(Sclerotium minior) A ú �! "<�� (Campbell, 1947)Ùr � �

! "�¢ú � � £ G � � 	 � � D» ü A ! �  (Whipps et al., 

1992)¿í | ¢�� � � �� � 	ç � ¡ L 	¢ú �� Q ! � A

& + ¿ � r�! S c p �v � � � H ��v Û���� � � P ;

ç �	� ;  <��� Û~ �ç �Ù� � � ! "�G�v m Û�

�¿� � �� ú �d � � p * ù � :�� � � � 
  (�Ù2008)¿ 

    � � � � T U ¢! "� <�| P ; ç �Ù 5 | ¢º� � � �

 & �D <�G; � � � ¿Úñ �   ¡ 	 ¢ £ D, � îu ú �

�� ! G; �ê ë 6 
 9 p � U ^ ¤ � �¿ ¥ ¦ J § à 9 Í| �

8 é� � � �ç éE � G; �ê ë O > � ô Contans WG K L  

(�Ù2008)¿ 

� H I JKà Ù� � � ��v é| � ¨ © ª Ù�» « Y ¬ �

ª Ú ­ ã Gø ® J p ¯ ® J; L ¿��; S c (conidia) * � �

� �ñ ù � � 4 � G H �J§Ù Y * ° ± Gx � ² ³ Û; �ê ë

� �Gx �e ���¿,�; S c� ñ �� ; �v �C Je G�

; S cA  (pycnidium) :Ù { º ´ S 	| � Ù µ é 10 µm � ® J

p ¯ ® J¿ 0 �<�G� S = � r / 	 � � 	V W D�ì� � �



4 
�

A< îb * G] ^Ù Y ¶ D � < î� � f g G · m ¿ñ ¸ | � S
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 º T U �» È KD�» � * � Ó H Ù¢ P H �

�� ë ! s Y h � ; » ¼  ( ¬ ®�)¿� � � �ñ ù � � ½ Ü « ¾

¿ ª KÙñ À à <���p _ Á � Gú �! d � à Â h | � � ¿

Y i e ,í | B C G� Ã � Ù T U ñ R Ä � Campbell (1947) º

Å Æ � ù �� o � Ù© Ç ñ È É ³ Ê b | ' ( � T U & � G� �

� �� 
  (Gong et al., 2007)¿ 
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¬ ®�	:; <� Coniothyrium minitans JK (Gong et al., 2007) 

       ¹ Ó È C.minitans ZS-1T2029�v JK(A)60Â  (B) 

       108Â ñ ^ ´ Ë � I Ì  (C)PDA à . / 10 ¼ À JK¿ 

       Í ; È C.minitans ZS-1�v JK (D)60Â  (E)108Â 

        ñ ^ ´ Ë � I Ì  (F)PDA à . / 10 ¼ À JK¿ 
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    � � � �Gö ÷ H �ñ ; � 2 	; K 2 	; � m $� DQ ) � �

A 6 
 ¿�� B C | � G�ì� � �� * ö ÷ x + ÙÎ � Y | � Ï �

c; � 2 ö ÷ ¢� � � ��í � � � � �� �� b � �Ð Ñ ¿Ò ï $

� b Ð Ñ � Æ Á Ò Ó � p Ô � Õ Ó �Ù� �Q ) Ö × � � � Á { X

Y�$ � b 8 � Á � 6 § p * ) Ø Ð Ñ Ù Æ Ú �p ¢ £ A ú 
 : � X

YÙø# $ p � Û H � � � �� Ù N  ! \�G � Ü  (Vrije et al., 

2001)�$ � � � �: Ý Þ z ß � b  (cxy1) � ATMT 7 Ð Ñ � Æ ú

�m :Ù. à í | �XY� b cxy1 � � G ¹ Ó È ú 
 Ù¢ ! "<

� Á �  (Lu et al., 2004)�ð H Ù� � � ��øñ k pHZ�� � ; L Ù

b ð á E , â ã � � � b �øé ä ¯ N  ã � ù � Gç � � å � b

æ ç  (�Ù2006)¿ 
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ñ < î> �Gk� � Ùí î [ Y > � G! "�Ù¢º ï ð

p * ° � ñ ! à Ùb ¢ � m � ; ò x G ó ô ¿�< î 8 �C 2 æ e 6

§E > Y � ; U ö Q ß Gæ e f g T õ D k e � G½ J¿b ð 8 �´

; �G�ì� � � � . s ß G� � �� õ ¤ = � x ö ¿ 

 1	 Coniothyrione 

    �:; <� C. cerealis MF7209�� [ �ì� � � Coniothyrione

ç éß G ; * ÙH �Gç �} $é# $! "& �m : � � � æ e ¿

ConiothyrioneGç �ñ º $ �÷ m 30Sì ´ µ �� r-protein S4 ¯ È

� Ó �� � # $Ù � �ø � # $ DNA æ e G} $� ù �m ; L ¿k

r-proteinG¯ È � Ó p # $ r-proteinG; æ e � | � Gk � � � æ e
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= � � ú ¿ 

    ¢º! "& � Staphylococcus aureusRÂ# $f W é 32 µg/mlÙ

E n � # $ � � � æ e IC50Zé 5 µg/mlÙ� H � % ¢# $ DNA æ e

IC50Zé 3 µg/ml¿¢º Bacillus subtilisÛ Haemophilus influenzaeR

Â# $f W é 16 µg/mlÙ¢ Streptococcus pneumoniaeD Enterococcus 

faecalisRÂ# $f W é 32 µg/ml¿¬ ®�é,� ¯ §Ù(Ondeyka et al., 

2006 )¿ 

 

 

 

 

 

 

 

 

¬ ®�	Coniothyrione � ¯ § 

 

 

 2	 Macrosphelide A 

    �:; <� C. minitans�ì� � ��o p Ù�� � � +u � û G

C æ �Ù,�øMacrosphelide A # $<�; L rs R � Ù� # $�

v m G; L ¿¢º! "<� Sclerotium sclerotiorum Û Sclerotium 

cepivorum # $ � � IG50 (# $ 50 %<�; L R k�G� � �f W )�

ü é 46.6 µg/mlD 2.9 µg/ml¿ ý f W � � é 175 µg/ml Ù�þ �G

# $ Sclerotium cepivorum¿¬ ®(é,� ¯ §Ù(McQilken et al., 

2003)¿ 
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¬ ®(	Macrosphelide A � ¯ § 

 

 3	 v Û � Ë rs  

    � Ë  (Oxalic acid) * �u ú �� * Ù¢ < îú �	 � �D´ ;

�í | � @ � ¿Á îGú �! "<� \ h � W � Ë Ù¢ºú �d � �

; � � � ÙÒ ï h � £ O ç � � ` � � Ûú 
 » ü G Sclerotina sp.Ù

¢º O � ô Dó ô i e x Á G] ^ (Yang et al., 2007)¿ 

� Ë ] ^ú �G H �} $| < îu Ù� � ¢�� GË C Ù� k Þ

| ` z � ß Û`� � � � � Û ß � � u ¹ D � æ ú �& ' 	 à 
 �

c � � � ú �& ' 	 ¿� H h � ú � � Gõ æ øD# $ú �� V D �

ê 
 G) * Ùï Þ � � C ß AÙ i e ú �= � H � G � � ¿� C. 

minitans �ø| � G� Û � Ë GJe Ùö ÷ � [ ñ . / � �¸ ¹ 0.8 

mMX 28 mM T U f W G� Ë . / C. minitans 15 ¼ À Ù�� Û 86 % 

X 92 % G� Ë ÙÚk � � �� pHZà � X � ã ª K¿ � 0 Ô 
 �

� � % , R | G# $� Ë ç �} $Ù� Q Y C. minitans�8 �) * �

Û � | � G � � � Ë ÙÚ# $ú �! "<� E h � � � �� G pHZ

à � Ù�v w ¢ú �D � �G� @  (Ren et al., 2007)¿  
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 (�) # $% & '  

    ñ  × Ø �� Gö ÷ � 8 �<�G� � �� � �� � � �� 9

Í * u ß G : ;  (Guiraud et al., 1998)¿� � � �� ; � # $% & '

G� � �ï � ì 

 1	 Mycosporulone 

    � C. sporulosumG. / N�o p �� � � í | îu � � G� �

�� Mycosporulone¿,¢ � � â Ü Ç d � & '  (MRC5) f W � � X

100µg/ml � 0 T í � � � Ù¢º � � ` 	 % & '  (MDA-MB231)	


a 	 % & '  (PC3) ÛÁ � � � ! & '  (L-1210) G# $ � � IC50 �

ü é 7.7 µg/ml	2.6 µg/mlD 0.3 µg/ml¿, � �ÛÜ Ý G % > � Taxol

Û Adriamycin Ñ Þ � � 0 � � Þ Â (¬ X�)Ù � �º¢â Ü & ' �

� � Þ ÂÙb ð Î � = � Þ îG89 DQ I ¿ 

    � H Mycosporulone Y í | # $! "& �D! "<�G� � ¿¢

º ! " & � Escherichia coli 	 Pseudomonas aeruginosa Û

Staphylococcus aureus í | RÂ# $f W é 14 µg/ml¿¢º! "<�

Candida albicans	Candida tropicalisD Cryptococcus neoformans \ |

RÂ# $f W é 14 µg/ml¿5 Ü Ý  ; * GÑ Þ � (¬ X�)Ù T U �

ø � � ó ô à G � � �Ù� H ñ ï ð à Y �ø# $ N  Ü Ý  ; * G

! �¿ñ ò > Dó ô , - à í | �  GQ I � ¿¬ ®+é,� ¯ § 

(Guiraud et al., 1998)¿ 

 

 

 
 

 

¬ ®+	 Mycosporulone � ¯ §
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���� Mycosporulone �(1) � � � 	 (2) � � 
 	 (3) � � � 
 � � � � � �� � � � � � � � � �   
         (Guiraud et al., 1998)� 
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 2�Palmarumycins 

    �C. palmarum�� � � Coniothyrium sp. � � 	
 � � � 
 � �

� � � � 	� Palmarumycins CP1�� � � � � � � � � � � � �  

	� �! " # � Palmarumycins CP1 $ % �  	� � �& ' ( ) * +

,�- ,�  . /' ( 0 1 + 2 �  3 (Krohn et al., 1994)4 

    Palmarumycin CP1 5 # 6 ' ( thioredoxin-1 (Trx) � 7 8 9 : �

;� � 0 1 + 2 � <  = � > Trx � 7 9 : 4? Palmarumycin CP1

@A B C D 6 E F G�H � I � � � 	
 � � � 
 J C � K G� L M

	 PX-916 H N O P �Q5 @H R + 2 S H N � D 3T Palmarumycin 

CP1;# 6 � ' ( Trx� TrxR-1 7 8 9 : 4Palmarumycin CP1/ PX- 

916 U > ' ( V W X+ 2 MCF-7Y IC50 � Z T 1.0 µM� 3.1 µM�[

\]T Q^ � _  (Powis et al., 2006)4 

Palmarumycin CP1/Q�  	 Diepoxin `� SR7 U > a b V W

X+ 2 MCF-7 ' ( & c IC50 � Z T 0.96�1.64� 1.13 µMd;U a b

V W X+ 2 MDA-MB-231Y IC50 e Z T 2.61�2.01� 2.44 µM4Q

f g h ( @> i j + 2 k l� G2/Ml�H � I � j ( + 2 � m 4[

\nT Q^ � _  (Lazo et al., 2001)4 
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[\]�Palmarumycin CP1�PX-916 ^ � _   

 

 

 

 

 

 

 

 

 

 

   

 

[\n�Diepoxin `�SR7 ^ � _  
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(o) p qr g  

    s t u ," # r g v c � p q# Laccase/ β-1,3-glucanase�w

x " # � � p q� �  ([9 y )4 

 1� Laccase 

      z g C. minitans { p |  } 8 � ~ � � � p q Laccase (EC 

1.10.3.2)4Laccase T � � � � �� � f g > � � � � � � r �5 @�

� � e � � � � � � � ~ � � 3J 4@� � � 
 � B  - ,H R � �

� 	�  ��� � q� � D 7 � 
 |  U ,� " � � � 	� �;

C.minitans |  � p q� � � T �   � # � 	� 4P ¡ ^ E � � { p

¢ £ ¤ C. minitans 5 K ¥ ¦ £ ¤ � § 4 ¨ | 8 © � � ª � 7 � 5 « �


 p q¬ � � � � T 9.9 mkat/mg�;­ ® ¯ � { p ° 5 � 
 120 mg

Yp q (Jagroop et al., 1998)4 

 2� β-1,3-glucanase 

± ± ± ± C. minitans �  > � 	) � - , S. sclerotiorum��« 2 ² p q

β-1,3-glucanase (EC 3.2.1.39) / chitinase (EC 3.2.1.14) f g �� D ³

� + 2 ´ � β-1,3-glucanase ;µ R + 2 B ¶ · ¸ ³ � ,� /,¹ º

34β-1,3-glucanase & » C. minitans �  ,� @ S. sclerotiorum,¼


  . �x & @ S. sclerotiorum ½ ¾ � � 	¿ À 
  . �Á ;' ( )

* � - ,� �  ;Â Ã Ä f 	Å ½ ¾ � Æ Ç �È É Ê Ë � Ì Í �Î Ï

� � u ) /Ð Ñ � Ò Ó Ô 4β-1,3-glucanase � |  Å 
 Õ Ö pH × �

Ø Ù �@ mPDB (modified potato dextrose broth) 
 £ ¤ C. minitansÚ

G pH Û Ü @ 4-6�Q5 |  β-1,3-glucanase � � Ý 827-854 µg 

glucose/ml/min4Þ � # 6 � j ( Õ Ö Á � & » - ,|  ß � � p

q�© � ¯ � � �¶ # 6 � à g > Ä | á � â ) ã ä  (Li et al., 2007)4 
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����� � � � 	 � 
 � � 
 �  (Schulz et al., 2001)� 
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(�)�� � � � � � �
��� �Coniothyrium sp. � � � � � � � 
 � � �  (Machida et al., 2001, Holler et al., 1998, Krohn et al., 2007)�����

�

�

Microbial strain Nature products Structure Biologically active 

Benzofuranone (1) ,(2) 
�

� not tested Coniothyrium minitans 

Chromane (3) ,(4) ,(5)� � not tested 
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��� �Coniothyrium sp. � � � � � � � 
 � � � � ! " #��

Microbial strain Nature products Structure Biologically active 

Coniothyrium sp. � ($-hydroxyphenyl) ethanol 

(1) (3) 

2-(hydroxymethyl) furan 

(2)(4)�

� antibacterial 

antifungi 

antialga�

�� Massarilacetones E (1) 
 
Massarilacetones F (2) 
 
Massarilacetones G (3) 
 
Massarilacetones  
acetonide (4) 
 

� not tested 



17 
�

��� � � ��� 	
� � 






���� � � � �� ��� 	�� ����� � ��� �  ! "

# $ %�� 	�& ' �( � ��� �)* + ,- . / ' 01 2 �� 3

�%� � �& '  4 5 �6 �� �7� � ��� ��8 9 : �& ' ;

< = �6 > ?@ AB- . � � � �" C �/ D
(Yang et al., 2007)%�

� 	E ' � �! F E ' GH F E ' I J �K L M N ,O 	P �Q R S

T��U V S T�WXYL ,Z[ \ ]^ P [ \ W( Litchfield et al., 

1967)%BE ' _ ` a b�c d ef  ! # $ �9 � g h i j �kl

Am _ ` �E '  (100-500mmol NH4NO3)  � � no �p q �c r X

B�s _ ` �E '  (1-5mmol NH4NO3) tu  � � nv w ��c

(x�1994)%yz �� 	)�& E {  ( | & DG| E D�{ } )  4

5 ~ �c �� �� � �� � � ��_ ` G�c 6 )� � � G� � ��

D%� 3 �& E { a b��� � �� �� ! � � 4 5 %k���� �

�� �� � � k�H F [ \ ! � b�c 6 � �7o � 6 W��� �

�� � %BH F [ \ �* + � A,� �1 2 � ��: �4 5 Q � ��

�0� � � � G� � � �� �  (Park et al., 2001)%






� � � � )  ¡ � Coniothyrium sp. / ¢ £ � ¤ ¥ ¦ Sclerotinia 

sp.� � �%B� M N � � 	 PDA § � t� � C.minitans G

S.sclerotiorum�¨ © ��I L 
ª �� �« ¬ � A­ ® ¯ ��i j °

PDA < / ¤ ± ² l C.minitans � � ¥ ¦ ³ ´ ��� � ��µ ¶ ��

	
(Li et al., 1995)%yz @ A· ¸ �� 	�: ¹ ² º� � ���� �

�� � �»¼ ½ ! ¾ �� � �� 0- m � D%






· ¸ �� 	)�: �� D�¿ À �Á� �Â P Ã Ä �ÅÆ Ç �Å

Æ È �É O � 0( DÊ � 
AD�- m C. minitans�Ë Ì� D%@ A

27-3
9 � yÌ)Í Î �Ï Ð �Ñ 18 Ò Ó Ô � Õ Ö � ×Y�½ Ø Ù !



18 
�

¿ À �Á� 0( DÊ � Ú i Û Ü Ý %Þ»z �J � � ' ºß 23 à y

Ì)Í Î �Ï Ð �áY  ¡ â } ã 
" ��k¿ À , 139.67 g/L�Á

� , 4.63 g/L G( DÊ � , 68.09 ml/L t�ä å � Ë D< Ú 2.86 æ

1010�Þç è Ó Ô " ½ � Ë D, 2.4æ1010�Gä é } H i Û # $ �n

´ ê - m , 5ëì í  (Ooijkaas et al., 1999)% 

î A ¹ ' ï ð � ñ ò s ó � ô õ � ,   Q 	 � ¹ ºß C. 

minitans�Ë Ì� � �� ,� �ö ÷ � ! ø ù ¾ ú %g h ½ Ø ô õ �

115 û� ü 20 min�¤ � � pH, 6t�ý e  Q �� 7þ< »½ ~

Ë ÌD, 9.5 ×109 (��2004)% 





è b� � � �� ��� �� � � � �� � s ó G � � � � - � �

J ¾ / W 	 ã �
 3 � k� � � ºß  Q 
 ��� � � �� 8 � � �

��Ú ~ � � � ¦ �J 0  Q � 9 � � �» � � � � � � �! ¾ - m

�6 G� � ��� D, � ��� � � � � G � ÷ � ù §  � � ª 0ç

 ñ }  (Vrije et al., 2001)%
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��������� � � � �� � � � �� � � � �� � � � �  

!�" Ô # $  

 (!) � � �� 

è )g % � �o & � )Í ' ( ) * + - . � , � � ��� �  

� �(Coniothyrium sp. CSM)% 

 (�) - " ³ ´ � 

      . / � � 0 1 2 3 4 ³ ´ �56 7 8 9 r �(Staphylococcus 

aureus)% 

 (�) - " 1 2  

      : \ ; < = 1 2  A549 (BCRC 60074)� : \ > = 1 2  Huh7  

      (RCBC 60169)�? � � � � ù   � g h " � � @ ' 3 4 0g h  

      )Í % 

 (A) �� 	7" ÷  

1.���� 	 

   (1) Modified mycologyical medium (M broth)�pH 7.0±0.2% 

        Benzoic acid                    0.05 (g/L) 

        D-glucose                      40 

        Sodium acetate trihydrate          1 

        Tryptic soy broth                 10 

   (2) Potato dextrose agar (PDA)�pH 5.1±0.2% 

        Bacto agar                      15 (g/L) 

        Potato dextrose broth (PDB)        24 

2. 1 ��� 	 

   (1) Nutrient broth (NB)�pH 6.8±0.2% 

        Gelatin peptone                  5 (g/L) 

        Beef extract                     3  
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   (2) Nutrient agar ( B C NA) 

        Bacto agar                   15 (g/L) 

        Nutrient broth                13 

3. 1 2 �� 	 

(1) DMEM cell culture medium (Dulbecco’s modified Eagle’s 

medium)�pH7.0±0.2% 

    DMEM basal medium              

    Fetal bovine serum                10% 

    L-glutamine                      2mM 

    Non-essential amino acid           1% (5mL) 

    Penicillin and Streptomycin         10U/ml and 10 µg/mL 

    Sodium pyruvate                  1 µM 

    D-Glucose                       1.75g 

D-Glucose 1.75g D b 5ml H �Ü )�Þ � 0.22µm � E F 
Y� G

medium)% 

(2) RPMI-1640 cell culture medium�pH7.0±0.2% 

    RPMI-1640 basal medium              

    Fetal bovine serum                5% 

    L-glutamine                      2mM 

    Non-essential amino acid           1%  

    Penicillin and Streptomycin         10U/ml and 10 µg/mL 

    Sodium pyruvate                  1µM 
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��Ó Ô H I  

1� J K � m L M � N  (YANG TA MIN INSTRUMENT CO., LTD. 

Model : YMT)% 

2�pH meter (EUTECH instruments, Cyberscan 510, Singapore)% 

3� O P �� Q  (1) s P O P �� Q (KS, R.O.C.)% 

              (2) O P �� Q (Sanyo, Janpen)% 

4� R Í F   (1) s P R Í F  (Hettich, Janpen)% 

           (2) m � S T R Í F  (Hettich,Germany)% 

5� U V # W 1 i ( X  (Olympus BH-2, Janpen)% 

6�H � E Y Z [  (Weacor, U.S.A.)% 

7� \ ] ^ Q G _ ® Ï `  (Vilber Lourmat, France)% 

8� a Q  (Risen, Taiwan)% 

9� S T b c d e _ f F  (VV2000, Heidolph, Germany)% 

10� g h �   Q 
  (MG1000S-7L, Taiwan)% 

11� i � F  (Osterizer, U.S.A.)% 

12�HPLC (High performance liquid chromatogramphy)% 

 (1) L-6200A Intelligent pump (Hitachi, Janpan) 

 (2) L-4200 UV-Vis Detector (Hitachi, Janpan) 

 (3) Bischoff RI Detector Model-8110 (Hitachi, Janpan) 

 (4) D-2500 Chromato-Integrator (Hitachi, Janpan) 

 (5)� ×d j k Hypersil HS C18 5 µm 250×4.6 mm (Thermo Hypersil 

- Keystone,U.S.A.) 

            Lichrospher 100 NH2 5 µm 250× 4 mm (Thermo Hypersil  

-Keystone,Germany) 

 (6)l m ` d j k Hypersil HS C18 8 µm 250×10mm (Thermo Hypersil 

-Keystone, U.S.A.) 
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��Ó Ô � n  

(!) ³ ´ � o Æ 0�� 	 m `  

 1�³ ´ � o Æ  

    è p q r j )Tå "�J S. aureus�»! Ò s J � �D� t u v

b Nutrient agar (NA) §�37 ��� 16 r t% w ° J !� x Y�»

y z { | } X ~ � � � ³ ´ �d e�Þ u v �� b 5 mL NA � � �

� 	% 

2����� 	� m `  

    Ñ PDA 
 � Y» 121 ��15 � � M ��� 
 m � � � � t�Ñ

M �Y D � e PDA � � G � � �� � � G �� � Î � � � � ý Yl

A% 

(�) Coniothyrium sp. CSM ] � � e0� � 

 1�ý e�� 	� � � e 

ÑConiothyrium sp. CSM» 0.45 cm � � I � T� � �b PDA§ 

�� 7þY � � � � � e¤ » � d å ( � å D� x 8 r % 

 2� � e�� � � � e 

Coniothyrium sp. CSM�Modified mycologyical medium (M broth 

�� 5þY�» E Y � R �c 6 0�� � �� � � � � � e¤ Ñ�c

6 a b Y � � % 

(�) " Ô Ï Ð  

1�ý e  Q á� Æ ��  

(1) � � P ` �� � � ¡ ¨ �  

    » 0.45 cm � � I � T Coniothyrium sp. CSM� � � b PDA§�

� 20 ��25 ��30 ��35 � � � ��� 7þYå D� x � � 8

r 0¥ ��� S T%  
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(2) � � pH } �� � � ¡ ¨ �  

    Ñ PDA � � � � pH } , 4�5�6�7�8�9�10� � » �   �

� � PDA   a _ � �» 0.45 cm � � I � T Coniothyrium sp. CSM�

� � b PDA§��� 7þYå D� x � � 8 r 0¥ ��� S T%  

(3) � � & ' 4 5  

    T 0.5 % �1.0 % �1.5 % �3.0 % � � _ ` 
 8 9 ¡ � ¢ ¡ �

l £ ¡ �U V ¡ � ¤ ¡ � £ ¡ � p ¥ ¡ 0 p q � ¦ � � � PDA��

� » �   � � �PDA   ,a _ � �»0.45cm � � I � TConiothyrium 

sp. CSM� � � b PDA§��� 7þYå D� x � � 8 r 0¥ ��

� S T% 

(4) � � E ' 4 5  

    T_ ` 0.5 % �1.0 % �1.5 % �3.0 % �Q R S T��U V S

T��� � §� ¨ Æ � � §�Á� 0Â P Ã Z� � � PDA�� � »

�   � � � PDA   ,a _ � �» 0.45 cm � � I � T Coniothyrium sp. 

CSM� � � b PDA§��� 7þYå D� x � � 8 r 0¥ ��� S

T% 

(5) Plackett-Burman (PB)" Ô Ï Ð © ª 6 « R Ì� ��  

    Plackett7 Burmanb 1946 ¬ - ° 9 � yÌÏ Ð n � � < @ A n

Ò Ó Ô � ¹ å � n­1 Ò yÌa ® ¯ �4 5 �° n C , 4� � Õ ë (±: 

8�16…W)%� ² , n = 8�12�16�200 24
­1G³1
 ´ ² % 

n = 8       ³³³­³­­ 

n = 12      ³³­³³³­­­³­ 

n = 16      ³³³³­³­³³­­³­­­ 

n = 20      ³³­­³³³³­³­³­­­­³³­ 

n = 24      ³³³³³­³­³³­­³³­­³­³­­­­ 
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µ z ² , ¶ !ß] ¶ !² �B ¶ �ß(] ² )u ­ · ¸ ¶ !ß(] ² )


¶ !U �¤ Ñ ¶ !U · �áY!U � µ z \ ¹ � ² ° n­1ß(] ² )


 ´ ² �áY!ß(] ² )u à 9 º G ­1 ¹ » � � Ò Ó Ô Ï Ð % 

    y Plackett-Burman Ï Ð < Aâ � 
Ó Ô � ¹ ¼ ½ no �Ó Ô y

Ì�¾ ��� 	Ï Ð §�M Ab ¿ À Ó Ô t © ª 
A%k Á Â Ã Ä Å

Æ ]ä Ç "� È l A
�� 	�� t�u < @ Az Ï Ð �° z Ï Ð Ù

< é É yÌa ¯ � Õ 
 v � � Ê % 

    z " Ô î ËyÌ(7 factors)�� Ì � (2 levels)
 PB" Ô Ï Ð �Ë

Ò Ó Ô yÌ� ¦ , CaCl2�CuSO4�FeSO4�KCl�MgSO4�NaNO3�

ZnSO4�¤ Ñ Í Ò yÌ Î Ï Æ � -1G +1
m s Ì � �»� x � � �

� G¥ �� , Ð ¯ } (response)� Í yÌ_ ` Ñ Ò ±� ! " j % 

(6) 9 � yÌ" Ô Ï Ð Ó Ô � � � ��  

    z Ï Ð < Ø � � yÌa � Õ Ö Õ 
4 5 ¾ ¯ �°y, Í �� yÌ

� Ç "Ñ Ò � × ® � %, � Ø Ï Ð Ñ Í yÌ B Æ ,­1�³1
 Î Ï

Æ Ü Ý (coded level)%z Ï Ð » Ù 6 Ú Õ ��Ò Û � ¦ � j �yÌ�

Ü Ý � Æ �B Ü Ò Ó Ô ã u U b Ù � 6 
 Í Ý ã §%z Ï Ð 	 ã ,Þ 

(a) Í Ó Ô ã ª ß z a C ¾ Ó Ô §" � � 
 � $ (variable)à < á â % 

(b) z J Î ã (orthogonal)Ï Ð < � ä å æ Ð É � ç < � è Ð É tª % 

é Ö z Ï Ð n u �Ó Ô Ò Õ  ê Û yÌ
Õ � � � B�ëÕ �

��yz , � ä ë ì �< í î � � + �yÌ�ï ð a 4 5 yÌ� å "

]@ A9 � yÌÏ Ð n T� � ç ñ ­ ò » � yÌ
! ¾ 9 � ºß�

×�� Ó Ô ó ¢ ô � ! ® ¯ 
¾ ¢ ��� õ ö � ` �¨ © ��»n �

�Ó Ô ½ ~ » à yÌÏ Ð ® ÷ 
¾ ¢ �� Ó Ô ã Õ Ï Ð ! | Ó Ô ã �

1/2�1/4�1/8�1/16 øW%B»! Ò n Ò � Õ 
yÌ ù Ð B ú �Ó Ô

" ½ Ø Õ Ö < Aá r p � n ( least square method )å æ ½ � ² � �� Þ 
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Y  =  a0+a1X1+a2X2+ø+anXn+a12X1X2+ø+a23X2X3+ø+an-1,n Xn-1Xn 

=  a0+∑
=

n

i
ii xa

1

+∑∑−

= +=

1

1 1

n

i
ji

n

ij
ij xxa  

B Y = ½ û Ð ¯ } ü, a0 M Õ ý üa1 ~ an � ¦ , X1 ~ Xn� Ê Õ üa12 ~ 

an-1,n, ã þ � A ý 
 Ê Õ üX1X2~Xn-1Xn, ã þ � A ý % 

< è Ê Õ < Ó Ô yÌ�4 5 �Î } , Î 4 5 üë } u ­ ë 4 5 �

Ê Õ � 8 � Ð ¯ } 4 5 � 8 %kÓ Ô yÌÕ � � � t�Ó Ô �  ê 


� ëÕ � � � ¾ - å yÌ � o t�< l A9 � yÌÏ Ð (fractional 

factorial design)T�  (Perry, 1989)% 

    9 � yÌ" Ô y� �0¥ �� A� � B· � �� � � � î A 

sucrose�peptone�CaCl2�MgSO4�ZnSO4 � ," Ô yÌ%¥ ���  

� � î A sucrose�peptone�NaNO3 � ," Ô yÌ%Ñ � Î Ï Æ �-1 

G+1 Ì � �_ ` Ñ Ò ±� �" j % 

(7) � �� _ ` Ñ Ò  

    è § � 9 � yÌÏ Ð ½ ~ ��� 	 � � �ç è � � � � { � å

"�Ú á8 � DB½ ~ Í yÌ�_ ` Ñ Ò % 

(8) )Í Î �Ï Ð � � �� 	á� � �� � �  

    )Í Î �Ï Ð (Central composite design), � 	 º å " Ü Ý ��

Ü Ý Ì � Ï Ð §
� 
 �< @ A)Í Î �Ï Ð n º � Û � ã (Axial 

points)»0)Í ã (Central points)%Û � ã ­ 
 è ´ ã � Û )Í Û � ]

� � � k � R �" Ï Ð �Ó Ô ã �a b! Ò �yÌ� � � ¹ � �� �

J � 3 � � < � � A J Ü Ý � 3 �à(-�,0)�(+�,0)�(0,-�)7(0,+

�)üB)Í ã u ­ �´ ã (0,0)ºß � � Ó Ô � � � � î � - . � Ì

F � å æ Ð É " C Õ Ö 
 ] �� < � è � � Ó Ô é Ð ¹ � H I ]­ :

," � �� o Ó Ô � # �± z ! ¹ �Í �: yÌ�å "Ñ Ò » � � )

Í ã � Û � � ã 0 Ù � 6 
 Ý ã W  Ò å " Ü Ý (-��-1�0�+1�+
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�)�yz � ! d e � (Rotatability)� 	 ã %B FCCD f ­ ® ¯ ! � Ï

Ð 
!�,�» "1 # � �� $ G)Í Î �Ï Ð ® � �� 	 ã , Í y

Ì ï T 3 Ò Ü Ý �yÌÜ Ý � Ñ Ò % ¦ , Ù � 6 Ñ Ò �� z Ñ Ò � Û

ã  » � G � � � a C � ¡ %� & ã ,� � d e � �°kyÌÜ Ý Ñ

Ò , Ù � 6 Ñ Ò tu d e � � � � + �4 5 �f / ' 
 ¹ É ® ¯ ! �


C (  (Montgomery , 1996)% 

    � �yÌ» peptone�ZnSO4,Ó Ô yÌB� ¥ ¦ 6 7 8 9 r �

�� 
yÌu A peptone�NaNO3� � _ ` » � �" j % 

(9) á� Æ ��  

    µ _ STATGRAPHICS Plus Ï Ð ° ��� 	{ �   ,Ó Ô � �º

ßý e�� � � ] » PDA   ,a _ � �a I L ºß{ n% 

2�l A ) 6  

     l A� ) 6 , STATGRAPHICS Plus Version 5.1 (StatPoint*Inc.*  

Virginia*U.S.A.)�The SAS system Version 8.01(SAS Institute Inc.*N.C.*  

U.S.A.)% 

3�¥ ��� å " 

 (1) ¥ ��� S T 

    Ñ Coniothyrium sp. CSM� PDA ý e�� 	§�� 7þ�TI

[ �� 	 + � �6 !� � , b 50 ml R Í j )�� G 95 % EtOH�10 

mL� - � 20 � � Y R Í � 6000 rpm�20 � � YT§ . � � b / 0

1 § 2   �A 100 µl H �Ü 3 �% 

(2) � ��� 	� m `  

    � � � �� 	§ o Æ ¶ �³ ´ �� w ° J !� x �� b 6 mL 

Nutrient broth (NB) )�37 ��» 150 rpm 4 5 �� 16 r t%T 0.1 

mL� � 7�� 	 NA � � Î 3 � � ý Yl A% 
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 (3) ¥ �/ 6 å �  

    A � � 0.55 cm� Z � E Y [ > T 10 µl� D �H �Ü )�S T 

��ÞÑ E Y [ p 7 �� ��� 	§��� 16 Ò r tÞ � � � ¥ � 

� �8 r %¤ � @ A� � _ ` � 8 � � 
¥ �¾ ¢ �¹ a _ ��S T 

� �¥ ¦ / 6 %@ A � d å ( � å D¥ �� � 9 : �I � � � �® �  

î »�
YÞ � ¸ E Y [ � � ;< 0.55 = � >�à,S T�
¥ ��  

8 r (? @ Ë)% 

 

 

 

 

 

 

 

 

 

 

? @ Ë�¥ �� 
å D � n  

 

4� � e  Q á� Æ ��  

 (1) J � m `  

    Ñ�� � PDA§ 9-11þ����A � � 0.84 cm� � � I � T

10 A Z � � � �� b 100 mL M broth � e�� 	)» 150 rpm�25 �

�� 5þ�»z � ,J �% 

 (2) � e�� � �  

    A i � F ÑJ � � , �T 5 %�J �� G 800 mL M broth)�»

150 rpm�25 ��� 14þ% � · � �� 
 � � �»� � �& ' 0E
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' � � �� � �� P ` G� � � � pH } ºß�� 5þ�¤ å D � �

c 6 b � �pH } � Æ � B ¡ � D0� � �� S T% 

 (3) �c 6 b � å �  

    Ñ�� � » a b 
 E Y ºß C D � E �Ñ E Y §�c 6 » E F Ü

G 3 ��Y�Ñ H ! �c 6 � E Y b 60 �
 a Q b c �O � �" ½

� D I î E Y b � à,�c 6 b � %J U » g dry wt./L�� � � j % 

 (4) B ¡ � Då �  

   T  Q � b 4 ���ç S T R Í  (10500× g�30 � � )Y�T§ .

� ç 0.2 µm E J � E �»� × j k Lichrospher 100 NH2 (5 µm)�250 

mm × 4 mm�� · K ® 85 %LM(Acetonitrile)� N � , 1.0 ml/min�

» Bischoff model 8110 RI detectorºß O å %T 10 µl E � ºß HPLC

� ×�Þç è Õ Ý � 
 Õ Ý ! v ºßa _ % 

 (5) ! F D P S T 

    ���� 5þY�� R �c 6 0�� � �@ A S T _ f Ñ�� �

_ f 10ë (800 mL _ f � 80 mL)�ÞAW6 Q L P LR S T 4 5 Õ

� � Y - � !þ%Ñ 80 mL ! F � T° 2   Y U D b 10 mL DMSO 

(Dimethyl Sulfoxide) )�Ñ V S T�_ ` � � , 4 mg/mlYºß1 2

W � å "% � !� � Ñ 80 mL ! F � T° 2   Y U D b 10 mL X Y

)�» HPLC � ! ¾ �� � ×% 

 (6) � � �� � × 

     » l m ` d j k Hyperpre Hs C18 8 µm 250×10 mm� · K ® ,

70 %LM (Acetonitrile)� N � 1.0 mL/min� Z G & � 50 µl/�� O å

tª ­ 30 � � �O å [ �, 210 nm%� ��Ò HPLC? \ t �Ñ?

\ ~ � E � ç S T _ f ¸ î ! F � �ÞÑ � S T b c Y � � �U D b

100 % DMSO)�Ñ � _ ` � � , 50 µg/µl�   1 2 W � å "% 
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5�� � �� 
1 2 W � å " 

 (1) 1 2 Ð Õ  

    (i) � � : \ > = 1 2 5 Huh7 (10]FBS DMEM) »0 : \ ; <

= 1 2 5 A549 (5% FBS RPMI) �_ ` ~ 5×104 cells/ml�T 1 mL/well

� 12 � ^ )�� 5%CO2 �37��� Q �� 24 r t% 

    (ii) Ñ1 2 �� 24 r tY�� G �� V S T��è bS T� D

� DMSO _ � �B DMSO a b1 2 ! W ` � � a b Ñ� D � ¦ �

1/1000»�%� � _ ` �S T�� ¦ � � � � ��� � )�ÞÑ 12

� ^ )��� � > ° �� G � �� �� V S T � ��� 	�� 5 % 

CO2 �37 � �� Q �� 24 r t0 48 r t% 

    (iii) � !� � �Ñ�Ò HPLC? \ t E � & � � G � ��� �

)�� G 12 � ^ )�� 5 % CO2 �37 � �� Q �� 24 r t0 48

r t�Þºß1 2 Ð Õ % 

    (iv) @ A c r Ð Õ I Ð É 1 2 4 � �  

1 2 4 � �  (%) = 

   (Ó Ô � � 4 � 1 2 Õ � p i }  / � ¦ � � 4 � 1 2 Õ � )× 100   

(2) 1 2 | } ý �  

  (i) ´ ½  

    k1 2 �� ó d Y�ê � � e f g Ñ1 2 ý � � 12 � ^ §�Þ

@ A h W | P DAPI | 1 2 i � � è DAPI | } < � � ~ 1 2 i � e

� � Æ �� � 1 2 ­ j ! ß1 2 k l � m � �n ß1 2 k l 1 2 � e

 � Z r o � i � DNA  ê _ f Y= p q � [ r o �� i � � s \

� i �% 

    DAPI (4’,6-diamidino-2-phenylindole) ;? @ t > ­ ! J / 7

DNA ó 3 � h W | P �/ ¢ u � � » � �1 2 J 71 2 i �� v w



30 
�

DNA ó 3 %� h W i ( X � � ��DAPI | P ­ @ A \ ] W [ �� W

v S   %k DAPI7 v w DNA ó 3 t�á8 > ? [ �, 358 nm�á

8   x [ �, 461 nm� �   w W � [ � Ñ Ò � � � y } � z { } % 

 

 

 

 

 

? @ t � DAPI ó � �  

 (ii) � n  

    ç � � ÷ ¼ ½ 24 r t»Y��M P �Ñ�� � 12 � ^ )�1 2

�� 	 ¸ î �� G � D!ë_ ` � PBS . 3 
Y�� G 1 mL�2 | 

Paraformaldehyde;e f g >- � 20 � � �Ñ1 2 ý � � ^ §�s Û

¸ î e f g �� G 1 ml PBS � b 4 5 I § . 3 5 � � � � � I �Y

� b 4 � } Q 3 4 % 

    | } 9 � ê » 1 ml Triton X-100 ( � � 1 % Bovine Serum 

Albumin�BSA) ~ 1 2 J u � l | P � �º G �� P � - � 30 � �

Y�PBS 4 5 . 3 5 � � ���Ñ PBS ¸ î �� G 1 ml DAPI (working 

solution conc.�1 µg/mL)�� W - � 10 � � �< ê � h W i ( X � �

� | } ¨ � � n � 9 i < Þ | 5 � � �� A » � A PBS 4 5 . 3 5

� � I ��10 � � I �Yà < � � | } . � % 
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(A)   Q 
 " Ô  

    @ A g h �   Q 
  (agitated fermentor)ºß�� � � � � � ��

¤ å D � �c 6 b � �pH } � Æ � B ¡ � D0� � �� S T%��

� � ±�: 

 

  (1) �� P ` : 25 � 

  (2) g h � [ : � [ Õ Ý � � � �  

  (3) g h � ` : 150 rpm 

  (4) s J D: 5 %J ��� �  

  (5) � D D:1 vvm  

  (6) �� 6 Q : 2 L 
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� !(A)�Plackett-Burman" Ô Ï Ð % 

Table 1(A)�Plackett-Burman experimental design. 

 

 
 
 

No.            CaCl2 CuSO4  FeSO4 KCl   MgSO4  NaNO3 ZnSO4 

1 +1 -1 +1 -1 -1 -1 +1 

2 +1 +1 -1 +1 -1 -1 -1 

3 -1 +1 +1 -1 +1 -1 -1 

4 +1 -1 +1 +1 -1 +1 -1 

5 +1 +1 -1 +1 +1 -1 +1 

6 +1 +1 +1 -1 +1 +1 -1 

7 -1 +1 +1 +1 -1 +1 +1 

8 -1 -1 +1 +1 +1 -1 +1 

9 -1 -1 -1 +1 +1 +1 -1 

10 +1 -1 -1 -1 +1 +1 +1 

11 -1 +1 -1 -1 -1 +1 +1 

12 -1 -1 -1 -1 -1 -1 -1 

13 -1 +1 -1 +1 +1 +1 -1 

14 -1 -1 +1 -1 +1 +1 +1 

15 +1 -1 -1 +1 -1 +1 +1 

16 -1 +1 -1 -1 +1 -1 +1 

17 -1 -1 +1 -1 -1 +1 -1 

18 -1 -1 -1 +1 -1 -1 +1 

19 +1 -1 -1 -1 +1 -1 -1 

20 +1 +1 -1 -1 -1 +1 -1 

21 +1 +1 +1 -1 -1 -1 +1 

22 -1 +1 +1 +1 -1 -1 -1 

23 +1 -1 +1 +1 +1 -1 -1 

24 +1 +1 +1 +1 +1 +1 +1 
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� !(B)�Plackett-Burman" Ô Ï Ð �� 	� �: % 

Table 1(B)�The medium ingredients of Plackett-Birman experimental   

           design. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Independent variables � Coded levels 

� (%) +1 � -1 

CaCl2 � 0.01 � 0 

CuSO4  � 0.002 � 0 

FeSO4 � 0.001 � 0 

KCl   � 0.05 � 0 

MgSO4 � 0.05 � 0 

 NaNO3 � 0.2 � 0 

ZnSO4 � 0.02 � 0 
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� �(A)�25-1 9 � yÌ" Ô Ï Ð % 

Table 2(A)�25-1 fractional factorial experimental design. 

 

NO. Sucrose Peptone CaCl2 MgSO4 ZnSO4 

1 -1 -1 -1 -1 +1 

2 +1 -1 -1 -1 -1 

3 -1 +1 -1 -1 -1 

4 +1 +1 -1 -1 +1 

5 -1 -1 +1 -1 -1 

6 +1 -1 +1 -1 +1 

7 -1 +1 +1 -1 +1 

8 +1 +1 +1 -1 -1 

9 -1 -1 -1 +1 -1 

10 +1 -1 -1 +1 +1 

11 -1 +1 -1 +1 +1 

12 +1 +1 -1 +1 -1 

13 -1 -1 +1 +1 +1 

14 +1 -1 +1 +1 -1 

15 -1 +1 +1 +1 -1 

16 +1 +1 +1 +1 +1 
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� �(B)�25-1 9 � yÌ" Ô Ï Ð 
�� 	� �: % 

Table 2(B)�The medium ingredients of 25-1 fractional factorial 

experimental design. 

 

Independent variables � Coded levels 

�  (%) +1 � -1 

Sucrose � 1.5 � 0 

Peptone � 1.0 � 0 

CaCl2 � 0.01 � 0 

MgSO4 � 0.05 � 0 

ZnSO4 � 0.02 � 0 
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� �(C)�23-1 9 � yÌ" Ô Ï Ð % 

Table 2(C)�23-1 fractional factorial experimental design. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

No.            Sucrose Peptone NaNO3 

1 -1 -1 -1 

2 +1 -1 -1 

3 -1 +1 -1 

4 +1 +1 -1 

5 -1 -1 +1 

6 +1 -1 +1 

7 -1 +1 +1 

8 +1 +1 +1 
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� �(D)�23-1 9 � yÌ" Ô Ï Ð 
�� 	� �: % 

Table 2(D)�The medium ingredients of 23-1 fractional factorial   

            experimental design. 

 

Independent variables � Coded levels 

�  (%) +1 � -1 

Sucrose � 1.5 � 0 

Peptone � 1.0 � 0 

NaNO3 � 0.2 � 0 
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��(A)�� � � � � 	 
 �  (A)� 
 � � �(B) � � � � (S.aureus)� 

Table 3(A)�Central composite experimental design. (A)Growth factor�(B)Inhibitor factor (S.aureus)�      

 

(A)                                  (B)                             
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NO. Peptone NaNO3 

1 -1 -1 

2 0 -1 

3 +1 -1 

4 -1 0 

5 0 0 

6 +1 0 

7 -1 +1 

8 0 +1 

9 +1 +1 

NO. Peptone ZnSO4 

1 -1 -1 

2 0 -1 

3 +1 -1 

4 -1 0 

5 0 0 

6 +1 0 

7 -1 +1 

8 0 +1 

9 +1 +1 
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�� (B)��� � � �	 
 � �
 �� � � �  (A)� � � � �(B)� � 

� � (S.aureus)� 

Table 3 (B)�The medium ingredients of central composite experimental   

design. (A) Growth factor�(B) Inhibitor factor (S.aureus)� 

 

(A) 

 
(B) 

 
 
 
 
 
 
 
 
 
 
 
 
 

Independent variables � Coded levels 

� (%) +1 0 -1 

Peptone � 1.0 0.5 0 

NaNO3 � 0.2 0.1 0 

Independen1t variables � Coded levels 

� (%) +1 0 -1 

Peptone � 1.0 0.5 0 

ZnSO4 � 0.02 0.01 0 
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��������� � � � �� � � � �� � � � �� � � � � ����

 ��Coniothyrium sp. CSM�� � � � � �  

    �  ! " #$ % & ' ��( )Coniothyrium sp. CSM�*+ , -

. / 0 1 2 3 4 5 6 7� 8 9 : ��; < = > ? @A ? B C D E(F� 

2007)�)G H I J � - K L + , - $ M N �O P Q *� � � � �R

S T U VpHW� 

(�) 
 �T U $ X Y  

    Z20�25�30�35 [$ T U \ 
 �Coniothyrium sp. CSM 7]�

^ _ *�` � � a b �c d� �D Ee f 1 ��2 3 g�h�30 �

)R i $ � � T U �� � �` j k l 3.92 cm��m � � n)o p �

q�r s J t u v w x y z { � � c | ^ _ } ~ 4 $ � � M � �v w

� � �m � x �� �� �� t n)� b $ �m )� � � �35 [��

` ~ 4 a k )1.96 cm� c � � � M � �� � � | �� � �� � � �

Coniothyrium minitans Z0-30 [| �m � � V� � M � �R S T U )

20  (Campbell � et al., 1947)� 

    d�� � � � � ��Staphylococcus aureus)$ � 8 D EZ� � T

U \ � 7� � �� 
 �T U )30[��Coniothyrium sp. CSM�+ ,

- � 6 7R i $ � 8 � 3 �� 8 S. aureus � �  )¡0.58 cm�¡

(¢) pHW$ X Y  

    £ 	 ��HCl@NaOH ¤ ¥ 
 �� ¦ § pHW¨ w Z4-10©�� ª

8 � pHW« )4.6�2 3 g�¬�­ q�	 2 3 ® ¯ �Z� � ¦ § pH

W
 �\ ��` � � j °± c � 4 ²$ � �  (P³0.05)�´ µ ¶ Z

2.4-2.6 cm�� �m x ¯ o p c ´ 7M � $ · ¸ �� � + , - � �D

E¹ ²pHW$ º» � ¼ ½ \ ¾ �� 
 �ZPDAºpH ¨ w Z4-5�©�

�� 3 R i �� 
 �� ¦ § pHWx �L ¿ À Á �*� �D EÂ ¾ Ã
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Äª 8 � 6 4 ²� � ¡(P³0.05)�¡

¡¡¡¡ZÅ Æ  ! �Ç È pH 4.5-6.2�É % & ' �M � � $ R S � � �

� �m � � Â É Ê ZpH 3.3-5.6�R j N  (McQuilken et al., 1997 ; 

Ooijkaas et al., 1999)� � ZPDAº
 �Ë® ¯ ZpHW)4�7R j $

�m M N �� Z5.8-6 ¨ w �M � N � l R H �Ì1 M � @�m � � É

Ê Z� � Í Î � � Ï �� Ð " Ñ $   Ò Ó 7" � � ¡(Shi et al., 2007)� 

    Ð v �À Ô L $ pHW  Ò d�% & ' �M � � �- � É 7Õ u

$ X Y �qÖ ¤ ¥ �PDB 
 �C. minitansË�d�× Ø �$ � 8 D E

Ù79-18 %�� R Ú pHW)Û Ô L Ü �L �� ­ q¤ ¥ PDB¦ § pH

W¨ w Ü 3-5��Â | G » � 8 × Ø �l 46-67 %�R Ú pHW)Ô L  

(Yang et al., 2008)�4 5 ZÀ Ô $   Ò \ É 7Ý �� �- � $ M � �

� Þ �ß  ! �Ç È �Z� à 
 �� PDB�á â ã Ô \ 
 �% & '

��*� 8 9 : ä �D EnÖ á â �å  (Ren et al., 2007)�� 2 3 @

ºæ Å Æ �dç \ �2 3 è é �ê ë À Ô $   Ò 7Ý �Coniothyrium 

sp. CSM � � 6 K L $ ¢ì + , - ni � 
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�h�� � 
 �T U dConiothyrium sp. CSM�PDAº
 �í]Ë�¡

¡¡¡¡¡¡m � � V� �  �X Y �¡

Table 4�Effect of different incubation temperature on mycelia growth and 

inhibition zone by Coniothyrium sp. CSM on PDA incubated for 

7 days.  

 

�        Inhibition zone (cm) �� �   Growth zone (cm)1 

Tested pathogenic bacteria species 

�        Staphylococcus aureus1 �  �

Temperature � � � � 

20�           0.27±0.01C �  �2.06±0.27C 

25�           0.40±0.05B �  �2.99±0.19B 

30�           0.58±0.04A �  �3.92±0.08A 

35�           0.34±0.04BC �  �1.96±0.15C 

î: Growth zone)
 �ï º�m � � �ð ñ � 

î: 1: Means of triplicates ò standard deviation. 

   A-C : Means followed by the same letters in the same column are not 

significantly different (P³0.05). 
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�¬�� � ¦ § pHWdConiothyrium sp. CSM�PDAº
 �í]Ë�¡

¡¡¡¡¡¡m � � V� �  �X Y �¡

Table 5�Effect of different initial pH on mycelia growth and inhibition 

zone by Coniothyrium sp. CSM on PDA incubated for 7 days.  

 

�         Inhibition zone (cm) �� � Growth zone (cm)1 

�     Tested pathogenic bacteria species � � 

�        Staphylococcus aureus1 �  �

pH value � � � ��

Control      0.35±0.04A �  �2.44±0.26AB 

pH 4      0.32±0.01AB �  �2.26±0.09AB 

pH 5      0.30±0.01ABC �  �2.43±0.09AB 

pH 6      0.27±0.02BC �  �2.65±0.11A 

pH 7      0.27±0.04BC �  �2.27±0.20AB 

pH 8      0.25±0.02CD �  �2.11±0.26B 

pH 9      0.19±0.04D �  �2.22±0.23B 

pH 10      0.19±0.01D �  �2.28±0.03AB 

î:Control)Ö ¤ ¥ �� à 
 �� �¦ § pHW)4.6� 

î: 1. Means of triplicates ò standard deviation. 

   A-D : Means followed by the same letters in the same column are not 

significantly different (P³0.05). 
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¢��m � � �R S 
 �� � � � � � ¡

¡¡¡¡Coniothyrium sp. CSMZ
 �ó ô �õ ö � )�± � ÷ � ø a �

� ¸ ù �� Ð )ú �J û L ü ¶ ý þ ����� ù 
 �� ú �` � �

l R i b ��Ð � ù 
 � � )J ��Ö � e f � ù ® � �Ï 	 � � ù

® � \ D 
 â �m � � VK L - � M N � 

(�) � � � � $ X Y  

    ZPDA
 �� �á â 1.5 %� � � � �ÄÖ á â $ ª 8 � è 


n�Coniothyrium sp. CSM�` � � $ � � g��� � � á â 3 �V

� � � ú �m 
 â ¡(2.95 cmV3.07 cm�Ädç � 6 4 ²� � ¡(P³

0.05))�*ì �á â � � � ú �m N 
 â �* � J < $ � � ��m Â

� 4 ²
 â �¡

¡¡¡ �	 �PDA� � � 7 � � � � ��� � á â Þ �J � � e f 


��Ì1 q � J � � G � \ D d�� � � V+ , x Õ u � � �qÅ Æ

�Ç È �� � J � � � � � @� � � 
 �\ ê } $ � � M - H �  !

á â � � � ¿ É � � � $ · ¸ �Ì1 Ð � J � � � � " Z�
 �� �

dC.minitans�+ , - M � # $ $ � #e � 
 â M N ¡�%�2006)� 
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���� � � � dConiothyrium sp. CSM�PDAº
 �í]Ë�m � ¡

¡¡¡¡¡¡� �X Y �¡

Table 6�Effect of different carbon source on mycelia growth by 

Coniothyrium sp. CSM on PDA incubated for 7 days.  

 

No Carbon source Growth zone (cm)1 

1 PDA+1.5% Glucose 2.37±0.01D 

2 PDA+1.5% Fructose 2.95±0.01A 

3 PDA+1.5% Galactose 2.30±0.18D 

4 PDA+1.5% Maltose 2.74±0.01B 

5 PDA+1.5% Sucrose 3.07±0.01A 

6 PDA+1.5% Lactose 2.62±0.08BC 

7 PDA+1.5% Mannose 2.43±0.02CD 

8 PDA+1.5% Glycerol 2.27±0.02D 

9 Control (PDA) 2.41±0.03CD 

î: 1 : Means of triplicates ò standard deviation. 

   A-D : Means followed by the same letters are not significantly 

different (P³0.05). 
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(¢) � � & � $ X Y  

¡¡¡¡��1 %$ � � & � �	 d�m � � $ � � �2 3 g�í�2 3

4 5 7 ' & � ´ d�m � � 74 ²$ 
 â ¡(p³0.05)�*�á â � (

) * - � � � ) * - � + �,��m � ´ D G » Ü 3.80 cm- . �7

' & � D G � n / 0 � 1 $ 2 � Ô �� � ' & � Â É � 3 �� " Ý

#��m � @ª 8 � è n�\ 4 } � 8 �x ¯ 5 6 � � $ · ¸ �« )

1.0 cm��` �� �` � � " Ñ & � �1 %+ �, á â � e f � � �¡

¡¡¡¡� ' & � � 7 8 ÷ �� � � VM � " Ñ �| D : � Z�� ' & �

� 7 G � °± �� � � ¿ 9 � + , - � " Ñ � 2 � Ô �$ : *� � 5

6¡�;�2006)�7 ! 4 5 � < � ) & � = 9 > ? ) � � · @ \ |

AC. minitans7Ý ��m � � VM � �Z
 �� �� �G » < � B U

@ > ? B U | �
 â M � � C D ¡�Ooijkaas et al., 2000)�Ð 2 3 ÄÄ

� �	 � è � �Ì1 | D � ) E �J 6 7M < � ± F G � � �c � Z

� & 
 $ 
 H �þ µ ¶ \ ê � I ê � þ ��± � � � �¡
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�í�� � & � dConiothyrium sp. CSM�PDAº
 �í]Ë�m ¡

¡¡¡¡¡¡¡¡� � �X Y �¡

Table 7�Effect of different nitrogen source on mycelia growth by    

         Coniothyrium sp. CSM on PDA incubated for 7 days.  

 

No Nitrogen source Growth zone (cm)1 

1   PDA+1% Yeast extract 3.88±0.05A 

2   PDA+1% Malt extract 3.78±0.02A 

3   PDA+1% Tryptone 2.52±0.04B 

4   PDA+1% Peptone 3.94±0.07A 

5   PDA+1% Urea 0.79±0.00D 

6   PDA+1% (NH4)2HPO4 1.12±0.11C 

7   Control (PDA) 2.41±0.03B 

î: 1 : Means of triplicates ò standard deviation. 

   A-D : Means followed by the same letters are not significantly 

different (P³0.05). 
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(�) � ' J < $ X Y  

� ' J < � X Y K � - � � V+ , �� £ 	 L #CaCl2�CuSO4 �

FeSO4 �KCl �MgSO4 �NaNO3 �ZnSO4 M íJ � ' J � N Plackett- 

Burman�	 
 � �� � íJ J < d�� � @� �K L $ X Y � B U

¨ w @1 ê O 6 2 3 g� P ���ê ë R j �` ) Q 8 R �	 ¡(3.39 

cm)�­ q S � ± T Ë�2 3 gU�4 5 CaCl2�MgSO4VZnSO4d�

� � � 6 7Õ u 4 ²X Y �CuSO4@FeSO4 V � M � W u $ X Y � �

4 ²�NaNO3@KClÂ É 6 Õ u X Y � � 4 ²�6 74 ²X Y �� '

JCaCl2�MgSO4VZnSO4 ± X ��  ! � � e �/ 1 ��c Y #I �

J � ' J= 9 � � ) � �V & � ) + �,� )Coniothyrium sp. CSM

� � �
 �� R S b � � � � � �¡
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� P � K N Z � � � � dConiothyrium sp. CSM � � Plackett-Burman 

        �	 
 � � 

Table 8�Plackett-Burman experimental design for screening suitable trace  

       element ingredients to mycelia growth of Coniothyrium sp.CSM. 

î : 
 ��©)í] (¢ [ / )� 

  Concent ration:  (%)    Growth zone 
NO. CaCl2 CuSO4 FeSO4 KCl MgSO4 NaNO3 ZnSO4 (cm) 

1 0.01 0 0.001 0 0 0 0.02 2.88 
2 0.01 0.002 0 0.05 0 0 0 2.84 
3 0 0.002 0.001 0 0.05 0 0 2.64 
4 0.01 0 0.001 0.05 0 0.2 0 2.62 
5 0.01 0.002 0 0.05 0.05 0 0.02 3.37 
6 0.01 0.002 0.001 0 0.05 0.2 0 2.8 
7 0 0.002 0.001 0.05 0 0.2 0.02 2.93 
8 0 0 0.001 0.05 0.05 0 0.02 3.39 
9 0 0 0 0.05 0.05 0.2 0 2.57 
10 0.01 0 0 0 0.05 0.2 0.02 3.44 
11 0 0.002 0 0 0 0.2 0.02 3.08 

12 
13 

0 
0 

0 
0.002 

0 
0 

0 
0.05 

0 
0.05 

0 
0.2 

0 
0 

2.49 
2.74 

14 0 0 0.001 0 0.05 0.2 0.02 3.20 
15 0.01 0 0 0.05 0 0.2 0.02 3.23 
16 0 0.002 0 0 0.05 0 0.02 3.27 
17 0 0 0.001 0 0 0.2 0 2.57 
18 0 0 0 0.05 0 0 0.02 2.86 
19 0.01 0 0 0 0.05 0 0 2.97 
20 0.01 0.002 0 0 0 0.2 0 2.64 
21 0.01 0.002 0.001 0 0 0 0.02 2.77 
22 0 0.002 0.001 0.05 0 0 0 2.23 
23 0.01 0 0.001 0.05 0.05 0 0 2.92 
24 0.01 0.002 0.001 0.05 0.05 0.2 0.02 3.58 
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Standardized Pareto Chart for Growth zone 

0 2 4 6 8 10�

Standardized effect 

B:CuSO4 

D:KCl 

F:NaNO3 

C:FeSO4 

A:CaCl2 

E:MgSO4 

G:ZnSO4 +
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Fig. 1�Affects of different trace element ingredients in Plackett-Burman 

experimental design. (Growth zone) 
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(h) �m � � �
 �� ] ^ � � � _ þ  

    q ` æ Plackett-Burman
 � �	 2 3 ê ë � ' J $ á â 2 3 ��

CaCl2�MgSO4�ZnSO4d�Coniothyrium sp. CSM�m � � 74 ²Õ

u X Y �� � � � �	 ��á â � �)ni �� & � �	 ��á â +

�, � � ni �a� � ��+ �,�CaCl2�MgSO4�ZnSO4¬ b �	

� � � )P c �m � � R S 
 �� �25-1°± � � �	 
 � ��*Õ

d b )+1V-1 Í e � P c 6 X Y f #$ � � � �­ q°± � � �	 |

ê ë \ � � ± X d�2 3 � g h � i� B U @2 3 g� j � 

    �m � � R j ¨ w ) Q 4 R �	 �*ì É 16 R �	 �� � 16 R �

	 1 á â � CaCl2@MgSO4�qSTAGRAPHICS k � ± T 2 3 �Pareto 

Chart4 5 � ��CaCl2@MgSO4d�m $ � � � 4 ²$ X Y �gU¢�

l N 25-1°± � � �	 O N ± T " M � $ m n o ô p ): 

Growth zone = 3.26062 + 0.133125��Sucrose + 0.299375��Peptone + 

0.188125��CaCl2 + 0.093125��MgSO4 + 0.324375��ZnSO4 

�	 $ � � ´ 6 7Õ u $ ] q �� � + �,@ZnSO4d£ 	 2 3

R )4 ²�Z� à 
 �� �PDA| D ~ 4 r s & � � $ : + �, G �

�m � � g h ] ^ & � � � ��CaCl2@MgSO4 $ m n q O nÃ c t

] ^ $ � � � � �aZ�Ë$ 
 �� � � �	 u á â + �,@ZnSO4

�PDA��¡

¡

¡

¡
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� j �
 �� � � � �25-1°± � � �	 
 � � (�m � � ) 

Table 9�25-1 fractional factorial experimental design for screening suitable 

medium ingredients. (Growth zone) 

 

� Concentration (%) � �

NO.� Sucrose Peptone CaCl2 MgSO4 ZnSO4 Growth zone (cm)�

1 0 0 0 0 0.02 2.51 

2 1.5 0 0 0 0 2.54 

3 0 1 0 0 0 2.57 

4 1.5 1 0 0 0.02 4.32 

5 0 0 0.01 0 0 2.84 

6 1.5 0 0.01 0 0.02 3.48 

7 0 1 0.01 0 0.02 3.57 

8 1.5 1 0.01 0 0 3.51 

9 0 0 0 0.05 0 2.64 

10 1.5 0 0 0.05 0.02 3.14 

11 0 1 0 0.05 0.02 3.46 

12 1.5 1 0 0.05 0 3.40 

13 0 0 0.01 0.05 0.02 3.99 

14 1.5 0 0.01 0.05 0 2.55 

15 0 1 0.01 0.05 0 3.44 

16 1.5 1 0.01 0.05 0.02 4.21 

î : 
 ��©)í] (¢ [ / )� 
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Standardized Pareto Chart for Growth zone 

0� 1� 2� 3� 4�

Standardized effect 

D:MgSO4 

A:Sucrose 

C:CaCl2 

B:Peptone 

E:ZnSO4 +
-�

+�

+�

+�

+

+�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

U¢� \ 
 �� d 25-1°± � � �	 $ 2 3 �¡��m � � v¡

Fig. 2�Analysis of different medium ingredients in 25-1 fractional factorial 

experimental design. (Growth zone) 
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(¬)�m � � � �
 �� B U �¨ w  

    q°� � � � 	 ê ë + �,@ZnSO4d��m � � 6 4 ² �

i� l N ` æ £ 	 �" ú #$ B U Õ d b w1V-1 � )� � ¨ w ��

� � � B U q-1 ¼ ½ G » B U Ü +1�^ _ *2 3 $ ø a � 

­ � � $ �	 �B U ¼ / G » � ^ _ É x x ¯ Õ è ] �B U ¨ w

V2 3 g�y�
 nË® ¯ �¹ ² B U $ G » �m � � �¨ w Ó ¼ ½


 â �� Z + �,)0.6 %@ZnSO4)0.012 %�Ë� � � z � { 5 (4 

cm)��Ë | } + �,)0.8 %@ZnSO4)0.016 %�m � � ~ � 5 6�

� � ²R S b $ + �,B U Z0.8-1.0 %�©�ZnSO4Z0.16-0.20 %�

©� 
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�y�� � B U �	 �
 �� � � Ä2 3 � (�m � � ) 

Table 10�The medium ingredients and results of design with different 

concentration. (Growth zone) 

 

  Concentration (%) 

NO. Peptone ZnSO4 Growth zone (cm) 

1 0.000 0.000 3.99±0.05C 

2 0.200 0.004 3.39±0.12D 

3 0.400 0.008 3.45±0.09D 

4 0.600 0.012 4.34±0.23B 

5 0.800 0.016 4.59±0.01A 

6 1.000 0.020  4.46±0.03AB 

î: 
 ��©)í]� 

î: 1 : Means of triplicates ò standard deviation. 

   A-D : Means followed by the same letters are not significantly   

        different (P³0.05). 
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(�) Coniothyrium sp. CSM � � R S b  

    Ý # � i� �7 
 � £ 	 �P c + �,@ZnSO4 R i � � ��R

S W��� � � � Õ d b )+1�0V-1 M � b Í e �q ` æ £ 	 B U

¨ w ��© B U )�� t ���� t 
�0.5 %) + �, $ 
 H �


�0.01 %)ZnSO4� 
 H � � � 22 � � � 
 � â º4 b �� t 
 � V1

b �� t ��9 b �	 �*�	 B U V2 3 g�y�" 5 �ê ë

Coniothyrium sp. CSM � � R j $ �` M � Z Q 8 R �	  (4.50 cm)�

*
 �� 
 H )Peptone : ZnSO4�0.5 % : 0.02 %�� Z Q 7 R �	 �Ù

á â 0.02 %�ZnSO4 � ~ 4 $ ¾ Ã �` � � ¨ w �4 5 Z r s & � $

· @ \ ��` c � 7 7� Ý #ZnSO4 �  ! á â ó 1 $ ZnSO4 � � �

� � $ � 8 � 
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�y���� � � �	 �
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Table 11�The medium ingredients and results of the central composite 

experimental design. (Growth zone) 

 

Concentration (%) 

NO.� Peptone ZnSO4 Growth zone (cm) 

1 0 0 2.87 

2 0.5 0 3.38 

3 1 0 3.97 

4 0 0.01 3.45 

5 0.5 0.01 4.38 

6 1 0.01 3.79 

7 0 0.02 2.82 

8 0.5 0.02 4.50 

9 1 0.02 3.90 

î : 
 ��©)í] (¢ [ / )� 
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��	 2 3 � � STAGRAPHICS k � ± T �" ê � m n q O � �

�y¢�* � n o ô p ): 

Growth zone = 2.7580700 + 3.3831580×peptone + 85.824561×ZnSO4 - 

2.5031580×peptone2 - 10.000000×ZnSO4×peptone - 3057.8947×ZnSO4
2 

    Z�y¢�� � n q O ��ZnSO4��ì ß @peptone�ZnSO4�

� ß 6 74 ²� �  (P³0.05)�* � � q O � 4 ²� � �4 5 � b �

� �©�� f #$ | D �*0 þ q O  (R2) Wl 0.81��5 � n o ô

p � 7 � � F � £ 	 O N �Ð a � | D � � ��J � � � a L " � �

$ � ý þ �Þ Ó 4 } 
 �� ��� f #$ X Y � ø a � 

��	 2 3 � � SAS ± T �2 3 g�y��qa o ± T | ë �Ù

7¢ì ß l 4 ² (P³0.05)�� �ì ß @ � p ß � � n q O Ö l 4

²�* � n � p �FW)1.37�Z � � ß  (residual) �� � 9 U  (lack 

of fit)�FW)7.95�� 6 4 ²L  (P³0.05)��5 qÐ £ 	 O N " � n

È �¢ì 1 ß p � p | S � �l �	 O N �c � = S � ÷ $ · @ � 
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�y¢�SASd� � � �� � � �	 
 � �a o ± T �� (�` � � ) 

Table 12� The analysis of variance of the central composite experimental 

design. (Growth zone) 

  

Parameter DF Standard Error t Value Probability 

Intercept 1 0.316546  8.71   0.0003** 

peptone 1 1.003767  3.37 0.7896 

ZnSO4 1 50.18836  1.71  0.0378* 

peptone*peptone 1 0.892850 -2.80 0.1479 

ZnSO4*peptone 1 35.52750 -0.28  0.0199* 

ZnSO4*ZnSO4 1 2232.125 -1.37 0.2990 

 

R2 = 0.8137 

* : Significant at 5 % level 

** : Significant at 1 % level 
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�y��� � � �� � � 
 � o ô p �a o ± T �� (�` � � ) 

Table 13�Analysis of variance of central composite experimental design. 

(Growth zone) 

 

Regression DF 
Type I Sum 
of Squares 

R-Square F Value Probability 

Linear 2 1.144667 0.3379 4.53 0.0753 

Quadratic 2 1.601395 0.4728 6.34  0.0425* 

Crossproduct 1 0.010000 0.0030 0.08 0.7896 

Total Model 5 2.756062 0.8137 1.37 0.0658 

Residual     

Lack of Fit 3 0.582302 0.194101 7.95 0.1137 

Pure Error 2 0.048800 0.024400   

Total Error 5 0.631102 0.126220   

 

R2 = 0.8137 

* : Significant at 5 % level 
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    � n o ô p Ý #SASk � e f Õ Â ± T  (Canonical analysis)�g

�yh (A)�* � � �ì ß Ë�¢ì o ô p � � ê Õ Â o ô p : 

Y = 4.414 – 0.304Z1- 0.628Z2 

*�Y)�` � � j k �Z1) + �,�Z2)ZnSO4�o ô p �� q O

´ ) W W�6 7 � j W (Z1�Z2) = (0.300�0.297)� �   Ë \ � � d

iB U )peptone =0.650 %�ZnSO4 =0.013 %�g�yh (C)�ÄSTA 

-GRAPHICS± T ¡ � 2 3 �gU��q± T Ë�U �  (A) )� � �
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�yh�(A) SASÕ Â ± T � (B)�� � � 
 � ¥ � ¦ 9 f #�a     

          o ± T  (C)ª 1 Ä�	 �` � � �R S 
 �� � � � 

Table 14�(A) The canonical analyzed table calculated by SAS. (B) Anal 

-ysis of variance of central composite design for studying the 

overall effects. (C)The predicted and practiced value of the 

optimum concentration of medium. 

 

(A) 

Eigenvalues Peptone ZnSO4 

-0.30385 -0.077421 0.996999 

-0.62773 0.996999 0.077421 

 

(B) 

Factor DF Sum of Squares Mean square F value Probability 

Peptone 3 1.914685 0.638228 5.06 0.0565 

ZnSO4 3 0.478952 0.159651 1.26 0.3807 

 

(C) 

A : Practice value are not significantly different with theoretical value  

(P³0.05) 

Concentration (%) 
� Peptone ZnSO4 Growth zone (cm) 

Theoretical value 0.650 0.013 4.41A 

Practice value 0.650 0.013 4.50�0.08A 
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U��Peptone�ZnSO4 $ á â d�Coniothyrium sp. CSM�` � � ¨  

      w �X Y �(A)~ i� �U (B)M H ¢ U 

Fig. 3�Effect of mycelia growth of Coniothyrium sp. CSM at various 

concentrations of peptone and ZnSO4. (A) Response Surface of 

the proportion (B) Contours of the proportion 
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Uh�Coniothyrium sp. CSM 
 �í]�� � · @ �(A)�� à 
 ��  

º(B)�R S 
 �� º 

Fig. 4�Mycelia growth of Coniothyrium sp. CSM that incubated for 7 

days. (A) on basal medium (B) on optimum medium  

¡
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�y¬�Coniothyrium sp. CSM 
 ��PDA@R S � � 
 �� �� � 

         D EX Y � 

Table 15�Effect of PDA and optimization of growthful medium on inhib  

-ition zone by Coniothyrium sp.CSM incubated for 7 days. 

¡

¡

  Media 

 PDA 
Optimum medium 
of mycelia growth 

Inhibition zone (cm)1 0.40±0.04A 0.41±0.02A 

¡

î: 1 : Means of triplicates ò standard deviation. 

   A : Means followed by the same letters are not significantly different 

(P³0.05). 

¡

¡

¡

¡

¡

¡

¡

¡

¡

¡
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��M � �- � �R S 
 �� � � � � � ¡

¡¡¡¡R S � � 
 �� \ � 7 M � � 8 S. aureus + , - � R i b �� Ð

�PDA� )� à 
 �� e f � � � �� � �Ï 	 ­ ��Ë�
 �� D

ú � �- � 7� G » �¡

��v¡� � � � X Y  

    )� � � � � � dConiothyrium sp. CSM � �D E$ X Y �á â

� � B U � � � �PDA��
 �í]Ë�# ¹ º d
 �� e f ) * �

d9 : �e f � �1 ��2 3 g�y��O N 4 5 Z� 8 S. aureuso

��á â 3 �@ � � | M � nj $ � �   (0.5 cm)�� � Z� � $ B

U \ ´ @ª 8 � 6 4 ²� � ¡(P³0.05)�á â � � ú Coniothyrium sp. 

CSM + , M - K L R å �» ¼ V ½ ¾ �d�� �D Ec � 
 â �� �

��� � ��¾ �@ » ¿ � Â ZH B U \ ­ 74 ²$ 
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� » ¿ �ZÃ B U $ · ¸ � 7
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�¢v � � & � X Y ¡

¡¡¡¡�	 ��� J 7 ' & � @� ' & � á â �PDAË�s J Conioth 
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 �í]�) * 
 �� � e f ¡S. aureus�� �  1

��2 3 g�yí�¡

    ú # & � $ á â d�+ , - - � $ M � 6 7è � j $ X Y ��

1.0 % � + �, (peptone)� ) & � dS. aureus M � $ � �  R i  

(0.5 cm)�@ª 8 � 6 74 ²� � ¡(P³0.05)�� ( ) * - V� ' & �

� � �� �- $ M � �*�á â � ' & � ~ � ú Coniothyrium sp. 

CSMZ� � 4 } � 8 �` À k �� 7 M � � �- � �á â � ( ) * -

V D ú �` � � �� *� �D EÂ \ ¾ �� Ð �1 %$ + �,� )
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����� � � � 	 Coniothyrium sp. CSM
PDA� � 
 � � � 	 � � � � � � � � � � � � � 

Table 16�Effect of different carbon source on inhibition zone of Staphylococcus aureus by Coniothyrium sp. CSM on PDA 

incubated for 7 days.  

 

  Tested pathogenic bacteria species Staphylococcus aureus  

    Inhibition zone (cm)1     

Carbon source Glucose Fructose Galactose Maltose Sucrose Lactose Mannose Glycerol Control 

Concentration          

0.5% 0.26±0.05JKLM 0.44±0.04CDEF 0.31±0.02HIJKLM 0.31±0.01HIJKLM 0.54±0.08AB 0.38±0.01DEFGH 0.46±0.06BCDE 0.24±0.04LM 0.25±0.01JKLM 

1.0% 0.30±0.04HIJKLM 0.47±0.06BCD 0.36±0.05EFGHI 0.37±0.04DEFGHI 0.52±0.06ABC 0.26±0.02JKLM 0.42±0.07CDEFG 0.24±0.05KLM  

1.5% 0.35±0.06EFGHIJK 0.47±0.02BCD 0.21±0.05MN 0.27±0.05IJKLM 0.57±0.03A 0.31±0.05HIJKLM 0.29±0.01HIJKLM 0.25±0.05JKLM  

3.0% 0.34±0.05FGHIJKL 0.46±0.01BCD 0.13±0.01N 0.26±0.04JKLM 0.45±0.08BCDE 0.32±0.08HIJKL 0.26±0.01JKLM 0.21±0.02MN  

�:1 : Means of triplicates � standard deviation. 

   A-N : Means followed by the same letters are not significantly different (P�0.05). 
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��� �� � � � 	 Coniothyrium sp. CSM
PDA� � 
 � � � 	 � � � � � � � � � � � � � 

Table 17�Effect of different nitrogen source on inhibition zone of Staphylococcus aureus by Coniothyrium sp. CSM on PDA 

incubated for 7 days.  

 

 Tested pathogenic bacteria species  Staphylococcus aureus  

   Inhibition zone (cm)1   

Nitrogen source Yeast extract Malt extract Tryptone Peptone Urea (NH4)2HPO4 Control 

Concentration        

0.5% 0.00±0.00H 0.18±0.02G 0.21±0.03FG 0.51±0.06B 0.00±0.00H 0.00±0.00H 0.32±0.02DE 

1.0% 0.00±0.00H 0.37±0.04CD 0.21±0.04FG 0.62±0.05A 0.00±0.00H 0.00±0.00H  

1.5% 0.00±0.00H 0.41±0.02C 0.00±0.00H 0.47±0.07B 0.00±0.00H 0.00±0.00H  

3.0% 0.00±0.00H 0.26±0.03EF 0.00±0.00H 0.34±0.06D 0.00±0.00H 0.00±0.00H  

�:1 : Means of triplicates � standard deviation. 

   A-H : Means followed by the same letters are not significantly different (P�0.05).
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���� � � � � 	 
 �

����� 
 � � � � � �� � � � � � � � � 	 
 �S. aureus � � 
 �

� � 	 
 � � �� � � � � ! �S. aureus � � " � # $ �% & � 


' ( )11 * + , �(0.90 cm) ( - . / ) 0NaNO3 1 2 % 3 �4 5 67

8 9 : ; � � � � � < = > ? @ 	 
 A � 4 5 67 8 B � C D E

F � � G ? H I J K L M N � O P 	 
 9 Q � R 5 1 2  ZnSO4 S T

�U
 V W X ( > Y 5 6�Z �U� " S. aureus � � S ( > Y Z � 5

6�5 [ � 
 � � B � \W X ]� > ^ _  ` a b 2 c � " S. aureus

# $ �d e NaNO3 f g h i ( j k lm i ( n o pq r s� K L + ,

t u v w xConiothyrium sp. CSM � " S. aureus M y z { % | } ~ �
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- . / l� �� � ~ � ��Coniothyrium sp. CSM � 
 ' M Plackett  

         -Burman+ , t u  �

Table 18lPlackett-Burman experimental design for screening suitable  

         trace element ingredients to inhibition zone of Coniothyrium  

         sp.CSM. 

� Concent ration : (%) � � � 
 

NO.� CaCl2 CuSO4 FeSO4 KCl MgSO4 NaNO3 ZnSO4 
Inhibition 
zone (cm) 

1 0.01 0 0.001 0 0 0 0.02 0.35 
2 0.01 0.002 0 0.05 0 0 0 0.21 
3 0 0.002 0.001 0 0.05 0 0 0.45 
4 0.01 0 0.001 0.05 0 0.2 0 0.66 
5 0.01 0.002 0 0.05 0.05 0 0.02 0.24 
6 0.01 0.002 0.001 0 0.05 0.2 0 0.49 
7 0 0.002 0.001 0.05 0 0.2 0.02 0.84 
8 0 0 0.001 0.05 0.05 0 0.02 0.36 
9 0 0 0 0.05 0.05 0.2 0 0.68 

10 0.01 0 0 0 0.05 0.2 0.02 0.87 
11 0 0.002 0 0 0 0.2 0.02 0.90 
12 
13 

0 
0 

0 
0.002 

0 
0 

0 
0.05 

0 
0.05 

0 
0.2 

0 
0 

0.26 
0.55 

14 0 0 0.001 0 0.05 0.2 0.02 0.58 
15 0.01 0 0 0.05 0 0.2 0.02 0.60 
16 0 0.002 0 0 0.05 0 0.02 0.51 
17 0 0 0.001 0 0 0.2 0 0.73 
18 0 0 0 0.05 0 0 0.02 0.40 
19 0.01 0 0 0 0.05 0 0 0.21 
20 0.01 0.002 0 0 0 0.2 0 0.50 
21 0.01 0.002 0.001 0 0 0 0.02 0.15 
22 0 0.002 0.001 0.05 0 0 0 0.28 
23 0.01 0 0.001 0.05 0.05 0 0 0.34 
24 0.01 0.002 0.001 0.05 0.05 0.2 0.02 0.72 
� : y z � N ( � �  (� � � ) 
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Standardized Pareto Chart for Inhibition zone 

0� 2� 4� 6� 8�
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� �l� � �� � �Plackett-Burman+ , b 2 M � �   (�� � �

� � � 
 M � 
 ' ) 

Fig. 5lAffects of different trace element ingredients in Plackett-Burman 

experimental design. (Inhibition zone of Staphylococcus aureus) 
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M � 
 ' ) 

Table 19l23-1 fractional factorial experimental design for screening 

suitable medium ingredients. (Inhibition zone of Staphylo 

-coccus aureus) 

 

Concentration (%) 

NO.� Sucrose Peptone NaNO3 Inhibition zone (cm)�

1 0 0 0 0.27 

2 1.5 0 0 0.35 

3 0 1 0 0.66 

4 1.5 1 0 0.70 

5 0 0 0.2 0.65 

6 1.5 0 0.2 0.55 

7 0 1 0.2 0.71 

8 1.5 1 0.2 0.83 

� : y z � N ( � �  (� � � )  
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Standardized Pareto Chart for Inhibition zone 
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Fig. 6�Analysis of different medium ingredients in 23-1 fractional factorial  

      experimental design. (Inhibition zone of Staphylococcus aureus) 
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Table 20lThe medium ingredients and results of design with different 

concentration. (Inhibition zone of Staphylococcus aureus) 

 

�: y z � N ( � �   

�: 1 : Means of triplicates å standard deviation. 

   A-C : Means followed by the same letters are not significantly 

different (Pæ0.05). 

 

 

 

 

 

 

 

 

 

Concentration (%) 

NO. Peptone NaNO3 Inhibition zone (cm) 

1 0.00 0.00 0.43±0.07C 

2 0.25 0.05 0.98±0.07A 

3 0.50 0.10 0.92±0.06A 

4 0.75 0.15 0.90±0.03A 

5 1.00 0.20 0.69±0.05B 
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Table 21lThe medium ingredients and results of the central composite 

experimental design. (Inhibition zone of Staphylococcus 

aureus) 

 

Concentration (%) 

NO.� Peptone NaNO3 Inhibition zone (cm) 

1 0 0 0.40 

2 0.5 0 0.95 

3 1 0 0.77 

4 0 0.1 0.87 

5 0.5 0.1 1.01 

6 1 0.1 0.85 

7 0 0.2 0.80 

8 0.5 0.2 1.08 

9 1 0.2 0.84 

� : yz� N (� � (� � � )  
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�� lPeptonelNaNO3�C D�UConiothyrium sp. CSM �
 �� M 

	 
  (A)� ­ � $ � (B) î � � � 

Fig. 7lEffect of antibacterial of Coniothyrium sp. CSM at various 

concentrations of peptone and NaNO3. (A) Response Surface of   

the proportion (B) Contours of the proportion 
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Table 22l The analysis of variance of the central composite experimental   

          design. (Inhibition zone of Staphylococcus aureus) 

 

Parameter DF Standard Error t Value Probability 

Intercept 1 0.079069 6.04   0.0018** 

peptone 1 0.250729 4.94   0.0043** 

NaNO3 1 1.253646 2.73  0.0413* 

peptone*peptone 1 0.223023 -4.21   0.0084** 

NaNO3*peptone 1 0.887435 -1.89 0.1177 

NaNO3*NaNO3 1 5.575587 -1.43 0.2108 

 

R2 = 0.8863 

* : Significant at 5 % level 

** : Significant at 1 % level 
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Table 23lAnalysis of variance of central composite experimental design. 

(Inhibition zone of Staphylococcus aureus) 

 

Regression DF 
Type I Sum  
of Squares 

R-Square F Value Probability 

Linear 2 0.083367 0.2408 5.29 0.0583 

Quadratic 2 0.195414 0.5644 12.41  0.0115* 

Crossproduct 1 0.028056 0.081 3.56 0.1177 

Total Model 5 0.306837 0.8863 7.79  0.0209* 

Residual     

Lack of Fit 3 0.039327 0.013109 524.36   0.0019** 

Pure Error 2 0.00005 0.000025   

Total Error 5 0.039377 0.007875   

 

R2 = 0.8863 

* : Significant at 5 % level 

** : Significant at 1 % level 
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    �� � ´M � ° # ± ² � ê SAS§ ¨ q r >  � �  (Canonical 

analysis)�b2 � -� . � (A)�: ! " 	 Ø � ´�� Ø # ± ² # $

� >  # ± ² : 

Y = 1.070 – 0.069Z1- 0.246Z2 

:ª Y(�
 ' �Z1(n o p�Z2(NaNO3 >  # ± ² ª MÑ � A

(@ â �-[ � < Þ KMZ â (> ? @ â % & Þ } �A Ð � � ­ â ü

Ê�Ka � ­ � $ � ª ®W � & â  (Z1�Z2) = (0.032�0.598) $ '

´� � � �­ E F (peptone = 0.516 %�NaNO3 = 0.160 %�� -� .

� (C)�äSTAGRAPHICS� � b2 peptone = 0.526 %�NaNO3 = 0.145 

%( (7 8   

    9c-� . � (B) ( � � Þ � �U
 V W X � ) ¨ * \µ ê M

Þ # � � -�̀ -ª B �NaNO3 + �à 1 4 5 6 � �Zpeptone = à 5

6 � �Ka á � m i�C D(��¥D®�MÞ KM	�9NaNO3

 cE F Ï , > ´ - �= à ¥D®�MB � +, % . / 0 1 2 � M

yz{E F q r � � � +,  (1.04�1.03�1.00 )�3 � M�
 ' (1.02 

cm�\� 4 5 � � 2 � M1.07 cmß à 5 6 7 8  (Pæ0.05)�³ 0a ¶

ziME F ¾(% | yz{0 6 �Coniothyrium sp. CSM Ù Ú �"S. 

aureusM��   
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-� . �l(A) SAS>  � � - (B)ª ë ì � t u ) ¨ * g µ ê MÞ     

          # � �  (C)2 � ä+, �
 ' M% | yz{~ �   

Table 24l(A) The canonical analyzed table calculated by SAS. (B) Anal 

-ysis of variance of central composite design for studying the 

overall effects. (C)The predicted and practiced inhibition 

zone of the optimum concentration of medium. 

(A) 

Eigenvalues Peptone NaNO3 

-0.069410 -0.245167 0.969481 

-0.245590 0.969481 0.245167 

 

(B) 

Factor DF Sum of Squares Mean square F value Probability 

Peptone 3 0.193310 0.064437 8.18  0.0225* 

NaNO3 3 0.102286 0.034095 4.33 0.0742 

* : Significant at 5 % level 

(C)  

A : Practice value are not significantly different with theoretical value  

(Pæ0.05) 

Tested pathogenic bacteria species       Staphylococcus aureus 

Concentration (%) 
 

Peptone NaNO3 Inhibitor zone (cm) 

Theoretical value 0.516 0.160 1.07A 

Practice value 0.516 0.160 1.02±0.02A 
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    0�®W % I �"S. aureus � � ��% | yz{q r +, ��y

zConiothyrium sp. CSM � �´ 7 8 yz{�äc{ � yz{PDAÏ

M Coniothyrium sp. CSMyz�¤ Q �] � ê Ampicillin¾(�£~ �

b2 � �/ (A-R) 9 £ : W � � � E F �UÌ Í 
 ��"1 2 v �

£Coniothyrium sp. CSMM 7 8 �� ��
 1 2  (� ; < 	)  

    b2 5 [ c{ � yz{ 3 yzMConiothyrium sp. CSMU� � y

z = F ü  (30 >�23 >)�
 �� à 3 7 8  (�/ª C\D)��US. 

aureus�
 ' � ? ¦ (0.58 cm\0.4 cm � ? ä�ê AmpicillinM�


1 2 ¤ Q  (�/ª E\F)��£´:1 2 ¦ (Ampicillin 5.85 µg/mL�

9.29 µg/mL 9�% | } ´Myz{c� � = F ü (30 >�23 >)�

�Coniothyrium sp. CSM�S. aureus�
 ' � � ¦ (1.08 cm\1.0 cm 

(�/ª A\B)�:1 2 ¦ (Ampicillin 19.71µg/mL�16.96 µg/mL :

�U , @ ¼ yz{� � ¦ 2.9 A M�"S. aureusM�
 �  B ` Ý ñ y

z{v ¥DConiothyrium sp. CSM � Ø Ù Ú �M®�  
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�/lConiothyrium sp. CSMyz� �´�� � � � � 
 M�
 ' &  

× (A:yzU 30 >M% | yz{CB:yzU 23 >M% |  

yz{CC:yzU 30 >M{ � yz{CD:yzU 23 >M 

{ � yz{CE: Ampicillin 10 µg/mLCF:Ampicillin 8 µg/mL ) 

Fig. 8lInhibition zones of Coniothyrium sp. CSM extracts for Staphyl  

 -ococcus aureus which incubated for 7 days. (A: on optimum  

medium with 30 >CB: om optimum medium with 23 >CC:  

on basal medium with 30 >CD: on basal medium with 23 >C  

E: Ampicillin 10 µg/mLCF:Ampicillin 8 µg/mL ) 
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�l D E yz{yz+,  

    � ¢ , F +, Â ¬ Coniothyrium sp. CSMU D E yz� MÙ Ú ®

�= à �" G H I M� �  (J�2007)�(� K a 	 W �� � �� ��

L M q r ü N �+,   

 (	) Coniothyrium sp. CSM Ù Ú �M H I O P �      

    � Coniothyrium sp. CSMUM broth ª q r Q R yz 5��yz

D 0 S õ S T 7 8 ´ 8 � U 7 8 ��100 mLMyz D ¦ B � U 7 8

� 4 mg 4 mg U 7 8 � V W U 1 mL� DMSO¾(� X �� X � Y

� ´� Z G H I A549\ [ G H I Huh7 q r H I O � � +b2 �b

2 � �¡  7 8 � 3 µg/mL�U A549 = à R 5 ��"1 2 �D \ ´

24×� H I ] � ^ ü ÊÁ 60.0 %�� 48×� ´1 2 _ (5 6 �H I

] � ^ ¦ ( 13.2 % Y � � X �1 2 R 5 ÊË �7 8 � 3 A Y � D \

´ 24×� ] � ^ H 75.5 %�48×� ´ H I ] � ^ ÊÁ 15.3 %�� à

5 6 1 2  ̀ Y � Á 10 A ´c 24×� H I ] � ^ ¦ 99.4 %ò a \�

£~ ^ � �9� 48×� M´ H I ] � ^ ( 75.8 % 5 [ cË E F �

X � � à 1 ��" H I W X �9 � E F � X B 0c 48×� ´à 1 �

"  

    �U Huh7� 1 µg/mL � X D \ ´ 24×� �B Ó Ô � Huh7 H I

] � ^ ( 59.2 %�� 3 A Y � \ 10 A Y � H I ] � ^  � ? ( 69.2 %

� 98.3 % 9c 48×� �́cE F 1 µg/mL ü H I ] � ^ ¦ ( 9.8 %�

3 A � 10 A Y � H I ] � ^ � ü ÊÁ 17.1 %\ 74.8% Huh7� 7 8

�� b c � ^ � � U A549 U 7 8 �� A549U 24×� M IC50�"

^ ¦ ( 3.54 µg/mL�Á 48×� IC50 ¦ ( 1.12 µg/mL � Huh7 # $ c

24×� M IC50�" ^ ( 1.14 µg/mL9 48×� IC50  ( 0.36 µg/mL  
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(A) 

 

 

 

 

 

 

 

 

 

(B) 

 

 

 

 

 

 

 

 

 

 

* : Significant (Pæ0.05)  ** : Significant (Pæ0.01)  

*** : Significant (Pæ0.001)  

 

�¡ lConiothyrium sp. CSMM U 7 8 �U� � E F � H I O � �  

+ (A)Z G H I A549 (B) [ G H I Huh7 

Fig. 9lThe cytotoxic assay of crude extracts with different concentration 

of Coniothyrium sp. CSM. (A) A549 (B) Huh7 
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C D 7 8 �� A549� Huh7 H I d E Â W Ý Þ �� �.  �U

A549+, ª �3 µg/mLM+, H I Ò d Þ � Q H X Å Õ � � � � �9

� 48×� ´ H I « ¬ e � Å ] � � f g ; 6 Uyz h Ï�9 1 µg/mL

� à ^ � i j  9 0.3 µg/ml � X  H I d E ] � Ý Þ « ¬ k l m n

Uyz h Ï�³ B á � = O P � 1 ê M H I � � � \ d E Ý Þ ] o `

H I p q W r s ç t } ? n ; KL ! u 3 v w  � Huh7  H c 1 

µg/mL\ 0.3 µg/mL � X C D´�c 24×� H I d E Ý Þ « H X Å �

� 48×�  « ¬ e � Å Õ � x R 5 � �  9 0.1 µg/mL � X  � R

5 �� H I d E Ý Þ �Z� H I � x  à �"1 2   
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              Control                    3 µg/ml                   1 µg/ml                0.3 µg/ml 

 

24hr 

 

 

 

 

 

48hr 

 

 

 

 

�� (A)�Coniothyrium sp. CSM � � � � � 	 
 A549 � � 
 � 24 � 48 � � � 
 � � � �� 

Fig. 10 (A)�The A549 cell morphologies of crude extracts of Coniothyrium sp. CSM for 24 and 48 hours.  
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Control                1 µg/ml                   0.3 µg/ml                  0.1 µg/ml 

 

 

24hr 

 

 

 

 

 

48hr 

 

 

 

 

�� (B)�Coniothyrium sp. CSM � � � � � 	 
 Huh7 � � 
 � 24 � 48 � � � 
 � � � �� 

Fig. 10 (B)�The Huh7 cell morphologies of crude extracts of Coniothyrium sp. CSM for 24 and 48 hours.  
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 (�)� �� � ��� HPLC � 	  

    
 � � 
 � 4 mg � � �� � �� � � HPLC � � �� � 
 � �

��� 	 � � �� HPLC � � � � � ! " # �$ %& ' �(� � %

) � �
  ! " # Fraction 1(7-9 min)*Fraction 2 (9-14 min)*Fraction 

3 (15-16 min)! + , - . / 0 1 �
 . 2 3 4 5 � 6 � � DMSO � �

' 7 � � 8 9: � ; � �� < . = > 8 9�� � ���? ! " # � � 

    � < @ A�(100 mL�B C 1 � � 
 DE F4 mgG� � 
 �H

6 � � 1.2 mL � � � IE � � 
 1 ��J HPLC � � � , - �K L

M N E O . PQ �R S �F-1F� 0.5 mg�I F-2F� 1.4 mg�F-3

F� 0.5 mg�(T , @ AB UV W X � Y�DZ � HPLC�[ \ , ]

^ _ ` � � � �Y��� a � < b � ' 7 
 � 	 � ! c d e 8 9�

� : � ; � � 


  ! " #  (F-1*F-2*F-3) / 0 1 f g �3 h c d 6 � �

DMSO � � 8 9; � �. @ A$ %& ��e � A549i Huh7� 3 µg/mL

G F-1 j k� 24i 48lm�. 8 9n � o p q � 90 %rs ; F-1

DZ K t = > u 8 9�� � �v F-2 � < � j k 3 µg/mL w x A549�

24lm� 8 9n � o yz 63.8 %�I 48lm{ yz 20.87 %rj k 1 

µg/mL� 24lm� 8 9n � o yz 67.4 %�I 48lm� 8 9n � o

� 87.6 %�s ; F-2 c d v| } ~ ^ k� 48 � � � ` � = > 8 9�

��Ij k 0.3 µg/mL � e 8 9� K t : � � �H E O F-2 e � A549

v 24i 48lm� IC50 � + F� 4.13 µg/mLi 2.05 µg/mL� 

0.3 µg/mL� F-3 w x A549�24lm� 8 9n � o yz 48.9 %�

I 48lm{ ^ yz 21.9 %r� 0.1 µg/ml j k^ � 24lm� 8 9n

� o yz 74.6 %�I 48lm{ yz 22.5 %�� 0.03 µg/mL j k^ �

24lm� 8 9n � o � 91.2 %�I 48lm{ ^ yz 40.7 %�| } ~
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� F-3 c d ��m� ^ � � e �8 9t ` : � � �H E O F-3 e �

A549v 24i 48lm� IC50 � + F� 0.29 µg/mLi 0.02 µg/mL� 

    F-2� F-3 e � Huh7G� < @ A� A549 � � �t � � ��  (P

�0.05)�F-2� 3 µg/mL j k^ � 24lm� 8 9n � o yz 43.5 %�

I 48lm{ yz 16.9 %�� 1 µg/mL j k^ � 24lm� 8 9n � o

� 63.2 %�I 48lm{ yz 29.1 %��= > A549 � R �F-2 e = >

Huh7 { �` � �I� � � 0.3 µg/mL j k^ � 24lm� 8 9n � o

� 85.2 %�I 48lm� 86.3 %�e 8 9� K t = > � A�. e � Huh7

v 24i 48lm� IC50 � + F� 2.42 µg/mLi 1.16 µg/mL� 

F-3v 0.03 µg/mL j k^ � 24lm� 8 9n � o y� 62.7 %�

I 48lm{ yz 20.0 %�� 0.01 µg/mL j k^ � 24lm� 8 9n

� o yz 64.6 %�I 48lm{ yz 24.8 %�p t � � � ��  (P�

0.01)�� 0.003 µg/mL j k^ � 24lm� 8 9n � o � 94.2 %�I

48lm� 60.3 %�e � Huh7v 24i 48lm� IC50 � + F� 0.04 

µg/mLi 0.002 µg/mL�� � � u 8 9� � ^ �Coniothyrium sp. CSM

�� � ��e = > � u 8 9� A� �� 
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                      1 

                               3 

                                 

 

 

 

 

 

 

 

 

 

 

 

                    Retention time (min) 

%& ' *Coniothyrium sp. CSM 1 � � � � ¡ ¢ ¡ £ � 
 ��HPLC 

� � � 

Fig. 11*The HPLC analysis of Coniothyrium sp. CSM ethyl acetate 

extracts that incubated in liquid culture for five days. 
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(1) 

 

 

 

 

 

 

 

 

 

 

(2) 

 

 

 

 

 

 

 

 

 

 

 

%& � (A)*Coniothyrium sp. CSM ¡ ¢ ¡ £ � 
 �� HPLC � 	 Y 

            � Fraction 1�8 9: � ; �  (1)A549 (2) Huh 7� 

Fig. 12 (A)*The cytotoxic assay for HPLC product of Fraction 1 of  

Coniothyrium sp. CSM ethyl acetate extracts. (1)A549 (2)  

Huh7 
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(1) 

 

 

 

 

 

 

 

 

 

(2) 

 

 

 

 

 

 

 

 

 

* : Significant (P�0.05)� ** : Significant (P�0.01)� 

*** : Significant (P�0.001)� 

 

%& � (B)*Coniothyrium sp. CSM ¡ ¢ ¡ £ � 
 �� HPLC � 	 Y 

            � Fraction 2�8 9: � ; �  (1)A549 (2) Huh 7� 

Fig. 12 (B)*The cytotoxic assay for HPLC product of Fraction 2 of 

Coniothyrium sp. CSM ethyl acetate extracts. (1)A549 (2) 

Huh7 
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(1) 

 

 

 

 

 

 

 

 

 

(2) 

 

 

 

 

 

 

 

 

 

 

** : Significant (P�0.01)�*** : Significant (P�0.001)� 

 

%& � (C)*Coniothyrium sp. CSM ¡ ¢ ¡ £ � 
 �� HPLC � 	 Y  

            � Fraction 3�8 9: � ; �  (1)A549 (2) Huh 7� 

Fig. 12 (C)*The cytotoxic assay for HPLC product of Fraction 3 of 

Coniothyrium sp. CSM ethyl acetate extracts. (1)A549 (2) 

Huh7  
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( ) Coniothyrium sp. CSM 1 � � � �¤ ¥ ¦ §¨ ©  

    1 � � � GB C 1 ª ` = > u 8 9� �G� � � («�2007)��

¬ ­ ® ¯ ° u ��± �B C ² ³ �� � ^ ´ � < � 

 (1) B C m�  

    �µ ¶ � � Coniothyrium sp. CSM�� � m� · ¸ � 14 �v�

�J ¸ � 8 93 ¹ *pH º » *° u �} ~ i¼ ½ ¾¿ º » �@ A$

%&  �ÀÁ � � 2-8 �e Â � �Ã �ÀÄ Å Æ Ç k�� 9 mÈ

É Ê Ã �ÀÄ 3 ¹ Ë É Ê ÌÍ �� � 1 pHÎÏ � � � m� Ç kI^

y�DZ Ð ÀÁ � Ñ Ò Ó Y� ¢ � ���; Ô B C 1 �¼ ½ ¾� pH

^ yÕ Ö � × �¼ ½ ª ¾Ø 14 mÙ Ú Û Ü �Ý� � Gº » �° u

�G} ~ � � Þ � � ß � �° u ��v 5 � } ~ º » à Õ �É á �

�� � � Ã � â ` ã ä ÌÍ �¦ [ v�� � < å æ 1 � � � ² ³ m


� � m� ç Ô � 5 � 
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%&  *µ ¶ � � Ã � Coniothyrium sp. CSMÀÄ 3 ¹ *¼ ½ ¾*pH 

        ÎiY�} ~ R S �º » � 

Fig. 13* Changes of cell dry weight*residual sugar*pH value and   

         concentration of products by Coniothyrium sp. CSM during   

         incubation in shake flask culture. 
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 (2) è ~ e 1 � � � �¨ ©  

    vK L è ~ ^ 1 � � � Coniothyrium sp. CSM�@ A$ é�&

��K L � � è ~ ÀÄ 3 ¹ H � � � �� �I° u �� 25 ê^ � �

m` � �G@ A�DZ Ð v[ è ~ ^ Coniothyrium sp. CSM � �ië

Û � ì � �Å Æ Ií 4 v� � ��� ��. ÀÄ Á 3 ¹ � 6.5 g/L�Y

�} ~ È 0.118�Ï � è ~ Gî ï . � � �� A� � ^ y (P�0.05)�

v 35 êmy| z 0.003�. @ A�ç � � � ð ��� �vç � � �

m� 30 êt ` � �G� �iY�� � �I1 � � � b � 25 ê�D

Z ñ Ø ÀÁ vò � � K L I� �¦ §ó º �. ô v1 � � � mt ` õ

ö ÷ ø  (150 rpm) ù ÀÄ Á � Y� ú û ü Ie � �� � ¨ © � 
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é�& �*è ~ e µ ¶ � � � Coniothyrium sp. CSMÀÄ 3 ¹ iY� 

          } ~ �¨ © � 

Table 25*Effect of temperature on cell dry weight and product  

          concentration by Coniothyrium sp. CSM. 

 

ý : � � m� � 5 � 

ý: 1 : Means of triplicates þ standard deviation. 

   A-C : Means followed by the same letters in the same column are not 

significantly different (P�0.05). 

 

 

 

 

 

 

 

 

 

 

Temperature Cell dry weight (g/L)1 Final pH1 Fraction 3 (mg/L)1 

20� 5.19±0.22A 6.60±0.06A 2.42±0.29B 

25� 6.54±1.07A 5.95±0.17B 3.25±0.11A 

30� 5.59±0.71A 6.41±0.16AB 0.93±0.24C 

35� 4.55±0.45A 6.40±0.07AB 0.26±0.11C 
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(3) �� pHÎe 1 � � � �¨ ©  

    � � ���� pHÎ¨ © � � �� � *C � � � iá � Z ü ��

	 � � �� HCl� NaOH � 
 �� pHÎ� 4-10 � �� < � �� 


� 
 � pHÎ � �e � �  (pH = 7.56)�@ A$ é�& � �� � v| pH

ÎmÀÁ � ���pH = 4mÀÄ � � � - I� � � �� � � � ��

pH = 10mÀÁ � �Ë U- @ � � �pHÎ 5-9 � Gº » ÀÄ 3 ¹ � �

� ��  (P�0.05)�Y�} ~ Ï � pHÎ � ï IÇ k�Ýv HPLC%

) � B U pH = 10m ! " # �Y�} ~ p ^ y�¦ [ ù �  ! " #

�} ~ v� � ^ î ï � � v� e } ~ ^ q pHÎ�Y�} ~ Ç k�Ý

. � e } ~ �e � � � � � � Ç kÕ Ö � 

    [ � (� � % � � B U pH = 10�Y�� 	 � A� � ��  ! �

Ì " # ñ Ø ¨ © Ië W �¦ [ s ; q pHÎù ÀÁ X ì � � P $ C �

% � � ¦ §ñ Ø = > I & ' Y�� 4 �I �  " # �Y� ( # & ' Ý

K $ � �" # ) * & ' � � � e �R S b ` î ï ÷ ø � 
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é�& � *�� pHÎe µ ¶ � � � Coniothyrium sp. CSMÀÄ 3 ¹  

          iY�} ~ �¨ © � 

Table 26*Effect of initial pH value on cell dry weight and product 

concentration by Coniothyrium sp. CSM. 

 

ý : � � m� � 5 � 

ý : Control� 
 � 
 ��	 � � ���� pHÎ� 7.56 

ý: 1 : Means of triplicates þ standard deviation. 

   A-E : Means followed by the same letters in the same column are not 

significantly different (P�0.05). 

 

 

 

 

Initial pH Cell dry weight (g/L)1 Final pH1 Fraction 3 (mg/L)1 

4     4.12±0.60C  4.13±0.17E 0.01±0.00D 

5     6.39±0.46AB  4.72±0.27D 0.06±0.00D 

6     5.86±0.54AB  4.70±0.14D 0.23±0.03D 

7     6.32±0.31AB  5.00±0.19CD 2.85±0.17B 

8     6.39±0.28AB  6.36±0.06B 1.35±0.07C 

9     7.80±1.79A  6.12±0.09B 1.24±0.13C 

10     7.46±1.47A  8.09±0.13A 1.29±0.15C 

Control     6.02±0.00AB  5.37±0.23C 3.71±0.33A 
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(4) + , e 1 � � � �¨ ©  

    �� ¯ - Ò � ¯ . Ò  (j k¾� 4 %) � �
 � � + , ��	

� � � ª ` 4 %/ 0 ½ �� < @ A$ é�& 1 �� � � / 0 ½ *A½

i 2 ½ P� � Y�} ~ R S � ��I� 3 Ò � A� ��@ A�ç � �

� m� � ��A½ � 2 ½ �Y� t � � ���� � + , �IvÀÄ 3

¹ 4 5 3 ½ � | �. 6 � < t � � ��  (P�0.05)�. @ A 7 ÀÄ �

�p � � �(� � 1 ± 8 pHÎ 9 : �� 3 Ò � + , �± 8 pHÎ ;

<�ÀÁ 3 ¹ �. 6 � < � t � � �� �DZ � � = ø 3 ½ �ÀÄ Á

� � K > IB � ? Á � Ñ @ A pHÎ � ï � 

(5) B , e 1 � � � �¨ ©  

    1 � � � Coniothyrium sp. CSMPø �M broth�� ª ` Casein

� Soybean meal�¦ [ â j k 1 %B , ��	 � � ��� < � ø C ¯

K L B , j k�@ A$ é�& D � 

    E F � Cho ¿ G  (2002) H � �1 � � � I Àm�C J � 
 ��

K L M ¿ ` N B , � � N B , Dî O � � �ÀÄ Á � ��v�C ¯ K

L �` N B , j k� � < �. ÀÄ Á � ��C J � 
 �� B , m±

��t � � ��  (P�0.05)�� E F � R � � � �K J � � ( � Å Æ

Ý P Q Y� (Fraction 3) �} ~ � ^ y�R S � 
 ��e � � �Y�
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é�& 1 *+ , e µ ¶ � � � Coniothyrium sp. CSMÀÄ 3 ¹ iY� 

          } ~ �¨ © � 

Table 27*Effect of carbon sources on cell dry weight and product 

concentration by Coniothyrium sp. CSM. 

 

ý : � � m� � 5 � 

ý : Control�j k 4 %/ 0 ½ � + , � 

ý: 1 : Means of triplicates þ standard deviation. 

   A-D : Means followed by the same letters in the same column are not 

significantly different (P�0.05). 

 

 

 

 

 

 

Carbon sources 
 (4.0 %) 

Cell dry weight 
 (g/L)1 

Final pH1 Fraction 3 (mg/L)1 

Fructose 5.80±0.74A 5.70±0.02D 2.70±0.84BC 

Galactose 5.45±0.42A 6.26±0.11C 1.73±0.01CD 

Maltose 5.26±0.30A 7.14±0.32B 2.59±0.78BC 

Sucrose 5.40±0.56A 5.34±0.01D 4.44±0.16A 

Lactose 3.69±0.08B 8.22±0.20A 0.40±0.03D 

Control 5.56±0.37A 5.29±0.01D 4.02±0.02AB 
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é�& D *B , e µ ¶ � � � Coniothyrium sp. CSMÀÄ 3 ¹ iY� 

          } ~ �¨ © � 

Table 28*Effect of nitrogen sources on cell dry weight and product 

concentration by Coniothyrium sp. CSM. 

 

ý : � � m� � 5 � 

ý : Control� 
 j k B , ��	 � � �� 

ý: 1 : Means of triplicates þ standard deviation. 

   A-C : Means followed by the same letters in the same column are not 

significantly different (P�0.05). 

 

 

 

 

 

 

Nitrogen sources 
 (1.5 %) 

Cell dry weight 
 (g/L)1 

Final pH1 Fraction 3 (mg/L)1 

Yeast extract 6.79±0.20A 5.95±0.08B 1.51±0.36B 

Malt extract 5.70±0.43B 6.50±0.06A 4.11±0.27A 

Tryptone 4.60±0.13C 6.09±0.01B 0.18±0.00C 

Peptone 5.83±0.77B 5.93±0.04B 0.02±0.00C 

Control 5.72±0.27B 5.29±0.01C 4.05±0.05A 
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    µ ¶ � < m� = ø  Y Z ) ¶ õ ö Ç k� [ ¾H î O U V ��
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Coniothyrium sp. CSMkÆ � ��� � 1 � pHÎÏ � B C m� I^
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Z y| . 6 � � ��� ! u �DZ [ À v � � [ À�vñ Ø \ ] � À

Á � �Å Æ �Ie �� � � � Ç kù E ` w �Y�Gî ï �vR �

Coniothyrium sp. CSM �µ ¶ iB C X � � � �B C x Â  (é�&

y)�µ ¶ � < � P Q Y�GY¾v 5  � Õ �É Ê k ± q Y¾F�
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Ä Á � 4 �B C X � < t � q @ A�� 11 ÀÄ 3 ¹ È 11.74 g/L�
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� × G@ A�� ÀÄ Á � �Æ o  (Qp) B C X q �µ ¶ � < �� � v

� L G� � �i¤ ¥ ^ B C X � � t � �GYo iÀÁ � �� 

    r 
 (B C X � � � PE �� � 1 ��� 
 � 	 � e 8 9� � :

� ; � �9 : � 24� 48lm� Ð z Y� 8 9 { | U } �� DAPI~

� � 9 : 8 9 � � Gº » �@ A$ %& � �� � v 24lm� � u 8

9 (A549) �� u 8 9 (Huh7) �8 9 � � DNA � U � � iM N »

GU } �I 48lm� ¦ 8 9 � | IÞ � G & ' �¦ [ v~� � 9 :
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%& C* U V W B C X �� � Ã � Coniothyrium sp. CSMÀÄ 3 ¹ * 

        ¼ ½ ¾*pHÎiY�} ~ R S �º » � 

Fig. 14*Changes of cell dry weight*residual sugar*pH value and 

concentration of products by Coniothyrium sp. CSM during 

incubation in agitated fermentor. 
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Retention time (min) 

 

%& �*Coniothyrium sp. CSM� U V W B C X � � � � � 1 �¡  

         ¢ ¡ £ � 
 �� HPLC � � � 

Fig. 15*The HPLC analysis of Coniothyrium sp. CSM ethyl acetate   

        extracts that incubated in agitated fermentor for five days. 
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é�& y*Coniothyrium sp. CSM�µ ¶ iB C X � � m�B C x Â � 

Table 29*Fermentation parameters of shake flask culture and fermentor 

by Coniothyrium sp. CSM. 

 

Pmax : maximal yield of product    Xmax : maximal yield of biomass 

µ : specific growth rate           Qp : product formation rate 

Qx : biomass formation rate       Yp/x : specific product yield 

T : days to reach maximal biomass production 

 

 

 

 

 

 

 

 

 

 

 

Culture Pmax Xmax µ Qp Qx Yp/x T 

 mg/L g/L day-1  g/L/day mg/g day 

Shake flask 

culture 
5.88 10.83 0.84 0.42 0.77 0.54 14 

Agitated 

fermentor 
10.40 11.74 0.89 0.95 1.07 0.89 11 
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Cell Phase                DAPI stain 

(A) 

 

0 µg/mL 

 

 

 

 

1 µg/mL 

 

 

 

(B) 

 

0 µg/mL 

 

 

 

 

1 µg/mL 

 

 

 

 

%& �  (A)* P Q Y� Fraction-3k j e � u 8 9� � � � DAPI~ 

            � % (A) 24lm (B) 48lm�(400X) 

Fig. 16 (A)*DAPI stain of A549 that added with Fraction-3. (A) 24hours  

           (B) 48 hours (400X) 
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          Cell Phase                DAPI stain 

(A) 

 

0 µg/mL 

 

 

 

 

1 µg/mL 

 

 

          

(B) 

 

0 µg/mL 

 

 

 

 

1 µg/mL 

 

 

 

 

%& �  (B)* P Q Y� Fraction-3k j e � u 8 9� � � � DAPI~ 

� % (A) 24lm (B) 48lm�(400X) 

Fig. 16 (B)*DAPI stain of Huh7 that added with Fraction-3. (A) 24hours   

           (B) 48 hours (400X) 
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