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Co-culture of Paecilomyces hepiali with Actinomycete
and its Effect on the Secondary Metabolites
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> Guizhou Institute of Plant Protection , Guiyang 550006 , China

Abstract: To explore the production of induced secondary metabolites by a co-culture of Paecilomyces hepiali and actino-
mycete. A strain of actinomycete TY134 with strong antibacterial activity was isolated from the soil microbial flora of
Ophiocordyceps sinensis. This actinomycete was identified as Streptomyces fulvissimus on the basis of 16S rDNA. The mon-
oculture of P. hepiali ,actinomycete TY134 respectively,and the co-culture were done on rice solid medium for 30 days,
then the fermentation products were extracted by the aid of ultrasonic with ethyl acetate respectively. Comparison of the
chemical composition and anti-microbial activity of the ethyl acetate extract of monoculture and co-culture were per-
formed by HPLC and double drilling method respectively. The results showed that the co-culture of ethyl acetate extract
produced a new absorption peak at the retention time 14. 143 min,and there was no evidence of the absorption peak in
monoculture. In addition, the anti-bacterial activity of the ethyl acetate extract of the co-culture was stronger than that of
the monoculture , produce chemical components with new anti-microbial activities. All the results indicated that co-culture
can be used as a promising approach to discover new bioactive secondary metabolites.
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FHOCHY MR HEAT T 0 89 5 T8« 3225 i i 0o 0055
% ( Paecilomyces hepiali) 9 [E 4 155 ( Chrysosporium
sinensis ) 1 [E L8 57 ( Paecilomyces sinensis) Wi i 4%
15 (Scytalidium hepiale) | VP 1575 #i 5 ( Tolypocladi-
um sinensis ) g W5 W% 4k 1 5 ( Mortierella hepiali) |3k
% Hr B ( Cephalosporium sinensis ) | Ti 1 3k 1@ B
( Cephalosporium acremoneum) 5" JH: i i ik 41
T B KW 22 1K B 5 4 U RO AR 2 1y F
AR AT A U REZ A R IR,
i e AL 7 B O A SR o 2 o T B A TR
IS A R AT DR £t 1 L TR PR 45 B v (T
Wik [2001] 84 5 ), H A TR ™ W AE - A £ i b
PN B M E R A X R T A
Hog oot A b [ B B 16 LA A, i ik A HAB A )
IAFTE X BB ) Z 18] ] REAFTE B AR R4 e
KRERFFTE RS RS, Hi ik
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= QYRS , BB ™ A = 6 TG MR A AR
JEH SR, B RIRTE ) 5 5 25 W03 M) o
() EZORIRZ — , BT AE W I Pk A A
FHAY RGF AR YA, B V87 08 42 3 (6 A
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DUBREE KU 4R 78 7 ARG 95 500 T AP 78 Tl
PR T AR IR BUH AR R IR KO (B AR E
() 25 AT ARSI 1T 23k A= W T M o 1 — 2R 471
DNA JF3 B 4 3 D 4L e R Y TR A
T K JiE , i 2 F ARSI T R TR 2 U
(R PRI, BTG A e (T R R TR PR R A K = 2E
TEPER A= W i B AR s . Horp, L3R5
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1 HRS7A

L1 #
L1 B#kREEFHK

Wi W ik $21 5 8% ( Paecilomyces hepiali ) F1 i 2%
TY134 15755 2= Bp AR A b 76 (5 14 SR IS0 A

1B, R 2 4000 ~ 4500 m) fAEY)IX FR o BEAR A
KR 4 {035 2 BR T ( Staphylococcus aureus ) Al B
ZEMFFH (Racillus subtilis) K ¥F % ( Escherichia
coli) . A0 &¥R 1 ( Candida albicans) , L) b FF I
S T R 27 A o S s i

1.1.2 % AE LKA

HL 5K : JR2003N (A 2 L2 AU AR A IR A
A)) ;R ZE VUK s : HVE-50 (HIRAYAMA A7) ) ;
RN G AL TAE 6 - SW-CJ2F (IR0 4 ik S 55
RS WD) 5 EIRE K« TS-200B (=i R B2 52 40 A3 g il
) 5 HLARE IR K V5 - DKOS-TL( R IRZ AU AR A
FRAT]) 5 it i B AL : TG16-W (KD AL 2 0
MULERA BR 2~ H] ) 3 PCR % : BS97MyCycler ( Bio-Rad
3H]) s DYY-2C B Pk A L I . DYCP-31DN H Jk 4%
(AEmS—EWEARGRA T s BER SR R 5 : Bio-
Rad Gel ( 36 B A SR A R ) ; Jig 7% 78 & 4% : RE-5286A
( U oRAE A AR ) 5 4 A A B2 : FS-600N (|
T AR BT S AR AT R ) 5 8 RORORH (535X : Agi-
lent 1100 (LZHECFHEABRA ) o

T e AR R 40 (SDS) | 2 H i K (Sigma 2y
A s R 7S F e = i (CTAB) (Jb 5t R E R}
BA PR T ) 5 HoA il 1 8 B 3 4l
1.1.3 35k

1o 5 B IR AR (R PETE S 20 ¢, KNO, 1 g,
NaCI 0.5 g,K,HPO, 0.5 g,MgSO, 0.5 g,FeSO, 0.01
o, BB K 15 g, 287K 1000 mL,pH7.2 ~7.4) .PDA
ek (R0 200 o, #iATHE 20 o, BlE Ay 15 g, 7%
7K 1000 mL,pH 4K ) F4-PE 8 1RG0 (4R
W3 g, AR 10 g,NaClL 5 g BUIEKY 15 g, 281K
1000 mL,pH7.4 ~7.6) ,

1.2 HH*E
1.2.1 AMRENAE LA H &

H AT IR D B TR 4R TR TY 134 BT ok AR s 5 1 41
TR Y B A0 ) 4 b T iR IR — 5 [ AR 8 % R
PDA [RRFRIEAYIEIR LA, BT 25 CREFHSR,
o RS AR R R T I —
ARG FRAE 7828 °C, 180 rpm S50 T FE IR K e H:
7t 7d,

1.2.2 JAPF28 DNA 694 IA PCR F73K &

R 1A K 5 BEIBUER B TY 134 B BRI
JERZL DNA . SR AT 514 276/1500R™ (1
5. 5'-AGAGTTTGATCCTGGCTCAG-3"; T ¥if: 5'-
AGAAAGGAGGTGATCCAGCC-3") #47H: 16S rDNA
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# PCR §74#% ; PCR S WA &4 50.0 pl:25.0 plL 2
x Taq PCR Mix £ 5% ,10.0 wmol/mL A IE 5|4
£ 1.0 ul,2. OWLDNA £i4y,21. 0 pL ddH,0; PCR
P38 .95 C AR 4 min,95 C 24 1 min,65
CiEAK 1 min,72 “CLEfH 1 min, 33 RAGIF, ik J5 72
C LA 10 min, 4 CLAF, FH 1% W BRIREBE I H vk
K PCR 438y i 4l Im s H i v B
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RAWHAA VR 58 A 5 DF42% , 4815 16S
rDNA E:[XJF%, 8 1 Blast ££)%, A GenBank ,NCBI
SN BRI P b AT TRL R 43 B, R S T R e
HEAMRERERER T, ] clustalx #5477 51 L
R, R MEGAT. 0 #cf ™ {48 B ™ (Neigh-
bour-Joining) #:37. R4 & W, I AT 1000 R EE
oL , B E TR AT TY 134 TR 1 70 2 LA
1.2.4 R EF®XE

FIFH DR 5% FH 6 mm K A 4T FL 2% 76 15
FEUFI TY134 TR TS Efl s WU+, F s of
BTSRRI ABR T R 2R ST ORI AT A
(R 2F PR AR RS IR R RS A O BR A Y
PDA B350k | SR AR R R AN 3 S AT iR, D
AR AF R A PR B 97 S5 R PDA 1 3% SE Bl
Pt TR LA S AE Sy B PR XT BR (CK) o B i 25 4
REFRILE T 28 CEIR IR 2d JTWLEE, I e HAD
W B BOFHIE,

1.2.5 ZR&H8 TY134 B S migmil 5tz i
Fo 35 IR K Y

R SR Ry IOK R BB IR Ak . BC 7 R s KOk
7R BT L 2: 3 (mg: mL) R,
121 °C, K% 30 min,

BARE IR G AL IR S R C TR R ROR B R Sk
BT IR AR TR A 2 % I, TR B Pk O 2
TY 134 BRAR HY B S T OKBE IR 2k '8 1 25 °C
KRR 5, WAL W ) KB E O, B2
TY 134 BRI AR BEAS K Gl A O B 37 ZE I, I— 2 %
PRI P 5O 2k 2 3% FRAE W R TR TY 134 BEs 37
B, BEAh, RN LE 53 Ab— 21 19 B P B2 A i
W AP T 5 T 22 HAE S S5 3 O % () I s %
UL 5 T 22 HHE AT YRR B 5 i v A S i i 5 41
TR AR R, Ak S R IR 9 30 d, G IR R S
LB K A 3 AT

1.2.6 A B> ah IR

I3 BT TE TY 134 B ik 5 i B 09 400 7 5 1)
BARE IR R W ) A R AR B A LR &
MR ST P S L, 5 IR P R JBO , DT vk 4 22 1 1
JEHTS mL BRSO SR, i 0.22 wm
5 4 COAFH
1.2.7 %8 % HPLC B 547

W T TY 134 Ttk 5 b i i 400 75 25 00 S 8%
TR IR R W) O R LR HUY it 4T HPLC 43
A, 0 4i% 4542 : Agilent 1100 Durashell C, {2
(4.6 mm x 250 mm,5 wm), fish: FEE(A)-K
(B) , BEREVEMLFE P 41 R 20 ~ 12 min, 5% ~50% A;
12 ~ 15 min, 50% ~ 99% A;15 ~ 16 min, 99% ~
100% A ;16 ~ 17 min,100% ~5% A, Jii# N 0. 8
mL/min, Kzl KR 254 nm, AR 10 pL, AR
35 °C, VEMEES [A] 2 25 min,
1.2.8 KB R I KB

R FHRUZFARFTFLEE 2 W05 T 75 1 < 1 Seke
BEhlar i & 1. 5% BUR 0948 B 3 1 IR EL PDA B 5%
S22 10 mL B ARG SR ML AP T 2P F I & 4
I 1. 2% 5l i 2 AR £ 1 PRl PDA 15 3R 56 KR
BHER 40 CLAT, TSRS WA W 1% PR i 4k
BN A S B g2 5 b R 05 SR A) , S MBI A
TR B FEAR, FRRANE T LA
(EAH 6 mm) FT4L, ZEALAE P HIIM A LR : 572 5 s
F TR CTEHHUY) 200 L, LA BN
25 DR, SRR U 3 A . #iFE 30 min JiF, AR TS
AN PPEARE T 37 CHEFE 1 d, & B RS 7 W 1A
BT 28 CHFR2 T HA , BCF A1

2 ZRE5HH

2.1 16S 1DNA MEER RGH LB
DI TR TY 134 BARRAYS5E 41 DNA AR,
F 40T 8 514 27¢/1500R 347 16S rDNA 1%
HA R 15 8] T — 4 K/N2 1400bp B FRAEST , 5
ST XN TR, HIGH B AER SR 1
PRI, IR M B r Uk 4 R DL 1 R
I ARAR H 89 R 1 7 S BE Sy 1437bp
W H 5 GenBank S5 % 1) 16S rDNA J¥ 41 i 47
[ X AT, TY 134 TE#R 5 GenBank %R ¥4
JE v 4 ISR 43 E R BRI B 16S vDNA J3 371 (1 [] 514 44
TE 99% VA I, H3x 46 28 R0 B bk 247 2% ik 5 71 J8 ( Strep-
tomyces ) , I AT K1, TY134 B bk M4k # @ . LI 2
BRI B A Kitasatospora arboriphila HKI 0189
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M 123 (NR042904 ) #1 Kitasatospora niigatensis NBRC 16453
(AB249960) 15y 71 FEI 7, PRI 16 ok [W) Js % ¢ 1A 1Y
16S tDNA B F 5 0y 225 TR AR AT ) P51 bE X o3
Fr, # A MEGA7. 0 %14 | fiff FJ 4B # 12 ( Neighbour-
Joining) ¥4 & TY134 H#E 52 % bk 16S rDNA (7
RERBWIEN,TY134 HEkS Streptomyces fulvissi-
mus NBRC 13482 ( AB184434)  Streptomyces tacrolimi-
cus ATCC 55098 ( FN429653 ) &b T il — 43 % |- ( L[]
2) o AT DUBA N TY 134 B Bk A I B3 6% 25 14

Streptomyces fulvissimus ,

M :2000bp DNA Marker;1 ~3 728 H i) 545
1 TY134 H#kEY 16S rDNA PCR 4 # H ik [
Fig. 1  Electrophoresis of 16S rDNA PCR product of actino-
mycete TY134

Streptomyces purpurascens JCM 4509(AB045888)
Streptomyces violaceus NBRC 13103(AB184315)
Streptomyces massasporeus NBRC 12796(AB184152)
Streptomyces hawaiiensis NBRC 12784(AB184143)
Streptomyces tacrolimicus ATCC 55098(FN429653)

87) o4 I @T1Y134
100 | Streptomyces fulvissimus NBRC 13482(AB184434)

_64) Streptomyces griseoviridis NBRC 12874(AB184210)
100 ! Streptomyces niveoruber NBRC 15428(AB184675)

Streptomyces hebeiensis YIMO01(AY277529)
59 | Streptomyces sannanensis NRRL B-24303(AY999924)
100 Streptomyces pathocidini NBRC 13812(AB184501)
Streptomyces ferralitis SPOp68(AY262826)
Streptomyces panacagri Gsoil 519(AB245388)

79

94

52

91 Streptomyces ginglanensis 172205(HQ660227)
Streptomyces albiaxialis NRRL B-24327(AY999901)
£Streptomyces iconiensis BNT558(KC959223)
[ Kitasatospora arboriphila HKI 0189(NR042904)
100 L Kitasatospora niigatensis NBRC 16453(AB249960)
—

0.005

B2 1R#E 16S 1DNA FIMZIEK TYI134 RERER
Fig. 2 Phylogenetic tree of the strain TY134 based on 16S rDNA sequences

2.2 MR I BRE I FT R R R ZE AR R A 1 (L3R
AT DL E TR TY134 X S8 @M 1) thubfm, i TY 134 X 68 (0 A BRE |
R HKE TYI34 ERMMEEE

Table 1  Anti-microbial activity of actinomycete TY134 strain

LIl LR TY134 25 0 R
Targeted pathogens Actinomycete TY134 Blank control ( CK)
SO AERE Staphylococcus aureus + _
K Escherichia coli o+ _
AH B ZEMIAT & Racillus subtilis " _
F &2k Candida albicans — _
TE: + + "R AR ARG TE (IR B > 15 mm) 5 + " FORAMEGVE (0 <IMEEAE <15 mm) 3 =" FoR I E

Note:* + + 7 indicated strong anti-microbial activity ( Diameter >15 mm) ;“ +” indicated moderate anti-microbial activity ( Diameter <15 mm) ;“-” in-

dicated no anti-microbial activity.
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RIGAT v A 5 25 AT T A i 9 0 B 1
Xt SR A AT A0 T VR, DI e T TY 134
BRPR BEAE ™ A B B A T A=
23 BEREHEFABZBRZERIYN
HPLC B4

LA K [# A 55 7 6 A O S 18 2 o, K i 2
TY 134 b g SRAD 75 7 0 | HEA T B IR AL R R
W, KW 2 QTR LT S, $ iU 42 HPLC
IR ILE 3, e A (BRI C g3 53 2 s it
AT B AT IR A\ A LR R I TY 134
BARIR K LR SRRV HPLC 237 1813

MIE 3B B A LA I, TR TY 134 15 B i
SERAUL T B I SR P R £ £ B IS TH) Re = 14,143
min Kb Hy BT — AR G W IS0 T AE 4R T
TY134 (C) s 1 #0077 25 (A ) B B 5% RT3 rh T
B XA e i B, U i TY 134 55 i
W D75 B AR L B SR A I e P A AR AT
FELE TR A B E) T IR R,
1, AT AR — AP L 1 57 A I AT R 2 (il L8 TR
AW A UL IR AS LA o X —458 4 e A
Py A A M 0T e SR AR AL T B A dE

mAuf o mAu| B mAui C
250 250 250
200 200 200
150 150 150
100 100 | 100

50 50 50
0f . M,uw 0 JAN. 0

255075 10 125 15 17.5 20 min

255075 10 125 15 17.5 20 min

255075 10 125 15 17.5 20 min

B3 REELBEERES(A)  CEHERRE(B) RMLE TYI134 FHRERESR(C) REFYE HPLC BiEE

Fig. 3 HPLC chromatograms of fermentation extracts of monoculture of P. hepiali (A) , actinomycete TY134 (C) and their co-cul-

ture (B)

2.4 EPHELE

i R IURA [7) 5t 25 1) AR TR TY 134 B ik 5
W AU B G SR AL SR 0 R W) R R L. 2.
6 T 25 R A Ak T SR, AE BN TR A T
SRR AE . DAL B8 W] Rt = 14, 143 min &b H3 30
PRI 1 W AT e ) g T BRAELAE S 22 5%, TR R i 0
Fr D2 1 RSD A, 50 45 S R BH - i R I 0% 1
RSD {24 1. 15% ( <3% ) , R FH IR 47
2.5 REFYRIGINE IR

R FIRUZF- M AT FLIE I T W i e 01 75 8 5
LRI TY 134 BARG 5 R G 55 R e 7= 1) Tk O TR
BRI B Ts v (45 SR L6 2) o R 2 ml Bt

T  BRTE LL AL, e 0 A0 S
TY134 BB SR K W) LR SR EE ) 43 iRk ik
WA AR ok e I Ak e ) LR LR
SEC o AL T 1 00 o RUCR I Y B0 T BRI SR R I
P AR, e 35 A T AT LA S 10 s 3R R T )
WA A B EAT A R
3 s

AR SRR W X R T A A B R R
A —EMEAE R TE TY134 kR, 0 e T
T X g R E T M R 4% B T8 Streptomyces fulvissi-
mus , ZETE TY 134 5 i i 275 25 LAOK [ A

R2 REBMEBEMEE TYI134 BEFMILEF LB 28K Z BRI BMEE %

Table 2 Anti-microbial activity of ethyl acetate fermentation extracts of monoculture of P. hepiali, actinomycete TY134 and their co-

culture
1 B B 4% Inhibition diameter ( mm)
Extract SO E R KIGHT A2 AT B {0 S BR 25 HA IR
S. aureus E. coli R. subtilis C. albicans Blank control ( CK)
e ) 2 P

IR R TR 7.2+0.36 12.2 £0.49 10.3 £0.42 0 0
Monoculture of P. hepiali
B E TY134 High 57

Monoculture of actinomycete TY134 9.9 £0.70 8.420.41 11.8£0.35 0 0

P B g
i AU 17855 K TY 134 S o 17.2 £0.55 18.8 £0.56 12.9 +0.49 0 0

Co-culture of P. hepiali and actinomycete TY134
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REREFRRANE Ry e WL T, 53 ol kA7 B G  A AL 8
TR, KB4 R ST P S, 3 e 801
AHAE L FDSUZ P AR T AL LU o B s 5 AL
It TR LRSI LT FOA R TR PRI 25 57 0 45
R B IR X T BB SR A Ok B I A Re =
14. 143 min Zb B0 1 — N8035 1Y WSO , T A B 1
i T XA IR WA WA 1 1 R 5 T L A % o e e
Y 1R RS B0 TR T PR W i TR R
PR TR TG HE Y B, PR, AT DU A R
P A AT DA 8 b TR IR B IR AR K-
TR R A LA IS o

TP IR AR 7 ) SRR 25 ) I e )
K Z— o HE A HE A A R A SR, &
TTRBAE BRI SR R P ARZ 56 A W is ek A4
P AR DG B R R BE 6 38, DT T 125 4K 45 AH 7
AR A= 1 o T ok S TR A i B R A, A
WA 5 TR T A BT G AL 25 1) 55 i
BN E Y . BTN RGE T G T X Le TR Y
S 87N 3 A SR Ly R AL G e P NG DALY = B
T BBy T, Hoh, SRR IR S R B TS
BN F T B — ROkt SRR SRE S A
()7 ¥ RE A5 A2 F R 9 25 R A5 AT 2 i s 53R
Ik, DN ARAS BT 22 450 R 28 1) A 0% P I A
PP Kurosawa 25 Fi] FH 4% 5 18 ( Streptomyces
padanus) 5 £1. 3k & ( Rhodococcus fascians ) TL 5533 %
B r= A 7 P RR T 9 PT 4 2 Rhodostreptomycins A 1
B;Oh %% Fi| g VE 5 14 Emericella sp. 5 128
Salinispora arenicola 353738/ T B A= Wi 44
it emericellamides A I B, H =& [ H & 4 B 55 5
FE1322 5 Cueto 252 Fi| FH G R4 3 CNJ-328 Fifg
HFHAZ BAE CNL-365 L8 731815 T 7R 5 5%
HRA IR pestalone , 55 BUZHT A R 1) 5
PRI A T-IT IO , T EL T Tief FH 40 74 bR 4 2 €0 3 4
BRUAFN 7 55 22 DR 33K T 405 5 AT AR 5 1 470 7T 77
P s WA~ F5 4 S B (Aspergillus nidulans ) 5 73
B & P A T T ( Streptomyces rapamycinicus ) HE
FrALRE SRR BE , L A B b A A BLAVE O T 4
S {4 1% 4 Tiff (orsellinicacid synthase ) 350 2k PKS
FE, A T KA & (AR (orsellinicacid ) 2 &
EIRAT YLK &R (lecanoric acid) 7' fy Al
DL, F3E 5 AR S 42 P 7 Bk A A ) A RGR
(=

iR Rl N B % 5 N RN TR I DR

AL R A S B P45 B R4 6 T DURREE I 7 Y
AT AR FAR R E TR R RE 2 A5 B R A
FEMIRF LR , DT Z it B 2 S0 A 288 £ 2
YRR, NI, Bl 5 PR A A T8R4 TR e
[ gt ) A A = MR O B dh (BT BT LS
Y5 ST R R 2 —

&% 3k
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