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Abstract: Lichen is a traditional ethnic medicine ,which produces numerious active components. Thus, lichens have high
research value. Most of antimicrobial ingredients from lichens were produced by lichen forming fungi. In order to detect
the antimicrobial activity of secondary metabolites from lichen forming fungi, the fungi (Xanthoria elegans, Myelochroa
indica, Ramalina peruviana, Cladonia macilenta, Nephromopsis pallescens and Cladonia coccifera) were cultured in lig-
uid medium for two months. The secondary metabolites of lichen forming fungi were obtained by extracting with ethyl ace-
tate, and then the extracts were weighed and dissolved in DMSO. Seven kinds of pathogenic bacteria( Bacillus subtilis ,

B. cereus, Vibrio parahaemolyticus, Straphylococcus haemolyticus, Pseudomonas aeruginosa, Staphylococcus aureus and
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Micrococcus luteus) were used to screen activity of the extracts. Inoculating inhibition zone was used to evaluate the anti-
bacterial activity of the extracts, and the minimum inhibitory concentration with antibacterial activity was also
detected. The results showed that all of primary extract of lichen forming fungi had extensive antibacterial activity, and
the antibacterial activity of the same fungi cultured showed significantly difference in different media. The secondary me-
tabolites produced by Ramalina peruviana cultured in MY liquid medium had inhibitory effect to Straphylococcus aureus ,
Straphylococcus haemolyticus, Pseudomonas aeruginosa and Micrococcus luteus. Tt showed that the primary extract from
Ramalina peruviana had extensive antibacterial effect. But the secondary metabolites of R. peruviana cultured in YMG
liquid medium had not inhibitory effect to all of these pathogenic bacteria. Extracts from all of lichen forming fungi cul-
tured in YMG liquid medium, Only the extract of Cladonia coccifera inhibited the Staphylococcus aureus which is gram-
negative bacteria. The primary extract produced by Xanthoria elegans cultured in YMG medium had antibacterial effect to
Bacillus cereus, the diameter of inhibition zone was up to 17.77 mm. Our results confirmed that the secondary metabolites
of lichen forming fungi have antimicrobial activity and the lichen forming fungi can produce bioactive secondary metabo-
lites in laboratorial culture conditions. Experiment results also showed that different media can stimulate different lichen
forming fungi to produce different components. The innovation of this study was that different media were used to culture
lichen forming fungi and lichen forming fungi had the characteristics of one strain many compounds. This study provides
the groundwork to identify the active ingredients from lichens and provides an important information for culturing mass li-
chens to obtain bioactive compounds.

Key words; Lichen forming fungi, secondary metabolites, antimicrobial activity, inoculating inhibition zone, liquid culture
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TR (Moreira et al ,2015) . #2Eh HiuA Y EC R 4 {1t
JCETHY, MR LT Ol R AR K R HLER  [F)
I, AR FL TR I 7 A R G A 7 1 DR 3 AR B
SR SRR IR AR (b AR RS 2009) o HBAK
K IAE M B % 245 {3 ( Behera et al 2001 ; F 37 #A4E,
2012; BLITHF,1982) AL 4F, i o b i PR T
UESE AR BAT B K W 7E 25 A0 B ( Moreira et al,
2015; Rankovi¢ & Kosanic, 2015; Stocker-worgotter,
2008) . PABPRTE 1950 E AR AT P 22 [T
BH M B A9 16 PE 9 T ( Francolini et al,2004) , HJ5 X
R BHBA P A 28 W) SR 2R B U I, B
WFFRAWHRA |, Sushil et al (2003 ) &, Parmalia cir-
rhatum HAK S EA HUR T, R IR F] 10%
IS L 3l 4 B SR TCRIAE Y ELIZOK 8 40 B 376 1 mT
PREEH IR 2 a BF[E], Nashi (2008) ; Stocker-worgstter
(2008) &I, AT A= Y% 14 19 MO A 7 ), e T B
T2 , 45 T3 1R % 240 Wy IR P Tk 45 T 2 1h b A B LT 5
XA U ARG P I TE DU B PO RS
J5 T EATREF 1) 25 I B ( Molnar & Farkas, 20105
Luo et al,2013;Xu et al,2016) . [P M 1975 4EFF
RS — B ARG A HOE (ReEFERT
WL, 1975 3 R A5, 20105 3815 5 45, 2014) ,{H i T
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Yy T A0 H e ke b A BT R A T AR A 8 7
( Stocker-worgstter,2008 )
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REAR S A6 235 97 B 19V (A )4, 2015) |, B
an, 485 (03 2 BR 1 ( Staphylococcus aureus ) F& IIfi R
o DB (B REE PO R R T R,
i 25 KA B AE E T ( EF4E,2004) . Francolini et al
(2004 ) 4 I 1B A T B FA B R BB A6 4 AR AL 4
AR, DR, IR TR AR B LR | SR AT HaR
AR A3 8] — R I B APUREBCER 177 %6
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elochroa indica, Ramalina peruviana, Cladonia maci-
lenta , Nephromopsis pallescens , Cladonia coccifera) ,3K
15 18 CTRFER Y IT 53 6T 7 Fh s e 1A 73 2 i
e, DI B A PR SR w52, T — ok
B IR s AP B, 7y B SR Al VAL 5 W) S T g Ak
AIBFFEAE Rl

1 MR 57

1.1 AR

Hi AR H B ( Xanthoria elegans , Myelochroa indi-
ca, Ramalina peruviana, Cladonia macilenta, Nephro-
mopsis pallescens , Cladonia coccifera) FEAS | F %[5 M
KRBT POWEE, 6 FARYIRA T E =/, &
UEARAS 53 351 DR A7 76 B WA I 52 i A T AR5 61
PR L, Xanthoria elegans ( TEHS 041247) ; My-
elochroa indica( 1§85 041562) ; Ramalina peruviana
(1f % 5 Chy040302) ; Cladonia macilenta ( 1F J& =
CHO050136 ) ; Nephromopsis pallescens ( if W& =
CHO050089) ; Cladonia coccifera (1585 CH050056) .
X T ) 3 A A SR P A 03 8 15 AR A M A Y LT
Je 38 B b A R L A A A TTS 8, A 5 T
S EASEIR - B, MR E T MY
(BRI 20 o, H%0HE 6 o, BERHRILY) 2 g,
Bl 8 o, FZAKGEZE | L) R I 15 CHE 3, JF
TEWVG e, ARAT R 08 B0 B 22 S R R TR
300 mlL Ay MY (22 25520 20 ¢, #i%HE 6 o BER:
REW) 2 ¢ WF) 5 YMG (R AN 10 g; 2 250 5
g; WAEIHE 10 o) MARIE TR L 8T 15 C 53l
150 r + min " #ERHIEFR 2 N H .

1.2 X E M

B AT R ( Bacillus subtilis ) SEHE S5 AT 1
(B. cereus) RIS MLPEYNEE ( Vibrio parahaemolyticus ) |
I 4 28 B T ( Straphylococeus haemolyticus ) i bR
B BB PR ( Pseudomonas aeruginosa) 4 15 (0.5 25 BR 18
( Staphylococcus aureus ) | 5 15 BR B ( Micrococcus
luteus ) tH EE W T B S 25 ik B T4 4t
1.3 R & &

e T R U85 AR 1 - 1AL
CTERZ RS, 30 min @ 2 U MBS0 -
W KA, R SR R IR T e 7% A3k
WECT  FRE A HIEEA( DMSO) £ H

1.4 HEEER N

b3 T AR AR I VR A5 K 6 LI T A 43 1)
Tl T R R 1 3G 5 b 37 CHEIRIE 3% 24 h, JH#E
e EA BRI AE AT P ol A4 1T 356 o ) i 7 5 2% 18T 1)
He IMATCHE A= B K 78 4L SV B 2 R P s 2 5
W PR BB BE T E] 1%10° ~6x10° cfu - mL”,

PR . B LB AR SR 3 A 5 5% 3
AR TR ML A& A 8 [ 5 FH T B AR AL T4 501
FlE HL A5 S0 000 A DA RV, B SR A s R Sk m, w
B, AR R R 3 R, RINIELE A ¥ (£ %
4,2013) K EHAR S mm BIELARIR A, 4 R K AL
PRI T4 2050 10 L it 8 Fhoh 4 iy 15 A [
VRN TR 2T W i WA il 30 4 R, % in DMSO
WAE A I B JC R B A 1 e Bk
Xof BERE M T R A S R LR, S5 4 35 R 0L, T
37 CHEFE 24 h, BNHERPIREDEE 3 K,

e/ MR TGP (MIC) AN E < SR FH A5 RR ik
N AR S LA TS S SR MIC A,

2 ERH4M

2.1 ZERZERENBEREXBIRE

6 T A Y B G R IR 4 LR TR (300 mL) %%
WUR 1325 J DMSO ¥ il Ja A& IO BEAn 3% 1 B
#% 1 ", NP X3 Nephromopsis pallescens, CC {8 3
Cladonia coccifera , Xe 1% Xanthoria elegans , M1 in
%% Myelochroa indica, RP fX.3% Ramalina peruviana ,
CMA f{3& Cladonia macilenta, MY ,YMG N335 2
RS0 ER 1 AT LA, 75 H AH ] 3t A< 2 B TR 78 A [ By
Fr kb TR AU A 30 22 AR K, A () b A ) L TR
TEAR R3S 5% b TS A SO AR 8 22 i AR B 3%
2.2 AR REEEE MY, YMG 715 35 5 T4
[Eprpd i d:n

¥ 6 ML TETE MY WK KE SR B rh AT 1 3R
MR CBEZEIUR WY I TE SR N3 2 PR,
K2 F i, 6 R A AR MY A 5; 55 5 b i 15
BRI RS M 220 AR K, Xe 5 MI LA RTE MY
Br ek AR H O TR LR A WUk 4R )15 50 (B2
ANBES" A= X 7 b O TR 4 P A AR
73, RP LR AE MY iR FE s I Wy h e g 7 R X 2
Fofr s 22 IR S 2 o > TR B B A 41 o 1
MRSy, CMA 7E MY " 2R 2 TR 2 BU 1 %
SRR (EHCO ARl R 2 F A TR A AR A R
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M2 a2 U SR M R Nk 3 B

&1 6MRAMAFEIRRFRR &FXERE
Table 1

yield and concentration of the test solution

Six kinds of lichen forming fungi extraction

F R R

& iy (xS Concentration
Ne & Net weight Yield of the test

ame (g) (pg - mL") solution

(pg - 10pL™)

NP-MY 0.0297 929 198
NP-YMG 0.0524 174.7 349.3
CC-MY 0.0808 269.3 538.7
CC-YMG 0.0453 151 302
Xe-MY 0.0763 254.3 508.7
Xe-YMG 0.0131 43.7 87.3
MI-MY 0.227 756.7 1513.3
MI-YMG 0.0053 17.7 35.3
RP-MY 0.1307 435.7 871.3
RP-YMG 0.0061 20.3 40.7
CMA-MY 0.0004 1.3 2.7
CMA-YMG 0.0007 2.3 4.7

M3 AT LIE 6 R K R ELE7E YMG K
KR p TS R R W G M 22 IR R, Hid, Xe
JIT A 5 SR A B ZE R TR 14400 1) e o U,
R AR R, (H Xe AR SR YR RERS ST HoAth 6 Fh S
IREUR H P AEIH L 6 Pt K T B A YMG 5 5
FE TS RE R 24 IR B PE TE OR e 2s, J
H CC fie W 7 L Pk 3 25 3R B = il CMA 78
YMG 1 2R ZBE AU & AR AR, (R AR X — Al 22
G PR MR R A

XPLHGER 2 3% 3 kB, [ b A 78U BB AE AN [ 85
FRELH R IR I E TG E 22 BB K NP 78 MY Hili 5%
REXT PR AP O B~ A= 90, (2 NP 78 YMG B3 325
ZR 7 PO AR BT TSR , RP 72 PR [R5
FRHEEP R 22558 W3 RP 78 MY i3
FRREXT 4 FPEOw B A B0 A R 2 TG
P TZE YMG 53538 X 7 P o JCam il 2R
HE 4 Pt AR BT A PRI RS SR 3 D R I TR
AR,

2.3 AR MENIRY MIC

PECEA BB I PERE TR (00 AE R 5 S A
ORI IEAT MIC A E (£ 4), WK 4 PATLLE
25 M AR B B 35 IR ) O R £ TR R 4 P 1 B AR
Tl BE 45 AN AR TR, Hod CMA B MIC Befi%, 160
CMA 7€ P Ah 5 35 55 b 8 7= A B 300 581 A3 280 40 o) 4Rt
TR U B ARh R SRR B AR B2 3R e X ki
() 3 A 2% [ PH I R AR A0 T4 B Y Bl e iz
[ RP-MY , RP-MY R ELFE7E T AR RP-MY 15%
=, B RP-MY M m, i L B AR A 812
R0 SR ELXE RE AU 1 () 4 Fofo J 400 A S8R I R
J, AT R A U8 B AR

3 itig

AT T R FHAS [ B3 W A4 855 55 T 11 7
2 WA R AR A T B YO AR B B T
WA TR . AR TR CRR TR RS 15
WIFEH , X HA ELRR A ) EA T I B TG PRI A B
Ramalina perwviana TE MY ¥5FRIEHA R 12 WA E
N e e S e 7 PN AW A L G Y I R Y
¥ Ramalina peruviana ‘BT MY i e AN
SR, Z 5 O B AT B A A RO 43 DL S GE
Cladonia macilenta 7£ YMG ;323 rh B8R H 2R £
PR A IO AS AME, (H B AR MR B T HOAR A B4 i
BRI Cladonia macilenta WIREEREE T YMG
HEFT ORI R %, 205 0 B S E AR A U8
HAR AR ELTE T BE 0 ] 1 B0 8D, R
AN JER H A A R EL R E AT R G S, A, mf
DA SEHE IO T R 2 5], £ A R A e 0
AR A R EL TR PSR E  ASBIETE R 6 Rl AR
PRI P AR A A P85 58, T B e TG 3%
I L, AR 2 A HE SRR 300 mL,
IR G AR PR T A A

AT S AL, () e b A R L T S [ 3 e i
HAAS B A0 T ASOR 22 0] S 2 DR kg ] A 2 S
A AL B W IEAARTR] 3 B U N B T
M AT FL TR IR G A = Wy % 35 % 2 A s M R 1 L
G TEARFIREFR AT 23 R AR Y L 45 3 AN [
BIR AT P24 ( Deduke et al,2012) , 3% — 4§55 1F
PRI M A 7R L T B0 T 22 77 W) O G 3 ( OSMAC)
FI X — LA R B 7R A0 T A AR BT 1Y
ARl BEFE R R IR RE i 15 2 3 22 2540 Z 4 1™
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x2 MY REEFEZE ZEFIRINEEHE

Table 2 Antibacterial activity of ethyl acetate extracts from MY liquid medium

22 P B2 R
Gram-positive Gram-negative
s PR ETIRTN . N " 0 Eﬁ
Gt WS L et Fi 2 AL L i
ame I AR [pezNG] I PR AR RO
Bacillus Staphylococcus Micrococcus Bacillus Vibrio Straphylococcus ~ Pseudomonas
cereus aureus luteus subtilis parahaemolyticus ~ haemolyticus aeruginosa
NP-MY 7.27+0.083 - - - - - 7.31+0.24 -
CC-MY 7.30£0.12 - - - - 8.04+0.17 - -
Xe-MY - - - - - - - -
MI-MY - - - - - - - -
RP-MY - 6.29+0.41 7.27+0.2 - 7.83+0.33 - 6.91+0.21 -
CMA-MY - - - 7.51+0.15 - - - -
e =" TS IR R AR LA mm T, R B R, n=3, FIA,
Note: “—". No inhibition effect; Diameter of inhibition zone is in in millimeters. Diameter of inhibition zone * s, n=3. The same below.
x 3 YMG REEFREZE ZEREZEIHINEEHE
Table 3  Antibacterial activity of ethyl acetate extracts from YMG liquid medium
A2 G 2 LB
Gram-positive Gram-negative
; - : -~ . - I
Gt i3 G et . Al L L a0
ame Eitan] HIHTERT [pezN] TR N AR o
Bacillus Staphylococcus Micrococcus ; e Vibrio Straphylococcus ~ Pseudomonas
Bacillus subtilis . . .
cereus aureus luteus parahaemolyticus  haemolyticus aeruginosa
NP-YMG - - - - - - - -
CC-YMG 6.56+0.42 - - - - 8+0.21 - -
Xe-YMG - - - 17.77£0.18 - - - -
MI-YMG - 8.27+0.15 - 8.91+0.31 - - - -
RP-YMG - - - - - - - -
CMA-YMG 8.94+0.75 7.96+0.23 - 10.09+0.16 - - - -
x4 FHXEMAE MICUZE (g - 10 pL™)
Table 4 Minimum inhibitory concentration of test solution (g + 10 uL™")
2 [GBH M 2 [T
Gram-positive Gram-negative
szr\ N b e b s ae . e e e b e s b s e N e
Name R AT R S AT ER T JHE B TOR A i B AT R PR AR T el PRAR EA B TR
Bacillus Staphylococcus Micrococcus Bacillus Straphylococcus Pseudomonas
cereus aureus luteus subtilis haemolyticus aeruginosa
NP-MY 12.375 - - - - 49.5
CC-MY 134.675 - - - 75.5 -
RP-MY - 217.825 108.913 - 54.456 871.3
CMA-MY - - - 0.675 - -
CC-YMG 151 - - - 37.75 -
Xe-YMG - - - 2.728 - -
MI-YMG - 8.825 - 8.825 - -
CMA-YMG 0.294 1.175 - 0.588 - -
Yy, A R e T ) A 5% 085 R4 O AR A oF AU FE 8 5 73 A5 3] A4 A TR R 0 et
J& (Wang et al,2014) , AT AAREE F% & 90 1l A ) T4 B v A7 78 B oA 0 1 o3
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KEAR ST E, (2 A A J AR E T AR
K% 7 EL T AR BB K, EEAE B AMG
Bt AR B ME B AR R, S T AR A A A
BORAY AT LA Ay B AS 2 A R BT | SR o H AT
WARKEFR Gl A5 A SR B 18 3R iy, SR TR
HTEF B RHEZE A VLR LA & TCHLEE f— st
fiet 0 28 A5 B AR TR AR AR A S A I BT A B B 7
YIRS EK b 38 2 S AT 1R 22 1R 1 K =
IR B (R 55,2008 ), VAR KE 35265 I B 22 44 A
KR FLRE A5 21 K B 22 1 (5 5 55, 2002) , IF:
HARR R ARG

AT GRS AE SE 00 2 A5 F T B 55 A 7 LR 2
VISEATATRY, BARES R K T A RE RS IR 1S A BT
PRTEPE R A RO, (A Tolk A= 7™ Bk D)4y B 40
AR B A 3O, R L, A M A Y B B P i o
RO e B LD RE S ) T e S R AL AL B 45 5
e TR0 LB e e 97 A5 B 2L 1 R I K )
(E%5,2015) , LI b A 7e ok b 47 Tl 4=
FE LS A BRI &
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