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Abstract: [Background] Considering the emergence of “super bacteria” due to the abuse of antibiotics,
the search for new antibacterial drugs is necessary for effectively conquering the problem of bacterial
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resistance. Since most antibacterial drugs are found from microorganisms, the research on endophytic
fungi in medicinal plants can expand the medicinal resources, so it has a promising future for application.
[Objective] To isolate the endomycete from the Cassia tora Linn. collected from Lushan Botanical Garden
of Jiujiang, Jiangxi Province; screen out the antagonistic strains; isolate the secondary metabolites of such
strains and analyze the physical and chemical properties of their antibacterial substances to prepare for the
research of new antibacterial substances. [Methods] The antagonistic strains were screened by the
cup-plate method and then identified based on morphological characteristics and molecular biology. Their
secondary metabolites were isolated by silica gel, Sephadex LH20 and RP-C18 column chromatography,
and the molecular weight and molecular formula of antibacterial substances were analyzed by liquid
chromatography-mass spectrometry (GCMS) and EDS spectrometer. [Results] Penicillium citrinum
ZH-11, a broad-spectrum antagonistic strain was screened out. As shown by the cup-plate method, it had a
good bacteriostatic effect on eight indicator bacteria such as Escherichia coli, Staphylococcus aureus,
Bacillus thuringiensis, Xanthomonas oryzae, Bacillus subtilis, Bacillus licheniformis, Candida albicans
and Bacillus cereus etc. Active pure compound Y3 was isolated from the secondary metabolite of
endomycete Penicillium citrinum ZH-11 with a molecular weight of 410.169 1 and a formula of C,4H,¢0s.
When the concentration of Y3 was 10 pg/mL, the diameter of the inhibition zone against Escherichia coli
and Bacillus thuringiensis was 16.23 mm and 17.27 mm, respectively. [Conclusion] This active substance
is different from the known antibacterial active substances derived from Penicillium citrinum. The results
laid a foundation for further exploration of the active products of Penicillium citrinum, and expanded our
recognition of the endophytic fungi in Cassia tora Linn.

Keywords: traditional Chinese medicine, endophytic bacteria, antibacterial activity, secondary
metabolites, separation and purification
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Bl1 12#RPAENERE PDA BFHFEER 7d WEEES
Figure 1 The colony morphology cultured on PDA medium for 7 days of 12 endophytic fungi of Cassia tora Linn.

x1 RAEREEFEMESHE

Table 1 Morphological characteristics of the endophytic fungi of Cassia tora Linn.

ks RS2 P )
Strain Colony morphology Medium color
ZH-A The mycelium was cottony, the colony was fluffy and white Transparent and colorless
ZH-B The mycelium was filamentous, the colony was a long and white flocculent Transparent and colorless
ZH-C The mycelium was filamentous and dense, the colony was white Transparent and colorless
ZH-D The mycelium was filamentous, the colony was a short and white flocculent Transparent and colorless
ZH-E The mycelium was cottony, the colony was fluffy and white Transparent and colorless
ZH-02 The mycelium was purple in the form of dense fibrous filaments, the margins of colony Black

were white
ZH-03 The middle of colony was brown and the margin was white Transparent and colorless
ZH-07 The colony was swelling, and the mycelium was villiform with greyish-green Transparent and colorless
ZH-11 The mycelium was pea-green in the form of dense fibrous tomentellate. The middle of Yellow

colony was pea-green and the margin was white
ZH-13 The mycelium was black filamentous and the colony was black Black
ZH-15 The mycelium was white in the form of dense fibrous tomentellate, the colony was white ~ Black
ZH-20 The mycelium was red filamentous and the colony was red Red
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PR R ZH-11 f80E— 20 5

23 RIARERNEEREEK ZH-11 B S F4FE
Wtk ZH-11 7€ PDA $i FAEK 3 dJE, 1%
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HIFENCBI | 347 BLAST HXF 434, |14 GenBank
PAHFEH) 5 MW024141, Pkik 22 5 L ZH-11
HBOEFEX R ERERELFTME 3), &
MERE ZH-11 5 Penicillium citrinum strain CBS
122726 RT[W—403, RHBKREI, ML
| 98% , R H 5 EL I ZH-11 A4S 75 2% (Penicillium
citrinum), FF-A544 N Penicillium citrinum ZH-11,
25 NEHSTE ZH- 11 EEMN

TR 7R BT AR B, FH 57258 SOl 410 B
BIEAR. K 4 ik 2 Fion, WARSSE ZH-11

B2 E#k ZH-11 BFSHIE

Figure 2 Morphological characters of the strain ZH-11
TE: A: PDA BSRIE BRI 7 d WEEIEAQLER); B: PDA
BRIk BB IR T d MBEEIEAGE); C: MBI TREIRIZAS,
FRR=10 pm; D: A TFIEA, FrR=10 um

Note: A: The colony morphology cultured on PDA medium for
7 days (front view); B: The colony morphology cultured on
PDA medium for 7 days (back view); C: Morphology of
the conidiophore, bar=10 um; D: Morphology of the conidia,
bar=10 pm

81 | Penicillium italicum ATCC 48114 (AY373920.1)

99| Penicillium italicum CSL2041927F4 (AY924258.1)
) Penicillium expansum ATCC 7861 (AY373912.1)
71— Penicillium expansum PECH 0701 (FJ004274.1)
97 1] Penicillium crustosum 147s-3 (FJ228197.1)
Penicillium crustosum FRR 1669 (AY373907.1)
9. Penicillium digitatum 094301 (EU664461.1)
100" Penicillium digitatum CBS 13665 (AB479307.1)
Penicillium buchwaldii CBS 117181 (JX313164.1)
100" Penicillium buchwaldii CBS 116931 (JX313154.1)
Penicillium olsonii NRRL 5916 (AY484937.1)
100 * Penicillium olsonii NRRL 3146 (AY484931.1)
Penicillium glabrum AS3 15335 (KF302650.1)
Penicillium glabrum AS3 15337 (KF769430.1)
100 Penicillium flavescens AS3 15339 (KF769425.1)
75 ' Penicillium flavescens AS3 15346 (KF769426.1)

Penicillium citrinum CBS 13945 (MH856132.1)

100 || Penicillium citrinum WY SFS-W2 (MT422089.1)
100| Penicillium citrinum NRRL 1841 TYPE (NR121224.1)

94 ZH-11 (MW024141)

98" Penicillium citrinum CBS 122726 (MH863233.1)

r Aspergillus niger TM1 (MT620753.1)

60

94

T
0.050

100 I_Aspergillus niger MEBP0004 (MT597823.1)

B3 EAMEEET rDNAITS FHIMEEK ZH-11 WRZLRER

Figure 3 Phylogenetic tree of strain ZH-11 constructed by neighbor-joining method based on rDNA ITS sequence
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B4 RERERERESS ZH-1 REREEY

Figure 4 Antibacterial activity of antagonistic endophytic fungus Penicillium citrinum ZH-11 fermentation broth
TE: A AEEHKE; B: KEEAME; C: MARFMNE; D: KIEHE; E: HaSAMHE; F: BRZFEFE: G i

FHFFIE; H: SEOHERE

Note: A: Candida albicans; B: Xanthomonas oryzae; C: Bacillus licheniformis; D: Escherichia coliy E: Bacillus thuringiensis; F: Bacillus

cereus; G: Bacillus subtilis; H: Staphylococcus aureus

(1) 2 TR A 8 s s B 4 LA IR ACR
KRBT B E R B HRE 5 s
PATR TR S AR N B G AR, RN A S E
ZH-11 HAA R ISR RE T -

K2 AERNEERSTES ZH-11 MEEEERE

Table 2 Identification of antibacterial activity of

antagonistic endophytic fungus Penicillium citrinum ZH-11
P A 7R T T P AR

Pathogenic indicator bacteria Inhibition zone

diameter (mm)

F & ERE Candida albicans 42.28+0.03
JKFEi % B HU T Xanthomonas oryzae 36.73+0.02
HoAK ZEFIRTER Bacillus licheniformis 34.3340.05
KIGFFH Escherichia coli 36.53+0.04
Ao @ M B Bacillus thuringiensis 28.55+0.04
WEAEZEFAT R Bacillus cereus 22.37+0.02
AL ZEFAT R Bacillus subtilis 21.28+0.02
4T (OB B BRI Staphylococcus aureus 19.33+0.05
PN EE Aspergillus niger 0
B RFIE B Penicillium italicum 0
18R H 5 Penicillium digitatum 0
HER R AL Pseudomona aeruginosa 0

26 HWERBE ZH-11 EYRVISHES
“hifk
2.6.1 MEEMYRESHVSSE

WS B ZH-11 KB 35 L, KMRa#
Bk 4a PR E N 12.58 g, KREHWIAESE, i
2 2RI, gk 3 R, 353 9 4~
B, WP R 4 R Y R 200 pg/mL, 4

*3 BEFZH-11 £BR I MAD B KBFEESE
oml]

Table 3 Activity test of 9 components from Penicilium
citrinum ZH-11 fermentation broth against E. coli

il JihE W it <)t NERES

Fraction  Quality Concentration Inhibition zone
(g) (png/mL) diameter (mm)

F1 2.50 200 22.07+0.28

F2 1.50 200 19.56+0.12

F3 0.10 200 20.37+0.11

F4 0.45 200 0

F5 0.30 200 20.56+0.47

F6 0.67 200 0

F7 0.12 200 0

F8 0.10 200 18.44+0.50

F9 1.50 200 20.36+0.44

T Bl P S fEE R v i 22

Note: The data are mean + SD

T8 B P S (e i 22

Note: The data are mean + SD
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Figure 5 TLC observation of bacteriostatic component
Y3 of Penicillium citrinum ZH-11 fermentation broth
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SRR WAL EY)

Note: A: Numbers 1-9 are the components separated by RP-C18
column; B: 3 is purified compound
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Figure 6 High resolution time-of-flight mass
spectrometry analysis of bacteriostatic fraction Y3 of
Penicillium citrinum ZH-11 fermentation broth
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Note: A: Extracted ion chromatogram of Y3; B: A mass of Y3; C:
The secondary MS of fragment
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