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Bioactivity Metabolite from the Endophytics Penicillium citrinum and P.
polonicum of Portulaca oleracea Against Ralstonia solanacearum
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Abstract: To investigate the diversity of endophytics in medicinal plant Portulaca oleracea and explore potential
biological resources to prevent and control crop diseases, the endophytes from its roots, stems and leaves were
isolated by medium cultivation method, their bioactivities were evaluated against Ralstonia solanacearum, and
they were identified by colonial morphology and ITS sequence. The results showed that the crude extracts of two
endophytics Penicillium citrinum and P. polonicum displayed strong activities against the phytopathogen R.
solanacearum. One of active metabolite (citrinin) was identified based on UPLC-QTQF-MS. Moreover, the
activity of citrinin had more strong antibacterial property than that of streptomycin, which was a common agent in
agriculture to prevent bacterial wilt. So, these would provide scientific basis for biological control of bacterial
wilt.
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U AAT H (Agrobacterium tumefaciens), 445 fii
(Lycopersicon essculentum). =42 (Solanum tube-
rosum). {&‘E (Arachis hypogaea). H % (Dioscorea
esculenta)- %L (Nicotiana tabacum)- AR (Capsicum
annuum). 7ifiF(Solanum melongena). “:2%(Zingiber
officinale) . ¥ %j (Fragaria ananassa). 7 % (Musa
nana) LA K — L6 55 B 25 M FITE A -AEY , A0 CLh
VR A A B R R 2, R A &I A
AT FAR R AN ERMEE, G R ER
Ak, ASEHBIXRIAS [E] 3 FRIE B, 75 170
Bl Bowi ). AR, My MM R B
AR, PRI 1 5% b 55 B v 9 1) e B

LR, NATIASIR] 1 B0 5 R @ AT T
Z 7 FT,  H AT TR AE TT AL 7R A
FEREEFLNPG. ARPaMEYPG. &
WG EAESEATRAE . B R 3% A AR R 77 2
FEHH . WAL R SR EY A K
T rh ORISR E 2570 AR VA R AR R B
JIE R BE AR IR R, A 28 0 b 40 0 1) R
A o SR R WRERAR R . AR 2 ) A
FIH . PrEAERIMAESE . HBTHoE S AP
HytHER Gk, DUk —E R Gia T Bt
I 26 A P PR ) T L R 7 il P R 245 5 B R R B AR 2
ZHEPN NIRRT IE R BG5S, faJ NFEAI
HAh AW 224, B AR T gl Al n] 8
PRSI AV BTG R SZ BT E R, HoHoT
T B9 B 1B IE T Rk ) s R R e

TR A AR TR A 1 — 8 B Bl A S B B AR T
e FEAE 2N B S I S B B B, kA
ETEEEYT, KA, BAEY), BHEYH
M HAEYNIIANAER, HETCBEDPET
I IR 25 477 B B E I AE B A B 3%
REETTMCARI A . N AEREEE SN 320, 16
T ARAEL(Gramineae) H 4 4 25 F1H# LA AR A A4
MR RAEH . 7R B A EAZ (Taxus
chinensis) N A= B R B R IE J5 , AEYI N AR R SRR
PV 14 ot SISO 0 2 R S ) 3 s

;4 i (Portulaca oleracea) v &4 i J& — 44
W AR, "I AEGe e, T et iR
AT HLX o iR W I R B2 —, 4 (R
FENE DY wEk, Do B AU M S R
IEIFIE REFEDR, A RIRPUER L. BACHT
FR, SUNTOC R R, FE D sk

SR R S A, RERSHEHZ
B RV, BEEASE. BESR. AHLR. 2R R
HEEEYTENE R A RE8, LT EMEYHEE N
PR, AE B IR 2 A S 1E R R B AU
MIRAREBEEYIB, WP PURTE. PUE. 5T
L G S PR A A AR A ),
XL RPGA R 2 BAT BB WA AR, Al
JZHTES . Y. RS TS, ok
2 B P SMIE T [ DEER . AT T L 24
FEA) S D SE R, R AR AN i iz B AT $ A 3 Rl
KON, WRUHAER YR, ool
Wiif . AR BRI .

1 RS

1.1 %

Ty L1570 (Portulaca oleracea) K4
T RAT M, i (Ralstonia solanacearum)
HAER A KA S R B 424t .

B 5 A & RE IR TG (PDA) B FR 1 1
SETT HRAIAEMRHEIRAR, BT 5RE
300 g, Hi%&HE209, BF159, AHEHKO0L1g.
B A B K (PDB)W LT R ULAE DR A
FRAF, A 5H% 300 g, HiZ%HE 20 g. Hb
TR IR R IR 2L (CPG), FA& RS Ak 10 g, Hi%
W5 10 g, BEERE/KMEY 1 g (BARREFRERR 5
18 g Biflekr, ®R 50 9 g BEER).

w& AENERFRFE (B —ER A A R
A7), ZHWY-103D fEIR 57 7756 (LI BT A 3%
Hili&E AR AF), G6540B WAH5 TUARAT K AT i (8] &
BB 1 A (36 Bl 2R BHECE IR A F]), Bk e
(ACQUITY UPLC, BEH Cis 2.1 mmx>50 mm i.d.,
1.7 pm, SEERFFHRHCA R A F).

W HEIEF 2 DNA Pl n & (4
THAEMTRERDARAR), mMRESRGETEY
TREBRBAERAR), GIERE. O, BR%EEE
[ Fisher A1), HAdA N 45 (7 ML
Ao

1.2 ik

WAEENSE. 4t X ). HHEX
KBeF, B, 75%IEEIRIE 2 min, JoRRKITHE,
0.1% &AL 7KIZ i 1.5 min ("2 30 s), JoH K
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Ui o Fl BRI TE B KB (PDA), 1 7S AXTIE, 1.
2. MU RN BER T PDA Ri9R3 L, 28°CREE
FERE TR, JORA A5 2F T F P BRI VA 1 VA S Wk
ai, HEBREE—EE .

P A2 TR R SR D IR B B s TR B e R R X ¥
caifb N AE R PN PDB 5373, 7E 28°C,
180 rmint PER LR F% 7 d, i UEE EIETR, IS
IEFR IR CBEZEH, HCAALAEZ 250 mL (& ke
M, BT e g kA L 45°C 2 R4, 1T 0.22 pm
JENEE, FH L F O AR 10 mg mL AR . BUOR
FEIERE, BN CPG Mifkks 73k, 7F 30C,
220 r mintFEIK EREIE 24 h, FERAN 0O EE T
H oD fglel,

5 M ik PN AR BB I B D R 1 7 IR
RHAMZPRE, B 3. (ElE TIES BT
KEREFR M3 — 2 CPG iR, BRI A 45°C (&
RF0) 5 ER B (AW EN ODeo=0.05)1R A T
R R b, FEREFRIE A IEEE, FEE 8 mm
AT FLARTE R LATHL, FEFLHINIA 10 ul AT
KAV AEM, BA 1 mg mLt (2 25 A RH 1t o R,
B PAR B TR BSR40 28°CRE 7%, W41 1R Pl
KNFER 738 XOE B B B AT & 2 1K,
HCP5ME, 3 ANETE FRECTY, DANEE R/ NR
ANPUBEIETE, 7 4 NMER: BBy, iR
/NF 1.0 cm “+”, EHAE 1.1~1.5cm N+, HEAE
KTF 1.5 cm Hye+++7081,

H S WO B R i B3Rl A FE TG W R
5% NHU PDA K973k F O aiftb N AEFEHEE, BN
PDB 175341 28°C, 180 r min K L8 % 7 d,
KB A SE A B3, BUCE T 2K B 15 mL
B, BT EL 0. 500, 1000, 1500, 2000 uL
W5 PDB £ 7R IR A €A 2 VAT 8 000 ul
JE 5 E RS, FHZREEA ODe=0.05, &0
HET 30°C, 220 rmin 1HEIK L1EFE 24 h, FHE A
I3 EE T ODeoo fH, e KR H- 4T

NAEEENFEE B a0 P A B
%Pk PDB K 73EH, 7F 28°C, 180 r mint #£JK I
B8 7 d, WEEEE, AT SO R, %R
B SER 4] DNA Pl ) & b ik e B 4=
F# Y DNA, 53T PCR ¥ 1. PCR MK R
SRR 20 ul: 15 2xTaq Plus Master Mix, 10.0 uL;
5p ITS4, 0.8 uL; 5p ITS5, 0.8 uL; DNA ik, 1.0 uL
(0.1 ug): TLH/KAME . PCR M ALF: 95°C AR

5 min; 95°CA:1: 30 s, 55°CiB/k 30 s, 72°CZEAi
30s, 72°CHEPE 10 min, 3£ 35 MEH. PCR =¥k
FHEEE KR IN, D)%) H B S d A T A

TE N A B TE A E Y P AE B AR Y
PO R E A 1 mg mLL RE A, 4 0.22 um
JEML IR RS T o AT S A NI BIAR 0.1% H
7K (A)FI 26 (B), WEliBfifE: 0~1 min, 90%A, 1~
3 min, 90%A ~80%A, 3~5.5 min, 80%A~40%A; 5.5~
7 min, 40%A~10%A; 7~9 min, 10%A~5%A; 9~
10 min, 5%A~90%A, i€y 0.4 mL min-t, i
35°C, MEFFARRN 5 ul. SR BB % & F4h(ES]); T
FRAURE 300°C; TSR 8.0 Lmint, 0
J 350°C; T HLE 120V, K& IlYE A miz 100~
1 000 (IEfAE, IERASKBYIE B 5 0%
SE N 3.0kV fil 2.5 kV.

EMEENE  TEFM RN
AP PDB iFRdk, BT 28°C, 180 rmint
IR B3GR, BRHUEFR 1.5 mL 7 T—40°CUKAH,
H14d, 5 1d AR ERAEREH 0.22 um
JEEEYE, R SOt & & &

2 R

2.1 SR NAERERSE. LEMEER

SrEST 2 RGN TN AR, HXUZE AR IEE
ITPIE RS, BoRe+++7iEME. FIH] NoO51 16S
rDNA ITS (ITS4. ITS5)F %47 BLAST #%, ik
H5 91 AR () PP ER B PR IEAT EUXT, T8 B R A 42,
oA e 2 (Penicillium citrinum, & DA 22H
7 (Penicillium polonicum, & 2), #2EHEHERE . %I
B EADSIE I R R, MEENE = H &
RELFR A 52 180 vy m R TR MR BB, U B R Bk ]
2K 3,4, £1).

2.2 BE BN =HEBNEERS

B 10 mg mLt BIAE, R E il R R T A
1 mg mLL RE AL 4 0.22 um JEAELE, FITR
SRR A B ER YD, 49 2IAE 75 3 A1 2275 22 1
FHPRE . 2 P AR S 3 g 1 & EAl
PR, JUHAER A EE R R B RS, HENE 1
ARSI EERNEIER S . KPS, R
BHESD T3 7% miz 251.092 3 [M + H]*Fl m/z
249.077 1 [M - HI", KIEESFIN4NES T m/z 273.073 6
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N[M + Nal*, #iElE 11451 3N CisH140s. 1R
EA S ESE R, A% Scifinder (s 1 [H] & 417 & 1Y
gy, WEYIMER R T A5 151K

MR, 220 RO st B Wi 2 btk i 5
W 1, AT R B I T A R, DRIUE,
SEVE 1 S Yt R (81 5).

B 1 WEER TS 751

TTTCCTCCGGCCTTATGATATGCTTAAGTTCAGCGGGTATCCCTACCT
GATCCGAGGTCAACCTGAGATAATTAAAGGTTGGGGGTCGGCTGGC
GCCGGCCGGGCCTACTAGAGCGGGTGACGAAGCCCCATACGCTCGA
GGACCGGACGCGGTGCCGCCGCTGCCTTTCGGGCCCGTCCCCCCGG
CGGGGGGGACGGGGCCCAACACACAAGCCGGGCTTGAGGGCAGC
AATGACGCTCGGACAGGCATGCCCTCCGGAATACCAGAGGGCGCAA
TGTGCGTTCAAAGACTCGATGATTCACTGAATTCTGCAATTCACATT
AGTTATCGCATTTCGCTGCGTTCTTCATCGATGCCGGAACCAAGAGA
TCCGTTGTTGAAAGTTTTAACTAATTTCGTTATAGGTCTCAGACTGC
AACTTCAGACAGCGTTCAGGGGGGCCGTCGGCGGGCGCGGGGCCC
GCCGAGGCAACATAGGTTCGGGCAACACGGGTGGGAGGTTGGGCC
CCGAGGGGCCCGCACTCGGTAATGATCCTTCCGCAGGTTCACCTAC
GGAAACCTTGTTACACTTTTTAACTTCCAAA

Fig. 1 Penicillium citrinum and ITS sequence

BRICHRIE  BIRFRRRRGIRIE A HI R

SrHEA AR AT
Czapek’s Czapek’s yeast Malt extract Conidiophore Conidium
medium medium medium

GTCACCTCCCACCCGTGTTTATTTTACCTTGTTGCTTCGGCGGGCCCGCCTTTACTGGCCGC
CGGGGGGCTCACGCCCCCGGGCCCGCGCCCGCCGAAGACACCCCCGAACTCTGTCTGAAG
ATTGAAGTCTGAGTGAAAATATAAATTATTTAAAACTTTCAACAACGGATCTCTTGGTTCCG
GCATCGATGAAGAACGCAGCGAAATGCGATACGTAATGTGAATTGCAAATTCAGTGAATCA
TCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTCCGAGCGT
CATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCCCGTCCTCCGATTCCGGGGGACGGG
CCCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGC
TCTGTAGGCCCGGCCGGCGCTTGCCGATCAACCCAAATTTTTATCCAGGTTGACCTCGGATC
AGGTAGGGATACCCGCTGAACTTAAGCATATCAATAAGCGGAGGAA

B2 J2EE. TRITS 75

Fig. 2 Penicillium polonicum, spores and the ITS sequence
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Fig. 3 Antibacterial activity of crude extract and liquid culture of Penicillium citrinum. *: P<0.05; **: P<0.01.
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Fig. 4 Antibacterial activity of crude extract and liquid culture of Penicillium polonicum. *: P<0.05; **: P<0.01.
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Table 1 Antibacterial activity of crude extract of Penicillium citrinum

W Concentration

M E42 Inhibition

(mgmL™) zone diameter (cm)
FHHE4 Crude extract 0.1 0a
0.5 Oa
1 Oa
5 1.90+0.100b
10 2.33x+0.057 7c
BEFE R Streptomycin 1 1.770.057 7d

RRNNGF R3R % 7 B HP<0.05);n=3, F&R.

Data followed different letters indicate significant difference at 0.05 level,

n=3. The same is following Table.

1 1 J
500 1000 1500 2000
AR Volume (uL)

2.3 WEHALE IS

NERVHE S A 2 EERE U E RN
PURETEYE, WG AR bR S B A AL 04 1. 250 5 AT
10 mg mL-2 V7, LA 1 mg mL-L 555 29 AT x IR,
FH U S A AT #0041 35 R R 8, 45 SRR,
1 mg mL A7 2 2 30 56 B B 4528 (3.0140.102) cm,
EEBH 2 X6 B[ (0.8940.167) cm] K (35 2), WG &
B e SR Em A m S A a4, s
B FRAT K, WA R S Bl 1597 10d
ik fi KAE(14.4542.813) mg mLt (& 6), iX X} 5 3k
BERE NS RE BESENE.

1001
255 Penicillium polonicum 8
7 249.077][M M .
S 6 4% Negative
i1 T s
S0+ Z 4
23
£ 2
o~ = |
£ 0 - 1 L I 1 | | ) e 9 .
‘B: £ 6 242 244 246 248 250 252 254 256
= g ; *251.0923 )
g 100 HE Penicillium citrinum o i; *933.0815 IM+HI" 4 positive
= ol .
u = 1.0
Z =08
< S0p Z 06
= 0.4
b 02 | | 273‘0736[M+Naj+
= 9 i I 220 240 260 280 300
=
100~ 100, 251
0 i
50F O~ F OH sop
L OH O
0 I 1 1 1 I L L ! 0 T T T T t T T T T |
1 2 3 4 5 6 7 8 9 250965 250.970 250.975

1A Time (min)

[ 5 UPLC-QTOF-MS 4347 A A5 B {35 P A o
Fig. 5 Bioactive compound of endophytics by UPLC-QTOF-MS

JTEfaf E Mass charge ratio (m/z)
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Table 2 Antibacterial activity of citrinin

7 Pl AR

W Concentration Inhibition zone

(mg mL") diameter (cm)
@2 Citrinin 0 0Oa
1 3.01+0.102b
25 3.1840.020 8¢
5 3.9240.030 0d
10 5.0440.032 le
%2 Streptomycin 1 0.89+0.167f

207

2 IS5 b

&0

E ot
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3 5t

];1%‘—{0 1 4-IIIIIIlLll
42 1 2 3 4 5 6 7 8 9 10 11 12 13

REFRRAL Culture days
6 MR B R A S B
Fig. 6 Change in content of citrinin in Penicillium citrinum with cultivation

time
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MAEIAS [R) 2 2L 73 B 3145 1) PN A B 28
AN, Fr B AREEAS [F] 7] B 45 B A [R] (1) A A TR i
o H AT B UG T4 B R N A LR A B R T R
(Epicoccum) . # JJ B J& (Fusarium) . 75 %% B J&
(Penicillium). & 7% 14 J& (Chaetomium) . 1 15 72 &
(Petriella)i8; N 4= 4 &4 % T B4 (Enterobacter saka-
zakil). JE/NZEAFTEE (Bacillus pumilus). TG AT B
(Achromobacter spp.). 2% % ffd #T 1% J& (Paenibaci-
lus) . #i [C.4H 7 )& (Leifsonia) 1 Rhodanobacter®!, ix
Se AT AR P S R A ER A . BT . K AT
B ARSI A P ), ASHIF 7T 1 RO 14 5 P 4
PREINEREEEMEEES, £5 T SRUAE
R

W R HIE Z, ARV 7R B pER0, A 2R
WERRY, MEARD, T ERP. 44 Kk
AR A R 200 S 4k, A B AT DA
M (Capsicum annuum) 4 K 3% 5 6 7% JH I3 1
PrikRel, DLR A T KA B EERT, TR 225 5
I T AR KT e/, U =2 B TS Y i B
ZREYREYE, W A S 50 % £ HY
(VR FH 28291, S0 Hi) B SR B 2R AR, R

e S A BRI R 7R VR T IAIE AL T 2, A A B
A, WANATIHEAIRERD. 54, AT It
BB E B ARG, XIS R0
PR 12 ST R AT 0 (32, X L3R 0]
WHE NN EE A ERMA S, AT
AT o

F AN A B 2R S PE T BEWE FUARDR e, 3222
TR A 2 IREAVE R A DUR AR, x4 2 (A
VERTEPUE R, 6 BAT PUAE VU B H B3R S A% A
R VRS, A7 TR WARE . ASHT U AR IE A
ERHAAPEMEEE. HEREmMERAEA &
IR, KEES O R AL, KT R 2
T RENE L] SEfrAs P AR T, RIS 15 RER AR
PO se, 8 B e N NAR 5 R0 55 7 T K
&, RN
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