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Isolation, structural identification of secondary metabolites
from Pseudomonas aeruginosa HBD-12 with antibacterial and
antitumor activities

Xiaohe Li, Jian Li, Wen Hou, Shen Zheng, and Xiangdong Zhu

College of Biological Science and Engineering, Jiangxi Agricultural University, Nanchang 330045, Jiangxi, China

Abstract: To screen strains with antibacterial and antitumor activity, pregnenolone was used as the sole carbon source for
screening bacteria from soil. Based on bacteriostatic activity assay, Pseudomonas aeruginosa HBD-12 was found to be
effectively inhibiting the growth of Escherichia coli, Bacillus thuringiensis, Penicillium digitatum and Penicillium italicum,
and its fermentation broth was separated and purified using column chromatography. Then, structure of the obtained
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monomeric compounds was analyzed by spectrum analysis, and their antitumor activity was measured using HTRF kinase
detection kit. The isolated monomeric compounds 1-hydroxy-9,10-phenanthroline and 3-hydroxy-9,10-dihydrophenanthroline
had significant antitumor activity. At 20 pg/mL, 1-hydroxy-9,10-phenanthroline and 3-hydroxy-9,10-dihydrophenanthroline
inhibited 78.39+2.29% and 60.34+8.35% Aurora kinase A, respectively. Therefore, the secondary metabolites of Pseudomonas
aeruginosa HBD-12 have the potential to develop antibacterial and antitumor drugs.

Keywords:
characterization, antitumor activity
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R i HTRF %77 & (Cisbio 2 wI4& ML) Al
Yo SR HTRF HR, Y EA AR AL,
H—uwitk bAEMR., EEY R, EVERRS
streptavidin-XL 665 (acceptor) #Hi%, SHibRiIC-
ML BRI )G, ZIRY S 51
Ptk (EF5F Donor) %54, ifii =4 FRET 55 .

2 EREMM

2.1 fRiELER
W AT H] 3 RRECIR . 3 PRAN I AE LM

PV Ay P — BRI AR A T AR R B, 20 XS IX 6 Bk
AT Al A T DR
2.2 HMEEMNE

25 I 7 WL R PR Bk HBD-12 X K 1
B AE . BRMEE . BREER
BH—ENmEEtE (8 1), fdEEs (£, W
TR 17 e i e T AR v ) 3 T R (P < 0.05).
2.3 EHHEE

Btk HBD-12 (% 16S rDNA il J3* 4% 5 78
GenBank k£ Blast HLXtsr#r, LALFESIE R
MK817578, Ff-#:fil Neighbor-Joining &4 & & #
(F2), R4k W E/R HBD-12 Btk i ot 4
fitd 1% Pseudomonas aeruginosa FDB FI Pseudomonas
aeruginosa OF4 %% 5 il . [N ILHf & HBD-12
E kTl Pseudomonas aeruginosa.

B 1 HBD-12 E#k& KB E (A) MA=ESFATE (B) suillHEl{ER

Fig. 1

The inhibitory effects of Pseudomonas aeruginosa HBD-12 fermentation broth on E. coli (A) and

B. thuringiensis (B). NC: negative control; FL: fermentation liquor.

#* 1 HBD-12 EHkxI 8 R E A HIHI1E A

Table 1 The inhibitory effects of Pseudomonas aeruginosa HBD-12 fermentation broth on indicator bacteria

Inhibition zone diameter (mm)

Indicator bacteria ——
Fermentation liquid

1/2 Fermentation liquid

1/4 Fermentation liquid

Escherichia coli 37.23+0.25a 31.08+0.96b 25.10£1.69c
Bacillus thuringiensis 32.00+1.54a 26.10£1.43b 21.88+2.13c
Penicillium italicum 38.80+0.52a 30.12+2.02b 26.00£1.53c
Penicillium digitatum 39.30+1.18a 31.09+0.87b 25.27+1.57¢c

Different lowercase letters in the same line showed significant differences at 0.05 level.

http://journals.im.ac.cn/cjbcn



ZHE F/TEPERERESRBRERE HBD-12 REREFYHN S BEEREKFIMABERMEEEET 2455

100| Pseudomonas tolaasii 135(HK21) (MK355672)
81 Pseudomonas tolaasii 133(HK20) (MK355671)

Pseudomonas syringae ICMP 3414 (LC164016)
57 .
90 Pseudomonas syringae CP001 (AB504737)

Pseudomonas umsongensis Ps3-10 (NR025227)
100! Pseudomonas umsongensis QY GXJ9-1-2 (KF527210)
Pseudomonas putida R43 (KC990820)
100 Pseudomonas plecoglossicida ZXDC-18 (GQ398824)
30( Pseudomonas putida W30 (GQ303714)
44t Pseudomonas plecoglossicida S21 (DQ095908)

100| Pseudomonas citronellolis YS-8 (F1462715)
Pseudomonas citronellolis PY 1 (MH685460)
99 Pseudomonas aeruginosa HBD-12 (MK817578)
4100{ Pseudomonas aeruginosa FDB (GQ433374)
Pseudomonas aeruginosa OF4 (MN547155)

[ Xanthomonas campesiris (AF290420)
IOOI—Xanrhomonas campestris LMG 568 (NR119219)

74

|
0.0100

B2 E# HBD-12 WARGZ LA BREE (%)
Fig. 2 The Neighbor-Joining tree of strain HBD-12.

Pseudomonas aeruginosa HBD-12 Rtk A 22 5 4 Ekk HBD-12 37 4B A% 38 P21 43 25
[CPRTERTIT, 37 ok FAE AR R F BRI 2 Zid KA R bE HBD-12 364678 6 L %
hERFR, FRIR SR, KR 3 d B InGEAS k BEW, W45 A2 USR] 2 g B9, KKz
R0, WL, LN, AT, e FI &40 B AR B il B dkAE 2 AN b
B PIAEENIPR, A (4 9). Py SLib L4 4 HBDL MR ) 24.1 g, L4
HBD2 (¥ JiT it i 4.2 mg.

2.5 E#Hk HBD-12 R AX B P-4 L5t i o
b4 1 (HBD-1) HIZEM %5 : M °C-NMR
R, LA 12 {55 . DEPT B 2R
7KW, BTEMREE R, RSFIRAE & 4l
4 1319, 130.8. 130.4, 129.6. 129.1. 119.8 flI
108.9, A 51t f55 o 17 B T ESI-MS %
P R ESr T FIE AT I (miz) Dy 195.056 1
(11432 195.055 8), #EMIHAL =k C12HgNO.

1 HSQC K =55 6 7.24, 7.76. 7.78,
B3 E#k Pseudomonas aeruginosa HBD-12 BIE% 7 93 785 819 #18.27 S5 S 5108.9. 131.9

Fig. 3 The morphology of the colony of Pseudomonas .
aeruginosa HBD-12. 119.8. 130.4. 130.8. 129.1 fi1 129.6 Ak, ZE I
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WiELG Y HBD1 o 1-523£-9,10- & 23k,

k44 2 (HBD-2) MI4sH) %5 . M °C-NMR
WEAAL, AP 12 Mkf5 5 . DEPT Kl EoR
7ANRH I, KGR 5 2. ESI-MS
WRWES TR FIER Tt (miz) R 197.071 6 (3
Bk 197.071 4), #EMI{E2ACR CiaHioN,O. H
HSQC K& A HIA M55 67.93.7.95.7.98.8.24,
8.30.8.45 #1 9.02 k{55 § 131.8,131.1,129.4,
129.1, 129.7. 134.3, 136.0 M=%, M4h, 2 4N
A A e AR o S & 1078 R 6.41 .
'H-'H-SOCY 131 § 9.02 5 8.45 J% 7.93 A%,
Zi BiE B HBD2 hy 3-#84E-9,10- — & A
2.6 {L&¥HNE Aurora-A SEMENE

fifi Fil Cisbio 23] 59 HTRF 38 6 328 70 40 %k
WA 20 pg/mL 1 1-5538-9,10- A 4+dF (HBD1)
M 3-F2H-9,10- A A dE (HBD2) 171Gk
K, SEEG2E R EoR, MIFES Y5 Aurora-A 24
HAMSIESE (3 2).

3 Wit

2R P IR AU MR 2,
AR R BREUA ., PUER. MRS
it 2, Supothina 2523 g 2 {15 B B b4 s
12 v 42 BEME AT LE M A 3 Rl R S A W e,
AT I3 2 B B A LA R ) Je A 4 i 1) 7
VEVEF . Gupta SEPYRFIOIER , i 4 (B 2RI T4
g 7 HE LA LT 5T AT LA BT T 98 A LAY e % 5 .
ABREEAT . A3 S P R B, o ok AR
AP BRI R -1, BN TR R
AWALRPUR . DU S5 LE YA

+=2 FEMWERN Aurora-A il

Table 2 Inhibition of compounds against Aurora-A
ID Sample Conc (ug/mL) Type Result (%)
1 HBD1 20 % Inhibition 78.39+2.29

2 HBD2 20 % Inhibition 60.34+8.35

http://journals.im.ac.cn/cjbcn

FEAREFE Y, AT ks Bt R hy o — Tk
HIVETRERE TR 3L, XER B R DURHE 2= B (1 -k
170, 15%]—#k Pseudomonas aeruginosa
HBD-12, 24 B i 11 W & IR 2 T ik 0 K 0 A
W oA EAREEMIRRE SR
A ESRIIMEIER, 454 Wang ZPE5e & BE,
A L Y L T 0 7 A W WA - 1 R R R R - 1- Y
W HUE R, Hohmy - 1- 52 IR X 22 Rl 45 )5
wEAMRAER, #2HENFE ik Pseudomonas
aeruginosa HBD-12 R ZACE ™ Hh vl 585 A W
BRAEY, HAEABG 25 Wb A ARG
AN o 32 FARE 2 AT 43 B TR AR R R AR i 7
YIS T 2 AR A, SUE T e A R
7K HBD1 f 1-553£-9,10- & 43k, Bt ly 24.10 mg;
HBD2 & 3-%%:-9,10- A AT, FEN
4.20 mg. FRATTE A Aurora-A 1 S 7 e
AL WE AN A P e BT TE T, R X A
& RE AN H AURKA (IS E, ks
1-#63£-9,10- /A JEXT AURKA B 2 ik
78.39%:+2.29% . Katayama ZP7VgE5z 0, i
Aurora I IS PSSR PR A0 AR I, BE L 20 A
FE, SIERZFERBMIEA AT, 52 nl
XA A Y HEAT IR A0 FR (W IR, AT
PR ZAL A IV R Aurora S5 B 4 S 0 75 R
AT IR AU R R . TSP R A,
AN B A A TR0 B TS PR A . BRI R,
Bl SR R T Pip Ko A 2 A A 1 2 B A C i
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