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Isolation and identification of active ingredients from high
wuyiencin-producing genetically engineered strain
Streptomyces albulus OoWysR

WEI Qiuhe, SHI Liming, GE Beibei, ZHANG Wei, YANG Miaoling, LU Zhaoyang,
ZHANG Kecheng*

Institute of Plant Protection, Chinese Academy of Agricultural Sciences, Beijing 100193, China

Abstract: [Background] High wuyiencin-producing genetically engineered strain Streptomyces
albulus OoWysR showcases pronounced antifungal effect. [Objective] To identify the active ingredients
of S. albulus OoWysR. [Methods] The active ingredients of S. albulus OoWysR were separated and
purified by the column chromatography of macroporous resin, ion-exchange resin column
chromatography, and high-performance liquid chromatography, respectively. The chemical structures of
compounds were identified by high-resolution electrospray ionization mass spectrometry (HR-ESI-MS),
nuclear magnetic resonance (NMR), and other spectral methods. The biological activity of compounds
was determined with the growth rate method. [Results] Four compounds were isolated and identified
from S. albulus OoWysR, which were respectively (1) p-hydroxybenzoic acid, (2) pyrrole-2-carboxylic
acid, (3) p-hydroxyphenethyl alcohol, and (4) yunnanmycin. Compound 1 showed inhibitory effect on
Curvularia lunata, Fulvia fulva, Alternaria alternata, and Bipolaris maydis. Compound 2 exerted certain
inhibitory activity against Botrytis cinerea, Sclerotinia sclerotiorum, B. maydis, Valsa ceratosperma,
Fusarium graminearum, Pyricularia oryzae, and A. alternata. Compound 3 had specific inhibitory
activity against B. cinerea, B. maydis, Botryosphaeria dothidea, and Colletotrichum gloeosporioides.
[Conclusion] The active ingredients of S. albulus OoWysR include p-hydroxybenzoic acid,
pyrrole-2-carboxylic acid, p-hydroxyphenethyl alcohol, and yunnanmycin, in addition to wuyiencin.

This study provides a theoretical basis for further development and utilization of this strain.

Keywords: wuyiencin; genetically engineered strain; active ingredients; isolation and identification;
biological activity
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Figure 1 The chemical structure of compound 1.
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Figure 2 The chemical structure of compound 2.
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Figure 3 The chemical structure of compound 3.
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Figure 4 The chemical structure of compound 4. T ARG

0 pg/mL 100 pg/mL. 300 pg/mL 500 pg/mL

TR U

C. lunata

TR B
F. fulva “‘

N

A. alternata

FRANFERE [
B. maydis \

5 FAREKEAESYINFEREBRMMEIZR Kb BmE o500y 5K 505 1 7w
MR RE R B2 TR R KNI T s AL B 1 RN ZE B4 23 51020 0, 100, 300, 500 pg/mL
Figure 5 The inhibitory effects of compound 1 with different concentrations against pathogenic fungi. From

top to bottom in the figure are C. lunata, F. fulva, A. alternata, and B. maydis; the final concentrations of
compound 1 from left to right are 0, 100, 300, and 500 pg/mL, respectively.
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z1 ARRELEY 1 FEEREMINGIE
Table 1 The inhibition rates of compound 1 with different concentrations against pathogenic fungi (%)
993 IR ELBA Pathogenic fungi ALEY) 1 &R E The final concentrations of compound 1 (ug/mL)

0 100 300 500
FKBIIEE C. lunata 0.00d 6.33+0.78c¢ 19.910.00b 27.15+0.45a
FH AR F. fulva 0.00d 6.87+0.77¢ 10.86+0.38b 24.17+0.00a
MBI R T A. alternata 0.00d 15.77+0.45¢ 30.18+0.23b 36.26+0.23a
FOR/NBER I B. maydis 0.00d 5.3620.00c 12.30+1.41b 31.55+0.27a

T R B IR ER 22 5 W — A7 AR /NS FRER I 7E P<0.05 KF B, RFEWEMRSY 1 BMwE R4 5

EF 2

Note: Data represent the mean+standard error of three independent experiments; different lowercase letters in the same line
indicate that at the P<0.05 level, the inhibition rates of compound 1 with different concentrations are significantly different.

222 AEIREXE 2 MIEFEME

M7 AT & A G 2 5 e ah K B A
RGEZIGH R IF I R/ NBER T
INZETRBER TR . R B A R L TR e
HE A (AR B2 A A . e 3R 2 FIE 8 R,
A 2 W 500 pg/mL B, XK G E
W ROK/INEER TR . /)N 22 7 B0 T R AR
Joa R LA B R B IR VE T, e R A
Joa TR 10 DAL R i, 1A PR AR )N, I R
k%) 65.80%.

40
W C. /unata

F. fulva
mm A. alternata

(5]
(]
T

B. maydis

Inhibition rate (%)
—_ ]
o [
T T
(o]
«Q

0 100 300 500
Concentration (pug/mL)

B 6 ARKRELEY 1 MiEREEMEIE
KIFP AR BN FRERI . 72 P<0.05 KF L, A
IV BEAL G 1 OSN35 2%

Figure 6 The inhibition rates of compound 1 with
different concentrations against pathogenic fungi.
Different lowercase letters indicate that at the P<0.05
level, the inhibition rates of compound 1 with
different concentrations are significantly different.

223 AEIREXE 3 IEFEME

HE 9 IFEH, (bW 3 XA K5 A
SERBBURE . FOR/ANBERR B A R
HAT— @ e . 2k 3 FiEl 10 a4, 1k
AW 3 WK 500 pg/mL W], 4 Bz LS
Y 3 RIS TR
LAY 3 U

3 & #

RRFEXETEHNRNTEFENE S. albulus
OoWysR 7EHFA4: RITE Rk CK-15 AYFLRE R 5L
DR TRy i e AR A, 3 40 o e R B A
PRA BRI ORI B R, b T —
RIS TSy, R PR 2 AT 0 0 I e v
AT T Ay Esaifl, EE R RRE Y R RER pH
HZ% 2.0-2.5, PABRE LB 0945 2 1 F
JR AR Ay AT, AR R RO AR . AR R
BT 2 A TR 1 9 P 0 18 0 8 Ak R P 9 P
Xof R VR A T WG R, L6 2 e sk 2K 3K R 36 1 i
BRFRE 7L, A7 AR DRI A )T, 38 ok 3R
WRMREBIL . HTFRFEERERREA
FE DA Mg W2 B A AR o, AS B 5 R LR AR 1Y
DIAION HP20 KL W& B iR Xk I 447 Wi
B, DIKCR I sh AT e, BEAS A sl A R &
SEAVENL TR, fEm TIRAEERMCE, [FE
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0 pg/mL

BN

100 pg/mL 300 pg/mL 500 pg/mL

A KB R

B. cinerea

PG 3]

S. sclerotiorum

SRR
B. maydis

TRANBERR B

V. ceratosperma

/NG R

F. graminearum

R
P. oryzae

AR R B T

A. alternata

B7 AEREXESY2IFRERMIGIGR Bl B r o0 B KRR K AR
SERTFEERTE . KNSR . ANEARERTE . RURA . R R ERTE s LAY 2 RYARIE AR
£439 0 0. 100, 300, 500 pg/mL

Figure 7 The inhibitory effects of compound 2 with different concentrations against pathogenic fungi. From top to
bottom in the figure are B. cinerea, S. sclerotiorum, B. maydis, V. ceratosperma, F. graminearum, P. oryzae, and
A. alternata; the final concentrations of compound 2 from left to right are 0, 100, 300, and 500 pg/mL, respectively.

x2 ARERELEY 2 FEEERIMEIZF

Table 2 The inhibition rates of compound 2 with different concentrations against pathogenic fungi (%)

J5 JRLELTH Pathogenic fungi &Y 2 U The final concentrations of compound 2 (ug/mL)
0 100 300 500

T IKEIRH B. cinerea 0.00d 5.88+1.36¢ 16.08+1.04b 25.50+1.41a
KREEIE S. sclerotiorum 0.00d 3.46+1.89¢ 34.63+3.85b 65.80+1.15a
SER IR B. maydis 0.00d 15.51+0.71c 24.08+0.71b 38.78+0.71a
FR/NBER T V. ceratosperma 0.00d 3.14+0.39¢ 44.71+0.00b 55.88+0.34a
INZE TREERTE F. graminearum 0.00d 21.96+2.57¢ 36.47+0.68b 46.67+0.78a
TEIRIRTE P. oryzae 0.00d 13.73+0.39¢ 28.24+0.68b 41.18+2.04a
WHE IR 2R A. alternata 0.00d 10.67+0.77¢ 17.78+0.44b 24.89+0.44a

TE: R ld P bR R 22 s R ARII/ING FRERB . 76 P<0.05 KV b, ARG 2 NG RA %2 5
Note: Data represent the meantstandard error of three independent experiments; different lowercase letters in the same line
indicate that at the P<0.05 level, the inhibition rates of compound 2 with different concentrations are significantly different.
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Figure 8 The inhibition rates of compound 2 with
different concentrations against pathogenic fungi.
Different lowercase letters indicate that at the
P<0.05 level, the inhibition rates of compound 2

with different concentrations are significantly
different.
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Figure 9 The inhibitory effect of compound 3 with different concentrations against pathogenic fungi. From

top to bottom in the figure are B. cinerea, B. maydis, B. dothidea, and C. gloeosporioides; the final
concentrations of compound 3 from left to right are 0, 100, 300, and 500 pg/mL, respectively.
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R3 FRRELEY I WFEEERMEIF

Table 3 The inhibition rates of compound 3 with different concentrations against pathogenic fungi (%)

9% 7L EL B4 Pathogenic fungi

LAY 3 AU JE The final concentrations of compound 3 (pug/mL)

0 100 300 500
KR B. cinerea 0.00d 1.36+1.20c 11.36+2.08b 28.64+1.20a
SERAEEUR T B. maydis 0.00d 9.82+0.45¢ 15.63+1.55b 24.1141.61a
F KNSR B. dothidea 0.00¢c 0.00+0.00c¢ 12.94+0.68b 29.80+0.39a
B NRIEIRE C. gloeosporioides 0.00d 8.23+1.48¢ 21.81£1.65b 33.33+0.00a

T R B IR R 2 5 W — A7 AR /NS FRER I . 7E P<0.05 KF B, REWEMRSY 3 BmE£4 5

EF 2

Note: Data represent the mean+standard error of three independent experiments; different lowercase letters in the same line
indicate that at the P<0.05 level, the inhibition rates of compound 3 with different concentrations are significantly different.

AL & PR BE B A T LA, R 4 MBS
Yoyl X R IR IR . ML -2-FR IR . Rtk
KOBH B ER

PR , XS OR Y IRONS 4 B {0 2 BR A
o R BER A . PR RS L (O R R RO B
AT RA —E AR, A RIS
X AL A O 400 ) PR G DL i
M -2- SRR AL LT | BROHORE 23 T A1 7Rt 2 .

40 -

W 5. cinerea

B. maydis a a A
i 30 W B. dothidea .
:J C. gloeosporioides b
& I "
520 b
5 by b
= C |
E 10} = =
|
c
0 1 ; 1 g
0 100 300 500

Concentration (ug/mL)

10 AREIREXEY 3 HEEER NG R
K AR /NE R 1R P<0.05 K-F B, A
RIS 3 AU 5 35 22 5

Figure 10 The inhibition rates of compound 3
with different concentrations against pathogenic
fungi. Different lowercase letters indicate that at the
P<0.05 level, the inhibition rates of compound 3
with different concentrations are significantly
different.
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