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mmol/L DCFH-DA % (& i & i s L 44 4 20 min,
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Effects of B-pinene at different levels on spore germination (A) and germ tube growth (B)
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mycelial growth of Penicillium italicum strain P-5
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Fig.3 Effects of B-pinene on accumulation of reactive oxygen

species in germinating spores of Penicillium italicum strain P-5
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Fig.5 Effects of B-pinene at different levels on ergosterol

contents in mycelia of Penicillium italicum strain P-5
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Fig.6 Influence of B-pinene treatment on chitin distribution
in cell wall of hypae of Penicillium italicum strain P-5
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Effects of cholesterol addition on spore germination and germ tube growth of

Penicillium italicum strain P-5 with B-pinene at 0.348 mg/mL

JIE ] f5 9 F / (mmol/L) Cholesterol

i H Ttems

0 1.25 2.5 5
k%)
fuy Hﬁ$/% 24.0940.50a 71.6440.25b 51.1340.42¢ 54.64+0.20d
Spore germination rate
7l KA 3/ %

< e 75.9140.50a
Spore germination inhibition

FEKE/pm

13.70+1.15¢
Germ length

28.3640.28b

40.37+2.55a

48.87+0.37c¢ 45.36+0.21d

27.93+2.90b 9.68 4+1.96d

LA — AT F AR R RTE 0.05 KFETF 2R B %, FIA. Note: The different letter in the same arrow means significantly different at

a=0.05 level. The same as below.
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mmol/L B, 78 F 8§ & RiA 3| T 59.3% . [FE, G
Cys B EF MM T 28K 7 20 mmol/L ¥ E T,

5 mmol/L Cys, fil 78§ &K F 8 & 2] 41.7% 76 20 ZFERK A R X RAY 19.53 pm 25 3 T 44.7 pm,
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Table 2 Effects of cysteine addition on conidia germination and tube growth of Penicillium

italicum strain P-5 with B-pinene at 0.348 mg/mL

i H LB E R E / (mmol /L) Cysteine
Ttems 0 5 10 20
IS Y
REHRR/ A 24.097£0.50a 41.74+1.87b 48.99+3.56¢ 59.30+£3.56d

Spore germination rate

LT 0 R AW HR /%

Spore germination inhibition
FEKE/pm

Germ length

75.9140.50a

13.70x1.15¢

58.2643.09b

25.1541.40b

51.01+3.49¢ 40.70+3.42d

27.1642.08b 44.70£2.05¢

3) AL X BT 45 0 o 460 9 2 00 1 B4 A
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* 3
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B, BT A 52 W T 2 L R 1 2 P A Dh RE L TR NS
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Table 3 Effects of sorbitol addition on spore germination and tube growth of Penicillium

italicum strain P-5 with B-pinene at 0,348 mg/mL

i H Ttems

1 AL e B / (mol /L) Sorbitol

0 0.8 1.0 1.2

Wik
iﬂ%}iiﬁﬁ/ﬁ. 24.0942.34a 80.1343.56b 73.73£2.89¢ 73.8141.53¢
Spore germination rate

W & 1%/ 9
}?1?)3&#“%? A o 75.91+2.19a 19.87+3.39b 26.27+2.63c 26.19+1.42¢
Spore germination inhibition
=R
FERE/pm 9.63+1.20a 14.67+£2.38b 15.16£2.42b 15.22+1.53b
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Possible action mode of beta-pinene against Penicillium italicum

ZHANG Meihong' WANG Meng' YANG Shuzhen' SU Xiaojun®* DAI Mei' PENG Litao'

1.College of Food Science and Technology . Huazhong Agricultural University .
Wuhan 430070,China ;
2.State Key Lab for Germ plasm Innovation and Utilization of Crop , Hunan Agricultural University ,
Changsha 410128 ,China
Abstract In this study, the effects of B-pinene on spore germination, tube elongation and mycelial
growth of Penicillium italicum were assessed,and the effects of f-pinene on cell wall chitin distribution,
active oxygen metabolism,acid excretion capacity and ergosterol contents of mycelia were analyzed. The
effects of sorbitol,cholesterol and cysteine as protective agents on spore germination of P. italicum incu-
bated with B-pinene were further evaluated. The results showed that 3-pinene had strong antifungal activ-
ity against P. italicum in a dose dependent manner, as exhibited by spore germination and mycelium
growth inhibition at the concentration ranging from 0.087 to 0.696 mg/mL.B3-Pinene incubation also al-
tered the distribution of chitin in cell wall, promoted the accumulation of reactive oxygen species (ROS),
and significantly inhibited glucose-induced reduction in external pH of the mycelia. Addition of cholester-
ol as alternative of ergosterol,sorbitol as osmotic regulator,or cysteine as active oxygen scavenger could
effectively promote the spore germination and tube elongation of the pathogen incubated with 3-pinene at
0.348 mg/ml.These results revealed that the antifungal activity of B-pinene against P. italicum was re-
lated to the damage of cell wall structure,promotion of ROS accumulation and the inhibition of ergoster-
ol increase in membrane.
Keywords [-pinene; penicillium italicum ; inhibition mechanism; ergosterol; ROS accumulation;

cell wall
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