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In vitro antifungal activity of biosurfactant rhamnolipids against
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Abstract: [Background] Sugarcane smut disease is a main disease on sugarcane that causes considerable
yield losses; rhamnolipids are biosurfactants that have been studied as an antifungal agent against various
of plant diseases. [Objective] To evaluate the antifungal activity of rhamnolipids against S. scitamineum in
vitro, exploring the preliminary antifungal mechanism of rhamnolipids against S. scitamineum. [Methods]
The teliospores of sugarcane smut germination were employed to determine the antifungal of
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rhamnolipids. The method of mycelial growth rate and dry weight of mycelium were used to test in in vitro
test of rhamnolipid. The effect of rhamnolipids on the membrane permeability of S. scitamineum that was
assayed the change of electrical conductivity of the hyphae. [Results] The results showed that
rhamnolipids could significantly inhibit the spore germination of S. scitamineum. 2.0 g/L rhamnolipids
reduced the germination rate of teliospores by 45.03%. Rhamnolipids significantly inhibited the mycelial
growth of the diploid, haploid-a and haploid-b strain of S. scitamineum. Rhamnolipids could increase the
membrane permeability of cell membrane of S. scitamineum, compared with the control, the conductivity
of diploid strain raised 9-fold at 2.0 g/L rhamnolipids after 5 min, the conductivity of haploid-a strain of S.

scitamineum increased by 94.23% after 30 min at 2.0 g/L rhamnolipids. The conductivity of mycelium
increased by 54.49% while haploid-b strain of S. scitamineum had been handled with 0.1 g/L rhamnolipids
for 30 min. Mycelial conductivity raised with the increasing of the concentration of rhamnolipids.
[Conclusion] Rhamnolipids showed a high antifungal activity against S. scitamineum, which could offer a

new method for controlling sugarcane smut disease.
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R1 TEIRERFVREES HEEEREAFHLNFN
Table 1 The effect of different concentrations of rhamnolipids
on germination of teliospores of sugarcane smut

W i A% RS
Concentrations (g/L) Germination rate (%) Inhibition rate (%)

0 94.00+£0.58a 0

0.1 62.50+1.23b 33.51+0.04a
0.2 60.17+1.40bc 35.99+0.05a
0.5 53.50+1.35hc 43.62+0.03a
1.0 53.00+0.58bc 43.09+0.01a
2.0 51.67+0.92c 45.03+0.04a

e BdiE Ry 4 W& - 85 R bR e, R R B E A
[R/NE 32 R4 P<0.05 /K |25 5 b 2
Note: All data are means of 4 replications+SE. Different letters at

the end of figure on the same line indicate significant differences
(P<0.05).
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2P i X PR R T A A 3 A A

®2 TRIRERFFERENHEREREE KAIH R

e, #3510 d 5, 0.1 g/L F10.5 g/L ERASIEXT
IR SR DU TR 22 R (LA TR R U TRT 22 1) #
RAYHIH 49.44%F1 66.37%; 1H Y4 L AWHNSHE 2 =
F 0.5 g/L Ji , BRI o RUR: B 22 A 8 KA
BF, SAMZEERIFAREG 2, K 1A). W
2. B 1B, NG HE S IR SR B
W a (LUERIFRME ) EK; 0.1 o/L RS
SRR a TR N 4.85%, 4 FRASHE Bk E
THEE 2.0 /L )5, 15 0.1 g/L RSB Ab3AH 1L
HOW AT a OISR T 2.98 45, 0.1 g/L fl4=
BT H ARG T b (LUS AR b)Y
Ky 74.09%, HRABRIEEREE] 2.0 g/lL
i, IR U b MPIHIR T T 82.80%
(G 2, K 1C), AHRIZEAET RAHEIEXT ML a 1Y
A KA R TR b 25,

Table 2 The effect of different concentrations of rhamnolipids on the growth inhibition rate of S. scitamineum

7353 PGALEAALN HE a FIT b
Concentrations (g/L) Diploid strain (%) Haploid-a strain (%) Haploid-b strain (%)

0.1 49.44+1.40c 4.85+0.63c 74.09+0.36¢

0.2 60.70+1.80b 14.84+0.86h 77.88+0.12b

0.5 66.37+1.12a 16.98+1.76b 81.92+0.14a

1.0 68.17+0.80a 18.30+0.10ab 82.30+0.23a

2.0 68.60+1.02a 19.29+0.74a 82.80+0.31a

TE: Bl 4 R E R ebREDR. AP IR — S B S ARG - RE R 1 P<0.05 /K F 255 3.

Note: All data are means of 4 replications+SE. Different letters at the end of figure on the same line indicate significant differences (P<0.05).

Bl 1 NERER R HEEEREE KR

Figure 1 The effect of different concentrations of rhamnolipids on the growth of S. scitamineum

TE: A BUZRZIK; B: Bl a; C: HUE b.

Note: A: Diploid strain of S. scitamineum; B: Haploid-a strain of S. scitamineum; C: Haploid-b strain of S. scitamineum.
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FEALTF 0.5 g/L B, XFERMIE a TEEREEAEE; 4
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FAIE AL TR AT a B H SRR AR i 5 (B 7E

*3 AERERFERENHEREHRETENFN

180 min J&, i SRam FIt, 24 RIS
THEF 05, 1.0, 2.0 g/L i, 43 30 min J5, S5XF
REAHLL, MO a 9 SR50 53 m T 26.82%.
65.30%. 94.23%; 0.5, 1.0 1 2.0 g/L FASHENRAERRAY
PANITE a HHL SR 7E 0-30 min Z84E#5 Kk, 30-540 min
AR (K 2B)., W 2C fian, AR R
FEAEAL BRI b Ji5 , 7€ 30 min ZHTHL SRR AR
B, {H7E 30-540 min 8] SR 2 0k T, *t
HEBAMITR b A Rl AN, BB, Sxt
HEAHEE, 0.1 g/L BRASHEAR AL FLEL LR b 30 min J5,
HL R T T 54.49%, TiREE R A 3G N4 Ab ey
SR FEE, KR, —EWRENRSE6E
{5 | e T e R TR F AR TR B U, ST it 1T 2
MU 1, FECRIE R R A R T,
F HL I P B0 G A B TR v B A R R R
e R4 T s 1] F 0B T S B
3 WEH®

FRAWRNE 2 — R B RIEE R, X2 RiE
W B E A B PRARORI T, AR R,
B2 Al i Y 5 00 ) e PR 9 1 W RN R
241K Lahkar ZECWFE R B, TE Rk Se s,
0.75 g/L F AR (i 75 7ih L2 1 (Alternaria solani)
LR KA Ak 3] 16.6%, 1.5 g/L D by iy RS
WERE RE o6 AT e A A K 0.1 g/L B
WENE X H RE A% B9 (Colletotrichum  falcatum) ik K

Table 3 The effect of different concentrations of rhamnolipids on the dry weight of S. scitamineum

I XU 2244 FRE a HHEE b
Concentrations (g/L) Diploid strain (mg) Haploid-a strain (mg) Haploid-b strain (mg)
0 285.95+0.03a 78.90+0.32a 109.20+1.22a
0.1 236.23+5.36b 75.23+0.27ab 87.83+1.80b
0.2 216.25+4.00c 74.17+0.24ab 85.35+0.72b
0.5 164.80+1.00d 72.37+0.03ab 84.00+1.87hc
1 139.20+1.42¢ 71.25+0.24b 79.07+1.56bc
2 131.97+2.80e 62.00+0.44c 65.27+1.34c

T By 4 Y BRI 2 RabrifiziR. Pl —S1 805 AR/ NE FEERORTE P<0.05 KF- B2 5+ B2,
Note: All data are means of 4 replications+SE. Different letters at the end of figure on the same line indicate significant differences (P<0.05).

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FEARAE: AR A ) B MR X R TR A (A M T 1 1361

7501 —,—(p/l —e—0]p/L —e—02g/L
- =05g/L =mem=0g/L —e—20g/L

)
=
.

Conductivity (us/cm)

¢ (min)

——0.1 g/

——e—-0 g/l
| -
00 w0 g/

——am-05 g/l

Conductivity (psfem}

0 0.5 30 60 180 360 540
£ (min)

150 (=—==0gl  —e—01g/l. —=—02gl

—mamm 05 g/l w10/l —a—2.0g/

125
100 |
751
501

Conductivity (psfem)

25

0 0.5 30 &0 180 360 540
¢ {min)

2 TEKRERFEENHEERERELBESEN
A

Figure 2  The effect of different concentrations of
rhamnolipids on the conductivity of S. scitamineum

T A MUZHEZAK; B: W a; C: FJEE b.
Note: A: Diploid strain of S. scitamineum; B: Haploid-a strain of S.
scitamineum; C: Haploid-b strain of S. scitamineum.
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CLBEEIR; Ak, HRE ARG A 6 T i & 4kl
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A, 2.5 polL AR ARE S TR (Pythium
myriotylum) A= KAl R IR H] 62%., AT R,
AR AL FIH e S AU B 22 A, Ho ek
SEZ BT, RO AN S B T (E 2). R
L [a ey & NEi I P B i W B i iz
TRFMPINGIIRE , AR BB, v Ese T,
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TP AW R, SXTIRAREL, RSB RE Y
R B A A L PR B 2 BT, AN
PEREIN. SRR, 0.1 g/L BASWER b HE A
W b30min J5, HLHTHE T 54.49%. BEFEAEL,
75 etz 1y BH 5 2 T 76 1 790 %ok 7 4 M LA
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25 LR, AR RIS A U T B i H
ST BB R 3 R Hh R A A R 1 )
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A RT R, AR R MBI, e —FETER
PUsil . AWFFEE L AN T BRI H
JHE RS B O DL BRI BB LI, e
PR P B IR AL TR U

REFERENCES

[1] McMartin A. Sugar-cane smut: reappearance in Natal[J].
South African Sugar Journal, 1945, 29: 55-57

[2] Shen WK. Sugarcane disease in Guangdong sugarcane
regions in recent years and integrated controlling
methods[J]. Sugarcane & Canesugar, 2004(1): 1-5 (in
Chinese)
WISE. T ARBER H W & IR 5 G B G [0 H
TR, 2004(1): 1-5

[3] Albert HH, Schenck S. PCR amplification from a homolog
of the bE mating-type gene as a sensitive assay for the

presence of Ustilago scitaminea DNA[J]. Plant Disease,
1996, 80(10): 1189-1192

[4] Kamal A, Shaik AB, Kumar CG, et al. Metabolic profiling
and biological activities of bioactive compounds produced
by Pseudomonas sp. strain ICTB-745 isolated from Ladakh,
India[J]. Journal of Microbiology and Biotechnology, 2012,
22(1): 69-79

[5] Stanghellini ME, Kim DH, Rasmussen SL, et al. Control of
root rot of peppers caused by Phytophthora capsid with a
nonionic surfactant[J]. Plant Disease, 1996, 80(10):
1113-1116

[6] Stanghellini ME, Miller RM. Biosurfactants: their identity
and potential efficacy in the biological control of zoosporic
plant pathogens[J]. Plant Disease, 1997, 81(1): 4-12

[71 ShaRY, Jiang LF, Meng Q, et al. Producing cell-free culture
broth of rhamnolipids as a cost-effective fungicide against
plant pathogens[J]. Journal of Basic Microbiology, 2012,
52(4): 458-466

[8] Lahkar J, Borah SN, Deka S, et al. Biosurfactant of
Pseudomonas aeruginosa JS29 against Alternaria solani:
the causal organism of early blight of tomato[J]. BioControl,
2015, 60(3): 401-411

[9] D’Aes J, De Maeyer K, Pauwelyn E, et al. Biosurfactants in
plant-Pseudomonas interactions and their importance to
biocontrol[J]. Environmental Microbiology Reports, 2010,
2(3): 359-372

[10] Wang L, Mao YL, Xu HL, et al. Research progress on
rhamnolipid in the control of plant fungal disease[J].
Guangdong Agricultural Sciences, 2017, 44(8): 90-95 (in
Chinese)
EH, BER, 5T, % RERIENAEY BN E
BRIEHERE ). T AR AR, 2017, 44(8): 90-95

[11] Shen WK, Jiang ZD, Yang ZD, et al. New resistance
identification method and resistance evaluation of sugarcane
varieties to smut disease[J]. Journal of Huazhong
Agricultural University, 2014, 33(2): 51-56 (in Chinese)
WS, 2T, itn, 55 HREDURALE i) %08 By
BRI FHTE TN 3], AP R R 2244, 2014, 33(2):
51-56

[12] Guo S, Zhang ZG, Tian YQ, et al. Allelopathic effects of the
root exudates in the watermelon and rootstocks on Fusarium
oxysporum f. sp. niveum[J]. Acta Agriculturae Boreali-Sinica,
2010, 25(6): 160-163 (in Chinese)
SRR, WAERN, PR, S PETR AR AR AN
AR 25955 T 1 Ak BRI [3]. A b4k 2441k, 2010, 25(6):
160-163

[13] Fang ZD. Plant Disease Research Methods[M]. 3rd ed.
Beijing: China Agriculture Press, 1998 (in Chinese)
Jhis. HRVFR FIAIM]. 3 AR, dbat: AR A,
1998

[14] Liu JD, Jiang XF. Toxicity test of Jinggangmycin A,
diniconazole and their mixtures to Ustilaginoidea virens[J].

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FEARAE: AR A ) B MR X R TR A (A M T 1

1363

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Modern Agrochemicals, 2005, 4(1): 31-32,34 (in Chinese)
NG, W55 HFXIEEER | Il R R A X A5 v
HAME 0], B4R 2, 2005, 4(1): 31-32,34

Xia XM, Wang KY, Fan K, et al. Changes of relative
leakage and osmolarity sensitivity to tebuconazole-resistant
strains of Rhizoctonia cerealis[J]. Chinese Journal of
Pesticide Science, 2005, 7(2): 126-130 (in Chinese)

B, £IFis, Wk, & PULMERA ZZE NS S
JE U B AR X B AR IR Y [I]. AR 2 2= ik, 2005
7(2): 126-130

Sanchez L, Courteaux B, Hubert J, et al. Rhamnolipids
elicit defense responses and induce disease resistance
against biotrophic, hemibiotrophic, and necrotrophic
pathogens that require different signaling pathways in
arabidopsis and highlight a central role for salicylic
acid[J] . Plant Physiology, 2012, 160(3): 1630-1641

Vatsa P, Sanchez L, Clement C, et al. Rhamnolipid
biosurfactants as new players in animal and plant defense
against microbes[J]. International Journal of Molecular
Sciences, 2010, 11(12): 5095-5108

Goswami D, Borah SN, Lahkar J, et al. Antifungal
properties of rhamnolipid produced by Pseudomonas
aeruginosa DS9 against Colletotrichum falcatum[J]. Journal
of Basic Microbiology, 2015, 55(11): 1265-1274

de Jonghe K, de Dobbelaere I, Sarrazyn R, et al. Control of
Phytophthora cryptogea in the hydroponic forcing of
witloof chicory with the rhamnolipid-based biosurfactant
formulation PRO1[J]. Plant Pathology, 2005, 54(2): 219-226
Kim BS, Lee JY, Hwang BK. In vivo control and in vitro
antifungal activity of rhamnolipid B, a glycolipid antibiotic,
against  Phytophthora capsici and  Colletotrichum
orbiculare[J]. Pest Management Science, 2000, 56(12):
1029-1035

Zhu GN, Lin SY, Xian XY, et al. Bioactivities of eight
fungicides against Sporisorium scitaminea[J]. Journal of
Southern Agriculture, 2014, 45(6): 989-994 (in Chinese)

[22]

[23]

[24]

[25]

[26]

[27]

AEET, WIS, BhE, 488 IR R H R SR A
12 A BE 3 I % [3]. B 5 Ak A 4, 2014, 45(6):
989-994

Wu WH, Xie ZJ, He CP, et al. Biological characteristics of
teliospores of Ustilago scitaminea and virulence of 2
fungicides against them indoor[J]. Chinese Journal of
Tropical Crops, 2009, 30(11): 1674-1678 (in Chinese)
RARVR, MR, PR, S RN R AT A
2R R R A T ) e I BE R B R e [3]. G VR A 2 R
2009, 30(11): 1674-1678

Perneel M, D’Hondt L, de Maeyer K, et al. Phenazines and
biosurfactants interact in the biological control of soil-borne

diseases caused by Pythium spp.[J]. Environmental
Microbiology, 2008, 10(3): 778-788
Chapman JS. Biocide resistance  mechanisms[J].

International
51(2): 133-138
Chen ZL, Zhu BY, Liu F, et al. Antifungal activity of two
quaternary ammonium cationic surfactants against Botrytis
cinerea[J]. Acta Phytophylacica Sinica, 2007, 34(5):
539-544 (in Chinese)

BRASE, ARMHE, X0, 55, PIRP RSk I e TR m s v
FR XS T At KA R 1 A 0 P[], R AR 4k, 2007
34(5): 539-544

Bender CL, Scholz-Schroeder BK. New insights into the
biosynthesis, mode of action, and regulation of
syringomycin, syringopeptin, and coronatine[A]//Ramos JL.
Virulence and Gene Regulation. Berlin Heidelberg:
Springer , 2004: 125-158

Yu T, Shang YK, Shi HX, et al. Antifungal activity of
cationic surfactants quarternary ammonium salt on
Sclerotinia sclerotiorum[J]. Chinese Journal of Pesticide
Science, 2008, 10(1): 99-104 (in Chinese)

T, MR, AV, G LR SRR B R T
X A% B B B BEE R [J]. R 2524, 2008, 10(1):
99-104

Biodeterioration & Biodegradation, 2003,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



