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What are Rhamnolipids

Rhamnolipids are bio surfactants, which are glycolipidic in 
nature containing carbohydrates and hydroxyl aliphatic acids. 
They are produced by P. aeruginosa strains and are one of the 
most studied glycolipid biosurfacants. They have a hydrophobic 
tail that contains one or two fatty acids joined to the carboxyl 
end of one or two rhaminose molecules referrred to as 
monorhamnolipid and dirhamnolipid respectively [1].

Reported Attributes of Rhamnolipids

Various scientists have described the significance of 
rhamnolipids in industries, pharmacy and agriculture. Their 
special attributes that make them unique include low toxicity, 
selectivity, rapid biodegradation, easy mass production on cheap 
substrates, stability under different environmental conditions 
and environment friendly. These diverse properties are making 
rhamnolipids the ecological alternative for the synthetic 
biosurfactants [2-5]. 

Modes of Action of Rhamnolipids

The biological control activities of rhamnolipids produced by 
Pseudomonas aeruginosa strains could be linked to their ability 
to liberate the intracellular contents of targeted pathogens by 
causing disruption and lyses of the cells [6,7]. They act on the 
target cells by disrupting the lipid content and proteins of cell 
membranes thereby changing the configuration of the cell wall 
and osmolarity of the cell. This subsequently leads to increase in 
their toxicity on pathogenic microorganisms [8].

Recent Advances in the Utilization of 
Rhamnolipids for the Management of Bacterial 
and Fungal Crop Pathogens

Rhamnolipid biosurfactants isolated from various P. 
aeruginosa strains have potential applications in agriculture 
because of their antimicrobial properties in addition to being a 
biosurfactant and their ability to induce non specific-immunity in 
plants [9]. In-vitro studies reported the efficacy of rhamnolipids 
against gram-negative bacteria like Ralstonia solanacearum 
responsible for causing bacterial wilt in tobacco, tomato, pepper 
and potato plants and Xanthomonas campestris responsible for 
black rot in cruciferous vegetables [10]. Antifungal properties 
of rhamnolipids have also been established in vitro against 
zoosporic phytopathogens like Botrytis sp., Rhizoctonia sp. 
Pythium sp., Phytophtora sp. [11,12] Mucor miehei and Neurospora 
crassa [13]. The zoospores do not possess cell walls. They are 
surrounded only by plasma membrane. Rhamnolipids target 
them by interacting with the plasma membrane resulting in 
disintegration of the membrane and finally lyses of the cells [11]. 
In vitro growth inhibition assay also showed that rhamnolipids 
affected the mycelial growth of fungi [10]. 

Studies of antifungal properties of rhamnolipids have also 
been extended in vivo in plant systems, particularly crop plants. 
Application of rhamnolipids protected the pepper plants from 
Pytopthora blight disease. Similarly, treatment of cucumber 
plants with rhamnolipids prevented the development of 
Colletotrichum orbiculare on the leaves [10]. Studies further 
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conducted by Yoo et al. [14] showed the potential application 
of rhamnolipids in preventing water borne damping off disease 
in plants caused by phytopathogenic oomycetes Phytophthora 
sp. and Pythium sp. Sharma et al. [15] further corroborated the 
results in chilli pepper and tomato plants. In another study 
conducted by Millioli et al. [16] application of rhamnolipids 
together with R. glutinis showed bioactivity against A. alternate, 
a serious pathogen causing post harvest black rot in certain 
cultivars of plants.

Conclusion and Recommendation 

Though chemical pesticides and fungicides have helped 
in controlling the outbreaks of plant diseases, their long-
term use is not feasible because of their adverse effects on 
environment. Thus, the search for eco-friendly alternatives 
has driven interdisciplinary research leading to the discovery 
of many potential molecules of biological origin. Rhamnolipids 
is one of them [16,17]. Because of their diverse properties 
as stated earlier, they are in the pipeline for large-scale use in 
controlling crop pathogens. This review has highlighted the use 
of rhamnolipids in the biological control of plant bacterial and 
fungal pathogens. The further application of functional meta 
genomics will assist in the discovery of more strains with high 
yield, stability, and better attributes. Also, more focus is required 
on identifying the non-target effects of rhamnolipids in their use 
as biological control agents against plant pathogens.

References
1. Adetunji C, Oloke JO, Pradeep M, Jolly RS, Anil KS, et al. (2017a) 

Characterization and optimization of a rhamnolipid from Pseudomonas 
aeruginosa C1501 with novel biosurfactant activities. Sustainable 
Chemistry and Pharmacy 6: 26-36. 

2. Maqsood IM, Shams SM (2014) Rhamnolipids: well-characterized 
glycolipids with potential broad applicability as biosurfactants. Ind 
Biotechnol 10(4): 285-291. 

3. Sajna KV, Höfer R, Sukumara RK, Gottumukkala LD, Pandey A 
(2015) White biotechnology in biosurfactants. In: Pandey A, Höfer 
R, Taherzadeh M, Nampoothiri M, Larroche C (Eds.), Industrial 
Biorefineries & White Biotechnology, Elsevier, Netherland, pp.  499-
521.

4. Eraqi WA, Yassin AS, Ali AE, Amin MA (2016) Utilization of crude 
glycerol as a substrate for the production of rhamnolipid by 
Pseudomonas aeruginosa. Biotechnology Research International 2016: 

1-10. 

5. Adetunji C, Oloke J, Kumar A, Swaranjit S, Akpor B (2017b) Synergetic 
effect of rhamnolipid from Pseudomonas aeruginosa C1501 and 
phytotoxic metabolite from Lasiodiplodia pseudotheobromae C1136 on 
Amaranthus hybridus L. and Echinochloa crus-galli weeds. Environ Sci 
Pollut Res 24(15): 13700-13709. 

6. Banat IM, Franzetti A, Gandolfi I, Bestetti G, Martinotti MG, et al. (2010) 
Microbial biosurfactants production, applications and future potential. 
Appl Microbiol Biotechnol 87(2): 427-444.

7. Cameotra SS, Makkar RS (2004) Recent applications of biosurfactants 
as biological and immunological molecules. Curr Opin Microbiol 7(3): 
262-266. 

8. Mawgoud AM, Lépine F, Déziel E (2010) Rhamnolipids: Diversity of 
structures, microbial origins and roles. Appl Microbiol Biotechnol 
86(5): 1323-1336.

9. Sachdev DP, Cameotra SS (2013) Biosurfactants in agriculture. Appl 
Microbiol Biotechnol 97(3): 1005-1016.

10.  Kim BS, Lee JY, Hwang BK (2000) In vivo control and in vitro antifungal 
activity of rhamnolipid B, a glycolipid antibiotic, against Phytophthora 
capsici and Colletotrichum orbiculare. Pest Management Science 
56(12): 1029-1035.

11. Stanghellini ME, Miller RM (1997) Biosurfactants: Their identity and 
potential efficacy in the biological control of zoosporic plant pathogen. 
Plant disease 81(1): 4-12. 

12. Varnier AL, Sanchez L, Vatsa P, Boudesocque L, Brugger GA, et al. 
(2009) Bacterial rhamnolipids are novel MAMPs conferring resistance 
to Botrytis cinerea in grapevine. Plant Cell Environ 32(2): 178-193. 

13. Nitschke M, Costa SG, Contiero J (2010) Structure and applications of a 
rhamnolipid surfactant produced in soybean oil waste. Appl Biochem 
Biotechnol 160(7): 2066-2074. 

14. Yoo DS, Lee BS, Kim EK (2005) Characteristics of microbial 
biosurfactant as an antifungal agent against plant pathogenic fungus. 
Journal of Microbiology and Biotechnology 15(6): 1164-1169. 

15. Sharma A, Jansen R, Nimtz M, Johri BN, Wray (2007) Rhamnolipids 
from the rhizosphere bacterium Pseudomonas sp. GRP(3) that reduces 
damping-off disease in Chilli and tomato nurseries. Journal of Natural 
Products 70(6): 941-947. 

16. Millioli V, Servulo EL, Sobral L, Carvalho D (2009) Bioremediation of 
crude oil- bearing soil: Evaluating the effect of rhamnolipid addition 
to soil toxicity and to crude oil biodegradation efficiency. Global Nest 
11(2): 181-188. 

17. An CJ, Huang GH, Wei J, Yu H (2011) Effect of short-chain organic 
acids on the enhanced desorption of phenanthrene by rhamnolipid 
biosurfactant in soil water environment. Water Res 45(17): 5501-
5510.

http://dx.doi.org/10.19080/CTBEB.2017.10.555788
https://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.19080/CTBEB.2017.10.555788
https://juniperpublishers.com/online-submission.php
http://www.sciencedirect.com/science/article/pii/S2352554116300596
http://www.sciencedirect.com/science/article/pii/S2352554116300596
http://www.sciencedirect.com/science/article/pii/S2352554116300596
http://www.sciencedirect.com/science/article/pii/S2352554116300596
http://online.liebertpub.com/doi/abs/10.1089/ind.2014.0003
http://online.liebertpub.com/doi/abs/10.1089/ind.2014.0003
http://online.liebertpub.com/doi/abs/10.1089/ind.2014.0003
https://www.hindawi.com/journals/btri/2016/3464509/
https://www.hindawi.com/journals/btri/2016/3464509/
https://www.hindawi.com/journals/btri/2016/3464509/
https://www.hindawi.com/journals/btri/2016/3464509/
https://www.ncbi.nlm.nih.gov/pubmed/28397123
https://www.ncbi.nlm.nih.gov/pubmed/28397123
https://www.ncbi.nlm.nih.gov/pubmed/28397123
https://www.ncbi.nlm.nih.gov/pubmed/28397123
https://www.ncbi.nlm.nih.gov/pubmed/28397123
https://www.ncbi.nlm.nih.gov/pubmed/20424836
https://www.ncbi.nlm.nih.gov/pubmed/20424836
https://www.ncbi.nlm.nih.gov/pubmed/20424836
https://www.ncbi.nlm.nih.gov/pubmed/15196493
https://www.ncbi.nlm.nih.gov/pubmed/15196493
https://www.ncbi.nlm.nih.gov/pubmed/15196493
https://www.ncbi.nlm.nih.gov/pubmed/20336292
https://www.ncbi.nlm.nih.gov/pubmed/20336292
https://www.ncbi.nlm.nih.gov/pubmed/20336292
https://www.ncbi.nlm.nih.gov/pubmed/23280539
https://www.ncbi.nlm.nih.gov/pubmed/23280539
http://onlinelibrary.wiley.com/doi/10.1002/1526-4998(200012)56:12%3C1029::AID-PS238%3E3.0.CO;2-Q/full
http://onlinelibrary.wiley.com/doi/10.1002/1526-4998(200012)56:12%3C1029::AID-PS238%3E3.0.CO;2-Q/full
http://onlinelibrary.wiley.com/doi/10.1002/1526-4998(200012)56:12%3C1029::AID-PS238%3E3.0.CO;2-Q/full
http://onlinelibrary.wiley.com/doi/10.1002/1526-4998(200012)56:12%3C1029::AID-PS238%3E3.0.CO;2-Q/full
https://apsjournals.apsnet.org/doi/abs/10.1094/PDIS.1997.81.1.4?mobileUi=0
https://apsjournals.apsnet.org/doi/abs/10.1094/PDIS.1997.81.1.4?mobileUi=0
https://apsjournals.apsnet.org/doi/abs/10.1094/PDIS.1997.81.1.4?mobileUi=0
https://www.ncbi.nlm.nih.gov/pubmed/19021887
https://www.ncbi.nlm.nih.gov/pubmed/19021887
https://www.ncbi.nlm.nih.gov/pubmed/19021887
https://www.ncbi.nlm.nih.gov/pubmed/19649781
https://www.ncbi.nlm.nih.gov/pubmed/19649781
https://www.ncbi.nlm.nih.gov/pubmed/19649781
http://www.koreascience.or.kr/article/ArticleFullRecord.jsp?cn=E1MBA4_2005_v15n6_1164
http://www.koreascience.or.kr/article/ArticleFullRecord.jsp?cn=E1MBA4_2005_v15n6_1164
http://www.koreascience.or.kr/article/ArticleFullRecord.jsp?cn=E1MBA4_2005_v15n6_1164
http://pubs.acs.org/doi/abs/10.1021/np0700016
http://pubs.acs.org/doi/abs/10.1021/np0700016
http://pubs.acs.org/doi/abs/10.1021/np0700016
http://pubs.acs.org/doi/abs/10.1021/np0700016
https://journal.gnest.org/sites/default/files/Journal%20Papers/181_188_11-2_592_Millioli.pdf
https://journal.gnest.org/sites/default/files/Journal%20Papers/181_188_11-2_592_Millioli.pdf
https://journal.gnest.org/sites/default/files/Journal%20Papers/181_188_11-2_592_Millioli.pdf
https://journal.gnest.org/sites/default/files/Journal%20Papers/181_188_11-2_592_Millioli.pdf
https://www.ncbi.nlm.nih.gov/pubmed/21890166
https://www.ncbi.nlm.nih.gov/pubmed/21890166
https://www.ncbi.nlm.nih.gov/pubmed/21890166
https://www.ncbi.nlm.nih.gov/pubmed/21890166

	Title
	Abstract
	What are Rhamnolipids
	Reported Attributes of Rhamnolipids
	Modes of Action of Rhamnolipids
	Recent Advances in the Utilization of Rhamnolipids for the Management of Bacterial and Fungal Crop P
	Conclusion and Recommendation 
	References

