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Defensins are diverse members of a large family of cationic host 
defence peptides (HDP), widely distributed throughout the plant 
and animal kingdoms.1-3 Defensins and defensin-like peptides are 
functionally diverse, disrupting microbial membranes and act-
ing as ligands for cellular recognition and signaling.4 In the early  
1990s, the first members of the family of plant defensins were iso-
lated from wheat and barley grains.5,6 Those proteins were origi-
nally called γ-thionins because their size (~5 kDa, 45 to 54 amino 
acids) and cysteine content (typically 4, 6 or 8 cysteine residues) 
were found to be similar to the thionins.7 Subsequent “γ-thionins” 
homologous proteins were indentified and cDNAs were cloned 
from various monocot or dicot seeds.8 Terras and his colleagues9 
isolated two antifungal peptides, Rs-AFP1 and Rs-AFP2, noticed 
that the plant peptides’ structural and functional properties resem-
ble those of insect and mammalian defensins, and therefore termed 
the family of peptides “plant defensins” in 1995. Sequences of more 
than 80 different plant defensin genes from different plant species 
were analyzed.10 A query of the UniProt database (www.uniprot.
org/) currently reveals publications of 371 plant defensins available 
for review. The Arabidopsis genome alone contains more than 300 
defensin-like (DEFL) peptides, 78% of which have a cysteine-sta-
bilized α-helix β-sheet (CSαβ) motif common to plant and inver-
tebrate defensins.11 In addition, over 1,000 DEFL genes have been 
identified from plant EST projects.12

Unlike the insect and mammalian defensins, which are mainly 
active against bacteria,2,3,10,13 plant defensins, with a few exceptions, 
do not have antibacterial activity.14 Most plant defensins are involved 
in defense against a broad range of fungi.2,3,10,15 They are not only 
active against phytopathogenic fungi (such as Fusarium culmorum 
and Botrytis cinerea), but also against baker’s yeast and human patho-
genic fungi (such as Candida albicans).2 Plant defensins have also been 
shown to inhibit the growth of roots and root hairs in Arabidopsis 
thaliana16 and alter growth of various tomato organs which can 
assume multiple functions related to defense and development.4

Plant Defensins Play Roles in Protection of Seeds and 
Various Organs

Most plant defensins isolated to date are seed-derived and have 
been characterized at the molecular, biochemical and structural lev-
els.2,10,14,17-19 In radish, defensin protein (Rs-AFPs) represents 0.5% 
of the total protein in seeds. During seed germination, the imbibed 
seed loses its coat protection and is more vulnerable to soil micro-
organism. Rs-AFPs are preferentially released after disruption of 
the seed coat and accounts for 30% of the proteins released from 
radish seed coats. The amount of released proteins is sufficient to 
suppress the fungal growth in the soil.9 Defensins are relatively 
abundant in seed tissue could protect seed from soil fungi and thus 
enhance seedling survival rate.9,20 Defensins have also been identi-
fied in other tissues, including leaves, pods, tubers, fruit, roots, bark 
and floral organs.2,3,10,20 Each organ expresses at least one defensin 
gene, some organs express two or more in Arabidopsis.11 They are 
expressed during normal plant growth and development.20 Most of 
the plant defensins are concentrated mainly in peripheral cells and 
stomatal cells in plants which is consistent with a role of defensins in 
protection against pathogens.2,9,20 The defense role is also supported 
by the pathogen-inducibility of some plant defensin genes. Defensin 
genes induced upon pathogen infection have been identified in pea, 
tobacco, Arabidopsis and spruce.2,10,20

In addition to pathogen-induction, defensins can also be induced 
by environmental stress, such as drought, salt and cold,2 and the sig-
naling molecules, such as methyl jasmonate, ethylene and salicylic 
acid.21 The expression of the defensins induced in response to a variety 
of biotic and abiotic stimuli provides examples of cross-talk between 
signal transduction pathways and gene expression programs.2

Plant defensins
Defense, development and application

Henrik U. Stotz,1 James G. Thomson2 and Yueju Wang3,*

1Julius-von-Sachs-Institut fuer Biowissenschaften; Pharmazeutische Biologie; Biozentrum; Universitaet Wuerzburg; Wuerzburg, Germany; 2USDA WRRC ARS; Crop 
Improvement Unit; Albany, CA USA; 3Biology Department; Macon State College; Macon, GA USA

Key words: defensin, antifungal, antimicrobial peptide, development, innate immunity

Abbreviations: AMP, antimicrobial peptide; DEFL, defensin-like; alfAFP, alfafa antifungal protein; DaD1, tobacco flower defensin; 
CTPP, C-terminal propeptide domain; RsAFP2, radish antifungal protein 2

Plant defensins are small, highly stable, cysteine-rich peptides that 
constitute a part of the innate immune system primarily directed 
against fungal pathogens. Biological activities reported for plant de-
fensins include antifungal activity, antibacterial activity, proteinase 
inhibitory activity and insect amylase inhibitory activity. Plant de-
fensins have been shown to inhibit infectious diseases of humans 
and to induce apoptosis in a human pathogen. Transgenic plants 
overexpressing defensins are strongly resistant to fungal pathogens. 
Based on recent studies, some plant defensins are not merely toxic 
to microbes but also have roles in regulating plant growth and de-
velopment.

*Correspondence to: Yueju Wang; Email: yueju.wang@maconstate.edu
Submitted: 08/06/09; Accepted: 08/07/09
Previously published online:
www.landesbioscience.com/journals/psb/article/9755



www.landesbioscience.com Plant Signaling & Behavior 1011

MINI REVIEW review

Potential for Applied Biotechnology

Transgenic plants have the potential to provide broad resistance 
against different pathogens, and are likely to reduce dependence 
on chemical pesticides. Various defensins genes have been suc-
cessfully transformed into tobacco, tomato, oilseed rape, rice and 
papaya.2,4,10,20,32 Overexpression of wasabi defensin (WT1) in 
rice, potato and orchid has resulted in increased resistance against 
Magnaporthe grisea, Erwinia carotovora and Botrytis cinerea.2 The 
generation of transgenic tomato plants constitutively express-
ing the chili defensin (cdef1) gene resulted in enhanced resistance 
against Phytophthora infestans and Fusarium sp.33 Expression of 
Dahlia defensin, Dm-AMP1, in rice directly inhibits the patho-
gen, Magnaporthe oryzae and Rhizoctonia solani. It was observed 
that constitutive expression of Dm-AMP1 suppresses the growth of  
M. oryzae and R. solani by 84% and 72%, respectively.34 Results 
from greenhouse inoculation experiments demonstrate that express-
ing the DmAMP1 gene in papaya plants increased resistance against 
P. palmivora and that this increased resistance was associated with 
reduced hyphae growth of P. palmivora at the infection sites.32 Gao 
and his colleagues showed that the transgenic plants accumulated 
high levels of the alfalfa defensin in both roots and leaves. The 
plants performed well both in greenhouse and field trials, where 
they did at least as well as commercial fumigants. Results suggest 
that defensin genes have important commercial potential for effec-
tive fungal control in economically important crops.35

However, despite published reports of successful expression 
of certain functional plant defensins in certain transgenic plants 
(Arabidopsis, tomato and cotton), it has now been discovered that 
some defensins have toxic effects when continuously expressed. 
The effects can include, for example, reduced cell growth, reduced 
efficiency of regeneration, reduced fertility and abnormal morphol-
ogy of regenerated transgenic plants.4,16,36 The toxic effects can vary 
depending on the level of defensin expression, tissue specificity of 
expression, and the developmental stage of the host plant when 
expression occurs. Anderson et al.36 modified a “chimeric defensin” 
to reduce or eliminate a toxic effect of transgenic defensin expres-
sion in a host plant. The modified defensin has a mature defensin 
domain NaD1 combined with a C-terminal propeptide domain 
(CTPP). The presence of mature NaD1 lacking a CTPP causes 
abnormal growth of transgenic cotton resulting in distorted leaves 
and short internodes. Plants that had been transformed with NaD1 
gene containing the CTPP do not exhibit this abnormal pheno-
type, suggesting the CTPP either protects the plant from a toxic 
part of the molecule or it targets the protein to the vacuole where it 
is sequestered.36

It has been demonstrated that plants expressing human,37 rab-
bit38 or insect39 defensin acquire resistance against fungal patho-
gens, indicating a functional homology next to the already known 
structural homology, between defensins originating from different 
eukaryotic kingdoms. Aert et al.37 showed that that the antifungal 
plant defensin RsAFP2 from radish induces apoptosis and con-
comitantly triggers activation of caspases or caspase-like proteases 
in the human pathogen Candida albicans. The plant defensin PSD1 
can interact with cyclin F and inhibit human cancer cell cycle.40 
Ground bean AMP peptide exerted antiproliferative activity toward 

A Role for Antimicrobial Activity

The mature transcript of most plant defensins can be divided into 
two classes.2,20 The first and largest class, the precursor protein is 
composed of an amino-signal peptide that targets the peptide to 
the extracellular space. The second class of defensins is produced 
as larger precursors with C-terminal prodomains. Comparison 
of a series of sequences of plant defensins from various plant 
species reveals that the plant defensin family shows very limited 
sequence conservation except for eight cysteine, two glycine and 
one glutamate acid residues.2 With the exception of defensins 
that have antibacterial activity22,23 or insecticide activity,24 most 
plant defensins have a powerful fungicide action. Antimicrobial 
subfamilies usually exhibit distinct antifungal traits such as those 
that alter the morphology of the target fungal hyphae, distort-
ing their growth and thus impeding cellular penetration.9,14 
Structural determinants of plant defensins that govern their 
antifungal activity and the molecular mechanism by which they 
inhibit fungal growth remain unclear.2,3,20,25

Unlike mammalian and insect defensins, plant defensins do 
not interact directly with plasma membrane phospholipids.2,3,20 
RsAFP2 interacts with glucosylceramides (GlcCer) in mem-
branes of susceptible yeast and fungi and induces membrane 
permeabilization and fungal cell death.26-28 Aerts et al.29 reported 
that the RsAFP2 is involved the induction of reactive oxygen 
species (ROS) in Candida albicans resulting in membrane per-
meabilization and leading to fungal cell growth arrest. Calcium 
signaling, which is vitally important for tip growth of fungi, 
can be altered by defensins. For example, the alfafa defensin 
(MsDef1) can block the L-type Ca2+ channel and inhibit hyphal 
growth and induce hyperbranching of fungal hyphae.25

Certain plant defensins also display other biological activities, 
including proteinase,30 α-amylase inhibitory activity, and inhibi-
tion of protein translation that may contribute to their role in 
defense.5,6,20,31

Regulation of Plant Growth and Development

To date, only two studies reported that the plant defensins may 
have additional roles in plant growth and development beyond 
their presumed role in plant defense against fungal pathogens. 
For example, the Medicago sativa defensins MsDef1 and MtDef2 
are not expressed in the roots of Medicago spp. Exogenously 
treated MsDef1, MtDef2, KP4 and RsAFP2 inhibit the growth 
of Arabidopsis root and root hair.16 However, transgenic 
Arabidopsis plants expressing MsDef1 constitutively did not 
exhibit any growth alterations at the macroscopic level (unpub-
lished results).16 Our data indicated that antisense repression and 
overexpression of tomato defensin DEF2 reduces pollen viabil-
ity and seed production. DEF2 overexpression in tomato plant 
showed that growth was initially retarded. The transgenic plants 
leaves were smaller and growth was more upright, resulting in 
a more open architecture.4 So far, the developmental process is 
still poorly understood. These findings provided new insights 
that plant defensins may play a role in regulating plant growth 
and development.
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in improved resistance to pathogen. Since there is functional and 
structural homology among plant and human defensins, the plant 
system can be used to express the defensins for human needs. 
Defensin functions are not limited to antimicrobial activity; they 
also appear to be involved in cellular signaling, and growth regula-
tion.4,42,43 More detailed studies of receptor-ligand interactions are 
needed to understand the functional diversity of this class of anti-
microbial peptides.
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breast cancer (MCF-7) cells and leukemia M1 cells. It also exhibited 
some inhibitory activity toward human immunodeficiency virus-
type 1 reverse transcriptase41 and the molecular mechanism is still 
unknown. All the results indicate a possibility of medical applica-
tions involving plant defensins to treat human diseases.

Conclusion

Plant defensins are expressed in various organs and provide a first 
line of defense against pathogen attack. Although interactions of 
plant defensins with pathogens are not well understood, these 
peptides can be overexpressed in transgenic crops, often resulting 
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