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Introduction

Reactome is open-source, open access, manually curated and peer-reviewed pathway database. Pathway annotations 
are authored by expert biologists, in collaboration with Reactome editorial staff and cross-referenced to many 
bioinformatics databases. A system of evidence tracking ensures that all assertions are backed up by the primary 
literature. Reactome is used by clinicians, geneticists, genomics researchers, and molecular biologists to interpret the 
results of high-throughput experimental studies, by bioinformaticians seeking to develop novel algorithms for mining 
knowledge from genomic studies, and by systems biologists building predictive models of normal and disease 
variant pathways. 
The development of Reactome is supported by grants from the US National Institutes of Health (P41 HG003751), 
University of Toronto (CFREF Medicine by Design), European Union (EU STRP, EMI-CD), and the European 
Molecular Biology Laboratory (EBI Industry program).
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Defensins ↗

Stable identifier: R-HSA-1461973

The defensins are a family of antimicrobial cationic peptide molecules which in mammals have a characteristic beta-
sheet-rich fold and framework of six disulphide-linked cysteines (Selsted & Ouellette 2005, Ganz 2003). Human 
defensin peptides have two subfamilies, alpha- and beta-defensins, differing in the length of peptide chain between 
the six cysteines and the order of disulphide bond pairing between them. A third subfamily, the theta defensins, is 
derived from alpha-defensins prematurely truncated by a stop codon between the third and fourth cysteine residues. 
The translated products are shortened to nonapeptides, covalently dimerized by disulfide linkages, and cyclized via 
new peptide bonds between the first and ninth residues. Humans have one pseudogene but no translated 
representatives of the theta class. 
In solution most alpha and beta defensins are monomers but can form dimers and higher order structures.  
 
The primary cellular sources of defensins are neutrophils, epithelial cells and intestinal Paneth cells.Those expressed 
in neutrophils and the gut are predominantly constitutive, while those in epithelial tissues such as skin are often 
inducible by proinflammatory stimuli such as LPS or TNF-alpha. 
 
Defensins are translated as precursor polypeptides that include a typical signal peptide or prepiece that is cleaved in 
the Golgi body, and a propiece, cleaved by differing mechanisms to produce the mature defensin. Mature defensin 
peptides can be further processed by removal of individual N-terminal residues (Yang et al. 2004). This may be a 
mechanism to broaden the activity profile of defensins (Ghosh et al. 2002). 
 
Defensins have direct antimicrobial effects and kill a wide range of Gram-positive and negative bacteria, fungi and 
some viruses. The primary antimicrobial action of defensins is permeabilization of microbial target membranes but 
several additional mechanisms have been suggested (Brogden 2005, Wilmes et al. 2011). Defensins and related 
antimicrobial peptides such as cathelicidin bridge the innate and acquired immune responses. In addition to their 
antimicrobial properties, cathelicidin and several defensins show receptor-mediated chemotactic activity for immune 
cells such as monocytes, T cells or immature DCs, induce cytokine production by monocytes and epithelial cells, 
modulate angiogenesis and stimulate wound healing (Yang et al. 1999, 2000, 2004, Rehaume & Hancock 2008, 
Yeung et al. 2011).
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Pre-pro-defensins are cleaved to remove the signal peptide ↗

Location: Defensins

Stable identifier: R-HSA-1462023

Type: uncertain

Compartments: Golgi lumen

Pre-pro-defensins are cleaved in the golgi by undefined proteases which remove the signal peptide (Yang et al. 2004, 
Pazgier et al. 2006). Subsequently, alpha-defensins are cleaved again to produce the biologically active mature 
peptide. Beta defensins have much shorter propieces and may be active once the signal peptide is removed. Further 
N-terminal processing of the mature defensin may yield multiple forms of the same peptide (Pazgier et al. 2006).
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Alpha-defensins ↗

Location: Defensins

Stable identifier: R-HSA-1462054

H u m a n s  h a v e  7  a l p h a  d e f e n s i n  g e n e s  p l u s  5  p s e u d o g e n e s  ( s e e  H G N C  a t  
http://www.genenames.org/genefamilies/DEFA). Alpha-defensins have six cysteines linked 1-6, 2-4, 3-5. The 
canonical sequence of alpha-defensins in humans is x1-2CXCRx2-3Cx3Ex3GxCx3Gx5CCx1-4, where x represents 
any amino acid residue.  
Human alpha-defensins 1-4 are often called human neutrophil peptides (HNP1-4) as they were initially identified in 
neutrophil primary (azurophilic) granules. Alpha-defensins 5 and 6 (HD5, HD6) are products of Paneth cells. HNP-1 
and -3 peptides are 30 residues long, differing only in the first amino acid. They are encoded by the genes DEFA1 
and DEFA3 respectively. These exhibit copy number polymorphism, with some individuals having 4-14 copies per 
diploid genome, while 10-37% of individuals have no copies of DEFA3 (Aldred et al. 2005, Linzmier & Ganz 2005, 
Ballana et al. 2007). HNP-4, encoded by DEFA4, is 33 amino acids long of which 22 differ from the other HNPs 
(Wilde et al. 1989). It is a minor component of neutrophil granules compared to HNP1-3. In contrast to DEFA1 and 
DEFA3, the genes for HNP-4, HD-5 and HD-6 are only found as two copies per diploid genome (Linzmeier & Ganz 
2005). HNP-2 is 29 amino acids in length and is the proteolytic product of cleavage of the N-terminal amino acid 
from either HNP-1 and/or HNP-3 (Selsted et al. 1985).
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Beta defensins ↗

Location: Defensins

Stable identifier: R-HSA-1461957

Humans have 38 beta-defensin genes plus 9-10 pseudogenes (details available on the HGNC website at 
http://www.genenames.org/genefamilies/DEFB). Many beta-defensins are encoded by recently duplicated genes 
giving rise to identical transcripts. Nomenclature is confusing and currently in transition. Uniprot recommended 
names are used throughout this pathway. 
Many beta-defensins show expression that correlates with infection (Sahl et al. 2005, Pazgier et al. 2006). All so far 
characterized beta-defensins, i.e. beta-defensin 1 (hBD1), 4A (hBD2), 103 (hBD3), 104 (hBD4), 106 (hBD6), 118 
(hBD18) and 128 (hBD28) have antimicrobial properties (Pazgier et al. 2006). For beta-defensins 4A, 103 and 118 
(hBD2, 3, and 18) this has been shown to correlate with membrane permeabilization effects (Antcheva et al. 2004, 
Sahl et al. 2005, Yenugu et al. 2004). Electrostatic interaction and disruption of microbial membranes is widely 
believed to the primary mechanism of action for beta-defensins. Two models explain how membrane disruption 
takes place, the 'pore model' which postulates that beta-defensins form transmembrane pores in a similar manner to 
alpha-defensins, and the 'carpet model', which suggests that beta-defensins act as detergents. Beta-defensins contain 
6 conserved cysteine residues that in beta-defensins 1, 4A and 103 (hBD1-3) are experimentally confirmed to be 
cross-linked 1-5, 2-4, 3-6. The canonical sequence for beta-defensins is x2-10Cx5-6(G/A)xCX3-4Cx9-13Cx4-
7CCxn. Structurally they are similar to alpha-defensins but with much shorter pre-regions. Though dimerization of 
some beta-defensins has been reported this is not the case for all and it is unclear whether it is required for function. 
The majority of functional studies have focused on beta-defensin 103 (hBD3), which has the most significant 
antimicrobial activity at physiological salt concentrations (Harder et al. 2001). Beta-defensin 103 is highly cationic 
with a net charge of +11 e0. It exhibits broad-spectrum antimicrobial activity against gram-positive bacteria and 
some gram-negative bacteria (Harder et al. 2001), though some species are highly resistant (Sahly et al. 2003). 
Sensitivity correlates with lipid composition of the membrane, with more negatively-charged lipids correlating with 
larger beta-defensin 103-induced changes in membrane capacitance (Bohling et al. 2006). Though membrane 
disruption is widely believed to be the primary mechanism of action of beta-defensins they have other antimicrobial 
properties, such as inhibition of cell wall biosynthesis (Sass et al. 2010), and chemoattractant effects (Yang et al. 
1999, Niyonsaba et al. 2002, 2004). The chemotactic activity of beta-defensins 1, 4A and 103 (hBD1-3) for memory 
T cells and immature DCs is mediated through binding to the chemokine receptor CCR6 and probably another 
unidentified Gi-coupled receptor (Yang et al. 1999, 2000).  
 
Like defensins, the human cathelicidin LL37 peptide is rich in positively-charged residues (Lehrer & Ganz 2002). 
Expression of certain beta-defensins can be induced in response to various signals, such as bacteria, pathogen-
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associated molecular patterns (PAMPs), or proinflammatory cytokines (Ganz 2003, Yang et al. 2004). Like the 
alpha-defensins, copy number variation has been reported for DEFB4, DEFB103 and DEFB104 with individuals 
having 2-12 copies per diploid genome. In contrast DEFB1 does not show such variation but exhibits a number of 
SNPs (Hollox et al. 2003, Linzmier & Ganz 2005).
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Binding of defensins to lipid II ↗

Location: Defensins

Stable identifier: R-HSA-1467209

Type: binding

Compartments: plasma membrane, extracellular region

In S. aureus, rather than cause gross membrane changes, HNP-1 (de Leeuw et al. 2010) and hBD3 (Sass et al. 2011) 
appear to interfere with cell wall biosynthetic pathways by binding to Lipid II (undecaprenylpyrophosphate-
MurNAc[pentapeptide]-GlcNAc), an essential precursor of bacterial cell walls and the target of several antibiotics 
(Breukink & de Krujiff 2007). The transformation of monomeric lipid II into a polymeric peptidoglycan by the 
bifunctional S. aureus enzyme Penicillin-binding protein 2 (PBP2) is inhibited by hBD3 (Sass et al. 2011) resulting 
in local lesions of the cell wall layer through which membranes and cytoplasmic contents ultimately protrude.
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