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Cerato-ulmin, a Toxin lnvolved in Dutch Elm Disease, 1s a 
Fungal Hydrophobin 

Hydrophobins are components of microbi- 
al cell walls that contribute tocell surface 
hydrophobicity. The hydrophobic nature 
of the surfaces of many microbes, both 
prokaryotic and eukaryotic, is important 
to such processes as adhesion of patho- 
gens to host structures and dispersa1 of 
aerial spores (Beever and Dempsey, 1978; 
Doyle and Rosenberg, 1990; Stringer et 
al., 1991). A class of peptide hydrophobins 
has recently been discovered and charac- 
terized in the filamentous fungi. Wessels 
(1992) demonstrated that three small 
hydrophobic peptides from the basidiomy- 
cete Schizophyllum commune assemble 
in the walls of aerial structures and that 
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hydrophobic interactions between these 
peptides are important for their polymer- 
ization. Stringer et al. (1991), and more 
recently Bell-Pedersen et al. (1992) and 
Lauter et al. (1992), showed that genes 
encoding similar peptides in the ascomy- 
cetes Aspergillus nidulans and Neurospora 
crassa are required for the formation of 
the hydrophobic rodlet layer of asexually 
produced spores. A gene encoding afun- 
gal hydrophobin of unknown function was 
also described for the entomopathogen- 
ic deuteromycete Mefarhizium anisopliae 
(St. Leger et al., 1992). 

Although the peptide sequences of fun- 
gal hydrophobins are very diverse, they 

share three common characteristics, as 
shown in Figures 1 and 2. First, they are 
small, ranging in length from 96 to 157 
amino acid residues. Second, they have 
eight cysteine residues arranged in a con- 
served pattern (Figure 1). Finally, they 
have a similar arrangement of hydro- 
phobic domains (Figure 2). The recently 
published peptide sequence of the wilt tox- 
in cerato-ulmin (CU) from the filamentous 
ascomycete Ophiosfoma ulmi, the causal 
agent of Dutch elm disease (Stevenson 
et al., 1979; Yaguchi et al., 1992, as cited 
in Bolyard and Sticklen, 1992), possess- 
es all three of these structural features. 
The length of CU, determined by sequenc- 
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Figure 1. Alignment of Cerato-ulmin with Fungal Hydrophobins. 

Scl, Sc4, and Sc3 are peptides from S. commune (Wessels, 1992). SSGA, RodA, and Eas are translated from the genes in M. anisopliae (3. 
Leger et al., 1992), A. nidulans (Stringer et al., 1991), and N. crassa (Bell-Pedersen et al., 1992; Lauter et al., 1992). Cysteine, asparagine, and 
leucine residues that are nearly completely conserved are shaded. Highly conserved residues are shown as a consensus sequence. 
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Figure 2. Hydrophobicity Plots of Funga1 
Hydrophobins. 

The hydrophobicity plot of CU (Bolyard and 
Sticklen, 1992) is compared to those of RodA 
(Stringer et al., 1991) and SSGA (St. Leger et 
al., 1992). The plot for CU is offset because we 
assume that the sequence derived from the ma- 
ture peptide lacks the hydrophobic secretion 
signal. 

ing the native peptide, is 75 amino acid 
residues, which falls within the known 
length range for fungal hydrophobins, giv- 
en that previously reported lengths are 
thought to include signal sequences of 
approximately 20 amino acid residues 
(Wessels, 1992). CU contains eight cys- 
teine residues arranged in the pattern 
characteristic of hydrophobins, as well 
as conserved asparagine and leucine 
residues (Figure 1). The array of hydro- 
phobic domains in CU is also similar to 
arrays in other fungal hydrophobins (Fig- 
ure 2). These similarities lead us to 
conclude that CU is afungal hydrophobin. 

It has been demonstrated that CU is 
capable of producing the same disease 
symptoms as the fungus itself (Bolyard 
and Sticklen, 1992). Thus, the biological 
activity of CU is not related to a structural 
role in the fungal cell wall. However, a 
structural role for CU is not excluded. 
Some fungal hydrophobins are secreted 
from submerged hyphae but accumulate 
in the walls of cells exposed to an air in- 
terface (wessels, 1992). It is possible that 
the role of CU as a virulence factor is a 
fortuitous consequence of secretion or 
diffusion of a cell wall component. 
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