


A caspase-like fold in Tannerella forsythia PrtH

1454 Cell Cycle 2009; Vol. 8 Issue 9

Figure 1. Multiple sequence alignments of PrtH homologs and several structures of caspase-like fold. This alignment was made using PROMALS3D14 fol-
lowed by manual adjustment. Catalytic histidines and cysteines are shaded in black. Non-polar residues in positions with mainly hydrophobic residues 
are shaded in yellow. Small residues (G, A, S, C, T, N, D, V and P) in positions with mainly small residues are colored blue. Starting and ending residues 
numbers are shown in italic numbers and sequence lengths are shown in brackets. Insertion regions in the alignment are replaced by the numbers of 
residues. Consensus secondary structure predictions are shown above the alignment (h: α-helix; e: β-strand). The proteins are identified by their NCBI 
gene identification (gi) numbers, followed by the species name abbreviations. The last five sequences have known structures with a caspase-like fold. 
Their Protein Data Bank ids and chain ids are shown after the gi numbers (2j32, caspase 3; 1m72, caspase 1; 1cvr, gingipain; 3bij, a bacterial caspase 
homolog; 3eeb, cysteine protease domain from V. cholerae RTX toxin). Species name abbreviations are: Af, Archaeoglobus fulgidus; At, Anaerocellum 
thermophilum; Cag, Chloroflexus aggregans; Cau, Chloroflexus aurantiacus; Cc, Coprinopsis cinerea; Ch, Carboxydothermus hydrogenoformans; 
CMb, Candidatus Methanoregula boonei; Cs, Caldicellulosiruptor saccharolyticus; Gs, Geobacter sulfurreducens; Hs, Homo sapiens; Js, Janibacter sp.; 
Mac, Methanosarcina acetivorans; Ma, Microcystis aeruginosa; Mb, Methanosarcina barkeri; Mm, Methanoculleus marisnigri; Pa, Prosthecochloris 
aestuarii; Pd, Paracoccus denitrificans; Pf, Pyrococcus furiosus; Pg, Porphyromonas gingivalis; Pph, Pelodictyon phaeoclathratiforme; Ppa, Plesiocystis 
pacifica; Sc, Sorangium cellulosum; Sf, Spodoptera frugiperda; Sk, Streptomyces kanamyceticus; Tf, Tannerella forsythia; Vc, Vibrio cholerae. Bacterial, 
archaeal, and eukaryotic species name abbreviations are shown in black, red and green respectively.



A caspase-like fold in Tannerella forsythia PrtH

C-termini that include two consecutive α-helices and one β-strand that 
is anti-parallel to the other β-strands in the central β-sheet. The align-
ment suggests that these secondary structural elements are also present 
in PrtH homologs (Fig. 1, the last three blocks).

Close homologs of PrtH have a limited phyletic distribution with 
less than 30 proteins. In addition to bacterial homologs, several 
PrtH homologs are from archaeal species and one is from eukaryotic 
species Coprinopsis cinerea (Fig. 1). Except PrtH, these proteins 
have not been experimentally characterized, and they are annotated 
as ‘hypothetical protein’ or ‘predicted protein’. PrtH homologs with 
less than 300 residues contain only one domain with the caspase-
like fold. The other PrtH homologs are longer and could contain 
additional domains. For example, HHpred searches suggested that 
gi|118048089 and gi|154150967 contain a PKD domain (with an 
immunoglobulin-like fold) and a beta-propeller domain respectively. 
The caspase-like domain in PrtH lies at the N-terminus, and the 
C-terminal region of PrtH (about 300aa) has unknown structure and 
function. A HHpred search using the C-terminal region of PrtH found 
weak similarity to Pfam family ‘Fungalysin/Thermolysin Propeptide 
Motif’ (Pfam accession number: PF07504, with a HHpred probability 
score of 88.2). This motif was found in some bacterial metalloproteases 
and was linked to assisting folding and inhibiting catalytic activity. The 
C-terminal region of PrtH could have similar functions. Some PrtH 
homologs contain predicted signal peptides (e.g., gi|194337677 
and gi|212717887), suggesting that they are secreted exopro-
teins or located between the inner and outer membranes of 
Gram-negative bacteria. Conservation of the catalytic cysteine (except 
for gi|119386630, where the cysteine is replaced by a serine) 
and histidine residues indicates that PrtH homologs also function as 
active proteolytic enzymes. The putative protease function of these 
proteins is also supported by genome context mining. For example, 
the gene of the PrtH homolog from M. aeruginosa (gi|166367720) 
shares an operon with another gene encoding a protein annotated as 
‘secreted metalloprotease’, suggesting concerted proteolytic functions 
for them. The gene of another PrtH homolog from Caldicellulosiruptor 
saccharolyticus (gi|146297187) neighbors a gene encoding with a 
hypothetical protein (gi|146297186). Homologs of this hypothetical 
protein found by PSI-BLAST also frequently co-occur with proteins 
containing various protease domains.
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