
A Multigene Family of Inactivated Cysteine Proteases
in Sarcoptes scabiei

To the Editor:

Scabies is a disease of worldwide importance caused by
burrowing of the ectoparasitic mite Sarcoptes scabiei into
the lower stratum corneum. Infestation with S. scabiei
causes an allergic-type skin reaction with visible hypersen-
sitivity lesions and pruritus and results in significant
morbidity, primarily due to secondary infections. Little is
known about scabies mite molecules involved in immuno-
logical responses. House dust mite (HDM) proteins mediate
allergic responses in asthma and similar allergenic mole-
cules may be present in scabies mites (Arlian et al, 1988).
The difficulty of obtaining scabies mites has hindered
molecular studies but expressed sequence tag (EST)
libraries have now been established and homologs of
HDM allergens identified (Mattsson et al, 2001; Fischer
et al, 2003; Harumal et al, 2003; Holt et al, 2003; Ljunggren
et al, 2003 and our unpublished observations).

The HDM group 1 and group 3 allergens are cysteine and
serine proteases, respectively (Thomas and Smith, 1999).
Among the S. scabiei ESTs were 24 distinct contigs with
HDM group 3 allergens as their closest homolog (Holt et al,
2003). Remarkably in all but one of these the active serine
was mutated, and in all but two cases the active site
aspartic acid and/or asparagine was also mutated. Hence
these genes are no longer a family of active proteases.
Phylogenetic relationships suggested that inactivation
occurred prior to successive gene duplications. It was
termed the scabies mite inactivated protease paralog
(SMIPP) family. These SMIPPs are derived from serine
proteases and they are thus termed the SMIPP-S family. We
hypothesized that SMIPP-S molecules retain the capacity to
bind peptides/proteins and this mediates their present
function. If so, they may be antagonists of other proteases
(Holt et al, 2003).

Analysis of the S. scabiei ESTs has now identified 33
ESTs clustered into 10 contigs, which each has as its most
significant BLASTx match HDM group 1 allergens. SignalP
strongly predicted signal sequences of 19–26 amino acids,
compared with signal sequences of 18 amino acids in HDM
group 1 allergens. Sequences of the S. scabiei contigs, the
HDM group 1 allergens and the sheep scab mite Psoroptes
ovis group 1 allergen Pso o 1 were aligned using ClustalW
(Fig S1).

The putative S. scabiei mature proteases ranged from
225 to 251 amino acids long, compared with 222 amino
acids for Der p 1, and 223 amino acids for Der f 1 and Eur m
1. The cysteine residues involved in disulfide bonding in Der
p 1 (Topham et al, 1994) were conserved and the contigs
showed 29.6%–46.1% amino acid identity to mature
Der p 1.

Relationships were estimated using the maximum like-
lihood algorithm (Fig 1). Five major clades were evident and
these relationships were robust, with similar results pro-
duced using parsimony and UPGMA/neighbor joining.
Clade 1 contained HDM group 1 genes and the P. ovis
sequence but no S. scabiei gene exhibited a monophyletic
relationship with these sequences. Clade 2 contained four
S. scabiei genes. Each has the catalytic residues of papain-
like sequences, cysteine 40 and histidine 191 (numbering
according to Fig S1). Clade 3 consists of a single S. scabiei
gene, which is likely to encode an active protease but the
phylogeny of this gene was not robust.

The S. scabiei genes of clade 4 shared considerable
homology with those of clades 2 and 3. In each case,
however, the active cysteine has been replaced by a serine,
resulting from a G to C transversion in position two of the
codon. In three contigs it also involves a C/T–G transversion
in position three. In those contigs with the single mutation
(Yv6008G08 and Yv4025A02), the active histidine is re-
placed by a glutamine, resulting from a C/T to A transver-
sion in position three. In those contigs with the double
mutation in the active cysteine codon (Yv5009F04,
Yv4025C12 and Yv6018B11), the active histidine has been
replaced by a leucine resulting from a A to T transversion in
position two. These three contigs also have the important
glutamine at position 34 replaced by a glutamic acid
(Fig S1).

In order to compare the unexpected multiplicity of group
1 allergen homologs expressed in scabies mites with those
in HDM, Dermatophagoides pteronyssinus cDNA libraries
were constructed and 3168 cDNA clones analyzed. Of
these, 92 had Der p 1 as their closest match, of which 91 fell
into the same contig, designated Dp7001E02. This clearly
corresponds to the published Der p 1 single gene as it
showed 98% amino acid identity (Chua et al, 1993). Der p 1
clones represented 2.9% of transcripts, strikingly higher
than any of the transcripts of the S. scabiei homologs (all
o0.05%). Clone Dp7027H12 differed substantially from
Der p 1 (54% identity). The active histidine is conserved, but
the active cysteine is replaced by a serine.

As in the SMIPP-S family of S. scabiei (Holt et al, 2003),
a cysteine protease gene family has been amplified

Abbreviations: HDM, house dust mite; EST, expressed sequence
tag; SMIPP, scabies mite inactivated protease paralogue

Copyright r 2004 by The Society for Investigative Dermatology, Inc.

240



coincidentally with mutations of the active site. Substitution
of the active cysteine with a serine would not necessarily
abolish activity. Serine and cysteine are functionally inter-
changeable to some extent, for example, in the cysteine
protease picornain 3C of the hepatitis A virus in which
mutants with the active cysteine substituted by serine retain
catalytic activity (Dessens and Lomonossoff, 1991; Lawson
and Semler, 1991; Miyashita et al, 1993). In the scabies mite
contigs of clade 4, however, the active histidine has also
been replaced either by glutamine or leucine. Hence it is
not possible to form the thiolate–imidazolium charge relay
diad (or a hydroxylate equivalent) that underlies catalysis
(reviewed in Sajid and McKerrow, 2002). Furthermore, the
glutamine that helps form the ‘‘oxyanion hole’’ is mutated to
glutamic acid in three of the contigs (residue 34––Fig S1).
Hence, if these molecules retain peptidase activity, it must
be by a previously unknown mechanism. As such, the
protein products of these genes are members of the SMIPP
family, and are termed SMIPP-C to distinguish them from
the SMIPP-S members (Holt et al, 2003).

Previously, we postulated that the evolution of SMIPPs
may be an adaptation to the parasitic state (Holt et al, 2003).
If so, they would not be expected to occur in a free-living
mite and in accord we did not observe them among HDM
ESTs. We hypothesized that SMIPP-S may mediate compe-
titive inhibition of serine proteases of the blood coagulation
cascade, complement, or mechanisms such as antagoniza-
tion of cleavage of protease activated receptors to diminish
inflammation. Similar functions may be relevant to SMIPP-C.
Although the interactions of SMIPP with host mechanisms
remain to be elucidated, the similarities in evolution of these
unprecedented families emphasizes their importance.
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Figure 1
Phylogenetic relationships of the predicted mature protein
cysteine protease sequences. The phylogenetic relationships be-
tween the S. scabiei, P. ovis and house dust mite group 1 cysteine
proteases were estimated using the maximum likelihood algorithm.
Four distinct clades were evident (1–4).

Figure S1
ClustalW alignment of the mature protein sequences of group 1
cysteine proteases. Group 1 allergens of house dust mites (Der p 1, Der f
1, and Eur m 1) and the sheep scab mite (Pso o 1), aligned with the 10 S.
scabiei homologs. The cysteine (position 40) and histidine (position 191) of
the active site are indicated with white type on black, whereas conserved
cysteine residues involved in disulphide bonding are shaded. The sequen-
ces of the 10 S. scabiei cysteine proteases were submitted to GenBank
and were assigned the accession numbers AY525147–AY525156.
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Figure 1 
 
              1         11        21        31        41        51         
Eur m 1       TYACSINS--VSLPSELDLRSLRTVTPIRM---QGGCGSCWAFSGVASTESAYLAY---- 
Der p 1       TNACSIN---GNAPAEIDLRQMRTVTPIRM---QGGCGSCWAFSGVAATESAYLAY---- 
Der f 1       TSACRINS--VNVPSELDLRSLRTVTPIRM---QGGCGSCWAFSGVAATESAYLAY---- 
Pso o 1       AQACQIGA--VNIPNEIDLRALGYVTKIKN---QVACGSCWAFSGVATVESNYLSY---- 
Yv4003H01     LIACRFNQ--THFQSEIDLRKCGFVTPVKD---QKKCGACWAFSTVCTTESLYLSS---R 
Yv5020C01     -YACDFLP--GQYPAQIDLRDIGHLTSIKN---QGNCGACWAFATICTIESLLLAS---K 
Yv6030H07     YGFCNVTE--TSIFPEIDLRKDNVLTPIRE---QGACGSCWAFSTICTAESNYLTT---R 
Yv5032C08     LFSCDKFE--GVKLGELDLRKEGRVTKIRE---QLACGSCWAFSVTANVESLLLGSN-CT 
Yv9053H09     YTICRTTSK-GDLPEKFDLRDLGYLSKIRN---QGRCGACWAFAALASVESAYNRRTRIV 
Yv4025A02     FRFCNPPPR-PKLPKEFDLRKLKVIPPVRN---QKRCNASWAFGPLGAVESALIHRF-H- 
Yv6008G08     FRFCNPPPR-PKLPKEFDLRKLKVIPPVRN---QKRCNASWAFGPLGAVESALIHRF-H- 
Yv4028C12     LQFCKVPKVYQALPTWFDLRNLELVTPTRDNSTEKQCKASWAFGPIASLESAWLESH-DR 
Yv6018B11     LQFCEIPKVFQKLPKWFDLRNLELVTPTRDNSTEKKCKASWAFGPVASMESAWLESH-DR 
Yv5009F04     LQFCKIPKVFQKLPKWFDLRNLEFVTPTRDNSTESKCKASWAFGPVASMESAWLESH-DR 
 
 
              61        71        81        91        101       111        
Eur m 1       --RNMSLDLAEQELVDCA-SQNGCHG-DTIPRGIEYIQQNGVVQEHYYPYVAREQ--SCH 
Der p 1       --RNQSLDLAEQELVDCA-SQHGCHG-DTIPRGIEYIQHNGVVQESYYRYVAREQ--SCR 
Der f 1       --RNTSLDLSEQELVDCA-SQHGCHG-DTIPRGIEYIQQNGVVEERSYPYVAREQ--RCR 
Pso o 1       --DNVSLDLSEQELVDCA-SQHGCGG-DTVLNGLRYIQKNGVVEEQSYPYKAREG--RCQ 
Yv4003H01     QVSPWKFGLSEQELVDCA-SPHGCDG-DKMSVGFGYIEHKGVGLSDQYPYIARVQ--PCQ 
Yv5020C01     QVSPCKFSLSEQNLIDCA-SKRGCDG-EKQSTGYRFLQQNGTCESSRYPYVAKVQ--QCK 
Yv6030H07     QAPLNKWTLSEQQLVDCA-SPKGCDG-EKPTTGFKYLLEKGVTTGDRYPYVGKVQ--PCR 
Yv5032C08     RWSTNDW-LSPQQLVDCA-SDHGCNG-EKTSTGLEYVQHKGIVKEGVYPYKARVG--VCK 
Yv9053H09     HNRTRKHHFSEQELVDCSPNTEGCSG-NIISNGLKYVQLRGVVKSANYPYEERQNPLGCR 
Yv4025A02     -LPHRHFQLSTQELVDCA-GNQGCRGGVDVTQAFSYLMEKGVVTEFEYPYTAKRG--KCQ 
Yv6008G08     -LPHRHFQLSTQELVDCA-GNQGCRGGVDVTQAFSYLMEKGVVTEFEYPYTAKKG--ICH 
Yv4028C12     -IASDAFSLSAQNLIDCA-GYQGCNGGVDVIEAFNYLQEKGVVKEENYKYKGKKH--ACR 
Yv6018B11     -IASDSFFLSPQNLIDCA-GYQGCDGGVDVIEAFNYMKHKGIVKEEFYKYKAKKH--HCR 
Yv5009F04     -IASDSFFLSPQNLIDCA-GYQGCDGGVDVIEAFNYMKHKGIVKEEFYKYRAKKH--RCR 
 
 
              121       131       141       151       161       171        
Eur m 1       -RPNAQRY--GLKNYCQISPPDSNKIRQALTQTHTAVAVIIGIKDLNAFRHYDGRTIMQH 
Der p 1       -RPNAQRF--GISNYCQIYPPNVNKIREALAQTHSAIAVIIGIKDLDAFRHYDGRTIIQR 
Der f 1       -RPNSQHY--GISNYCQIYPPDVKQIREALTQTHTAIAVIIGIKDLRAFQHYDGRTIIQH 
Pso o 1       -RPNAKRY--GIKDLCQIYPPNGDKIRTYLATKQAALSVIIGIRDLDSFRHYDGRTILQS 
Yv4003H01     -HCFGPKF--RIGGYCIIYPPDKTKIKVAMTVVQSAVSAVLLIEDLASFKHYDGKSVISS 
Yv5020C01     -HPFGPNY--KIRDFCMIHPENPTIVKTVLAKFKAAVSTSLQILDMDKFRHYDGKSVIIN 
Yv6030H07     -PPIGSYY--KIRTFCWVYPPDPKKIQVLLTNRKAALTAVMKITNYMQFRHYDGKSVIET 
Yv5032C08     -HPCGPYY--HIKSFCGISPPDPDQVKIALSKTRSALSASIIVYDVEHLKNYNGKLPLAD 
Yv9053H09     -GAKGTRH--TIKDHCIIFPPSVKRIQRLLKERETAIAAMIEVNDFKKFSDYDGKSVITV 
Yv4025A02     EKKFRKYYHVKIKDYCAICPHTVPILKSFIYHYKRPLTTILHIRNRRAYNRLGIYAVDED 
Yv6008G08     ARRYRKYYHVKIKDYCAICPHTVPILKSFIYHYKRPLTTILHIRNLKAYNRIGIYAVEDD 
Yv4028C12     WRLFYRRY--KIKSYCAICPATVETIKKFLFKHKTALTTVISVRNLTAFKNIDDEILYED 
Yv6018B11     KRLRARRY--KIRSYCAICPATIFTIKKFLFKLKTALTTVISVRNLTAFKNIDDEILYED 
Yv5009F04     KRLRARRY--KIRSYCAICPATIFTIKKFLFKHKTALTTVISVRNLTAFKHIDDEILYED 



 
 
              181       191       201       211       221       231        
Eur m 1       DNG--YQPNYHAVNIVGYG--NTQGVDYWIVRNSWDTTWGDNGYGYFAANIN--LMMIEQ 
Der p 1       DNG--YQPNYHAVNIVGYS--NAQGVDYWIVRNSWDTNWGDNGYGYFAANID--LMMIEE 
Der f 1       DNG--YQPNYHAVNIVGYG--STQGDDYWIVRNSWDTTWGDSGYGYFQAGNN--LMMIEQ 
Pso o 1       DNG--GKRNFHAINIV-------------------------------------------- 
Yv4003H01     ESKR-SKTYGHGVNIVGYG--SKYGQEVWIVRNSWGTTWGDKGYAYFAQNST--VMKLTK 
Yv5020C01     DFK--AKPLNHAVNIVGYG--PKFGRQAWIVRNSWGTSWGDKGYAYVSQDSS--IFGITK 
Yv6030H07     EVRE-GKTLSHAVNIVGYG--KFFGKDAWIVRNSWGTSWGDKGYCYVSMNSQ--VFRLLE 
Yv5032C08_    DGKLIGEQLSHAINIVGYT--QRNGVEVWIVRNSWGETWGDHGYGYFKILPKRGVMGITR 
Yv9053H09     DAS-TGKKFYHAVNIVGFK------TTYWIIRNSWGIEWGDKGYGYVNFGLY----QIEE 
Yv4025A02     FGN--KVRQQQVVNIVGWGYHHRGNISYWIVKNSMGLHWGHKGYAFVDIDSD--AFEIRK 
Yv6008G08     FGK--KVQHQQVVNIVGWGYHHRGNISYWIVKNSMGLHWGHKGYAFVDIDSD--AFEIRK 
Yv4028C12     EGP--SVQRRLVVNIGGWRHDDATDRDYWVVKNSWGRKWGMGGYGFVDAEEN--LFGILD 
Yv6018B11     EGP--RVQRRLVVNIVGWRHDDATDRDYWVVKNSWGKKWGMGGYGFVDAENN--PFHILD 
Yv5009F04     EGT--RVQRRLVVNIVGWRHDDATDRDYWVVKNSWGKKWGMGGYGFVDAENN--PLHILD 
 
 
              241       251       261        
Eur m 1       YPYVVML--------------- 
Der p 1       YPYVVIL--------------- 
Der f 1       YPYVVIM--------------- 
Pso o 1       ---------------------- 
Yv4003H01     NVYMAWLH-------------- 
Yv5020C01     RVYVAWL--------------- 
Yv6030H07     LVYSASVV-------------- 
Yv5032C08     MVIVADLGKETVA--------- 
Yv9053H09     NAFTVTL--------------- 
Yv4025A02     NNFYVRLGRPEF---------- 
Yv6008G08     NNFYVRLGRPEF---------- 
Yv4028C12     QNYLLSVKDEVIPFEAEPDDS- 
Yv6018B11     HNYLVRVKEDVIPFENEPEDFE 
Yv5009F04     HNYLVRVKEDVIPFENEPEDFE 
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