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A cysteine proteinase cDNA from Trypanosoma brucei predicts an
enzyme with an unusual C-terminal extension
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A cDNA for a Trypanosoma brucer cysteme proteinase has been cloned and sequenced The deduced protein can be divided into four domains,

based on homologies with other cystemne protemases the pre-, pro- and central regions show considerable homology to the cathepsin L class of

mammahan enzymes, whilst the long C-terminal extension distinguishes the trypanosome enzyme from all mammahan cysteine proteinases reported

This 108 amino acid extension, which 1ncludes 9 contignous prolines near the junction with the central domain, appears likely to be processed

n part to produce the mature enzyme, and may be involved in targetting the protein within the cell The trypanosome genome contains more
than 20 copies of the cystemne proteinase gene arranged 1n a long tandem array

Trypanosome, Cysteine proteinase

1. INTRODUCTION

The cysteine proteinases (EC 3.4.22) are proving a
valuable group for investigating the relationship bet-
ween enzyme structure and function. Mammalian
lysosomal cathepsins (B, H, L) and plant proteinases
such as papain have been the most extensively studied,
but similar enzymes occur widely in invertebrates and
protozoa [1]. Notably, they occur at high activity in a
number of parasitic protozoa, many of which contain
multiple enzymes that in some species are developmen-
tally regulated [2,3]. The abundance of cysteine pro-
teinases in a variety of parasites, their potential role in
the host-parasite interaction and virulence, and the ad-
vent of families of specific irreversible inhibitors [4],
have made these enzymes attractive targets for
chemotherapeutic attack.

2. EXPERIMENTAL

Trypanosome DNA was solated, digested with restriction en-
donucleases and blotted as described previously [S] Oligonucleotide
labelling and hybnidisations were carried out at 42°C for 24 h, wash-
ed m 5 x SSC (1 x SSC = 150 mM NacCl, 15 mM Na citrate), 0.1%
SDS at 55°C for 1 h and autoradiographed {6] Hybndisation of the
¢DNA clone pTCP-F1 was performed at 55°C (fig.2C) or 65°C
(fig 2D) as above and washed 1n 2 X SSC with 0 1% SDS at 55°C for
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1 h (C) or 0.1 x SSC with 0.1% SDS at 65°C for 1 h (D) The se-
quence of the ohgonucleotide probes were

Probe 0-428. 5’ GC CCA PCA GCC GCC PCA YTG GCC YTG
PTC YTT 3’

Probe 0-429. 5' AT GXA GCC PTC YTC GCC CCA YTG NGC
NGT CCA 3/

where P=GorA, Y=TorC,X=TorAandN=G,A, TorC

A Trypanosoma brucer Agt1l cDNA hbrary 5] was screened with
ohgonucleotide probes 0-428 and 0-429 and positive cDNAs
subcloned nto Bluescript plasmid for mapping and sequencing accor-
ding to manufacturer’s mstruciions (Stratagene)

3. RESULTS AND DISCUSSION

Two degenerate DNA oligonucleotides were designed
from two sets of data: the amino acid sequence of 2
conserved regions of eukaryotic cysteine proteinases,
and the published partial amino acid sequence of a T.
cruzi cysteine proteinase (fig.1). When used as probes
on Southern blots of genomic DNA of 7. brucei and T.
cruzi (fig.2), both oligonucleotides recognised a single
1.75 kbase (kb) Hincl1 band (fig.2A and B, lanes 1 and
4), a >23 kb doublet for the T. brucei BamH]1 digest
(lane 6) and a single >23 kb band for 7. cruzi (lane 3).
A T. brucei cDNA library in Agtll was also screened
and several clones were isolated. The largest insert was
subcloned into Bluescript plasmid (pTCP-F1). On
genomic Southerns, the cDNA hybridised to the same
fragments as the oligonucleotides for the Hincll and
BamH]1 digests, with an extra band present in the Pst1
digest (fig.2C). Although the oligonucleotides hybridis-
ed to DNA of both trypanosomes with equal intensity,
the T. brucei cDNA hybridised only weakly to the 7.
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Fig 1 Conserved regions of cysteine proteinases used for the design of the oligonucleotides The numbers are the amino acid positions for
Dictyostelium CP1 *, active site cysteine, —, residue wdentical with that m 7 cruzt

cruzt DNA even at low stringency (fig.2C, lanes 1-3).
Clearly, outside the conserved regions recognised by
the oligonucleotides there is considerable divergence
between the two trypanosome proteinases.

The first 22 nucleotides (nts) of the cDNA pTCP-F1
(fig.3) are identical to the spliced leader [8,9], a se-
quence that is thought to be present on the 5’ end of
all trypanosome mRNAs [10]. The first ATG, 32 nts 3’
of the splice junction, has been taken to be the initiator
methionine, although there is a second in-frame ATG
a further 15 nts downstream. The open reading frame
predicts a protein of 450 amino acids and 48.4 kDa
which is highly homologous to the cathepsin L class of
cysteine proteinases (fig.4).

The organisation of the cysteine proteinase gene was
investigated by genomic Southerns of 7. brucei DNA
digested with Hind111 (fig.2D). Complete digests
showed a 1.75 kb band and a 3.75 kb band (arrowed,

A) B)
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track 11, fig.2D) which hybridised only weakly. Partial
digests revealed a ladder of bands increasing in 1.75 kb
units, 10 of which could be resolved by agarose gel elec-
trophoresis, clearly indicative of a tandem repeat.
Lambda clones isolated from an EMBL 4 library show-
ed that the 3.75 kb band contained one copy of the cys-
teine proteinase gene located at the 3’ flank of the
repeat unit, Comparison of the 1.75 and 3.75 kb bands
by densitometric scans indicated that there are more
than 20 copies of cysteine proteinase genes repeated 1n
tandem. It is not known whether all copies are
transcribed or if some are pseudogenes. As enzyme
studies have suggested that there are only a few isoen-
zymes (unpublished), it seems likely that there are
multiple copies of essentially the same gene. The reason
for the large number of cysteine proteinase genes is not
known; the enzyme 1s not present at unusually high ac-
tivity and only slight differences have been detected
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Fig 2 Southern blot analysis of trypanosome cystemne proteinase genes T cruz: (lanes 1~3) and T brucer (lanes 4—6) genomic DNA was probed

with Ohigo 428 (A), Oligo 429 (B) and cDNA clone pTCP-F1 (C,D) Restriction enzymes Himcll (lanes 1 and 4), EcoR1 (lane 2), BamH1 (lanes

3 and 6), Pst1 (lane 5) (D) Partial digest of T brucer genomic DNA with Hind111 probed with pTCP-F1 Lane 7, uncut, lanes 8-10, partial
digests at tune pomts (in min) 5, 45 and 120, lane 11, complete digest
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22 GAACAGTTTCTGTACTATATIG

1 GAAGGTCCATCCAAACATAAACAGCCGAAAGATGCCTCGAACAGAAATGGTGCGTTTTGT
M PRTEMVYVTZ RTFUV

61 ACGTCTCCCCGTTGTCTIGCTGGCTA' AGCGTGCCTTGCGTCTGTCGCACTCGCGTC
R LPV VLLAMAACLASYALTGEGS

121 GCTCCACGTGGAGGAGTCATTGGAGATGCGTTTTGCTGCGTTCAAGAAGAAGTACGGCAA
LHVY EESLEMPERTPAAFIKTEKTE KT YGTEK

181 GGTGTACAAGGATGCTAAGGAGGAAGCATTCCGCTTCCGTGCCTTTGAGGAAAATATGGA
VYKDAIEKTETEATPFPRTPFRATFTETENMNE

241 GCAGGCGAAGATTCAAGCTGCGGCGAACCGATACGCAACGTTTGGTGTGACACCCTTCTC
Q A K I QA AANPYATT FGVTT?PTFS

301 GGATATGACACGTGAAGAGTTCAGGGCACGCTACCGTAACGGCGCGTCCTACTTTGCAGC
D M TREETPFURARTYU RDNGA ASTYTF AA

361 TGCGCAGAAGCGGCTACGCAAGACGGTGAACGTAACCACTGGCCGTGCTCCTGCAGCTGT
A Q KRLRIEKTV VNV YTTTGTZ R AP AAVY

421 GGATTGGCGTGAGAAGGGAGCAGTGACCCCAGTGAAGGTTCAGGGTCAGTGCGGCTCGTG
D WRETZ KTGAVTZ®PVEKEVQGQCGSC

481 CTGGGCCTTTTCAACTATCGGCAACATCGAAGGGCAGTGGCAGGTGGCAGGAAATCCTCT
WAPF STTIGNTIETGO QWOQVAGNTPL

541 CGTATCCCTCTCGGAGCAGATGCTAGIGTCATGTGATACCATTGATTCAGGTIGTAATGG
vV S LS EQMLVYVY S CDTTIDSGTCNG

601 TGGGCTGATGGACAATGCCTTCAACTGGATAGTAAATTCAAACGGTGGAAACGTATICAC
G L MDNAFNWIVNSNSGGNYVTFT

661 GGAGGCGAGCTATCCCTATGTTTCTGGGAATGGTGAGCAGCCACAGTGCCAGATGAATGG
E A S Y PY VS GNGEUGQ?PGQCQMNG

721 TCACGAGATCGGTGCTGCGATAACAGACCATGTTGACTTACCGCAGGATGAGGACGCTAT
H EI GA AITDHVYVDLUPOGQDETDA ATI

781 CGCCGCGTATTTGGCAGAAAACGGTCCCCTTGCTATCGCTGTTGACGCCCAAAGTTTTAT
A A Y L AENGUPLATIAVYVDAET ST FNM

841 GGACTATAACGGTGGGATTCTGACTTCATGCACCTCCAAACAACTGGATCATGGTGTGCT
D YNGGILTSCTSKOQLDHGVL

901 CCTCGTTGGTTACAATGATAATAGCAATCCACCCTACTGGATCATCAAAAACTCGTGGAG
LVGYNDNSNEPTPYUWTITIIEKNSWS

961 CAACATGTGGGGCGAGGACGGCTACATCCGCATCGAGAAGGGCACAAACCAATGTCTCAT
N M WGEUDGYTIRTIETZ KT GTNGQ QT CTLHM

1021 GAATCAGGCCGTATCCTCCGCAGTIGTTGGAGGCCCCACTCCAGCACCACCACCACCGCC
N Q AV S S8 AVVYGG?PTUZPZP?PUPTPFPTP

1081 GCCGCCTTCAGCAACTTTTACACAGGACTTCTGCGAGGGCAAGGGTTGTACCAAAGGCTG
PP S ATVPFTQDUFCEGEKTGT CTTE EKTGTC

1141 CTCACATGCCACCTTCCCCACTGGCGAGTGCGTCCAGACTACCGGCGTCGGCTCAGTGAT
S HATFPTGETCVQTTGVGS VI

1201 CGCCACATGTGGCGCAAGCAACCTTACAGAAATAATCTACCCACTAAGCAGGAGCTGCAG
AT CGASNLTGQITIYUPLSURSCS
1261 CGGTCCCTCTGTGCCGATTACTGTGCCACTGGATAAGTGCATACCCATTTTGATTICGGTC
G PS V?PITVPLDE KT CTIPITLTIGS

1321 CGGTTGAGTATCATTGCTCCACCAACCCACCCACTAAGGCGGCCAGGCTGGTCCCACACCA
VEYHTCSTNPZPTIEKAARLUVYVZPHAQ

1381 GTGAGGTGGCGTGGTCTTGGGTTGCGCITCACCTTGTGATTGGTGTTTCTCGTTCATTAT

*

1441 TGCTTGGTTTTTGTTITTATTTCCTICCCTTTTTACTCCCCCTCAATTCTATCTTCTTCG
1501 GCGAGCGGCTGTGTAGTGGAACTGTAATACACCTGGAGGGCATGTGCGTGTGGTATGTGC
1561 ATAGCAGAATGTGCTGCGCTTCGGTACAGTGAGTGCIGATGCCGTCTTAGCCACGCGTGCC

Fig.3 Nucleotide sequence of a T' brucer cysteine proteinase cDNA

with 1its predicted amino acid sequence As the first 22 nts of the

¢DNA clone TCP-F1 are 1dentical to the spliced leader sequence

[8,9], the nucleotides are numbered from the left starting at the splice
junction,

between the activities in different stages of the parasite
life-cycle [11,12].

Amino acid sequence comparison shows human
cathepsin L to be the most similar of the mammalian
cysteine proteinases to the trypanosomal protein,
although the Dictyostelium CP1 product has greater
homology with the parasite enzyme (fig.4, table 1). The
trypanosomal sequence can be considered to be made
up of four sections. At the N-terminus there is a
20-residue, hydrophobic pre-sequence and a
105-residue, hydrophilic pro-sequence typical of those
present in other cysteine proteinases. On the basis of
the known N-terminal sequence of the 7. cruzi cysteine
proteinase [7], and by analogy with the majority of
other cysteine proteinases, the N-terminal residue of
the mature 7. brucei proteinase is likely to be the
alanine residue at position 126. The 217-residue central
domain of the trypanosomal protein corresponds to the
mature forms of papain, actinidin and mammalian
cathepsins L and H. All of the highly conserved
residues are present, including residues involved in the
catalytic mechamism of papain and the six cysteine
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residues which form the three conserved disulphide
bridges. The most surprising feature is a 108-residue ex-
tension at the C-terminal end which has few equivalents
in other cysteine proteinases. Much shorter extensions
(6 and 25 amino acids) that are processed to produce
the mature enzymes occur with cathepsin B [13] and ac-
tinidin [14], respectively, but the only sequence with
which the trypanosomal gene shows clear homology
(22%) is that of a mRNA induced in tomatoes by low
temperature [15]. The tomato and trypanosomal se-
quences are most closely related at the start of the ex-
tension. In this section the trypanosomal protein has a
remarkable sequence made up of nine consecutive pro-
lines. The only homology detected in a search of the
NBRF protein sequence data base is with the proline-
rich regions of the gag polyprotein of T-cell leukemia
virus (HTLV-II) and the human proline-rich peptide P-
B [16].

It seems likely that part of the C-terminal extension
remains in the final trypanosomal proteinase. The only
cysteine proteinases readily detectable in 7. brucei ex-
tracts using gelatin-SDS-PAGE and fluorogenic
substrates appear not to be glycosylated and have ap-
parent molecular masses of approximately 28 and
31 kDa ([12], Robertson et al., unpublished). The
predicted total molecular mass of the trypanosomal
protein is 48.4 kDa, the different regions being pre-,
2.3 kDa; pro-, 11.9 kDa; central, 23.1 kDa and C-
terminal extension, 11.1 kDa. As the pro-region is pro-
bably removed, as in T. cruzi, the prediction is that ap-
proximately 50 residues of the 7. brucei C-terminal
extension must be present in the mature enzyme. No in-
formation is yet available on the fate of the C-terminal
extension of the tomato cysteine proteinase.

The functional significance of the C-terminal exten-
sion is wunknown. The targetting of other
trypanosomatid enzymes to glycosomes may in some
cases be mediated by a C-terminal extension [17], which
however has no apparent sequence homology with that
of the cysteine proteinase. Current evidence suggests
that like most other cysteine proteinases, those of T.
brucer are lysosomal [12] and, as suggested by the
presence of a hydrophobic signal sequence, would be
synthesised on  membrane-bound  ribosomes.
Glycosomal proteins are synthesised on free ribosomes.
The mechanism of targetting proteins to lysosomes in
trypanosomatids 1s yet to be elucidated and it will be in-
teresting to see whether C-terminal extensions are com-
mon features of many lysosomal enzymes in this group
of organisms or a specific character of cysteine pro-
teinases. We are currently attempting to discover how
the unusual feature of the parasite enzyme 1s reflected
1n its structure and activity. The results of these studies
should provide a greater insight into the factors that in-
fluence the catalytic activity of this family of enzymes
and identify possible new approaches to the design of
drugs to exploit the peculiarities of the parasite enzyme.
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Fig.4. Predicted amino acid sequence comparisons for cysteine proteinases. (i) 7. bruce: (this paper); (ii) Dictyostelium discordeum CP1 [18]; (1)
human cathepsin L {21], (1v) actimdin [14], (v) tomato cold-induced proteinase [15]. Only the C-terminal portions of actimdin and the tomato
proteinase are given. The sequences were ahgned by eye, taking into account other published cystemne proteinase sequences not included here
Some of these other sequences contain additional residues to those in the sequences shown. Gaps have been included to maximise homology,
these are indicated by * All numbers refer to the trypanosomal sequence: — refers to the residues in the putative prepro-region, + refers to
residues 1n the putative C-terminal extension, the remaining residues comprise the central domain corresponding to the mature form of other
cysteine proteinases. The residues shown as — are 1dentical to those in the trypanosomal sequence; *, active site cysteine and histidine residues,
>, C-terminus of actinidin protemn, §, boundary between domamns Putative N-linked glycosylation sites 1n the trypanosomal sequence and the
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oligoproline sequence are underlined

Table 1

Homology between the trypanosomal protemnase and other cysteine proteinases

Proteinase Percentage 1dentity

Pre Pro Central C-terminal Reference
Dictyostelium CP1 20.0 (26.7) 25.7(267) 51.6 (49 6) none present 18
Papain 150 (13.0) 24.8(236) 37.8 (38.7) none present 19
Actimidin 2 2 38.2 (37 7) 2.8 (12.0) 14
Tomato 2 a 40.1 39.5) 22.2 (22.0) 15

Cathepsin H (rat) 200 (211) 23.8(26.6) 38.7 (38 2) none present 20
Cathepsin L (human) 100 (11.8) 200 (218) 48.4 (477) none present 21
Cathepsin B (human) 15.0 (17 6) 48 (11.3) 26.7 (23.0) [V (V)] 13

# Complete sequence not yet available

The figures represent the percentage of residues in each section of the trypanosomal protein
which are present at the 1dentical position in the other proteins Those in brackets are the

percentage of residues in the other proteins present in the trypanosomal proten
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