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and consisted of 190 

the 

163 

proteins contain a 

176 amino (TSGP4). Signal P predicted the presence of the signal peptide and 

and 

correct cleavage site In all cases (von Heijne, 1990; et 1997). mature 

proteins of 171 amino acids (TSGP 1), 144 amino (TSGP2 and TSGP3) and 

156 (TSGP4) previously 

(Chapter 6). Of interest is Glu16 in the mature TSGP2/TSGP3 sequences, which showed 

up as a unidentified acid N-terminal sequencing (Chapter 6). elution 

Ie of this during N-terminal sequencing (personal observation), possibly 

indjcate carboxyl methylation, which probably involved salivary gland 

secretion (Van Waarde, 1987). 
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7.5: of TSGP 1. The 5' gene and 3' anchor are shown 

in bold. The site tail boxed. l1ie 

terminal amino acid sequence ""'''-'''''11,''('' obtained with N-terrninal Edman rlpi'lr""'/"1!-:ltlf"\n is underlined a 

solid sequence is underlined with a dashed-line. The N-terminal sequence for 

shown in bold. The Genbank accession code TSGPl is AF452888. 
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7.7: The ul-''-'~_L.l.L~ and 3' anchor ,",,,,n,,"'rc- are shown 

in bold. The stop codon 

tenninal amino acid sequence 

\I\I_::lrlpn\/l:::Iftr\n site tail are boxed. The 

obtained with N-terminal Edman dei2:radatlcm is underlined in a 

line and the seqlLlenl::e is underlined with a dashed-line. The N-terminal sequence used for 
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Table. 7.1: of the amino acid from the TSGPs and their deduced amino acid 

sequences. Indicated are molar fario's derermined 1. In the case of TSGPl, TSGP2 and TSGP3 

the values were a factor that six as this was detennined 

MALDI-TOF-NIS. are calculated molecular masses from the amino 

sequences as masses obtained from 

TSGP'} TSGP2 TSGP3 TSGP4 

AA AA AA 

15 16 14 II 

Glx 16 17 16 16 14 

6 5 14 15 

21 13 14 14 13 13 

His 3 3 3 4 4 2 2 

3 4 4 4 6 6 

Thr 1 1 11 11 12 13 

10 10 8 9 10 

Pro 8 6 7 7 7 

9 12 5 5 5 5 6 -7 

Val 13 13 12 13 9 11 12 13 
:;m,. 

Met 4 4 4 4 

6 6 6 6 

5 3 4 

Leu 9 9 10 10 11 II 8 8 

Phe 4 4 3 3 3 4 5 5 

13 13 13 13 13 12 15 14 

Total 157 140 141 139 141 148 154 

Mr 16699 15238 15872 15328 15950 16143 17161 

ESMS 18422 15877 15957 17170 
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regions of the tick lipocalins correspond with that of the secondary structure previously 

obtained for HBP2 and consists of two N-term.inal a-helixes, a 8 stranded anti-parallel ~­

barrel with a (+ Ih topology and a C-terminal a-helix, characteristic of the lipocalin fold 

(Paesen et ai. 1999). 
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Fig. 7.8: Multiple sequence alignment of the tick lipocalins. (a) Alignment of TSGPs with the HBPs from 

the hard tick, R. appendicula(us and moubatin, from the soft tick O. moubaLa, the inhibitor specific for 

collagen-induced platelet aggregation. Secondary structures based on that of Ra-HBP2 are boxed and 

designated as a.-helixes or ~-strands. Solid lines indicate conserved cysteines and their corresponding 

disulphide bonds, as deduced from the structure of Ra-HBP2. Dotted lines indicate hypothetical disulphide 

bonds of the remaining cysteines for moubatin, TSGP l-3 and TSGP4. (b) Percentage identity/similarity 

between the different sequences are indicated . 

7.3.5 Phylogenetic analYSis of tick derived lipocalins in relation to the lipocalin family 

Previous phylogenetic analysis of the lipocalins excluded those from blood-feeding 

organisms, due to the low sequence similarity «20% identity) with other lipocalins and 

the absence of SCR motifs (Ganfomina et al. 2000; Gutierrez et al. 2000). The extreme 
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divergence of these lipocalins can introduce serious artefacts in the phylogenetic trees 

due to long branch attraction. While it would thus be difficult to determine an accurate 

relationship of tick lipocalins within the larger lipocalin family, phylogenetic analysis 

could be used to assess their homology and investigate their relationships within a tick 

lipocalin clade. The alignment of the lipocalin family previously .employed to investigate 

lipocalin evolution (Ganfomina el al. 2000; Gutierrez et al . 2000), was used as a profile 

to align both tick lipocalins as well as lipocalins from triatomine bugs. It is clear that the 

lipocalin family is highly divergent as exemplified by the low levels of sequence 

similarity indicated (Fig. 7.9). Only a few residue sites are conserved across the family 

and correspond to the SCR regions as indicated. From this it is clear that tick lipocalins 

are outliers even though a few residues in the SCRs are also found in the tick lipocalins. 

Figures on following pages 

Fig. 7.9: Alignment of the lipocalin family used for phylogenetic analysis. Indicated are the different 

monophyletic clades into which the lipocalins are grouped as well as the regions corresponding to SCRs of 

core lipocalins. Indicated are similarities based on the PAM 250 matrix (DNQH, SAT, KR, FY, LIMY) at 

80% identity. 
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