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Table 7. Identity and similarity of proteins 

Primary structures (excluding signal peptides) were compared between E. coli Blc (EcBlc; GenBank 
U21726), Citrobacter freundii Blc (CfE3lc; GenBank U21727), Vibrio cholerae VlpA (VcVlp; GenBank 
X64097), Homo sapiens ApoD (HsApd; GenBank J02611), Mus  musculus ApoD (MmApd; GenBank 
L39123), Rattus norvegicus ApoD (RnApd; GenBank X55572), Oryctolagus cuniculus ApoD (OcApd; 
GenBank L42979) and Schistocerca americana Lazarillo (SaLaz; GenBank 238071). Percentage identities 

i and similarities (in parentheses) were derived from pairwise alignments using the GAP algorithm (Genetics 
i Computer Group, University of Wisconsin). 

EcBlc CfBlc VcVlp SaLaz HsApd MmApd RnApd OcApd 
i EcBlc 100 (95) (71) (44) (57) (59) (60) (55) 
i CfBlc 89 100 (70) (46) (54) (62) (58)  (55) 
; VcVlp 50 49 100 (51) (52) (54) (54) (51) 
i SaLaz 21 24 31 100 (49) (53) (50) (56)  
i HsApd 34 34 24 30 100 (81) (82) (87) 
f MmApd 37 39 28 33 74 100 (94) (89) 
i RnApd 38 38 28 30 73 91 100 (89) 

OcApd 36 35 25 34 78 82 80 100 

i lipoproteins and are most closely related i related to Lazarillo than to ApoD. Since no 
i to those eukaryotic lipocalins that also i lipocalin has yet been identified from an 
i articulate with membranes by hydrophobic i archaeon, the possibility remains that the 
i anchors. Since eukaryotes do not possess i bacterial lipocalins were acquired by hori- 

Enterobacterial 
lipocalins precede vibrio 
homologue 

lipoprotein modification machine&, the : zontal transmission from a eukaryote, but the 
The lipocalin protein superfamily was once i eukaryotic homologues have devised alterna- ; presence of two distinct subgroups 
restricted to eukaryotes, but the recent i tive membrane anchor mechanisms. As (VlpA-Lazarillo and Blc-ApoD) suggests 
discovery of bacterial lipocalins has sparked discussed previously (2, 3), the bacterial 
interest in their evolutionary origins. A recent i lipocalins are homologous to apolipoprotein 
report by Barker & Manning, published in i D (ApoD), which is associated with the i 
Microbiology, claims to have identified the i nervous system and with the high-density i 
first bacterial lipocalin in the form of a lipoprotein fraction of mammalian plasma, : 
membrane lipoprotein of Vibrio cholerae and to Lazarillo, which is associated with the 
known as VlpA (1) .  However, the first report nervous system of the American grasshopper i 
of a bacterial lipocalin was published 2 years i Schistocerca americana. However, ApoD 
previously with the discovery of an outer- i interacts with membranes by a solvent- ! 
membrane lipoprotein of Escherichia cofi exposed hydrophobic surface loop, and 
known as Blc (for bacterial lipocalin) (3). The Lazarillo possesses a glycosylphosphatidyli- ; 
report of Blc from E. coli also described : nositol anchor. Therefore, these homologous 
homologues from the closely related i proteins have acquired three evolutionarily i 
Citrobacter freundii as well as the V cholerae i distinct membrane anchor mechanisms. 
VlpA, which was then present in GenBank. In making their claim to have discovered i 
Independently, Flower and co-workers noted / the first bacterial lipocalin, Barker & 
that VlpA belonged to the lipocalin super- i Manning have not only overlooked Blc, but i 
family (5)  and a recent review discusses i failed to place VlpA in its appropriate evolu- ; 
the importance of bacterial lipocalins for i tionary context. As shown in Table 1, the f 
understanding lipocalin evolution (4). i enterobacterial Blc proteins are more closely i 

related to the ApoD proteins than they are to 
bacterial lipocalins is that they are membrane i Lazarillo, whereas VlpA is more closely 

Perhaps the most interesting feature of the 
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that two distinct lines of vertical descent have i Authors' reply 
occurred. Perhaps a subtle difference in i 

i gene itself has probably been pilfered from 
another organism, possibly a member of the 

ligand specificity- may eventually distinguish i 
these two groups of putative porphyrin- Origin of Vibrio cholerae Andrew Barker+ and A. Manning* 
binding proteins. The possibility of defining i lipocalin: which gene 
the precise biochemical nature of the ligands 
is greatly increased now that bacterial i 
lipocalin homologues are available. 
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