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The  primary  structure  of  the major surface  glycocon- 
jugate  of Leishmania  donovani parasites,  a  lipophos- 
phoglycan,  has  been  further  characterized.  The re- 
peating  P04-6Galp,91-4Man  disaccharide units, which 
are a salient feature  of  the  molecule,  are  shown  to 
terminate with one  of several neutral  structures,  the 
most  abundant  of  which is the  branched  trisaccharide 
Galp,91-4(Manpa1-2)Man.  The  phosphosaccharide 
core  of  lipophosphoglycan,  which links the  disaccha- 
ride repeats to a  lipid  anchor,  contains 2 phosphate 
residues. One  of  the  core  phosphates  has  previously 
been  localized on 0-6 of  the  galactosyl  residue  distal 
to  the  lipid  anchor;  the  second  phosphate is now  shown 
to be on 0-6 of the  mannosyl  residue  distal to the 
anchor  and to bear  an a-linked glucopyranosyl  residue. 
Also,  the  anomeric  configuration  of  the  unusual 3- 
substituted  Gal/  residue  in  the  phosphosaccharide  core 
is established as B. The  complete  structure  of  the  core 
is thus PO4-6Galpal-6Galpa1-3Galf,9l-3[Glcpal- 
P04-6]Manpal-3Manpal-4GlcNal-. This  further 
clarification of  the  structure of lipophosphoglycan may 
prove  beneficial  in  determining  the  structure-function 
relationships  of this highly unusual glycoconjugate. 

The protozoan parasite Leishmunia donovani is  the causa- 
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tive  agent of the human disease kala azar, or visceral leish- 
maniasis. The major cell surface glycoconjugate of L. donovani 
promastigotes is a lipophosphoglycan (LPG).’ LPG has been 
suggested to play a role in  the successful infection of both 
insect and human hosts by the parasite (reviewed by Turco 
(1990). The parasite  must survive harsh environments, both 
extracellularly as  a promastigote in the alimentary tract of 
the  sand fly vector and intracellularly as an amastigote in 
macrophages of infected mammalian hosts. Fragments of 
LPG  are efficient inhibitors of protein kinase C (McNeely et 
al., 1989) and may therefore prevent induction of the microb- 
icidal oxidative burst within phagolysosomes of macrophages. 
LPG may also inhibit the oxidative burst by chelating intra- 
cellular calcium or other divalent cations  and/or by scaveng- 
ing oxygen free radicals (Chan et aZ., 1989;  McNeely and 
Turco, 1990; Turco 1990). Besides playing a role in protecting 
the parasite,  LPG is also involved in attachment to and 
penetration of the host macrophage by Leishmania major 
(Handman  and Goding,  1985; Puentes et al., 1988; Talamas- 
Rohana et al., 1990). Thus,  it will  be useful to know the 
detailed structure of LPG in order to understand at  the 
molecular level the infectivity of Leishmania spp. and  their 
ability to parasitize humans. 

Many of the structural  features of L. donovani LPG have 
previously been determined. The lipid anchor is a novel lyso- 
l-O-alkyl-PI  (Orlandi  and Turco, 1987). Linked directly to 
the  PI moiety through 0-6 of the myo-inositol residue is a 
phosphosaccharide core, with a proposed structure of  PO,- 
6Galpa1-6Galpal-3Galfal-3Manpc~1-3Manpa1-4GlcNa1- 
(Turco et al., 1989). In addition to  the  Gal-6-P04, one of the 
two mannosyl residues in the core also appears to bear a 
phosphate  based  on  the  results of methylation  analysis be- 
fore and  after  treatment with aqueous HF (Turco et d., 
1989). Finally, each molecule of LPG  contains an average of 
16  phosphorylated  disaccharide  repeats,  P04-6Galp@l- 
4Manpa1-, arranged as  a small linear polysaccharide (Turco 
et al., 1989). Despite these detailed studies, several structural 
features of L. donovani LPG  are  not known, including (i)  the 
identity  and exact location of the  substituent(s) on one of the 

The abbreviations used are: LPG, lipophosphoglycan; PI, phos- 
phatidylinositol; JBAM, jack bean a-mannosidase;  PIPLC, phospha- 
tidylinositol-specific phospholipase C; FAB-MS, fast  atom bombard- 
ment mass spectrometry; GC-MS, gas chromatography mass spec- 
trometry; GIPL, glycoinositolphospholipid; l-D, one-dimensional; 2- 
D, two-dimensional; HOHAHA, homonuclear Hartmann-Hahn; 
COSY, correlated spectroscopy; NOESY, nuclear Overhauser effect 
spectroscopy; PAD, pulsed amperometric detector; HPLC, high-per- 
formance liquid chromatography; Hex, hexose. 
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FIG. 1. Complete structure of the LPG isolated from log-phase promastigotes of Leishmania dono- 
uani. All molecules have a phosphosaccharide core substituted with the Glcpa1-P04 moiety, and at least 90% 
have one of the oligosaccharide caps shown. The ratio of the oligosaccharide caps, Manpal-2Man, Manpcrl- 
P[Galpfl1-4]Man, Manpal-2Manpal-2Man, Manpal-2Manpal-2[Galpfll-4]Man, and Galppl-4Man is 
20:52:65:16. The structures of the lipid moiety and phosphorylated repeats, and a  partial  structure  of the 
phosphosaccharide core, were determined previously (Orlandi and Turco, 1987; Turco et al., 1987,1989). 

core mannosyl residues, (ii) the  site(s) of attachment of the 
disaccharide repeats to  the phosphosaccharide core, and (iii) 
the nature of the nonreducing terminal (capping) structures. 
We  have completed the determination of the primary struc- 
ture of L. donouani LPG  to complement our  studies of LPG 
isolated from L. major (McConville et al., 1990b) and Leish- 
mania  mexicanu (Ilg et al., 1992). 

EXPERIMENTAL  PROCEDURES AND RESULTS* 

DISCUSSION 

The results  presented here have completed our picture of 
the overall structure of the LPG isolated from promastigotes 
of L. donouani (Fig. 1). The Galf residue in  the phosphosac- 
charide core is shown to be in  the 0-anomeric configuration, 
correcting the previous assignment as  the a-anomer  (Turco 
et al., 1989). The mannosyl residue distal to  the GlcN in  the 
phosphosaccharide core (Man-2) is shown to bear a  phosphate 
residue at  0-6,  and  this phosphate is substituted with an a- 
linked glucopyranosyl residue. This leaves the Gal-6-PO4 of 
the core as  the only other possible site of attachment of the 
disaccharide repeats to  the core. Finally, the repeats  are 
concluded to be capped with one of several neutral oligosac- 
charides, the most abundant of which is Galp/31-4[Manpal- 
21Manl-. 

The overall structures of the  LPGs isolated from L. dono- 
uani (Fig. l), L. major (McConville et al., 1990b), and L. 
mexicanu (Ilg et al., 1992) promastigotes are similar, with a 
linear  arrangement of caps, repeats, glucosylated core, and 
lyso-alkylglycerol lipid moiety. L. mexicaw LPG resembles 
that of L. donouani in having mostly phosphorylated disac- 
charide repeats, a variety of capping oligosaccharides (either 
Manal-BMan, Manal-2Manal-ZMan,  or GalB1-4(Manal- 
2)Man),  and a phosphosaccharide core in which Man-2 is 
always substituted with Glcpal-PO4.  They differ mainly in 
that some (30%) of the L. mexicanu repeats  are glucosylated 
to form Glc/31-3[P04-6]Gal/31-4Manal. In  contrast, over 
80% of the repeats  in L. major LPG  contain  additional  ara- 
binosyl and/or galactosyl residues attached  as side chains to 
the common P04-6GalB1-4Manal disaccharide (McConville 
et al., 1990b). In addition, L. major LPG  is capped exclusively 

Portions of this paper (including “Experimental Procedures,”  part 
of “Results,” Figs. 2-7, and Tables I and 11) are presented in miniprint 
at the end of this paper. Miniprint is easily read with the aid of a 
standard magnifying glass. Full size photocopies are  included  in the 
microfilm edition of the Journal that  is available from  Waverly Press. 

with the disaccharide, Manal-SMan,  and some of the phos- 
phosaccharide cores are  neither glucosylated nor phosphoryl- 
ated at Man-2 (McConville et al., 1990b). Thus, the  LPGs of 
L. mexicanu and L. donouani have more structural  features  in 
common with each other than with L. major LPG. 

All but one of the capping oligosaccharides in  the promas- 
tigote LPGs of the  three Leishmania spp. contain within them 
a  Manal-2Man motif (see above). It is, therefore, tempting 
to speculate on the existence in  the  three Leishmania species 
of a Man(a1-2) mannosyltransferase. The activity of such a 
putative enzyme would result in the signal for cessation of 
LPG elongation with the formation of a  chain-terminating, 
Manal-2Man-containing oligosaccharide.  One of the striking 
observations of LPG  structure  has been the recent finding 
that  the  LPG of L. major (Sacks et al., 1990) and L. donouani3 
doubles in size during the process of metacyclogenesis, in 
which the promastigote form of the parasite differentiates 
from a logarithmically grown noninfective to a  stationary 
phase infective organism. The doubling in size is mainly due 
to  an approximate doubling in the number of repeat units  in 
the metacyclic version of LPG. The increase in size of LPG 
has been hypothesized to enable the parasite to escape com- 
plement-mediated damage upon inoculation of the human 
host with the parasite (reviewed by Sacks, 1989). Thus,  a 
chain-terminating mannosyltransferase may  prove to be one 
of the key regulatory enzymes in LPG biosynthesis. 

The refinement of LPG  structure described herein may be 
useful in  understanding  structure-function relationships. 
LPG expression has been proposed to be important in a 
variety of functions, in addition to enabling the parasite to 
avoid complement-mediated damage as mentioned above. 
Other proposed functions include (i)  attachment of parasites 
to  the epithelial cells that line the midgut of the  sand fly 
vector (Davies et al., 1990), (ii) complement activation 
(Puentes et al., 1988), (iii)  attachment  and  entry in host 
macrophages (Handman  and Goding,  1985; Talamas-Rohana 
et al., 1990), and (iv) survival within the phagolysosomal 
compartment (Turco, 1990). Furthermore, elucidation of the 
complete structures of LPGs from related species and  their 
subtle structural variations may lead to  an understanding of 
the diverse tissue tropisms of the various Leishmania species 
and  their consequent pathogenesis. Ultimately, Leishmania- 
specific cytotoxic agents might be  developed with this surface 
glycoconjugate as  the target. 

S. J. Turco, unpublished observations. 
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