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ABSTRACT

lanosterol synthase

animals and fungi:
catalytically important
threonine

trypanosomes:

2,3-oxidosqualene catalytically important lanosterol
tyrosine

Animals, fungi, and some protozoa convert oxidosqualene to lanosterol in the ring-forming reaction in sterol biosynthesis. The Trypanosoma
cruzi lanosterol synthase has now been cloned. The sequence shares with the T. brucei lanosterol synthase a tyrosine substitution for the
catalytically important active-site threonine found in animal and fungal lanosterol synthases.

Designing drugs against pathogenic protozoa is complicatedproducts that are unattainable with conventional metabolic
by two major obstacles: they biosynthesize compounds by studies. Heterologously expressed sterol biosynthetic en-
pathways resembling those of their human hosts andzymes would also be useful for assaying the antitrypanosomal
pathogenic protozoa are often difficult to culture on a potential of sterol biosynthesis inhibitors. Oxidosqualene
sufficient scale for classical biochemical studi&sypano- cyclasé inhibitors® have recently shown substantial promise
soma cruziis a typical example. This causative agent of againstT. cruzi® To facilitate developing drugs against
Chagas’ disease affects-182 million peopl€} but current Chagas’ disease, we have cloned.acruzi oxidosqualene
treatments are inadequate. We are seeking antitrypanosomatyclase gene and have developed a yeast expression system
targets in sterol biosynthesis, which has provided several drugfor the encoded enzyme.

targets in diverse pathogenic eukaryotes. Although animals A GenBank search uncovered tfie cruzi (CL-Brenner

and fungi construct structurally similar sterols, their sterol strain) genomic clone G14J1(0GenBank accession number
biosynthetic pathways have pharmaceutically exploitable AF285826), which encodes a predicted protein similar to
differences Sterol biosynthesis inhibitors originally devel- - . — .

oped as antifungals have promising antitrypanosomal activ-, 0(34%33 e“s”ii‘tiﬁﬂaéﬁagg r;ﬁ;gﬁ“;gﬁ%ggfgﬁiﬁ;? X,?Q?W?;if”
ity.> Recombinant methodology offers a powerful means to vCH: Weinheim, 1998; pp 308307. (b) Wendt, K. U.; Schulz, G. E.;

study trypanosome enzymes without pathogen culture, andCorey, E. J; Liu, D. RAngew. Chem., Int. E®000,39, 2812-2833.
y uyp y . P 9 (5) (a) Abe, I.; Tomesch, J. C.; Wattanasin, S.; Prestwich, GN&x.
heterologous systems can provide amounts of enzymes angyqg. Rep1994,11, 279—302. (b) Morand, O. H.; Aebi, J. D.; Dehmlow,

H.; Ji, Y. H.; Gains, N.; Lengsfeld, H.; Himber, J. Lipid Res.1997,38,
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known oxidosqualene cyclases. This enzyme family convertsindicating that the compound obtained was a product of the
oxidosqualene to cyclic triterpene alcohols that are the recombinanfT. cruzioxidosqualene cyclase.

precursors to membrane sterols. Sequencing revealed that NMR and gas chromatographic studies showed that the
G14J10 could encode a 300 amino acid fragment similar to product was lanosterol. A 400 MH#*H NMR spectrum

the N-termini of known oxidosqualene cyclases. In pursuit contained key signals that are within 0.01 ppm of charac-
of a full-length clone, the fragment was radiolabeled with ieistic lanosterol signa$ ¢ 0.688 (C-18, s, 3 H), 0.810
[a-32P]—dCTP and was used to screedgill T. cruziCL (C-29, s, 3 H), 0.873 (C-30, s, 3 H), 0.911 (C-Zl,]d? 6.4
strain epimastigote genomic librdrysing established pro- Hz, 3 H), 0.981 (C-19, s, 3 H), 1.000 (C-28, s, 3 H), 1.601
tocols? Although nine of~6 x 1 plaques hybridized (C-27,s, 3 H), 1.681 (C-26, s, 3 H), 3.23 (C-3, dck 3.8,
strongly,. no full-length clone was obtained. However, 11.4, 3 H), and 5.10 ppm (C-24, m, 1 H). The alcohol product
sequencing the longest clone (Genbank accession nUMbEY g acetylated with pyridine/acetic anhydride (1:1). Gas
AF285827) ”?Vea'ed that it contained the m|ssmgse- chromatography showed a single signal that comigrated with
quence, and it lacked 0n|y_130 bp from the putative start lanosteryl acetate (retention time of standard relative to that
site. Attempts to PCR-amplify the &nd of the gene from of cholesteryl acetate 1.332; that of sample to cholesteryl

th|_s genomic DNA I|bra}ry| using Glf{ltJlo tclt:ne-sp?_mfl::h acetate= 1.325). Neither cycloartenyl acetate nor parkeyl
primers were unsuccessful, as were attempts to amplity €acetate was observed (<0.5% detection limit).

complete coding sequence from a cDNA pool using spliced o ) o
leader-specific primers. Fortunately, both fragments share a 11€Se in vivo complementation and in vitro product

unique BamH | site, which was used to subclone the two analysis experiments establish that cruzi encodes a
together and reassemble the complete open reading framel@nosterol synthase (Scheme 1). Animals and fungi biosyn-
For complementation studies, the reconstructed codingtheSize sterol from lanosterol, whereas plants biosynthesize

sequence was subcloned into the galactose-inducible integra:

tive yeast expression vector pRS305GAkand the high-
copy derivative pRS426GAL to construct pBJ1.21 and

pBJ1.22, respectively. Lithium acetate was used to tran&form

the Saccharomyces cerevisidanosterol synthase mutant

SMY8 with both constructs. When plated on expression

structurally similar sterols from cycloartenol. Difficulties in
large-scale culture have precluded classical metabolic studies
to establish which rout&. cruziuses. The existence offa

cruzi lanosterol synthase establishes that lanosterolTs a
cruzi metabolite and is consistent with this pathogen using
lanosterol as a sterol biosynthetic intermediate. A similar

medium (1% yeast extract, 2% peptone, 2% galactose, ogrecombinant expression approach established lanosterol as

mg/L heme) lacking ergosterol, strains expressinditheruzi

aT. bruceimetabolite!® and lanosterol biosynthesis has been

oxidosqualene cyclase grew similarly to a positive control démonstratedt in the kinetoplastidCrithidia fasciculata
(SMY8 expressing native yeast lanosterol synthase from the Thus, kinetoplastids apparently utilize a different initial cyclic

same plasmid)? A negative control (SMY8 with empty

intermediate from most other protists (including the amoebae

vector) required ergosterol to grow. These experiments showAcanthamoeba polyphaga Dictyostelium  discoideur?
that the T. cruzi oxidosqualene cyclase gene genetically Naegleria lovaniensisaind N. gruberii® and the euglenids
complements the yeast lanosterol synthase mutant, suggestinfuglena gracili§” andAstasia long&'), which biosynthesize

that it encodes a lanosterol synthase.

The high-copy construct was used to transform the

squalene synthasdanosterol synthase double mutant LHY4

sterol from cycloartenol as plants do.

The reconstructed 2.7 kidp cruzilanosterol synthase gene
encodes a predicted 902 amino acid protein that is 67%

to analyze the enzymatic properties in vitro. An extract identical to that ofT. brucei!® 28—35% identical to other

prepared from a 1-L culture (8 g of yeast) of the LHY4-
[pBJ1.22] transformant was incubatédith 20 mg (0.5 mg/

mL) of racemic oxidosqualené.After 24 h at 25°C, the
reaction was quenched with 2 volumes of ethanol,
product was isolated essentially as describe@olumn

chromatography (5:1 hexane/methylene chloride) provided

8.2 mg of product (82% vyield). The control yeast strain

containing empty vector did not cyclize oxidosqualene,
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Scheme 1. Animals and Fungi Cyclize Oxidosqualene to Lanosterol
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known cycloartenol synthasé®:23Interestingly, theT. cruzi

cycloartenol synthaség?2® This threonine/tyrosine di-

andT. bruceilanosterol synthases have a significant sequencechotomy is catalytically important. Thes. cereisiae

difference (Figure 1) from the mammalian and fungal
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Figure 1. Animal and fungal lanosterol synthases frof
cereiisiag!2?2Candida albicang?2Schizosaccharomyces ponibe
Rattus norvegicud?d¢and Homo sapier’"9 maintain a tyrosine

at a catalytically important residue (at a position corresponding to
S. cereisiae Thr384). Cycloartenol synthases frddn discoideunit®

A. thaliang?32 Pisum satium23® Panax ginseng3¢ Glycyrrhiza
glabra23f and Luffa cylindrica3¢ maintain tyrosine at the corre-
sponding position, as do the trypanosomatid lanosterol synthase
from T. brucet® andT. cruzi(this work).

Thr384Tyr lanosterol synthase mutant is inaccutao-
ducing substantial amounts of parkeol and lanost-24-ene-
3/,9a-diol. The converse Tyr410Thr mutant in tAeabi-
dopsis thalianaycloartenol synthase converts oxidosqualene
to lanosterol and @lanosta-7,24-dien-34-ol but forms no
cycloartenoP® To abolish parkeol and lanost-24-eng;3o-

diol production and maintain accurate lanosterol biosynthesis,
the T. cruzi lanosterol synthase must have one or more
additional catalytically relevant differences from animal and
fungal lanosterol synthases. These presumptive compensatory
changes are not among the known catalytically relevant
lanosterol synthase residues @ cerevisiaenumbering:
His146, His234, Val454, and Asp456)% the T. cruzi
lanosterol synthase maintains these residues.

The T. cruzilanosterol synthase Tyr540 residue corre-
sponds to the active-site S307 residue inAlieyclobacillus
acidocaldariussqualene-hopene cycla¥ehe crystal struc-
ture of which has been solvé@¥.The T. cruzi lanosterol
synthase Tyr540 and the corresponding threonine in the
animal enzymes are therefore probably active-site residues.
This active-site difference between human and kinetoplastid

Sanosterol synthases presents an attractive chemotherapeutic

target. Because the tyrosine phenol is more readily ionized

lanosterol synthases, which conserve a threonine residue at (24) Meyer, M. M.; Segura, M. J. R.; Wilson, W. K.; Matsuda, S. P. T.

position 384 (S. cerevisiaeumbering). TheT. cruzilano-

Angew. Chem2000,112, 4256—4258Angew. Chem., Int. E®000, 39,
4090—-4092.
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