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1. Intro duc tion

In devel op ing coun tries giar di a sis is among the 10 most com-

mon infec tions affect ing humans (Paw low ski, 1984; Hu ang and 

White, 2006) and is widely prevalent in chil dren, caus ing diar rhea 

and mal nu tri tion. Giar dia presents the tro pho zo ite form, which 

col o nizes the small intes tine and in the gut lumen tro pho zo ites 

dif fer en ti ate into cysts, which pass out with the host’s feces. Stud-

ies car ried out in recent years have shown that organ elles such as 

mito chon dria, per oxi somes, and Golgi com plex are absent (or con-

tro ver sial) in tro pho zo ites (Re in er et al., 1990; Lu jan et al., 1995; 

Lanf red i-Ran gel et al., 1999; Marti and Hehl, 2003).

The dis cov ery of mito chon drion-related organ elles such as 

hy dro geno somes (Lind mark and Muller, 1973) and mi to somes 

(Mai et al., 1999; Tovar et al., 1999, 2003) in eukary otes that lack 

typ i cal mito chon dria has revived inter est con cern ing the ori gin 

and evo lu tion ary aspects of the endo sym bi o sis-derived organ elles 

of eukary otes.

Mi to somes are bounded by dou ble-mem branes and are found 

in uni cel lu lar eukary otes, includ ing Ent amoeba his toly ti ca (Mai et 

al., 1999; Tovar et al., 1999) and mi cro spo rid i ans (Wil liams et al., 

2002). Mi to somes were iden ti fied in Giar dia lamb lia (Tovar et al., 

2003) and thus, Giar dia con tains these rem nant organ elles. They 

are bounded by dou ble-mem branes which play a role in iron–sul-

fur pro tein mat u ra tion and other func tions mainly related to mito-

chon dria. Some groups claimed that this find ing could indi cate that 

Giar dia is not prim i tively am i toc hond ri al and that it has retained 

a func tional orga nelle derived from the original mito chon drial 

endo sym bi ont ances tral (Tovar et al., 2003).

Car di o lipin (CLP1) is a phospho lipid located exclu sively in 

energy trans duc ing mem branes. It is a typ i cal com po nent of bac-

te rial plasma mem brane and is also pres ent in the inner mito chon-

drial and in chlo ro plasts mem branes (Maf tah et al., 1989), and in 

hy dro geno somes (de And rade Rosa et al., 2006). Since car di o lipin 

was dem on strated in these cell struc tures, its iden ti fi ca tion in 

mi to somes would cer tainly be expected. In eukary otes this is a 

lipid that is syn the sized in the mito chon drion, where it remains 

through out the life of the cell. There fore, the pres ence of CLP in 

mi to somes would be an addi tional argu ment for the hypoth e sis of 

a closer prox im ity with mito chon dria and the sym bi otic ori gin of 

this orga nelle.

 1 Abbre vi a tions used: CLP, car di o lipin; TLC, thin-layer chro ma tog ra phy;HPLC, high-

pressure liquid chro ma togr a py;NAO, 10-N-no nyl acri dine orange;JC-1, 5,59,6,69-tet-

ra chloro-1,19,3,39-tet ra eth yl benz im i daz ol yl car bo cy a nine iodide; PBS, phos phate-

buf fered saline; ADP, aden o sine diphos phate; ATP, aden o sine tri phos phate; DNA, 

deoxy ri bo nu cleic acid; PLDc, phos pho li pase D; PG, phos phat i dyl glyc erol; CDP-DAG, 

CDP-diac yl glyc erol; TMP, Trans Mem brane Potential. 
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Giar dia lamb lia is a pro to zoan par a site with many char ac ter is tics com mon among eukary otic cells, but 

lack ing other fea tures found in most eukary otes. Car di o lipin is a phospho lipid located exclu sively in 

energy trans duc ing mem branes and it was iden ti fied in mito chon dria, bac te ria, hy dro geno somes and 

chlo ro plasts. In eukary otes, car di o lipin is the only lipid that is syn the sized in the mito chon dria. Bio chem-

i cal pro ce dures (TLC, HPLC) and fluo res cent tools (NAO) were applied in order to search for car di o lipin 

in G. lamb lia. In addi tion, BLAST searches were used to find homo logs of enzymes that par tic i pate in the 

car di o lipin syn the sis. Car di o lipin syn thase was searched in the Giar dia genome, using Sac cha ro my ces ce re-

vi si ae and Myco plasma pen e trans sequences as bait. How ever, a good match to G. lamb lia related pro teins 

was not found. Here we show that mi to somes of G. lamb lia appar ently do not con tain car di o lipin, which 

raises the dis cus sion for its endo sym bi otic ori gin and for the pre vi ous pro posal that Giar dia mi to somes 

are mod i fied mito chon dria.
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In an attempt to point out one more bio chem i cal sim i lar ity 

between mito chon dria and Giar dia mi to somes, this work aims to 

iden tify car di o lipin in such struc tures, apply ing the tech niques 

that were used for the iden ti fi ca tion of CLP in Tri trich o monas foe-

tus hy dro geno somes recently pub lished (de And rade Rosa et al., 

2006).

2. Mate rial and meth ods

Cell cul tures. G. lamb lia strain WB (Amer i can Type Cul ture Col-

lec tion, No. 30957) was cul ti vated in TYI-S-33 medium enriched 

with 10% heat-inac ti vated fetal bovine serum at pH 7.05, with out 

added vita mins, iron, or anti bi ot ics, but sup ple mented with 0.1% 

bovine bile (Ke is ter, 1983) for 48–72 h, at 37 °C. Cell cul tures of T. 

foe tus (de And rade Rosa et al., 2006), a cat tle par a site har bor ing 

hy dro geno somes and Sac cha ro my ces ce re vi si ae (Pere ira-Ne ves and 

Benchi mol, 2007), which are mito chon dria-har bor ing organ isms, 

were also used as con trol in all the exper i ments. G. lamb lia and T. 

foe tus were used at a con cen tra tion of 6 £ 106 and 4 £ 106 cells/ml, 

respec tively, for TLC exper i ments.

Fluo res cent Detec tion of CLP using 10-N-no nyl acri dine orange 

(NAO). (Gal let et al., 1995). Living cells were stained with dif fer ent 

con cen tra tions of NAO (Molec u lar Probes, Eugene, OR), 100 nM, 

500 nM, 1 lM, and 5 lM, for 10–15 min and exam ined in an Ax i op-

hot II Zeiss micro scope.

2.1. Mito chon dria stain ing

5,59,6,69-tet ra chloro-1,19,3,39-tet ra eth yl benz im i daz ol yl car bo cy-

a nine iodide (JC-1) (Ber nardi et al., 1999) and Mi to trac ker (Molec-

u lar Probes, Eugene, OR) are selec tive dyes for polar ized mito chon-

dria mem branes under appro pri ate load ing con di tions, where 

they fluo resce with an inten sity pro por tional to the DWm. Living 

cells were washed twice in phos phate-buf fered saline (PBS) and 

fur ther immo bi lized on a cover glass treated with poly-l-lysine. 

After wards, the cells were stained with 2 lM JC-1 for 30 min at 

37 °C or 1 lM Mi to trac ker for 15 min at 37 °C. The sam ples were 

observed under a Zeiss Ax i op hot II micro scope (Zeiss) and images 

were acquired and pro cessed using a chilled C5985-10 CCD cam era 

(Ham ama tsu, Japan).

2.2. Prep a ra tion of mi to somes frac tion

One liter of cells were chilled and har vested by cen tri fu ga tion 

in a Sorv all RC B ultra cen tri fuge (SS-34) at 1000g for 10 min and 

washed three times by cen tri fu ga tion in ST buffer con tain ing 

250 mM sucrose, 0.5 mM KCl, 10 mM Tris–HCl, 0.5% Tri ton X-100, 

pH 7.2. The pellet was resus pended in 10 ml ST buffer with pro te ase 

inhib i tor cock tail (Sigma Co., USA) and dis rupted in a potter-type 

homog e nizer with tefl on pes tle. The result ing homog e nate was 

sub mit ted to dif fer en tial cen tri fu ga tion. The first cen tri fu ga tion 

was at 680g for 10 min and next, 2760g for 20 min. The result ing 

pellet con tain ing unbro ken cells and cyto skel e ton was dis carded. 

The super na tant was cen tri fuged at 50,000g for 30 min in a Beck-

man ultra cen tri fuge using a type 65 rotor. The pellet, cor re spond-

ing to an enriched mi to some frac tion, was resus pended in 0.5 ml 

of ice-cold ST buffer.

2.3. Lipid extrac tion and sep a ra tion by thin layer chro ma tog ra phy 

(TLC)

Total lip ids were extracted from G. lamb lia (whole cells) T. foe-

tus, enriched mi to somes frac tion and hy dro geno somes. In brief, 

the lipid extrac tion started by add ing 4 ml of chlo ro form:meth a nol:

HCl (2:1:0.075, v/v) to the sam ples in glass tubes (Hor witz and Perl-

man, 1987). After the com plete pro ce dure, the resul tant organic 

phase was dried under N2 gas, quan ti fied gravi met ri cally and then 

recon sti tuted in 90 ll of chlo ro form: meth a nol:H2O (7.5:2.5:0.2 

v/v). Total lip ids were sep a rated by uni di men sional TLC (Hor witz 

and Perl man, 1987). After the chro mato graphic pro ce dure, the TLC 

plate was kept in an exhaus tion cham ber for approx i mately 1 h to 

allow sol vent evap o ra tion. Then the TLC plates were devel oped in 

an iodine vapor atmo sphere and the lip ids of inter est were iden ti-

fied com par ing the rel a tive mobil ity of the spots with the com mer-

cial stan dards used. The spot cor re spond ing to CLP, iden ti fied by 

the rel a tive mobil ity in the sol vent sys tem used, was scraped from 

the TLC plate and CLP extracted from the sil ica after three washes 

with chlo ro form. The CLP-con tain ing sam ple was dried under N2 

and used for HPLC and mass spec trom e try anal y sis as fol lows. CLP 

(MW = 1472) from Av an ti Polar Lip ids (Phil a del phia, PA, USA) was 

used as stan dard.

2.4. High per for mance liquid chro ma tog ra phy (HPLC)

HPLC anal y sis was per formed accord ing the method recently 

described (Singh et al., 2005) using a Shi ma dzu SCL-10AVP Sys tem 

con nected to a UV detec tor (model LC-10AT, Shi ma dzu) with 100 ll 

loop. The col umn used was a Li Chro Cart® 4-4 LiChr o sphere® 100 

RP-18 5 lM HPLC (Merck). The CLP stan dard and sam ples anal y sis 

were obtained by elu tion with iso cratic KH2PO4 buffer (pH 2.7, 

50 mM)-meth a nol (85:15, v/v) and were detected at UV 205 nm. 

The flow rate was 1.0 ml/min.

2.5. Bio in for mat ics

In order to search for sequences with a best match to CLP syn-

thase, we searched sequence-data in G. lamb lia pro tein data base, 

using the sequence of the CLP syn thase already iden ti fied in S. ce re-

vi si ae and Myco plasma pen e trans as bait, using the NCBI-blastp and 

T-Cof fee multiple align ment pro gram.

3. Results

3.1. Fluo res cent detec tion of CLP

The sub cel lu lar local i za tion of NAO with dif fer ent con cen tra-

tions was deter mined by fluo res cent micros copy (Fig. 12). Green 

fluo res cence was observed in the nuclear enve lopes, on the endo-

plas mic retic u lum and in vac u oles, some of which resem bled mi to-

somes due to their local i za tion. When mito chon drial stains were 

used, as Mi to trac ker and JC-1, the fluo res cence had a sim i lar dis-

tri bu tion for that obtained with NAO (not shown). Tri trich o monas 

foe tus (Fig. 2a), a par a site pro to zoon that presents hy dro geno-

somes and S. ce re vi si ae that con tains mito chon dria, were used as 

positive con trol, since both organ elles pres ent car di o lipin. Hy dro-

geno somes (Fig. 2b) and mito chon dria of S. ce re vi si ae (Fig. 2c) were 

stained in red, indic a tive of func tional organ elles.

3.2. Thin layer chro mato graph (TLC)

Thin layer chro ma tog ra phy was per formed using lipid extracts 

obtained from whole cell homog e nate of G. lamb lia, T. foe tus, 

enriched mi to somes frac tion, hy dro geno somes and com mer cial 

car di o lipin as a stan dard (Fig. 3). Fig. 3 shows a rep re sen ta tive TLC 

plate after expo sure to iodine vapors, where one can observe some 

of the major phos pho lip ids (phos pha ti dyl ser ine, phos pha ti dyl in o-

si tol, phos pha ti dyl cho line, and phos pha ti dyl eth a nol amine) that 

are pres ent in the sam ples tested. The CLP spot was not detected in 

G. lamb lia after iodine vapor expo sure, although this spot was seen 

 2 For inter pre ta tion of color men tioned in this fig ure the reader is referred to the 

web ver sion of the arti cle. 
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