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SUMMARY

Endocytosis in the parasitic protozoanrypanosoma brucei
a deeply divergent eukaryote, is implicated as important
in both general cellular function and virulence, and is
strongly developmentally regulated. We report the
characterisation of a previously undefined endosomal
compartment in T. brucei based on identification of a
new trypanosome gene TbRAB11) homologous to
Rab11/Ypt31. Northern and western analyses indicated
that ToRAB11expression was significantly upregulated in
the bloodstream stage of the parasite, the first trypanosome
Rab to be identified with a developmentally regulated
expression profile. In procyclic form parasites TbRAB11
localised to a compartment positioned close to the basal
body, similar to mammalian Rabll. By contrast, in
bloodstream form  parasites, TbRAB11-containing
structures were more extensive and the TbRAB11
compartment extended towards the posterior face of the

to the basal body. Colocalisation studies by light and
confocal microscopy demonstrated that TObRAB11 was
located on a compartment that did not correspond to other
established trypanosomal organelles or markers. Using
concanavalin A internalisation and temperature block
procedures, TbRAB11 was observed on endomembranes
anterior to the flagellar pocket that are juxtaposed to
the collecting tubules. TbRAB11 colocalised with the
trypanosomal transferrin receptor and internalised anti-
variant surface glycoprotein. Further, we show that the
collecting tubules contain TORAB5A, suggesting that they
are the trypanosomatid early endosome. Hence, TbRAB11
is present on endosomal structures that contain recycling
cargo molecules and is under developmental regulation,
suggesting a role in stage-dependent endocytic processes.
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nucleus, was more elaborate and was not always adjacent pocket

INTRODUCTION displaced from Sed5p by Yptlp (Lupashin and Waters, 1997)
permitting trans-SNARE complex assembly. Rab proteins
Rab proteins are a subgroup of the Ras superfamily of smalemselves are insufficient to ensure complete targeting fidelity
GTPases involved in regulation of intracellular vesicleas a Yptlp/Secd4p chimera can act at two transport steps
trafficking (Nuoffer and Balch, 1994). These proteins localisevithout compromising cargo sorting (Brennwald and Novick,
to specific membrane structures, for example, Rab5 is fourtP93). Rab proteins are also implicated in interactions with the
uniquely on early endosomes (Bucci et al.,, 1992) and thisytoskeleton (Echard et al., 1998).

localisation suggests that Rabs act as specificity determinantsEndosomal endomembrane compartments can be viewed as
in vesicular trafficking processes (Ferro-Novick and Novick,being at the crossroads of flux through the endocytic and
1993). Accurate vesicle targeting involves multiple levels oecretory pathways (Lemmon and Traub, 2000). For example,
regulation and fidelity mechanisms operate at three or moia S. cerevisiagendosomal elements receive secretory traffic
distinct stages: vesicle budding, trafficking of vesicles througlirom Golgi elements and endocytosed material from the cell
the cytoplasm, and fusion of the vesicle with the targesurface (Vida et al., 1993; Mulholland et al., 1999). Cargo is
membrane (Chavrier and Goud, 1999). In support of &orted in endosomes such that vacuolar destined proteins are
regulatory role in vesicular trafficking Rabs have beerrouted to the late endosomal prevacuolar compartment while
implicated at each of these steps (Jedd et al., 1997; Echardirternalised resident surface membrane proteins may be
al., 1998; Ungermann et al., 1998) and are considered to berecycled to the surface along with nascent plasma membrane
an activated state when bound to GTP. Formation of trangroteins delivered from the Golgi (Gerrard et al., 2000;
SNARE complexes involves regulatory factors including theViederkehr et al., 2000). Mammalian cells appear to possess
Secl-like proteins; correct functioning of these factors i® more complex endosomal network. Endocytosed material
regulated by Rab proteins such as Slylp (a Secl-like proteinitially traffics to early endosomes, regions characterised by
involved in ER to Golgi traffic irSaccharomyces cerevis)ae the presence of Rab5 (Bucci et al., 1992), and may be targeted
which, subsequent to recruitment to the t-SNARE Sedbp, i® late endosomes and ultimately lysosomes, recycled through
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Rab4-positive peripheral endosomal elements (Bottger et alzeneClean (BIO101). Mini-preps were conducted using Spin kits
1997) or recycled through deeper, centriole-proximal Rab11from Qiagen.
containing recycling endosomes (Ullrich et al., 1996). :

Northern analysis

Trypanosoma brucés a parasitic protozoan with a digenetic _ _
life cycle. The procyclic form (PCF) resides within the tsetseTOta‘l'g'fﬂ')A g;;'sv(’;itfgsgﬁg dﬁt(ﬁrgsg%ng EeSnFaEJ?ir l?;'}fgfﬂgg&i‘;g%'ee;el
le whereas th(_a bIoodstream form (B.SF) infects mamf“a's an arry and Alphey, 1994), blotted onto nylon membranes (Sambrook
is exposed to Immunqloglcal recogn't'on' BSF parasites ha al., 1989) and crosslinked using a UV Stratalinker (Stratagene) and
a surface coat comprised predominately of the GPI-anchorgfpigised overnight with a probe generated by the random priming
variant surface glycoprotein (VSG; Ferguson, 1997). Throughethod (Parry and Alphey, 1994) using the fUBRAB11open
antigenic variation, antigenically distinct VSG isoforms arereading frame (ORF) as a template. Membranes were washed three
expressed throughout an infection (Pays et al., 1994), ensuritigies for 20 minutes in 0:2SSC/0.1% SDS before exposure against
that the host is unable to accumulate levels of anti-VS&-Ray film (Kodak).

antibody sufficient to clear the infection. Large quantities of | )
VSG are constitutively internalised at a specialised region o?'on'ng and_eXpress'on of ToRABIL R
nd 3 regions of aRabllhomologue ThRAB1} were identified

@l
the plasma membrane known as the flagellar pocket (Duszenﬁo chearod DNA clones in the TIGR.  brucel database

and Seyfang, 1993), the sole site of endocytic membrarg, , iiqgr orgjtab/mdbitodblindex.htmi). Primers to the ends of the
transport. The vast majority of internalised VSG is recycled t 2ab11homologue were used to amplify a product of approximately
the plasma membrane (Seyfang et al., 1990). IgM and 19G anfisg by, that was cloned into pCR-Script (Stratagene). Sequencing of
VSG antibodies may be generated faster than the VSG switclie product followed by BLAST analysis confirmed this gene as being
but addition of anti-VSG antibody in vitro results in highly homologous toRabll The nucleotide sequence has been
internalisation and recycling of the anti-VSG/VSG complexesgeposited at GenBank, accession number AF152531THRAB11
during this process the antibody is proteolytically degraded, b@RF was cloned into the expression vector pGEX-2TK (Pharmacia)
the VSG is returned intact to the plasma membrane. Hencesing the 5 primer Tbh11XF, which contained &anH! site

trafficking of VSG through the trypanosome endosomal systedf?ACGTGGGATCCATGGAAGACCTGAACCTT) and the Brimer
is likely to be important in immune evasion (O'Beirne et al. Th11XB which contained akcoRl site (TCTGTCATGAATTCGT-

1998) "TAACAGCACCCGCCACT). The amplified product was cloned into

The ultrastructure of the endocytic networkTobruceihas the expression vector. All ‘constructs were verified by DNA
. ; equencing with a 377 DNA sequencer (Perkin Elmer) using Dye
been described (Webster, 1989; Brickman et al., 1995§-.q J a ( ) 9y

i VTR . - erminator chemistry.
Following internalisation via coated pits at the flagellar pocket,
endocytic cargo is delivered to tubular structures terme&ecombinant protein expression and production of
collecting tubules, where sorting occurs. Material destined forntibodies
degradation (e.g. transferrin) is targeted to lysosomes where@8RAB11 was expressed as a GST-fusion protein from pGEX-2TK
recycling cargo (e.g. VSG) is returned to the flagellar pockein E. coli BL21 (Stratagene). Protein was purified on glutathione-
Whether these collecting tubules represent a homogenoggPharose 4B (Pharmacia) and cleaved to release TbRABLL by

membrane population has not been determined. To gain insigffuPation at room temperature with thrombin (New England Biolabs)
into collecting tubule organisation, VSG turnover and othe or 30 minutes. Cleaved protein was quantitated and verified by SDS-

docvti hani h terising the t AGE followed by Coomassie staining. The released Rab protein was
enaocylic mechanisms we aré characterising the rypanosomg. 1o rajse polyclonal antibodies in mice and rabbits using the

endocytic system at the molecular level. Several qonsti'gutivelmpHTDMJ,CWS adjuvant system. 1@@ protein was administered
expressed endosomal Rabs have been characterised, includifighe rabbit and 2Qg protein to each mouse every injection. This
TbRABSA and TbRABSB, implicated as early endosomal, andegime was repeated six times in each case. Affinity purified
TbRAB4, potentially involved in a recycling pathway (Field etantibodies were isolated using recombinant protein coupled to CNBr-
al., 1998). More recently we reported on TORAB31, localisedictiviated-sepharose 4B (Pharmacia). Recombinant protein was
to the trangGolgi complex, and which may also have a role inbound to the beads according to the manufacturers instructions and
recycling processes (Field et al., 2000). Here we describe'@maining reactive groups blocked with 1 M ethanolamine, pH 8.0 for
developmentally regulated Rab (TbRAB11), which is2 hours at room temperature. The resin was resuspended in 5 bed

; ; ; ; A - volumes of 10 mM Tris (pH 7.5) and transferred to a Poly-Prep
g?,ﬁ“fhaetet?y'g;xsrfﬁgl;?gnfféﬁ?nﬁgé:&g?ored proteins: VSGyo1umn (BioRad). The resin was successively washed with 10 bed-

volumes 10 mM Tris (pH 7.5), 10 bed-volumes 100 mM triethylamine
(pH 11.5) and finally with 10 mM Tris (pH 7.5). Subsequent to
loading, the column was washed with 20 bed-volumes 10 mM Tris
MATERIALS AND METHODS (pH 7.5) and 20 bed-volumes 500 mM NaCl, 10 mM Tris (pH 7.5).
Acid-sensitive antibodies were eluted with 10 bed-volumes of 100
Chemicals, buffer components and media were from Sigma and of tmeM glycine (pH 2.5). 1 ml fractions were collected directly onto 100
highest grade available, unless otherwise indicated. Culture adaptgtll M Tris (pH 8.0).
BSF and PCH. brucei bruceiparasites, strain 427, were grown as ]
previously described (Field et al., 1998). Standard molecular biolog$ TP hydrolysis assay
methods were carried out as described (Ausubel et al., 1994), unlegs3 Pase activity was determined as described (Foster et al., 1996) with
indicated. Nitrocellulose and nylon membranes for western andhodifications (Field et al., 2000). GST-fusion protein was purified as
northern blotting were from Amersham. Plasmids were grown irabove, omitting the thrombin cleavage and verified by SDS-PAGE.
Escherichia coliXL1-Blue (Stratagene), unless otherwise described Approximately 2Qug of protein was loaded witkt{32P]GTP (10uCi;
following electroporation with a BTX600 ECM electroporator. PCR 400 Ci/mmol; Amersham) in 50 mM Tris-HCI (pH 7.5), 50 mM NacCl,
was performed using a 480 Thermal Cycler (Perkin Elmer) Rith 5 mM EDTA, 0.1 mM ethylene glycol-big{aminoethyljp,n,n,rn
polymerase (Stratagene) and gel embedded DNA purified usingtraacetic acid (EGTA), 0.1 mM dithiothreitol (DTT), 10 mM ATP
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at 37°C for 10 minutes in a total volume of 100Beads were washed incubation, cells were washed twice in PBS, fixed for microscopy and
three times at 4°C in buffer (50 mM Tris-HCI pH 7.5, 20 mM MgCIl co-stained using mouse anti-TbRAB11 antibodies. Rabbit and mouse
1 mM DTT and 1 mg/ml bovine serum albumin (BSA)). Samples werantibodies were visualised as described above.

resuspended in wash buffer prewarmed to 37°C. Samples were taken )

and added to an equal volume of ice cold quench buffer (5 mM EDTABioInformatics

50 mM GTP, 50 mM GDP) and bound nucleotide eluted by incubatioBLAST searches were conducted at NCBI

at 65°C for 5 minutes in elution buffer (1% SDS, 20 mM EDTA). (www.ncbi.nlm.nih.gov/blast) and th& bruceidatabase at TIGR
Elutes were spotted onto polyethyleneimine-cellulose plates (Merckwww.tigr.org/tdb/mdb/tbdb/index.html). Sequence alignments were
and resolved by thin layer chromatography (TLC) in 0.75 MR&, performed using ClustalX and presented as SeqVu 1.1 documents.
(pH 3.4) and visualised on a phosphorimager screen (Moleculdhylogenetic reconstruction was done using PAUP release 4.0.
Dynamics). Following conversion of the data to TIFF, GDP/GTP

ratios were calculated using NIH Image v.1.59.

Immunochemistry RESULTS

Trypanosome cell pellets (1@ells) were resuspended in 100 P . .
boiling sample buffer and resolved by SDS-PAGE. Proteins Werédentlflcatlon (_)f a Rab11 homologue n T. brucei
electrophoretically transferred to nitrocellulose membranes by semiVe have previously described three trypanosomal Rabs, 4, 5A
dry electrophoresis under standard conditions for 40 minuteind 5B, which are involved in endosomal endomembrane
Equivalence of loading was verified by Ponceau-S (Sigma) staininglynamics. To further extend understanding of Thebrucei
Nonspecific binding sites were blocked in BLOTTO (0.2% Tween-20endosomal system we searched the database for additional
5% freeze dried milk, phosphate buffered saline pH7.6 (PBS)lendosomal Rab sequences. tBLASTn analysis of the TIGR
Antibodies were also diluted in BLOTTO. Rabbit or mouse anti-phrycei database identified two shotgun sequences (TIGR

TbRAB11 were used at 1:1000 and 1:100, respectively, and deteCt‘éPoneS' 8B12, 403) that encodeda®d 3 regions of a gene
with mouse anti-rabbit horseradish peroxidase conjugate (Sigma) Qr. ) ’

- . " . . th homology to mammalian Rabll. PCR allowed
gg;ﬁuggfe”\jv%‘fge{‘e"gfee(ﬁ‘;‘i';hE@[‘;ﬁgggﬁt_“”‘“gate (Sigma). Boua(#nplification of a full-length ORF 648 bp in length that codes

for a protein with a predicted molecular mass of 23.5 kDa.
Immunofluorescence Southern analysis indicates this gene is present as a single copy
Indirect immunofluorescence microscopy was performed aédata not ShOWﬂ). The translated ORF is 85% similar and has
previously described (Field et al., 1998). Antibodies were used at tf81% identity with a recently identified Rab geneTincruzi
following dilutions: rabbit anti-TbRAB11 1:500; mouse anrti-
TbRAB11 1:50; rabbit anti-TbRAB5A 1:200; rabbit ai

ThCLH 1:1000; mouse monoclonal anti-p67 1:1000 (gift « Ty il E'\TAN FTERV VTG DSGVEKSNLM o
Bangs, Madison); mouse monoclonal BB4 L:1 (gift of K. ¢ yeip 1 Y52 SR YO B B U HERCIVIENE BREVE RS NLlL =
Manchester), rabbit anti-trypanosome transferrin rec AtRabllp 1 MAGYRVEDDIYDYLIEKVV|[LIIGDSGVGKSNL|L 30
1:1000 (gift of P. Borst, Amsterdam). Secondary antibo TbRABL 1p 25 |T[R|Y[T|A DIEF|SOD TP AT TGV E FMTIKS I'K T EGIR s
anti-rabbit Cy3 (Sigma) and anti-mouse FITC (Sigma), e ;‘;E’Qﬁ v @ E",fﬁ? LE EEE -
used according to the manufacturers instructions. MmRabitp s SIRIFITIRINE FN LE S K S|T I GV E FIAIT|RS 10V DG[K =
trypanosomal GO|g| Complex was stained using BODIP) AtRabllp 31 [S|R[F[TIKINE FIN LIE SKIS|T I GV E FIA[TIR'T LKV DIGIK 60
ceramide (Molecular probes) as previously described (Der Tt = AR T AC O RER - e By < a =
al., 2000; Field et al., 2000). Cells were observed either mptglgn 61 $ : ﬁﬁo :wg¥ﬁg OE RS :2 : $§f\¥g¥ 89
Nikon Microphot-FX epifluorescent microscope attached AiRabiip & VVIKIAG IWDTAGOE RYVIRI- AL TISA IVIRGAIVIGA o
Photometrics CH350-CCD camera or with a Laser Scal TORABLIp % ML YD T|TNOTSEDS IS TWIOELRAEVPATC 115
Microscope 510 (Zeiss). Images were false-coloured TecRABLlp ss CSSMNIIITNQTSFEDS | P TQ flv FVPATC 114
. Ypt31p 9 LIVYDIISKSSSYENCNH SIELREENADDNYV 119
assembled using Adobe PhotoShop. MmRabllp s L L|VYD I/JAKHLTYENVERWL|KIELRDHADISN I 117
AtRabllp 9 LLVYDIVTRRATEENVDR KIELIKNHTDP NI 119
FITC-concanavalin A uptake TbRABL 1p 114 S | F[L]I[GNK|C[D LIE[FT RV LK K[E]V A D R[FA|R E[N|G 143
Concanavalin A (ConA) uptake was moniored as deser [ 1 R4 [ 13 ] i e A z$5 i
wih modifcations (Brickman et al, 1095). Upake ' iy b VUMIVENESBLNALEAN: 1802k TAE SRS
ollowed by incubating parasites in 1 ml of mec
containing 10Qug FITC-ConA (Vector Labs). For pulse-ch: Tomgris® 1ae [HRIE[EE T3 A LIEKLIN VB K|A FIEW C A KS VIV[B PNV 132
experiments, parasites were harvested at mid-log phase, v #3110 |HUEITE TSALN s EINVIDKIA FIEE L | NT Ifvlo Klys 1o
once and resuspended at a density 8fpEdasites/ml in seru AtRabllp 150 [LICIEIMIE TS A LIEAITNVIEDIA FIJAEV LI TQUNIR ITTS 179
free media pre-equilibrated at 4°C. 1j09 of ConA was adde ToRABL 1p 174 APV DSAA TG KRPP - LNJAGAAAKKPVNLSPS 20
per 10 cells and parasites incubated for 10 mini [P o REVE AAGERALE -N,k@eﬁ LI N
Subsequently, parasites were washed in serum-free 1 MmRabilp 1786 QK QMEIERRE - - - - - -HDESERE N VEIPIH VIR 20
resuspended in media pre-equilibrated at the desired temp it w0 © 0z
and incubated for 30 minutes. Biotinylated-ConA (Vector L Gl oy Y B e o
was used for lysosomal visualisation and FITC-ConA fo ypislp o210 TENENKKANG - - - NNECI- - - 223
mRabllp 202 P T T E N KPIKIVQ CIQ NI 216
other assays. AtRablip 202 INDV SIA'L K LG- - - - - cls N - 216
Anti-VSG uptake Fig. 1. TbRAB11 is a Rab11 / Ypt31 homolog. ClustalX alignment of
Al manipulations were conducted using HMI9/ the predicted translation of the ORF of TbORAB11 with its closest
BSA/protease inhibitors (Mini Complete, Sigma). BSF para kinetoplastid, mammalian, yeast and plant orthologues identified by
expressing VSG 221 were cultured in media for 1 hoi BLASTp analysis at GenBanKc, T. cruzi; At, A. thaliana; Mm, M.
10’parasites/ml. Rabbit anti-VSG 221 (gift of A. Pal) was ac musculus; Ypt, S. cerevisiggoxes indicate identity and shading

at 10 pg/ml and cells incubated at 37°C for 1 hour. A similarity.
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TcRAB11 The TcRAB11 protein has been suggested t

localise to lysosomal regions (Mauricio de Mendonca et al Bsf Pef B Bsf Pcf
2000). The closesSt. cerevisiachomologue toTbRAB11 67—

YPT31 a gene whose product is implicated in traffic exiting

the trans-Golgi network (TGN) (Jedd et al., 1997), exhibits 4.4-

48% identity and 68% similarity. The nearest mammaliar 94— 43 -
homologue,Mus musculus RablVmRabl}, shares 50% : 30—
identity and 73% similarity. MmRabll is involved in 13— -
trafficking from the TGN in addition to regulating traffic flux ’ :

through pericentriolar recycling endosomes (Chen et al., 199 20—

Ullrich et al., 1996). TbRAB31 is a Golgi-localised Rab that -

is also closely homologous to mammalian Rab11 (Field et al rRNAL_u
2000).TbRAB31shares 32% identity and 53% homology with
TbRAB11but is distinct by phylogenetic analysis, forming an C
outgroup with TbRAB2, whereas TbRAB11 groups with
TbRAB4(data not shown). Finally, the closest plant homologut GDP ' '

is Arabidopsis thaliana Rab1(AtRab1). This gene product
possesses 54% identity and 74% similarity. A full alignmen
of protein sequences (except for TORAB31) is shown in Fig
1. As anticipated for a fully functional Rab the four nucleotide
binding regions are conserved, as is the C-terminal prenylatic
motif.

% Hydrolysis

GTP

od- .
]

60

L
+

TbRABL11 is developmentally regulated

We have information of the expression profile of six GTPase :
in T. brucej _aII of whic_h are consti_tutively expressed_(FieId et 12 3 4
al., 1995; Field and Field 1997; Field et al., 1998; Field et aI‘Fig. 2. TbRAB11 is a developmentally regulated GTPase.

1999). By contrast, northern blot analysis using full length Ay Northern blot analysis demonstrating that BSF parasites express
TbRAB11as a probe revealed a moderately abundant transcritpRAB1ImRNA at a higher level than PCF. Total RNA was isolated
at approximately 3 kb in the BSF stage, which was barelfrom 10 cells and resolved on a formaldehyde gel. After transfer to a
detectable in the PCF stage (Fig. 2A), suggestingittRAB11  nylon membrane the blot was probed with the full leAgiRAB11
expression is developmentally regulated at the mRNA level. AORF. Positions of RNA standards in kb are shown to the left and
trypanosome gene expression is predominantly controlled at t|ethidium brc_Jmide stain of the rRNA ban_ds shown as a control for
post-transcriptional level, we extended analysis to the proteloading equivalence at the base of the figure. (B) Wester blot
level. Rabbit polyclonal antibodies raised against recombinai2nalysis with affinity purified anti-ToRAB11 generated in rabbits
TbRAB11 recognised a single band at approximately 24 kDYSing full length recomblnan_t protein as antigen. Fresh parasite
that was sianificantly more abundant in BSF Ivsat m r(:ultures were resuspended in protein sample buffépd@site

. gninicantly more abunda ysates compa Eequivalents loaded in each lane and resolved on a 12% SDS-
with PCF (Fig. 2B). Equivalent loading of PCF and BSF lysate gy acrylamide gel. After electrophoretic transfer to nitrocellulose,
was verified by Ponceau S staining of the blot (data not showrequivalence of loading was checked by Ponceau S staining.
Reactivity was completely abolished by preincubation of theviolecular weight standards are indicated to the left in kDa.
antibody with recombinant TbRAB11 confirming specificity (C) GTPase assay using recombinant GST-TbRAB2 (lanes 1,3) and
(data not shown). GST-TbRABL11 (lanes 2,4). Recombinant protein loaded with [

Several GTPase-deficient Rab proteins have been identifi®?P]GTP was incubated at 37°C for 0 minutes (lanes 1,2) or for 60

in T. brucei(Field et al., 2000; T.R.J. and M.C.F., unpublished) Minutes (lanes 3,4). After incubatiom-f?PJGDP was separated
from [0-32P]GTP by thin layer chromatography. (D) Graphical

hence we wished to determine directly if TORAB11 was ar _ g .
: W representation of GTPase activity of recombinant GST-TbRAB2 (
authentic GTPase. We compared the GTPase activity nd GST-TbRAB1L ). Recombinant protein loaded with-[

recombinant GST-TbRAB11 fusion protein expressedin 32P)GTP was incubated at 37°C for 0, 5, 10, 20, 40 or 60 minutes.
coli to that of GST-TbRAB2, a well characterised trypanosoMmiafrer incubation fi-32°P]GDP was separated from-f2P]GTP by
GTPase (Field et al., 1999). GST-TbRAB11 bound levels Othin layer chromatography and the percent hydrolysis at each time
GTP similar to GST—TbRABZ, whereas the GTP hydl’O|ytiCpoint determined using phosphorimager analysis.

rate of GST-TbRAB11 was approximately twofold lower than

GST-TbRAB2 (Fig. 2C,D) and are in agreement with the

conserved nucleotide binding motifs in the TbRAB1limmunofluorescent microscopy, TORAB11 localised to one or

Time (mins)

sequence. two distinct spots closely adjacent to the kinetoplast in PCFs,
o with extremely well conserved morphology in all cells
Subcellular localisation of TORAB11 analysed (Fig. 3A,B,C; Fig. 4). By contrast, in BSF parasites,

Developmentally regulated TbRAB11 expression suggests thitie TORAB11 staining was significantly more extensive (Fig.
the TbRAB11 pathway is more active in BSF, whereas alBD,E,F), and although some of the staining retained a position
sequence data place TbRAB11 as being involved in endosonedjacent to the kinetoplast in BSFs the stain was far more
processes, these are confined to the region between the nucleasable between cells, suggesting a more dynamic TbRAB11
and kinetoplast (Brickman et al., 1995; Field et al., 1998). Btructure, and spread towards the posterior face of the nucleus.
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Fig. 3. TbRAB11 localisation in 427 BSF and PCFbrucei Immunofluorescence analysis of PCF (A-C) and BSF parasites (D-F). Parasites
were stained with rabbit anti-TbRAB11 followed by an anti-rabbit Cy3 conjugate (red) and with DAPI for DNA (blue). Phastiotages
merged with DNA stain are shown to the right of each fluorescence image.

TbRAB11 is positioned close to the basal body, awith alimited colocalisation to fainter p67 staining membranes
microtubule organising centre in trypanosomatids (Gull, 1999)Fig. 5A-D). This latter location probably results from p67
as revealed by co-staining with basal body-specific monoclonéking present throughout the trypanosomal secretory and
antibody BB4. The association was maintained throughout thendosomal network while being concentrated in the lysosomes
cell cycle (Fig. 4) and at all stages of the mitotic proces¢Kelley et al., 1999). A second test for lysosomal location was
the TbRAB11 loci were closely adjacent to the basal bodgonducted using biotinylated ConA, which binds to flagellar
and kinetoplast (Fig. 4G-l). Coordinate regulation ofpocketglycoproteins and is subsequently trafficked through the
endomembrane structures and the basal body/kinetoplast icell to lysosomes. ConA chased at 37°C for 30 minutes is
common feature in trypanosomes, and is clearly seen for eadntirely lysosomal (Brickman et al., 1995). Using this
endosomes and the Golgi stack (Field et al., 1998; Field et aprocedure, TbRAB11 and lysosomal membranes are clearly
2000) and is potentially a mechanism for faithful organellaistinct, despite the two organelles being closely associated
segregation. Significantly, juxtaposition of TORAB11 with the(Fig. 5E,H). To determine whether TORAB11 associated with
basal body is reminiscent of the situation observed irGGolgi membranes, BSF cells were co-stained for TORAB11
mammalian cells for Rab11, which localises predominately tand BODIPY-TR ceramide (Field et al., 2000); TbRAB11 was
the pericentriolar recycling endosome in nonpolarised celldistinct from the Golgi stack, with TbORAB11 more posterior,
(Ullrich et al., 1996) and to the apical recycling endosome iextending towards the kinetoplast (Fig. 5I-L).
polarised MDCK cells (Casanova et al., 1999),
structures that are located close to the centriole.

TbRAB11 defines a new compartment of the

trypanosome endosomal system

The position of TORAB11 between the kinetoplast

nucleus is consistent with an endosomal functior » -
determine whether TORAB11 localised to a previo

characterised structure we compared TbRAB11 A C
variety of established trypanosomal organellar mar

First, we looked at lysosomes, using antibodies to

a membrane protein predominately localised

lysosomes (Kelley et al., 1999). TbRAB11 was clos N

but distinct from, the bulk of p67-positive membra

Fig. 4. TbRAB11 migrates coordinately with the basal body

during mitosis. PCF parasites were treated for microscopy E F
and stained with mouse anti-basal body (BB4) followed by

an anti-mouse FITC conjugate (green), rabbit anti-TObRAB11

followed by an anti-rabbit Cy3 conjugate (red) and with

DAPI for DNA (blue). For each image the basal body stain is '

shown to the left, the central figure corresponds to TORAB11

and the right image is the merge. (A-C) Cells prior to -

entering mitosis with one kinetoplast and one nucleus. (D-

F) Cells with one nucleus and an elongate duplicating

kinetoplast and basal body. (G-1) Cells in which the

kinetoplast and basal body have both duplicated while there G H

is still a single nucleus.
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Fig. 5. TbRAB11 is absent from
lysosomal and Golgi elements.
(A-D) BSF parasites were
treated for fluorescent
microscopy and stained with
mouse anti-p67 followed by an
anti-mouse FITC conjugate
(green), rabbit anti-ThbRAB11
followed by an anti-rabbit Cy3
conjugate (red) and DAPI for
DNA (blue). (E-H) BSF
parasites were exposed to
biotinylated ConA at 4°C for 10
minutes prior to chase for 30
minutes at 37°C to permit
lysosomal ConA accumulation.
Cells were then treated for
microscopy and stained with
FITC-avidin (green), rabbit anti-
TbRAB11 followed by an anti-
rabbit Cy3 conjugate (red) and
DAPI for DNA (blue). (I-L) BSF
parasites were treated with
BODIPY-TR ceramide (red) to
stain the Golgi (Field et al.,
2000). Cells were subsequently
processed for microscopy and
counterstained with rabbit anti-
TbRAB11 followed by an anti-
rabbit Oregon Green conjugate
(green) and DAPI for DNA (blue).

We next compared TbRAB11 with early endosomesnore anterior regions (Fig. 7J-L). These structures
(TbRAB5A) and clathrin (TbCLH). Co-staining BSF parasitescorrespond, at least in part, to previously described collecting
for TbRAB5A and TbRAB11 followed by confocal
microscopy revealed two endomembrane organelles that we
predominately distinct but tightly juxtaposed, with restricted
overlap at the margins of each compartment (Fig. 6A-C)
Interestingly, in mammalian cells, Rabll and Rab5A
compartments rarely juxtapose because Rab5A is found at t
periphery and Rabll is situated more deeply, closer to tt
centrosome (Sonnichsen et al., 2000). Hencg ioruceithe
relationship of Rab11 and Rab5 is more intimate. Recently w
cloned theT. bruceihomologue of the clathrin heavy chain
gene ThCLH Morgan et al., 2001). Trypanosome clathrin is
located to regions abutting the flagellar pocket and to predicte
endosomal regions extending between the nucleus at
kinetoplast. The majority of the TbRAB11 structures alsc
contained clathrin, which may reflect an involvement in early
endocytic events occurring at the flagellar pocket (Fig. 6D-F
or clathrin being situated on endosomal membranes involve
in trafficking events to lysosomal regions and/or recyclingFig. 6. The TbRAB11 compartment is juxtaposed to, but distinct
events. from, early endosomes and partially colocalises with clathrin-coated

To discriminate between early and late endosomestructures. (A-C), Confocal microscopy was used to examine the
compartments, FITC-ConA was internalised by BSFrelationship of TORAB11 with TORABSA. Cells were stained with
parasites for 15 seconds or 2 minutes and parasites stairmouse anti-TbRAB11 followed by an anti-mouse FITC conjugate
for TORAB11 or TbCLH. After 15 seconds FITC-ConA (green) and with rabbit anti-TbRAB5A followed by an anti-rabbit
localised to a punctate spot marking the flagellar pocket WitCyS conjugate (red). (D-F) Confocal fluorescent microscopy was used

g - .~ . to examine the relationship of TORAB11 with trypanosomal clathrin
clathrin in close contact (Fig. 7G-1). By contrast, the majority, o4,y chain. Cells were stained with mouse anti-ThRABL1 followed

of TbRAB11 was more distal from the ConA staining.py an anti-mouse FITC conjugate (green) and with rabbit anti-TbCLH
Following two minutes of ConA internalisation the ConA hasfollowed by an anti-rabbit Cy3 conjugate (red). C and F represent the
migrated to a more anterior position with substantiaimerge in each case. Bads5 pm. * indicates the location of the
colocalisation with clathrin in both the flagellar pocket andnucleus; arrowheads indicate regions of colocalisation.
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Fig. 8. The TbRAB11 compartment is juxtaposed to the collecting
tubules. BSF parasites were exposed to FITC-ConA for 10 minutes at
4°C and chased in FITC-ConA free media equilibrated either at 4°C

) ) ) ] ) (A-C,G-1) or 12°C (D-F,J-L) for 30 minutes. Cells were subsequently
Fig. 7. TbRAB11 is not associated with endocytic events. BSF processed for microscopy and stained for either TORAB11 (red in A-
parasites were exposed to FITC-ConA (green) for 15 seconds (A- F) or ThRABS5A (red in G-L). C,F,I,L are merged images. * indicates

C,G-I) or two minutes (D-F,J-L) prior to treatment for microscopy.  the location of the nucleus, except in G-I where the nucleus is just to
Cells were counterstained with either rabbit anti-TORAB11 (red in  the right-hand side of the field of view. BaBs5 pum.

A-F) or rabbit anti-TbCLH (red in G-L) followed by an anti-rabbit
Cy3 conjugate. Arrowheads in panel J-L represent regions of
colocalisation. Bars, 0.5m. * indicates the location of the nucleus. TphRAB11 membranes contain recycling cargo

The above data indicate that TORAB11 is localised to the
. .. . frypanosome endosomal system, intimately related with the
tut?[ulesl (Br:_ckmantﬁté\ll._r,clsgz%)AHof\;vevezr, T.bR'tA‘BllfStl'” (tj.'dcollecting tubules and potentially has a role in recycling. To
not colocalise wi ~~ONA after 2 minutes o 1eclin ayiang this hypothesis, we chose to determine whether the
uptake (Fig. 7D-F). Therefore, although TbRAB11 did notrpRAB11 compartment  contained  recycling  cargo,

associate directly  with  lectin-containing endosomalg,qiically the trypanosomal transferrin receptor (ESAG6/7:
compartments, the close juxtaposition is suggestive oz

; ; . almon et al., 1994; Kabiri and Steverding, 2000) and
interaction with these membrane systems. internalised anti-VSG (O’Beirne et al., 1998).

TbRABL11 is associated with collecting tubules By confocal and epifluorescence, ESAG6/7 and ThRAB11
TbRABSA-positive structures ' partially colocalise, indicating that this recycling receptor passes

To determine more clearly the nature of the TbRABlltérough the ThRAB11 compartment (Fig. 9). As ThORAB11 does
g

, ot appear to be located on a compartnentrouteto the
compartment, we used defined temperature blockade sosome, we considered that it may also be involved in
specifically label regions of the trypanosome endosom !

. .Tecycling of VSG. Internalisation of rabbit anti-VSG for 1 hour
system (Brickman et al., 1995). BSF cells were loaded withyory demonstrated that the anti-vVSG was partially localised
ConA on ice and transferred to media equilibrated at 4°C QK

12°C. The low temperature prevents ConA from exiting th% ithin the TORAB11 compartment, in addition to other regions

_ . f the cell (Fig. 10A-F). Hence, the presence of two known
flagellar pocket, but at 12°C ConA migrates into, and becom l k £l | |
trapped within, the collecting tubules (Brickman et al., 1995) cycling markers, absence of lysosomal targeted cargo, close

Staining with anti-TbRAB11 after 4°C chase (Fig. 8A_C)juxtap05|t|on with the TbRABSA collecting tubules and a high

o : degree of sequence conservation with mammalian Rab11, all
indicated that TbRAB11 was situated away from the flagell uggest that the ThRAB11 compartment is involved in recycling

pocket, but after a 12°C chase, the ConA had migrated : :
endosomal regions juxtaposed to TORAB11 (Fig. 8D-F). Bglg;gﬁargglsjcl)ggglgsttrj]rigag(raopég)stgns, and that the Rab protein has a

contrast, after a 12°C chase the vast majority of the anti-
TbRABS5A and ConA overlapped (Fig. 8G-L), which was not

observed at 4°C. Hence, TbRABS5A localises to the collectingyiscUSSION

tubules and TbRAB11 is present on an endomembrane

compartment abutting these structures. T. brucei has at least two early endosomal Rab proteins,
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Fig. 9.The TbRAB11 compartment contains the
trypanosomal transferrin receptor (ESAG6/7). BSF parasites
were stained with mouse anti-TbRAB11 followed by an
anti-mouse FITC conjugate (green), rabbit-ESAG6/7
followed by an anti-rabbit Cy3 conjugate (red) and DAPI for
DNA (blue). A-D represent standard epifluorescent images,
whereas E-G are confocal images; * represents the nucleus.
D,G are merged images.

TbRABS5A and TbRABS5B, as well as TbRAB4, which is Rab is not associated directly with early endocytic membranes,
probably involved in recycling (Field et al., 1998). Thesedespite colocalisation with TbCLH. Under conditions that
features of the endosomal system are broadly similar witbccumulate ConA in the collecting tubules (Brickman et al.,
higher eukaryotes, although in humans &nderevisiaghree  1995) a close juxtaposition of part of the ConA-containing
Rab5 isoforms are known. In addition, we have describedompartments with TbRAB11l membranes was observed,
TbRAB31, a trans-Golgi Rab protein; the trans-Golgi, andndicating that the TORAB11 compartment is directly apposed
TbRAB31-related proteins play important roles in recyclingwith collecting tubule elements. Colocalisation with TbCLH
pathways in higher eukaryotes, but our data at present do reiggests TORAB11 may be involved with a clathrin dependent
allow us to determine if TORAB31 is involved in trypanosomalprocess (e.g. early endocytic cargo processing or transport
recycling (Field et al., 2000). We have now identified a furthefollowing a trans-Golgi sorting step) but further work will be
endosomal Rab ii. brucej TORAB11, which is homologous required to determine if these two proteins collaborate in the
to higher eukaryotic Rab proteins that mediate deep recyclirgame process. These data indicate that TbORAB11 is associated
pathways. TbRAB11 has significant similarity to TORAB31 atwith the endosomal system, but does not appear to be involved
the primary structural level. By immunolocalisation andwith early endocytic events or transport towards the lysosome.
other studies we suggest that TbRAB11 is localised t@ased on the sequence, we considered that TORAB11 was most
developmentally regulated recycling endosomal membranebkely to mediate a recycling process.
The function of mammalian Rab11 has recently been explored The relationship of the TbRAB11l compartment with
in some detail using site-specific mutants, and is implicated aecycling pathways was examined. Internalisation of anti-VSG
being involved in transport from the endosomal regions to thantibody by BSF parasites revealed a tubular network of
trans-Golgi network (Wilcke et al., 2000). structures, which partially represents early endosomal regions,
TbRAB11 localises to a compartment between thelefined by TbRAB5A (B. Hall and M.C.F., unpublished), and
kinetoplast and posterior face of the nucleus. To define thigresumably additional compartments involved in post-
compartment in more detail, BSF parasites were co-stained fendocytic processing of internalised antibody. Significantly, we
TbRAB11 and a panel of established organellar markerdound TbRAB11 localised to a subdomain of the VSG-
TbRAB11 was distanced from the Golgi stack, a locatiorcontaining region. As TbRAB11 is not involved in early
distinct to TbRAB31, a close homologue. Hence, althouglendocytic processes this subdomain most likely represents a
these two proteins may mediate closely integrated transparbmpartment involved in returning the antibody to the flagellar
events, they clearly have disparate functions.
Additionally TbRAB11 was posterior to p€~

positive lysosomal regions, tightly juxtapose:

TbRAB5A collecting tubule elements &

overlapped with the extensive clathrin membi

networks. Further, fluorescent ConA did

colocalise with TORAB11, suggesting that * €,

Fig. 10.Anti-VSG antibody traffics through the A C
TbRAB11 compartment subsequent to internalisation.

BSF parasites were incubated with anti-VSG

antibody for 1 hour and subsequently processed for

fluorescent microscopy. Rabbit anti-VSG was

detected using an anti-rabbit Cy3 conjugate (red). * *

TbRAB11 was detected using mouse anti-ThRAB11

followed by an anti-mouse FITC conjugate (green). '

(A-C) Epifluorescent images; blue, DAPI for DNA.

(D-F) Confocal images; * represents the position of D E
the nucleus. C,F are merged images.
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