














Stable Isotope Labeling by Amino Acids in T. brucei

T. brucei TTG\\GTI DV SOVI DLVAAHDVTI \\TDTGTG STLIP"A[I DDDPGAKIVNTQPRRTPA 477
T. cruzi RD 'T.‘ AILDGQPDAKVVNAQPRRTPA 410
L. major HKAHPDALVVNAQPRRTAA 205
T. brucei

T. cruzi

L. major

T. brucei HVIFDEFHERSVEVEVSLL: LCSATAE. FFDGLTVGEYSK 596
T. cruzi HVIFDEFHERTTEVEVLLL¥ LCSATAEVSKWNCFFENLSVAE 529
L. major YIIVDEFHERTPDVEVILLMLKLW! KLVLCSATAQVEEWQSFFDGLTVGTYAR 325
T. brucei VHDYYLEDVSRLIGVACVAPDIE-SSGIMSSIQLHTII LEFLATAAKP 655
T. cruzi ANAMYPIHDYYLEDVSKLIGMTFVEPSTC-PTGVVQSIQLHTII "LANTAAP 588
L. major SPIMYPVQEYFIEDLQRLTGIRTAPILPQDSNNMVTSEQMHQIILVCKQLLEYLAKNTAT 385
T. brucei PGRTVVEQLTLWIRI DNL GEELDAIPWYR DIEI SYVQEAIQRKSGT

T. cruzi PG

L. major

T. brucei TDIAEVSITLPDVVFVIDSGTVKRPYITESNPNSVAFPPLELI

T. cruzi TDIAEVSLTLPDVVFVIDSGTAKRPHIIETNPNSVAFPPLEL

L. major TDIAEVSLTLPDVVFVIDSGTGKRPQVSEKEKTSYAFPPLRLLWETTSNAQQRRGRVGRV 505
T. brucei QQGFFFTMVLKEQVPQLPPCDCRLSNAVIHEIVLHCLYLTSAPYILFSH NVSVQ 835
T. cruzi QOGFFFTLLSRKQAQQOLSPNESRLGNAVLHEIVLHCLHLTPS! S SVE 768
L. major QOGFYFSLLSRDHHKALRESDNRIKNAVLTELVLHSLLITQKPFAFFQLCNEKPERGALA 565

101t

107°.

10°

108

107

108

cumulative cell density [cells/ml]

-=Tet -
=+=Tet +

24 48 72

Time [hours]

C DAPI ATTO 488

Tet -

Tet +

%

120

been intensively investigated but the mechanisms involved in
the parasite’s adaptation machinery remain unclear. To better
understand how the parasite adjusts to the challenges in
different hosts, we searched for novel stage-specifically reg-
ulated proteins. We found that several proteins are strongly
stage-specifically expressed without significant changes of
their corresponding mRNA (Supplemental Table S4). For ex-
ample, a GPI inositol deacylase precursor (Tb927.10.4780),
which is most likely involved in GPI anchor processing, is only
moderately regulated on at the mRNA level (3.5-fold up-reg-
ulated) although protein levels are more than 30-fold higher in
BSF compared with PCF (Supplemental Table S4). Interest-
ingly, a putative ATP-dependent DEAD-box RNA helicase
(Tb09.211.4430) is strongly up-regulated in BSF independent
of mRNA levels. Recently, a homolog of the DEAD-box RNA
helicase DHH1 was shown to be essential for the correct
expression of many developmentally regulated mRNAs in in-
sect-stage trypanosomes (25). Database search suggests
that the BSF-specific RNA helicase is also an ATP-dependent
DEAD-box RNA helicase. Hence, it might also be involved in
regulation of trypanosome mRNAs in the mammal host. An-
other protein identified as BSF-specific is a cysteine pepti-
dase (Tb927.10.2440). Although this protein was already
found in the BSF phosphoproteome (26) and in a set of
mitochondrial proteins in PCF (27), it was not described to be
stage-specific. However, at the protein level it is 25-fold up-
regulated in BSF suggesting that this peptidase has different
functions in different hosts. We also found an oxidoreductase
that is highly up-regulated in parasites in the mammal host
(Th927.10.9360). Several oxidoreductases have been de-
scribed in trypanosomes already (27). However, most of them
are associated with the mitochondrial respiration system and
are up-regulated in PCF. Oxidoreductases represent a large
and functionally heterogeneous group of proteins. This BSF-
specific oxidoreductase displays weak homology with 2-hy-
droxyglutarate dehydrogenases and might be involved in
stage-specific energy metabolism. Furthermore, several other
hypothetical proteins with unknown functions are less than
twofold regulated at the mRNA level but more than 10-fold at
the protein level in BSF suggesting a specific role in the
adaptation process to the mammal host.

Fig. 5. The putative DEAD-box RNA helicase is essential for via-
bility in BSF. A, Alignment of core protein domains of homologs of
the T. brucei RNA helicase (Tb09.211.4430) in L. major (LmjF.35.2270)
and T. cruzi (Tc00.1047053510655.30). Alignments were performed
with ClustalW2 (http://www.ebi.ac.uk/Tools/msa/clustalw2/). B, Cu-
mulative growth of parasites after induction of RNAI (red line), without
induction (blue line) and of the parental strain (WT, black line). C,
Images of WT parasites (top panel), un-induced RNAI cells (middle
panel) and 96 h after induction (bottom panel). The surface of the cells
was stained with sulfo-NHS-ATTO488 (green) and the DNA with DAPI
(blue). The bright signal of the flagella pocket is marked with an arrow.
Scale bars represent 6 um.
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To gain functional insights into the differences between the
life cycle stages more systematically, we performed GO anal-
ysis. Our data not only confirm reported differences of previ-
ous organellar proteomic studies (28, 29) but interestingly
uncovered additional classes of proteins that were not ex-
pected to be stage specific or associated with the differenti-
ation process. For example, several methyltransferases and
ribosomal proteins are differentially abundant (Fig. 4A). The
observed stage-specifically expressed nuclear proteins might
shed light on known but yet unexplained differences in nu-
clear architecture and chromatin structure (Fig. 4B). Finally,
proteasome composition and abundance does not seem to
be different in the two life cycle stages (Fig. 4C), but differen-
tially expressed proteins that are involved in RNA binding,
translation and protein modification like ubiquitination are,
providing hints to the mechanisms by which the proteomes
change during the differentiation process (Fig. 4D and 4E).

Identification of New Potential Drug Targets—This study
was initiated to gain new insights into the adaptation machin-
ery of trypanosomes to better understand the sophisticated
life cycle of this parasite. Additionally, this data can be ex-
ploited to find new potential drug targets in trypanosomes and
related parasites. As a proof of principle, we wanted to test
whether the DEAD-box RNA helicase (Tb09.211.4430) might
qualify as a putative drug target. The helicase is highly up-
regulated in BSF and potential homologues can also be found
in the related kinetoplastid parasites Leishmania major and
Trypanosoma cruzi (Fig. 5A). Homologs in humans could not
be identified using NCBI BLAST (data not shown). We used an
inducible RNAI system to deplete the helicase in the human
infective stage of T. brucei. The parasites showed a clear
growth phenotype and cells with an aberrant morphology 72 h
post RNAI induction confirming that the helicase is essential
for viability in BSF (Fig. 5B). To further investigate the mor-
phological changes, we stained the surface of the cells with
Atto488 NHS-ester and the DNA with DAPI. Interestingly,
multiple nuclei and kinetoplasts could be detected suggesting
repeated replication and segregation of these organelles with-
out cytokinesis (Fig. 5B). Deep sequencing of these cells after
RNAI induction is expected to shed more light on this pheno-
type in the future and might help to unravel the mechanisms
of mRNA regulation in trypanosomes in their different host
environments.

In conclusion, we here demonstrate the feasibility to per-
form metabolic labeling of trypanosomes with lysine and ar-
ginine and obtain highly accurate quantitation of more than
4000 proteins in two life cycle stages of T. brucei. Our study
confirms that the transcriptome only serves as a moderate
proxy for the changes in actual protein levels and that further
quantitative proteomics studies might provide new insights
into the biology of this parasite. The importance of proteomics
analysis in trypanosomes is emphasized by the publication of
a similar study while this work was under revision (30). This
data set can serve as a resource to the community to gain

insight into the development of the parasite and the molecular
bases of different morphology, motility and metabolism of life
cycle stages. In fact, we already identified several proteins
that might be associated with important biological processes
such as GPI-anchoring, translation regulation and energy me-
tabolism, which are specifically adapted in T. brucei to survive
in the mammalian host.
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