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Graphical abstract

Highlights

e Gold(l) complexes 1a and 1b showed excellent in vitro activity against T. b.
brucei.

e laand 1b quickly destroyed the cytoskeleton of T. b. brucei cells at low doses.

e Reduced toxicity towards human HeLa cells was observed for 1a and 1b.

Abstract

Two gold(l) N-heterocyclic carbene complexes 1a and 1b were tested for their anti-

trypanosomal activity against Trypanosoma brucei brucei parasites. Both gold
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compounds exhibited excellent anti-trypanosomal activity (ICsp = 0.9-3.0 nM). The
effects of the gold complexes 1la and 1b on the T. b. brucei cytoskeleton were
evaluated. Rapid detachment of the flagellum from the cell body occurred after
treatment with the gold complexes. In addition, a quick and complete degeneration of
the parasitic cytoskeleton was induced by the gold complexes, only the microtubules of
the detached flagellum remained intact. Both gold compounds la and 1b feature
selective anti-trypanosomal agents and were distinctly more active against T. b. brucei
cells than against human HelLa cells. Thus, the gold complexes la and 1b feature
promising drug candidates for the treatment of trypanosome infections such as sleeping

sickness (human African Trypanosomiasis caused by Trypanosoma brucei parasites).

Abbreviations: AB assay, Alamar Blue assay; BBB, blood-brain-barrier; HAT, human
African Trypanosomiasis; NHC, N-heterocyclic carbene; NTD, neglected tropical

diseases.

Keywords: Gold; NHC complexes; Organometallics; Anti-parasitic  drugs;

Cytoskeleton; Trypanosomes.

1. Introduction

Trypanosomes of the species Trypanosoma brucei are parasitic eukaryotes of the
African continent [1]. T. brucei parasites can cause severe diseases both in humans and
in animals [2-5]. Human pathogenic T. brucei parasites cause human African
Trypanosomiasis (HAT) or sleeping sickness, a lethal disease for humans (unless

treated with anti-parasitic drugs) that belongs to the class of neglected tropical diseases
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(NTD) [6,7]. T. brucei parasites undergo a complex life cycle in the vector (tsetse fly)
and the mammalian host with various developmental forms, i.e., trypomastigotes
(metacyclic and procyclic) and epimastigotes in the tsetse fly, and ““slender”” and
““stumpy”” trypomastigotes in the host blood and lymph [8-10]. There are only a few
approved drugs available for the treatment of HAT [7,11]. These drugs are often
expensive and/or possess grave side effects [3,12,13]. Hemolymphatic stages of T.
brucei infections are treated with suramin and pentamidine. Advanced neurologic stages
require crossing of the blood-brain-barrier (BBB) by the drug molecules and, in
particular, advanced T. b. rhodesiense infections are treated with melarsoprol, an arsenic
compound that is highly toxic [11-13]. The BBB-crossing drugs nifurtimox and
eflornithine are further drugs suitable for the treatment of advanced stages of T. b.
gambiense only [14]. Innovative screening methods have led to the orally applicable
anti-trypanosomal drugs fexinidazole (nitroimidazole derivative, in phase Il clinical
trials) and SCYX-7158 (oxaborole derivative, in phase I clinical trials) [15].

The cytoskeleton of trypanosomes is dominated by an array of sub-pellicular
microtubules and the axoneme of the flagellum. It is essential for morphology, organelle
positioning, cell division and motility. Thus, the T. brucei cytoskeleton can be a suitable
target for new anti-trypanosomal drugs. Tubulin binders like trifluralin, colchicine and
vinblastine displayed potent activity against trypanosomes, but are not sufficiently
selective for tubulin of the parasite [16,17]. However, progress has been made to
identify highly selective tubulin inhibitors in trypanosomes [18]. Microtubule-
associated kinesins feature further suitable protein targets [19-21].

Gold has been applied for medicinal purposes since ancient times and the application
of gold compounds in modern medicine started with the discovery of the anti-
tuberculosis activity of gold compounds in the 19" century [22]. Meanwhile, gold

complexes such as auranofin are widely applied in modern medicine for the treatment of
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rheumatoid arthritis [23]. In addition, gold complexes have raised interest as possible
anticancer agents [24]. The anti-parasitic activities of several gold complexes were also
reviewed [25]. The gold complex auranofin inhibits trypanothione by a dual mechanism
involving the gold and the sugar component of the auranofin molecule [26]. Metal-NHC
(N-heterocyclic carbene) complexes are of high importance as catalysts for organic
reactions, but meanwhile gold-NHC complexes have also revealed distinct biological
activity such as anticancer activity [24]. Recently, Gornitzka and coworkers have
disclosed a gold-NHC complex with high anti-plasmodial activity [27]. In addition,
iridium and rhodium NHC complexes have shown promising trypanocidal activities
[28]. The biological potential of ferrocenes as bioactive phenyl surrogates and
bioisosteres has been reviewed thoroughly [29-31]. Enhanced tumor selectivity of the
non-discriminating fungal cytotoxin illudin M by esterification with ferrocene-1,1’-
dicarboxylate was observed [32-34]. In addition, ferrocene derivatives were able to
overcome multidrug resistance in cancer cells that overexpress the Pgp transporter [35-
37]. Concerning  pathological bugs and  parasites, ferrocene-modified
aminohydroxynaphthoquinones derived from lawsone exhibited parasite growth
inhibitory activity against Toxoplasma gondii [38]. Ferroquine, a ferrocene derivative of
chloroquine, is a potent antimalarial compound [39]. Recently, a series of ferrocene-
modified benzyl diamines showed distinct anti-parasitic activity against T. brucei and T.
cruzi parasites [40].

Herein, we investigated the anti-trypanosomal activity of the cationic gold(l) NHC
complex la and its ferrocene derivative 1b (Fig. 1). Both of them have shown strong
cytoskeleton damages in aggressive cancer cells [41,42] and, therefore, the effects of

these gold complexes on the trypanosomal cytoskeleton were also evaluated.
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Fig. 1. Chemical structures of the gold(l) bis-carbene complexes 1a and 1b.

((single column fitting image))

2. Material and methods

2.1. Biological studies
2.2.1. Cell lines and culture conditions

Cells of the T. b. brucei bloodstream-form cell line S16, a derivative of T. b. brucei
strain Lister 427 [43], were maintained in HMI-9 medium, pH 7.5, supplemented with
10% fetal bovine serum (FBS) in a humidified 5% CO, atmosphere at 37 °C. The
human HeLa cells were grown in DMEM medium (DMEM High Glucose with L-
glutamine without sodium pyruvate, Biowest) supplemented with 10% FBS, 1%
streptomycin and penicillin in a humidified 5% CO. atmosphere at 37 °C.

2.2.2. Alamar Blue (AB) assay
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The AB assay was used to identify viable cells after treatment with drug candidates
[44-47]. This assay is based on the irreversible reaction of the blue dye resazurin and
NADH to pink resofurin in intact cells. T. b. brucei cells (8x10%/well) were seeded on
96-well microplates, treated with the test compounds (dissolved in DMSO) and
incubated for 72 h (5% CO2, 95% humidity, 37 °C). 10 uL of the AB reagent (500 uM
resazurin sodium salt in PBS) was added and incubated for further 4-8 h at 37 °C. The
fluorescence (extinction at 544 nm, emission at 590 nm) was measured on an Omega
Fluostar (BMG Labtech) fluorescence plate reader. HeLa cells (1300/well) were seeded
on 96-well microplates, and after 24 h (for attachment to the surface) the HelLa cells
were treated in the same way as the trypanosomes.

2.2.3. Immunofluorescence staining of HeLa cells and trypanosomes

The DMEM medium was removed from HelLa cell cultures and the cells were
washed with PBS. Trypsin-EDTA (1 mL) was added and the cells were incubated for 2
min at 37 °C. The cells were re-suspended in DMEM medium (9 mL) and centrifuged
for 2 min at 1250 x g. The supernatant was discarded and the cell pellet suspended in
DMEM medium (9 mL). 0.5 mL of the cell suspension was added to each well
(containing 1.5 mL DMEM) of a 12-well plate at 37 °C (total volume in each well = 2
mL), then a round glass coverslip (diameter of 18 mm) pre-treated with 70% ethanol
was laid into the wells, and the cultures were incubated for 12-24 h at 37 °C and 5%
CO: in order to achieve cell attachment to the coverslip. Then, the cells were treated
with the test compounds (1 puM, 10 uM) and incubated for 1 h, 3 h, 6 h, or 9 hat 37 °C
and 5% COaz. The coverslips with the attached cells were transferred into another 12-
well plate containing PBS. After washing with PBS for three times, PBS was removed
from the wells and the HelLa cells were fixed by treatment with ice-cold methanol for 1
h at 4 °C. The methanol was removed and the cells were washed again for three times

with PBS. Primary antibody (mouse monoclonal anti a-tubulin antibody, TAT, 1 ug/mL
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in PBS, 150-200 pL) was added to the cells and incubated at room temperature in a
humid chamber for 1 h. The coverslips were washed with PBS for three times and
secondary antibody (Anti-Mouse IgG ATTO 550, Sigma, 1.5 pg/mL in PBS) was added
to the cells and incubated in a humid chamber in the dark at room temperature for 1 h.
After washing with PBS for three times (5 minutes) and discarding of the PBS, the cells
were embedded with 5 pL Vectashield Mounting Medium containing DAPI (Vector
Laboratories) and analysed by fluorescence microscopy.

Similarly, trypanosome cells (3x10° cells/mL) were placed into 12-well plates
containing supplemented HMI-9 medium (1 mL) at 37 °C. Test compounds (0.1 pM,
0.5 uM, 1 uM, 10 puM) were added and the cells were incubated for 0.5 h, 1 h, 3 h, and
6 h at 37 °C and 5% CO,. After centrifugation at 3000 x g for 5 min, the cell pellet was
resuspended in 500 uL PEME medium (0.1 M PIPES, 2 mM EGTA, 1 mM MgSQg, 0.1
mM EDTA, pH 6.9) and washed with PEME for three times. The cells (150 pL, in
PEME buffer) were placed on poly-lysine-coated glass microscope slides and incubated
to attach to the slide in a humid chamber for 10 min at room temperature. After careful
washing with PEME and incubation with ice-cold 1% NP40 in PEME for 5 min, the
cells were briefly washed in PEME and then fixed in ice-cold methanol for 1 h followed
by treatment of the fixed cells with PBS for 5 min. Staining with the primary and
secondary antibodies and processing for fluorescence analysis were carried out

accordingly to the HeLa cell protocol described above.

For the DAPI-DIC experiments in the absence of NP40, trypanosome cells (3x106
cells/mL) were placed into 6-well plates. Test compounds were added (1 uM) und the
cells were incubated for 0.5 h, 2 hand 4 h at 37 °C and 5% CO,. Untreated trypanosome
cells (1 mL) were harvested as control (0 h). Harvested cells (1 mL) were centrifuged
for 1 min at 3000 x g, washed with PBS, and the pellet was re-suspended in 50 pL of

PBS. The same volume of 7.2% formaldehyde (in PBS) was added and the cells were
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fixed for 30 minutes. Then, cells were centrifuged for 1 min at 3000 x g, the pellet was
re-suspended in 100 pL of PBS and 50 pL were pipetted on a poly-lysine-coated glass
microscope slide. In order to achieve attachment of the cells to the slide, cells were
incubated for 15 min in a humid chamber. Afterwards, the cells were carefully washed
with PBS and additionally fixed with ice-cold methanol for at least 30 min. Then, cells
were washed with PBS, stained with 150 pL DAPI (1 pg/mL) for 5 min, washed again
with PBS and finally washed with distilled water. Vectashield Mounting Medium (5 uL,
Vector Laboratories) was added, and a cover slip was placed on top. Images were taken
using the DAPI filter set and differential interference contrast (DIC) on a Zeiss
Axioplan microscope equipped with a SPOT Pursuit CCD camera (Diagnostic
Instruments) and Visiview software (Visitron, Germany).
2.2.4. Porcine microtubules sedimentation assay and SDS-PAGE

The sedimentation assay with porcine tubulin was carried out in order to show direct
effects of the test compounds on tubulin [48,49]. 100 pL tubulin (1 mg/mL purified pig
brain tubulin in Brinkley BR buffer BRB80), DTT and GTP (1 mM) were added to start
tubulin polymerisation. Taxol was added in 3 steps; at first 10 puM was added and
incubated for 5 min at 37 °C, then 100 uM was added and incubated for 5 min at 37 °C,
and finally 1 mM was added and incubated for 15 min. The stabilised tubulin samples
were centrifuged for 15 min at 250000 x g at 30 °C. Meanwhile, PME (polymerisation
buffer, 2 mL: 80 mM PIPES, 2 mM MgCl,, 0.5 mM EGTA, 1 mM DTT, 1 mM GTP
and 10 uM taxol) was prepared. After centrifugation, the supernatant was discarded and
the pellet carefully suspended in the PME buffer. The microtubule samples were treated
with the test compounds (1 uM, 2.5 uM, 5 puM, 10 puM) and incubated for 30 min, 1 h,
or 2 h at 37 °C. The samples were centrifuged at 250000 x g and 23 °C for 10 min. The
supernatant was taken and stored on ice and the pellet was suspended in PME with 5

mM CaCl, and 50 mM KCI and stored on ice. Samples were treated with hot Laemmli
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buffer, incubated for 10 min at 95 °C, and separated on a 10% SDS-PAGE gel. The gels
were stained with Coomassie solution (0.25% Coomassie Brilliant Blue R250, 10%
acetic acid, 50% methanol) and destained in 10% acetic acid, 40% methanol. Gels were

scanned and the tubulin bands were densitometrically analysed by ImageJ.

2.2.5. T.b. brucei microtubules sedimentation assay, SDS-PAGE and western blot

Trypanosome cells (1.3x106/mL) were placed in 6-well plates and incubated with the
test compounds la or 1b (1 pM). Cells were harvested at O h, 0.5 h, 2 h and 4 h,
centrifuged for 2 min at 2000 x g, and washed with PBS. The pellet was re-suspended in
0.5% NP40/PEME (50 pL). The cells were incubated on ice for 5 min, centrifuged for 1
min at 3000 x g and the supernatant was placed in a new Eppendorf tube. Hot 2x
Laemmli buffer (50 puL) was added to the supernatant and hot 1x Laemmli buffer (100
pL) to the pellet followed by incubation at 95 °C for 10 min. SDS-polyacrylamide gels,

Coomassie staining and Western blotting were done following standard methods.

Antibodies: A mouse monoclonal antibody against the T. brucei homologue of luminal
ER protein BiP (GeneDB identifier Th927.11.7460) was prepared by immunizing
BALB/cByJ mice (Janvier Labs, France) with an affinity-purified, full-length
recombinant His6-BiP protein, produced in E. coli. Spleen lymphocytes were fused with
P3X63-Ag8.653 myeloma cells and hybridomas selected using HAT-containing
OptiMEM-medium with 10% FCS (Thermo Fisher Scientific). Primary screening was
carried out by ELISA and positive clones were re-tested by Western-blotting and
immunofluorescence. The resulting hybridoma cell line produced a highly specific (by
Western blot and immunofluorescence) anti-BiP 1gG1. The anti-beta-tubulin mouse

monoclonal antibody TAT1 was a kind gift of Keith Gull (University of Oxford).

3. Results and discussion

3.1.  Trypanocidal activity of gold complexes
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Gold(l) complexes 1a and 1b were prepared according to literature procedures and
tested for their trypanocidal activity against T. b. brucei parasites by the Alamar Blue
(AB) assay (Table 1) [41,42]. Both gold complexes exhibited excellent activity against
T. b. brucei cells with ICso values in the low nanomolar or sub-nanomolar range. The
gold complexes 1a and 1b showed stronger activity than the well-known tubulin binders
colchicine (1Cso = 1.4 uM) and vinblastine (ICso = 0.1 pM) as reported elsewhere [17].
In addition, the complexes 1a and 1b were distinctly less toxic to human HeLa cells and
displayed lower growth inhibitory activity when compared with treated T. b. brucei
cells (Table 1). The T. b. brucei selectivity index (SI) is a marker for the clinical
applicability of new anti-trypanosomal compounds (the greater the SI, the more
selective is the new drug candidate). Pentamidine as a clinically approved drug against
T. brucei infections showed the best SI value. Nevertheless, complexes 1a and 1b
exhibited Sl values of 77 and 148, respectively (Table 1) and, thus, these compounds
may be suitable for further in vivo testing of T. brucei models in laboratory animals.
Table 1. Inhibitory concentrations 1Cso (72 h) [nM] of compounds la, 1b, and
pentamidine from AB assays against cells of T. b. brucei and human HeLa cells (mean

of three values, standard deviation < +15%) and T. b. brucei selectivity index (SI),
ICs0(HeLa cells)/1Cso(T. b. brucei cells) of compounds 1a, 1b, and pentamidine.

Compd. T. b. brucei HelLa Sl
la 3.01 231 77
1b 0.93 138 148
Pentamidine 0.042 1470 35000

3.2.  Effects of gold complexes on the T. b. brucei cytoskeleton
T. b. brucei cells were treated with the gold complexes 1a and 1b and their effects on
the cytoskeleton were analysed via fluorescence microscopy. At first, the effects of

complex 1a (0.1 pM, 1 pM, 10 uM) were investigated (Fig. 2, Fig. S2, Fig. S3). The
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obtained results were compared with untreated T. b. brucei cells (Fig. 2, Fig. S1, see

supplementary data).

Phase
(control)

Fig. 2. Immunofluorescence images of MeOH-fixed T. b. brucei cells after incubation
with 1a (1 uM) for 0.5 h, 1 h, and 3 h (bar = 10 um). Signals of DAPI (DNA), ATTO
550 (tubulin), the overlay of both and the phase contrast as well as the phase contrast of
untreated cells (phase control, bar = 15 pm) are shown. Arrows mark the microtubule
fragments (red in the overlay) and changes in the nucleus and kinetoplast (blue in the
overlay).

((2-column fitting image))

At concentrations of 1 pM and 10 puM, gold complex la caused a complete
disintegration of the cytoskeleton already after 0.5 h incubation time. Cell debris
consisting of remnants of the cytoskeleton and nucleus as well as intact flagellum
components were observed. The microtubules of the flagellum appear to be resistant to
attacks by the gold complex. In order to rule out any deceptive effects of the NP40
fixing agent, the experiment was repeated for la-treated cells without NP40 fixation and
showed similar effects (Fig. 3). Significant cell rounding was fully expressed already
after 2 h while after 4 h the treated cells disintegrated. In addition, light microscopic

investigations of intact parasite cells treated with 1a (10 puM) revealed reduced motility

of parasite cells already after 20 min.
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DAPI/DIC

Oh

0.5h

2h

4h

Fig. 3. Immunofluorescence images of MeOH-fixed T. b. brucei cells after incubation
with 1a (1 uM) for 0.5 h, 2 h, and 4 h when compared with untreated control cells (0 h;
bar =5 um). Signals of DAPI (DNA, blue) and the phase contrast are shown.
((1.5-column fitting image))

Human HeLa cells were treated with 1a in the same way to the T. b. brucei cells and
the morphological changes were analysed (Fig. 4) in comparison with untreated HeLa
cells (Fig. S4, see supplementary data). Already 1 h after incubation with 1a (10 pM)
the microtubule network showed signs of disintegration. An accumulation of tubulin
was observed near the cell membrane. However, a complete destruction and separation
of the tubulin scaffold was not observed. In addition, DAPI signals of the nucleus
indicated no morphological changes in contrast to the T. b. brucei cells. At lower dose
of 1a (1 uM), the cell structure remained intact. Only after incubation for 6 h, anomalies

of the cytoskeletal structure became visible (Fig. S5, see supplementary data).
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Overlay Overlay (control)

DAPI ATTOS550

Fig. 4. Immunofluorescence images of MeOH-fixed HeLa cells after incubation with 1a
(10 uM) for 1 h, 3 h, 6 h, and 9 h (bar = 50 um). Signals of DAPI (DNA), ATTO 550
(tubulin), the overlay of both and the overlay of untreated HelLa cells (overlay control)
are shown. ((2-column fitting image))

Then, the effects of the ferrocene-gold complex 1b on the morphology of T. b.
brucei cells were investigated in detail. At a dose of 10 uM dead cells were observed
already after 0.5 h (Fig. S6, see supplementary data). After longer incubation times the
parasite cells were completely destroyed and the sub-pellicular microtubules no longer
detectable. However, DAPI signals of the nucleus as well as apparently intact flagellum
components were visible. Deformation of the nucleus and of the tubulin network was
observed at a lower dose of 1 pM. In some cases, the flagellum was separated from the

cell body (Fig. 5). Dying parasite cells were visible with much cell debris at 0.1 uM as

well (Fig. S7, see supplementary data). Light microscopic investigations showed that
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after treatment with 1b (10 puM) for 20-25 min intact parasite cells were less motile than

untreated control cells.

DAPI ATTO 550 Overlay

v
-
" &
<
-— 9 % W

Fig. 5. Immunofluorescence images of MeOH-fixed T. b. brucei cells after incubation
with 1b (1 uM) for 0.5 h (top three lanes), 1 h, and 3 h (bar = 10 pm). Signals of DAPI
(DNA), ATTO 550 (tubulin), the overlay of both, the phase contrast as well as the phase
contrast of untreated cells (phase control, after 0.5 h, 1 h, 3 h, bar = 15 pM) are shown.
Arrows mark cytoskeletal anomalies (red in the overlay) and changes of the nucleus and
kinetoplast regions (blue in the overlay). ((2-column fitting image))

Again, in order to exclude any deceptive effects of NP40, images of cells fixed without
NP40 were investigated (Fig. 6). Like in the case of 1a, cell rounding occurred already

2 h after treatment with 1b and cell disintegration started after 4 h. Already after 0.5 h,

the morphology of the treated T. b. brucei cells started to change.
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0.5h

2h

4h

Fig. 6. Immunofluorescence images of MeOH-fixed T. b. brucei cells after incubation
with 1b (1 uM) for 0.5 h, 2 h, and 4 h when compared with untreated control cells (0 h;
bar = 5 um). Signals of DAPI (DNA, blue) and the phase contrast are shown.
((1.5-column fitting image))

In human HelLa cells, complex 1b (10 uM) caused no changes in the cell morphology
after short incubation times of 1 h and 3 h (Fig. 7). Only after 6 h changes in the
microtubule scaffold were observed as well as accumulation of tubulin near the
membrane. In contrast to the T. b. brucei cells, the microtubule scaffold of the HelLa
cells was not completely destroyed. No changes of the HeLa cell nucleus were observed
either. At lower dose of 1b (1 uM) no distinct morphological changes of the

cytoskeleton and the nucleus of the HelLa cells could be observed (Fig. S8, see

supplementary data).
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Overlay

DAPI ATTOS550

Fig. 7. Immunofluorescence images of MeOH-fixed HeLa cells after incubation with 1b
(10 uM) for 1 h, 3 h, 6 h, and 9 h (bar = 50 um). Signals of DAPI (DNA), ATTO 550
(tubulin), and the overlay of both. Untreated cells (overlay control) of this experiment
are shown in Fig. 4. ((one-column fitting image))

In contrast to the observed microtubule damages induced by 1a and 1b in T. b. brucei
cells, both compounds 1a and 1b have displayed damage of actin cytoskeleton and
induced vascular disruption of blood vessels in certain cancer cell lines [41,42].
Consequently, both gold(l) complexes 1a (15 mg/kg, i.p.) and 1b (7.5 mg/kg, i.p.) were
also active in vivo against highly metastatic B16-F10 mouse melanoma xenografts
without side effects (i.e., weight reduction) at the given doses [41,42]. Due to the
distinctly higher in vitro activities of 1la and 1b against T. b. brucei cells when
compared with human cells (including cancer cells), it is likely that much lower doses

than 7.5 or 15 mg/kg for future in vivo experiments in animals with suitable T. brucei

models will be sufficient for efficient treatment of sleeping sickness. It is conceivable
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that reduced active doses of the complexes will be more tolerable or less toxic to the
animal which makes these compounds very suitable drug candidates for advanced in

vivo testing against T. brucei models.

3.3.  Effects of gold complexes on tubulin polymerisation

The effects of the gold complexes 1a and 1b on the polymerisation of porcine
tubulin were investigated by a sedimentation assay (Fig. S9, Fig. S10, see
supplementary data). The fractions of polymerised microtubules (pellet fraction) versus
depolymerised tubulin (supernatant fraction) after treatment with the complexes
followed by ultracentrifugation were determined via separation of both fractions on
SDS-PAGE gels. Only 1b inhibited tubulin polymerisation (52% of depolymerised
tubulin) at the highest dose (10 uM) after 2 h of incubation (Fig. S9). At a lower dose of
1 uM complex 1b exhibited distinctly reduced tubulin depolymerisation (15% of
depolymerised tubulin). No effect was observed after a shorter incubation time (1 h,
Fig. S10) either. In addition, the effects of compounds 1la and 1b on T. b. brucei
microtubules was investigated. Sedimentation assay followed by Coomassie staining
revealed only general protein degradation during the course of drug treatment (Fig.
S11). Similarly, western blot analysis of cellular tubulin from treated T. b. brucei cells
showed a general reduction of protein (both of tubulin/microtubules and of the BIP
marker) in a time-dependent manner indicating general reduction of protein levels in the
dying T. b. brucei cells (Fig. 8). Thus, depolymerisation of microtubules is unlikely the
main mode of action of the complexes 1a and 1b, and the noteworthy cytoskeleton
damaging effect of these gold compounds must have different and rather indirect

reasons.
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Fig. 8. Soluble and insoluble fractions of lysates from T. b. brucei cells treated with
compounds 1a or 1b (1 uM) for the indicated time points and visualized by Western
blot using anti-tubulin antibody and anti-BiP (marker for soluble protein located in the
lumen of the endoplasmic reticulum). Lanes 1, 3, 5, 7: pellet; lanes 2, 4, 6, 8:
supernatant. P = pellet fraction; S = supernatant fraction. ((1.5-column fitting image))

4. Conclusions

The cationic gold(l) NHC-complexes 1a and 1b exhibited excellent trypanocidal
activity in the low nanomolar and sub-nanomolar range. Their mode of action appears to
involve severe cytoskeleton destruction after short incubation times and at low doses.
This damage differs from the damage induced in human HeLa cells. In the case of 1b,
the damage in the human cells was limited, neither cytoskeleton destruction nor changes
of the nucleus were observed. Together with the results obtained from AB assays with
human HeLa cells, a significant selectivity for trypanosomes was observed for the gold
complexes, in particular, for the ferrocene conjugate 1b. An inhibition of tubulin

polymerisation or a destabilisation of intact microtubules can be a mode of action for
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complex 1b at high doses only. Hence, further investigations to elucidate other targets
of these interesting gold complexes are necessary. Proteins of the parasitic spindle
apparatus and factors involved in the formation and regulation of the T. brucei
cytoskeleton such as kinesins may be conceivable targets for the complexes 1a and 1b.
Due to the quick onset of the cytoskeleton damage in the T. b. brucei cells efficient drug
uptake mechanisms may play a role for the strong activity of 1a and 1lb in these

parasitic cells as well.
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