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* Trichuris spp are soil-transmitted helminths that infect mammals with the human  NanoSIMS Is a high-resolution secondary ion
infective species T. trichiura infecting 464.6 million peoplelll. mass spectrometry instrument that can be used to
» Current intervention strategies include mass drug administration programmes. Image and measure elemental and Isotopic
» However, we lack efficacious drugs. distributions in samples at subcellular scale.
* T. muris Is the mouse infective whipworm that can be used as a model for T. trichiura
Infection. « A primary ion beam is scanned over a sample
» Levamisole is an anthelminthic that is extremely efficacious against T. muris, but lacks surface which generates secondary ions that are
efficacy against T. trichiura in vivol2l3], detected and analysed by a mass spectrometer.
 Levamisole binds nicotinic acetylcholine receptors in parasites causing continued
receptor stimulation which leads to parasite muscle paralysis .  NanoSIMS has extremely high sensitivity which
« We aim to identify the uptake mechanism and subcellular localisation of deuterium makes it possible to detect elements at parts per
labelled (2H) Levamisole and other anthelminthics through the use of NanoSIMS. million concentrations.

« Stable Isotope probing (NanoSIP) involves the
exposure of a sample to a compound labelled with a

To investigate the subcellular localisation stable Isotope, then investigating the Isotopic
of Levamisole in T. muris: enrichment in the sample to infer mechanism of
1. Mice were infected with 150 T. muris | ©\ /) uptake and incorporation.

eggs.
2. Adult T. muris worms were Isolated at

day 35 post infection from the mice.
3. Worms were soaked in 20 pg/ml

concentration of deuterated

Levamisole for 24 hours.
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4. Worms SIS fixed n 4% 'B.ea‘:n‘ Deuterium labelled Levamisole HCI
paraformaldehyde and 2.5% "
glutaraldehyde in 0.1M Hepes buffer. § sos’ Secondaryios
5. T. muris worms were then dehydrated 5 \;.';’.; .,/" +
In an ethanol series then embedded AU "3' 801888 sar Deot | - — &
. . . IPODDRRA ~ A R (~1nm) Figure 2. The CAMECA NanoSIMS50L at the University of Manchester
In LR White resin. 1909800000¢" ¢ ap sy 88 [ J
6. Embedded worms were sectioned to il AL 5
1 um and placed on a Si wafer. ;
7. Sections were then analysed using Figure 1. Schematic of the experimental design. Produced using BioRender An enrichment of deuterium was found inside the anterior
NanoSIMS. end of the worm when compared with the resin it was

embedded in (Figure 3b/3c). This indicates Levamisole Is
present in the anterior end of the worm localising In the
hypodermal layer. The protrusions circled in Figure 3a

~ appear to be the bacillary band openings, as inferred by
4. Results their size, shape and location. We conclude that:

1. We have successfully shown that detection of
e anthelminthics in T. muris Is possible through
e i NanoSIMS.

o 11400 2. Levamisole accumulates in the anterior end of the
{900z hypodermal layer below the bacillary band.
3. Accumulation below the bacillary band could indicate
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this Is a site of uptake.

4206 4. Accumulation In the hypodermal layer suggests
nicotinic acetylcholine receptors are present.
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Figure 3a. High resolution NanoSIMS image of the anterior section of T. muris worms treated with deuterium labelled Y
Levamisole. Circled are what appears to be the bacillary band pores. Detectors were aligned to 1H ,2H , the colour of 0. Future Work
each pixel indicates the number of secondary ions of 1H or 2H when the primary ion beam was scanned over than area _ _ _
of the sample. Secondary electron (SE) also shown. All scale bars are 5 pm. * Further characterise the accumulation of Levamisole

. at different timepoints.
3b. 3C. Ratio of 2H/1H across the box on P

* |nvestigate any potential differences in localisation of
the drug when deuterated Levamisole Is applied In
Vivo to Infected mice.

« Characterise the localisation of other anthelminthics,

Figure 3b

x10 4 such as Mebendazole and Ivermectin to help inform
Tt on their lack of in vitro efficacy.
s « Use NanoSIP with stable isotope labelled nutrients
e . to elucidate the whipworm'’s feeding mechanism. J
1.940
References \
1] Pullan, R.L., et al., Global numbers of infection and disease burden of
| _ soll transmitted helminth infections in 2010. Parasit Vectors, 2014. 7: p. 37.
’ gy ; A | 4 : 2]Pilotte, N., et al., Community-wide mass drug administration for soil-
.} a o e t.’; ¥ P * Distance across box (I'lm) transmitted helminths — risk of drug resistance and mitigation strategies.
Flgure 3b' A ratio of 2H counts and 1H counts Figure Sc. The black box on Figure 3b was drawn, and E’f]?(net:zcresr ISI Tg:glcallzﬁlesceta:;‘esorrzwgiznzati?;ns of marketed human anthelmintic
was taker_1 for each pixel in F'Q“re 3_a._L0f:aI|sat|on the ratio of 2H/1I_.I was record_ed at e_ach MICTon actoss drugs against Trichuris muris in vitro and in vivo. Parasit Vectors, 2012. 5: p.
of deuterium labelled Levamisole is indicated by the box. The ratio of the resin (white arrow) was the 292
an enrichment of 2H in comparison to 1H, I.e. an ratio of 2H found naturally (~0.015%). There is then an [4] Martin R., et al., Mode of action of levamisole and pyrantel, anthelmintic
increase in the 2H/1H ratio. Blue area shows the increase In the 2H/1H ratio at the hypodermal layer of resistance, E153 and Q57. Parasitology, 2007. 134(8).
resin which has no enrichment above the natural the worm (between white and purple). This indicates
ratio, so no Levamisole. Inside the worm there is that deuterated Levamisole is localised to this portion >
an increase in the ratio indicating Levamisole of the worm. There was also some enrichment in the Acknowledgments
localisation. Scale bar is 5 pum. centre of the worm (between purple) but lower

enrichment than the hypodermal layer. Dr Kexue Li, Dr Ruth Forman, BBSRC




