Excellence in Separations

Isolation of organelles from protozoa and amoeba

¢ OptiPrep™ is a 60% (w/v) solution of iodixanol in water, density = 1.32 g/ml

¢ To access other Application Sheets referred to in the text: return to the 2020SMemapp file and
select the appropriate S-number.

¢ For the isolation of acidocalcisomes see Application Sheet S50

¢ Organelles from following organisms are covered: Trypanosoma (Section 1), Dictyostelium
(Section 2), Leishmania (Section 3), Mastigamoeba and Trichomonas (Section 4), Giardia (Section
5), Paramecium (Section 6) and Toxoplasma (Section 7).

1. Trypanosoma brucei
1a Glycosomes
1a-1. Background

Isolation of glycosomes from Trypansoma brucei in double sucrose gradients, in Nycodenz®
gradients and in Percoll® gradients was compared by Aman and Wang [1]. Those isolated in Percoll®
produced the least enriched fraction and while those in Nycodenz® were marginally less homogenous
than those from the double sucrose gradient, the convenience of using a single gradient of a more
particle-friendly medium may be more important [1-3]. More recently however a more convenient
OptiPrep™-based method has been developed by Colasante et al [4].

1a-2. Solutions required Keep the following stock solutions at 4°C:

A. OptiPrep™ 500 mM Mops 10.45 g per 100 ml water

B. Homogenization medium: 0.25 M sucrose, 1mM 100 mM EDTA (Na;22H,0) 3.72 g per 100 ml water
EDTA, 0.1% (v/v) ethanol, 5 mM Mops pH 7.2. Solution B: Dissolve 17 g sucrose in 100 ml water; add

C. 6 mM EDTA, 0.6% ethanol, 30 mM Mops, pH |0.2 ml, 2 ml and 2 ml respectively of ethanol, EDTA
7.2. stock and Mops stock; adjust to pH 7.2 with 1 M NaOH

D. 1 M sucrose and make up to 200 ml.

E. Gradient solutions: Make up from solutions A, C, |gojution C: Add 0.6 ml, 6 ml and 6 ml respectively of

D and water using respectively, these ratios by |ethanol, EDTA stock and Mops stock to 50 ml water;

volume: adjust to pH 7.2 with 1 M NaOH and make up to 100 ml.
E1:5+0.6 + 0.4 + 0.0 (50% iodixanol) Solution D: Dissolve 34.2 50 ml water and
E2: 4+ 0.6+ 0.7+ 0.7 (40% iodixanol) olution D: Dissolve 34.2 g sucrose in 50 ml water an

k 100 ml.
E3:2+ 0.6 + 1.1 + 2.3 (20% iodixanol) make up to 100 m!

Add protease inhibitors as required to solutions as required. Solution A can also be used as a wash
medium (see Section 2d) for the trypanosomes; protease inhibitors may be omitted from the solution
when used for this purpose.

1a-3. Ultracentrifuge rotor requirements
Vertical rotor with a tube capacity of approx 38 ml tubes (e.g. Beckman VTi50 or Sorvall TV860) with
appropriate sealed tubes (see Section 1a-6, Notes 1 and 2).

1a-4. Pre-gradient protocols
See Colasante et al [4] for details of harvesting, washing and homogenization of the trypanosomes
by grinding with silicon carbide.
1a-5. Centrifugation protocol
Carry out all operations at 0-4°C
1. Remove the silicone carbide by centrifugation at 100 g for 15min.

2. Decant the supernatant and centrifuge at 1000 g for 15 min to pellet the nuclei.

3. Decant the supernatant and centrifuge at 17,000 g for 15 min to give a pellet of crude glycosomes.



4. Decant and discard the supernatant and resuspend the pellet in approx 3 ml of Solution B using a
few gentle strokes of the pestle of a loose-fitting Dounce homogenizer (Wheaton Type B).

5. During the differential centrifugation steps use a two chamber gradient maker or a Gradient Master
to prepare linear gradients from 16 ml each of gradient solutions E2 and E3 in tubes for the vertical
rotor and underlayer each gradient with 3.5 ml of gradient solution E1. Transfer the suspension
from step 4 to the top of the gradient and centrifuge at 170,000 g for 1 h. Use a slow acceleration
and deceleration programme if available; alternatively turn off the brake during deceleration from
2000 rpm (see Section 1a-6, Notes 3 and 4).

6. Harvest the purified glycosomes, which form the densest band in the gradient or unload the
gradient in a number of equal volume fractions. See also Section 1a-6, Notes 5 and 6. For more
information on gradient collection see Application Sheet S08.

1a-6. Notes

1. If the preparation is scaled down to smaller tubes (13 ml) use the Beckman VTi65.1 or Sorvall
65V 13 rotor. If no vertical rotor is available then a swinging-bucket rotor may be used but the
centrifugation time will need to be increased to take account of the longer path length.

2. The sealed tubes that are the easiest to load and unload are Optiseal™ tubes for Beckman rotors.

3. For smaller volume rotors scale all gradient and sample volumes down proportionately. For
methods describing the construction of continuous gradients see Application Sheet S03.

4. A continuous gradient of 20%—-35%, v/v OptiPrep™ (with a 50%, v/v OptiPrep™ cushion) was
used by Gualdron-Lopez et al [5], centrifuged at 100,000 g for 2 h in a vertical rotor. Later the
centrifugation time was extended to 15 h [6].

5. See also Section 3d below.

6. The same method has been used by Bauer et al [7].

1b. Contractile vacuole

The supernatant from a series of low-speed centrifugations was centrifuged at 100,000 g for 1 h
and the resuspended pellet median-loaded (25% iodixanol) in a discontinuous gradient of 15%, 20%,
25%, 30%, 34%, 37% and 40% (w/v). It was centrifuged at 50,000 g 65 min; the contractile vacuole
banded near the top of the gradient [8,9].

1c. Lipid rafts
For the isolation of these structures see Application Sheets S32 and S33 and Reference List
RS09 (to access return to the initial list of Folders and select “Reference Lists”).

1d. Acidocalcisomes
For the isolation of these structures see Application Sheet S50

2. Dictyostelium
2a. Acidocalcisomes

For the isolation of these structures see Application Sheet S50
The iodixanol gradient also provides mitochondria- and contractile vacuole-rich fractions from
Dictyostelium. Sivaramakrishnan and Fountain [10] reported that iodixanol gradients also resolve the
ER from contractile vacuoles.

2b. Phagosomes (Legionella-containing)

A post-nuclear supernatant from which the lysosomes had been removed by antibody binding, was
centrifuged through a 5-30% (w/v) iodixanol at 100,000¢ for 2h [11]. The phagosomes banded approx.
a third of the way down the gradient. Denser Legionella-containing vacuoles partially overlap the
mitochondria; this was interestingly resolved by increasing the density of the mitochondria by addition
of iodophenylnitrophenyltetrazolium (INT) to the homogenate [12]. lodixanol gradients have also been
used in the analysis of acyl CoA binding protein (AcbA) which is unusually sequestered into a dense
vesicle population in a mutant form of the protozoan [13]



3. Lieshmania
3a. Acidocalcisomes
For the isolation of these structures see Application Sheet S50

3b. Lipid rafts
For the isolation of these structures see Application Sheets S32 and S33 and Reference List
RS09 (to access return to the initial list of Folders and select “Reference Lists).

3c. Subcellular membranes

A low-speed supernatant was loaded on to discontinuous 18.5%, 28% and 40% (w/v) iodixanol
gradients, centrifuged in a Beckman SW41 rotor at approx 190,000 g for 90 min [14]. The gradient was
used primarily to analyze the distribution of ATPase; it was detected in a number of fractions with a
distinct pattern. This pattern of enzyme distribution was however changed in those cells that were
PGPHA transfected.

3d. Glycosomes

A method, alternative to that described for Leishmania glycosomes (see Section 1) is to use a
density barrier [15,16]. The crude glycosome containing fraction was produced at 26,000 g for 50 min
(rather than the conditions described in Step 7); 2 ml of this was layered over 10 ml of 30% (w/v)
Nycodenz® and centrifuged at 105,000 g for 50 min to pellet the glycosomes.

4 Hydrogenosomes
4.1 Mastigamoeba balamuthi

A discontinuous iodixanol covering the range 15-40% was centrifuged at 100,000 g overnight to
resolve a hydrogenosome fraction [17].

4.2 Trichomonas

Crude hydrogenosomes from Trichomonas vaginalis (homogenized by sonication in 0.25 M
sucrose, 0.5 mM KCl, 10 mM Tris-HCI, pH 7.2 and the usual protease inhibitors), were prepared from a
post-nuclear supernatant by centrifugation at 17,000 g for 20 min [18]. The gradient solutions were
prepared (containing sucrose, EDTA and Tris buffer) in the same manner as described in OptiPrep
Application Sheet S01. Either continuous (18-36% w/v iodixanol) or a discontinuous over the same
concentration range (in 2% steps. The sample was underlayered in 50% (w/v) iodixanol and centrifuged
at 200,000 g for 2 h. Hydrogenosomes banded at approx. 30% (w/v) iodixanol. In an alternative method
published by Kay et al [19] the crude fraction was suspended in 0.25 M sucrose, 20 mM HEPES, 5 mM
DTT containing 6% (w/v) iodixanol and the usual protease inhibitors and layered over a 12-24% (w/v)
iodixanol gradient centrifuged at 70,000 g for 2 h. The banding position of the hydrogenosomes is
identified by their characteristic light brown colour. More recently a 15,000 g pellet was fractionated in
a discontinuous 12-30% iodixanol gradient at 200,000 g for 12 h [20]

5. Giardia

Giardia contains a lysosome-like organelle [21], which like the mammalian lysosomes has
relatively low density. When a 100,000 g particulate fraction of a post-nuclear supernatant (prepared
from a Giardia sonicate) is fractionated in a 1.05-1.25 g/ml Nycodenz® gradient, the organelle bands at
approx 1.07 g/ml [21] after centrifugation at approx. 150,000 g for 2.5 h.

Jedelsky et al [22] used a discontinuous OptiPrep™ gradient (15%, 20%, 25%., 30% and 50%)
centrifuged at 120,000 g for 24 h to fractionate a Giardia homogenate in a study which demonstrated
the reduced proteome in the mitosomes of Giardia intestinalis (compared to that of mammalian
mitochondria). The authors concluded that this was a result of the low oxygen content of its
environment, which required a reduced set of metabolic processes.

6. Paramecium
Parmecium tetraurelia homogenates have been fractionated on a 10 to 30% (w/v) iodixanol
gradient at 46,000 g for 18 h in SNARE protein distribution studies [23]



7. Toxoplasma

Host cells were fractionated to investigate the organelle association of evacuoles: a light
mitochondrial fraction of the cells was adjusted to 20% (w/v) iodixanol and a self-generated gradient
formed by centrifugation at 180,000 g for 4 h in a small volume near-vertical rotor [24]. More recently
“plant-like vacuoles” were isolated from toxoplasma tachyzoites in a discontinuous gradient of 15%,
20% (containing a “microsomal fraction”), 25%, 30%, 34% and 38% iodixanol and centrifuged at
50,000 g for 1 h. The vacuoles banded close to the top of the gradient [25].

8. References
1. Aman, R. A. and Wang, C. C. (1986) An improved purification of glycosomes from the procyclic
trypomastigotes of Trypanosoma-brucei Mol. Biochem. Parasitol., 21, 211-220
2. Opperdoes, F. R., Baudhuin, P., Coppens, 1., de Roe, C., Edwards, S. W., Weijers, P. J. and Misset, O. (1984)
Purification, morphometric analysis, and characterization of the glycosomes (microbodies) of the protozoan
hemoflagellate Trypanosoma brucei J. Cell Biol., 98, 1178-1184
3. Aman, R. A., Kenyon, G. L. and Wang, C. C. (1985) Cross-linking of the enzymes in the glycosome of
Trypanosoma brucei J. Biol. Chem., 260, 6966-6973
4. Colasante, C., Ellis, M., Ruppert, T. and Voncken, F. (2006) Comparative proteomics from bloodstream
form and procyclic form Trypanosoma brucei brucei Proteomics, 6, 3275-3293
5. Gualdron-Lopez, M., Vapola, M.H., Miinalainen, 1.J., Hiltunen, J.K., Michels, P.A.M. and Antonenkov, V.D.
(2012) Channel-forming activities in the glycosomal fraction from the bloodstream form of Trypanosoma
brucei PLoS One, 7: €34530
6.  Gualdron-Lopez, M., Chevalier, N., Van Der Smissen, P., Courtoy, P.J., Rigden, D.J. and Michels, P.A.M.
(2013) Ubiquitination of the glycosomal matrix protein receptor PEXS in Trypanosoma brucei by PEX4
displays novel features Biochim. Biophys. Acta, 1833, 3076-3092
7. Bauer, S.T., McQueeney, K.E., Patel, T. and Morris, M.T. (2017) Localization of a trypanosome peroxin to
the endoplasmic reticulum J. Eukaryot. Microbiol., 64, 97-105
8. Rohloff, P., Montalvetti, A. and Docompo, R. (2004) Acidocalcisomes and the contractile vacuole complex
are involved in osmoregulation in Trypanosoma cruzi J. Biol. Chem., 279, 52270-52281
9.  Ulrich, P.N., Jimenez, V., Park, M., Martins, V.P., Atwood III, J., Moles, K., Collins, D., Rohloff, P. et al
(2011) Identification of contractile vacuole proteins in Trypanosoma cruzi PLoS One 6: 18013
10.  Sivaramakrishnan, V. and Fountain, S.J. (2012) A mechanism of intracellular P2X receptor activation J.
Biol. Chem., 287, 28315-28326
11.  Shevchuk, O. and Steinert, M. (2013) Isolation of pathogen-containing vacuoles In Dictyostelium discoideum
Protocols, Methods Mol. Biol., 983, (eds Eichinger, L. and Rivero, F.) Springer Science+Business Media, pp
419-429
12.  Shevchuk, O., Batzilla, C., Hégele, S., Kusch, H., Engelmann, S., Hecker, M., Haas, A., Heuner, K.,
Glockner, G., Steinert, M. (2009) Proteomic analysis of Legionella-containing phagosomes isolated from
Dictyostelium Int. J. Med. Microbiol., 299, 489-508
13.  Cabral, M., Anjard, C., Malhotra, V., Loomis, W.F. and Kuspa, A. (2010) Unconventional secretion of AchA
in Dictyostelium discoideum through a vesicular intermediate Eukaryot. Cell, 9, 1009-1017
14. Légaré, D., Richard, D., Mukhopadyay, R., Stierhof, Y-D., Rosen, B.P., Haimeur, A., Papadopoulou, B. and
Ouellette, M. (2001) The Leishmania ATP-binding cassette protein PGPA is an intracellular metal-thiol
transporter ATPase J. Biol. Chem., 276, 26301-26307
15.  Raychaudhury, B., Gupta, S., Banerjee, S., Das, B. and Datta, S.C. (2004) Isolation of Leishmania
glycosomes by a rapid method Anal. Biochem., 332, 404-408
16.  Gupta, S., Raychaudhury, B., Banerjee, S., Das, B. and Datta, S.C. (2006) An intracellular calcium store is
present in Leishmania donovani glycosomes Exp. Parasitol., 113, 161-167
17.  Nyvltova, E., Stairs, C.W., Hrdy, L., Ridl, J., Mach, J., Paces, J., Roger, A.J. and Tachezy, J. (2015) Lateral
Gene transfer and gene duplication played a key role in the evolution of Mastigamoeba balamuthi
hydrogenosomes Mol. Biol. Evol., 32, 1039-1055
18.  Beltran, N.C., Horvathova, L., Jedelsky, P.L., Sedinova, M., Rada, P., Marcin&ikova, M., Hrdy, I. and
Tachezy, J. (2013) Iron-induced changes in the proteome of Trichomonas vaginalis hydrogenosomes PLoS
One, 5: ¢65148
19. Kay, C., Lawler, K., Self, T.J., Dyall, S.D. and Kerr, 1.D. (2012) Localisation of a family of complex-forming
[-barrels in the T. vaginalis hydrogenosomal membrane FEBS Lett., 586, 4038—4045
20.  Hsu, H-M., Chu, C-H., Wang, Y-T., Lee, K., Wei, S-Y., Liu, H-W., Ong, S-J., Chen, C. and Tai, J-H. (2014)
Regulation of nuclear translocation of the Myb1 transcription factor by TvCyclophilin 1 in the protozoan
parasite Trichomonas vaginalis 289, 19120-19136
21.  Thirion, J., Wattiaux, R. and Jadot, M. (2003) The acid phosphatase positive organelles of the Giardia
lamblia trophozoite contain a membrane bound cathepsin C activity Biol. Cell, 95, 99-105



22.

23.

24.

25.

Jedelsky, P.L., Dolezal, P., Rada, P., Pyrih, J., Smid, O., Hrdy, 1, Sedinova, M., Marcin¢ikova, M., Voleman,
L., Perry, A.J., Beltran, N.C., Lithgow, T. and Tachezy, J. (2011) The minimal proteome in the reduced
mitochondrion of the parasitic protist Giardia intestinalis PLoS One, 6: 17285

Schilde, C., Lutter, K., Kissmehl, R. and Plattner, H. (2008) Molecular identification of a SNAP-25-like
SNARE protein in Paramecium Eukaryot. Cell, 7, 1387-1402

Hakansson, S., Charron, A.J. and Sibley, L.D. (2001) Toxoplasma evacuoles: a two-step process of secretion
and fusion forms the parasitophorous vacuole EMBO J., 20, 3132-3144

Miranda, K., Pace, D.A., Cintron, R., Rodrigues, J.C.F., Fang, J., Smith, A., Rohloff, P., Coelho, E., de Haas,
F., et al (2010) Characterization of a novel organelle in Toxoplasma gondii with similar composition and
function to the plant vacuole Mol. Microbiol., 76, 1358—1375

OptiPrep™ Application Sheet $58; 6™ edition, January 2020

ﬂ serumwerk

bernburg




