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In Vitro Reconstitution of Endosome Motility Along
Microtubules

Erik Nielsen, Fedor Severin, Anthony A. Hyman, and Marino Zerial

1. Introduction

In higher eukaryotic cells, the secretory and endocytic membrane systems
are comprised of a series of biochemically and morphologically distinct com-
partments. Dynamic associations with cytoskeletal networks have been shown
to mediate both membrane transport between these compartments as well as
maintenance of their characteriztic spatial distributions within the cell. More
specifically, in endocytosis, association with microtubules and the action of
microtubule-associated motor proteins are necessary for the proper positioning
of late endosomes, lysosomes, and the pericentriolar recycling compartment
(1-3). In addition, efficient transport of cargo between early and late
endosomes, and transcytosis in polarized epithelial cells, also depend on micro-
tubule-associated motors (4,5).

In order to study the molecular mechanisms responsible for regulating the
interactions between endocytic organelles and microtubules, we, along with
others (6), have developed assays to measure endosome motility on and asso-
ciation with microtubules in vitro. In this chapter, we will outline how we
reconstitute and measure movement of endocytic organelles specifically
labeled with fluorescent markers along fluorescently labeled microtubules in
vitro, and we discuss some of the advantages and pitfalls of these techniques.

Generation of the components necessary to perform an assay to measure
motility of organelles along microtubules in vitro can essentially be split into
two parts. The first is the generation of cytosolic and organelle fractions.
Although the exact protocols necessary for the generation of these fractions
may vary, buffers and pH requirements for the maintenance of important bio-
logical functions, such as motor activities, in these fractions can serve as useful
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guides when developing motility assays with novel components. As we are
interested in endosome motility along microtubules we will describe the meth-
ods we use to isolate this membrane fraction. The second is the generation of
microtubules and assay chambers used in reconstituting in vitro organelle
motility. These protocols should be widely applicable for visualization of
movements on microtubules regardless of what membranes or molecules the
investigator wishes to study. We have therefore organized the chapter into two
discrete sections. The first describes the isolation of cytosol and fluorescently
labeled early endosomes, and the second describes construction of the reaction
chamber and synthesis of fluorescently labeled microtubules.

1.1. Preparation of HeLa Cytosol and Endosomal Membranes
1.1.1. Growth and Harvest of Cells

We use HeLa tissue culture cells that have been adapted for growth in sus-
pension culture (s-HeLa) as the source of cytosol and early endosome fractions
for our motility assays. The primary benefit of growing cells in suspension
culture is the increase in cell density, which allows large numbers of cells to be
grown in manageable quantities of growth medium. In addition, as the cells do
not have to be released from the substrate, cell isolation is much easier. These
protocols were adapted from earlier ones (7}, with the primary differences being
slight alteration of salt concentrations of the isolation buffer and inclusion of
ATP during isolation of cytosol. We generally grow 2-4 L of cells at a time
([2—4] x 10° cells) for isolation of cytosol or endosome membranes, from which
we obtain enough material for several months of in vitro motility experiments.

1.1.2. Internalization of Fluorescently Labeled Markers

Pioneering assays in which vesicle motility was reconstituted on microtu-
bules relied on light microscopy to visualize vesicle movements (8,9). Although
these experiments elegantly demonstrated that membrane-bounded organelles
did indeed move along microtubules and set the standard for further experi-
mentation, they suffered from the fact that few enriched membrane fractions
are completely pure. As a result, clear association of motility events with spe-
cific membrane-bounded compartments was difficult to confirm. We have
attempted to overcome this complication by marking specific endocytic com-
partments using fluorescently labeled substrates, such as rhodamine-labeled
transferrin, which can simply be included in the cell medium and are efficiently
internalized by the cell. Because the rates of internalization and kinetics of
association of substrate molecules have been extensively characterized for the
endocytic pathway (10), we have been able to utilize this technique to specifi-
cally label different compartments in the endocytic pathway. We have prima-
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rily used rhodamine-labeled transferrin to label early endosomes; roinﬁ.ﬁ
fluorescent conjugates of late endosomal and lysosomal Bﬁwﬁ.m‘ such as epi-
thelial growth factor, and low-density lipoprotein are 8589.9»:« m<u.:m.§m
and these compartments theoretically could also be easily labeled using .mEqu
methods. Earlier studies used internalized latex beads that fluoresce faintly in
order to visualize phagocytic compartments (i 6). Finally, we have also :mm some
success using fusion proteins between small GTPases oﬁ. the Rab family and
green fluorescent protein to fluorescently label endocytic compartments (B.
Sonnichsen, unpublished results).

1.2. The Motility Assay
1.2.1. Preparation of the Microscope Chamber

We observe motility utilizing an easy to make Bwnimoovo perfusion os.m_B-
ber consisting of microscope slides and glass cover slips sealed on two sides
with grease containing glass spacer beads (11). We generally use between 5
and 10-pL. chamber volumes. Leaving two sides of the chamber ocns.mzoim
for easy addition and exchange of reaction buffers. ﬂxo:w:mn of mo__._zo:.om:
be performed by wicking up the solution from one side of Ew chamber with a
torn piece of Whatman filter paper while simultaneously adding new buffer to
the opposite side with a pipetman.

1.2.2. Synthesis of Fluorescently Labeled Microtubules

We synthesize microtubules in one of two ways anw@&:m on é.:m&.on we
wish to analyze the extent of motility of an organelle fraction or Sw direction(s)
in which organelles travel along anno:_v:_.omﬂ. If we e<.E= to quantify the extent
of motility that an organelle fraction exhibits, it 1S ::monm:: that, first, the
number of motility events that can be ocmmﬁmm.wﬂ experiment and, mwoﬂa.. :Mo
reproducibility of this number from one experiment to the next are optimized.
In both of these cases, an evenly distributed and 8_.22@? mm.am.o oﬁmﬁ. of mi-
crotubules upon which the organelles move is _.oncnma..ogw_::.-m this is most
easily done with Taxol-stabilized microtubules vo_%imnm.oa in vitro mGS puri-
fied tubulin. If, however, we want to determine E.m &noo:.o:u_:w of this move-
ment, having a source of microtubules with o&:« identified plus and minus
ends is most important. In this case, we nucleate microtubule asters on purified
centrosomes stuck to the surface of the microscope o__ma‘cnw. .5 either case, to
visualize microtubules by fluorescence microscopy we E_.:Na fluorescently
conjugated tubulin and polymerize microtubules using purified noBvososmm.
Protocols describing the purification of tubulin (12) (see also Q_mvﬂnm .C, its
subsequent modification with fluorescent molecules (13), and purification 1*
centrosomes (14) have been described in detail elsewhere and, therefore, will
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not be described here. In vitro synthesis of fluorescently labeled microtubules
is performed essentially as described (15).

1.2.3. Reconstituting Early Endosome Motility on Microtubules

Photobleaching is a major problem encountered during the extended illumi-
nation of fluorescently labeled microtubules and organelles that occurs while
recording motility events. In order to minimize photobleaching, we utilize both
a shuttered light source in combination with a sensitive video camera, and an
oxygen scavenging system originally used for observation of actin filaments
(16) and subsequently modified for use in microtubule-based motility assays
(6). This antifade buffer consists of a mixture with catalase, glucose with glu-
cose oxidase, B-mercaptoethanol, and hemoglobin.

1.2.4. Videomicroscopes and Data Acquisition

A variety of different light microscopes and video cameras can be used to
view fluorescently labeled specimens. In essence, all one needs is a micro-
scope with epifluorescent illumination and appropriate filters. We have used
Zeiss Axioskop and Axiovert microscopes fitted with 100X/1.40 plan-
Apochromat lenses. In order to reduce the amount of photobleaching during
time-lapse imaging, we use a computer-controlled shutter with illumination by
a 100-W mercury arc Jamp attenuated with heat-reflection and heat-absorbance
filters. At present, several commercial software packages are available that
allow for computer control of attached video cameras. We use a relatively
simple system consisting of a COHU 4910 series video camera with on-chip
integration controlled by the NIH-Image software package. This camera and
software combination is relatively inexpensive, yet sufficient for most imaging
requirements. For more detailed information, we refer the reader to the NIH
Image website, http://rsb.info.nih.gov/nih-image/Default.html.

2. Materials

2.1. Preparation of HeLa Cytosol And Endosomal Membranes
2.1.1. Growth and Harvest of Cells

1. s-HeLa ceils.

2. s-MEM containing L-glutamine, nonessential amino acids (Biochrom KG, Ber-
lin. cat. no. K-0293), fetal calf serum (5%), penicillin (10 IU/mL), and strepto-
mycin (10 pg/mL) (store at 4°C).

3. Trypsin—EDTA (Sigma Chemical Co., cat. no. T-3924; store at 4°C).

4. Phosphate-buffered saline (PBS) buffer.

2.1.2. Internalization of Fluorescently-Labeled Transferrin

1. CO,-independent modified Eagle’s media (MEM) plus 0.2% bovine serum albu-
min (BSA) (store at 4°C).
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2. Transferrin from human serum, conjugated to tetramethylrhodamine or fluores-
cein (Molecular Probes Inc., cat. nos. T-2872, and T-2871).

3. SIM buffer: 250 mM sucrose, 3 mM imidazole, 1 mM MgCl, (pH 7.4) (store
at 4°C).

2.1.3. Preparation of Cytosol

1. KEHM buffer: 110 mM KC1, 50 mM HEPES-KOH (pH 7.4), 2 mM MgCl,,
2 mM Mg—ATP (make fresh).

2. 1000x CLAAP in dimethyl sulfoxide (DMSO): chymostatin (6 mg/mL),
leupeptin (0.5 mg/mL)), antipain (10 mg/mL), aprotinin (0.7 mg/mL), pepstatin A
(100 mg/mL) (store at —20°C).

3. 1000x v-mam&sowrai_-Ea%»:owomozﬁ fluoride; (APMSF) (10 mg/mL) in
DMSO (store at -20°C).

2.1.4. Cell Cracking

Ball-bearing Cell Homogenizer 8.020-mm size with 8.002-mm ball bearing
(EMBL Workshop, Heidelberg, Germany).

2.1.5. Purifying Endosome Membranes

1. 62% (v/v) sucrose solution: 80.49 g sucrose, 3 mM imidazole in 100 mL H,O
(make the night before). o )

2. 35% (viv) sucrose solution: 40.3 g sucrose, 3 mM imidazole in 100 mL H,0
(make the night before). o .

3. 25% (v/v) sucrose solution: 27.59 g sucrose, 3 mM imidazole in 100 mL H,O
(make the night before).

2.2. The Motility Assay

2.2.1. Preparation of the Microscopé Chamber

1. Microscope slides (76 mm x 26 mm X 0.8/1.0 mm thick; Select Micro Slides,
washed; Chance Propper Ltd.,Warley, UK, cat. no. KTH 360).
2. Glass cover slips (18 mm x 18 mm, No.1; Clay Adams, Gold Seal, Reorder No.

3305).
3. Grease with glass bead spacers: Apiezon M (Carl Roth GmbH+Co D7500

Karlsruhe 21, Art. 1683). Glass beads (200-300 pm, acid washed; Sigma Chemi-
cal Co., cat. no. G-1227).

2.2.2. Synthesis of Fluorescently Labeled Microtubules

Purified, cycled, unlabeled tubulin (20 mg/mL; store at -80°C).

Purified, cycled, fluorescently labeled tubulin (20 mg/mL; store at -80°C).
Purified centrosomes (store at —80°C).

10 mM GMP-CPP (store at -20°C).

0.1 M GTP (store at =20°C).
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6. 10 mM taxol in DMSO (store at ~20°C).

7. BRB8O0 buffer: 80 mM K—piperazine-N,N-bis[2-cthanesulfonic acid] (PIPES) (pH
6.8), 2 mM MgCl,, 1 mM EGTA (store at room temperature).

8. G-buffer: 1 mM GTP in BRBB0 (make fresh).

2.2.3. Reconstituting Early Endosome Motility on Microtubules

1. Antifade buffer: 10 pM taxol (from 10 mM stock; store at —20°C), 10 mM glu-
cose (from 1 M stock; store at 4°C), 4 mM MgCl,, 50 pg/mL glucose oxidase
(from 10 mg/mL stock; store at —20°C), 50 pg/mL catalase (from 10 mg/mL stock;
store at —20°C), 0.1% of 2-mercaptoethanol (store at —20°C), into 1 mL BRB80,
sit at 37°C for 1-2 min prior to use (make fresh).

2. Bovine hemoglobin (30 mg/mL; make fresh).

3. Methods

3.1. Preparation of HeLa Cytosol and Endosomal Membranes
3.1.1. Growth and Harvest of Cells

1. Grow four confluent medium-sized flasks (175 ¢m?) of s-HeLa in s-MEM.

2. To release the s-HelLa cells from the flask, incubate with trypsin-EDTA at 37°C
until the majority has been released into the medium. Add just enough volume to
cover the surface of the flask. Then, add these cells to 400 mL of s-MEM media
in a | L spinner flask. Place this flask on a stirrer at 37°C for 24 h.

3. The next day, transfer these spinning cells into a 3 L spinner flask containing 2 L
of fresh s-MEM media.

4, Grow the cells on a stirrer at 37°C until cells reach a density of 0.8-1.2 x 10
cells/mL. This should take 4 d. If the cells are too dense they will not internalize,
so dilute them and grow into log phase again.

5. Collect the cells by sedimentation in a Sorvall GS-3 rotor at 4500g for 10 min at
room temperature.

6. Gently resuspend the cell pellet in PBS, swirling the flask by hand until the pellet
is in solution. It is okay if there are still large chunks of aggregated cells, as long
as the pellet has released from the flask.

7. Spin again in a Sorvall GS-3 rotor at 4500g for 10 min at room temperature.

8. Again, gently resuspend the cell pellet in 50 mL of PBS, transfer this slurry to a
50-mL Falcon tube and spin in a Sorvall tabletop centrifuge at 3000g for 10 min
at room temperature. If preparing endosome membranes, continue with internal-
ization protocol. If preparing cytosol, proceed directly to Subheading 3.1.3.

3.1.2. Internalization of Fluorescently-Labeled Transferrin

1. Transfer the cell peliet to 10-15 mL prewarmed CO,-independent MEM plus
0.2%BSA containing 30 pg/mL transferrin conjugated to rhodamine or fluores-
cein-isothiocyanate (FITC).

2. Incubate the cells in a 37°C water bath for 10 min and then dilute the cells to
50 mL with ice-cold SIM buffer.
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3. Spin down the cells at 4°C in a refrigerated tabletop centrifuge at 3000g for
10 min.

4. Wash the cells with ice-cold SIM buffer and resediment cells in tabletop centri-
fuge at 4°C twice more. .

5. Resuspend the final cell pellet in 2 cell volumes of ice-cold SIM buffer contain-
ing freshly added 1x CLAAP, 1x APMSE, and 1 mM dithiothreitol (DTT). Pro-
ceed to Subheading 3.1.4.

3.1.3. Preparation of Cytosol

Resuspend cells in 0.7 vol of ice-cold KEHM buffer to which 1x Q&?vw.
1x APMSF, and | mM DTT have recently been added. Proceed to Subheading
314,

3.1.4. Cell Cracking

1. Assembie the cell cracker (made at EMBL) using ball-bearing size 8.002 and H.io
5- or 10-mL syringes, depending on the cell volume. Precool the cracker on ice,
or in a cold room. . . .

2. Passage the cells through the cell cracker six or seven tumes, mvv_v:nm.n:_nw,
short bursts of pressure to the syringe plungers while frequently alternating the
direction of flow through the cell cracker (see Note 1).

3. Check under a phase-contrast microscope o assess the degree of cell breakage.
To do this, simply unscrew one of the syringes from the cell cracker and remove
a few microliters of sample with a pipetman (see Note 2). .

4. Continue with cell breakage until the majority of cells are broken. Typicaily, we
can observe up to 90% breakage after 1013 passages. However, more or less
passages will be required depending on the strength of the _.nma.En:ﬂ.

5. If endosome membranes are to be isolated, proceed to Subheading 3.1L.5. cyto-
sol is to be prepared, spin the cell homogenate ina mnowawss ‘El>._oo.\_ rotor at
278,000g for 30 min at 4°C. Remove the supernatant, saving an m:a.:oﬁ .mon pro-
tein concentration determination, and snap-freeze the rest in liquid nitrogen.
Aliquots of snap-frozen cytasol should be stored at —80°C.

3.1.5. Purifying Endosome Membranes

1. Transfer the cell homogenate from step 4 of Subheading 3.1.4 10 a 15- or mo-BT
Falcon tube and sediment nuclei and unbroken cells in a Sorvall tabletop centri-
fuge at 4000g for 20 min at 4°C.

2. Collect the postnuclear supernatant (PNS) (see Note .8. .

3. Using a refractometer, adjust the sucrose concentration Q.q the vz.m mBn:o.: to
40.6% (v/v) with an ice-cold 62% (v/v) sucrose stock solution. Begin the adjust-
ment by adding 600 uL of 62% sucrose per 500 uL PNS. . . .

4. Split the density-adjusted PNS obtained from 2.4 L of spinner culture into six
SWA40 tubes using a syringe to apply equal amounts to the bottom of each tube.
Carefully overlay these fractions with 4 mL of ice-cold 35% (v/v) sucrose solu-
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5.

6.
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tion, followed by 4 mL of ice-cold 25% (v/v) sucrose solution. Balance the tubes
by adding to or removing from the 25% sucrose layer.

Spin these tubes in a SW40 rotor at 220,000g for 6 h at 4°C and collect the early
endosome band at the 25-35% sucrose interface (see Note 4).

Aliquot the early endosomes in 200-uL fractions, saving a portion for protein
concentration determination, and snap-freeze the rest in liquid nitrogen.

3.2. The Motility Assay
3.2.1. Preparation of the Microscope Chamber

1.

(4

w

4.

Warm approx 20 g Apiezon M grease on a heating plate until the viscosity is low
enough that the grease is easy to stir. Add 2 g of 200- to 300-im glass beads and
stir until they are well mixed. Pour the mixture of grease and beads into a syringe
tipped with blunted 18-gage needle. Push in the plunger and remove the majority
of trapped bubbles. Let the grease cool to room temperature. This grease dis-
penser can be stored at room temperature and will last for several months worth
of experiments.

Extrude two lines of grease onto a glass cover slip about 1.5 cm apart and place a
cover slip on top. Gently tap the cover slip with a pipet tip to generate an even
seal with the grease lines (see Note 5).

At this point, 5 puL of previously synthesized microtubules (see Subheading
3.2.2.1.) can be added to the perfusion chamber. Alternatively, 5 pL purified cen-
trosomes can be added for the nucleation of microtubule asters (see Subheading
3.2.2.2.). Gently tap the cover slip down with a pipet tip to reduce the chamber
volume until the S-pL reaction fills the entire chamber.

If prepolymerized microtubules are being used, let the chamber sit at room tem-
perature for 5 min to allow nonspecific sticking of the microtubules to the glass

surfaces of the chamber, then proceed to Subheading 3.2.3. If microtubule asters
are being nucleated, proceed to Subheading 3.2.2.2.

3.2.2. Synthesis of Fluorescently Labeled Microtubules
3.2.2.1. SYNTHESIS OF POLARITY-MARKED MICROTUBULES IN VITRO

1.

To synthesize brightly labeled microtubule seeds, dilute 1 pL of freshly thawed,
fluorescently labeled tubulin (20 mg/mL) into 5 L. BRB8O0 and add 0.5 pL of 10
mM GMP-CPP (see Note 6). Incubate this mix for 10-20 min in 37°C water
bath.

Meanwhile, add 10 pL freshly thawed 0.1 M GTP into | mL of BRBRO, produc-
ing 1 mL G-Buffer. Take 30 UL of G-Buffer and mix with 10 pL freshly thawed,
cycled tubulin (20 mg/mL) and 1 mL freshly thawed, fluorescently labeled tubu-
lin. Add this mixture to the brightly labeled microtubule seeds and incubate at
37°C for an additional 20-40 min.

While the microtubules are polymerizing, dilute 1 UL of 10 mM taxol dissolved
in DMSO into 1 mL BRB8O0. Vortex this solution well to ensure proper suspen-
sion of the taxol (see Note 7). Prewarm a Beckmann airfuge rotor to room tem-
perature (see Note 8).
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4.

Remove the polymerized microtubules from the 37°C water bath and dilute into
200 pL of BRB8O +10 pM taxol solution. If polymerization was successful, one
should observe a marked viscosity of the microtubule-containing solution. Trans-
fer the diluted microtubules to an airfuge tube, make 2 balance tube, and sedi-
ment the microtubules at 30 psi for 5 min at room temperature.

Aspirate the supernatant and gently resuspend the peliet in 50 pL of BRB80 + 10
1M taxol. These microtubules are now stable for up to 1 wk at room 8:.62&88.
To minimize photobleaching, wrap the storage tube with aluminum foil.

3.2.2.2. IN SiTu NUCLEATION OF MICROTUBULE AsTERS ON PURIFIED
CENTROSOMES

1.

2.

3.

4,

Perfuse 5 UL of purified centrosomes diluted to preferred 8:855@0: E.ww_w 80
into a microscope chamber (described below). Incubate the chamber in an inverted
position for 1-2 min to allow centrosomes to stick to the glass cover .m:v.

Mix 1 pL of fluorescently labeled, cycled tubulin (20 mg/mL) with 10 uL of
unlabeled cycled tubulin (20 mg/mL) and dilute into 50 Fr of Q-M:@oﬂ m.vn_,?mm
5 pL of this mixture into the microscope chamber using a ripped piece .%
Whatman filter paper; wick out the preexisting chamber fluid on the opposite
side. )
Incubate the chamber in a humid box at 37°C for 20 min to polymerize the micro-
tubules.

Perfuse the chamber with 10 pulL of BRB80 + 10 uM taxol to remove
unpolymerized tubulin and stabilize the microtubules. The microscope chamber
can now be stored at room temperature for several hours.

3.2.3. Reconstituting Early Endosome Motility on Microtubules

1.
2.

3.

Prepare fresh antifade buffer, hemoglobin, and BRBSO + 10 mM taxol solutions.
Z:w 4 pL antifade buffer, 1 UL hemoglobin (30 mg/mL}), 2 pL HeLa cytosol (10-15
mg/mL), and 3 uL of fluorescently labeled early o_aOmoEnm. GL.EW\BC. and
perfuse all 10 pL. into a microscope chamber preloaded with microtubules or
microtubule asters. 4 o

Place a drop of immersion oil on the glass cover slip and visualize fluorescent
endosomes and microtubules with appropriate mascnom_.:.s.nmoﬁ._nn .ESB ona
time-lapse video microscope. Examples of endosome B.oE_Q on in vitro %.::6-
sized microtubules or microtubule asters are shown in Figs. 1 and 2, respectively.

4. Notes

1.

Avoid the inclusion of bubbles in the syringes, as they can _ommu to a vapor lock of
the cell cracker. Also, as high pressures are generated within :.5 cell cracker
apparatus during this procedure, it is important to wear protective goggles or
glasses to prevent injury if a syringe breaks. .

It is good to save a small aliquot of unbroken .nn=m. to compare against those
processed in the cracker. Intact cells can be distinguished from Eo_nﬂ_ cells by
presence of cytosol around a highly refringent nucleus. Alternatively, a drop of
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Fig. 1. Fluorescently labeled endosomes moving along in vitro synthesized micro-
tubules. Oregon-green labeled microtubules (MTs) were adsorbed to a glass cover slip.
Images of rhodamine-transferrin-labeled endosomes are shown at 10-s intervals. Mov-
ing endosomes are indicated by nurmbered arrows. In the final panel, a merged stack of
consecutive images of fluorescently labeled endosomes (2-s intervals) is superimposed
on an image of the microtubules. When represented in this manner, moving endosomes
produce a series of closely spaced dots that line up with fluorescent microtubules.
Scale bar: 5 um.

1% trypan blue solution dissolved in water can be applied to the cells. Nuclei
from broken cells will stain blue, whereas those of unbroken cells remain clear.
3. If it is difficult to distinguish between the supernatant and the pellet fractions,
hold the tube up to a light source to help observe this interface,
4. Tomore easily see the endosomal membranes, place the tubes in a rack in front of
a piece of black paper. We typically use a straight metal tube connected to tubing
threaded through a peristaltic pump to collect the interface fractions.
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moving along microtubule asters toward
abeled microtubule asters (MTs) were nucle-

s (astérisk) adsorbed to a glass cover slip. Images of rhodamine—

. s intervals. Moving endosomes are

transferrin-labeled endosomes are shown at 10-
indicated by numbered arrows. { continued)
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Fig. 2. (continued) In the final panel, a merged stack of consecutive images of

fluorescently labeled endosomes (2-s i i
. -8 1Nt 3 i i
microtubule aster. Scale bar: 5 E:A. ervals) is superimposed on an image of the

5. When applying the grease, it is b
, 1t 18 better to apply too much than too )i
M:Msgn can be tapped down to create the proper reaction <o_MBMo ,Fﬂ_:nm_mm z_nm
uffer through the oswgvnn and, by extension, the extent of immE:m. in Mu i
area of the chamber will cw affected by its cross-sectional area; therefor i pays
to Bw.Wo the chambers as similar to one another as possible. .ﬁo,moo::: _o, _: + e
aﬂo __hMm of grease at set distances apart, we have found it useful to m%:wahw ””n
chamber on a piece of graph paper using the underlyi i °
lines 1.5 cm apart. & fhe tnerlying g1id to apply the grease
GMP-CPP is unfortunately not available commercially and must be synthesized
size

Qd.ZSBwﬂ?a_%mro:BmonoEg_amo&m ized i
iy can be synthesized in the presence of
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7. Taxol does not remain active through several freeze—thaw cycles; therefore, we
store at the 10 mM taxol stock solution in 1-uL aliquots at -20°C. Additionally,
as at cold temperatures, taxol precipitates out of aqueous solutions, always store
at these tubes at room temperature.

8. Alternatively, microtubules can be sedimented by spinning at 100,000g in a
Beckmann TLA 100 rotor for 5 min at 37°C.
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Approaches to Study Interactions Between Kinesin
Motors and Membranes

Gerardo Morfini, Ming-Ying Tsai, Gyorgyl Szebenyi,
and Scott T. Brady

1. Introduction . .

Determining the subcellular location of Bo_nn.EE Mwmmwwm W H”._ Mwmmmwww
step in understanding their function and ._.mmEm:.M:. hov mS much aen
tion has been focused on the ability of E.com_s-r e a.% o L et beon
ibly to microtubules, the interaction o.m this m:.::v\. wi n Emacnmsm-coca
extensively studied. Thus, a.rm Ewomwm_wﬁmaww W_MMMS M\Socmr brane-boun
organelles (MBOs) remains p ) e
sm_n_w Eo:ﬁmrﬁ to serve as motors for Bo<oBoM~ of WMWWMH&% o Homw-
ter 12). Methods presented in ﬁr.—.m ongMHMHMm evelop

i f the membrane association 0 . ol
_mﬂw_“u:wz:omcoamonznp nerve :mwﬁ.:.us, and @c_m@ WWMMMWW&H hnwﬁwwm_wﬂa e
ies suggest that conventional kinesin 18 bound 6 ABOS x.:ﬁ&.: .
cellular fractionation studies, however, the Bw_onmé os.m e ey between
soluble cell fractions (4). A possible explanation for Mrw g ,c_wmo: A
biochemical and whole-cell approaches may be ﬁ.rmﬁ .: »mmmomm:os and proper
compartmentalization of activities that 8.:6_ _c:.mm_ e wion. A
branes in intact cells becomes &mEm.ﬁoa ac._.Em. tissue O osble o
result, during biochemical fractionation, kinesin may

iviti i i the amount
improperly RmE&n%oB:Nmm activities that artifactually increase

is i ification of
of kinesin in the soluble fraction. Although this is useful for www—w_“ﬂmmﬂnzﬂ oy
motor proteins, the release of kinesin ?an_nonwwowﬂmww :»va S o
i inesi arefully co con
ellular functions for kinesin. By ¢ fra ditions
MMM modulating enzymatic activities that can w@now Eoﬁm”mm””uwwmg erac
tions during cell fractionation, the release of MBOs from

i ! 1. 164: Kinesin Protocols
R s in Molecular Biology. Vo
naﬂnﬁmu_ Mﬂ 1. Vernos © Humana Press Inc., Totowa, NJ
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Fig. 1. Fluorescently labeled endosomes moving along in vitro synthesized micro-
tubules, Oregon-green labeled microtubules (MTs) were adsorbed (0 a glass cover ship.
Images of rhodamine-transterrin-labeled endosomes are shown at 10-s intervals. Mov-

ing endosomes arc indicated by numbered arrows. In the final panel, a merged stuck of

consecutive images of fluorescently labeled endosomes (2-s intervals) is superimposed
onan image of the microtubules. When represented in this manner, moving endosomes

produce a serics of closely spaced dots that line up with fluorescent microtubul

es.
Scale bar 5 um.

14 trypan blue solution dissolved in water can be applied to the cells. Nuclei

from broken cells will stain blue, whereas those of unbroken cells remain clear.

3. it is difficult to distinguish between the supernatant and the pellet fractions,
hold the tube up 1o a light source to help observe this interface.

4. To more easily see the endosomal membranes, place the tubes in a rack in front of
apicee of black paper. We typically use a straight metal tube connected 1o tubing
threaded through a peristaltic pump to collect the interface fractions.
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Fig. 2. Fluorescently labeled endosomes Bc,_Em along microtubule wir,,«w,ﬁ"cﬁ_w__..a
both _r:::f and minus ends. Oregon-green Jabeled ::QdEr:_w asters ?(3/@ Jf_ar\ ::,r r
ated on centrosomes (asterisk) adsorhed 1o a glass cover ship. _:\E.mo, of __z,v .:@:%m
W..u«sﬁtn?;-_ncn_ma endosomes are shown at 10-s intervals. Moving endosomes are

indicated by numbered arrows. (continued)
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Fig. 2. tcontinue s {ine
¢ continued) In the final panel. a merged stack of consecutive jmases of

W.E:_‘n./:/n ., . . v
torescently labeled endosomes (2-s intervals) is superimposed on an ,
microtubule aster. Scale bar: 5 um sed on an image of the

izl

When applyving the grease, it is better to apply too much than li ¢
r.::,“,:vz. can be tapped down to create the proper reaction Sw 5,: i _:n,
bufter ,::Q_M: the chamber and. by extension. the extent of wa ”:.3? .1:5 :.:,, .
arca of the chamber will be affected by its cross-sectional .:omw w__:.m,i A,
o :Z._F, the chambers as similar to one another as tczz.&_r., 40,‘% .r_r,_cﬁ. e
two tines of grease at set distances apart. we have found .:.:ﬁmm“r_rﬁﬂﬂww_hv\. o e

b gener

chamber on rate the

a picce of graph paper using the lyi i

. 1 g ¢ the underlying gr :

fines 1.3 om apart. ine Sndio soply the gl

w, N ¥ TP oy oly PIRVaIT] H

6. GMP-CPP is unfortunately notavailable commercially and must be sypthes
{17). Alternatively, short microtubule seeds can be synthesized in the p . /,\rgA
alveerol (15). ’ e presence ol
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7. Tasol does not remain active through several frecze—thaw cycles: therelore. we
store af tie 10 mA tasol stock sofution in {-ul aliquots at - 20°C. Addionally.
as at cold temperatures. tasol precipitates out of aqueous solutions. always store
at these tubes at room emperature.

8 Alternativelv, microtubules van be sedimented by spinning at 100.000g
Beckmann TLA 100 rotor for 5 min at 37°C.

Acknowledgments

The authors would like to thank Birte Sonnichsen for comments on the
manuscript. and members of the Hyman and Zerial labs for helpful discussions
and advice. E. N, and F. S. are supported by EMBO Long-term, and Max Planck
Fellowships. respeetively. This work was supported by the Mux Planck
Gesellschaft grangs from the Human Frontier Scicnce Program (RG-432/96).
EU TMR (ERB-CT96-0020). and Biomed (BMH4-97-2410) (M. Z.).

References

1. Matteoni. R, and Kreis. T E.( 1987) Translocation and clustering of endosomesand

lysosomes depends on microtubules. 1. Cell Biol. 108, 12531 265.

2. Gruenberg. 3. Gritfiths. G and Howell, KL E. (1989 Characterization of the carly
endosone and putative endoeytic carrier vesicles in vivo and with anassay of vesicle
fusion in vitro. J. Celi Biol. 108, 1301-1316.

MeGraw. T L Dunn, K. Weand Masfield. 14 R, (1993) lsolation of a temperaiure-

censitive variant Chinese hamster ovary cell Tine with a morphologicully altered

endocytic recyeling compartment. J. Cell Physiol, 185.579-594.

1. Aniento. E. Emans. N Griffiths. G.. and Gruenberg, J. {1993 Cytoplasme ds nein-
dependent vesicular transport from early tolate endosomes. J. Cell Biol, 1231373
1387.

5. Bomsel. M.. Parton. R.. Kuznetsov, $ AL Schroer. T.. and Gruenherg. ], 11990
Microtubule- and motor-dependent fusion i vitro between apical and hasoluteral
endocytic vesicles from MDCK cells. Cell 62.719-731.

6. Blocker. A.. Griffiths. G.. Oliva, J. C.. Hyman. A. A..and Severin. I 11997

Tolecular reguirements for bi-directional movement of phagosomes along micro-
wbules. J. Cell Biol 137,11 13-129.

7 Gorvel.J.-P.. Chavricr, P Zerial, M. and Gruenberg, 1. (1991) RuhS contols carly
endosame fusion i1 virvo. Celi 64, 915-925,

8. Allen. R. D.. Metuzals. J.. Tasaki. L. Brady. S. T.. und Gilbert. S P
axonal transport in squid giantaxon. Science 218, 1127-1129.

o

25 Fast

9

Brady. S.T., Lasek. R J.and Allen. R D 1OR2) Fast axonal transport in eatruded

axoplasm from squid giant axon. Science 218 1129-1131.

10. Meliman, L. (1996) Endocvtosis and molecular sorting. Annu. Rev. Cell Do Riol
12, 575-625.

11, Allan. V. J. (1993) Assay of membrane motility in interphase and metap

pus extracts. Methads Cell Biol. 39. 203-226.

~o Xeno-




