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Version 2.1

Section I; Introduction

About the Assay

This assay is an economical one step procedurdefi@mining the effects of drugs or proteins orutub
polymerization. It is an adaptation of an assagioally described by Bonne, D. et al. (1). Polyiration is
followed by fluorescence enhancement due to therpuration of a fluorescent reporter into microtig#lsuas
polymerization occurs. The standard assay usesonalurtubulin (Cat. # T240) which generates a
polymerization curve representing the three pha$esicrotubule formation, namely nucleation (Phage
Figure 1), growth (Phase Il in Figure 1) and stestdye equilibrium (Phase Il in Figure 1). Otlgulins,
such as HelLa and MCF-7 tubulin (Cat. # HO01 & HO&4) also be used in this assay format.

Compounds or proteins that interact with tubulifl witen alter one or more of the characteristiagds of
polymerization. For example, Figure 1 shows theotfof adding the anti-mitotic drug paclitaxel ttoe
standard polymerization reaction. AuB® final concentration paclitaxel eliminates the leation phase and
enhances the Vmax of the growth phase. Thus, ppkcation of this assay is the identification aivel
anti-mitotics. Figure 1 also shows the effect ddliag the microtubule destabilizing drug, vinblasti At 3
UM final concentration, vinblastine causes a deséa Vmax and a reduction in final polymer madsor a
detailed discussion of assay conditions and agstayiaation, see Section V.

Figure 1: _Fluorescence Polymerization Assay irs@&nee of Paclitaxel or Vinblastine
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Figure 1: Standard polymerization reactions were carriedagutiescribed in the Assay Protocols SectiorEdch well
of the assay plate containedubof 10x strength compound which was warmed for ih to 37°C, 50ul of tubulin
solution was pipetted into each well. Excitationswa 360 nm and emission at 420 nm. The threeeghafstubulin
polymerization are shown for the control polymetia curve.

Each kit contains sufficient reagents for 96 ass#yS5 pl volume per assay when using a single
channel pipettor. Generally, using a multichannipette results in less assays per kit due to some
wastage of tubulin protein (see method section V).
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Version 2.1
Section I:  Introduction (continued)

Comparison of the Fluorescence Based Polymerizétssay with the Classical Absorbance Based Assay

The classic tubulin polymerization assay uses #&asme readings at 340 nm to follow microtubule
formation. It is based upon the fact that lighsdsittered by microtubules to an extent that ipgntonal to

the concentration of microtubule polymer. This gssaoffered by Cytoskeleton Inc. (Cat. # BKOO6P /
CDSO03P). The fluorescence based assay has beegpamamto the absorbance based format and the
comparisons are given in Table 1 below. For helpdlecting the best assay format for your needsaco
tservice@cytoskeleton.com.

Table 1: Comparison of Fluorescence versus Absorbance Baagderization Assays

Assay Characteristics Absorbance Assay Fluoresceméssay

Tubulin used per assay 300pg 100pg

Volume of reaction 100ul 50 pl

Signal to noise ratio (S/N) 2 4

Coefficient of variation (cv)* 13% 11%

Paclitaxel EC50** 1uM 1uM

Vinblastine IC50 ** 0.6 uM 0.6 uM

Possible problems Glycerol in standard assd&fuorescent reporter may interfere
format may interfere with drug with drug or protein binding.
or protein binding.  Assay
conditions can easily be altered
to test this.

*  Duplicate samples
** Under standard assay conditions. Conditioas be optimized for polymerization enhancers oibidrs.
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Version2.1

About Tubulin Protein

Tubulin is composed of a heterodimer of two clogelated 55 kDa proteins called alpha and betalitub
The proteins are encoded by separate genes, of gem families, whose sequences are highly coad
throughout the eukgotic kingdom. Consequently, tubulin isolated frcPorcine brain tissue is highl
homologous to tubulin isolated from any eukaryastource. This fact results in the technical bertéfit
Porcinetubulin (in the form of microtubules, see belowhd#e used to assay proteins originating from
diverse species, e.g.; Saccharomyces cerevisiabPr@ophila melanogaster (

Figure 2: Microtubule Structure

A) Schematic of a microtubt B) Electron micrograph of microtubules (100,0(
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Tubulin polymerizes to form structures ca microtubules (MTs) (see Figure 2B). When tubi
polymerizes it initially forms protédaments, MTs const of 13 protofilaments and are 25 nm in diame
each pmof MT length is composed of 1650 heterodimers Microtubules are highly ordered fibers tl
have an intrinsic polarity, shown schematicallyFigure 2A. Tubulin can polymerize from both erin
vitro, however, the rate of polymerization is not equtilhas therefore become the convention to ca
rapidly polymerizing end the pluend of a microtubule and the slowly polymerizingl ¢he minu-end. In
vivo the plus end of a microtubule isthl to the microtubule organizing cen

This assay uses highly purified tubulin frPorcinebrain. The consistent quality of the protein isical to
dependable and reproducible results. An examplbeofubulin used fcBKO11P (Cat. #24(-DX) is shown
in Figure 3.

Figure 3: Tubulin Purity

Porcine brain tubulin (T240-DX) was run on a
4-20% SDS PAGE system and stained v

0.1% Coomassie Blue. The gel in figure
. shows 50pg of tubulin protein. Scanning
densitometry determined the proteto be
>99% pure tubulit
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Version 2.1
Section Il: Important Technical Notes

The following technical notes should be read cdisefarior to beginning the assay.

Instrument Requirements

Fluorimeter

Polymerizations are followed by an increase inri@sgence emission at 410-460 nm over a 60 minutedpe
at 37°C (excitation wavelength is 340 — 360 nm)ouMYwill therefore require a temperature regulated
fluorimeter capable of reading at 410-460 nm inekimn mode with excitation filters of 340-360 nm.heT
assay is designed for a 96 well microtiter platenfat and therefore your fluorimeter should be ableandle

96 well plates. The multiwell plate format willsal result in lower cv values when multiple samplessto be
screened at a time.

The majority of the work in the design of this gsbas been based on the TECAN GmbH machine called
SpectroFluor Plus. This machine is filter based sndne of the more sensitive machines on the mharke
(pmoles of fluorescein can be detected). The paemef a Protocol file using the SpectroFluor giren
below:

Measurement type: ind€ic 61 cycles of 1 reading per minute. The ttoarse of the reaction
can be reduae8@ min in some cases.
Fluorescence wavelengths: EX. 340-360 nm = 20 nm
Em. 410-460 nm x 20 nm.
Gain: 80 On a scale of 0-120, where 120 is thadsg
Reads per well: 3
Fluorescence reading from: Top
Integration: 0-4Qus.
Shaking: 5s Medium, orbital (first read only)
Plate type: Greiner GRE96fb (flat, black). (Standard téatgpon TECAN).

The major differences with other plate readers are:

1. If a monochromatic machine is used e.g. GemamfMolecular Devices Inc. then the wavelengthukho
be Ex. 360 nm and Em. 450 nm.

2. If the machine is not set-up for Greiner pldtesn a custom template will have to be createdher
Corning Costar 96-well plate provided (Corning @os€Cat. # 3686). Use 1Q0 of ten-fold diluted Buffer
1 pipetted into each well and then activate the Nlemplate scan procedure.

Recommended Pipetting Technigue & Choice of Pipetto

Single Channel Pipettor (recommended for processiig8 samples)

If a few samples (1 — 8) are being assayed, usggleschannel pipettor and aim to finish all tulutiipetting
within one minute. The more familiar the pipetteemgior is with the pipettor the lower the varidiili
between samples, so it helps to practice with a B&#ein solution before using the tubulin. Theoset
important point to avoid is bubbles forming in tivells after pipetting. This leads to incorrect biase
referencing at time = zero, when the bubbles latgst, the fluorescence readings fluctuate anderfadse
positive readings. Bubbles form when incorrect iipg height or pipetting technique are used. Udeva
pipette tip height and a quick to medium pipettmg-flow rate and do not “blow out” at the end bkt
pipette motion. The operator is advised to use latisa of BSA at 2.0 mg/ml to set up their partiaul
apparatus, and then the transition to tubulin bélleasier. Use of a single channel pipettor all@@/assays
to be performed per kit.

Tel: 303-322-2254 Fax: 303-322-2257 E-mail: ce@eytoskeleton.com
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Version 2.1
Section Il: Important Technical Notes

Repetitive Pipettor or Multichannel Pipettor (recoended when > 8 assays are to be performed atrep t
Tubulin polymerization will begin as soon as thetpm is introduced into the warm 96 well platejsit
therefore very important to introduce the protaitoireaction wells simultaneously. Working quickly
single channel pipettor is fine for up to 8 assalyer a greater number of assays we strongly reamdrthe
use of a repetitive or a multi-channel pipettorselbf these instruments necessitates some lossuolirt
reaction mix and therefore you will only get appgmately 75 — 85 assays from this Kkit.

Assay Conditions

Temperature

Tubulin polymerization in this assay is regulated temperature. At 37°C tubulin will polymerize ant
microtubules while at 4°C microtubules will depolgrize to the tubulin subunits. There is a losduf
polymer per degree reduction in temperature. driigcal therefore to pay particular attentiontéonperature
throughout the assay. Tubulin should be kept ourté transferred to the 96 well plate for polyimzetion at
37°C.

Tubulin Protein Stability

Tubulin is a labile protein; the instructions incBen IV specify that reconstituted tubulin shoblel aliquoted
into 85l volumes at 10 mg/ml protein concentration. Abtjng the protein is VERY IMPORTANT as
significant protein denaturation will occur afteora than one freeze / thaw cycle. It is partidulanportant
to snap freeze the tubulin aliquots in liquid nyeo before storing at -70°C, any other freezinghogtmay
result in significant protein denaturation. Italso important to keep the tubulin protein concaidan above
6 mg/ml prior to freezing; protein left over frompalymerization assay should not be re-frozenis Hlso
important to keep the lyophilized tubulin dry bgréhg in a desiccator at either 4°C or -70°C.

Assay Characterization

In order to achieve reproducible results the retmarmust decide on standard conditions of operafibe
recommended standard conditions are 2 mg/ml tubnlBuffer 1 supplemented with 1 mM GTP and 15%
glycerol. Using a higher protein concentration waithieve greater polymerization signal which camseful
for detecting inhibitors. Using lower or zero contations of glycerol is useful for detecting pomzation
enhancing compounds. In the absence of glycerollitu will not polymerize under the conditions uded
this assay except in the presence of an enhangent déike paclitaxel. Conditions can be modifiedstat
particular requirements, for example if you requesearch for inhibitors that bind hydrophobic l&ts of
tubulin you may want to use no glycerol and a higlmmcentration of tubulin or by using MAPs (asMAP-
rich tubulin, Cat. # ML116) which bind ionicallytreer than in hydrophobic pockets.

Unit Definition

One unit of Porcine Brain Tubulin (Cat.# T240-DX) BKO11P is defined as 10@g of protein (as
determined by the Precision Red Advanced ProtesaysCat. # ADV02). When one unit of reconstituted
tubulin in a 55ul volume is pipetted into one well of a Corning @us96-well plate (Cat. # 3686), it will
polymerize efficiently at 37C to reach a maximum fluorescence in approxime&8lynin. The fluorescence
will increase by 3 to 4 fold over this time.

Tel: 303-322-2254 Fax: 303-322-2257 E-mail: ce@eytoskeleton.com
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Version 2.1
Section Il: Important Technical Notes (continued)

Test Compound or Protein Preparation

A 2 mM solution of your compound in DMSO is the iomdl starting material; this is then diluted in wato
the desired 10x concentration. If it is not possital solubilize your compound at this concentratiben you
can substitute ethanol for DMSO, or try 20 solution directly in 80 mM PIPES pH 6.9, 10% gyol and
10% DMSO. If this is not possible either, call @mer service (303-322-2254 or cserve@cytoskeledom).c
For proteins you need a 10x final concentratioeneral Tubulin Buffer (80 mM PIPES pH 6.9, 0.5 mM
EGTA, 2.0 mM MgC}, Cat. # BSTO1) or another tubulin compatible bufach as 30 mM Tris pH 7.0.
General guidelines for tubulin compatible buffers given below;

a) Keep pH between 6.5 -7.0
b) Do not use calcium containing buffers.
c) Try to avoid using sodium chloride in the buffer.

Tel: 303-322-2254 Fax: 303-322-2257 E-mail: ce@eytoskeleton.com
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Version 2.1
Section lll; Kit Contents

This kit contains sufficient reagents for approximaely 80 - 96 assays of 58 volume. The variability in

assay number is due to the fact that the use of aultichannel pipettor results in some tubulin loss,
hence less assays can be performed (see Section M3e of single a channel pipettor results in 96 says.
Prior to reconstitution the kit should be stored deiccated at 4°C (stable for 6 months) or desiccateat -

70°C (stable for 6 months). The kit contents shodInot be allowed to become damp.

KIT COMPONENT |DESCRIPTION

Tubulin protein One bottle containing 10 mg of Iyophilized proteirhe tubulin is purified
(Cat. # T240-DX) from Porcine brain and is > 99% pure. The prot@ipears as a white powder

GTP Stock Three tubes, lyophilized. Each tube gives 00f a 100 mM stock solution
(Cat. # BST06-001) | when reconstituted.

Buffer 1 Two bottles, lyophilized. Each bottle gives 10 ol 1x buffer when
(Part # BPO1) reconstituted. Buffer composition is 80 mM PipanazN,N'-bis[2-

ethanesulfonic acid] sequisodium salt; 2.0 mM Maiuma chloride; 0.5 mM
Ethylene glycol-bis(b-amino-ethyl ether) N,N,N'fdtra-acetic acid, pH 6.9,
10 uM fluorescent reporter.

Tubulin Glycerol One bottle of 10 ml. Buffer composition is 80 mNpé&azine-N,N'-bis[2-
Buffer (Cushion ethanesulfonic acid] sequisodium salt; 2.0 mM Maiuma chloride; 0.5 mM
Buffer) Ethylene glycol-bis(b-amino-ethyl ether) N,N,N'fdtra-acetic acid, 60% viv
(Cat. # BST05-001) | glycerol, pH 6.9.

Paclitaxel One tube, lyophilized. Gives a 1Q0 of a 2 mM stock solution whep
(Cat. # TXDO01) reconstituted.

DMSO One tube containing 1 ml of DMSO. Used for pagblaresuspension.

(kit only)

Half area 96 well platg One plate.
(kit only) Black, flat bottom, Corning Costar Cat. # 3686

Tel: 303-322-2254 Fax: 303-322-2257 E-mail: ce@eytoskeleton.com
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Section 1V: Things to do Prior to Beginning the Asay

Version 2.1

Prior to beginning the assay you will need to retitmte several components as shown below:

Kit Component | Reconstitution Storage
Conditions
Buffer 1 1) Reconstitute each bottle with 10 ml of Milli-Q wa{@0 ml Store at -70°C
(Part # BPO1) total) Stable for 6
2) Pool the bottle contents. months.

3) Aliquot into 13 x 1.5 ml volumes, freeze at -70°C

Tubulin
Glycerol Buffer

(Cushion Buffer)
(Cat. # BST05-001)

No reconstitution necessary.

Store at 4°C.
Stable for 6
months.

GTP Stock
(Cat. # BST06-001)

1) Reconstitute each of the three tubes with 1I0gf ice cold
sterile distilled water (300 pl total).

2) Place onice.

3) Pool contents of the three tubes.

4) Aliguot into 13 x 20ul volumes and freeze at —70°C.

Store at —70°C.
Stable for 6
months.

Tubulin protein
(Cat. # T240-DX)

1) Place the 10 mg bottle of T240 on ice, and obigund
nitrogen in a dewar.

2) Label 12 cryotubes “Tubulin Stock, 10 mg/ml” andq#
these on ice ready for aliquoting.

3) Defrost 20ul of 100 mM GTP stock.

4) Mix 1.5 ml of ice cold Buffer 1 with 15l of 2000mM GTP
stock.

5) Completely resuspend the tubulin powder with tHeml. of
the supplemented Buffer 1.

6) Keep on ice for 2 minutes to allow complete resosja.

7) Dispense into 12 x 8@l aliquots into the labeled cryotubes
and drop freeze in liquid nitrogen.

8) Store at -70°C.

Each aliquot is sufficient for 6 - 8 assays depegdipon
aliquoting technique used, see Section V.

NOTE: It is very important to snap freeze the tubdin in
liquid nitrogen as other methods of freezing will gze protein
with reduced activity.

Store at —70°C.
Stable for 6
months.

Paclitaxel Stock
(Cat. # TXDO01)

1) Reconstitute the tube of paclitaxel with 3@Gf DMSO.
2) Freeze at -70°C or —20°C.

Store at —70°C
or —20°C.
Stable for 6
months.

Tel: 303-322-2254 Fax: 303-322-2257 E-mail: ce@eytoskeleton.com
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Section V: Assay Protocol

Standard Polymerization Assay Protocol: Method forl-8 Assays

Version 2.1

This standard assay format can detect inhibitodsearhances, the condition are 2 mg/ml tubulin im8a
PIPES pH 6.9, 2.0 mM Mg&l0.5 mM EGTA, 1.0 mM GTP and 15% glycerol. If yaant to optimize for
inhibitor detection use 20% glycerol, or if you wao detect enhancers use 0% glycerol. Eachl&8iquot
of tubulin is sufficient for 8 assays when usingirggle channel pipettor. The assay takes apprdgigna.5
hours to complete. Tubulin polymerization is cotied by temperature so pay particular attentiorhie

parameter.

1. Turn on fluorimeter and enter experimental paramseds described in Section Il, page 7.

2. Place the 96 well plate (Corning Costar, Cat. #6368 the fluorimeter and allow to warm to 37°C

for 10 minutes.

3. Thaw out the paclitaxel stock solution and aligbigd of this into 325ul of room temperature sterile

distilled water. This gives you a 30 uM (10x p&odel solution).

until use.

Keep this at room temperature

4. Prepare 10x stock solutions of your test compownrdsrotein of interest as described in Section |l

page 9.

5. Do not continue until the compounds are fully ready

6. Defrost 1.5 ml of Buffer 1 and place on ice.

7. Defrost 20ul of GTP stock and place on ice.

8. Remove the Tubulin Glycerol Buffer from 4°C andgaan ice.

9. Defrost 88ul of tubulin (880ug) in a room temperature water bath until liquitgrt

IMMEDIATELY place on ice.
Tubulin left at room temperature will begin to polymerize at 10 mg/ml. It is extremely important to
defrost the protein rapidly and immediately transfe to ice.

10. Immediately mix the assay components (choose eBtardard, Inhibitor or Enhancer condition) as
shown below to make your Tubulin Reaction Mix:

Component Volumes for | Volumes for | Volumes for | Final Concentration*
Standard Inhibitor Enhancer
Conditions Detection Detection

Buffer 1 243 pl 205 pl 355 pl 1x

Tubulin Glycerol Buffer 112 pl 150 pl none varies

GTP stock (100 mM) 4.4 ul 4.4 ul 4.4 ul 1 mM

Tubulin stock (10 mg/ml) | 85l 85 ul 85 ul 2 mg/ml

* This reaction mix is good for up to 1 hour on.ice

Tel: 303-322-2254 Fax: 303-322-2257 E-mail: ce@eytoskeleton.com
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Version 2.1
Section V: Assay Protocol (continued)

11. Pipette 5ul of control buffer (exact match to your compouncpootein buffer) into the first duplicate
wells Al & B1. Then pipette fil of the 10x paclitaxel stock into C1 & D1, folloadoy 5pl of the
test compound into E1 & F1 etc, repeat until athpounds are aliquoted.

12. Place plate back into warm plate reader for 1 rout,no longer as the |3l volume will evaporate
quickly.

13. Pipette 5Qul of the tubulin reaction mix into each of the digvells using a single channel pipettor.
Work rapidly, use medium pipetting speed and kéeptip of the pipettor on the wall of the well.
This technique avoids bubble formation which wiirdpt absorbance readings.

14. Start plate reader immediately. If the softwareskes in the first 5 min it is worthwhile to resttme
protocol file because some data can be rescuedsh cases.

Note: Five microliters of 5 mM Calcium chloride solutican be used as the 10x stock positive control
“inhibitor”. You can also use fl of vinblastine, nocodazole or colchicine at 8@ concentration as the 10x
inhibitor control stock. Paclitaxel solution 2 milincluded as the positive “enhancer controlfyl Bf this is
used at 3uM for the 10x stock, 3 uM final concentration.

Standard Polymerization Assay Protocol: Method for> 8 Assays
When > 8 assays are to be performed, it is recordeteto use either a repetitive pipettor or a nuiiannel
pipettor.

The more familiar the pipette operator is with thpettor the lower the variability between samples,it
helps to practice with a BSA protein solution befasing the tubulin. The second important poiravoid is
bubbles forming in the wells after pipetting. Théads to incorrect baseline referencing at timerozwhen
the bubbles later burst, the fluorescence readingtuate and create false positive readings. Bemlibrm
when incorrect pipetting height or pipetting teciug are used. Use a low pipette tip height andiekda
medium pipetting out-flow rate and do not “blow 'bat the end of the pipette motion. The operator is
advised to use a solution of BSA at 2.0 mg/ml tougetheir particular apparatus, and then the ttiansto
tubulin will be easier. Use of a multi-channel gtipr allows approximately 80 assays to be perfdrper

kit.

Tel: 303-322-2254 Fax: 303-322-2257 E-mail: ce@eytoskeleton.com
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Section VII: Related Products

Tubulin Related Biochei Kits
Cytoskeleton Inc. supplies several alternative linbpolymerization assays and Bioch&nKits; consult
technical service for advice on application sultgb{tservice@cytoskeleton.com).

Assay Cat. # Recommended Uses

Tubulin Polymerization Assay BKOO6P This absorbance based assay uses a tubulin priepatiaat is >99% pure. The
(>99% pure tubulin) assay is designed to give a maximal OD340 betwegb 6 0.35 under the
Absorbance based polymerization conditions given. The use of higtpyrified tubulin allows

researchers to perform accurate IC50 and EC50 measuts on any given tubulin
ligand. Kit BKOO6P contains sufficient reagents 80 assays. The assay is also
available in 96 assay format and HTS quantities.

Tubulin Polymerization Assay BK004P This absorbance based assay uses a tubulin priepatiat is >97% pure. This
(>97% pure tubulin) assay results in a maximal OD340 signal that is@pmately half the intensity o
Absorbance based the BKOO6P Polymerization Kit which uses 99% pueutin protein. Kit BKOO4P

contains sufficient reagents for 30 assays. Tkayas also available in 96 assay
format and HTS quantities. This kit provides aoremical means for screenirjg
large numbers of tubulin ligands and primary liear

Pre-Formed Microtubules MTO002 Pre-formed microtesuhre extremely convenient for any research #upiires a
source of stable microtubule substrates. Ourg#rih quality control results in
minimal batch variability and translates to highdgnsistent behavior betwegn
experiments. This product is recommended for ssed as screening for kines
inhibitors. Microtubules are available in 2 mg (MIBA), 10 mg (MT002-XL) and
custom sizes (inquire).

=}

Colchicine Competition Assay CDS15P The Scintillation Proximity Assay (SPA) technologffered by Amersham hal
been used to create sensitive ligand binding ageaygsvariety of tubulins (Tahir
al. Biotechniques, 29: 156-160. 2000). Using bigtted tubulins from neurong
(T333-XL) and cancer cell line (HO03) sources, BIRA technology has bee
optimized to use minimal amounts of tubulin (g per assay). Tritiate
colchicines, vinblastine and paclitaxel (NEN biesaes) have been tested and
quality approved for use in these assays. Kd anehkies determined using these
assays are similar to published values using attethods. These kits represent a
valid, economical alternative for primary screem&ientify tubulin ligands.

S = U

Cytoskeleton Screening Service Custom Service Idké assays are available as a screening servimenpsd at Cytoskeleto
Inc.’s state of the art screening facility, for momformation please contact
Technical Service at 303-322-2254 or e-mail tse@cytoskeleton.com .
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Section VII:

Version 2.1

Related Products (continued)

Tubulin Related Proteins and Buffers

Cytoskeleton Inc. supplies tubulin proteins fromaaiety of species and tubulins formulated for sjieases,
consult technical service for advice on applicasaitability. Check the web site for new products.

Product

Cat. #

Recommended Uses

Biotin Tubulin

T333P

Substrate for tubulin ligands in SPA assage BK015-BK017) or in development of
immobilized tubulin assays for HTS. Supplied lydigkd in 20ug or 500ul sizes.

GTP Stock Solution

BSTO06

Tubulin polymerization requires GTP. It engrally used at 1 mM final concentration.
When reconstituted makes a 100 mM stock. SupphiedOpl or 10 x 100ul final
volume sizes.

General Tubulin Buffer

BSTO1

Used as a general buffer for tubulin protetpplied as 10 ml, 100 ml or 1 L sizes.

HTS Tubulin

HTS03

Tubulin purified from Porcine brao approximately 97% pure. This product is
recommended as an economical substrate for tubldi® assays. Supplied as 4 mg, 40
mg or bulk quantities.

MAP-rich Tubulin

ML116

Prepared from Porcine brain and contains approgiyna0% tubulin and 30%
microtubule associated proteins. This is an adtitva substrate for HTS polymerization
assays. Suppliedas 1 x 1 mg, 5 x 1 mg, 10 x lamg,20 x 1 mg and bulk quantities.

Microtubules, pre-formed

MTO002

Developed by scientists at Cytoskeleton Iqre-formed microtubules are extreme
convenient for any research that requires a soofretable microtubule substrates. Q
stringent quality control results in minimal batetriability and translates to highl
consistent behavior between experiments. Thisymid recommended for uses such
screening for kinesin inhibitors. Microtubules aweilable in 2 mg (MT002-A), 10 m
(MT002-XL) and custom sizes (inquire).

ly
ur
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Paclitaxel Stock Solution

TXDO01

Microtubule stabilizing compound, generalsed in the 1 — 10 pM range. Supplied
lyophilized, when reconstituted gives 10 x 310®f 2 mM stock solution.

Rhodamine Tubulin

TL590M

Tetramethyl rhodamine labeled tubulin. Usefuldgaminingin vivo tubulin dynamics
and as a substrate for in vivo or in vitro assalgene it is necessary to see microtubules
fluorescence. Supplied as 5 x| 2§ or 20 x 2Qug. Labeled to a stoichiometry of 1 labe
per heterodimer.

by

Tubulin 99% pure from
Porcine brain

T240

Highly purified tubulin can be used for polymerinat assays or in any situation requirin
tubulin substrates. Recommended as a substragxferiments requiring a high degree
accuracy such as EC50 or IC50 measurements. Alailgophilized (T240) or frozen
(T238P)in1x1mg,5x1mg, 10 x1mg, 1x10 2@x 1 mg or bulk quantities.

Tubulin from HelLa cells

HO01

Recommended as a more cancer specific tubulinttargebulin ligand assays. Availabl
in 2509 sizes and bulk quantities.

W

Tubulin from MCF-7
cells

HO05

Recommended as a more cancer specific tutautiet in tubulin ligand assays. Availab
in 250g sizes and bulk quantities.

D
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Version 2.1

Section VIII: Troubleshooting

Problem

Possible Solution

No polymerization

1) Polymerizations should be read at 340-360nm (exmithand 410-460 nm (emission)
make sure you have your fluorimeter set to theseelgagths.

2) To measure polymerization the fluorimeter needsetget in kinetic mode to read onge
every 30 seconds to 1 minute.

Variability between experiments

This is the sinigigest error in the assay. If all steps aretbfradhered to, the assay has
acv of 11%.
1) Re-read instructions paying particular attentioaltquoting technique.
2) Buffers that require GTP addition should not betkepger than 4 hours on ice, after
this time GTP supplemented buffers should be dikchr DO NOT ATTEMPT TO
FREEZE AND RE-USE THESE BUFFERS.

Inconsistent polymerization profiles
between experiments

1) Your tubulin protein may be inactive. This can laeiged by incorrect freezing of the
protein. The tubulin stock should be rapidly sfragen in liquid nitrogen at 10 mg/ml
in Buffer 1 plus 1 mM GTP (see Section IV for digdiinstructions). Tubulin stocks
should not be frozen / thawed more than once.

3) Your tubulin protein may be inactive. This candagised by re-freezing diluted
tubulin from a previous experiment. Tubulin frozeglow 6 mg/ml will be largely
inactivated.

4) Your tubulin protein may be inactive. If you haalowed the lyophilized tubulin to
become damp, it will rapidly denature. You shaostioke the tubulin desiccated at 4°C
or desiccated at -70°C.

5) The polymerization of tubulin is very sensitiveteamperature fluctuations. It is very
important to polymerize at 37°C.

6) Make sure that the 96 well plate is warmed to 3BEFORE addition of 4°C tubulin|.
If the plate is cold or at room temperature, thé/mperization will have a very long
nucleation phase.

7) The glycerol concentration has a large effect upalgmerization. Make sure you afre
including Tubulin Glycerol Buffer in the reactions.

8) Tubulin protein concentration has a large effect polymerization. Poo
polymerization could be the result of diluting tiaeulin below 2 mg/ml.

Steadily varying control
polymerization profiles across the pla

This is due to slow pipetting resulting in polynzation beginning in early aliquoted wells
tebefore the final aliquots are completed. This isrenlikely to be a problem if you are
processing >8 — 10 assays at one time using aesitginnel pipettor.

1) Speed up pipetting.

2) Use a multichannel or repetitive pipettor (see ingoat technical notes, Section II).

Polymerization appears erratic

Air bubbles in th&ction can cause erratic looking polymerizatiorves. Careful
attention to pipetting accuracy is essential.
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