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| | ntroducti on
About Tubul in

Tubulin is composed of a heterodimer of two
and beta tubulin. The proteins are highly ¢
Consequently, tubulin isolated from porcine
originating from many diverse species. Por ci
extensively in the identification of human th
Figure 1: Microtubule Structure
. Tubul in polymerizes to form str.i
A E'H“Oﬂ‘({Cfogfaé'\l\/l@s")'TS(Figure 1A). When tubulin
A, '.,“:.__ pr oftiol ament s, MTs consist of 13
T it nm in diameter, each Om of MT | e
\:\ heterodi mers (1). Microtubul es a
e "\"-; & have an intrinsic polarity, show
‘ﬁlg.‘“-\\\ \ Tubulin can polymerize from both
- ] pol ymerization is not wequal. Th
B Microtubule Schematic ter med t-dhred pofus a mi crotubul e a
“”"‘/Pmma polymerizing-endd the minus
I'n yiwocrotubul es, al ong with a
S intermediate filaments form the
(itliogs S eukaryotic <cytoskeleton. This h
essential t o many cellul ar func
motility and intracellular transy
dynamics is orchestrated via a plethora of
Mi crotubules are also the major structural co
to cell di vision. Tubulin is theref-mireotihes
such as taxol and vinblastine (2, 3). Thes
microtubule dynamics during mitosis (4). Sp
to the fact t hat mi crotubul e dynamics are mi
ones. Drug treatment results in a mitotic b
apoptotic pathway and die (5).
Tubul in pol ymeri zati on assays ar e a power f u
MT/ protein interactions.

Comparison of Polymerization Assays
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l : I ntroducti on
About the BKOO4P Polymerization Assay

The tubulin polymerization assay is based or
Shel anski et al . and Lee et al (6, 7) whi c
mi crotubules to an extent that is proportion:
The resulting polymerization curve i s repres
polymerization, namely nucleation (I in Figul
equilibrium (111 in Figure 2). The tubulin

purified from porcine brain and consists of &
associated proteins ( MAPs) . Thi s assay has

polymerization yi elddbi% gp od pyprea x inmaastse | (ys ede0 Fi g u
the polymerization reaction to be highly sen

paclitaxel, MAPs) and polymerization inhibitoa
Figure 2: Standard Tubulin Polymerization Cu
Legend: Standard polymerizat
0.3 tubulin |igands) were carried
Pol ymeri zation Protocol (Sect
standard pol ymeri zationel react
vol ume of 4 mg/ ml tubulin in
0.5 mM EGTA, 2 mM MgClIl 2, 1 mM
0.2 Pol ymerization was started by
foll owed by absorption readin
these conditions polymerizatic
o OD340 between2®thb5n 30 minute.
= three phases of pol ymeri zat:i
01 (nucleation), 11 (growth), 111
I'n this experi mesalt aVvolsuente uipn
spectrophotometer wi t h a 0.5
OD340 of 0.1 is approxi mately
0 pol ymer mass. Thus wunder the
approxi mately 45% of the tub
l eaving flexibility for det
0 1000 2000 3000 inhibitors of polymerization.
Time (secs) be altered to_mal_(e_the assay n
enhancers or inhibitors of tul
1 Section VI1) 1

The BKOO4 polymerization assay i s suitabl e

l'igands and primary | ibraries.
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l ntroduction (Continuec

Compounds or proteins that interact with tubu
teristic phases of polymerization. For exam
anmitotic drug paclitaxel to a setMampdarldtpxley
nucl eation phase is eliminated and the growt
cation of this assay is-mihetident i BIKO®dt4iPorm as
identify novel compounds whi-ccehn caerre appoptleinctaitail
Figure 3 also shows the effect of adding th
dazol e At 5 OM nocodazole the Vmax is a 2.
cant reduction in the final pol ymer mass.
Figure 3: Tubulin Polymerization in the Prese
0.25 T
| 5
o y.a N —Paclitamel (5
{ ‘““MN/PaclitasMe)l (0.5
015 3 "~~G-PEM Control
a b Y
o .
0.1 be
:55 f +«—5EM nocodazol e
0.05
0 T
0 1000 2000 3000
Time (secs)
Legend: Standard pol ymer-PEMt pbnsr &&ctions a
gl ycerol standard assay control) and in the p
0.éM paclitaxel and 5 OM nocodazol e The Vmax
fold in the presence of paclitaxel and decrea
of nocodazol e.
Each kit contains su3ddistieemdarrdk agenays f(oge e 4S
al |y, using a multichannel pipette results i
protein and single channel pipettes give 30
the kit to be stored at 4AC (<10% humidity) i
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I l ntroduction (Continuec

Cytoskeleton Inc. offers sevE&al st ubdlaibh epdl ¥

the differences between the assays. The info

purposes;

1) Nomencl:at BK@O04, BKOO6 <contain tubulin der
BKOO4P, BKOO6P and BKO11P contain tubulin
from either source are indistinguishable .1

2) Gl yceroGlycerol isnutiutbudead ipml| maey i zati on
as an enhancer of polymerization. The incl
all ows one to use |l ess tubulin protein per
with the binding of a given tubulin Iigand

3) Tubul in: Phubualyin in BKOO4/BKOO4P is approx.

. F .4 . Tubul i Pur
pure and <contains approx. > % m|crotuEuIe
proteins ( MAPs) (Figure 4)]. MAP1$ a2re adva
t hat they promote efficien|t p ¢ zlat i ot
concentrations even in the =ab o|f gl
tubulin in BKOO6/BKOO6P and BK 99 %
the preferred substrate wheniau ous i

H6

tubulin as the target protein’ ilred
determinations (Figure 4). ’5’5-4-““

4) Ass®yptimization for Polymnédrriza hlancet
standard assay described if n e t ai m
conditions that can ident ?ly' elr s a
Generally |l ower tubulin d FIrc ¢ olns a
glycerol concentrations clan d fo

characterization of enhancelrs (see Seciltion

. . . ) e M n.e s 9
5) Assay Optlmlzatlon fo.r P.ohuygrﬁé'lprlwz?a?tolmoréKolo
Generally higher tubulin anzd'/ogrg%glpyjp@rpdbuq.
required for characterizati®BkooaP i aarhd biBtkoL
Each | ane shows 5
protein stained w

massie blue dye.
protein runs at 55
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: l ntroduction (Continuec
Table 1: Comparison of Tubulin Polymerizati on
Assay
CharacteristBK004/BK0 BK0OO6/ BKO|BKO11/ BKO11P

Fl uorescenjce

Assay detecti ?gzgrg;?ce ?gzgrgzyce (Ex -36@ nm

Em 44®0 nm

Tubulin puritpy>97% >99% >99 %

Tubulin used |97 P9 (t1300 og 100 Og
Vol ume of reafpt0@nOl 100 Ol 50 Ol
Coefficient o 14 % 13 % 11%

(cv)~
Gl ycerol requjred for
standard assapyYesndi - Yes Yes
tions
Can assay con
adjusted to o ves ves Yes
Number of sta
ASEaTE nan 2430 2430 96

; teAppBUXxi mat p
gfbagggg BOsi é% %E§W§n;mmeepexpen M% g%?st effec
y assay than|BKSagPthan

Duplicate samples, under standard assay con
*Standard assay conditions are described in
cytoskeleton. com Page



(I - Purchaser Noti ficati c

Limited Use Statement

The products in this kit are based on techno
the subject of patents assigned tToh eCyp wrsckheda seet
this product conveytsr dros ft éhrea tbluegs erri g thte thmnus e

of product and components of product in rese
cannot sel/l or otherwise transfer this produc
otherwise use this product or its component
purposes include, but ar e not l'imited to:
manufacturing; use of the product or its con
product or its components.

The terms of this Limited Use Statement- appl

profit entities. I'f the purchaser is not wi
Statement, Cytoskeleton I nc. is willing to a
refund.
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I T B Ki't Contents
This kit contains suf-80cseanhdaerdgassay$or Gdn
mul tichannel pipette results in 24 assays du
and a single channel pipette give 30 assays.
t he kit t o be stored at 4AC. Wh e n propetl
components are guaranteed stable for a mini mu
the kit contents (see Table 3 for reconstitut
Table 2: Kit Contents
Reagents Cat# or PafQé#antity Storage Conditi
HTS Porcine [TQdul i#-AHTSP3 tubes, 4. (Dmgipemated 4AC
Protein, >97P pure tube, Ilyophillized
Tubulin GlyceCat. BaOBMEATPS bottl e 109 4AIC.
(Cushion Buffer)
GTP Stock Cat. # BSTPB tubes | yqprisliiczead ed at 4
Paclitaxel St6ak. # TXDpP1l tube, | yoplDelsizeated at 4
General Tubu|]CatBuB®ED1|1 bottles, IfPephiclciazed at 4
DMS O Part# DMSO|1 tube, 1ml [4AC; product wi
freeze at |4AC
Hal f area 96| @ednhi py aPafl#pBaveé Room temperatur
*I'tems with part numbers (Part #) are sold se
ltems with catalog numbers (Cat. #) are avail
cytoskeleton. com Page1



I T Ki t Content s

(Conti nt

The reagents and

1 Spectrophotometer:
temperature regul ated

9 Tubulin Ligands
1 Mul ti channel or

of

equi pment

capabl e

interest
repeat

you wi ||l requ

reading a 96

(note paclitax:é

(see section
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o
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| V: Reconstitution and St o

Many of the components in this kit have bee
beginning the assay you wil!l need to reconst |
3.
Table 3: Component Storage and Reconstitution
The following technical notes should be read
Kit ComponehReconstitution Storage |Con-
ditions
General TubpReooBsfiftwte with 10 ml of4ACstillled wa
(Cat# BOSIQ1
Tubulin GlyrHootleBamsteirtuti on necessafl4AC
(Cushion Buffer)
(Cat #0 BIS)TP 5
GTP Stock 1. Reconstitute each tube |W2OAC1060 Ol o f
(Cat #0 BIS)TP 6 distilled water for a |XDOAGBM sfpock ¢
2. Place on ice. ~
3. Aliquot into 10 x 10 OIll vol umes
Tubulin profBéhore reconstitution see|l Standard Assa
(Cat. #AMHTSpPSection VI Make aliquots|of a 10 |mg/ ml
as follows; ~ .
a) Reconstitut ® eath4pPubBenin 400
eral Tubulin Buffer.
b) Add 4 Ol of GTP stock, mix well
c) Al iquot into 200 Ol vol umgs (4
i mmedi ately snap freeze in |i ui d
and stid@«€ @Bt C
Paclitaxel Pltockkeconstitute the tube df7@ACIdrtaxel
(Cat. # TXDpP1l) DMSO for a 2mM stock sdl-2O0AGN.
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V: | mportant Technical Not

A) Notes on Updated Version

The foll owing updates from version 7.0 should
1. The manual Hwastbheentmweclarify the assay
glycerol in polymerization assays

B)Spectrophot ometer Settings

Pol ymerizations are followed by an increase
period at 37AC. A temperature regulated spe
and reading at 340nm in kinetic mode is requ
microtiter plate format and therefore the sp
wel | pl ates. An example of the settings wusi
instrument are given in the following table.
source.

Parameter |Setting

Measur emenKihepeéec, 120 cycles of 1 reading per| 30s

Absorbancel3wavem

l'ength If a filter based system i3s4dd@®iBmg witsléd t h
wor k. Signal is opti mal at 340 nm ajnd w
should preferably have a bandwidth Ilfless t

Temperatur{87AC

Shaking Once at start of reaction, 5 sec med|i um,
each read.

DesignatioBlahks are not needed. The SpectraMax 25

Bl ank beginning of the reactions. Ot her p|l ate
ed into Excel for data processing. Cont a
free Excel template file.

I nstrument Settings for SpectraMax 250

cytoskeleton. com Pages



V: | mportant Technical N o

C)SpectrophoPaotnhelteenrgt h

When using a microtiter plate compatible spe
the top of the plate and therefore the volun
pathlength. The assayelvodmudneas nuniehsi sa ks ge cit:
pathlength of 0.5 ¢cm when used with a half ar

D) Temper atndr éfi me Dependence of Polymerizati or

Tubulin polymerization in this assay is reglt
polymerize into microtubules. At 4AC microtub
The polymerization reaction is started by th
upon transfer of the-waroteai plfatem (isee tAssayp
Vi) . The spectrophotometer must ther37flode b
Temperatures cool er t han 37AC  will decreasce
nucl eation phase, shall ower growth phase, seect
5% | oss of steady state pol ymer per degree
temperature is not wuniform across a plate, v

essentPiREVARMI| ates for reproducible results.

E)Recommended Pipetting Technique

i) Because the tubulA)n ciomttahins kiotme( G tc.r o#t
proteins (MAPs), it has a rapid nucleation
in this manual (approx. 3 minutes, see Fig.
therefore needs to be rapidb $samplassesarwdhe
analysed, we strongly recommend the use of

i) Each standard polymerization assay util
determine the number of assays required the
solution into the wel/l of a microtiter plat
4AC to a 37AC plate using an 8 chdhneapknpinpg
pipettor that will dispense 8 x 100 Ol from

cytoskeleton. com Pages



V: | mportant Technical Not

iy is important to avoid bubbles forming i
incorrect baseline referencing at time = ze
density decreases rapidly which wil!l create

incorrect pipetting height or pipetting tec
and a quick to mddiowmr @it pefatncdwgdoo thtbe end o
pipette motion.

F)Tubulin Protein Stability

i) Tubulin is a |l abile protein and should be
frozen into appropriate aliquot s (see Reco
section | V).

ii) Frozen tubulin stock should be at a prot e
at 10 mg/ ml

i) Lyophilized tubulin should be stored at
iii) Freeze/thaw cycles should be avoided.
iv) Keep tubulin on ice prior to beginning a
v) Any buffer containing GTP shébhl afberkapgdi
GTP as GTP will hydrolyse over ti me. Unus e

di scarded.

G)Test Compound or Protein Preparation

Di met hyl sul phoxi de (DMSO) is the recommende
tubulin I1igands. A 2 mM solution of your ¢
material. The stock should then be diluted
concentration. I'f it is not possible to solu
you can substitute ethanol for DMSO, or try

6.9.

For tubulin binding proteins a 10x final con
PI' PES pH 6.9, 0.5 mM EGTA, 2.0 mM MgCI 2, Cat
gui delines for tubulin compatible buffers are

a. Keep pH betiwe®n 6.5

cytoskeleton. com Pages



V: | mportant Technical Not

b. Do not use calcium containing buffers as c:
tubulin.

c. Try to avoid using sodium chloride in the I
concentrations below 30 mM.

cytoskeleton. com Page7



VI: Assay Protocol

Pol ymeri zation Assay Method: Standard Reactio

The assay takes approximately 1.5 h to compl e
temperature so pay particular attention to t

instructions carefully. The Standard Pol ymel
assay that is sensitive to polymerization er
The assay is divided into a three step proce
Step 2: Recommended Control Reacti ons, Step

steps before beginning the assay.

STEPPAieparation of Assay Reagents

1. Turn on spectrophotometer and enter exper
Section V. B: Spectrophotometer Settings.

2. Place the 96 well plate supplied in this [k
warm to 37AC for 30 minutes prior to start.i
high polymerization activity and reproducil

3. Warm the required amount of Gener al Tubul
buffer is needed for tubulin Iigand diluti c

4. Make the required amBPEMt baff €E€OLPlI (4AEW Gl vy
to dilute the tubulin stocks (see STEP 1: ¢

For IMmMEMGBuffer plus 5% Glycerol *

Component Vol ume| Final Concentration

General TubulipoBafv7VePP80 mM PI PES pH 6. 90. 2mNnhM GMgAC I

GTP Stock (100mMp OI|1 mM GTP

Tubulin Glycer pB3BB8f OE35% gl ycerol

*NOTE:PEMGbuffer is labile due to hydrolysis oX GTP;
hours or preparation. Any unused buffer should be

cytoskeleton. com Pages



VI: Assay Protocol (contin

6.Preparation of Tubulin
a)From Lyophilized Powder
I f all of the tubulin in a 4mg vi al is to be
resuspended to 4mg/ ml as shown below and used
i) Resuspend each 4 mg tube of tubulPREWM ( HT !
buffer plus 5% glycerol to give a final
amount of tubul ikIn0 isst asnudfafridc ipeonlty nfeorri z8at i o
i) Pl ace the tube on ice and allow 3 m
protBiace the tubulin on ikt asdnaoafter ¢ mme
to freeze 4mg/ ml tubulin, frozen stocks
optimally 10mg/ ml (see Section |V and be
b)From Frozen Tubulin Stock
i) Preparation of Frozen tubulin stock is ¢
and Storage of Component s. The frozen st
mg / ml
ii)YThaw out the required amount of tubulin
water bath. Once thawed, pl ace i mmediat e
iiiDilute the tubulin stock to 4 mg/ml wusing

2001 Tubulin stock-P(EIM bmugf/frelr) i n G

41.7 OTubulin GI y(cteaoa odi VBeuf5% rf i nal glycerol)
255.3 @é¢neral Tubulin Buffer

3 0l GTP Stock

7. Prepare your compound or protePBModr ianetl
suitable buffer (see Section V: Il mportant

cytoskeleton. com Pageo



VI: Assay Protocol (contin

STEPR28commended Control Reactions: St andar d F

Recommended control reactions ar e shown bel
reactions or in duplicate;

1. Tubul i#®EMnbO®Gffer only plus 5%sghydeardl .ass
contprodlymeri zati on.

2. Tubulin plus 10 OM paehhbaaxel .po®himeoigsatei

Preparation of the paclitaxel stock is desc¢
Dilutle o56f the 2 mM paclitaglelofstR@®BM sToE MRE RPMAT
Gener al Tubulin Buffer (100 OM final). Not e:
temperature buffer as dilution into 4AC buff
solution. Diluted paclitaxel should be kept
Unused paclitaxel should be discarded.

STEPP8l ymerization Step: Standard Reaction

1. Pipette 10 wul of room temperature General
war med plate that represent the standard a:

2. Pipette 10 Ol of room temperature paclitax
prwar med plate that represent the enhancer

3. Pipette 10 Ol of your 10x strength ceoempou
war med plate representing your experiment al

4. Incubate the plate for 2 min. at 37AC.

5. Pipette 100 Ol of PEMbBR6i gl 4 emgl inl i nbhboGt he
wel | s. | mmedi ately place the plate in tFh

recording using the Kkinetic settings desc
Settings.

cytoskeleton. com Pageo



Vi

Assay Protocol (contin

Interpretation of Data

Under standard reaction conditions the stanct
tubulin lIigands) s houlkde taweha reve2vild maw i @l moOD
C (see Figures 2 and 3).

Several parameters can be used to quantitat
compound or protein. For exanipM ftihneala dcdointcieonn
wi || reduce the nucleation phase, enhance t he
maxi mum OD of the reaction. The microtubul e
nucl eation and the Vmax 2.2 fold and decr eas
Any or all of these parameters can be quantif
For screening applications, we recommend us
changes to a greater extent and offers the

nt e

ractions.

cytoskeleton. com Page1



VIlT: Assay Optimization

The polymerization reaction c&EM thiufnfserofpl 4
glycerol creates a pol ymer i z gtoil yrmerrd ad tnigo ma gteh
as nocodazole and to polymerization enhancers

To further sensitize the reaction to polymer.|
a more cost effective assay, one might -consi
PEM buffer minus glycerol

Tubulin Glycerol BOflfeconCati ns# 6B%NT D ycer ol )
this kit. It can be used t o enhance poly
concentrations,-PEMgpl @sngl b gphyGerol . This w
way to identify polymerization inhibitors. (.
of glycerol may decrease sensitivity of the

cytoskeleton. com Page?
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Appendciomphri son of Tubulins from B«

roducti on
ulin purified from bovine a

I nt
Tub nd porcine brai
(9). The following report has been generated
substantiates the comparable nature of the tw
including:
1. Polymerization assay measured by turbidomet
2. Il nteraction with motors and their inhibitor
ATPase.

3. I nteraction with drugs, efficacy of microt
Test 1: Pol ymeri zation Assay
Ai m: C mpare the rate and extent of polymeri z
Cat . # 240 (porcine) tubulins under standa d
Assay conditio3nsd: mg/ ml tubulin

80 mM Pipes bubof@es pH 6.90 +/

2 mM MgClIl 2

0.5 mM EGTA

10 % glycerol

TemperatuB&: AC

Vol ume 100 Ol

96wel | pl a3tée96: or 3697 from Corn

(half area plate)

Wavel engt B840 nm

Readings: Kinetic, 60 readings,
Assay description Optical measurement of mi
scattering by microtubule polymer. Light scat
detected by a normal spectrophotometer, and |
concentration of microtubules in the Iight pa
regul-wel 96pl ate reader (with 340nm and temper
formation of microtubules from tubulin heteroc
Cytoskeleton I nc. are BKOO4P and BKOOG6P.
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Appendciomphri son of Tubulins from B«

Figure 1: Pol ymerization Kinetics of Bovine
” Resul t s:
Both bovine and porcine tubulin:
(5% increasing optical density over
s nucl eation phase between 0 to 6
gm phase 6 to 14 min, and steady s
E Conclusions:
8o As both tubulins follow a simil:
density under conditions that p
04 be concluded that both tubulins
o 10 20 30 40 50 60 . . .
Time riy remain at steady state to a si mi
experiments which utilize this
bovine for porcine tubulin without need for r
Test 2: I nteraction with motors
Ai m: Compare the activity of Eg5 and KHC ki ne
stimulated ATPase activity using microtubul es
Cat . # T240 (porcine) tubulins
Assay conditionsQg Eg5 / assay (Cat.# EGO1)
(Cat.# KRO1)
20 Og tubulin as microtubules /
15 mM Pipes bub®f@es pH 6.90 +/
5 mM MgCl 2
1 mM ATP
0.5 units phosphonucl eotide tra

reagent) .
70 Og MESEG (detection reagent)

Temperatukd AC
Vol ume 200
9ewel | p | a2tée

9 6 Nunc -werl d g pll aart e9
Wavel engt B6 0-2

It

ne

|
0
m monochromatic (.
fi r
Readi ngs Ki i

wi || not wor k)

0
2
)
e
tic, 40 readings,
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Appendciomphri son of Tubulins from B«
FiguidovR2ne and Porcine Microtubule stimulate
presence of monastrol
. Resul ts
- Two kinesin proteins were comp
£ stimulated ATPase activity. Eg
%W human mitotic aster associated
iw KROl) is a ubiquitous vesicle
E BPocie) ATPase activity of both these
g the presence of 1OM tubulin as
2 bovine (red bars) and porcine
HE derived microtubules stimulate
L these kinesins equally. I'n add
S ST T TS E S monastrol, an Eg5 inhibitor, ro
ﬁf@fQ@‘is‘@@’l&* only, not KHC, in the presence
F&E porcine microtubules
Conclusions
Mi crotubules composed of either bovine or por
ATPase activities. The amount of stimulation
species indicating that porcine microtubul es
mi crotubules without extensive studies
The ATPase activity of Eg5 but not KHC can b
same in the presence of either bovine or porc
porcine microtubules can replace bovine microa
Test 3: I nteractions with drugs
Ai m: To compare tubulin polymerization kineti
taxol wusing either Cat.# TL238 (bovine) and C
Assay conditionst:o 30 OM vinblastine
3.0 mg/ml tubulin
80 mM Pipes bubfes5 pH 6.90 +/
2 mM MgClIl 2
0.5 mM EGTA
10 % glycerol
OR 0 to 30 OM paclitaxel
1.0 mg/ ml tubul in
80 mM Pipes bubfes5 pH 6.90 +/
2 mM MgClIl 2
cytoskeleton. com Pages
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Ef fect of Vinblastine on Polymerization
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Figure
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