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Section |I: Kinesin ELIPA Introduction

Eukaryotic kinesin motor proteins orchestrate aewhge of kinetic events within a cell. They hheen
shown to move cargoes, such as chromosomes ardeggsilong microtubule tracks (1). They also @i
major role in the organization of cytosktal architecture as evidenced in the establishnuénthe
microtubule spindle during mitosis (2

Kinesins operate by utilizing the energy of ATP fofgsis to move along their microtubule (M
substrates. Once a kinesin motor binds to its K€k, tte ATPase rate of the motor is often enhar
several hundred to several thousand fold (3). adfivated kinesin ATPase is a major paramin motor
function and serves as a powerful method to moritudy kinesin activity under various experimei
conditions.

As part of its CytoskeletonMotor Werks (CMW) line of research reagents, Cytoskeletton has
developed the KinesiELIPA (Enzyme Linked Inorganic Phosphate Assay)cBen Kit. The assay is a
adaptation of a method originally described by Wétbthe measurement of glycerol kinase plu-
glyceraldehyde ATPase activity and for actin adédamyosin ATPase (4). The assay is based upc
absorbance shift (330 360 nm) hat occurs when 2-amino-6-mercaptoréthylpurine ribonucleosic
(MESG) is catalytically converted tc-amino-6-mercapto-rethyl purine in the presence of inorga
phosphate (Pi). The reaction is catalysed by puniucleoside phosphorylase (PNP). (molecule of
inorganic phosphate will yield one molecule c-amino-6-mercapto-Taethyl purine in an essential
irreversible reaction (5). Thus, the absorbanc86Gf nm is directly proportional to the amount of
generated in the kinesin ATPase reac. Figure 1 shows a typical set of results fromirsegin heavy
chain motor domain protein MT activated ATPase E.

Figure 1 Kinesin Heavy Chain ELIP
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Method: The reactionsere conducte in a 96 well plate format (300 ul reaction volumeEad reaction contains 9
nM kinesin heavy chain motor domain protein (c&R01), 0.6€uM taxol stabilized microtubules (cat # M12), 0.2
mM MESG, 0.3 U PNP, 15 utdxol, 15 mM PIPES pH 7, 5 mM MgCI2, 0.6 mM ATRn{l reactions were carrie
out in theabsence of motor protein and in the absence of Miese reactions gave readings of <0.02 (data
shown). Reactions were measured in a SpectraMax (REfecular Devices) set in kinetic mode and 360
absorbance wavelength. Readings were taken at temperature once every 30 seconds for a total readime of
20 minutes.
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Section Il: Important Technical Notes

The following technical notes should be carefuad prior to beginning the assay

ELIPA Reagents

1) This kit contains sufficient ELIPA reagents to gaout approximately 100 reactions (300 pl volume).
This corresponds to a complete microtiter plate360 pl well volume. More reactions can be
achieved if half area wells are used. The kit amst excess of the ELIPA reagents that are required
perform the standard Pi curve.

2) The kinesin heavy chain motor domain control protgintained in the kit provides sufficient reagent
for 12 control assays. The remaining assays wilire motor proteins that are provided by the end
user. A wide selection of kinesin motor proteime available from Cytoskeleton Inc. and can be
purchased separately (see Section VIII).

3) Many of the reagents in this kit require reconsititu and division into convenient experiment sized
aliquots. It is important to carry out the aligngt step as freeze / thawing of some reagents (for
example kinesin protein and MESG) is not recommdnds it will result in inactivation of the
reagents.

ELIPA Optimization

The Kinesin ELIPA kit has been developed to provadgood general substrate for a broad range ofkine
motor domain proteins. For example, using thisalsitoutlined in the ELIPA Protocol (Section V) will
result in a Vmax value of 7,000 - 8,000 nmole@dPs hydrolysed per minute per mg of kinesin heavy
chain motor domain protein. The same assay, U8tgnM of Eg5 motor domain protein results in a
Vmax value of 1000 nmoles of ATPs hydrolysed penuté per mg of Eg5 motor domain protein. These
values are comparable to published data (6). dtishbe noted, however, that optimization of thd A
assay may be needed for any given motor proteiaior protein construct. It is recommended to begi
optimization by titrating the amount of motor priotand ATP in the assay.

Instrumentation

The assay is based upon an absorption shift frobnnd4 to 360 nm. It is therefore very important e @&
spectrophotometer that has a narrow bandwidthderathat the wavelength for reading the assay does
encroach upon the 340 nm range. It is recommetiti#da monochromatic spectrophotometer such as a
SpectroMax 350 (Molecular Devices) be used whersiptes as the bandwidth in these machines is very
narrow (2-5 nm). If a filter based system is beirsgpd then it is important to make sure that therfi
bandwidth is less than 10 nm.
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Section lll: Kit Contents

This kit contains sufficient reagents for approximadely 100 assays of 300 pl volume.

KIT COMPONENT

DESCRIPTION

ELIPA Reaction Buffel

One bottle containing 30 ml of buffer. Compositids, mM PIPES pH 7, 5 mM
MgC|2

ELIPA Reagent 1

One bottle, lyophilized. Conta@sumoles of 2-amino-6-mercapto-7-
methylpurine riboside (MESG).

ELIPA Reagent 2

One tube. Contains 50 units oiingunucleoside phosphorylase (PNP). One
of PNP will cause the phosphorolysis of 1 pmol@osine to hypoxanthine ang
ribose 1-phosphate per minute at pH 7.4 4C25

Linit

Phosphate standard

One tube. Contains 1 ml ahM%hosphate standard (KPIO).

ELIPA Reagent 1
Resuspension Buffer

One bottle.

Kinesin Heavy Chain
Motor Domain protein
(Cat # KRO1-A)

One tube, 25 pg of lyophilized protein.
Used as positive control for the ELIPA assay. Bight reagent for 12 positive
control assays.

Microtubules
(Cat # MT002)

Four tubes, each contains 500 pg of lyophilizedratidbules (MT's)

Taxol
(Cat # TXDO01)

Four tubes, lyophilized. When reconstituted eadtetcontains 100 pl of 2 mM
Taxol.

Anhydrous DMSO

One tube, 2 ml. Used to resuspbadaxol.
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Section 1V: Things to do Prior to Beginning the Asay

Prior to beginning the assay you will need to restitute several components as follows:

Kit Component Reconstitution Storage
Conditions

ELIPA Reaction None required Store at 4C.

Buffer

Stable for at lead
six months unde
these conditions.

ELIPA Reagent 1

1) Warm the 20 ml of ELIPA Reagent 1 ResuspensiondBuéf

2)

3)
4)

room temperature and reconstitute the ELIPA Reafjent
This component does not resuspend easily and sheuld
shaken every 1-2 minute®0O NOT heat to resuspend.
After 10 minutes the reagent can be aliquoted éefittle
reagent is left that will not resuspend.

Aliguot into 40 x 500 pl volumes.

Freeze immediately by placing at <20

Store at -2€C.
Stable for at lead

one month unde}

these conditions.

ELIPA Reagent 2

Reconstitute with 500 ul of stediitilled water.

Store at 4C.
Stable for at leas

one month undef

these conditions.

1%

\1%

=

\1%

Phosphate standard Not required. Store at 4C.

Stable for at least
year under thes
conditions.

ELIPA Reagent 1 Not required. Store at 4C.

Resuspension Buffef Stable for at least

year under thes
conditions.
ATP Stock 1) ATP stock is not provided with this kit. CytoskelptATP Store at -20C.
(catalog # BSAO04) idOT suitable for this assay. We Stable for at least
recommend Sigma ATP (Cat.# A3377). year under thes
2) Make up a stock of ATP to 100 mM at pH 7.0. conditions.
3) Aliquot into 83 pl sized volumes and freeze at’@0
4) ltis important not to freeze / thaw aliquots of A@s

hydrolysis to ADP may inhibit kinesin ATPase adijvi

Kinesin Heavy 1) Reconstitute in 10 pl of ELIPA Reaction Buffer toga 2.5

Chain Motor mg/ml protein concentration.

Domain protein 2) Aliquotinto 2 x 5 ul sizes

(Cat # KRO1-A) 3) Snap freeze in liquid nitrogen.

Section 1V is continued on the next page
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Section IV (continued)

Kit Reconstitution Storage Conditions
Component
Microtubules 1) Warm 2 ml of ELIPA Reaction Buffer to room Store frozen MT’s at -
(Cat # MT002) temperature by placing in a 37 water bath for 20 70°C. Stable for at
minutes. least 6 months under
2) Supplement with 20ul of Taxol stock solution anckmi| these conditions.
well.

3) Reconstitute each tube of Microtubules with 50@ful
the Taxol supplemented buffer.
4) Each tube of MT’s is sufficient for 3 lanes of a\®éll Store reconstituted

plate (24 wells). MT’s at room
5) The reconstituted MT’s can be aliquoted into 160 ul | temperature. Stable
sizes and snap frozen in liquid nitrogen. for 2-3 days under

6) Alternatively, the reconstituted MT’s are stable 23 | these conditions.
days at room temperature so each tube can be
reconstituted as needed in 500 pl of Taxol
supplemented ELIPA Reaction Buffer.

Taxol Reconstitute each tube with 100 pl of anhydrous @DMS | Store at -2€C.
(Cat # TXDO01) (supplied in kit). This solution will freeze wh@taced on | Stable for at least 1
ice so use at room temperature. year under these
conditions.
Anhydrous Not required. Store at room
DMSO temperature.

Stable for at least 1
year under these
conditions.




8/16/2010 Version 3.0

Section V: Standard Phosphate Curvi

A standard curve can be generated for inorganicsitete (Piusing the phosphate standard supplie
this kit. The linear rangextends from approximately 2 nmoles to ‘moles of Pi. Eachl of the supplied
phosphatestandard is equivalent to 0.moles of Pi.

Method
1) Add the reagents shown in Table 2 to thels of a 96 well plate and incubate for 15 minutesbam
temperature.

2) Set the spectrophotometer to read ar-point assay at absorbance 360 nm.
NOTE: The reaction is based upon a shift in absorbanom 840 nm to 360 nm. Yol
spectrophotometer shoulherefore be set at an absorbance wavelength of@6f@r readings. |
using a filter based machine, check that the baditivof the filter is no more than 10 nm ory
may experience significant background noise andthyreeduced sensitivity of the ay.

3) Designate well Al as the BLANK and read the p

4) Plot a Phosphate Standard curve from your ressas Figure 2

Table 2:Standard Pi Curve Reactic

Well ELIPA Reaction | ELIPA Reagent . | ELIPA Reagent 2 | 0.5 mMPhosphat« | n moles of
Allocation | Buffer (ul) (1 () Standard (ul) Pi per well
Al 237 60 3 zero BLANK
Bl 237 60 3 zero 0
C1 227 60 3 10 5
D1 217 60 3 20 10
El 197 60 3 40 20
F1 177 60 3 60 30
G1 157 60 3 80 40
H1 137 60 3 100 50
Figure 2: Standard Pi Curve Generated From Above Reactions
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Section VI: ELIPA Protocol

Protocol for one lane of a 96 well plate (8 wetitat). The ELIPA reaction is first set up with afl the
reaction components, minus ATP. The reactiondged by the addition of ATP. If you wish to perfor
more than 8 reactions, simply scale up the reactionlitions shown below;

Instrumentation Settings and Microtiter Plates

The reaction is based upon a shift in absorbamra 840 nm to 360 nm. Your spectrophotometer should
therefore be set at an absorbance wavelength ohB86fr readings. If using a filter based machoteck
that the bandwidth of the filter is no more thannt or you may experience significant backgroundeao
and greatly reduced sensitivity of the assay. Sgextrophotometer should be at room temperatureseind
on kinetic mode, it is recommended to take a rapdimce every 30 seconds. There is no need to @lect
blank well as the reaction minus motor will sergeaabackground control (see next section). Dopnet
read the microtiter plate. Start the kinetic regdirat time zero. Under the experimental conditions
described in this manual, 1 pg of kinesin heawvyircimaotor domain protein will produce an absorbance
maximum of approximately 0.8 QE units in 15 minutes.

As this assay measures inorganic phosphate (Pérgon, one needs to make sure that clean Ppfetes

are used.

Reaction Setup

1) Aliquot 2 ml of ELIPA Reaction Buffer from°€ storage and warm to room temperature by placing i
a 37C water bath for 10 minutes.

2) Thaw out one 500 ul aliquot of ELIPA reagent 1 tbgcmg in a room temperature water bath for 5
minutes. Place on ice.

3) Thaw out one 83 ul aliquot of 100 mM ATP stockutil with 750 pl of ice cold ELIPA Reaction
Buffer. Place on iceNOTE: CYTOSKELETON ATP (Cat. # BSA04) IS NOT SUITABLE IN
THIS ASSAY.

4) Thaw out one 160 pl aliquot of MT’s by placing théma room temperature water bath for 10-15
minutes. Alternatively, resuspend one lyophilizede of MT’s in 500 pl of Reaction Buffer (room
temperature) plus 5 pl of Taxol stock. Store tres®om temperature. The MT’s will be stable Ter
2 days.

5) Thaw out one aliquot of taxol stock and store anmdemperature.

6) Remove the ELIPA Reagent 2 frorfiCland place on ice.

7) Thaw out one 5 pl aliquot of Kinesin protein antutd this with 45 pl of ice cold ELIPA reaction
Buffer. Place on ice.

8) Mix the components togethtd THE ORDER SHOWN BELOW ;

MT ELIPA MIX

ELIPA Reaction Buffer (room temperature) 2 mi
Taxol Stock 20 pl
MT’s 160 pl
ELIPA Reagent 1 480 pl
ELIPA Reagent 2 24 pl

9) Agitate the MT ELIPA MIX for 5 minutes on a roonmtperature rotator or rocker.

10) The MT ELIPA MIX is now ready for the addition obyr motor protein. The example reactions
given in Table 1 use the kinesin control proteiat(€ KR01) in all of the motor ATPase experimental
lanes.

10
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Section VI (Continued)

Table 1; Kinesin ELIPA Assay using Kinesin Heavya@hControl Protein (KR01)

Well Designation | MT ELIPA MIX (ul) | MOTOR PROTEIN (u
Al 300 zero control well

B1 300 4 ul KRO1 (1 pg) **
C1 300 4 yl KRO1 (1 pg)

D1 300 4 ul KRO1 (1 pg)

E1l 300 4yl KRO1 (1 pg)

F1 300 4yl KRO1 (1 pg)

G1 300 4 ul KRO1 (1 ug)

H1 300 4 ul KRO1 (1 pg)

** |f your reaction is using the same motor in akperimental wells, the motor (28 pl total) canpre-
mixed with the MT ELIPA MIX prior to aliquoting mthe reaction wells. This method of motor additio
improves assay reproducibility.

Starting the Reaction
The MT activated kinesin ATPase activity is starteg the addition of ATP. It is therefore highly
advisable to add ATP using a multichannel pipetthis way all reaction will begin simultaneousihen
carrying out low numbers of reactions, such as&hsell reaction format shown above, the following
procedure is recommended,;
a) BEFORE ADDING THE ATP make sure that the spectrophotometer is set up
correctly in kinetic read mode at 360 nm wavelength
b) Immediately prior to use, aliquot 100 pl of theutidd ATP solution into 8 empty
wells of a 96 well plate (for example wells A12 1 1.
c) Use an 8 well multichannel pipettor to aliquot A@IATP per ELIPA reaction.
d) Immediately read the reaction on a kinetic setih60 nm wavelength.

Interpretation of Experimental Results

The ATP’ase rate can be determined by calculatiegaimount of Pi generated using the standard Recur
described in section IV. The ATPase rate is ofiepressed as nmoles of ATP hydrolysed per minute pe
mg of motor protein.

11
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Section VIII:

Related Motor Werks Products

Cytoskeleton Motor Werks (CMW) reagents are a $¢vas developed to specifically aid researchers i

the study of Molecular Motors.

ITEM CAT#

MOTOR PROTEIN

KINESIN CLASS

QUANTITY

KRO1

HUMAN HEAVY
CHAIN

N-I

2x25ug
10 x 25 ug
1 x1mg

EGO1

EG5

N-11

2x25ug
10 x 25 ug
1x1mg

BMO1

NOT
HUMAN

BimC
Aspergillus nidulans

N-11

2x25ug
10 x 25 ug
1x1mg

CPO1

CENP-E

N-VII

2x25ug
10 x 25 ug
1x1mg

CRO1

Chromokinesin

2x25ug
10 x 25 ug
1x1mg

KCO01

KIFC3

C-ll

2x25ug
10 x 25 ug
1x1mg

KFO01

KIF3C

N-IV

2x25ug
10 x 25 ug
1x1mg

MKO1

MCAK

2x25ug
10 x 25 ug
1x1mg

MPO1

MKLP 1

N-VI

2x25ug
10 x 25 ug
1x1mg
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