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| |l ntroducti on

BackgrioRhnodA/ Racl/ Cdc42 Activation Assays

The Rho family of smal | & UnPeansbeesr sg o ntshes t o sotf ¢
characterized of which are t hde) .Raclln cRohnondo na nwdi
smaGpr ot,eitntse Rho proteins act as mol ecul ar s
through an array ™DHisefffanmitloy meditetienss. a dive
responses, including cydt)oskreéguladt iroenorgfanitzamn
synthesis, membrane tr®)fThe kRmag, s waintdc ha popd rosti e
bet ween an -baccundvest a@TeP andbawnnd nsaicajies e(,f 1 GDP

It is well ddoumemtidd etffeaetctor proteins will ¢
(active) form of the GTPase target (13). Thi s
power ful affinity pdowrd) cAssans Athavatmoant ¢Pu
(14,15). The principle of the assay is shown
this introduction provides a more detailed des
kit (RhoA, Racl and Cdc42)

Figure 1: Schematic of RhoADoRwanc)l /AGdscady2 Acti vat

Lysate #1 Lysate #2
Lysate cantains a high Lysate cantains a high
percent of active GTFase percent of inactive GTFase

c.- ° | |

.-. * .. :. " ...

oen o a5

e e 00 | | l ||

L) o _0

Rhotekin-RED or PAK-PED
affinity beads are added to the
lysates.

L ]
1)
21 Beadshind specifically to the
active form of the GTPase.
1) Beadsare centrifuged and
1)

active GTPaszes are pulled-
down in the bead pellet

éo@%s e S
Bound GTPase praoteins [%
are eluted fram pelleted
heads in SDS buffer.
GTPase levels are analysed
by Fho, Rac ar Codd2

specific antibodies on a
western blot

Racl/ Cdc42

® Active GTFase (GTP-bound)
B Inactive GTPase (GDP-hound)

@‘3 Affinity beads
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I |l ntroduction (Continuec

RhoA Activation AsRBD Afuftiidiitzye sb-®Rhdd ekPart # R’
This assay uses the Rho binding domain (also c
tekin. The RBD protein motif has -bheemd sthomwm
Rho. The fact that the RBD r egiRdm onfakrelsoti @k ian
tool for affini-Rhwo pfurrdni i caltli olnyRaBdD e@F.P t eTihne sruhpo
this kit cont®&9nofamihmd ekdind RBD e xpr ebsdsiendd atso
col ored eleythatrtiseenebeads . i wdhive®d TaR H oo weso nopnlee xt eod

rhot-RED nbeads. This assay provides a simple m
a variety of systems. The amount of activated
specific anti boddownAasypycasi RpoGpRI &and GDP |
extracts or Swiss 3T3 cell extracts is shown i

Figure 2: RhoA Activation Assay

A. Extractg)(3f0r0om human platelet o8elllIGFPwaankd
A 50ug g Soyg GDP (GDP Il ane) using the method
GDP GTP SS  CAL Control Reactions.

B. Extracetg)(3f0r0Oom serum starved (

250- guent cal peptin (CAL) treated Sw
were incubatgedofwirtRBbD5e0k eads and

98- cessed as descri beddoiwn ectaiyan

64- bead samples were resuspended in
and run on a 12% SDS gel . Prot e

50- probed with a 1:-BROAdahdtpopocess

36- chemiluminescent detection as de.
4

Wan - ase

16-
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I |l ntroduction (Continuec

Activation As®8Yp AWfinizegs BBRdIds (Part # PAKO02
This assay uses the Cdc42/ Rac I nteractive Binc
Domain, PBD) of the Cdc42/ Rac effector protein
protein motif has been showmund biomdn ®pe Riafci @
proteins (16). The fact that the PBERarce ginaln

GTRdc42 and that PAK binding results in a sig
hydrolysis of both Rac and Cdc42 makeRadad amd i
GTRdc42 from cell | yPsBaDt epsr o(tle7i)n. s uPplpe i BAK i n t
aci d466y7 which includes the hig#l8y @d use rsveeqdu e
required for the high-Ratf iamididy® BiRn t(elr7a)dtBiDolmeswR A
also in the form of a GST i wudsdwmhep FHPBRBY i GRaPovhi ¢ h
(or -Gdd®42) complex with glutathione affinity b
means of quantitating Rac/ Cdc42 activation 1in
determined by a Western bl ot using a Racl/ Cdc
typical Cdc42 and Racl Activation Assay resul
3T3 cells. Serum starvation greatly reduces

while EGF is a potent activator of Racl and Cd

Figure 3: Cdc42 Activation Assay
1 2 3 4 5 6 7 Swiss 3T3 cells were serum
after this some cells were
ml of EGF for 30 seconds (
mi nutes (Lanes 6 & 7), oth
ed and remained serum star
5) . Cdc42 activation was
Recombinant Cdc42 Acti-ddawn oms paiff,] 500 ¢
Cdcd2-His (24 kD)— | M S S WS&S| | ysate were assayeRBith 1
Endogenous beads (¥3dnes Lane 1 shows 2
Cdcd2 (21 kD) recombi na-lit sCdcéRein run a
! western blot standard. Not
ow signal running at appro
t he -dpouwl | anes is signal fr

bead protein.

Figure 4: Racl Activation Assay

Swiss 3T3 cells were serum

after this some cells were

ml of EGF for 2 min (Lane

- were not treated and remai

Recombinant (Lanes 2 & 3). Racl activ
- ured using the R&aewn Acti va
Rac1-His (24 kD)— | S Wm—a—— assay, 500 Og of lysate we
Endogenous Og of-PBBKbeads -5)L.anelsamre 1
Racl (21 kD) shows 20 ng of rHeicso npbriontaenitn
run as a western blot stan
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I Purchaser Noti ficati or

Limited Use Statement

The purchase of this produecttr amsnfveeryasb Iteo rtihgeh t
purchased amount of product and components o

buyer. The buyer cannot sell or otherwise tr
to a third party or otherwise use this produ
Commerci al purposes include, but ar e not |
components in manufacturing,; use of the prodi
resale of the 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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Ki t

Content s

This kit contains enough reageéows &dvsapppe adl
RhoA, Racl and Cdc42.
Table 1A: Rho A Specific Reagents
Reagents |[Cator #PalQuanti ty Storage
Rhotekin |[RBDt #S RTIORube, | yophDdsizedat ed|4AC
beads 0.5 mg of protein per tjube
bound to colored
sepharose beads
AnRhoA Cat # ARBOBube, | yophDdsizewdat ed|4AC
monocl onall
anti body
Hi-BhoA cofPtardal # RHBHWTube, | yophDdsizeadated | 4AC
protein 10 Og protein (~30 kDa)| as
a Western Blot standard|
Tabl e 1B: Racl/ Cdc42 Specific Reagents
Reagents |[Cator #PalQuanti ty Storage
PAWBD begRlasrt #-SPIAKORbe, | yophDdsizeecdat ed|4AC
0.2 mg of protein per tube
bound to colored
sepharose beads
AnRac 1l Cat # ARCOBube, | yophDdsizeeadated| 4AC
monocl on all
anti body
Hi-Bacl cofPtaral # RCWFube, | yophDdsizeeoated|4AC
protein 10 Og protein (~25 kDa)| as
a Western Blot standard|
An€Cdc42 Cat # ACDOBube, | yophDdsizeecdat ed | 4AC
monocl on all
anti body
Hi-Gdc42 clPmtrtol# CDWFube, | yophDdsizeeoat ed|4AC
protein 10 Og protein (~25 kDa)| as
a Western Blot standard|
Kit Content Tables continued on next page
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I 1 Kit Contents (Continu

Table 1C: Gener al Kit Reagents

Reagents |Cat . # o|Quantity Storage

Cel | Lysi|PaBuf #ecClIBOblottl e, | yophddiizeadt,ed 4AC
50 mM Tris pH|7.5, 10 mM
MgGl 0.5 M Nadl, and 2%
Il gepal when reconstituted

Wash Buf fleart #SWRO1lbottle, | yophddiiczeated 4AC
25 mM Tris pH|7.5, 30 mM
MgGl 40 mM Nadgl when
reconstituted

Loading Beafer# LPBIO1tube, 1 ml; |4AC
150 mM EDTA sol ution

STOP Buf f|leart # ST IPOlube, 1 ml; |[4AC
600 mM,sMyglCdt i o/n

GTPS stockCat(nfonBSDI1l tube, | yophiDéxiedgated 4AC

-hydlrolyszble GTP 20 mM solutiom when reco¢on-

anal og) stituted

GDP stockl|Part # GpIPOtlube, | yophibDdxiedcated 4AC
100 mM solution when rec¢on-
stituted

Protease (Cahi b#t ®f1lC0Ot2ube, | yophibDdxiedag atled X4 AcC

Cocktail solution: 62 g/ ml Leupeptin
62 Og/ml Pepstatin A, 14 mg/
ml Benzamidine and 12 mg/
ml tosyl argimine methyl est
when reconstifuted

DMSO Part # DMSQube, 1.5ml4A (will flreez
Sol vent for prnrotease inhibit
cocktail

* ltems with part numbers (Part #) are not

format. ltems with catalog numbers (Cat. #)

cytoskeleton. com Pageo



I T Kit Contents (Conti nu

The reagents and equi pment that you wil!/| requ
1 Cell lysate (-Pean&efécbnoW: VB: Step 2)
1 2X Laemmli i sample buffer (125 mM Tris pH

Bromophenol brheurec a pt% ebteit aan o | )
1 Polyacrylami de2@%®%|l gr §ddi2émntorgedl s)
1 SDEPAGE buffers
1 Western blot buffers (see Section VI: Step
1 Protein transfer membrane (PVDF or Nitrocel

1 Secondary anti bodmou(seee gHRP Goart j uagnattied | gG,
Cat # -01318% 8)

1 Chemiluminescence based detection system

Ext ended Duration Substrate; ThermoFisher)
1 Cell scrapers
1 Liquid nitrogen for snap freezing cell Iy s

cytoskeleton. com Page1



| V: Reconstitution and St o

Many of the components of this kit have bee

beginning the assay you wil/l need to reconsti
2. When properly stored and reconstituted,
mont hs.

Tabl eCo2nponent Storage and Reconstitution

Kit ComponeRdconstitution Storage
Conditions

Rhot RBIDn beaRdesconstitute in 300 Ol dist|{Stbed Gamter .
Ol volumes (30 Ol of beads |= 50 Og of pro
conditions 300 Ol is sufficlient for (10 as
Snap freeze in liquid nitrojgen

AnRhoA monoRdsownmsuagend in 200 Ol of PBS.|SUoe eatat 1| 4ATCO
anti body

Hi-BhoA contlRetonstitute in 30 Ol of dil|Stiol l7ed®awat er .

protein ol sizes and snap freeze in| liquid nitrog

PAWBD beadsReconstitute in _ 200 Ol dist|{Stbed Gater .
Ol volumes (10 Ol of beads |= 10 Og of pro
conditions 200 Ol is sufficlient for (20 as
Snap freeze in liquid nitrojgen

An-Racl mono®esmalpend in 100 Ol of PBS.|SUseeatt148C0
antibody

itute in 30 Ol o

Hi-Racl cont t
es and nap free

R
protein O

—
-

i [Sttiolr le7e@C W a
nf Iiquid nfi

2]
N
o

An€dc42 mon®eboasplend in 200 Ol of PBS.|SUseeatt 14AE0
antibody

Hi-6dc42 conR
protein O

eobns
| si z

[

titute in 30 Ol of di|Stiolr ie@d wa
es and nap freeze in/ liquid nli

N

- -
i ¢]
o=
o -

Protease |InRebonodtritute in 1 ml of di|ste o hig2 1@aCs [ul f o x
Cocktail 100x stock.

Cell Lysis |Baddrestitute in 100 ml of s|iSe¢mnirlee adi|stAiCl |

This soluti eln0 neiyn ttaok er e5suspend. Usel a 1¢C
mil pipette to thoroughly relsuspend tlhe bu

Wash BufferReconstitute in 30 ml of st|Gtiokre di §HBIAICI ¢

Loading BuffRerreconstitution necessarylStore at |4AC

STOP BufferNo reconstitution necessary|Store at |[4AC

GTBS stock |Rexmonstitute in 50 Ol of stiBrotieg dad st i | | ¢

hydrolysablje TPO Ol volumes, snap freeze in |ijquid

anal og)

GDP Stock Reconstitute in 50 Ol of st/Btotie@ad still ¢
5 x 10 Ol volumes, snap freeze in Ilijquid
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V: | mportant Technical Not

A) Notes on Updated Version 6.0

The foll owing update should be noted:

1. The RhoA Antibody has been changed from par
I gM) . ARHOS5 i ssRlmoMmosspediofniad amttiibody. It
as Cat# ARHO0O4 and was found to give a more
a secondary antibody that recognizes mouse

B) Growth and Treat ment of Cell Lines

The health and responsiveness of your cell |
the success and reproducibility of Rho famil"
read this section and to carefully maintain
given bel ow.

Adherent fibroblast cells such as 3T3 cell s =
adherent cell s, atc mlplps op;é mamlely Brxeflloy, 3T:
16cells per ml -mndlaygg.ownSdroum3starvation (see
should be performed when cells are approxi mat
cell s cultured fHDrdayw)eralbi adrayso (8reat ment
responsive than cells that have been culture
types may require a di fferent opti mal Il ev
responsiveness t o RhoA/ Racl/ Cdc42 activati or
starvation and induction should be deter mined
for cell l'ine specific references).

When possible, the untreated samples shoul d
activitfonitnr ohloeFdor steaxtaempl!l e, when |l ooking fo
ctivatitomtroheedl Isst ateuld be serum starved
inactivate cellular Rho family proteins and
activator. A detailed method for serum staryv
Cells should also be chec(kifeed pfomrs iovtboe isat ak recswn
stimulus. A list of known RhoA/Racl/ Cdc42 s
cases, poor culturing techni gwespoasi vesuaclketl
example of poor culturingultttemeigqfuecélnicd utdeat
been allowed to become overgrown. For exam
confluency should not be used for Rho family
To conffitcomtt béobaendt st moesioeé gbatecel | s, it
include a smal/l coverslip in your experi ment
ftontr ol dceed | sst avtdieressupso ntshiev el s$ aby rhodami ne phe
of actin filaments. A detailed method for ac

I f you are having dtohtcal bgdrdeyatmi expgr iam
contact technica32-2354 sadtrseeer vaitc e3@c3yt oskel et o

cytoskeleton. com Pages
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V: | mportant Technical Not

C) Timing and I ntensity of Rho Family Activati

Upon stimulation, RhoA, Racl and Cdc42 prote

and transiently. Maxi mal activation ranges f
basal l evel s. Exampl es of known Rho family
potent activators, the intensity o fc o mtarxd Ime
st@(eerum starved) cells is-5gtokdal(lsyeei Mppaéa
However, using a single time point, you are
therefore critical to take timed samples for
activating entity. Recommended time points a
course is also recommended for Rho family 1ina
I'n practical terms the timed experi ment must
processing of each single time point. Once ¢

snap friexpeperi meval i guned | mmediidALl.y dame Kept
Assay uses appBORi Dat ofy t>0 @& | protein p-er as
1600 Ol of a 0.5 mg/ ml cel | |l ysate. -poWentr ecro
conditionl.iBhm@lr edloireuots are recommended for

D) Rapid processing of cells

GTP bound (active) Rho family proteins are
susceptible to hydrolysis by GAPs during and

t he sanaparlolt eG n. Rapid processing at 4AC is ec

results. The following guidelines are useful

Washing

a. Retrieve culture dish from incubator, i mme
place firmly on ice.

b. Il mmediately rinse cells with an appropriat

proteins (see Table 3 for recommended wash

c. Aspirate off all Thesi dsalesBB8tbaffemwm. that

diluted€orrect aspiration requires that the

on ice for 1 min to allow excess PBS to col
*NOTE: In 3T3 <cell s, it has been found that
reproduci ble Cdc42 activation. However, i
the wash step can not be omitted as the prot
cell lysate protein quantitations.
Cell Lysis
To avoid making too dilute or too concentrate
recommended to adjust the amount of Cell Lys
pl ate type. Table 3 gives guidelines for sui
give |l ow protein yields. The exact l'ysis v
determined empirically. NOTE: Cel | Lysis Bt
Cocktail

cytoskeleton. com Pages



V: | mportant Technical Not

Table 3: Recommended Wash and Lysis Vol umes f
Culture Veslsvelssel surfavel ameaof P®B&l ume of Lysis
(cin wash (ml) Buffer (01)

100 mm di sh 56 10.0 250

150 mm dish 148 15.0 700

T-75 Fl ask 75 10.0 500

T-150 Flask [150 15.0 700

The time period between cell lysis and addit|
i mportant. Take the following precautions:

1. Work quickly.

2. Keep sol uti onesmbemrdd aldyisceet esso t hat t he t empe

This helps to minimize changes in signal o
gives very specific instructions regarding
to for successful results.

3. We strongly recommend that cel l |l ysates be
clarification. A sampl e of at |l east 20 1
concentration méeéas ulrge naelnitquoAt 20 each sampl
for Western blot guantitation of tot al RF
provides an ELISA quantitation for niuosttal R
be snap frozen in |ig@DACnitysegersandhAber
C for several mont hs.

4. Thawing of cel |l |l ysat elsowpr iasrs atyo shoel dn beée
temperature water bath, followed by rapid
assay.

E) Protein Concentration Equival ence

Equal protein concentration in all sampl es
bet ween samples in Rho family activation ass:
ice €eld Lysis Buffer to give identical pro
lysates of protein conthmgrantl i ovoul darad il n g eferdc
to 0.5 mg/ ml. It is not necessary to equal
bet ween them is |l ess than 10%.

To quantitate the apoonei f wetmécoemmend G nc
tot al lysate from experimental samplég (ot al
|l ysate per sample should be sufficient to det
tot al RhoA can be quantitated by a RhoA ELI SA

cytoskeleton. com Pages



V:

| mportant Technical Not

F) Assay Linearity
There are several factors to consider when pe
1) Bead TitThaa i @D and RhBD ekfifni nity beads wi
inacti wveoun@GDP sgmeltlei @8 with a much | ower a
( GFPound) protein. I'f too many -dadwn nadsyay
there willdl be significanbownd)di amaltlei . he 1T
result of this wildl b e -parmo t uen dhe raecst tiivnaat ti ioonn
we highly recommend performing a bead titr
any given activation or inactivation assa
established, bead titrations should no | on
and 100 Og bead ti-RBRAt{RBMhsAfact iRhatiekn,n se
recommend 10 and 20 OgPBPa@RatfiranhdoBGdc#Br:
Figure 4:-RBbotBelkidn Ti tration on Serum Starve
Swiss 3T3 Cell Extracts.
Bug S0pg 100 g rhotekin
2B K M beats Frozen cell |l ysates of serum s
a 1 2 3 4 5 6 7 6) and calpeptin treated (samp
250- prepared according to the meth
% 1. Lysates ac(h30alt 0.5 mg/ ml) w
68- with increasing #®Bdurbtesadsf (1”259
50- or 1@ 0 and processed as desc
VI : STEP -d3loownP uUAlsls ay . Al | bead
36- resuspendeld oifn 2Ix2 Laemml i samp
30 | ™= run on a 12% SDS gel al ong wit
el L] RhoA control protein. Protein
- probed with a 1:-BMOMDA dandditpromc e
for chemiluminescent detection
Eax e K Note, in Figure 4, how iRcrea:
beads resufho-apeadRfoode signal in the serum st al
|l anes 4 and 6) . RhoA activation estimatef of
rhot-e&daads, whereas a RhoA activation estimat
highest amountegdpf beads (100

is highly recommended that each wuser tit
periment as cell -pyetekencaotembtabhnorff Gci

ocessing times can be variable and must be
Strictly Mai nt ain Exper iOmemrt ad s s @9 n dciotnidoints
established one should strictly maintain
|l ysate concentrations should be consistent
beads are used to assay 400 Og of lysate
recommended to keep subsequent assays at O
the volume of a 1 mg/ ml |l ysate to give 40C
the growth and treat ment of cell l'ines shi
this point ceamp hnaosti zbeed ocavnedr i s di scussed in

cytoskeleton. com Pages



V: | mportant Technical Not

3) Densitometric TQueanltiineaarir @ana nfgiel mfi X very na
exposures of the western blot may be requi
the film. As a general guideline, protein
be within the |Iinear range of the fil m.

cytoskeleton. com Page7?



VI : Assay Protocol

STEP 1: Control Reactions
The correct control reactions are key compor
The following control assays should be perfor

1.Tot al SPrad tl e iGn :

Tot al RhoA, Racl or Cdc42 present in each s
guantitation or ELISA (for RB&d;, ofeeelAppeuyd
wi |1 result in a good signal. Nor malizatio
an important parameter in understanding the
(see Appendix 4, and information at www.cyt
2. Positive Cellular Protein Control
Total cel li8loydgagt esh(u0@ be d9Soade ca wiotsh t G VR
t he -dpouwnl assay. The following reaction det

Racl and Cdc 4 2hywdirtohl ytshaeb | neo nG3SP , a ntahli asg i(sG TaPh
substrate -RBD arhdPtBeDkKbreads and should result
signal -dowm guddy.

a.Perform GTP | #8680ggobnc8DD | ysate by addi
Loading Buffer (70 Ol Loading Buffer per

b.l mmedi atel yYaHdmeé /B (EDPOEPperel 9®F | ysat e

gi ve aM 2f0iOna8 &dfPcentration. Un-dleOr% tohfe s ¢
the smalolt eGn wil.l be activated andowesul
assay signal
c.lncubate the control sample at room tempe
d.Stop the reaction by transferr'i'"mogl utnhee otfu

STOP Buf feflerSTQ@POBuf Elerofpelry Qat0e)
e.Use this sample i-dnoerdiasgsedy aan detpalillled i

3.Negative Cellular Protein Control
This reaction should be performed in an i
reaction excepol urhatofl/ DB (1 mM final cor

added to the reactio®n i hopdaog ehdpbeh &IPS ¢
with GDP will inactivate them and this wild.l

4 Hi-sagged spmaoltleiGi Control s:

The kit segpplfi elggd0® RhoA, Racl and Cdc42 co
be reconstituted to a 0.33 mg/0nAIC gtaselkl 0s oxl

aliquots). Storage of the protein at | owe
thaw cycles wildl resul t in denaturation,

qguantitations or no signal in the western
mol ecul ar wei ght250fk Dlaet tehgeg elRiOsc ont r ol pro
mol ecul ar wei gi8t0s kiDat weWen r2e3c o mme n dt a ghgaetd 2 (
control protein be run on the gel as a pos

for endogenpustemal (s&e STEP 4) .

cytoskeleton. com Pages



VI: Assay Protocol (Contin

STEP 2: Lysate Collection
We strongly recommend that you snap freeze yoc
you harvest and clarify. This is especially

re

Iy
ar

Ce

commended to f r3eemle dlyisqauetss iaandl to save a

sate (appri®00mateody RBOotein quantitation.

e given bel ow:

I'l's Grown in Tissue Culture Vessels as Mono

1. Grow cells in appropriate culture condit
frontrol 6prdi osrt att® activation. See Secti
Not es.

2. Treat cell s -pi ¢theian samatlilvad or (or inacti
requires.

3. After treatment, place culture vessel on
PBS. See Table 3, Section V: D for recc
cases, i f there are no proteins in the
omitted for Cdc42 activation. (see Secti

4. Aspirate off PBS. Tilt pl ates on ice f
remnants Refs i RIBISs.I PBS wi Il adversely affe

5. Lyse cells in an apppepltCegdil atLe sv sl Bmd f e@fr
should be supplemented with 1X Protease

Section V: D for recommended vol umes.
6. Harvest cell lysates with a cell scraper

this method because the Lysis Buffer is

Transfer | ysaltelseliend osarhel e@erteubes on ice.

| mmedi ately clarify by centrifugation at

At this point each |ysate volume should
Lysis Buffer vol ume.

10Save at |l east 20 Ol of | ysa5t0e Ggoro fp rloytsea
guantitation of t hperdtogiad. speci fic smalll

11Aliquot and snap freeze the remaini-ng ce

70AC for future use. It -Bsmikeobmimgsdee
(This should be suffici e8not0 flogr pdeurp |aiscsaatye)
12 . Measure |lysate protein concentrations. !

Advanced Protein Assay (Cat. # ADVO02) fo
1 Add 20 Ol of each |ysate or Lysis Bu

9 Add 1 ml of "MAkvwdmnsded MRredadtein Assay
ADVO02) to each cuvette.

1 I ncubate for 1 min at room temperatu

1 Bl ank spectrophotometer with the Cel

1 Read absorbance of | ysates sampl es.

1 Mul tiply the absorbance by 5 to obt

mg/ ml
13Calcul ate how to equaliicze ldywdeidsceBUf feexrt rt
identical protein concentrations. It i
cytoskeleton. com Pageo



VI: Assay Protocol (Contin

concentration in each sample for a succe

the equalized protein concentration is n

mg/ ml . It is not necessary to equalize

variation is |l ess than 10%.

The volume of cold cell l'ysis buffer t

samples can be calculated as foll ows:

Ai B )

636 x (volume of A) = - WheT-e---A---i SOI t he

concentration l ysat

and B is the concentration of the most d
NOTE:You can dilute the |ysates to a given ¢
snap freezing aliqguots. -doTwni sa snsaakyess ssiunbpsleegru.e
the Il ength of time cell lysates stay on ice
Cdc42 GTP hydrolysis will occur.
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VI: Assay Protocol (Contin

STEP 3:dowhulAssay

1.1 f using freshly prepared cell Il ysates,
protein equalization and al ways mai nt ai
|l ysates (recommended), thaw in a room t
i mmedi ately to ice upon thawing. Use im

2. Add equivalent protei ns@a®ounbsabfcélkape
pr-¢et ermined amoRBD ¢ff or h®Rtheldi mcti vati or
PBD beads (for Racl and Cdc42 activation
(see Section V.F.1).

NOTE: In general, we recommeniEBDshaegds0art
10 Og (10 -AKHD hoefadksAKper assay. Under thes
rhot-eBDnbeads supplied in the kit is suffi

PAKBD is sufficient for 20 assays (suffici
3. lncubate at 4AC on a rotator or rocker f
4. Pellet the beads -byoO66nkrpgfagatdtA@Gnfat 23

5. Very carefully remove 90% of the superna
I f you do distur-benhei pabkeet hsei mphmpl reeas

6. Wash the beads celoneac twidfh WEXIhE BRuWfdf erh.e bu

to the bead pellet in a manner thmQ com
NOT invert the tube as the beads will d
tube and protein wildl be Il ost. This st

perform.
7. Pellet the beads -byoo6e6nkrgfagatiAGnfat 3

8. Very carefully remove the supernatant.
do disturb theemdalrlidtugsi mfley sraanpl e as i n

9. Add -210el of 2 x Laemml i sampl e buffer t o
resuspend the beads. Boil the bead samp

10The samples are now readBRAGHEH ard aWeas tyezren
analysis (see STEP 4).

NOTE:The samples can be centrifuged (14K rp

temperature) to pellet the beads; in this ca:
gel . Al ternatively, the whole sample includir
recommended that the necessary .control sampl e

cytoskeleton. com Pag21



VI Assay Protocol (Contin
STEP 4: Western Blot Protocol
1. Run the test protein s-afmfol es adeth SOSt gel su
front reaches the bottom of the gel
2. We recommend running a | anmeggceadn tcaoinntirmg 20 or
Racl or Cdc42, depending upon the specific
sis) as a positive control To do this, the
a) Thaw one of the Badhedl cqubtel oprelisein (s
b) Dilute to 4 ng/ Ol by adding 247 Ol of Cel
c) Dilute to 2 ng/ 06l by adding 250 Ol of 2X
6.8, 20% glycerol, 4 % SDS, 0. 005-% Br
mercaptoethanol ).

d) Load 10 Ol (20 ng).

e) Discard any unused ciontsbd wopitmg es hormage ta
frozen.

3. Equilibrate the gel in Western Dblot buffer
perature prhbloat ttiong.l ectro

4. Transfer the protein to a PVDF membrane for

5. Wash the membrane onceH@I tpHT8SO( 105nMmMMr Ne

6. Al l ow the membr amed tno navitresdry for 20

7. Transfer the membrane-HCb PBSB8. 010 1BBmM mMi N
Tween 20) at room temperature for 15 minut e

8. Bl ock the membrane swywrfyaord | Wi tibn 5T% Simo rffoart
temperature with constant agitation.

9. I ncubate the mlembéialnet iwdRth lnoAfa SaanftRac 110250
an€dc42 antibody diluted in TBST (no bl ock
Il nclude 0.1% nonfat dry mil3 hwiath rtochoem Cdecrp
or overnight at 4AC with constant agitatiorl

10 Rinse the membrane in 50 ml TBST for 1 min.

110l ncubate the membrane with an apprnoopusieat e
secondary anti benwsEee HRPgacatnj amgtait ed |1 gG fr
Cat. -#3-888) in TBSIT hoat 3Domimnt emper ature v
tion.

12 Wash the membrane 5 times in TBST for 10 mi

13.Use an enhanced chemiluminescence detectio
(e, g. , Super Signal West Dura Extended Dur at

Recipe for Western Blot Buffer (1 L)

1 M Tris pH 853 ml (25 mM final)

Gl ycine 14. 4 ¢ (192 mM final)

Met hanol 150 ml (15% final)

Distilled water to 1 L

cytoskeleton. com Page2



VI Troubl eshooting
Observat|Ponssi bl e cause Possi bl e Remedy
No signall.fSrtoomage of the |[|dltoThkeclint r welgp plf-t &g & @
t he -thhigsgeld protein at conclentRRoAonsRabhtand Cd¢d2 p
control proatreei t.oo | ow (<O 33siydwmll § .be reconsti ut ed
stock solution0oA@d(as or
10 &l 3aliquots, see Tabl
Storage of the profein
concentrations will res
and precipitation f th
incorrect quantitations
al |
2. Repeated freezezl't%%ecfy}cglg%sipgofrgbrengStR
of the reconstitut[ehgwgo%iftit\h(-‘E stock | will
control stock rOtd‘?e'n%n‘tu_ration and precip
3. Attempts to st 3r.ev\}eh‘?eq:'o| lfnte"ﬁ% l oadipg 20
?L?Elr(e ‘3}584AC r fp"o%%‘?ri'veorcontrol o t he
' control and quant.i atio
endogenousprsontaeliln q[f or 2
of recombinant pelofein,
aliguot of protkiafstoc
Cel | Lysis Bufegdlerofamrd t
Laemmli sampl ecbudfler;
this on the SDS gel)
protein is unstabl e and
Unused protein mus be
The Rho family proteiflns ha
weight of -DBRtkwBan-ttalgegledi s
control proteins havel a mo
approxi mdbekpPpaz23
4. Not following the Maket aumeblthtat thel|w t
met hod detaile inneAssaywyed in Assay|Prot
Protocol STEP|[4. foll owed.
No diffeflerfPceotien n | ysate flontTketabhsobonse amoun f
signal bpt weere not equalipgedlysates can have a|dram
GTPBS posi|tive Rho family protein|sign
control and GDP very important to ave
negative|control of cell |l ysate profein
assay See section V (E).
2. GDP requirementgomé ecdliigheirnddrhaye ve
your cell line. endogenous GTP and|exch
GDP requires additifon o
the 1 mM GDP outli ed i
We recommend tryin 10
these cases.
No detecfladT@P buffer not |added toFohkow the in|struc
activatipnreactihens. exampl e, STOP buffer mu
positive|control to the reaction or|you
(GH8) as AY Leavi ng the IysatF)e%s'ftolfdlogwl%ugllgnal
mi nutes before uie S AGDPGDP | oaded|f | ysa
should be u3emi wutdos naf
STOP buffer has been ad
cytoskeleton. com Pages
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Appendi x 1: Observation of
RhodanrPihnaed | oi din Staining

Reagents needed

1 Suitable growth media

1 Calpeptin stock solution (20 mg/ml in PBS)

1 Epidermal Growth Factor (EGF; 20 mg/ ml st oc¢

T PBS solution pH 7.4 (150 mM NBRQ|, 1.247 mW
K HP Q)

T Rhodanmpihrad | oi di &M stnoarket(hladnol , Cat. # PHDR1)

1 Paraformaldehyde stock (6% s26d&kK)in PBS, st

Met hod

Serum starvation for Swiss 3T3 cells and addi

1. Swiss 3T3 cells are sé&deddalt]l 4 oiwn dBEMEMt p |
FCS on a 10 cm diameter plate containing t\

2. Once celldd%arc®n3Ouent (usually 3 days) the
plus 1% FCS and cultured for 24 h.

3. The media is again replaced with DMEM wit h
1620 h.

4. After serum starvation remove one coversl
described bel ow.

5. For RhoA activation, add fresh cegl mepfiom
minutes.

6. For Racl activation, add EGF to 10 ng/ ml f

7. For Cdc42 activation, add EGF to 100 ng/ ml

8. Remove the coverslip and process for actin

Actin Staining

1. Wash the <cells once with PBS and fix for
paraformal dehyde diluted in PBS.

2. Wash the cells once for 30 s with PBS to r

3. lncubate the cel-Xslw0thnOPRS% fToi t bnmin at
permeabilize cells.

4. Wash twice in PBS for 30 s each.
I ncubate aolitdaf eg® Ml R h oepdhaantiIncei di n for 30 !
temperature in the dark.

6. Wash five times with PBS for 30 s each.

7. lnvert the cells into mounting medium (eg.
Chemie) and allow the coverslip to set for

8. View actin filid@®OXt ®i Wi i mmar&3 on objective

9. Examples of serum starved and cal peptin tre

cytoskeleton. com Pag26
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Known Rho Fami
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Appendi x 2: Known Rho Fami

Ref erences for Rho Family Activators

1. Schoenwael der , S.M. & BurridgeseHKsii1b98. pEx
tyrosine phosphatase upstrdamBofolzh4a&hemal |
14384367.

2. Ren, X. D. et al . 1999. -biRmdgiuhat pont eifntR
adhesion and t EeMBOyltBo s36#35et on .

3. Krananbur g, 0. et al . 1999. Activation o
Gal2/13 subunits in neuronal cell s: induct |
1851857.

4. Ki m, H. D. et al . 2008i.ndEydeadremaH a mo ome mt f af
cel |l mi gration in 3D arises from an intrin
and protdepkndekesat increaMdel .i nBipledr s4i-B&%Nh.c e.

5. Tanaka, T. et al. 2010. Moh/oCE tccheerheknormd tIri:
enhances apoptotic cell removal byimadreaoph:
Bi ophys. Re 89,9 CG5%878u n

6. Grill, B. & Schrader, -1, WRak@ah2. CActdi2v &dtyi o1

hemopoietic growihnkaogbypdpbbegBesseceptor
Bl 0046,0 3-B83 2.

7. Puls, A. et al. 1999. Activation of the sm:
cytoki idasndTINE and by -Béirer Ewisties ntransf or mi n¢
J. Celll2S2289%2.

8. Gadea, G. etUahduce@94sediNé&nti alamdtp38atpbHd
dependent pathways that antagonidstiCeall Bci e
11,7 6883%64.

9. Tu, S. et al. 2003.-deEpeddembal rgogaoalwahi bacbbdr
medi ated by the Sr.c Btiyrl238CHeS203B0 s e .
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Appendi x 3 Pr oienl pReci Q binarAat vk
Background
The Precision Red Advanced Protein Assay Reag
results in a red to purple/blue color change
600 nm. The reagent is not supplied in this
Precision Red Advanced Protein -AsSAya®ebgatt o
says (Part# GL50) .
The assay exhibits | ow variance in readings I
centration and high reproducibility of the co
generally applicable standard curve (Fig. 1)
be performed in2ampnokéematelThese properties
when applied to the | abile |ysates required f
Quick Protein Concentration Method for 1 ml C
1Add 20 Ol of each |ysate or Lysis Buffer in
fAdd 1 ml of "™WAdkwdmdeoh MRreadt ein Assay Reagent

cuvette.

fl ncubate
1Bl ank
fRead

fMul tiply t

Fig.

. T

Examp

for 1 min

absorbance of

he

1: Standard

20 40 G B 100 120

Protein concentration per ml of GLS0 (pg/ml)

le Calculation

As
ing o

c

Where

U=ext

l'ysat
Thus,

For

sume a

20 Ol sampl e
f 0.

S
[T
1l
-
x

C =
nction
e in ADVO02

for a 20

protein

(20
Ol
Ol

a 10 sampl e

at
spectrophot ometer
Il ysate

absorbance

Curve

50 = 0.5

concentration
c oecfr) i ctinen t my I[ tmigp Imil g r
O
sample in 1

in 1

room temperature.

with 1 ml of ADVO02

sampl es

by 5 to obtain the

for Protein Quantitat

The standard C
1 represents the

readi g of several
, act n, BSA, case
cuvette format us i
h
t

® >~
O Qe
—Q " o
]

o

ent . e protein r
a cuve e is 1 cm.
assaldy. 6i.s 0. 05

n
i
t
T
t

TS R I
Soo
—=3g-

«

2]

of cell Il ysate added to

mg/ mli

(mg/ ml ), A =
of 50 is ¢t
lysate in 1 ml ADVO02).

mil ADVO 2, the e

ml  ADVO02, the equat
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Appendi x 3: Pr oien pReci Q binarAat vk

Quick Protein Concentration Method for 96 Wel
1Add 10 Ol of each |ysate or Lysis Buffer in

TAdd 290 Ol of“ARlvemiceidoPrRadci n Assay Reagent
fl ncubate for 1 min at room temperature.

Bl ank spectrophotometer with 290 Ol of ADVO
fRead absorbance of |ysate samples.

fMul tiply the absorbance by 3.75 to obtain t

96 Well Plate Method

The Il inear range -00f. 4 hainsd aisss arye ciosmnbe.n0d5e d wh en
the linear range of the 1 ml cuvette method.
0.8 cm, hence the equation is modified as sho
Example Calculation for 96 Well Pl ate Measur e
Assume a 10 Ol sample of cell |l ysate added |

reading of 0.1

C A= 0.1x 30 = 0.375 mg/ ml
U 10 x o
Where ¢ = protein concentration (mg/ ml), A =
U=extinction c oecfnf) i ainen t myI[ tmigg Imlgr of 30 is t
|l ysate in ADVO2 (10 Ol Iysate in 290 Ol ADVO0?Z2

Thus, for a 10 Ol sample in 290 Ol ADVO02, the
For a 5 Ol sample in 295 Ol ADVO02, the equ

NOTE: The protein concentrations generated
(Fig. 1) wildl generate approximate |l ysate con
from Iysate to |ysate and wil!/| generate exce
series of |lysates. It should be noted for a
tion between experimental extracts is far mor
tation However, if desired, one can <create
standards for each experi ment. The standard
preparations due to the |l abile nature of the
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Appendi x 4: Tot al RhoA ELI

Nor mali zation of Active RhoA against Tot al F
activity betwéepn sdlmpmasi tdtion of active Rh
portant in studies that involve prolonged ex
RhoA pathways, e.g., transfections or drug st
I'n order to avoid the need to -pemhbimapovoel w
bl ot analysis, Cytoskeleton Inc. has devel ope
tative determination of Tot al RhoA (Cat # BEK
RhoA compri sesb% eotfweteont a0l. 5RhoA in normal <cell
(5).

Met hod

Swiss 3T3 cells were grown to 30% confluency
were then serum starved for 48h. Hal f of th
(Cat# CNO1l) for 30 minutes to activate RhoA.
were subsequently Ilysed in Cell Lysis Buffer

qguots ready for analysis by ELISA (Fig. 1)
RhoA -dpauwn assay (data not shown).

Results
The Rho ELISA data in Fig.1 show 12.5 Og | ys:

tin treated cells and 11 ng Tot al RhoA in ser
RhoA -dbauwn assays showed that 450 Og of Il ysat
(0.37ng in 12.5 Og lysate) in calpeptin trea
12.5 Og lysate) in serum starved cells (data

Data Analysis

The fold activation of calpeptin treated cell
given bel ow:

For serum starved |lysates

Puddlown val wxe 1(0OmM0Og) = normalized % Active F
ELI SA value (ng)

0. 1% 10091% Active RhoA in untreated cel
11 )

Eor
calpeptin treated | ysates

0. 3x7 1801%=Active RhoA in stimulated ce

12
Thus, the normalized fold activation for cal
serum star¥ed ckeold is
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Appendi x 4: Tot al RhoA ELI

I't can be seen that Tot al RhoA is very simila
This is to be expected with |ysates from cel
activator. In this case the purpose of t he |
amounts of |lysate have been analysed. In tr
drug treatments, it cannot be assumed that T
amounts of <cell Il ysate.

Figure 1: Determination of Total RhoA by ELI €

2A: Standard RhoA cur?@: ELI SA of cal peptir
starved | ysates

00490nm

0 5 10
-0.2 0 20

His-RhoA (ng/well) Total Lysate (png/well)

Ref erences

1Boul ter, -Mat, &.Gar@Guial | uy, Cc., Dubash, AL, RO
Burri dReguKation of Rho GTPase <crosstalk, (
GDI Nature Cle2 14470l 2010) .

2Jin, L., Lui, T. , Lagoda, G. , Ch a mpli owmat eHl.
RhoA/-Rhpase activity in the ag@dsoai apedi &r
dysf uncASBOB2.W5388 (2006) .

3Thomas, S., Overdevest, -1J.Receitpraoc.al |Sr cReagnd

sis via a Common Downstream Signe€hnogr PRehRY
7188241 (2011) .

4 Karl sson, R. , Pedersen, E. D., Wang, zZ. , and
Tumori g8mneshs m. Bi Dbph@BE8 (AZA®I) .
5Ren, X. D. et al . 1999. -biRedyiung@tpromt eoifn tRheo shy

and the cyEbMBDOdaRBe t59/885 .

cytoskeleton. com Pagas



Appendi x 5: Processing Ti s
Down Assays

Ti ssue | ysates ecedaonwnb ea swssaeyds i(nl)pul IRecommendat
|l ysates are given bel ow;

1) Rho family GTPases are | abile proteins that

handl ing. Ti ssues should therefore be pro
Ti ssues should be processed i mmediately usi
(% mm di ameter), snap frozen {ih®Q ifqai dl af

processing.

2) Ti ssues can be ext rpaecsttdde uwsni nigc ea nHocnroog e n ¢
clarified by a 1 minute centrifugation at

activation assay feoxpegnsanpwidriouzneens.i n The Ac
Assay uses appBORi Dat elfy tda @I protein per
600600 Ol of a 0.5 mg/ml cell Ilysate.- We

point or condli.t®d .o, atlh qqruedftsr ere recommende

3) When possible tissues should be extracted i
is the recommen ddeodwnb uafsfseary sf.or pul |

4) 1t is recommended that |l ysis buffer be su
phosphatase inhibitors. Recommended inhit
inhibitor cocktail (Cat# PI C02), sodium f1

(20 mM {Niinalophemyl phosphate (1 mM final)

5) A final lysate protein concentration of 0.°/!

Reference

1) EI Al'i, A. and Her mann, D. 2012. Li vwerai X r
barrier integrity in the ischemic -birmdinngn
cassette transporters ABCB1 anBr AIBCCRatomo Ib
22 117857 .
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