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Background: Kinetic modulations of Arf1-Sec7 domain complex, by the uncompetitive inhibitor
BrefeldinA and allosteric factors, are not established.

Results: BrefeldinA reorients the binary Arfl-Sec7 domain complex to an abortive one with
reduced association and dissociation rates.

Conclusion: Kinetic hallmarks allow distinguishing the level, nature and fate of intaracti
species.

Significance: Similar approach will solve the inhibitory mechanism of new inhibitorilfasnof

sec7 domains.
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Summary

The GDP/GTP nucleotide exchange
of Arfl is catalyzed by Nucleotide Exchange
Factors (GEF), such as Arno, which act
through their catalytic Sec7 domain. This
exchange is a complex mechanism that
undergoes conformational changes and
intermediate complex species involving
several allosteric partners such as
nucleotides, Mg and Sec7 domains. Using

vesicular trafficking(1-4). G proteins act as
molecular switches and cycle between a GDP-
bound inactive and a GTP-bound active
conformation that regulate their ability to
interact with downstream effectors and
regulatory proteins. The activation is a
multistep process that requires the release of
the bound GDP and the subsequent binding of
GTP. G proteins have a slow nucleotide
intrinsic dissociation rate which is accelerated
upon binding of Guanine Nucleotide Exchange

a Surface Plasmon Resonance approach, we Factors (GEFs) (5,6). The GDP to GTP

characterized the Kinetic binding
parameters for various intermediate
complexes. We first confirmed that both
GDP and GTP counteract equivalently to
the free-nucleotide binary Arfl/Arno
complex stability and revealed that
Mg*'potentiates by a factor of 2 the
allosteric effect of GDP. Then, we explored
the uncompetitive inhibitory mechanism of
Brefeldin A (BFA) that conducts to an
abortive pentameric Arfl1-Mg®'-GDP-BFA-
Sec7 complex. With BFA, the association
rate of the abortive complex is drastically
reduced by a factor of 42 and by contrast,
the 15-fold decrease of the dissociation rate
concurs to stabilize the pentameric
complex.These specific kinetic
signatureshave allowed distinguishing the
level, nature as well as the fate in real time
of formed complexes according to
experimental conditions. Thus, we showed
that in the presence of GDP, BFA-resistant
Sec7 domain of Arno can also associate to
form a pentameric complex which suggests
that theuncompetitive inhibition by BFA
and the nucleotide allosteric effect combine
to stabilize such abortive complex.

Low molecular weight guanine-

exchange process involves a transient G
proteinGDP-GEF complex, promptly
followed by the dissociation of GDP, forming
a high-affinity free-GDP G protein-GEF
complex. Then, GTP binds with subnanomolar
affinity to the nucleotide binding site on the G
protein, disrupting the complex between the G
protein and the GEF.

Indeed, an allosteric competitive
mechanism model explains the kinetics of
nucleotide exchange catalyzed by GEF®D)
where the G proteins form stable complexes
with nucleotides or with GEFs whereas they
can also form transient less stable complexes
with simultaneously both GEF and nucleotide
Moreover, crystallographic and biological
studies revealed that nucleotide-binding on G
protein presents a highly conserved
coordination of M§" within the site, and
disrupting the M§" coordination (for instance
by a GEF) promotes a nucleotide-free state of
the G proteins (10). The cation strengthens the
nucleotide binding and reduces its dissociation
rate, thus weakening binding of the GEF to the
G protein (11-13).

The Ras superfamily is divided into five
major families: Ras, Rho, Arf/Arl, Ran and
Rab. G-proteins of the Arf (ADP-ribosylation
factor) family are major regulators of

nucleotide-binding (G) proteins of the Rasmembrane traffic and organelle structure in
superfamily, also known as small GTPases fogukaryotic cells (14,15). In mammals, there
their GTP hydrolysis activity, are single- are six Arf proteins divided into three classes
subunit proteins activated by diversebased on sequence homology. They have a
extracellular stimuli and implicated in a conserved — myristoylated  amino-terminal
number of crucial cellular processes includingdmphipathic helix which ensures membrane
cell proliferation, differentiation, apoptosis, @ssociation and they share three functionally
cytoskeletal organization, cell polarity andimportant regions called Switchl, Switch2 and
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Inter-switch. These  Switches undergoHowever, Mg*" departure is not a prerequisite
conformational changes wupon nucleotidesvent for the binding of Arno to Arfl as shown
exchange and are implicated inin the presence of BFA, where an abortive
interactions.Arfl is found in all eukaryotes complex is made up with the two proteins, the
examined to date (16) and a physiological rol&5DP and the cation as indicated in Scheme 1.
in cell migration and in breast cancer  Thus, the interaction between Arfl and
progression has been recently reported .(17pec7 domains, and the stabilization of a binary
The GDP/GTP nucleotide exchange of Arfl isArfl-Sec7 domain complex, is allosterically
under control of GEFs, suasArno proteins regulated by natural factors or reoriented to an
(Arno, Cytohesin and Grpl). These Arnoabortive pentameric complex in presence of
proteins share a conserved catalytic SecBFA. However, allosteric modifications of
domain of about 200 residues followed by &inetic binding parameters were still unknown
pleckstrin homology (PH) domain responsible  Here, we useda Surface Plasmon
for membrane targeting (18-20). Sec7 domain&esonance (SPR) approach for measuring the
form an elongated superhelix of helices withkinetic parameters that govern Arfl-Arno
an N-terminal subdomain, carrying theinteraction using mono-biotinylated version of
catalytic glutamic residue E156, and a C-/Al7/Arfl and Arno Sec7 domains. We
terminal subdomain that closes up wherntheninvestigatedthe dynamics of
associated with Arfl.Well resolved structuresassociation/dissociation of Arfl-Sec7 domain
of Arfl bound to GDP and GTP (21-23) complex and theirmodulations by
isolated Sec7 domains (24) and free-nucleotideaturalallosteric factorsas well asby the
Arfl-Sec7 domain complex are available (25)uncompetitive toxin BFA.This strategy
Moreover, uniquely to G proteins, transientallowing the identification in real time of
GDP-bound Arfl-GEF intermediates have nature and fate of complexes provides a very
been reported, using a charge reversal Arnmformative analysis at qualitative and
mutant (Glyse to Lys) preventing the GDP quantitative levels that should help to solve the
release (26) or by using the natural inhibitorinhibitory mechanism of new family of
Brefeldin A (BFA) (26). These structural inhibitors of GEF Sec7 domains.
studies  illustrate  the  conformational
rearrangements and mechanisms that conduct
to the formation of a binary Arfl-Sec7 Materials and Methods.
complex. BFA is a fungal toxin that acts onBODIPY® TR GTP, Ganosine 5'-triphosphate,
BFA-sensitive Sec7 domain through anBODIPY® TR 2'-(or-3')-QN-(2-
unusual uncompetitive mechanism and wagminoethyljurethane) was  purchasedfrom
described as an interfacial inhibitor (27). BFAINVirogen (France). BFA, GDP sodium salt and
binds to the protein - protein interface of theC . llthium salt were purchased from Sigma (St.
transient  ArflGDP-Mg’*-Sensitive ~ Sec7 Louis, MO). ,

Bacterial Strains and Plasmids

complex _and_ fregzes it 1n _an ‘?bo_rt'veEscherichia coliDH5a strain was used as a host
conformation in which the GDP is maintaineds,; plasmid construct encoding BirA ariel coli

out of reach from the GEF Catalytic site and |t$|_2]_ (DE3) strain (Novagen, Madison, WI, USA)
critical residue Glug within a hydrophilic  was used as a host for protein expressionsimand
loop. Without BFA the Glu;ss destabilizes the  vivo biotinylation of proteins bearing the AviTag
GDP molecule bound to Arfl through the peptide (MSGLNDI FEA®IEWHE) (30,31). The
displacement of the Mg** ion and by repulsing pllasmid PCDFDuet was used for the expression of
the GDP B-phosphate (28). Several studies BirA. The plasmid pE#2was used for the

. expression of N-terminal truncated human
suggest that the free-Mg”" G protein-GDP . ) . .
intermediate is the precursor prior to GDP Arfl(residues 17-181417]Arfl) with or without

o hich s i bi . an N-terminal AviTag.The plasmid pET28~hich
ejection which results in a binary G protein-  ,qters 1o proteins an N-terminal polyhistidine tag
GEF complex with enhanced affinity (11,29).  \was used for the expression of Sec7 domains
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bearing the AviTag peptide. All the plasmids wereXhol restriction site respectively. The amplified
from Novagen, (Madison, WI, USA). BirA gene was introduced into the pcfDUET
Cloning, Protein Expression and Purification. expression vector (Novagen) by digestion with
All the proteins except BirA were obtained from both Ndel and Xhol and the ligation was performed
expression of synthetic genes with optimizedusing T4 DNA ligase. The sequencing of the gene
codons for expression inE. coli (Geneart, BirA has indicated that nucleotides coding for two
Germany). The synthetic genes coding for the SecT-terminal amino-acids (E and K) as well as for a
domain of human Arno (residues 50-250, Arno) orstop codon were missing.

a mutant carrying four BFA-sensitizing mutations[417]Arfl protein, in its GDP fom, as well as
(F190Y/A191S/S198D/P208M, Arno4M) (32) Arno and Arno4M proteins were expressed and
were used to produce nucleotide-exchange factorsurified as previously described (32,35) except that
used in kinetic measurement experiments. Variantfor Sec7 domains used in nucleotide exchange
of those synthetic genes encoding the additionalests, the polyhistidine tag was cleaved using
Avitag sequence (33) in the N-Terminal regionthrombin. Biotinylated [417]Arfl protein was
were also purchased (Geneart) to producexpressed using a competent strain &
biotinylated-AviTag-Arno and AviagArno4M  coliBL21(DE3) transformed with a BirA
proteins used in SPR experiments. The biotinylategCDFDuetexpression vector and purified as
version of G protein or GEF Sec7 domains werepreviously described(35). All polyhistidine tag
ergineered using an AviTag construct based on thejotinylated Sec7 constructs were expressed and
introduction of a N-terminal peptide sequence thapurified as followed. Briefly,E. coli BL21(DE3)
can be enzymatically mono-biotinylated at itsstrain transformed with pET28-a plasmids were
internal lysine residue b¥. coli biotin protein  grown at 37 °C in LuriaBertani (LB) broth
ligase (BirA). The AviTag sequence does notsupplemented with 50ug/ml Kanamycin and

resemble the consensus sequence of naturgh,g/m| of streptomycin until Ofonm reached
occurring biotinylation sites but is derived from an 5o5roximately 0.5. Protein expression was induced
In vitro screen of peptide libraries (30,34). with 0.4 mM isopropyl b-D-thiogalactoside (IPTG)
All synthetic genes are flanked by 5 'Ndel and 35t 18 °C for 20 h in the presence of biotine (4QuM
BamHI restriction sites. They were originally i, the media. Cells were harvested by
cloned into pMA-T and then into pET28-a vectors cengrifygation and resuspended in 4 ml of
The resultant plasmids pET28-a confer to proteingposphate-buffered saline supplemented with 1%
a polyhistidine tag and a cleavage site formyjion x.100and a cocktail of protease inhibitors
Thrombin before the Avitag sequence. The cDNARqche). Cells were lysed by sonication and debris
encoding for[417]Arf1, digested with Ndel and a5 removed by centrifugation at 35,000 rpm for
BamHI, was introduced into the plasmid pET4230 min, The resulting Sec7 protein solutions were
using T4 DNA ligase.The pCDFDuet Vector fitered through a 0.22-um filter and loaded onto a
(Novagen) was engineered to allow the expressioB_m| HiTrap chelating HP column (GE Healthcare
of efficiently in vivo biotinylated recombinant Piscataway, NJ, USA) equilibrated with lysis
proteins_ in E. coli. Briefly, the BirA gene puffer (Tris 50 mM, NaCl 100 mM, 2m\8ME,
(accesslon number AFO44308.1) from the E. CO“MgC|2 1mM, pH 8). The resin was washed with 10
genomic DNA (strain JMI109, Promega) wasgolymn volumes of lysis buffer after loading and

amplified by PCR using primer BirAFor 5’-  g|yted with a linear gradient of imidazole from 20
ATGAAGGATAACACCGTGCCACTG and 5300 mM in the same buffer. Peak fractions were
BirARev 5= analyzed by 10% sodium dodecyl sulfate

TTATTTTTCTGCACTACGCAGGGATATTTC polyacrylamide gel electrophoresis (SIPRAGE).

and Phusion proofreading DNA polymerasepgitive fractions were pooled, desaltedon a
(Finnzymes).After 15 min incubation at 72°C in theHiPrepTM 26/10 Desalting  column and

presence of ThermoPol Taq polymerase (NeWgncentrated with spin concentrators (Amicon
Englands Biolabs) to append 3Adeno_sme, the PCRyjira- 15, molecular weight cutoff 10,000 Da,
fragment was clor_1ed in pCR 1l (Invitrogen) and Millipore, Billerica, MA, USA). The biotin

then transformed in TOP10F'. Then by PCR, th‘?ncorporation of the purified proteins was

gene BirA was amplified with oligonucleotides 5'- 5qqitionally confirmed by Western blot with the
. : , Aol
CA'TATG- BirA -3 forward and 5'- BirA - GAA-  gyentavidin-HRP  conjugate for detection  of

AAA -TAA-C'TCGAG- 3' reverse containing the pjniinviated proteins and Maldy mass spectrometry
Ndel restriction site and the “E-K- stop codon-
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which have shown >95% of mono-biotinylated [417]Arfl1 and HisTag-biotinylated- Arno or
proteins. Arno4M were captured on CAP sensor chip
Kinetics Measurements of Nucleotide Exchange. according tothe manufacturer’s instructions. The
All kinetics experiments were performed with immobilization levels are given in the figures and
soluble Arfl proteintruncated of the N-terminal tables captions. A control surface was prepared
helix, which is not dependent on lipids for with the same protocol without the protein. After
nucleotide exchange,and loaded with GDP beforghe capture of the biotinylated protein the surfaces
the experiments as previously described (35), on were saturated with an injection of bioti
multimode readerMithras LB 940 (Berthold). (40ug/ml). For the kinetic analysis of Arfl on
Activation of [417]Arfl was monitored for the immobilized Arno: increasing concentrations of
indicated time period by fluorescence of theArfl solutions (12.5 nM to 1600 nM) were injected
guanosine 5'-triphosphate, BODIPY, 2'-(or-3")-O-on immobilized Arno or Arno 4M during 180s
(N-(2-aminoethyl)urethane) (excitation, 580 nm;followed by a dissociation of 400s. Arno coated
emission, 620 nm) (Bodipy-GTP). All surfaces were regenerated with a pulse (30s) of
measurements were performed at 30°C in 50 mMGDP (2 uM) which rapidly destabilizes the
Tris (pH 8), 50 mM NaCl, 1 mM MgCI2, 2 mM 2- complex. For the reverse kinetics biotinylated Arfl
mercaptoethanol in the presence of 1 pM ofwere captured on Cap sensor chi®®380 RU)
[A17]Arf1-|v|92+_GDp, and 1pM of Bodipy- increasing concentrations (25 nM to 1600nM) of
GTP,with nucleotide exchange factors and BFA afArno or Ao 4M were injected. Between each run,
indicated concentrations. The inhibitor Brefeldin Athe surface was fully regenerated with a mixture
(BFA) was incubated for 5 min before initiating the (3/1:v/v') of 8M guanidine hydrochloride and 1M
reaction with Bodipy-GTP. The spontaneoussodium hydroxide (GE HealthcaréThe necessity
exchange of[A17]Arfl was followed in the Of repetitive immobilizations of Arfl, which differ
presence of 1M of Bodipy-GTP and no GEF.Toffom a simple regeneration of immobilized Sec7
confirm the uncompetitive mechanism of BFA ondonmein by GDP (Figure )} results from a
His-AviTags-Arno4M, enzyme activity of conformation instability of Arfl when immobilized
ARNO4M was determined at substrate Which could be due to a time dependent protein
concentratins [A17]Arfl ranging from 0.5 to 5 uM  unfolding associated with the nucleotide departure
with several concentrations of BFA (0, 5, 10,50 anddata not shown). The regenerability of the surface
100 uM). Fluorescence data were fitted by usingby repetitive immobilization of Arfl avoids the
the program Origin 7.03 (Microcal, Northampton, Problem to occur. To investigated the influence of
MA). All values are means+-one standard AviTagon [A17]Arfl to the binding with Arno, the
deviation of at least three independentSec7 domain was covalently bound at high level to
experiments.Initial velocity of the nucleotide the carboxymethyl dextran CM5 sensor chip
exchange reaction in function of BFA surface, thenf17]Arfl with or without the AviTag
concentration was determined and the results wergas injected at 50 nM during 180s followed by a
represented using the Michaeligenten plot and dissociation time of 400s. (data not showifp
analyzed by the Lineweaver-Burk of saturationobtain a 1uM concentration of Nfg 1mM of
curves Data were fitted with Michaelis-Menten MgCI2 were mixed to 2 mM of EDTA and
equation using GraphPad software. combined extemporaneously with Arfl during
To study the effect of His-AviTags on Arno/4M to sample injection (36)
equilibrium binding constant Arfl binding, All sensorgrams were corrected by subtracting the
anisotropy binding profiles were obtained from theresponse from the control reference surface. The
titration of Alexa488-labeledA17]Arf1-GDP with ~ kinetic parameters were globally fitted with a 1:1
Arno/4M bearing or not the His-AviTags(35). Langmuir binding (A+B = AB) or heterogeneous
Surface Plasmon Resonance Ana|ysis of Iigand—parallel reaction model (parallel reactions,
complexes formation Experiments were A+Bl = ABl, A + B2 = AB2) by using
performed on a Biacore 3000 apparatus (GF_BIAevaIuation version 4.2 software(Biacore
Healthcare, Uppsala, Sweden) at 25 °C in 50m\software handbook C16-C18). The absence of mass
Tris (pH 8.0), 150mM NaCl, various transferlimitation was checked for kinetics
concentrations of MgGl and free Mg as analysis. Kinetic constants are the result of at least
indicated, 2mM BME, 0.005% P20 as runningthree independent set of experiments. The validity
buffer at a flow rate of 50ul/min. Using bioti of the fit was given by the factor less than 10%
capture kit (GE Healthcare), biotinylated of the Rmax value.According to the manufacturer’s
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instructions the T value was greater than 10 for all) The biotinylation of the proteins does not
the given fitted parameters (T value is obtained b)l:hange the nucleotide exchange catalysis
dividing the value of the parameter by the standargyng the apparent equilibrium dissociation
error).The stoichiometric ratio (SR) is the ratio constant of Sec7 domains tpA17]Arf1

between the observed maximum binding response To perform SPR studies protéins were

(Rmax) and the calculated maximum binding. - i
response (calcRmax). calcRmax is given by thdmmobilized on a new sensor chip that allows

multiplied by the stoichiometry of 1 and the and regeneration of the ligand (40). In order to

amount of immobilized ligand.
SR=¢,, RmaxticRmax Equation 1

calcR max= Runmobilized-levelx MWanaIyte(MWIigand

Results.

According to previous reports on
nucleotide allosteric competition (9,37),
scheme 1 shows a simplified model of the
catalyzed GDP release from Arfl upon the
formation of a transient quaternary complex
which leads to a binary Arfl-Amo complex
with enhanced binding affinity. Additional
steps with the release of Mg®" as well as the
conformational changes of Arfl are not
indicated. With BFA and for sensitive Sec7
domains, a pentameric complex has been
crystallized which corresponds to an abortive
form where the catalyzed release of GDP by
Sec7 domain is impaired (11,26,38,39)
Scheme 1 indicates the rate constants
delineating each association (k,; to k,) or
dissociation (kg to kg6) steps. The SPR
approach allows us to measure some of these
rate-constants giving a comprehensible flow
chart that will be described in the following

sections. In our study, we used a soluble
truncated version of Arfl, lacking the 17 N-
terminal amino-acid residues that are crucia
for membrane insertion, which is fully active
in catalyzed nucleotide exchangewithout th
protein-phospholipid
interactions and targeted by BFA in a Sec

requirement of

-,additional

circumvent deleterious effect of N-terminal
additional Tags, we compared the nucleotide
exchange of[417]Arfl(Scheme 2) and its
mono-biotinylated-AviTag  version under
stimulation by BFA-resistant and BFA-
sensitive Sec7 domains (later referred to as
Arno and Arno4M, respectively) bearing or
not mono-biotinylated-His-AviTags at the N-
terminus (Figure 1). The apparent inhibition
constants (Kiap) of BFA for Arno and
Arno4M with or without additional mono-
biotinylated Tags were determined. For His-
AviTags-Arno4M, Arno4M, His-AviTags-
Arno and Arno, Ki,, are respectively 16 + 5
UM, 11 + 4 uM, 454 + 226 uM and 291 + 45
UM (Figure 1, Panel B) which indicate an
equivalent sensitivity to BFA regardless of the
presence of mono-biotinylated Tags and were
in good agreement with previous reports
(32,41).The inhibition onAviTags-Arno4M
activity in function of BFA concentration
using a MichaelisMenten plot is reported
onFigure 1, Panel O'he derived Lineweaver-
Burk plot gave parallel line@ata not shown
which confirmed the uncompetitive inhibition
mechanism of BFA on the His-AviTags-
Arno4M exchange activity (35,42). At last, the
non-interference  of  additional  mono-
biotinylated-AviTag on [417]Arfl was
Fonfirmed by comparison with spontaneous
and catalyzed nucleotide exchanges of free-

ol ag[417]Arfl version (Figure 1, Panel D).

concluded that
mono-biotinylated-

From this, we

His-Tag or

dependent manner (25,35,39). Sec7 domain cﬁviTag do not affect, neither the ability of

Arno is considered as a representative of BF
resistant Arf-GEFs and sensitivity to BFA was

engineered by mutation of Pfiz Ala'®

Ser®® and Pré® to Tyr, Ser, Asp and Met

respectively (38).

AGEFs to accelerate the nucleotide exchange on

Arfl nor the sensitivity to the uncompetitive
i BFA. We then compared the

inhibitor
equilibrium  dissociation constant  of

" [417]Arf1 to Arno/4M andmono-biotinylated-

His-AviTags-Arno/4M by fluorescence
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anisotropy as previously described (35)andomplex was determined to be 219000 M,
found apparent ks were similar in the 20 nM the dissociation-rate constant)(ko be 0.0041
range (data not shown). Therefore, thesg'and thel/kratiowas 19 nM with a2 of 1.3
tagged-proteins behave similarly to their(Table 1A). In accordance with the allosteric
untagged versions and were used in the SP&mpetition between nucleotides and GEFs for
experiments. the binding to G proteins as well as previous
reports (9,44), the complex observed in this
II) Interaction of [A17]Arf1-GDP on  first experience is assumed to correspond to
immobilized Arno and Arno4M conducts to  the free nucleotide Arfl-Arno complex
a binary complex (named binary complex in scheme 1) (44,45)
Our first aim was to investigate the As the terms affinity and equilibrium constant
interaction of[417]Arf1-Mg®**-GDP to BFA- (Kp) of a complex referred to
resistant and BFA-sensitive biotinylated Sec7ssociation/dissociation of two equivalent
domains using SPR technique at 25°C, pH @artners and because,n this SPR
and 150 mM NaCl. The formation of the experiment,the association occurs with Arfl-
binary Arfl-Arno complex was also studied GDP whereas the dissociation is related to
through the action of the effectors fMgon  Arfl, in its free nucleotide form, we reported
and nucleotides.As indicated in the schematifor each complex observed, thg/kgatio to
representation(Figure 2),using a CAP Sensallustrate the complex stability.
Chip, biotinylated-AviTag constructs of Sec7 With immobilized Arno4M, similar
domains were immobilized on association/dissociation profiles were obtained
streptavidinconjugated with a ss-DNA oligo. with a thelgk,ratio of 18 nM and &2 of 1.09
An immobilization level of 200-600 resonance(Figure 3, Panel B, Table 1A). Kinetic
units (RU) was found as a good compromisgarameters of interactions with the two Sec7
to get enough RU binding levels with Arfl- domains are equivalent which indicate the 4
Mg*-GDP and kinetic constants devoid ofmutations on Arno4M have no influence on
rebinding and non-specific effects (data nothe associationwiththe G protein. Considering
shown.As previously described (35) aratio of 1:1 for the binding of Arfl to a Sec7
[A17]Arfl is obtained in its GDP domain, the stoichiometric ratio (SR)
conformation when purified in the presence ofrepresents the percentage of detected
GDP and MgGL. Moreover, for the present complexes over the theoretical number of
study, the GDP-bound conformational state opossible complexes. SR was estimated from
the purified protein has been monitoredthe ratio of the experimental Rmax on the
through N*H HSQC NMR spectra using 15N calculated Rmax (Equation 1 in Materials and
labeled [417]Arfl (data not shown). To Methods) and revealed a SR with values of 0.3
strengthen the nucleotide binding to Arfl andand 0.27 for Arno and Arno4M respectively
to maintain a stabld A17]Arfl-Mg?-GDP  (Table 1A.We also examined the sensitivity
association, capture, sample and runnin@f kinetics parameters to temperature, salt and
buffers were supplemented with ImM MgCl PH have been evaluated using immobilized
(10,43). SPR kinetic sensorgrams ofArno within another set of experiments. As
[A417]Arf1-Mg?*-GDP association with and Shown, on Table 1B, a decrease of the
dissociation from are shown in Figure 3, panefXperimental temperature from 25 to 10 °C
A where the G protein was injected atconducts to a progressive lossintie SR
increasing concentrations from 50 nM to 1600value. Whereas SPR experiments performed at
nM. Between injections of ArfMg?-GDP, PH7 or in the presence of 300 mM of NaCl
regeneration of Sec7 domains was realized bigvealed that initial conditions conferred the
a pulse of 2uM GDP. Using Biaevaluationnighestassociation rate,ga Table 1C).
software and a Langmuir 1:1 binding model,
the association-rate constant ,)(kfor the
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1) Effect of Mg 2" on the interaction ~ Mg?*concentration to be similar to that of the
between[A417]Arf1l and Arno. EDTA preincubation experiments, with a 2.2-
We performed a set of experiments tofold enhancement of the association-rate
investigate the influence of free Kigon constant, no appreciable change of the
kinetic parameters of the interaction betweertlissociation-rate constant and a sharp increase
[ A17]Arfl and Sec7 domain as the removal ofof the percentage of complex formation.
the cation accelerates by a factor of 20 the

spontaneous nucleotide departure giving the IV) Reverse system to study the
binary G protein-GEF complex (10,36) association of Arno to[A17]Arf1.
[A17]Arf1-Mg**-GDP, with or without a 10 The next step was an attempt to

min preincubation of 10mM EDTA, was run determine the kinetic parameters of Arf1-Arno
over on immobilized Arno (500 RU). The complex association/dissociation starting from
sensorgrams obtained from three independe®  free-nucleotide ~ Arfl  population
trials are given in Figure 3, panel C & D andcorresponding to the step defined by &nd
in both case, the kinetics are fitted with akas (Scheme 1). Thus, we set a reverse SPR
Langmuirl:1 reversible binding model. In strategy on  immobilized  biotinylated
standard conditions with 1mM MgQFigure  [A417]Arfl. As indicated in Figure ,4the
3, Panel D), the kinetic constants; (k66000 biotinylated-AviTag construct of A17]Arfl
M s? ks 0.0038 8) were similar to data of was repetitively immobilized on
Figure 3, panel A (Table 1A& 2) which streptavidinconjugated with a ss-DNA oligo
underlines the highly reproducible level ofup to a level of ~370 RU.
measured constants. When free Mgvas Then, to generate a free-nucleotide
removed by EDTA, an increase of theby a  Arfl population, immobilized G- protein was
factor of 2.37 was observed and no effect wasvashed 10min with a 10mM EDTA running
noted on the dissociation-rate constant whictbuffer according to a previous report (44)
confirm the influence of this cation on Arno was injected at concentrations from 6.25
[A17]Arfl and Sec7 domain association.nM to 1600 nM with Arfl-coated to the
Moreover, the absence of free Mgduced an surface fully regenerated between two Arno
increase of the SR value at 686(be injections. In the presence of 1mM MgCl
compared to 32% with 1ImM Mggl Table curve analysis was compatible with a
1A& 2). stoichiometric Langmuir 1:1 binding model
It turns out that the absence of fg with a k, of 26600 M" s*, ak, of 0.0055 §
destabilizes the nucleotide binding andandthe Kk, ratio was around 200 nM with a
enhances the spontaneous nucleotide releagg,of 6.37 The SR value was 0.91 (Table #)
and so we cannot rule out that changes inks worthy to notethat the jébtained with
and SR values came from a nucleotide-freemmobilized Arfl is about 10-fold lower
Arfl population generated during the 10 min.compared with immobilized Arno (Tables 1 &
incubation with EDTA. However, the 2); however the percentage of complex
statistical analysis with & value around 10% formation is 3-fold higher (0.91 versus 0.32).
of the Rmax rather suggests that Arfl is still After treatment of immobilized
homogenous in term of population which is[417]Arfl with EDTA, data analysis showed
more compatible with a bound-GDP G proteinthat a stoichiometric Langmuir 1:1 binding
state. To confirm the influence of Kfgn model was no more adequate but instead
kinetic constants, we performed several kineticevealed the adequation with a heterogeneous
titration experiments by injectinpd17]Arfl1-  ligand binding model with 2 interacting
GDP, from 25 to 400 nM, at ImM and 1uM of populations, each representing around 50%
Mg on immobilized Arno (500 RU) (Table (Table 4). A high stablepopulation wigtky/k,
3). With a langmuirl:1 reversible binding ratio of 44 nM andarother population with
model we found the effect of the lowest ak/k, ratio of 338 nM. The percentage of
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population with high stabilitywas not and Arfl at 200 nM. The same effect was
increased byan extending EDTA washing observed with GTP (sensorgram not shown).
time; even this would tend to destabilize theTo investigate the relative potency of GDP and
bioactive conformation of the G protein (dataGTP to interfere on the Arfl-Arno complex

not shown). stability, we measured at equilibrium the RU
Asthe association-rate constantof theplateau levels of complex formatioron
binary Arfl-Arno complexwithG immobilized Sec7 domains in the presence of

proteinimmobilizedis lower thanthat obtainedvarious nucleotide concentratiorfsa17]Arfl
withimmobilizedArno and also due to a drasticwas in the flow at concentration of 800 nM.
difference of the SR value, it was not possibleAs shown for Arno on Figure 5, Panel B, the
to precise the influence of GDP on kineticsame decrease in binding levels was observed
binding parameters, particularlysand ks, of  for both nucleotides with an half effect
complex formation.In order, to understandatl79+/-20 nM and 14€-20 nM for GDP and
these changes, mono_biotinylated-AviTag-GTP, respectively. A comparable result was
[A17]Arfl and PA17]Arfl were assayed on obtained with immobilized Arno4M (data not
immobilized Arno covalently bound to the shown).

surface of CM5 chip (the CM5 allows to use

flowing biotinylatedproteins).In this case with VI) Interaction of immobilized Arno
Biot-AviTag-[A17]Arfl, the kand SR are and Arno4M with Arfl- Mg®*-GDP in the
decreased by a factor of ~2 when compared tpresence of BFA and GDP.

[A17]Arfl (data not shown) which indicates The next goal of our study was to
that the additional Tag has a negative impadnvestigate the modifications induced by the
for the binding to Arno and could explain theuncompetitive inhibitor BFA on kinetic
lowerassociation-rate constant obtained witparameters of the interaction between Arfl-
immobilized Arflcompared to immobilized Mg*-GDP and GEF sec7 domains. As already
Arno. It has to be noted that no influence ofmentioned, with BFA-sensitive Sec7 domain,
additional Tags on Arno/4M to the binding the toxin freezes in an abortive conformation

with Arf1 were detected as described above. the pentameric protein-protein complexwith
The instability of Arfl and the Mg*, GDP and BFA part of the association

negative impact of Avitag on kinetics (38,39,42). The simplified mechanism for the

parameters for immobilized Arfl clearly formation of the pentameric complex is

indicate that the approach using immobilizedepresented in Scheme 1 (light blue) as
Arno has to be privileged. previously described (38), however the way

this complex dissociates is not completely
V) GDP and GTP counteract the elucidated. Previous experiments from Figures
Arf1-Arno complex detection with the same 3&5revealed that Arno and Arno4M presented
potency. the same association/dissociation profile with
The nucleotide exchange activity of athe G protein and that the binary complex
GEF is not specific to the Arf1-GDP form and detection with 200 nWM17]Arfl was
Arf1-GTP to GDP exchange is also stimulatedabolished by 2 pM GDP. However, as
by GEFs (26,44). According to the allostericindicated on Figure 6, Panels A & B, despite
model presented in the introduction, boththe presence of 2uM GDP,BFA at 100 uM
nucleotides counteract the stability of theduring the association phase restores the
binary G protein-GEF complex (9). With Arfl complex detection for both Sec7 domains,
and GEF Sec7 domains, this deleterious effesvith a major effect on immobilized Arno4M
is illustrated on Figure 5, Panel A, whichcompared to Arno (Table 5) as judged by the
shows in the presence of 2 uM GDP theSR value. With Arno4M, the analysis of
drastic disappearance of binary complexinetic data fitted well with a langmuirl:1
detection with immobilized Arno or Arno4M reversible binding model. THe value of 6270

9
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M™ s and the kq value of 0.000325Table 5) association-rate constakp (33200 M* s), a
are reduced by a factor of 42 and 15yery rapid dissociation-rate (0.0362)svhich
compared to values found without GDP andcould be assigned to a complex with likely a
BFA, and thelgk, ratiowas 52 nM (Table 5). destabilizing effect from the bound-nucleotide.
In another set of experiments, GDP was also
present during the protein dissociation phase VII) Interaction of immobilized
and comparable kinetic constants wereArno and Arno4M with Arfl- Mg®*-GDP in
obtained, particularly the same dissociationthe presence of BFA but no GDP.
rate constant (0.00036"ndicating that the In the last part of our study, we
nucleotide has no or little influence oninvestigated the effect of BFA on protein
complex dissociation (data not shown).complex formation in the absence of the
Analysis of the SR revealed that the complexallosteric competitive action of GDP. In the
formation reached 79% (Table 5). The bindingporesence of 100 uM BFA but no GDP in the
level increases proportionally to thesample solution, data analysis of the
concentrationof BFA (data not shown) with[417]Arf1-Mg®*-GDP binding to immobilized
100 pM the higher concentration investigatedArno4M were fitted with a heterogeneous
which is around 10-fold the ki, of the toxin ligand binding model which encompass two
(Figure 1). The kinetic data obtained inthetypes of complexes. One population with
presence of BFA and GDP are compatiblekinetic constants (end kin the 16 and 1C°
with the formation and stabilization of a range, respectively) which is consistent with
pentameric [A17]Arf1-Mg**-GDP-BFA-  the binary complex detection, and another set
Arno4M complex (see discussion). This effectof constants compatible with the pentameric
was expected for ArnodM since the fourcomplex (kand kin the 16 and 10 range,
mutations confer sensitivity to the toxin andrespectively)(Figure 7, Panel B, Table 6). The
allow the formation of an abortive pentamericdeconvolution of individual fitting curves
complex (38,39,42). obtained at different Arfl concentrations
With Arno, in the presence of BFA (Figure 7, Panels C, D, and E) reveals that the
and GDP during the association phase, datatio of pentameric (AB versus binary (AB
analysis of complex detection revealed that complex increases with the concentration of
Langmuirl:1 reversible binding model is notArfl. Thus, at 25 nM of Arfl, most of the
suitable and rather curves fitted with aprotein-protein association detected provides
heterogeneous binding model showing twdrom the binary complex whereas at saturating
almost equal populations of complexes in theoncentration, the pentameric complex is the
range of 19 % (Figure 6, Panel A, Table 5). Amost abundant.
first population is characterized bykg value By contrast, without GDP in the
of 4620 M! s* and a l, value of 0.0015§ running buffer, data analysis of binding to
corresponding to an equivalent associationimmobilized Arno fited a Langmuirl:1l
rate constant and a 20-fold higher dissociationreversible binding model with a complex
rate constant when compared to Arno4Mformation of 21% (Figure 7, panel A, Table 6).
These values suggest that Arno and Arno4Mn this case, values fordnd kare in the 10
Sec7 domains both associate to form and 10 range, respectively and therefore are
pentameric[ A17]Arf1-Mg®*-GDP-BFA-Sec7- characteristics of the binary complex
domain complex, however with a lower association/dissociation. It has to be noted in
complex stability for Arno (k/ka.:. 344 nM) the absence of GDP in the association running
due to an higher dissociation rate (see buffer, that no pentameric complex formation
discussion). The second population ofwas detected with BFA-resistant Sec7 domain.
complexes obtained with Arno is more
difficult to understand, it represents 50% of
the amount of comples with a higher
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Discussion. the [A17]Arfl interaction to Arno Sec7?
The structure of myristoylated or non domains as well as changes induced on the

myristoylated Arfl and 417]Arfl bound to type and fate of formed complexes in the

GDP or GTP and in complex with Sec7presence of natural and exogenous allosteric

domains revealed the sequentialfactors.
conformational changes and the role of GEFs During the association phase (Figure 8
during nucleotide excharg Panel A), we observed the formation of a

(21,22,24,28,36,42,46). The protein-proteinstablg¢ A17]Arf1-Sec7 domainbinary complex
interface encompasses the Switch 1 and @&ithboth immobilized Arno and Arno4M.The
regions (residues 38-51 and 69-84association-rate constant, close to 2NMIG s*
respectively) of Arfl with the hydrophobic within independent trials, corresponds to the
groove and carboxy-terminal helices of thetransient ArfIMg®*-GDP-Arno  complex
Sec7domain(Figure ,8up). Except for N- formation (k) followed by the departure of
terminal  helix, Switch and Interswitch Mg** and GDP (k) whereas the measured
(residues 52-68) regions, the conformation oflissociation-rate constant, in the 57°1@*
the core of the G protein is globally the sameaange, corresponds to the dissociation of the
throughout the nucleotide exchange. Thebinary complex (k) (Scheme 1 and Figure 8
myristoylated N-terminal helix is directed Panel A).The Kkq ratio reflecting the overall
towards the protein core in the bound-GDPcomplex stability was around 20 nM which
state, and is extruded mediating membraneould be compared to the affinity reported for
interaction in the bound-GTP (Figure 8, pdbsome other G proteins and GEFs (eg 4.6 nM
codes 2K5U, 1U81 versus 103Y). If Switch 1for Ras and Cdc25%%° (9,44)). In a reverse
shows a drastic alteration with some residuesystem using immobilized free-nucleotide
inserted into the hydrophobic surface grooveArfl, we attempted to measure thg donstant

of the Sec7 domain, the Switch 2 is pre-of Sec7 domain binding to free-nucleotide
formed on Arf1-GDP to the initial encounter Arfl. Unfortunately, in contrastwith the study
with the GEF. From Arf1-GDP to Arfl-Sec7 of Lenzen et al. based on immobilized Ras and
domain complex and further in the Arfl-GTPflowing Cdc23'™#° it appears that the
state, strandB2 andp3 of the interswitch are immobilization of Arfl could interfere with
translated up to ZAin the direction of the the formation of a high affinity complex and
initial N-terminal helix pocket. With the toggle causes a 10 fold decrease of the association-
of the interswitch, a 20° rotation of the Arf rate constant (2.66 18 s?, Table 4).

core brings thé-phosphate of the GDP close ~ The absence of free Mgdecreases the
to the catalytic E156 which enhances théGDP and GTP binding affinity by
nucleotide departure and conducts to a stablestabilizing the coordination of the nucleetid
binary Arfl-Arno complex with a high binding site and promotes the formation of the
affinity. In the presence of nucleotides, thebinary G protein-GEF complex (10,12).In
rapid dissociation of the complex occurs uporferms of kinetic parameters of binding, our
bindng of GTP, as well as GDP, data revealed thatig™ ion potentiates by a
whichinduces the release of the GEF througfactor of 2 the counteracting allosteric effect of

an allosteric mechanism, that can beGDP on the binding of Arfl to immobilized
considered as a simplified Ping Pong Bi BiSec7 domainas the absence of ions causes a

mechanism (47,48) ~2-fold reduction of the association-rate
In this study, taking advantages of theconstant (Tables 2 & 3jterestingly, the
regenerability of the CAP sensor chip (40)absence of free Mégenhanced by a factor of
coupled with a system that allows Vivo ~2 the percentage of detected complexeswhich
mono-biotinylation of proteins by co- suggests a possible effect ®fg®* on the
expression of BirA, we developed a SPRconformation of Arfl suitable to interact with

approach to determine kinetic parameters of
11
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Arno as recently reported in a study usingslow dissociation-rate on the pentameric
molecular dynamics simulation$). complex detection(Figure 8, Panel BIl). For
As illustrated with the nucleotide Sec7 domains sensitive to BFA, the inhibitor
exchange assay using fluorescent labelefieezes the complex before the release of the
guanosine triphosphate (Figure 1)saturatingucleotide and the formation of the binary
concentrations of nucleotides did not abolisicomplex (26,39,42). As shown on Figure 8
theinitial binary complex formation but its (pdb code 1R8Q), the BFA interacts without
stability as we observed the release of Arflleading to the interswitch toggle and no
Mg*-GTP with enhanced fluorescence.Withrotation of the Arfl core occurs. The role of
immobilized Arno and flowing Arfl, in the BFA during the slow dissociation of this
presence of GDP/GTP at saturatingpentameric complex remains unknown but the
concentrations, this allosteric nucleotide effectlissociation of BFA has been reported as the
analyzed by SPRshowed that neither theate-limiting step for the liberation of GDP
transient complex nor the binary one wererom Arfl (38).
detected which indicated that the binary In the presence of GDP and BFA, with the
complex dissociation is very fast(Figure 5 andBFA-resistant Sec7 domain, 2 populations of
8, panel Bl).Moreover, there is no pronounceccomplexes were observed which behave
specificity toward the nature of the nucleotidedifferently from the true abortive pentameric
todestabilize the binary complex as withcomplex. First, a 19 % population displays an
800nM of flowing Arfl, 50 % ofcomplex association-rate constant (4.6 31M™ s%)
formation was detected at concentrations oéquivalent to that observed with the Arno4M
nucleotides of 140 nM and 179 nM for GDPpentameric complex (Table 5) but a
and GTP, respectively, in good accordancelissociation-rate constant ;zK..59 10° s

with previous reports (49). Hclose to the kfound for the binary complex
After the characterization of kinetic dissociation (eg. 4.1 1s*, Table 1). This is
parameters of thebinarycomplexin complete agreement with the inhibitory

formationandthe allosteric regulationsg”  mechanism of BFA as the toxin only freezes
and GDP/GTP,we studied theformationofcomplexes which encompass a BFA-sensitive
complexesinduced by BFA toxin. With BFA- Sec7 domain. Without GDP during the
sensitive Sec7 domain as Arno4M, a complexdissociation-phase, BFA does not interfere
different from the binary one, is observed withwith the interswitch toggle of Arfl within the

a lower association-rate constant and a slowasentameripA17]Arf1-Mg?*-GDP-BFA-Arno
dissociation-rate constant, in the 6°M"' s*  complex. Therefore, after the conformational
and3 10 s* range, respectively (Table 5).As change of Arfl which ends when the GDP is
this complex was observed in the presence atleased, we observe the dissociation of the
GDP and in accord with the uncompetitivebinary Arfl-Arno complex in the 19s* range
inhibitory mechanism of BFA, we assumed it(Figure 8, Panel BIl). The association of BFA
corresponds to an abortive pentameriavith complexes formed by BFfesistant Sec7

[ A17]Arf1-Mg**-GDP-BFA-Sec? domains has already been reported (38,39) but
domaincomplex trapped by the inhibitornot the kinetic parameters and fates in real
(Figure 8, Panel BIl). The association-ratetime. The second 19 % population obtained
constant corresponds to the transient Arflwith Arno is not understood. It represents 50
Mg*-GDP-Arno4M complex formation () % of the complex formed and has an
followed by the association of BFA 4§ association-rate constanf,K3.32 1dM™ s%)
(Scheme 1).It is worthy to note that whereasntermediate between the binary complex and
the kis reduced, the percentage of pentamerithe pentameric one. It has also a very fast
complex increased up to 79 % compared talissociation-rate (3.61

30% for the binary complex in standard 10?sY). Due to the fast dissociation rate,
conditions, highlighting the critical role of the one can at least suggest that allosteric effect of
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GDP has a critical role in the dissociation.the pentameric complex detection with Sec7
However, the exact nature of this complexdomains describe as BFA-resistant. Indeed, it
remains puzzling. seems that the uncompetitive inhibition by
The last set of experiments performed withBFA and the nucleotide allosteric effect
BFA but in the absence d&EDP during the combine to stabilize an abortive complex as
association phase reveals the prevalence of theng as the nucleotide remains present. The
binary complex compared to the pentameriagelevance of such Arno pentameric complex in
one. With Arno4M, we observed the formationa cellular context is unknown but on purified
of a heterogeneous population composed by BFA-resistant Sec7 domairas inhibition was
first complex (SR of 0.17) with a set of kinetic observed with high concentrations of BFA as
constants compatible with the binary complexshown on Figure.1l
and a more important (SR of 0.66) with In recent years beside BFA, several
parameters corresponding to the pentamerimhibitors have been identified for G proteins
complex (Figure 8, Panel BIIl). This result of the Arf sub-family and their GEFs through
confirms that in the absence of nucleotidepolarization displacement fluorescence assay
during the association phase, the binar{SecinH3, (50)), In Silico approach (LM11
complex is stable enough to be detected35)), and phenotypic high-throughput screens
Interestingly, in relation with respective (Golgicide A (51), Exo2, LG186, (52)
kinetic constants, as shown in Figure,7 AG1478, Amf-26, (53)). These compounds,
Panels C-D-E, the ratio between binary andvith several present some specificity for a
pentameric complex varies upon theGEF (eg. GBF1), have clearly underlined the
concentration of Arfl, the binar putative potential of these proteins as
complexbeing preponderant at lowtherapeutic targets. However, except the
concentration and the pentameric becomingincompetitive inhibitor BFA, their inhibitory
prevalent at concentrations higher than 40@nechanisms are not clearly understood, in part
nM where the Rmax of the binary complex isdue to the fact that these compounds are not
reached. very actives in a nucleotide exchange assay on
With Arno in the absence of flowing GDP, purified proteins. Moreover, structural data
the binary complex is detected since thewith the modes of binding of these compounds
allosteric competition by the nucleotide doesare not available which impaired oriented
not occur and no additional complex wasmolecular optimizations Here, the SPR
observed (Figure 8, Panel BIlIl). The absencapproach with identification in real time of
of the pentameric [417]Arfl1-Mg®*-GDP-  nature and fate of complexes allows a very
BFA-Arno complex is in accordance with theinformative analysis at qualitative and
BFA-resistance characteristic of this Sec7quantitative levels that should help to solve the
domain. However, the comparison withinhibitory mechanism of new family of
previous experiment when BFA and GDPinhibitors.
were present in the association phase (Figure
8, Panel BIl) suggests a new role of the
nucleotide allosteric effect as a prerequisite for
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Abbreviations.

The abbreviations used a®RF, ADP-ribosylation factor; Arno, ARF nucleotide-binding site
opener; Arno4M, a mutant of Arno carrying four BFA-sensitizing mutations;BFA, Brefeldin A;
SPR, Surface Plasmon Resonance;RU,Resonance Unit level;, GEF, Guanine Nucleotide
Exchange Factors; Bodipy-GTP, guanosine 5'-triphosphate, BODMPYqr-3')-O{N-(2-
aminoethyl)urethane).

Figure Legends.

Scheme 1 Simplified model for the binding of Arno Sec7 domain and?MgDP to separate but
interacting sites on Arfl leading to the formation of a transient Mgi-~GDP-Sec7 domain complex,
which converts to the binary Arf1-Sec7 domain complex or a pentameridgttGDP-BFA-Sensitive
Sec7 domain complex in the presence of BFA. How the pentameric complex dissociates isathy perf
understood so far.

Scheme 2The GDP to GTP nucleotide exchange on Arfl upon binding to Sec7 domain.

FIGURE 1:Impact of additional tags on protein activities and sensitivity to .B&AKinetics of GDP to
GTP nucleotide exchange gui7]Arfl (1 uM) catalyzed by His-AviTags-Arno4M (0,2 uM) in the
presence of Bodipy-GTP (1 uM) and variable concentrations of BFA (0-200 uM) aaténdidhe
nucleotide exchange reaction was initiated with the addition of 1 uM Bodipy&&@Pmonitored by
time-resolved fluorescencAU, arbitrary units. As indicated, by measuring the nucleotide exchange of
[417]Arfl using a fluorescent GTP analog, the sensitivity of His-AviTags4M to BFA was
confirmed as the kinetic exchange rate decreases with increasing concentrations of.the toxin

(B) Determination of the apparent inhibition constants (Kiapp) of BFA measured AitArfl and
either Arno (BFA resistant) or Arno4M (BFA sensitive) with or withoutitodal His-AviTags (HB-
Arno4M and HB-Arno). Kinetics measurements were performed in the presencpMf/417]Arfl-
Mg*-GDP, 1 uM Bodipy-GTP, 0,2 puM of corresponding GEF Sec7 domain and increasing
concentrations of BFA (0-200uM).

(C) Analysis of the inhibitory mechanism of BFA His-AviTags-Arno4M activity using &lichaelis—
Menten plot. Kinetics of nucleotide exchange were performed with 50 nM of His-AviTags-Arné4M,
1M Bodipy-GTP, and variable concentrationg.sf 7/Arf1-Mg?*-GDP (0-2 uM) in the presence of BFA
(0-100 pMm).
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(D) Comparison of nucleotide exchange catalyzed by ArngAr/Arfl (1 puM) with or without
biotinylated AviTag performed in the presence of 1 uM of either Avitag7Arfl (B-/417]Arfl) or
[417]Arfl in the absence or the presence of 0,2 uM of ARNO as indigatkdirbitrary units.

FIGURE 2 :Schematic representation illustrating the strategy on CAP surface witbhitized Sec7
domain. Capture of the biotinylated ligand (Sec7 domain of Arno/Arno4M, purple) on straptavidi
conjugated with a ss-DNA oligo (green), subsequent injection of Ah&]Arf1l-Mg2+-GDP analyte
sample (Arfl, red) followed by dissociation of the Arfl-Arno complex and regemerati Arno with
2uM GDP.

FIGURE 3: Sensorgrams of binding pft17]Arf1-Mg?*-GDP with Arno determined by SPR.

Typical kinetics off 417]Arf1- Mg2+-GDP binding to immobilized Arno (A) and Arno4M (B) both at
220 RU. Increasing concentrations of Arfl were injected (50, 100, 200, 400, 800 and 16606mM
bottom to top).

Kinetics of [ 417]Arf1-Mg2+-GDP binding, with (C) or without (D) a 10 min preincubation ofTRD
(10mM), to immobilized Arno (500 RU). Increasing concentrations of Arfl weretagg6.25, 12.5, 25,
50, 100, 200, from bottom to thp

FIGURE 4:Schematic representation illustrating the strategy on CAP surfacethgitbapture of the
biotinylated ligand A17]Arf1-GDP (Arfl, red) on the captured streptavidin conjugated with RNg%s-
oligo (green), the saturation with biotin of free streptavidin shiggi, blue circle), subsequent injection
of the Arno analyte sample (Arno, purple) and complete regeneration of the Gaéesilihe Binding of
Arno to [A17]Arfl is assumed to be concomitant to the release of GDP.

FIGURE 5: Complex formation detection in the presence of GDP or GTP.
A) Representative sensorgramg 41 7]Arf1 binding at 200 nM on immobilized Arno or Arno4M
with or without 2 uM of GDP in the injection buffer.

B) Effect of GDP and GTP concentrations on the binding ratig A4f7]JArf1 (800 nM) on
immobilized Arno (350 RU) measured on the plateau levels at equilibrium in presence o
increasing concentrations of nucleotides. The mixturp4@7]Arfl with GDP and GTP was
performed during injection on the chip. After the last assay with 1 uM concentrati
GDP/GTP,[A17]Arfl was flowing again without nucleotide to confirm the overall GEF
stability.

FIGURE 6: [417]Arfl-Mg®*-GDP binding to Arno and Arno4M in the presence of BFA and
GDP.Kinetics of[ 417]Arf1-Mg*-GDP binding to immobilized (A) Arno (383 RU) and (B) Arno4M
(355 RU) in the presence of 2 uM GDP and 100 pM BFA during the association tineasingr
concentrations of Arfl were injected (25, 50, 100, 200, 400, 800 and 1600 nM, from bottom to top).

FIGURE 7: Kinetics of[ 417]Arf1-Mg*-GDP binding to (A) Arno (383 RU) and (B) Arno4M (665 RU)

in the presence of BFA (100 puM) during the association phase. Increasing ratiaeniof Arfl were
injected (50, 100, 200, 400, 800 and 1600 nM, from bottom to top). Heterogeneous model components of
the fitting curves for Arno4M at three concentrations of Arfl, 1600 nM (paneld@ nM (panel D) and
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25 nM (panel E). In each, (a) Non-deconvoluted total curve from panel B, (b) AB2 peictaomplex
(c) AB1 binary complex and (d) bulk +drift (BiaEvaluation software 4.2).

FIGURES: Top: Ribbon representation of Arfl and Arno structures at different steps of thedGBHPt
nucleotide exchange. Arfl full length or delta-17 truncated bound t&6'-GBP (2K5U, 1U81,
respectively) and bound to KMigGTP (103Y) is in green with Switch 1, InterSwitch and Switch 2 in
yellow, red and purple, respectively. Arno in the abortive pentameric complex trapp&@{{MB8Q) as

well as GEAZ2 in the binary complex (from Golberg, 1998) are colored in dariPhiugs A et Bshow
complex association and dissociation during the two phases in function of conditions useR in SP
experiments. Complexes that have been detected are indicated in dark blue.
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Tables.

Table 1A: Kinetic Constants ofA17]Arfl-Mg?-GDP binding tg
captured Arno and Arno4M at 25jaH 8.0, 150mM NaClderived
from data displayed in Figure 3, panel A& B. Langmuirl:1 rever|
binding model. SR : Stoichiometric ratio

ka (1Ms) | kd (1/s) F(*F;“Lj")x kakal 42 | sr

Arno 21910 | 41616°| 45 | 19 | 1.37| 03
AmoaM | 26410 | 47416°| 35 | 18 | 1.09| 0.27

Table 1B: Kinetic Constants pfi17]Arf1-Mg?-GDP binding tg
captured Arno at different temperaturegpkt 8.0 and 150 mN
NaCl Langmuirl:1 reversible binding modgR value of 0.7
measured for all the curves simultaneously in global-local.
SR : Stoichiometric ratio

Rmax | kd/ka

ka (1Ms) | kd (11s) | (@ %] SR

25°C 25610 | 476 10° | 45 19 | 0.23
20°C 1.3010° | 3.3010° 29 25 | 0.15
15°C 1.2010° | 2.27 10° 23 19 | 0.12
10°C 95410 | 21910° | 12 23 | 0.06

Table 1C: Effect of pH and salt concentrations on Kif
Constants of 417]Arf1-Mg®*-GDP binding to captured Arno
25°C. Langmuil:1 reversible binding modgR value of 0.4
measured for all the curves simultaneously in global-local.
SR : Stoichiometric ratio

Rmax | kd/ka

ka (1/Ms) | kd (1/s) RU) | nM SR
pH 7, NaCl
150 mM 1.6710° | 3.8110° | 31 23 | 0.16
pH 8, NaCl
300 mM 1.4610° | 3.58 10° 64 25 | 0.33

Table 2: Kinetic Constants ¢§#117]Arf1-GDP binding to captured Arn
with or without a 10 min EDTA (10 mM) preincubation of the Gtpiwo,
derived from data displayed in Figure 3, panel C.& D

Langmuirl:1 reversible binding model.

ka (1/Ms) | kd (1/s)

Rmax | kd/ka 2
RU) | (nm) | X
+EDTA | 3.9510 | 4.1916° | 223 | 10.6 | 25.5 | 0.68

SR

_EDTA | 16610 |3.8510°| 76 | 232 5.15| 0.32
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Table 3: Kinetic Constants §#117]Arf1-GDP binding to captured Arn
at 1 mM and 1 uM MgGlobtained by kinetic titration experime
(n=3). Langmuirl:1 reversible binding model.

ka (1Ms) | kd (1/s) '?S“Lj‘)x

1uM 50510 |6.1410°| 178 | 12.1 | 6.4 | 0.52
1mM | 23410 |5.7510°| 106 | 265 | 6.4 | 0.31

kd/kenM| %2 | SR

Table 4: Kinetic Constants of Arno binding to captupad7]Arf1-GDP
after 10 min of running buffer containing or not 10mM of EDTA.
Langmuirl:1 reversible binding model

ka (UMs) | kd (1/s) F(‘Frz“j‘)x

- EDTA 266168 |55410°| 220 220 |6.37| 091
Heterogenous ligand binding model

HEDTA a1 (ms)| kd1 (1/s)| R0 kanm| 52 | SR1

kd/kaoM | 42 | SR

(RU)
11310 |50110°| 128 44 |232] 0.46
ka2 (LMs)| kd2 (1/s) R(gf‘j)‘z kdy/kanM SR2
16716 |56516°| 152 | 338 0.54

Table 5: Kinetic Constants $f117]Arf1-Mg®*-GDP binding to capture
Arno4M and Arno in the presence of 100 uM BFA with 2uM GD
during association phase, derived from data displayed in Figure 6,
A&B.

ka (UMs) | kd (1/s) '(QFTL?)X

Langmuirl:1 reversible binding model.
Amo4aM [ 62710 [32610"] 192 | 52 [o081[079
Heterogenous ligand binding model

kal (1/Ms)| kd1 (1/s)

kdkaM | %2 | SR

Rt dykanM| 52 | SR1

(RU)
Amo | 46210 |1.5916°| 49 344 | 096 0.19
ka2 (1Ms)| kd2 (1/s) R(QS’)‘Z Kdy/kaonM SR2
33218 |36116°| 51 | 1086 0.19
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Table 6: Kinetic Constants §f117]Arf1-Mg?*-GDP binding to capture
Arno4M (665 RU) and Arno (383 RU) in the presence of 100 uM
during association phase and without GDP, derived from data dis
in Figure 7, panel A & B.

Heterogenous ligand binding model

kal Rmax 2
(LMo KL (115)] iy [kdkanm| 2 | SR
Ao 4M 20410 |29110°| 77 14 | 458|017
rno
ka2 Rmax2
M) kd2 (115)] "oy [kdlkeanM SR2
3.2010 |070.10%| 302 22 0.66

Langmuirl:1 reversible binding model

Rmax1 2
ka (UMs) | kd (Us) | R kdkat | 7 | SR
Amo | 20810 | 4510° | 55 22 | 226|021
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Scheme 1
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Scheme?2

Sec7 domain Mg*-GDP Mg¥-GTP
kd 2 Transient complex 2 ;’kd 3 Binary complex

Arfl-Mg*-GDP Arfl-Mg*-GDP Arfl-Sec7 domain Arfl-Mg**-GTP
ka2 -Sec7 domain ka3
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Figure 3.
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Figure 5
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Figure 6
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Figure 8
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