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Conjugation of Adenosine and Hexa-f-arginine) Leads to a Nanomolar Bisubstrate-Analog
Inhibitor of Basophilic Protein Kinases
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Conjugates of oligoarginine peptides with adenine, adenosine, adenosiadsdxylic acid, and 5-isoquino-
linesulfonic acid were synthesized and characterized as bisubstrate-analog inhibitors of cAMP-dependent
protein kinase. Adenosine and adenine derivatives were connected to the N- or C-terminus of peptides
containing four to six.- or b-arginine residues via a linker with a length that had been optimized in structure
activity studies. The orientation of the peptide chain strongly affected the activity of compounds incorporating
p-arginines. The biligand inhibitor containing Hidaka’s H9 isoquinolinesulfonamide connected tpdéptide

had 65 times higher potency than the corresponding adenosine-containing conjugate, while both types of
the conjugate comprisingrpeptides had similar low nanomolar activity. Two of the most active adenosine-
and H9-peptide conjugates were tested in the panel of 52 different kinasesuMtcbncentration, both
compounds showed strong (more than 95%) inhibition of several basophilic AGC kinases, including
pharmaceutically important kinases ROCK Il and PKB/Akt.

Introduction bisubstrate-analog inhibitors have been describ&de most
potent inhibitors of cAPK @ with K; values in the low
nanomolar region were constructed by connecting a Hidaka
isoquinolinesulfonamide-based ATP-competitive inhibitor H9

Protein kinases (PKs play a key role in the regulation of
protein functions in living cells. It has been estimated that the
activity of one-third of proteins is regulated through phospho- ; - ) k
rylation of one or more of the serine, threonine, or tyrosine (Ki =2#M) to the N-terminus of the hexaqrggnme peptide via
residues. More than 400 human diseases have been linked t& INKer incorporatingoetaalanine and.-serine
aberrant PK signaling This has made PK the second largest ~ Phosphoryl transfer mechanism-based inhibitor design with
drug target after G protein-coupled receptbBespite serious ~ connection of an adenine nucleotide via its phosphate groups
selectivity problems (all 500 protein kinases and more than 1500 With a substrate peptide at the phosphorylatable serine residue
other proteins are able to bind purine nucleotfjlesd the high ~ has given compounds with micromolar poter@y* The ap-
concentration of competing ATP in the cellular milieu, the main Plication of oligophosphate-containing motifs was more suc-
efforts of drug companies have been directed to the developmentcessful in the case of the first introduction of this principle into
of ATP competitive inhibitors. the design of bisubstrate inhibitors for (adenylate) kirdse,

The second type of active site targeted inhibitors of PKs that 9iving a compound, P1,P5-di(adenosinijpéntaphosphate, with
have been under investigation for a longer period of time are Nanomolar potency. By virtue of low bioavailability of sub-
compounds that selectively interfere with protejrotein stances comprising polar peptide moieties and highly charged
interactions and block the binding of the substrate protein to ©ligophosphate fragments, the pharmacological potential of these
the PK4S5 Recent progress in this field has shown that such compounds has been limited.
inhibitors could be invaluable as biological reagents and serve We have previously developed inhibitors for basophilic
as therapeutically useful compounds for the treatment of a wide protein serine/threonine kinases with activities in the submi-
variety of disease statésJsually, longer peptidic structures are  cromolar region. These inhibitors, adenostagginine conju-
needed for achieving nanomolar potency, which leads to gates, comprise moieties of analogs of both substrates of PKs:
problems with cellular transport and stability of the compouhds. ATP binding site targeted adenosineearboxylic acid and the

Logically, a combination of the aforementioned approaches protein substrate domain directed oligegfginine). The design
and development of bisubstrate-analog (biligand) inhibitors that of the latter fragment was based on the knowledge that
simultaneously associate with both ATP and protein binding phosphorylation sites of the substrates of basophilic PKs (CAPK,
domains of the dual substrate enzymes could give selective and®PKC, Akt/PKB, PKG, etc.) are flanked by regions rich in
potent inhibitors of PK. Several strategies of the design of arginine and/or lysine residuésTwo active fragments of our

inhibitors were connected via a linker chain with a length that

* Corresponding author. Phonet3725175593. Fax:+3727375275. was optimized in structureactivity studies: By the incorpora-
E-mail: asko.uri@ut.ee. tion of adenosine or other native nucleosides as building blocks,

a Abbreviations: Adc, adenosiné-Barboxylic acid; Adn, 5amino-5- ; inati ioti
deoxyadenosine; Ado, adenosine; AGC, group of protein kinases containing it was hoped to afford the application of existing structure

cAMP-dependent protein kinase A, cGMP-dependent protein kinase G, and aCtiVity'data concgrning the afﬁnity of Str.UCt.Ura”y diverse
phospholipid-dependent protein kinase C; Ahx, 6-aminohexanoic acid; ARC, nucleotides, constituents of bisubstrate inhibitors, for the
adenosine-arginine conjugate; BAEHN;benzoylt-arginine ethyl ester; construction of selective inhibitors of PK%.

CAMK, calmodulin-dependent protein kinase; cAPK, cAMP-dependent .
protein kinase; @, catalytic subunit typex; DCE, 1,2-dichloroethane; Later we showed that fragments of the conjugates may be

DIEA, diisopropylethylamine; HOBIN-hydroxybenzotriazole; HTS, high- ~ chosen in a way that they coincidently increase the inhibitory
throughput screening; 1QS, 5-isoquinolinesulfonic acid, MBHA, 4-meth- hatency and cell plasma membrane penetration ability of the
ylbenzhydrylamine; PK, protein kinases; PKI, heat-stable protein kinase : | . . 16 . .

inhibitor; Suc, succinic acid; TBTUD-(1H-benzotriazol-1-yN,N,N', N'- inhibitors® Moreover, it was established that structures of such

tetramethyluronium tetrafluoroborate; TFA, trifluoroacetic acid. biligand inhibitors could afford the attachment of voluminous
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Scheme 1.Synthesis of Adenosine-Barboxylic Acid-Based Inhibitors
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tags carrying some physical (e.g., fluorescent marker) or that contradicts the usual binding of ATP and other nucleotides

biological (e.g., biotin for binding avidin or streptavidin)
propertiest’

to PKs in theiranti-conformation. Methylated analog pos-
sessing no hydrogen bond donor characteristics, was synthesized

In this paper, we report on the development of new synthetic to preclude the formation of an intramolecular hydrogen bond:

procedures for the connection of oligoarginine peptides with
adenine, adenosine, adenosinedrboxylic acid, and 5-iso-
quinolinesulfonic acid and the biological characterization of the
compounds as bisubstrate-analog inhibitors of cAPK. An
examination of the selectivity of two of the most potent
inhibitors, conjugates of Adc and IQS with hexadrginine)
peptide, against a panel of 52 PKs revealed high affinity of the
compounds toward basophilic kinases.

Results and Discussion

Chemistry. On the basis of the results of previous structure
activity studiest? it was supposed that the optimal length of

the resin-bound peptide was first acylated with 6-bromohexanoic
acid and then reacted with methylamine. TXenethylamino
group of the resin-bound peptide was conjugated Wi#',3 -
O-isopropylidene adenosiné-8arboxylic acid), according to
the standard procedure, to gige4-(Aminomethyl)benzoic acid
was used as an example of a rigid and aromatic linker in the
compound/. Compound8, comprising the phenylalaning¥
alanine dipeptide linker, was synthesized to find out the effect
of a bulky aromatic group in the linker region.

The diversity of the structure of the peptide part of the
conjugates was increased by the variation of length and chirality
of the oligoarginine chain, as represented by peptide moieties

the oligoarginine moiety was six arginine residues: the removal (L-Arg)s-NH2 (2), (L-Arg)e-NH: (3), (0-Arg)s-NH: (4), and 6-
of two arginines from the C-terminal of the conjugate decreased Arg)s-NH> (5).

the inhibitory potency by an order of magnitude {d@creased
from 120 nM to 1.2uM toward cAPK)* On the other hand,

The second group of compounds contained adenosine and
5'-amino-3-deoxyadenosine derivativé§—13 (Scheme 2). The

the majority of basophilic serine/threonine kinases preferentially reaction of 4-nitrophenyl chloroformate with 2-isopropylidene
phosphorylate substrates with Arg at the P-3 position but vary adenosin€ resulted in the activated carbon&@ewhich gave

greatly in additional preference for Arg at P-2 or P-5 (P-

adenosine-5urethaned 1 and12 in the reaction with amines.

designates amino acid residues N-terminal to the phosphoryla-The length of the linker between nucleoside and peptide moieties
tion site)!® Arginines at P-2, P-3, and P-6 are essential for was varied. Compoun@turned out to be a suitable reagent for
CAPK. Hence, six sequential arginine residues in the peptide the synthesis of conjugates where adenosine was connected to
chain are enough to enable the interaction of three important the C-terminus of the peptide. Peptides containing a free amine
pharmacophore elements with the target basophilic kinase.group near the C-terminus (e.g., the side chain of lysine or a
Introduction of more than six arginine residues into the ARC- diamine linker) were prepared on solid phase, cleaved, and
type conjugate could lead to substantial nonspecific interaction purified by HPLC. This was followed by the reaction wi¢h
of the compound with other basophilic proteins and nucleic acids and the removal of isopropylidene protection by TFA treatment,
(e.g., furins, RNA, and DNA). If compared to lysine, another leading to compounds4—16. Activated 4-nitrophenyl urethane
basic amino acid residue, arginine is usually the preferred residuel0was produced in the reaction of&mino-3-deoxy-2,3-O-
in high-affinity substrates and inhibitors of basophilic F&° isopropylidene adenosine with 4-nitrophenyl chloroformate. It
However, as the biological characterization of inhibitors with was then used in the reaction with the N-terminal amino group
micromolar activity was easier to perform, compounds compris- of the peptide to give the conjugate with a carbamide group
ing four arginine residues were utilized for the optimization of (13).
structures of the linker and nucleoside moieties of the conjugates. The reaction of 5amino-3-deoxy-2,3-O-isopropylidene
Compounds containing six arginines were later synthesized toadenosine with glutaric anhydride and Boc-protected iminodi-
achieve higher inhibitory potency. For the elimination of the acetic acid anhydride yieldeti7 and 18, respectively. These
negative charge from the C-terminal carboxylate group, the compounds were coupled to resin-bound peptides with the aid
conjugates were synthesized in the form of C-terminal amides of TBTU activation. Cleavage and deprotection of the conjugates
on Rink amide MBHA resin. Previous resuité' had pointed in TFA solution gave compoundid and 20 that differed from
to the possibility that the interaction of the carboxylate group each other by the presence of a £ NH group in the linker
with a positively charged arginine residue could lead to the chain (Scheme 3).
reduction of inhibitory activity of the conjugates toward PKs. A special class of biligand inhibitors deprived of the ribose
The synthesis of the first class of compounds containing Adc moiety, conjugates of adenine and oligoarginine, were synthe-
(2—8, Scheme 1) was performed as previously describedth sized by connecting adenine at the C8 or N9 position to a peptide
the application of Rink amide resin instead of Wang resin. via a linker chain. Precursors of these molecules containing a
Structures of the linker and peptide components were varied. It linker with a free carboxylate grouf2{, 22) were synthesized
was decided to preserve the optimal length of the liker in solution. Coupling o21and22with the resin-bound peptides
corresponding to that of 6-aminohexanoic acid (equivalent to resulted in conjugate?3 and24 after cleavage and deprotection
seven chemical bonds) between the nucleoside and the peptidevith TFA (Scheme 4).
moieties. Amides of Adc may form an intramolecular hydrogen  Conjugates of isoquinolinesulfonamide and oligoarginine
bond between its amide group and the N3 atom of adefdifie.  were synthesized to compare their activity and selectivity to
This leads to thesynconformation of the nucleoside moiety those of analogous adenosine-containing compounds. If com-
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Scheme 2.Synthesis of Compounds with Urethane and Urea Connections and Positioning of Adenosine to the C-Terminus of Peptides
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pared to the previously synthesized isoquinolinesulfonyl pep- pounds is expressed in the form ofshvalues (Table 1). The
tides? several modifications were introduced into the structure following substrate concentrations were used for the determi-
of the conjugate, and the synthesis was carried out on solid phasenation of IGg values: 10uM ATP (K, = 20 4M) and 30uM
with the application of Fmoc-peptide and peptoid chemistry TAMRA-kemptide (5-carboxytetramethylrhodamine-LRRASLG,
procedures. The use of Rink amide resin excluded the presenc&,, = 3 uM).
of the negatively charged C-terminal carboxylate group and Amidation of the C-terminal carboxylate increased the activity
resulted in products in the form of their C-terminal amides. The of the conjugates by 46 times, leading to 16, values of 2.0
conventional Fmoc-peptide chemistry allowed the circumvention and 0.17uM for 2 and 3, respectively. Their carboxylate
of the harsh HF treatment in the final step of Boc-chemistry counterparts showed égvalues of 11.5 and 0.70M, respec-
procedure8.The (3-Ala)-Ser linker of previous conjugatesas tively. This may be caused by the compensation of the positive
replaced with 6-aminohexanoic acid, which eliminated poten- charge of an arginine residue that participates in a favorable
tially phosphorylatable serine residue, removed an unnecessarcontact with the kinase by the negative charge of the carboxylate
chiral center, and simplified the overall synthetic procedure. group. Substantial modifications in the structure of the tether
Resin-bound oligoarginine peptides were acylated at N-terminusbetween adenosine and peptide moieties of conjugates were
with 6-bromohexanoic acid, and the following reaction with well-tolerated by cAPK (Table 1, compounds6, 8, 11, and
5-isoquinolinesulfonyl ethylenediamine and cleavage with TFA 12), while some small structural modifications lead to a
lead to conjugate&5 and 26 (Scheme 5). significant decrease of activity7( 13). The addition of a
Peptide Ac-6-Arg)s-(D-Lys)-NH, (27) was synthesized to  N-methyl group to the Sposition of the adenosine moiety of
characterize the inhibitory potency of an alleligoarginine the conjugatef and2, respectively) left the activity unchanged,
peptide. which pointed to the negligible impact of the intramolecular
Biological Evaluation of Compounds. The synthesized  hydrogen bond and putatiwynconformation of Adc-amides
oligoarginine conjugates were evaluated as inhibitors of cAPK to their binding to the kinase ianti-conformatior??-23
Ca with the application of the recently described fluorometric Incorporation of a phenylalanine residue into the linker chain
TLC kinase activity assa3#. The inhibitory potency of com- (8) caused only a minor decrease of activity, which refers to
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Scheme 4.Synthesis of Conjugates of Adenine and Oligoarginine
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the possibility of inclusion of bulky hydrophobic moieties into
this part of the inhibitor. Adenosing-brethaned1and12were
synthesized to increase the structural diversity of adenosine-
oligoarginine conjugates. Activities of these compounds were
well comparable to those of Adc derivatives, while the corre-
sponding 5urea-connected compout@ showed 4-fold lower
inhibitory potency. The compound with a 4-(aminomethyl)-
benzoic acid linker {) had about 10-fold lower activity than
the compound with a 6-aminohexanoic acid link&). (This
effect may result from the steric hindrance of the rigid tether to

0o

great difference in activity may originate from the “wrong”
spatial positioning of the oligostarginine) chain caused by
p-lysine linker in the structure of5. A similar drastic effect
occurs with the substitution ofmalanine linker for a-alanine

in an inhibitor peptide, which lead to a 100-fold decrease of

the inhibitor potency in the case of cAPK, which was previously

reportec?®
The compounds with adenosine connected to the N-terminus
of the all-p-arginine peptide4, 5) had remarkably higher affinity

than the conjugates with-amino acids. The compourtiwith

the optimal positioning of interacting fragments, adenosine and four p-arginines (IGo of 0.33u«M) had six times higher potency
tetraarginine, for kinase targeting. Exclusion of the ribose than the conjugat2 with four L-amino acid residues. An even

fragment from conjugates28 and 24) lead to substantial
reduction of inhibitory potency, which showed the importance

greater increase of potency (20 times) was detected for
compounds with six arginines: igvalue of 0.17«M was found

of the interaction between the sugar-part of compounds and thefor conjugate3, comprising I-arginines and 0.0083/ for its

kinase; still, both conjugates were better inhibitors of cAPK
than the fragments, adenine and oligoarginine.

all-p-arginine counterpard. Extrapolated; value of 3.2 nM

was found for5 (Supporting Information). This result is

Variation of the structure of the conjugates also included the surprising by virtue of the fact that cAPK has a strong preference
connection of adenosine to the C-terminus of the oligoarginine for L-configuration of amino acids both at the phosphorylatable
chain L4—16) and the incorporation of residues mfarginine serine residue as well as at the N-terminal arginine residues of
(4, 5, and15) into the compounds. The latter means also served the substraté® On the other hand, compoun@s-8, depicted
the aim of increasing the proteolytic stability of the compounds in Scheme 1, comprise oligoarginine peptides attached to Adc
to make them applicable in cell experiments. Inhibitors with N-terminally, not C-terminally, which could be the reasonable
peptide moieties connected to the nucleoside part by C- andpositioning of the peptide originating from the consensus
N-termini had similar affinities in the case of compounds sequence of substrates of cCAPK (arginines at positie?,s—3,

containing peptides with.-amino acid residues2(and 14),
whereas the compound comprising the peptide wiirginine
residues connected via the C-termini§)(had 500 times lower
activity than the counterpart with N-terminal peptid®. (This

and —6 from the phosphorylation site of the substrate).
Introduction of arginine residues into ARC in the form of their
D-configuration converts the peptide motif into retro-inverso
counterpart of the C-terminally appended oligafginine)
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Table 1. Inhibitory Potencies of Compounds toward cAPKC

cmpd structure 16 (uM)®
2 AdcAhx(L-Arg)s-NH> 2.0+0.3
3 AdcAhx(L-Arg)s-NH2 0.174+0.04
4 AdcAhx(p-Arg)s-NH; 0.33+0.03
5 AdcAhx(p-Arg)s-NH, 0.0083+ 0.0015
(0.109+ 0.021)
6 AdcN(Me)Ahx(L-Arg)s-NH2 2.6+0.6
7 AdcNHCH;Ph-4-C(O)(-Arg)a- 23+ 4
NH>
8 AdcPhebetaAla(L-Arg)s-NH; 3.7+ 0.3
11 AdoC(O)NH(CHy)sC(O)(L-Arg)s- 3.24+0.3
NH>
12 AdoC(O)Ahx(-Arg)s-NH; 3.0+0.3
13 AdnC(O)Ahx(-Arg)s-NH, 125+ 3.7
14 Ac(L-Arg)s-L-Lys[AdoC(O)]-NH, 1.4+0.2
15 Ac(D-Arg)e-D-Lys[AdoC(O)]-NH, 3.4+ 0.6
16 ACAhX(L-Arg)s-NH(CH)e- 0.77+0.16
NHC(O)Ado
19 AdnC(0)(CH)sC(O)(L-Arg)a-NHz  16.5+ 4.7
20 AdnC(O)CHNHCH,C(0)- 13+ 6
(L-Arg)s-NH>
23 Ade-8-NH(CH)3sNH-Suc- 75+ 8
(L-Arg)s-NH>
24 Ade-9-AcNH(CH)sNH-Suc- 26+ 10
(L-Arg)a-NH>
25 H9-(CHy)sC(O)(L-Arg)a-NH2 0.030- 0.007
(0.22+ 0.03)
26 H9-(CHp)sC(O)(o-Arg)s-NH2 0.0053+ 0.0007
(0.067+ 0.019)
27 Ac-(D-Arg)e-D-Lys-NH, ~3000
Adenosine 356t 40
H89 0.10+ 0.02
(0.85+ 0.09)
H9 3.7+£0.3
Ado + 27° 57+19

a A table with graphical structures and d£values has been added to
the Supporting Informatior?. ICso values for inhibition of CAPK @ at
standard substrate concentrations (ATP, 480 TAMRA-kemptide, 30
uM). Values in parentheses are determined at 1.0 mM ATP concentration.
¢ The 1G5 value for an equimolar mixture of the two compounds.

Esket al.
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Figure 1. Structures of 5-isoquinolinesulfonamide-oligoarginine con-
jugatesXVIl ® and 26.

compounds were also measured in the presence of higher ATP
concentrations. 165 values of all measured compounds were
from 7 to 13 times (0.851.11 in logarithmic scale) higher in
the presence of 1.0 mM ATP if compared to 0.1 mM substrate
concentration. These results indicate that all these inhibitors are
competitive toward ATP. ApparenK, of ATP increased
continuously when higher concentrations ®ivere applied,
while Vmax maintained its initial value. The increase of
concentration of the peptide substrate (TAMRA-kemptide) from
10 uM to 100uM caused a slight effect on the 4¢£values of

5. Km of TAMRA-kemptide was independent of concentration
of 5, but Vmax decreased when higher concentrations of the
inhibitor were applied (details of competitiveness studies are
appended in Supporting Information). These results are in accord
with previous studie8.The usual explanation to such behavior
of bisubstrate analog-type inhibitors arises from the catalytic
mechanism of phosphoryl transfer for the catalytic subunit of
cAPK that is ordered with the nucleotide binding fit&€°
Competitive inhibition with respect to ATP and noncompetitive
inhibition toward the peptide substrate for the inhibitors targeting
simultaneously both substrate binding sites of the kinases has

peptide. A retro-inverso peptide can be regarded as a derivativebeen reported previously and was confirmed in the present study.

of a normal peptide in which the relative amino acid side chain
topology is maintained, while the backbone termini and direction
of the peptide bonds are reversédCompound is, to the best

On the other hand, high inhibitory potency of biligand inhibitors
(much higher than that of the constituent single-substrate-
targeted inhibitors) points to the simultaneous binding of

of our knowledge, the most effective adenosine-based PK biligand inhibitors to the ATP-binding pocket and the protein/

inhibitor ever described.

The conjugate of 5-isoquinolinesulfonyl ethylenediamine with
the peptide of four-arginine residues26) had an IG value
of 0.03uM, which was 65-fold lower than that of the adenosine
counterpar2. The same difference in potency was measured
for the fragments, adenosine and H9 fj®alues of 35uM
and 3.7uM, respectively, Table 1). This result indicates that
combining the peptide of four-arginine residues via a suitable
linker to two structurally different ATP binding site-targeted
inhibitors leads to an equal increase in potency for both types

peptide-binding domain of the kinase. The biligand character
of the inhibitors can be monitored directly in binding assays
with its competitive displacement from the complex with the

kinase by both ATP- and protein/peptide site targeted mono-
functional inhibitors (our unpublished data).

The modification of the structure of isoquinolinesulfonamide-
based bisubstrate inhibitor, the compouddil (K; = 4 nM
toward cAPK), which was disclosed by Ricouart et al. 15 years
ago? lead us to the compoun26 (estimatedk; = 1—2 nM,
CAPK) in the present study (Figure 1). In the course of

of compounds. These results are in good agreement with theelaboration of the new structure, we relied on the knowledge

results from previous studi€g#

The isoquinolinesulfonylamide-based compol&8&] incor-
porating sixp-arginines, is a highly effective inhibitor of cAPK,
exhibiting an 1Gy value of 5.3 nM in the described assay
conditions. The obtained Kgvalue is similar to that of the most
potent adenosine derivativie Still, accurate determination of
inhibitory constants for inhibitors with low nanomolar and
higher potency is problematic because of comparable initial
concentrations of the enzyme (0:51.0 nM) and inhibitors in
the assay solution. To circumvent these problems, to find out
the kinetic mechanism of inhibition and to establish the
inhibitory potency of these active inhibitors at physiological
(millimolar) concentrations of ATP, 1§ values of highly active

that was accumulated in the process of the development of ARC-
type compounds and followed speculations and recommenda-
tions that were recently expressed by David Lawrénce.

First, phosphorylatable and chiral serine residue was removed
from the linker chain. Second, subsequgatianine and-serine
residues were replaced with a flexible and hydrophaehie-
hexanoic acid linker, while the length of the tether (seven bonds)
between the amino group of isoquinolinesulfonyl ethylene-
diamine (Hidaka’s inhibitor H9) and the N-terminus of the
oligoarginine chain was retained.

In 26, all-p-arginine peptide was substituted for unstable in
biological systems all-arginine peptideXVIl ). The C-terminal
negatively charged carboxylate groupdfIl was replaced with



Bisubstrate-Analog Inhibitor of Protein Kinases Journal of Medicinal Chemistry, 2006, Vol. 49, No/ 56

neutral amide group 6. All these structural and synthetic ~ Table 2. Residual Activities of PKs in the Presence of Inhibitérand
modifications and simplifications did not reduce the inhibitory 2%

potency of the conjugate but made the structur€®imore residual activity (%)
promising for application in biological experiments. kinase  ATP cmpd5 cmpd26
The analysis of inhibition data measured at 1 mM ATP shows PK groug®  (uM) (LuMm) (1um)
that adenosine and isoquinolinesulfonamide derivatives with six ROCK-II AGC 20 0 (£0) 0 (+0)
p-arginines $ and26) have similar inhibition potencies, whereas =~ MAPKAP-Kla/rsk-1 ~ AGC 50 2847) 0 (1)
analogous compounds with-arginines differ by 65-fold in SGK AGC 20 16 £0) 1 @0)
tivity. The reason for this different effect ofarginines in MSK1 ACC 20 2 ¢0) 16D
activity. The tor this. , g _ PKBa-Aph AGC 5 2 (0) 2 @0)
the adenosine and isoquinlinesulfonamide conjugates is un- p7g seK AGC 20 742) 2 (0)
known. Compound25 and26 have a 3- to 5-fold difference in MAPKAP-K1b/rsk-2 ~ AGC 50 1240) 2 (+0)
activity, while in the case of other conjugates the addition of EEEZ QGC 5 2 1) 2 (+0)
two extra arginines increases the potency by 10-fold. The high CAMﬁK 1 Cf,aK 558 153 €&0) 3 (£0)
- . ) - . - (*2) 6 (+0)
affinity qf the conjugate of adenosine anehrglnlne.-p.eptlde PKA/CAPK AGC 20 11 67) 6 2)
for the kinase indicates that an excellent structural fit is induced PIm2 CAMK 5 38 +3) 9 (+0)
during the process of complex formation between the partners Eﬁ(D:i gé'(\:/lK gg gi EE% 12 (éé;
|r|1 the aCtIer sne_of c?\PhK E Thlsl_lgwayhleaﬁ to a tlghthand i CAMK . 14 (:2) 22 (+5)
closed con ormatlor) o the inase like w at appens when PKI' msT2 STE 20 7743) 24 (+0)
and MgATP synergistically bind to the catalytic subunit in the  cHk1 CAMK 20 16 (+4) 31 (1)
ternary complexX?31 The constituents of bisubstrate inhibitr MNK2 CAMK 50 99 (+9) 31(3)
i inine)- ini i AMPK CAMK 50 48 (+6) 39 (+4)
Weak Imhibitors. The testng of the mhibitory potency of these ERKE cvec 5 5069 2260
ors. The g o yp y Aurora B other 20 103%5) 53 @1)
fragments in an equimolar mixture (Table 1, Ado27) lead MARK3 CAMK 5 40 (£3) 53 (£4)
to slightly stronger inhibition than that of the fragments alone, PDK1 AGC 20 62 44) 56 (1)
the potency is still incomparably weaker that of the bisubstrate NEK7 other 20 5841) 56 (+9)
inhibitor 5 PBK TK 50 88 (&5) 67 +4)
= ) MNK1 CAMK 50 102 (+1) 68 (9)
In earlier experiments, ARC-type compounds were sHéwn  DYRK1a CMGC 50 72 6) 69 (1)
to enter cells of different origins and localize in the cytoplasm MAPKAP-K3 CAMK 20 67 (iog 69 &85
; i hibi CSK TK 20 48 ¢9 70 @1
ﬁndtnUCIteqS.'tTc') ?[9 Iustabltte in (éellylartﬁxperlmsnts, an |nr:|b;f[or CDK2/cyclin A CMIGC 20 88 £-7) 73 (43)
as to retain its initial structure during the membrane penetration ;\;sapkic CMGC 20 7047) 75 (£4)
and in intracellular milieu. The introduction a$-arginine PLK1 other 5 81410) 76 (£2)
residues into cell-penetrating peptides leads to a substantial SAPK2a/p38 CMGC 50 THE2) 76 @7)
increase in the stability of peptides to enzymatic degradation SAPK2b/p38ss2 CMGC 20 850) 80 (+2)
of these structure®.To test the effect of incorporation ofArg MQETAP'KZ SCTAEMK 2% §57 (éig; gg ggg
residues _into ARC-type compounds, th_e resistance to enzymatic kg other 5 94 £11) 87 (1)
degradation by trypsin and fetal bovine serum ofawg CK2 other 5 10449) 87 (&7)
conjugategt and5 was compared to that of alkArg conjugates Src TK 50 84 (£9) 88 (+4)
2 and3. All these compounds were stable in fetal bovine serum -k TK 50 70 (£3) 88 (=3)
ithin at least 10 min (data not shown). The trypsin treatment SmMLCK CAMK 0 72(£0) 069
within at _ (d : ypsi EF2K atypical 5  924¢9)  91(8)
of L-amino acid-containing compounds gave a mixture of all  JNk3 CMGC 50 9146) 92 +9)
possible deletion analogs in a ratio that shifted in time toward SAPK4/p3& CMGC 5 107 (1) 93 (1)
the formation of less-arginine-containing ARCs that could be E/IilésKGZ/ERKZ %’R"ﬂg‘é 5% 1%%&‘3‘) gg (ig)
separated by ion-exchange chromatography with a Mono S . CK1 20 106 éﬁsg 97 &3
colur_nn. The half-lives_ of the compoundsand 3 in trypsi_n PRAK CAMK 20 89 (+4) 97 (£8)
solution (50 BAEE-units/mL) were 68 and 37 s, respectively, NEK2a other 50 8242) 98 (46)
while at higher concentration (500 BAEE-units/mL) these SAPK3/p3g CMGC 5 111 (4) 99 (1)
SRPK1 CMGC 50 10043) 99 +2)

compounds were completely consumed in less than a minute.
In contrast, theip-analogs4 and5 remained intact for at least

20 min at even 2-fold higher activity of the protease (1000 2 The experiments were performed essentially as it has been described
BAEE units/mL) previously3435 bpercent of residual activity of the kinase (atuM

- o o concentration of the inhibitor) as relative to that in control incubations where
In addition to excellent inhibitory activity of the compound the inhibitor was omitted (means of duplicate determinations).

5, it could possess even better cellular uptake characteristics

NEK6 other 50 9448) 100 &8)

than its counterpart with-arginine residue¥? This makessa  close to theKy, value of the kinase, essentially as it has been
good candidate for its application for the regulation of protein described previousl§#35For comparison, the selectivity of the
phosphorylation balance in live cefi$?’ compound3 incorporatingL-arginine residues was assayed in

Selectivity Study. Selectivity testing was performed (on the the PK selectivity panel (KinaseProfiler, Upstate Biotech Inc.)
commercial basis at the Division of Signal Transduction toward 10 different PK in the presence of 100 ATP. The
Therapy, University of Dundee) for two compoun8sand 26, data presented in Tables 2 and 3 characterize the activity of the
that had revealed the highest inhibitory potency toward cAPK compounds at their ZM concentration. They are expressed as
Co.. The panel of kinases included all 52 kinases available for the percent of residual activity of the kinase relative to that in
testing. To the best of our knowledge, the selectivity profiling control incubations where the inhibitor was omitted.
has not been carried out for bisubstrate-type inhibitors with a  The activity profiles of the two compounds incorporating
wide panel of PK before. To make the inhibitory potencies b-arginines were mostly similar, but the isoquinolinesulfonamide
comparable, assays were run at ATP concentrations that werederivative26 was generally more effective than the adenosine
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Table 3. Residual Activities of PKs in the Presence of the Inhibi#dr

residual activity residual activity

PK (%) PK (%)
Aurora-A 62 @1) PKBa 30 (&3)
CHK1 49 (+6) PKGBII 76 (+4)
CK2 86 (1) PKCy 17 (£2)
MSK1 14 £3) ROCK-II 4 (£2)
PKA 11 (+2) SGK 75 (0)

aAssayed in a PK selectivity panel (KinaseProfiler, Upstate Biotech,
Inc.) in the presence of 10fM ATP. P Percent of residual activity of kinases
(at 1 uM concentration of the compour®®) as relative to that in control
incubations where the inhibitor was omitted (means of duplicate determina-
tions).

derivative 5. Both conjugates inhibited strongly ROCK-II,
MSK1, PKBS, PKBAph, and PRK2 (residual activity 3%).
Compound26inhibited almost completely MAPKAP-K1a/rsk1,
p70S6K, and MAPKAP-K1b, while residual activity in the
presence ofs5 was 7#28% for these kinases. The biggest
difference between the two compounds was observed for the
inhibition of MAPKAP-Kla/rsk1, where the corresponding
values were 0 and 28% f@6 and5, respectively.

CAMK-1, PKA, PIM2, and PKD1 retained less than 10% of
activity in the presence @®. The significant difference between
the two compounds was also found for PKD1 (the residual
activities were 54% fob and 9% for26). Weaker inhibition
(residual activities were 11 and 6% f6rand 26, respectively)
was established for PKA in this assay than it could be expected,
based on inhibitory potency determined in this work (Table 1);
actually, this special measurement was subjected to large error
(Table 2). Checkpoint kinases (CHK1 and CHK2) were both
inhibited more strongly by than by26. Several kinases were
weakly inhibited by biligand inhibitors, while some of them
were not inhibited at all, for example, acidophilic kinases
represented by casein kinases CK1 and CK2 retained full activity
in the presence o as well as26. As illustrated by data in
Table 2, oligo-p-arginine)-containing biligand inhibitors were
not specific to any particular PK but slowed down the reactions
catalyzed by basophilic kinases, especially of the AGC and
CAMK groups. Of the 14 PK inhibited by more than 85% by
compound26 at 1 uM concentration, 11 kinases belong to the
AGC group and 3 kinases belong to the CAMK group. All these
14 kinases have been repoffeto be of basophilic type, which
points to the biligand character of the inhibitors, where the
inhibitory potency of the conjugates is influenced by binding
to sites of both substrates of the kinase. The only AGC group
kinase that falls out of this selection is PDK, an AGC kinase
that expresses badly the defined consensus sequences and lac
strong Arg preference at any positiéh.

The selectivity ofL-arginine-containing compound was
tested toward 10 different PKs (Table 3). The results point to
the similarity of the activity profile of the compour&io those
of b-arginine-containing conjugatésand26 (Table 2): ROCK-

Il was the most strongly inhibited kinase, followed by other
basophilic kinases PKA, MSK1, and PKWCA remarkable
difference in the inhibitory potency & toward PK@II and
PKCy (residual activities of 76 and 17%, respectively) was
observed. Although the lower potency ®ff compared to that

of its p-arginine-containing counterpabtis apparent toward

all basophilic kinases tested, the different assay formats (e.g.,
dissimilar ATP concentration) do not afford a direct comparison
of the activities of the compounds.

The further modification of the structure of the conjugates
with the aim of increasing the specificity could be supported
by the established structural factors important for the selectivity
of the inhibitors targeting the ATP-binding pock&t’ and the

Esket al.

protein/peptide binding domafi.Such an approach makes it
possible to retain high affinity of inhibitors toward special
kinases but suppresses the activity toward others. Group-
selective inhibitors might be valuable tools for several biological
applications, for example, as probes in bioanalytical methods
for the determination of the active concentration of kinases and
the evaluation of new inhibitors in HTS assays.

Conclusions

Flexible and productive solid-phase synthetic methods were
developed for the preparation of conjugates of oligoarginine
peptides with adenine, adenosine, adenosireafhoxylic acid,
and 5-isoquinolinesulfonic acid. Amidation of peptide C-
terminus increased the potency of bisubstrate inhibitors 4- to
6-fold. Surprisingly, high affinity (low nanomolar in the case
of Adc-based conjugat®) was found for thep-arginine-
containing compound toward cAPKoC this compound was
also resistant to trypsin degradation. The bisubstrate character
of the inhibitor is supported by the high inhibitory potency of
the compound if compared to the submillimolar potencies of
the single site-targeted constituents of the conjugate, adenosine,
and oligo-p-arginine). On the other hand, profiling with the
52-kinase selectivity panel reveals a strong tendency of the
arginine-rich conjugates to inhibit specifically basophilic PKs,
which points to the active participation of both functionary
moieties in the formation of the binary complex with the kinase.

In view of established physical and biological characteristics

S‘of developed inhibitorss and 26 (high inhibitory potency,

resistance proteolytic degradation, good water solubility, pen-
etration of cell plasma membrane), these compounds first of
all show potential for successful development of tools for

bioanalysis, including in vitro assays of functional kinomics and

inhibitor testing.

Materials and Methods

All chemicals were obtained commercially unless otherwise
noted. Solvents were from Rathburn and Fluka. Solid-phase resins
and other peptide synthesis chemicals were from Neosystem,
Novabiochem, Advanced ChemTech, and AnaSpec. Other chemi-
cals were from Sigma-Aldrich. Compourgd®, N-(tert-butyloxy-
carbonyl)-iminodiacetic acitf, H9,*! and 3-amino-3-deoxy-2,3-
O-isopropylidene adenosiffe were synthesized according to
previously described method$! and3C NMR spectra were taken
on Bruker AC 200P spectrometer. Mass spectra of all synthesized
compounds were measured with MALDI-TOF mass spectrometer
Voyager DE-Pro (Applied Biosystems). Unicam UV 300 (Ther-
raOSpectronic) spectrometer was used for measuring UV-vis spectra
and quantification of the products. The solution-phase reactions
were monitored by thin-layer chromatography (TLC) on Polygram
Sil G/UV s, plates (MachereyNagel), and a UV-lamp was used
for the visualization of the products. Fluorescence imaging was
performed by Molecular Imager FX Pro Plus (Bio-Rad Laboratories;
excitation at 532 nm, 555 nm LP emission filter, 0@ resolution),
and scanned images were processed with Quantity One software
(Bio-Rad). Langford Sonomatic 375H ultrasonic bath was used for
sonication. Column chromatography was performed on silica gel
60 (0.04-0.063 mm), purchased from Fluka. The final products
were purified with Gilson HPLC system using C18 reversed-phase
column (GL Sciences) Inertsil ODS-3 (&n, 25 x 0.46 cm), with
monitoring at 260 nm or 220 nm (peptides). Elution was performed
with water—acetonitrile gradient (0.1% TFA), with a flow rate of
1 mL/min. The separated products were freeze-dried. The purity
of the products was characterized by cation exchange chromatog-
raphy (Mono S HR 5/5, Pharmacia Biotech) by using the eluent
systems of A (20 mM phosphate buffer, pH 7.6, 18% isopro-
panol) and B (40 mM phosphate buffer, pH 7.6, 1.2 M NaCl,
18% isopropanol) with a gradient of £300% B for 10 min,
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followed by 100% B for 10 min, with a flow rate of 1 mL/min. All
compounds used in biological tests wer®5% pure by HPLC
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(3x), and dried to give1 (49.3 mg, 63%). UWax 295 nm (pH 2).
MALDI-TOF MS (m/2): CioH17N703, 308 [M + H]*. H NMR

(detected at 260 nm, Table 1). Concentrations of compounds for (200 MHz, DMSO¢k): 6 1.66 (2H, gn,J = 6.8 Hz, CH), 2.31
biological testing were measured by UV spectroscopy [molar (2H, t,J = 5.8 Hz, CH), 2.43 (2H, t,J = 5.8 Hz), 3.11 (2H, dt,
extinction coefficient of 15 000 Mcm™? at 259 nm was used for J=6.8 and 6.0 Hz, Ch), 3.26 (2H, dtJ = 6.8 and 6.0 Hz, Cb),
adenosine derivatives ar2d, ~20 000 Micm™! at 245 nM for7, 6.33 (2H, br, NH), 6.94 (1H, br, NH), 7.91 (1H, s, A2), 7.94 (1H,
4400 M~tcm™1 at 323 nm for isoquinolinesulfonamide derivatives, t, J = 6.0 Hz, NHCO).
and 17 000 Micm™ at 295 nm (pH 2) for23]. 9-(Succinylamido-3-propylaminocarbonylmethyl)-adenine (22).
5'-p-Nitrophenyloxycarbonylimino-5'-deoxy-2,3-O-isopro- Ethyl adenyl-9-acetate (172 mg, 0.777 mmol) was dissolved in
pylidene Adenosine (10)p-Nitrophenyl chloroformate (40.5 mg,  diaminopropane (1.4 mL, 16.7 mmol) and stirred foh until the
0.20 mmol) was dissolved in DCE (25€). Pyridine (20uL), precipitation was complete. The excess of diaminopropane was
DIEA (50 uL), and DCE (75Q:L) were added to the solution. The  removed, and 9-aminopropylaminoacetyladenine was used in the
formed suspension was transferred to solidbino-3-deoxy-2,3'- next step without further purification. UM« 259 (water pH 7).
O-isopropylidene adenosine (45.9 mg, 0.15 mmol) and stirred. A MALDI-TOF MS (m/z): CjoHisN7O, 250 [M + H]*. 'H NMR
clear solution formed within 15 min. The solvents were removed (200 MHz, DMSOsdg): ¢ 1.52 (2H, gn,J = 6.8 Hz, CH), 2.57
in vacuo, and the product was separated by column chromatography(2H, t, J = 6.8 Hz, Ch), 3.13 (2H, dtJ = 6.8 and 5.6 Hz, Ch),
(EtOAc/acetone 2/1R = 0.47; 41 mg, 58% yield). MALDI-TOF 4.81 (2H, s, CH Ac), 7.22 (2H, br, NH), 8.06 and 8.11 (2H, s,
MS (m/z): CyoH2N;O7, 472 [M + H]*. 'H NMR (200 MHz, A2 and A8), 8.35 (1H, tJ = 5.6 Hz, NHCO).
CDCl): ¢ 1.37 and 1.64 (6H, s, GHbf isopropylidene (Ip)), 3.56 9-Aminopropylaminoacetyladenine was suspended in water (1.5
(AH, m,J=14.3, 2.8 and 1.6 Hz,' 3.88 (1H, mJ = 14.3, 8.5 mL), and succinic anhydride (158 mg, 1.58 mmol) was added and
and 2.6 Hz, 5, 4.56 (1H, m,J = 2.8, 2.7 and 2.5 Hz,' 5.02 stirred for 10 min. KCO; (250 mg) was added, and the reaction
(1H, dd,J=6.5and 2.7 Hz,'}, 5.30 (1H, dd,J= 6.5 and 4.3 Hz, mixture was stirred fo2 h and acidified with KHS@solution until
2),5.89 (1H, dJ = 4.3 Hz, 1), 6.01 (2H, br, NH), 7.37 (2H, d, the pH was about 4. The precipitate was washed with water (3
J = 9.2 Hz,0-PNP (4-nitrophenyl)), 7.87 (1H, s, A), 8.25 (2H, d, 10 mL) and dried under reduced pressure to gi2é184 mg, 68%).
J=9.2 Hz,m-PNP), 8.39 (1H, s, A), 8.89 (1H, br id,= 8.5 and UV max 259 (water, pH 7). MALDI-TOF MS 1§Vz): Cy4H19N7Oy,
1.6 Hz, NH). 350 [M + H]*. *H NMR (200 MHz, DMSO¢): 6 1.54 (2H, gn,
5'-Glutarylamido-5'-deoxy-2, 3'-O-isopropylidene Adenosine J=7.0Hz, CH), 2.29 (2H, tJ = 6.0 Hz, CH), 2.41 (2H, tJ =
(17).5'-Amino-5-deoxy-2,3-O-isopropylidene adenosine (130 mg, 6.0 Hz, ChH), 3.0-3.15 (4H, m, 2x CH,), 4.81 (2H, s, CH), 7.21
0.425 mmol) and glutaric acid anhydride (60 mg, 0.526 mmol) were (2H, br, NH,), 7.85 (1H, tJ = 5.3 Hz, NH), 8.06 and 8.11 (2H, s,
stirred in DMF (1.3 mL) for 1.5 h. The solvent was removed, and A2 and A8), 8.27 (1H, tJ = 5.3 Hz, NH).
the residue was purified by column chromatography (GHGOH Solid-Phase SynthesisPeptide fragments were prepared by
10/3). The product was dissolved in EtOH and precipitated by using traditional Fmoc solid-phase peptide synthesis methods on
adding t-BuOMe (106 mg, 60%). UVax 259 nm (methanol). Rink amide MBHA resin. Protected amino acids (3 equiv) were
MALDI-TOF MS (m/2): CigH24NeOs, 421 [M + H]™. IH NMR dissolved in DMF and activated with BOP/HOBL (2.94 equiv each)
(200 MHz, DMSO#ég): ¢ 1.31 and 1.53 (% 3H, s, Ip), 1.70 (2H, in DMF/N-methylmorpholine. Coupling solutions were added to
m, CH), 2.15 (4H, m, CHCO), 3.32 (2H, tJ = 6.0 Hz, B), 4.16 the resin and shaken for 480 min. The completeness of each
(1H, dt,J = 6.0 and 3.3 Hz, 3, 4.90 (1H, ddJ = 6.5 and 3.3 Hz, step was monitored with the Kaiser test, which was followed by
3),5.42 (1H, ddJ = 6.5 and 3.0 Hz, 2, 6.12 (1H, dJ = 3.0 Hz, deprotection of the Fmoc group with 20% piperidine solution in
1), 3.37 (2H, br, NH), 8.11 (1H, t,J = 6.0 Hz, amide), 8.18 and = DMF (20 min). Fmoc-protected linkers were attached to the peptide
8.33 (2H, s, A2 and A8). part following the same protocol.
5'-[N-Carboxymethyl-(N-tert-butyloxycarbonyl)-acetamido]- Carboxylate containing adenosine analog (1.5 equiv) was used
5'-deoxy-2,3-O-isopropylidene Adenosine (18)N-(tert-Butyl- for coupling to the resin-bound peptide. HOBt/BOP (1.47 equiv
oxycarbonyl)-iminodiacetic acid (101 mg, 0.43 mmol), HOBt (65 each) activation was used fband HOBt/TBTU (1.47 equiv each)
mg, 0.425 mmol), ant,N-diisopropylcarbodiimide (6L, 0.42 was used fod 7, 18, 21, and22. One-hour reaction times in DMF/
mmol) were stirred at 0C for 15 min in DMF (0.75 mL). The DIEA were used. Coupling 022 was repeated several times due
mixture was then poured into'-amino-3-deoxy-2,3-O-isopro- to incomplete reaction.
pylidene adenosine (105 mg, 0.34 mmol) in DMF (0.75 mL). The  4-Nitrophenyl-containing adenosine derivatives (1123 equiv;
solution was stirred for 2 h, and the solvent was removed. The 9, 10) were dissolved in DMF/DIEA and added to the resin, and
residue was purified by column chromatography (C#@eOH the reaction mixture was agitated overnight.
10/3). The product was precipitated form EtOH witBuOMe (126 6-Bromohexanoic acid (10 equiv) was activated withN-
mg, 70%). UVhax 259 nm (methanol). MALDI-TOF MSn2): diisopropylcarbodiimide (5 equiv) at @ in DMF and added to
CyH31N7Og, 522 [M + H]*. 'H NMR (200 MHz, DMSO¢): o the resin. After a 45-min agitation, the resin was washed. The
(signals of the major rotamer are marked with asterisk*) 1.27* and resulting alkyl bromide was reacted with primary amine (4 equiv
1.32 (9H, st-Bu), 1.29 and 1.51 (X 3H, s, Ip), 3.5-3.9 (6H, m, for H9 and 10 equiv for methylamine) in DMSO/DIEA for 15 h to
5 and CH of iminodiacetic acid (Ida)), 4.20 (1H, m;)44.92 (1H, give resin-bound secondary amine.
m, 3), 5.37 and 5.47* (1H, dd) = 6.2 and 3.2 Hz)* = 6.3 and Finally, the resins were washed five times with each solvent
2.9 Hz, 2), 6.08 and 6.12* (1H, dJ = 3.2 Hz,J* = 2.9 Hz, 1), (DMF, isopropanol, and DCE) and dried. Treatment with TFA/
7.36 (2H, br, NH), 8.16*, 8.17, 8.38* and 8.41 (2H, s, A2 and H,O/triisopropylsilane (90/5/5 by volume) for-B h was used as
A8), 8.70 (1H, br, CONH). the standard cleavage procedure. The products were purified by
8-(Succinylamido-3-propylamino)-adenine (21).8-Bromo- reversed-phase HPLC and lyophilized.
adenine (54.6 mg, 0.255 mmol) and diaminopropane (1 mL, 11.9  Precursor peptides for the synthesis of compoursl6 were
mmol) were heated 24 h under argon at 380 °C. Volatiles prepared on solid phase, cleaved, and finally purified by HPLC.
were removed under reduced pressure, and the residue was trituratedysine-containing precursors for the synthesisléfand 15 were
with chloroform (5 mL). The precipitate was separated and dried prepared on Rink amide resin, while the precursorl6fwas
(73 mg). The crude 8-(amino-3-propylamino)-adenine was sus- prepared on 1,6-diaminohexane trityl resin. AeArg)s-Lys-NH,,
pended in DMF (1 mL) and DIEA (0.1 mL). Succinic anhydride HPLC: R = 11.2 min. MALDI-TOF MS (W2): 812 [M + H]™.
(35 mg, 0.35 mol) was added, the suspension was sonicated for 25Ac-(D-Arg)e-Lys-NH,, HPLC: R, = 6.4 min. MALDI-TOF MS
min, and the solvents were removed under reduced pressure. Th€nmvz): 1125 [M + H]*. Ac-NH-(CH,)s-C(O)-(L-Arg)4-C(O)-NH-

residue was dissolved in,KOs; solution (0.6 mL), and after 1 h,
the product was precipitated by adding 10% KHS30lution until

(CHp)e-NHy, HPLC: R = 15.8 min. MALDI-TOF MS (W2): 897
[M + H]*. Amine-containing peptide an8 (1.3 equiv) were

pH was about 4. The residue was separated, washed with waterdissolved in DMSO and DIEA. The solution was stirred overnight
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and evaporated to dryness. The removal of the isopropylidene group (9) Ricouart, A.; Gesquiere, J. C.; Tartar, A.; Sergheraert, C. Design of

by TFA/H,O treatment (1 h) and purification by HPLC gave
products14—16.

Proteolytic Degradation. The proteolytic degradation experi-
ments were carried out by incubating the inhibitors (400) at
30 °C in fetal bovine serum or a phosphate buffered (40 mM, pH
= 7.2) solution of trypsin at various concentrations in a final volume
of 20 uL. The degradation was monitored by following the change
in the concentration of the starting material and Adc-bearing
degradation products by cation exchange chromatography with NaCl
gradient (0.6-1.0 M for10 min, with a flow rate of 1 mL/min) in
18% isopropanol/40 mM phosphate buffer, pH7.2. The absor-
bance was detected at 258 nM, and the collected fractions were
characterized by MALDI MS. Tryptic activity was measured
spectrophotometrically using BAEE as substrate.

Fluorometric TLC Kinase Assay. The IG5 values of the
inhibitors were measured as previously descritfethe inhibitors
in various concentrations were incubated af@0n Hepes buffer
(50 mM, pH= 7.5) containing cAPK @ (about 1 nM), TAMRA-
kemptide (10, 30 or 100M), ATP (100uM or 1 mM), magnesium
acetate (10 mM), and bovine serum albumin (0.2 mg/mL). ATP
was added last to initiate the phosphorylation reaction. At fixed
time points, the reaction was stopped by a 20-fold dilution with 75
mM phosphoric acid, and obtained solutions were analyzed by
normal-phase TLC (without fluorescence indicator, eluted with
1-butanol/pyridine/acetic acid/water, 15/10/12/12 by volume). The
visualization and quantification of the fluorescent spots were carried
out by fluorescence imaging. Data were processed with Graphpad
Prism software (version 4, GraphPad).
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