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Abstract

We have recently described a new class of dendsiméh tryptophan (Trp) on the surface that showldu
antiviral activities against HIV and EV71 enterasr The prototype compound of this family is a
pentaerythritol derivative with 12 Trps on the pbaery. Here we complete the structure-activity treteship
studies of this family to identify key features timight be significant for the antiviral activityVith this aim,
novel dendrimers containing different amino acidarofnatic and non-aromatic), tryptamine (a
“decarboxylated” analogue of Trp) ahdmethyl Trp on the periphery have been prepareddbeer withN-
Methyl Trp was the most active against HIV-1 an&/#2l while dendrimer with tyrosine was endowed witike
most potent antiviral activity against EV71. Thisasine dendrimer proved to inhibit a large parfeEy71
clinical isolates (belonging to different clustensthe low nanomolar/high picomolar range. In &ddi a new
synthetic procedure (convergent approach) has beeeloped for the synthesis of the prototyrel some
other dendrimers. This convergent approach provect rafficient (higher yields, easier purificatidhpan the

divergent approach previously reported.
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1. Introduction

Human immunodeficiency virus type 1 (HIV-1), theoligic agent of Acquired Immunodeficiency
Syndrome (AIDS), is an enveloped retrovirus withicglproteins gp120 and gp41 on its surface (Dumad et
2014; Terwilliger et al., 1990) while enteroviru§ A(EV71) theetiologic agent of hand-, foot- and mouth-
disease (HFMD), is &) RNA virus (genusEnterovirus family Picornaviridae)without envelope (Ng and
Kwang, 2015; Pourianfar and Grollo, 2015).

At present, more than 30 approved drugs or reginegist for the treatment of AIDS. These compounds,
which are administrated in the so-called Highly idetAnti-Retroviral Therapy (HAART) (Butera, 200Be
Clercq, 2009; Pomerantz and Horn, 2003; Volderding Deeks, 2010), are primarily focused on thel vira
enzymes integrase, reverse transcriptase and peoteBAART keeps the disease under control, however
often associated with the emergence of cross-aesi$ilV strains and side-effects (Dube and Sat2éd,0;
Gaardbo et al., 2012; Hawkins, 2010; Margolis et 2014; Rojas and Holguin, 2014). These limitation
highlight the need for new lead compounds and/ovehdherapeutic approaches to fight against HIV
transmission and infection (Barré-Sinoussi et2013; Flexner, 2007; Kumari and Singh, 2013; Tinébral.,
2014). In this respect, the entry of HIV into igsdet cells represents an attractive target fodéwelopment of
anti-AIDS therapy (Esté, 2003; Haggani and Tilt@013; Hertje et al., 2010; Kuritzkes, 2009; Singid a
Chauthe, 2011; Tilton and Doms, 2010; Wilen et 2012). In fact, drugs that interfere with thislgavent
may represent an advantage over other existingleetic approaches that target the viral enzymek as
reverse transcriptase or protease, as they may stroarkable efficacy against viruses resistanhése anti-
HIV inhibitors and prevent the uptake of the vitys uninfected CD4-positive cells. To date, only tdmigs
among this category have been approved by the [eDfyvirtide (T20) (Fletcher, 2003; Williams, 2003)36-
amino acid peptide that binds viral glycoproteiftggpand maraviroc (Gulick et al., 2008), a smallevale
CCR5-antagonist.

On the other hand, the therapeutic or prophylagsinorama for EV71 infection is more limited as no
approved drugs are available for EV71 treatmemnlate. As already mentioned, this virus is the egi agent
of hand-, foot- and mouth-disease (HFMD), a milddsyme that affects mostly children below 6 yedds o
(Chan, 2011). Unlike other HFMD-related enterovesiSEV71 also may cause severe neurological prablem
like aseptic meningitis and brainstem encephalitihjch may lead to cardiopulmonary failure and Heat
(Alexander, 1994; Luan Yin et al., 1999; McMinn,02). Patients with neurological syndromes oftenehav
permanent neurological sequelae, with delayed mewelopment, reduced cognitive function and padke-I
paralysis. Large EV71 outbreaks have been repdhiedighout the world but have been especially seirer

the Pacific region of Asia (Chang et al., 2007; Cle¢al., 2001). A very recent outbreak in Cataoidpain,



with 73 cases of enterovirus infection with neugital complications suggests that the epidemiokdgattern
of EV71 is going through a change also in EuropeNED, 2016; ECDC, 2016). Therefore, effective
antivirals are urgently needed for prophylaxisreatment of patients with severe EV71 infections.

We have recently reported that a new family of deners containing different central scaffolds and

multiple (9 to 18) tryptophans (Trp) on the periphevhose prototype is the pentaerythritol deriwatl (Fig.
1), inhibit HIV infection (Rivero-Buceta et al., 28) and also proved to be potent, specific andcte&e
inhibitors of EV71 (Rivero-Buceta et al., 2016).€Be compounds may inhibit an early step of thdaatple
cycles of both HIV and EV71, presumably virus enitrio its respective target cells. In the case bf,Hhe
inhibition is probably due to the interaction withe glycoproteins gp120 and gp41 of the viral stefahile
for EV71, the mechanism of action is still underdstigation (Rivero-Buceta et al., 2015, 2016).

Preliminary structure-activity relationship studfes EV71 and HIV on this family of dendrimers arery
similar and revealed that the absence of Trps ernp#riphery is detrimental for antiviral activitpdthat a
multivalent presentation of Trp is important forthvactivities, being 9-12 Trps sufficient for adtwv

Here we decided to extend the structure-activithatienship studies of this class of compounds. In
particular, three aspects have now been studiegl.fif$t one is the nature of the amino acid residoe the
periphery. This was assessed by replacing the dslue of the prototype by aromatic (phenylalardand
tyrosine) and non-aromatic (alanine) amino acide $econd one is the importance of the carboxgiid an
the periphery. This was elucidated by preparingdbrgesponding tryptamine derivative, a “decarbated”
analogue of the prototype. The third one is thedrtgnce of the NH of the indol moiety on the adjiviThis
was explored by usingl&Me analogue of Trp.

Finally, we were also interested in the developnuéran optimized synthetic procedure that wouldwall
an efficient multi-gram synthesis of the prototyfte needed for additional biological studies or mass
production. With this aim, an alternative synthepimcedure, based on a convergent approach, has bee

explored.

2. Materialsand methods

2.1. Synthesis
Commercial reagents and solvents were used asveec&iom the suppliers without further purification
unless otherwise stated. Dichloromethane was drigat to use by distillation from CagHand stored over

Linde type activated 4A molecular sieves.



Analytical thin-layer chromatography (TLC) was perhed on aluminum plates pre-coated with silica gel
60 (Fs4 0.25 mm). Products were visualized using an vitbtat lamp (254 nm) or by heating on a hot plate
(approx. 200 °C), directly or after treatment wath% solution of phosphomolybdic acid or vanillinethanol.

For reversed phase purification, a Biotage HPFQ@l{HPerformance Flash Chromatography) purification
system using water/acetonitrile (100:0 to 0:100g¢lagnt was used.

For HPLC analysis an Alliance 2695 (Waters) equippéth a PDA (Photo Diode Array) detector Waters
2996 was used. Acetonitrile was used as mobile gplawith 0.08% of formic acid, and water was used a
mobile phase B with 0.1% of formic acid at a floater of 1 mL-miit. Two different methods were used, one
on a XBridge G5 (2.1 x 100 mm, 3.5im) column with 5-80% of A, that will be noted ag¢ and the other on
a SunFire G (4.6 x 50 mm, 3.fum) column with 0-100% of A, that will be noted agjt All retention times
are quoted in minutes.

Melting points were measured on a Mettler Toledd are uncorrected.

NMR spectraH, **C NMR) were recorded on a 300 MHz (Varian Inova)38@d 500MHz (Varian System
500) spectrometers, using (§E50 and CBOD as solvents. Chemical shif) (values are reported in parts per
million (ppm) relative to tetramethylsilane (TM$)‘H and CDC} (5 = 77.0) in*C NMR. Coupling constant
(J values) are reported in hertz (Hz), and multiigsi of signals are indicated by the following syils
(singlet), d (doublet), m (multiplet), bs (broadgliet).

Mass spectra (MS) were registered in a quadrupakesrpectrometer 1100 Hewlett Packard equipped with
an electrospray source. HRMS was registered in gifert 1200 Series LC system (equipped with a lginar
pump, an autosampler, and a column oven) coupled 520 quadrupole-time of flight (QTOF) mass
spectrometer using an ESI interface working in gbsitive-ion and negative-ion mode. The instrumeas
from Agilent Technologies (Santa Clara, CA). THectospray voltage was set at 4.5 kV, the fragorent
voltage at 150 V and the drying gas temperaturd0@t°C. Nitrogen (99.5% purity) was used as nekeuliz
(207 kPa) and drying gas (6 L mih), while nitrogen of higher purity (99.999%) wased as the collision gas.
Data acquisition and processing were performedgugigilent Mass Hunter Workstation Acquisition Rev.
B.02.00 software.

Microanalyses were obtained with a Heraeus CHN-GQRRAInstrument.

The purity of final compounds was at least 95%. Phaty has been determined by high resolution mass
spectrometry (HRMS, “exact mass”) and reverse phHleC.

Details regarding the synthesis and characterizatifothe compounds can be found in the Supplementar

material.



2.2. Biological methods

2.2.1. Anti-HIV Activity Assay

The compounds were evaluated for their inhibitocyivity against HIV-1 (NL4.3) and HIV-2 (ROD)
infection in MT-4 cell cultures. Briefly, MT-4 call(1x10° cells/mL) were pre-incubated for 30 min at 37°C
with the test compounds in a 200 pl-96-well pldiext, NL4.3 virus was added at 100 CGf the viral
stock. The cytopathic effect was scored microsadlyic5 days post-infection, and the 50% effective

concentration (E§g) values were determined using the MTS method.

2.2.2. Surface Plasmon Resonance Experiments &uoaion of the binding of the compounds to gp186 a
gp41

Recombinant gp120 protein from the HIV-1 [IIB strglmmunoDiagnostics Inc., Woburn, MA) (produced
in cell cultures of chinese hamster ovary cellungs) and recombinant gp41 HIV-1(HxB2) (Acris Amtitles
GmbH, Herford, Germany) were covalently immobilizen the carboxymethylated dextran matrix of a CM5
sensor chip in 10 mM sodium acetate, pH 4.0, usiagdard amine coupling chemistry up to a finalsigrof,
respectively, 700 RUs and 580 RUs. All interact&indies were performed at 25 °C on a Biacore T200
instrument (GE Healthcare, Uppsala, Sweden). Thepooinds10 and 24 were diluted in HBS-P (10 mM
HEPES, 150 mM NacCl and 0,05% surfactant P20; pH, &aAd supplemented with 5% dimethyl sulfoxide
(DMSO, Merck) and 10 mM Gaat a concentration of 50 uM. Samples were injefie@ minutes at a flow
rate of 30 pl/min followed by a dissociation phas® minutes. The sensor chip surface was regesterath
an injection of 50 mM NaOH. A reference flow celasvused as a control for non-specific binding and
refractive index changes. Several buffer blanksewesed for double referencing. A DMSO concentration
series was included to eliminate the contributibD®ISO to the measured response. The binding &ffi )

was calculated fa24 based on the data obtained in the sensorgram.

2.2.3. Antiviral Activity against EV71

EV71 BrCr laboratory adapted strain and clinicablases representative of B genogroup (B2 sub-
genogroup: 11316; B5 sub-genogroup: TW/96016/08TaNd70902/08) and C genogroup (C2 sub-genogroup:
HO8300 461#812; C4 subegenogroup: TW/1956/05 and2#¥9/04) were used at a low multiplicity of
infection (MOI) in a standardized antiviral ass8yiefly, a serial dilution of the compounds was gaeed in
assay medium that was added to an empty micr@gewell-plate, after which the virus inoculum waklad

first, followed by a suspension of freshly harvdstkabdosarcoma (RD) cells (2*10™4 cells/well). WHhe



cells were settling to the bottom, the virus wdevegd to infect them in the presence of compourite assay
plates were incubated at 37 °C, 5%.,@@h virus inoculum and compounds until full viragxduced cell death
was observed in the untreated, infected contrels days post-infection). Subsequently, the antivifeect was
quantified using a colorimetric readout with 3-(ignethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)2-
sulfophenyl)-2H-tetrazolium/phenazine methosulfdd S/PMS method) and the concentration of compound
at which 50% inhibition of virus-induced cell deatlould be observed (&g was calculated from the antiviral
dose-response curves. A similar assay setup wask tosdetermine the adverse effect of the compound o
uninfected, treated cells for calculation of thesg(€oncentration of compound that reduces overdlihealth
with 50% as determined by the MTS/PMS method). @iefey index (SI) was calculated as the rationQiis,

to EG,.

3. Results and discussion

3.1. Chemistry

Firstly, the novel amino acid dendrimers were oi#di following the divergent approach previously
described forl (Rivero-Buceta et al , 2016). In this approach,ddimers were built starting from the central
core and growing towards the periphery. The comiaycavailable pentaerythritol scaffol@, that
incorporates four aminotriester (Behera's amingnbhed arms, has been chosen as central core (8djem
Deprotection of the-butyl protecting groups d, followed by condensation of the resulting polyda® with
the corresponding (OMe or OBnN) protected amino saagave intermediate$ (25%), 6 (15%) and8 (23%).
Saponification (OMe esters) or hydrogenation (OBstews) of the protecting ester moieties of these
intermediates afforded the final compourigis7 and 10, bearing twelve amino acids on the periphery, in
quantitative yields. This divergent approach repnés a short route in terms of synthetic steps. év@n the
high number of covalent bonds that should be semelbusly formed in the final coupling step (12)de#o
incomplete reactions and mixtures of dendrimer& wéry similar chromatographic properties that wesgy
difficult to purify. Particularly arduous was thgrghesis and purification of the triptamine derivatll that
was obtained in a very low yield (5%). In additidhe N-Me analogue of Trp could not be obtained by this
method. An alternative convergent approach was éxgiored. In this convergent approach, buildingcks,
called dendrons, are constructed first and thextkatd to the central core in the final step ofsyrghesis.

For the dendron construction, the commercially latée aminotriestet2 (Behera's amine) was selected as
the starting material (Scheme 2). First, the amgmoup in 12 was protected with the fluorenylmethyl

oxycarbonyl group (Fmoc) to afford intermedidt& (Carpino and Han, 1972; Karasugi et al., 20/3%).



Deprotection of the-butyl protecting groups df3 afforded dendrord4 (Carpino and Han, 1972; Karasugi et
al., 2012)in quantitative yield. Reaction df4 with H-Trp-OMeHCI in the presence of HATU as coupling
reagent and DIPEA as base gave intermedi&e(95%) whose subsequent Fmoc deprotection, using
piperidine, afforded dendrob8 (95%), with a reactive amino group as focal poirtis free amino group
enables further attachment 18, through the formation of amide bonds, to the @@ nientaerythritol scaffold

21 (Flores et al., 2014; Newkome and Weis, 1996) tordfintermediate?2. Finally, methyl ester deprotection
(LiIOH/H,0) of 22 afforded compound. in quantitative yield. Compared to the divergeppr@ach, the
convergent methodology considerably improves toealyield of dendrimet (20% versus 4%).

Next, and based on the good results of the conuergeproach, the same synthetic methodology was
applied for the synthesis of the tryptamitieand (NMe)Trp24 dendrimers, for which the divergent approach
gave poor results (in the case ) or even failed (in the case @#). In both cases the key dendron
intermediatel4 was reacted with Trp(NMe)-OMe or triptamine to gidendronslé (53%) and17 (67%),
respectively. Fmoc deprotection, followed by congliof the resulting intermediatel® and 20 with the
pentaerytritol derivative2l gave compound&3 (27%) and11l (16%). Methyl ester deprotection @8, as
described above (LIOHA®) gave24 in quantitative yield.

Thus, compared to the divergent approach, the e¢geué methodology improved considerably the global
yield of the tryptamine dendrimerl (16% versus 5%) and allowed the synthesi®dthat could not be
obtained by the divergent approach.

All the synthesized compounds were characterizeliHand**C NMR spectroscopies and HRMS.

3.2. Biological results
3.2.1. Anti-HIV activity of the test compounds

Dendrimers5, 7, 10, 11 and 24 were first evaluated for their inhibitory effectgaanst HIV-1 and HIV-2
replication in CD4 cell culture. Table 1 summarizkee results of this evaluation. The antiviral dafathe
prototypel, with Trps on the periphery, is also included agfarence, as well as dextran sulfate-5000 (DS-
5000), and pradimicin A. DS-5000 is a negativelargfed HIV adsorption inhibitor (Baba et al., 1988)
pradimicin A represents a gpl120 carbohydrate-bopdintry inhibitor (Balzarini et al., 2007). Thesentrol
compounds showed antiviral activities in the raagepreviously reporteBaba et al., 1988; Balzarini et al.,
2007).

Alanine 6) and phenylalanine7] dendrimers, with methyl and phenyl side chainspeetvely, were

inactive. However, tyrosine derivatii®, with a phenolic OH side chain, showed significanti-HIV activity.



It was three-fold less active against HIV-1, andadly active against HIV-2 than the prototypewith an indol
side chain. This result suggests that the natuthefide chain of the amino acid is very import@amtthe
activity and in particular, the indol moiety wasefarred over the phenolic moiety. Tryptamine ddixeall
was 19-fold less active than the prototypggainst HIV-1 showing the importance of the conitant presence
of the free COOHs for optimal activity.

Interestingly, the replacement of the indole moiggyanN-methyl indole moiety improved the activity of
compound24 versus the prototypg. This result suggests that the free indole-NHdas erucial for activity.
Dendrimer24 was also active against HIV-2 at subtoxic conegitns, but the inhibitory potential proved
inferior to HIV-1 inhibition, as also observed fdendrimerl0.

It should be emphasized that the activity showedbly compounds (EG = 1.7 - 6.4 uM), in the low
micromolar range, is very similar to that of pradim A (EC5, = 3.3 uM), the gp120 carbohydrate-binding
entry inhibitor (Balzarini et al., 2007) used asrol (Table 1). However, pradimicin A is a struetlly
complex molecule difficult to synthesize that hase obtained by fermentation. By contrast, ourddemers
are synthetic molecules easy to prepare and seitalshodification by conventional synthetic procesdu

In addition, our compounds have a precise stru@ncea well-defined composition because they haesm b
synthesized with complete control over the sizepshand surface functionalization. This is in cleamtrast
with those happen with other negatively charged HhMry inhibitors such as sulfated polysaccharides
which dextran sulfate-5000, that has been usedmatsdt, is a representative example (Baba et 8B8L. The
antiviral activities of these compounds vary depegcn the size (molecular weight) and density {gha
distribution) of the anionic groups (-Ogpresent on the molecules. For this reason, Wery difficult to
obtain standarized preparations of dextran sulfatesther sulfated polymers (De Clercq, 1995).adidition,
in certain systems, the sulfate groups (-@S@esent in these compounds can be subjected dmlygis
(release) by sulfatases (Balzarini and Van Damm@7Rresulting in inactivation of the compounds.

For all of these reasons and based on the synthatissibility, well defined molecular structureggence
of COOH instead of —OS{and relatively moderate Molecular Weight3000 Davs 5000 to 500,000 Da of
dextran sulfates) the therapeutic possibilitie®wf compounds might be broader than those of desufate

or pradimicin, that have been used as control comg@® in the present study.

3.2.2. SPR interaction experiments frand24 with HIV-1 gp120 and gp41
SPR experiments performed with the most active @amgs,10 and24, revealed that they dose-dependently

interact with the glycoproteins gp120 and gp4lhaf HIV envelope (Fig. 2). In this respect, the Wifoetter



anti-HIV-1 activity of compoun®4 versus10 correlated with thél 7-fold higher binding amplitude &4 to
HIV-1 gp120 and gp41 thato.

The Ky value (affinity constant) of the most potent HI\Mrthibitor 24 (ECsy: 1.7 uM) was determined by
SPR analysis and compared with thge Walue of the prototype compoudd(ECsy: 2.2 pM) that had earlier
been determined (Rivero-Buceta, personal commuaigatWheread had a Kk of 6.7 uM for HIV-1 gp120
and 18 uM for HIV-1 gp4124 proved somewhat superior §K1.53 pM for HIV-1 gp12@ersus3.40 uM for
HIV-1 gp41) (Fig. 3). Thus, both and24 were endowed with comparable anti-HIV-1 activitydell culture,
and with pronounced affinities against glycosylat#-1 gp120 and gp41l proteins. In this respeatytivere
equally inhibitory against HIV-1 as the non-peptidiarbohydrate-binding antibiotic pradimicin S haligh
pradimicin S has al5-fold higher affinity for HIV-1 gp120 tha®4 (Balzarini et al., 2007). It should be kept in
mind that different affinities of and24 for HIV-1 gp120 can be explained by differentiaieractions of these

compounds with the different glycan types that@esent on HIV-1 gp120.

3.2.3.Anti-EV71activity of the test compounds

The new synthesized compounds were also evaluatedhéir inhibitory effects against EV7ih vitro.
Tryptophan prototypd was included in the assay together with pirodaaipotent EV71 capsid binder, as
reference compounds (Tijsma et al., 2014; Andried.e1992).

In particular, dendrimers, 7, 10, 11 and24 were evaluated for selective antiviral activityOgg) against the
BrCr laboratory-adapted strain of EV71 in a celédéd assay on rhabdomyosarcoma (RD) cells, which are
known for their high susceptibility to EV71-inducedll death (Yamayoshi et al., 2009). Cell viabi{€Cs)
was also assessed in a similar setup with comptieatied, uninfected cells. Overall, with a rangectivity
0.4-7.2 uM, the dendrimers showed a better antigictivity against EV71 BrCr than HIV (range of iadly:
1.7-45 uM) (Table 2).

Interestingly, the SAR for EV71 revealed a simpaofile to that observed for HIV. The tyrosine deittive
10 and theN-Me indole24 showed thévest antiviral activity against EV71. However, caupd24 was three-
fold less active than the prototype whereas it aasactive as the prototype against HIV. The tryjaam
derivativell proved inactive similarly to HIV, indicating theportance of the negative (carboxyl) charges in

the molecule as a concomitant prerequisite fovaatiactivity.
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The most active compoundK) and24, were evaluated in virus-cell-based assays agaipahel of EV71
clinical isolates representative for the differésub)genogroups (A, B2, B5, C2 and C4) (Table mn@ound
1 was included as reference.

Similar to the results found for the Trp prototybdEC;, values ranging between 0.2 nM and 1.1 nM)
(Rivero-Buceta el al., 2016), the tyrosine analogi@énhibited the replication of all EV71 strains, wib0%
effective concentrations (EE) in the low-nanomolar/high-picomolar range (Qranging between 0.7 nM
and 6.7 nM). A remarkably lower activity was obsavfor theN-Me indole compoun@4. Nonetheless, it
achieved full inhibition of all three genogroupstiwEG, values ranging between 51 nM and 180 nM. This
result clearly demonstrated that the presence dfdphilic groups (NH, OH) on the aromatic ring bétside
chain of the amino acid is beneficial for anti-EVadtivity.

Interestingly, as previously reportédivero-Buceta et al., 2016), the selected dendricoenpounds were
more potent inhibitor of clinical EV71 isolates thtne BrCr laboratory strain (Table 3). Such aedghce was
not observed when cells were treated with Pirod@ata not shown). This finding suggests that demehs
may act with a different mechanism than Pirodawirbtock EV71 entry (Tijsma et al., 2014). Further
investigations are currently ongoing to determheermode of action of dendrimers.

To determine at which stage of the virus replicgatigcle the compounds act, a time-of-drug-additiardy
was performed with the most active). In this experiment the capsid binder pirodavid dhe 3C protease
inhibitor rupintrivir were used as reference commasi (Fig. 4) (Thibaut et al., 2011; Tijsma et a014).
Similar to the results found for pirodavir and fhrtotypel (Rivero-Buceta el al., 2016), clear inhibition of
virus replication was observed only when the drag &dded during or before infection. Compoafdiike 1
and pirodavir, lost its activity when added aftee infection period. This correlates with the olba#on that
the compounds inhibit HIV entry. The viral 3C prage inhibitor, rupintrivir, lost its activity wheadded 6 or 7

h after infection, which is in line with its mechsm of action.

4. Conclusions

Starting froml as prototype, novel dendrimers containing diffessomatic and non-aromatic amino acids,
tryptamine (a “decarboxylated” analogue of Trp) &htMethyl Trp on the periphery have been synthesized.
new synthetic procedure (convergent approach) baa bdeveloped for the obtention of these compoands
the prototypel. This convergent approach proved to be more efficfhigher yields, easier purifications) than
the divergent approach and was crucial for the hsgis of dendrimers whose synthesis either proved

inefficient (triptamine) or failedN-Methyl Trp) when the divergent approach was used.
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Aromatic amino acids Trp (present on the prototypeand Tyr (present oh0), with their respective indol
and phenol moieties and free COOHs, are requiredrf-HIV and anti-EV71 activity. Tryptamine deaitive
11 was 19-fold less active against HIV than the pgge 1 and inactive against EV71, thus showing the
importance of the COOHs for activity. Dendring#; with N- Methyl Trp on the periphery, was slightly more
active against HIV-1 and HIV-2 than the prototypéiich suggests that the NH of the indole moietyds
crucial for HIV activity. However, dendrimet4 was three-fold less active than the prototype resjetV71,
suggesting that for the anti-enteroviral activityis NH is important since it may probably be inxed in a
hydrogen bond with its corresponding binding sendrimer10, with tyrosine, was endowed with the most
potent antiviral activity against EV71. This compdurepresents a novel low-nanomolar inhibitor of th
clinical isolates of enterovirus A71 while dendrin2d, with N-Methyl Trp, was the most active against HIV-1.

In conclusion we report herein a family of dendnimmevith dual action against HIV and EV71 that deser
further studies and development. The ability ofstheompounds to act early in the HIV replicativeley
before HIV enters the host cell, makes them idaatiates for use as microbicides, compounds ichwvxist
a great interest, especially in developing coustrighere live more than 90% of HIV-infected peopitose
access to the conventional anti-HIV therapies efdbveloped world are very limited (WHO, 2016; UNDS,
2016). On the other hand, and because this classotd#cules show extremely high potency againsticzin
isolates of EV71, they may be of significant ingréor future therapeutic/prophylactic strategigaiast this

virus.
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Table 1. Anti-HIV activity of the selected group of compownd

ECso’ (M) ECso” (M) b MW*
Compound HIV-1 Hivez | CCo M) | o
> >100 >100 >100 2194.25
7 >28 >28 28 3287.58
10 64+1.4 20+ 15 >100 3299.40
11
45 77 >100 3047.72
24 17+00 | 7.3%28 >100 3744.15
1 23:03 | 22z28 >100 3575.84
DS-5000 0.070.02 | 0.03%0.01 >20 ~ 5000
Pradimicin A 33+1.2 59+37 >100 842.80

Data are the mean + S.D. of at least 2 to 3 inddg&nexperiments
250% Effective concentration, or the concentratiequired to inhibit HIV-induced cytopathicity by 50%

P50% Cytostatic concentration, or the compound comation required to inhibit CD4 T cell proliferati by 50%

“Molecular weight of the molecules expressed as b/mo

Table 2. Antiviral activity of dendrimers against the Br@bl strain of EV71 in RD cells

ECs™(uM) | ECos’(uM) | CCso’ (uM) Sl
Compound EV71 EV71
5 >46 >46 ND ND
7 7.2+0.2 >10 >32 >4
10 0.4+0.1 0.7 +0.4 >30 78
11 >33 >33 ND ND
24 36+1.1 5.3+0.9 >27 75
1 0.3+0.1 05+0.1 >100
Pir odavir 0.3+0.] 0.6 £0.: >54

ND = Not Determined

All values are in micromolaruM) and are a summary of multiple dose-responseesu(®2) in multiple independent (>1)

experiments.

CGCs = concentration of compound at which a 50% reduci cell viability is observed; BEg= concentration of compound at
which the virus-induced cytopathic effect is rediiby 50%; S| = selectivity index (GEECso).
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Table 3. Evaluation of the broad-spectrum antiviral effeEtcompoundslO and24 against a representative

panel of clinical EV71 isolates in RD cells

EV71 Virusstrain ECs (NM)?
Genogroup 1 10 24

A BrCr 285 + 70 390 + 140 3560 + 162(

B2 11316 0.4+0.0 6.7+3.2 160 + 10

B5 TW/96016/08 | 0.2+0.0 0.7+0.1 51+ 18
TW/70902/08 02+0.1 1.0+0.3 66 + 11

c2 HO8300 461#812| 11 +0.3 2.0 +0.4 180 + 10

C4 TW/1956/05 02+0.2 03+0.2 58 + 6
TW/2429/04 0.3+0.2 0.4+0.1 59 + 18

& All values are in nanomolar (nM) and are obtaiimenhultiple (>2) independent (>1) experiments.
Following microscopic quality control, at leastate concentration of compound, no virus-induced dehth was
observed and the compound did not cause an adeffest on the host cell or monolayer morphology.
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Novel dendrimers containing different amino acids on the periphery have been
synthesized.

These compounds have dual action against HIV and EV71.

Tyrosine dendrimer is the most potent against EV71 while dendrimer with N-methyl
Trp is the most potent against HIV-1.

Dendrimer with tyrosine is an extremely highly potent inhibitor of clinical EV71 isolates
(nanoMolar-picoMolar potency).

Presence of hydrophilic groups (NH, OH) on the aromatic ring of the amino acid is
beneficial for anti-EV71 activity.





