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EXPERIMENTAL SECTION

D) Synthesis

Synthesis of N-phthaloyldehydroabietylamine (27).

o |i|
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Adapted from Malkowsky and co-workers.! (+)-Dehydroabietylamine 3 (ca. 60% aldrich, 20 g,
ca. 42 mmol) was dissolved in pyridine (90 mL) and phthalic anhydride (24,88 g, 168 mmol, 4
equiv.) was added at rt. The reaction mixture was heated at reflux (in a heating block with hot plate
at 135 °C) and stirring at 400 rpm for 4 h. After cooling at rt, the mixture was poured onto a beaker
with cold water (300 mL) and was extracted with diethyl ether (100 mL and 2 x 80 mL). The
combined organic phases were washed with 10% aq. HC1 (2 x 80 mL), H>O (2 x 50 mL) and brine
(50 mL), dried (MgSO4) under stirring overnight. Next day, the extract was filtered and
concentrated to give 31.5 g of pale yellow oil, which could not be induced to crystallize with
absolute EtOH. Then, the crude was chromatographed on silica (ca. 200 g) eluting with n-hexane-
EtOAc (9:1) to give 24.9 g of phthalimide 27 as a yellowish semisolid, which had 'H and '*C NMR
data in agreement with those reported' and showing some unidentified minor impurities, which do
not affect next step: 'H NMR (400 MHz) 6 7.82-7.80 (2H, m), 7.70-7.68 (2H, m), 7.12 (1H, d, J
=8.0), 6.95 (1H, dd, J = 8.0, 2.0), 6.91 (1H, d, J = 2.0), 3.68 (1H, d, J = 13.6), 3.51 (1H, d, J =
13.6),3.04-2.97 (2H, m), 2.81 (1H, sept., J=6.8),2.27-2.22 (2H, m), 1.80-1.25 (7H, m), 1.23 (3H,
d, J=6.8), 1.21 (6H, d, J = 6.8), 1.06 (3H, s); '*C NMR (100 MHz) & 2 x 169.3 (s), 147.2 (s),

145.5 (s), 135.0 (s), 2 x 133.9 (d), 132.0 (s), 127.0 (d), 123.8 (d), 123.7 (d), 2 x 123.2 (d), 48.9
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(t), 45.1 (d), 39.4 (s), 38.1 (t), 37.6 (s), 36.9 (t), 33.4 (d), 30.1 (¢), 25.9 (q), 24.0 (q), 23.9 (q), 19.4

(1), 19.1 (q), 18.5 (t); HRMS (ESI) m/z 438.2463 [M+ Na]", calcd for C23H33NO>Na: 438.24009.
Attempt of obtaining 27 in AcOH as solvent instead of pyridine:

A mixture of (+)-Dehydroabietylamine 3 (ca. 90% TCI Europe, 2.0 g, ca. 7 mmol) and phthalic
anhydride (4,0 g, 28 mmol, 4 equiv.) was suspended in glacial acetic acid (15 mL) and heated at
reflux (in a heating block with hot plate at 135 °C) and for 4 h. After cooling at rt overnight, ice
and water and diethyl ether (10 mL) were added and the mixture was extracted with diethyl ether
(3 x 15 mL). The combined organic phases were washed with saturated aq. NaHCO3 (30 mL + 2
x 10 mL), H2O (1 x 10 mL) and brine (10 mL), dried (MgS0O4) and concentrated to give 3.4 g of
pale semisolid. Then, the crude was chromatographed on silica eluting with n-hexane-EtOAc (9:1)
to give 2.15 g of phthalimide 27 as a yellowish semisolid (74%), which had 'H and '*C NMR data

in agreement with those reported.’

Synthesis of 12-acetyl-N-phthaloyldehydroabietylamine (28).

28

Adapted from Malkowsky and co-workers.! A solution of compound 27 from previous step (24.9
g, ca. 42 mmol) in DCM (300 mL) was cooled in an ice-bath and AcCl (10.45 mL, 11.53 g, 147
mmol, 3.5 equiv.) was added followed by AICl3 (16.8 g, 126 mmol, 3.0 equiv.). The reaction

mixture became from yellowish to dark brown and stirred for 20 min. Then, the ice-bath was
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removed and the reaction was stirred for 29 h at rt. After this time, the resulting brownish-red
solution was cooled in an ice-bath and quenched dropwise in a beaker with saturated aq. NaHCO3
(100 mL) (Gas evolution!). The mixture was poured onto saturated aq. NaHCO; (200 mL) ina 1L
separation funnel and the phases were separated. Care must be taken with continuous opening of
the tap of the funnel to avoid CO> pressure. The aqueous phase was extracted with DCM (2 x 100
mL). The combined organic phases were washed with HO (100 mL) and brine (50 mL), dried
(MgSOs4) under stirring overnight. Next day, the extract was filtered and concentrated to give 29.2
g of yellowish brown semi-solid which was crystallized with EtOH (90 mL) overnight. The
resulting greenish solid was filtered off under vacuum and washed with cold EtOH (60 mL) and
dried under vacuum to give 16.1 g of acetyl derivative 28 as a pale greenish solid (84%, two steps),
which had 'H and '*C NMR data in agreement with those reported.! From the mother liquor were
recovered, after chromatography on silica eluting with n-hexane-EtOAc (8:2), additional 4.8 g of
product as a yellow solid. '"H NMR (300 MHz) § 7.83-7.80 (2H, m), 7.71-7.68 (2H, m), 7.35 (1H,
s), 7.07 (1H, s), 3.69 (1H, d, J = 13.8), 3.50 (1H, d, J = 13.8), 3.45 (1H, sept., J = 6.9), 3.02-2.99
(2H, m), 2.51 (3H, s), 2.28-2.23 (2H, m), 1.85-1.30 (7H, m), 1.23 (3H, s), 1.21 3H, d, J = 6.9),
1.18 (3H, d, J = 6.9), 1.07 (3H, s); *C NMR (100 MHz) & 203.3 (s), 2 x 169.3 (s), 146.9 (s),
144.8 (s), 139.2 (s), 136.1 (s), 2 x 133.9 (d), 132.0 (s), 127.1 (d), 124.1 (d), 2 x 123.2 (d), 48.7 (1),
44.9 (d), 39.4 (s), 38.0 (t), 37.5 (s), 36.8 (1), 30.4 (q), 30.1 (1), 28.6 (d), 25.8 (q), 24.2 (q), 24.1 (q),
19.2 (t), 19.1 (q), 18.4 (t); HRMS (ESI) m/z 480.0443 [M+ Na]", calcd for C3H3sNOsNa:

480.2515.
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Synthesis of 12-acetoxy-N-phthaloyldehydroabietylamine (29).

29

Adapted from Malkowsky and co-workers.! Compound 28 (20.7 g, 45.7 mmol) and meta-
chloroperbenzoic acid (MCPBA, 27.3 g, 118.9 mmol, 2.6 equiv.) were dissolved in DCM (125
mL) and cooled in an ice-bath. Then, trifluoroacetic acid (3.5 mL, 5.2 g, 45.7 mmol, 1.0 equiv.)
was added dropwise and the mixture was stirred for 20 min. before allowed to warm to rt and
stirring continued for 23h. Next day, the reaction mixture was diluted with DCM (80 mL) and
quenched with 10% aq. Na;SOs (120 mL). Phases were separated in a 1L separation funnel and
the aqueous phase was extracted with DCM (60 mL). The combined organic phases were washed
with H,0 (100 mL + 10 mL of brine), 50% saturated aq. NaHCO3 (2 x 125 mL), and brine (100
mL), dried over MgSO4 under stirring for 30 min., filtered and concentrated to give a crude of 23
g as a pale oil. The crude was chromatographed on silica eluting with n-hexane-EtOAc (7:3) to
give 16.9 g (80%) of acetate 29 as a yellow foam, which had 'H and '*C NMR data in agreement
with those reported:! 'TH NMR (400 MHz) & 7.83-7.80 (2H, m), 7.71-7.68 (2H, m), 6.96 (1H, s),
6.77 (1H, s), 3.69 (1H, d, J=13.6), 3.48 (1H, d, J=13.8), 2.98-2.95 (2H, m), 2.89 (1H, sept., J =
6.8), 2.28 (3H, s), 2.28 (1H, m), 2.11 (1H, br d, J = 12.8), 1.85-1.30 (7H, m), 1.22 (3H, s), 1.18
(3H, d,J=6.8), 1.15(3H, d, J=6.9), 1.05 (3H, s); *C NMR (100 MHz) & 170.0 (s), 2 x 169.3
(s), 148.4 (s), 145.9 (s), 136.7 (s), 2 x 133.9 (d), 133.2 (s), 132.0 (s), 127.1 (d), 2 x 123.2 (d), 117.5

(d), 48.7 (1), 44.5 (d), 39.4 (s), 38.0 (1), 37.5 (), 36.8 (t), 29.5 (t), 27.1 (d), 25.8 (q), 23.0 (q), 22.9
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(@), 20.9 (q), 19.3 (t), 19.2 (q), 18.4 (t); HRMS (ESI) m/z 496.0274 [M+ Na], caled for

C30H35sNO4Na: 496.2464.

Synthesis of 12-hydroxy-N-phthaloyldehydroabietylamine or 18-(Phthalimid-2-yl)ferruginol (6).

Compound 29 (10.8 g, 22.8 mmol) was dissolved in DCM (80 mL) and absolute MeOH (80 mL).
Then, K2CO3 (15.8 g, 114.2 mmol, 5.0 equiv.) was added in portions under continuous stirring at
rt and the heterogeneous yellow mixture became reddish-brown. After 2.5h, monitored by TLC
(eluted twice with n-hexane-EtOAc (8:2)), the mixture was filtered under vacuum in a sintered or
Biichner funnel and the solid washed with DCM (60 mL + 20 mL). Then, the filtrate was acidified
with 10% aq. HCI (ca. 10 mL) until a colour change to yellow was observed and pH= 1-2. The
solution was washed with brine (40 mL) which was re-extracted with additional 20 mL of DCM.
The combined organic phases were dried over MgSO4 under stirring overnight. Next day, it was
filtered and concentrated to give a crude of 9.6 g as a yellow solid. The crude was chromatographed
on silica eluting with n-hexane-EtOAc (7:3) to give 8.94 g (90%) of phenol 6 as a yellow foam,
which had 'H and '*C NMR, and specific optical rotation ([a]**p —31.4 (¢ 0.7, DCM) data in
agreement with those reported:' '"H NMR (400 MHz) § 7.82-7.80 (2H, m), 7.70-7.68 (2H, m),
6.86 (1H, s), 6.59 (1H, s), 4.59 (1H, br s), 3.67 (1H, d, /= 14.0), 3.50 (1H, d, J = 14.0), 3.09 (1H,
sept., J=6.8),2.93-2.90 (2H, m), 2.25-2.21 (1H, m), 2.12 (1H, br d, J=12.8), 1.83 (1H, m), 1.73-

1.61 (3H, m), 1.51-1.48 (1H, m), 1.38-1.25 (2H, s), 1.23 (3H, d, /= 6.8), 1.21 (3H, d, J = 6.8),
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1.21 (3H, s), 1.04 (3H, s); '3C NMR (100 MHz) & 2 x 169.3 (s), 150.7 (s), 148.2 (s), 2 x 133.9
(d), 132.0 (s), 131.6 (s), 127.2 (s), 126.8 (d), 2 x 123.2 (d), 110.5 (d), 48.9 (t), 45.2 (d), 39.4 (s),
38.1 (1), 37.5 (s), 36.9 (1), 29.3 (), 26.8 (d), 25.7 (q), 22.7 (q), 22.6 (q), 19.5 (1), 19.1 (q), 18.5 (¢);
HRMS (ESI) m/z 454.0478 [M+ Na]*, calcd for C,sH33NOsNa: 454.2358. Anal. calcd. for

C2sH33NOs: C, 77.9; H, 7.7; N, 3.2. Found: C, 77.6; H, 7.8; N, 3.1.

Synthesis of (+)-ferruginol (5).

Adapted from Gonzéilez and Perez-Guaita, 2012.? 12-Hydroxydehydroabietylamine (103 mg, 0.34
mmol) is dissolved in 2.5 M NaOH (0.7 mL) and ethanol (1 mL) and cooled to 0 °C. Then,
hydroxylamine O-sulfonic acid (HOS 97%, 75 mg, 0.66 mmol, 2 equiv.) is added. After stirring
for 20 min, additional 2.5 M NaOH (0.3 mL) and ethanol (0.3 mL) were added followed by 60 mg
(1.5 equiv.) of additional HOS and the mixture was allowed to warm to rt. After 3h 30 min,
additional HOS (100 mg, 0.88 mmol, 2.6 equiv.) were added and stirring continued overnight.
After 24h, additional 2.5 M NaOH (0.3 mL) and HOS (67 mg, 0.60 mmol, 1.7 equiv.) were added
and 3h later, the basic solution was neutralized with concentrated 10% aqueous HCI (ca. 0.8 mL)
dropwise, diluted with ethyl acetate (15 mL) and washed with brine, dried and concentrated. The
resulting residue (115 mg, pale semisolid) was chromatographed, dissolving it with eluent and
some drops of ethyl acetate, on silica eluting with n-hexane-ethyl acetate 8:2 to give 62 mg (63%)
of the desired compound 5 as a pale oil, which had 'H and '*C NMR data in agreement with those

reported:> '"H NMR (400 MHz) & 6.84 (1H, s), 6.64 (1H, s), 3.12 (1H, sept., J = 6.8), 2.89-2.75
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(2H, m), 2.16 (1H, m), 1.89-1.84 (1H, m), 1.75-1.57 (3H, m), 1.47 (1H, m), 1.41-1.31 (2H, m),
1.24 (6H, d, J = 6.0), 1.18 (3H, s), 0.95 (3H, s), 0.93 (3H, s); *C NMR (75 MHz) & 150.6 (s),
148.6 (s), 131.5 (s), 127.2 (s), 126.5 (d), 111.0 (d), 50.3 (d), 41.7 (t), 38.8 (t), 37.4 (s), 33.4 (s),
33.3(q), 29.7 (t), 26.7 (d), 24.7 (q), 22.7 (q), 22.6 (q), 21.6 (q), 19.3 (1), 19.2 (t); HRMS (ESI) m/z
287.2369 [M+H]", calcd for Cy0H310: 287.2375. Anal. calcd. for C20H300: C, 83.9; H, 10.6.

Found: C, 83.6; H, 10.2.

1) Biological assays

Reagents and compounds

Dulbecco's Modified Eagle's Medium (DMEM), L-glutamine, non-essential amino acids and
minimum essential medium vitamin solution, NaHCO3, carboxymethylcellulose sodium salt
medium viscosity (CMC) and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT) were obtained from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA). Fetal bovine
serum (FBS) and penicillin/streptomycin were purchased from Invitrogen Life Technologies
(Carlsbad, CA, USA). Ribavirin was obtained from Calbiochem (La Jolla, CA, USA). 18-
(Phthalimide-2-yl) ferruginol, ferruginol and Ribavirin stock solutions were prepared in dimethyl

sulfoxide (DMSO, Sigma, Cream Ridge, NJ, USA) to be evaluated immediately.

Cell culture and viruses

Vero-E6 cells (African green monkey kidney-Cercopithecus aethiops, ATCC CRL- 1586), Vero
cells (African green monkey kidney-Cercopithecus aethiops, ATCC: CCL 81 line), BHK-21 cells
(Baby hamster kidney fibroblasts - Mesocricetus auratus, ATCC CCL-10) and C6/36HT cells
(Aedes albopictus, ATCC CRL-1660) were maintained in Dulbecco’s Modified Eagle’s Medium
(DMEM) supplemented with 5% of inactivated fetal bovine serum (FBS) (10% in the case of

C6/36HT cells), 100 units/mL of penicillin, 100 mg/mL of streptomycin, 100 mg/mL of L-
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glutamine, 0.14% NaHCOs, and 1% of each non-essential amino acids and minimum essential
medium vitamin solution (choline chloride, D-calcium pantothenate, folic acid, nicotinamide,
pyridoxal hydrochloride, riboflavin, thiamine hydrochloride and i-inositol). Vero CCL-81, Vero
E6 and BHK-21 cells were incubated at 37 °C in humidified 5% CO, atmosphere and C6/36 HT

at 34 °C in humidified 5% CO> atmosphere.

Zika virus 459148 (clinical isolate, Zika virus 459148 Meta Colombia 2016/GenBank-
MH544701.2) and CHIKV was donated by Virology Group / “Direccion de Redes en Salud
Publica” (Instituto Nacional de Salud, Bogota, DC, Colombia). Its characterization was described
by Laiton-Donato et al., 2019.> Zika virus COL345Si (isolate from mosquitoes in Sucre,
Colombia/GenBank- MH179341.1) was donated by Immunology Group/ Facultad de Medicina,
Universidad de Antioquia, Colombia. Viruses stock were produced and titrated in Vero-E6 cells

for ZIKV and Vero for CHIKYV using the technique plaque assay.

Human Alphaherpesvirus type 1 (HHV-1, 29R strain) was purchased from the Center for Disease
Control. HHV-1 was amplified in Vero cells (African Green monkey kidney-Cercopithecus
aethiops, ATCC CCL-81 line). Virus stocks were titrated in Vero E6 cells (African Green monkey
kidney-Cercopithecus aethiops, ATCC CRL- 1586) by plaque assay and expressed as plaque
forming units (PFU/mL). Dengue virus type 2 (DENV-2 New Guinea strain) was donated by Maria
Elena Pefiaranda and Eva Harris (Sustainable Sciences Institute and the University of California
at Berkeley). The virus was amplified in C6/36HT cells (dedes albopictus, ATCC CRL-1660) and
titrated in BHK-21 cells (Baby hamster kidney fibroblasts - Mesocricetus auratus, ATCC CCL-

10).
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End-point titration technique (EPTT).

The technique EPTT (Vlietinck et al., 1995),* with few modifications was used. The unit used in
the technique EPTT for CHIKV and HHV-1 was one TCDIso, that means the dilution of the virus
required to obtained 50% lytic effect of the cellular culture in each well in 100 pL of viral
suspension (TCDIs¢/0.1mL) in 72h of infection. For ZIKV and DENV-2, the term TCDIso was
used to describe the dilution of the virus required to obtained 50% cytopathic effect of the culture
also in 72 h of infection. For all four viruses, confluent monolayer Vero-E6 were grown in 96-well
flat-bottomed plates (2.0 x 10° cells/well), at 37 °C in humidified 5% CO atmosphere. After 24h
of incubation two-fold dilutions of the compounds were prepared in Dulbecco’s Modified Eagle’s
Medium (DMEM) supplemented with 100 units/mL of penicillin, 100 mg/mL of streptomycin,
100 mg/mL of L-glutamine, 0.14% NaHCOs, and 1% of each non-essential amino acids and
minimum essential medium vitamin solution (maintenance medium, identical to growth medium
except the FBS). Then, viral suspension (10TCDIso)/compound mixture (1/1 v/v) in DMEM with
2% FBS supplemented containing carboxymethyl cellulose (CMC) to 0.5% were incubated for 15
min at room temperature and 100 uL added on each well. Compounds were evaluated finally in
well at concentrations of 3.1 to 25 pg/mL. Three independent experiments by duplicated for each
viral serotype and each concentration were carried out. Controls were included: untreated cells,
cells treated with compounds and cells infected with each viral type. The concentration of DMSO
in assays was of 0.05% and cellular controls with DMSO at 0.05% were used. Positive controls
included: Acyclovir (A), Ribavirin (R), Heparin (H) and Dextran Sulfate (DS). After 72 h of
incubation at 37° C in humidified 5% CO; atmosphere, the cell monolayers were stained with a
solution of 3.5% formaldehyde with 0.2% crystal violet and cytopathic effect (CPE) was observed
under inverted microscope. The reduction in virus titer was determined as the Rf of the virus titer,

i.e., the ratio of the virus titer in the absence over virus titer in the presence of the compound of
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each concentration tested for HHV-1 and CHIKV viruses. According to the parameters established
by Vlietinck et al. (1995),* a relevant antiviral activity of a purified natural product is one whose
reduction factor (Rf) of viral titer is 10%. This parameter was used in our study. The cytopathic
effect caused ZIKV and DENV-2 was defined as the change in the cellular morphology of the
infected monolayer in 72 h with respect to uninfected cells control and it was evaluated
qualitatively. A cross (+) was determined for a weak protective effect, and two crosses (++) for a

protective effect more than 50% of the monolayer.

Plaque reduction assay.

The (positive) qualitative evaluation (++) of the primary antiviral screening (EPTT) for DENV-2
and ZIKA viruses was confirmed by the plaque-forming unit technique (PFU) or Plaque reduction
assay, using the same protocol of simultaneous addition of compound and virus as described
above; but this time in 48- well plates. Briefly, Vero-E6 or BHK-21 were grown in 48-well flat-
bottomed plates (1.0 x 10* cells/well in 200 uL), at 37° C in 5% CO> humidified atmosphere. After
24h of incubation two-fold dilutions (12.4 to 100 pg/mL) of the compounds were prepared in
Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented. Then, viral suspension (300
PFU)/compound mixture (1/1 v/v) in DMEM with 2% FBS supplemented containing
carboxymethyl cellulose (CMC) to 1.0 % were incubated for 15 min at room temperature and 200
puL added on each well. After 72 hours for ZIK virus (Vero-E6 cells) or six days for DENV virus
(BHK-21 cells) fixation and staining were performed, as previously described above. Viral plaque
counting was performed in 3 independent assays for duplicated to determine the inhibition of

plaques formation in percentages (%) with respect to untreated infected control.
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Post-infection Stage Evaluation Assay.

Compounds 6, 14, 18b and 24 were evaluated during post-infection stage. Briefly, 2.5 x 10*
cells/well of Vero-E6 cell for anti- Zika and CHIKV assays and BHK-21 cells for anti-DENV-2
assay were grown in 24-well flat-bottomed plates in 250 puL of Dulbecco’s Modified Eagle’s
Medium (DMEM) supplemented with 5% of inactivated fetal bovine serum (FBS), 100 units/mL
of penicillin, 100 mg/mL of streptomycin, 100 mg/mL of L-glutamine, 0.14% NaHCOs3, and 1%
of each non-essential amino acids and minimum essential medium vitamin solution. After 24 h of
incubation at 37 °C in humidified 5% CO, atmosphere, the plates were infected with the virus
CHIK, DENV-2, ZIKA COL345Si or ZIKV 459148 at MOI= 1 and incubated for 2 h. Then, the
wells were washed with PBS and two fold dilutions of the compounds were added in DMEM
supplemented with 2% FBS containing carboxymethyl cellulose (CMC) to 1.5%. Controls were
included: untreated cells, cells treated with compounds and cells infected with each viral type. The
concentration of DMSO in assays was of 0.05% and cellular controls with DMSO at 0.05% were
used. For each assay described here, the Ribavirin, was used as a positive control at concentrations
of 20- 160 uM and the compounds were evaluated finally in well at non- cytotoxic concentrations
of 3.1 to 25 uM. Finally, after 6 days of incubation for Zika COL345S1 and DENV-2 virus, and 72
h for Zika 459148 and CHIK virus; fixation and staining were performed, as previously described
for the plaque forming unit (PFU) assay. Viral plaque counting was performed in 3 independent
assays to determine the inhibition of plaque formation. The effective concentration (ECso) was
defined as the concentration that reduces viral plaques by 50%, and graphically determined from

the corresponding concentration-response curve.

The antiviral effect of the most effective compound por Zika was confirmed with other viral strain

(ZIKA/Col, isolated from serum from a patient infected during the 2015 epidemic in Colombia®
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by quantification of infectious viral particles in supernatants; and genome and viral protein in

monolayers obtained from cells treated in a post-infection stage evaluation assay with that strain.®

Quantification of infectious viral particles by plaque assay

Serial dilutions of the supernatants were inoculated for 2 h on monolayers of Vero cells (1.2 x
10%/well). Afterwards, the viral inoculum was removed, and 1.5% carboxymethylcellulose (Sigma-
Aldrich) was added. The monolayers were fixed with 4% paraformaldehyde (Sigma-Aldrich) and
stained with crystal violet after 6 days of incubation. The plaques were then counted and the results

were expressed as plaque-forming units per milliliter (PFU/mL).”

Quantification of intracellular viral genome by qPCR

RNA was extracted from the infected and treated monolayers following the manufacturer’s
instructions (Zymo Quick-RNA Viral Kit). The gqRT-PCR was performed from 500 ng of RNA
using the gScript™ XLT One-Step RT-qPCR ToughMix®, Low ROX™ (QuantaBio) using
previously described primers (1086 and 1162c with a 1107-FAB probe) that targeted a region of
the envelope protein gen.’ The samples were amplified in a QuantStudio 3 thermocycler (Thermo
Scientific®) and the thermal profile used was 1 cycle at 50 °C for 2 min, 1 cycle at 95°C for 2 min,
40 cycles at 95°C for 15 s and 60°C for 1 min. For the absolute quantification of the genomic

copies, we used standard curves of plasmids previously constructed.®

Intracellular quantification of viral protein by Cell-ELISA
The monolayers were fixed with paraformaldehyde 4% and then permeabilized with Triton X-100
(0.1%) for 30 min and then treated with 0.3% H2O> prepared in 10% methanol for 30 min;

nonspecific sites were then blocked with FBS (10%) for 30 min. Subsequently, the cells were
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incubated overnight at 4°C with anti-NS1-ZIKV protein clone EA88 (Thermo Fisher Scientific®)
mouse monoclonal antibody (Ac). The secondary antibody coupled to horseradish peroxidase
(anti-mouse-HRP) was then added for 30 min, and, finally, Finally, 3,3”,5,5’-tetramethylbenzidine
(TMB; Invitrogen®, Carlsbad, CA, USA) was added and the absorbance was read at 620 nm using

a Multiskan™ FC Microplate Photometer (Thermo Scientific®) reader.®

Cytotoxicity Assay. The in vitro cytotoxicity evaluation was performed using the 3-(4,5
dimethylthiazol2-yl)-2,5-diphenyltetrazolium bromide (MTT, Thiazolyl blue tetrazolium bromide
/Sigma, Cream Ridge, NJ, USA) assay as described by Betancur-Galvis et al. (2002).° Briefly,
Vero cells were seeded at 2.0 x 10° cells per well of 96-well plates in DMEM supplemented and
incubated for 24 h at 37 °C, 5% COa.. Then, cells were treated with concentration of 20—-160 uM
of 18-(Phthalimide-2-yl) ferruginol and ribavirin for 72h or 6 days at 37 °C, 5% CO,. After of
treatment, the media was carefully removed and 28 pL of MTT solution (4 mg/mL) was added to
each well, and then it was incubated for 2 h at 37 °C, 5% CO,. DMSO was added to dissolve the
formed formazan crystals and absorbance measure was performed in an Elisa reader (Microplate
reader, BioRad), at 570 nm (OD570). The CCso value (Cytotoxic Concentration 50%) were

obtained by linear regression analysis of concentration-response curves.

Statistical Analysis. ECso and CCso values were obtained from dose effect curves for linear
regression methods using the statistical GraphPad Prisma 5.0 (its values are expressed as the mean

of at least four dilutions by quadruplicate). p value < 0.05 was statistically significant.

III) Molecular Docking Methodology
Molecular docking is a computational tool in which the affinity energies in a protein-ligand

complex are measured.'? This in silico study is used for a virtual screening of a list of molecules
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with possible therapeutic effects thus facilitating the identification of active principles in proteins.

In this study, free softwares were used and proteins were obtained from (https://rcsb.org) in .PDB

format!! for non-structural viral proteins from DENV-2, ZIKV, CHIKV and HHV-1 and cellular
targets. The ligands (inhibitors, study molecules) are obtained from pubchem'?

(https://pubchem.ncbi.nlm.nih.gov) or drawn in Chem3D.

Three compounds ferruginol (5),'* compound 6''* and methyl 14-hydroxy-dehydroabietate (24)"
(Figure S1) were evaluated against cellular targets in post-infection stage with inhibitors reported
in the literature, to compare results, such as Rhoa (5c4m)'® and its inhibitor rhosin,!” B-tubulin
subunit (1JFF)'® and its inhibitor taxol,'® G-actin (3EKS)?° and its inhibitor cythochalasin,?!
PI3KY (1E7U) and its inhibitor wortmannin,?* Arp2/3 complex (3UKR) and its inhibitor CK-
666,23 Cdc42 (1K11)%* and its inhibitor ZCL278% and the last cellular target RAC1 (3TH1)?® and
its inhibitor NCS23766.%” The above cellular targets are responsible for the translation of viral
proteins and cytoskeleton rearrangement. For dengue virus the following non-structural proteins
NS5 rdrp (3VWS)?8 and its inhibitor NITD-107,%° NS5 methyltransferase (3P97) and its inhibitor
SAH analogue,®® NS3 helicase (2BMF)?! without reported inhibitor and NS3 serine protease
(3U11)* and its inhibitor Bz-NKKR-H.** For Zika virus, the following non-structural proteins
NS5 rdrp (5WZ3)* and its inhibitor PSI-7409,3 NS5 methyltransferase (SM5B)>¢ and its inhibitor
36A,%” NS3 helicase (5JPS)*® and its inhibitor GTPy-S** and last NS3 serine protease (SH41)* and
its inhibitor Benzimidazol-1-ylmetanol*' were selected. For chikungunya virus, the protease nsP2
(3TRK) with its inhibitor FT-0679525% was studied and for herpes virus type 1 ( HHV-1) TK
(4IVP) and its inhibitor acyclovir.** All binding sites depend on the chemical characteristics and
are widely explained in the literature for each viral nonstructural protein and cellular target. A

screening of binding pockets was performed and the corroborated ones with high binding energies
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were selected. The procedure followed for the treatment of the viral protein was the identification
of the active sites by means of a study of the bibliography, treatment of the viral proteins in the
UCSF chimera 1.12 software** eliminating inactive chains, solvents and cofactors that affect the
selectivity of the docking process. Later, using autodock tools 1.5.7 software, we added to the viral
protein the type of atom, polar hydrogens and the gasteiger charges and finally, it was changed the
format from .pdb to .pdbgqt. Using the avogadro software* the pH is set to 7.4 and the energy is
reduced to a minimum, thus guaranteeing a 3D structure suitable for molecular docking. The ligand
is then treated using autodock tools 1.5.7 where polar hydrogens, rotatable bonds and the torsion
point are added, and finally converted to .pdbqt format. With autodock vina 1.12 software,*® the
docking was performed and the affinity energies between the studied ligands (Fig. S1) are

measured and the results are tabulated in Table S1.

S16



Table S1. Binding energy affinities (Kcal/mol) of compounds 5, 6 and 24 and control inhibitors
for several viral and cellular targets.

Targets (PDB structure)

Binding affinity (Kcal/mol)

Viral targets Ferruginol | Compound | Compound Inhibitor

5 6 24
Zika
NS5 rdrp (5wz3) -7.4 -9.7 -7.1 PSI1-7409 (-7.7)
NS5 methyltransferase -8.1 -10.0 -7.9 36A (-8.9)
(5m5Db)
NS3 helicase (5jps) -8.2 -9.0 -7.7 GTPy-S (-8.6)
Complex NS2B-NS3 -7.0 -8.7 -7.4 Benzimidazol-1-
protease (5h4i) ylmethanol (-6.0)
Dengue
NS5 rdrp (3vws) -7.7 -9.6 -7.7 NITD-107 (-8.1)
NS5 methyltransferase -8.2 -9.5 -8.2 SAH analogue (-7.8)
(3p97)
NS3 helicase (2bmf) -7.7 -94 -7.9 -
NS3 serine protease (3uli) -7.4 -8.3 -6.2 Bz-NKKR-H (-7.1)
Chikungunya
Protease nsP2 (3TRK) -7.3 -8.3 -6.6 FT-0679525 (-6.0)
Herpes
HHV-1 TK (41VP) -7.3 -10.2 -8.1 Acyclovir (-6.2)
Cell targets
Rhoa (5¢4m) -6.9 -9.8 -6.3 Rhosin (-9.2)
Subunit B-tubulin (1jff) -8.4 -9.7 -8.4 Taxol (-10.0)
G-Actin (3eks) -8.3 -9.3 -8.7 Cytochalasin D (-11.3)
PI3KYy (1e7u) -7.8 -8.8 -8.1 Wortmannin (-9.2)
Complex Arp2/3 (3ukr) -8.2 -8.6 -8.0 CK-666 (-9.4)
Cdc42 (1kil) -7.5 -6.8 -7.1 ZCL278 (-6.5)
Racl (3th5) -6.9 -6.3 -6.0 NCS23766 (-6.6)

Figure S1. Studied molecules by molecular docking.
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