SUPPLEMENTARY MATERIAL
Caspicaiene: A new kaurene diterpene with anti-tubercular activity from an
Aspergillus endophytic isolate in Gleditsia caspia Desf.
Ashaimaa Y. Moussa1, Hagar A. Sobhy1, Omayma A. Eldahshan1,2*, Abdel Nasser B.
Singab1,2*.
1

2

Department of Pharmacognosy, Faculty of Pharmacy, Ain Shams University, Cairo, Egypt.

Center for Drug Discovery Research and Development, Ain Shams University, Cairo, Egypt.

Abdel Nasser B. Singab;
Dean@pharma.asu.edu.eg, Tel.: +201005036231.
Omayma A. Eldahshan;
oeldahshan@pharma.asu.edu.eg, Tel.:+201011841951

Abstract:
A new kaurene derivative with a new 6/6/6/5/6 ring system structure, given the trivial name
caspicaiene, was isolated from the fungal culture of the Aspergillus N830 isolate identified by ITS region
DNA sequencing. The compound was characterized by 1, 2D NMR, and HR-ESI-MS-MS and revealed a
promising anti-tubercular effect using the Alamar Blue Assay (MABA), in a dose dependent manner, with
MIC value of 124.5µM. Furthermore, six known compounds were isolated and showed significant MIC
values against Mycobacterium tuberculosis, ranging between 15.63µg/mL (26.5µM) to 125µg/mL
(500µM), compared to the positive control isoniazid whose MIC value was 0.24µg/mL (1.75µM), which
sets them forth as potentially natural anti-tubercular agents. To gain further insight of the underlying
mechanism, in-silico molecular docking, using the C-Docker protocol, was conducted and demonstrated
various interactions between the isolated compounds and three key mycobacterial enzymes.
Additionally, the cytotoxic activity was reported and showed the safety of these molecules according to
the calculated safety index in the human hepatic cancer cell line (HepG2) and Vero cell lines.
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S1. Figure: (A) 2D correlations of caspicaiene (1) and brassicadiol (2). (B) NOESY correlations of
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S2. Figure: Anti-tubercular activities of fungal extract and isolated compounds; Bar chart illustrates
data as mean ± SD of three separate experiments (*, **, *** represents P < 0.05, P < 0.01 and P <
0.001, respectively
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S3 Figure. (A) Microscopical view of Aspergillus N830 conidial heads, hyphae and vesicles.
Morphological view (B) top and (C) bottom of Aspergillus N830 colonies in Petri dish.
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S4 Figure: HMBC and COSY correlations of isolated compounds (3) and (5)
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S5.Figure: 1HNMR spectral data of capsicaiene (1)
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S6.Figure: 13C NMR spectral data of capsicaiene (1)
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S7.Figure: HR-ESI-MS-MS of capsicaiene (1)
.
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S8.Figure: COSY correlations of capsicaiene (1)
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S9.Figure: NOESY correlations of capsicaiene (1)
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S10.Figure: HSQC correlations of capsicaiene (1)
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S11.Figure: HMBC correlations of capsicaiene (1)
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S12.Figure: 1HNMR spectra of brassicadiol (2)
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S13.Figure: 13CNMR spectra of brassicadiol (2)
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S14.Figure: HSQC correlations of brassicadiol (2)
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S15.Figure: COSY correlations of brassicadiol (2)
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S16.Figure: HMBC correlations of brassicadiol (2)
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S17.Figure: 1H NMR spectra of aspergillitine (3)
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S18.Figure:13C NMR spectra of aspergillitine (3)
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S19. Figure: 1HNMR spectra of βsitosterol (4)
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S20. Figure: 1HNMR spectra of β-sitosterol ferulate (5)
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S21.Figure:13C NMR spectra of β-sitosterol ferulate (5)
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S22 Figure: 1HNMR spectra of phenyl-acetic acid (6)
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S23 Figure: 1HNMR spectra of 4-Hydroxybenzaldehyde (7)
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S24 Table – Anti-mycobacterial activity, cytotoxicity and selectivity index of fungal extracts and the
compounds 1-5.

Samples

MIC in µg/ml

Capsicaiene

Cytotoxicity (µg/ml)
VERO

HepG2

62.5

NA

NA

Brassicadiol

125

66.25a

Aspergillitine

15.63

β – sitosterol
β- sitosterol
ferulate
Fungal
extract

Selectivity index
VERO

HepG2

112.15±2.16

0.53

0.8972

80.5± 6.63

23.7± 1.69

5.2

1.5

>50

414.7067[18]

>300 [32]

8.3[18]

6

15.63**

192 ± 11.58**

148 ± 11.55

12.3

9.5

7.81***

88 ± 5.98

330.67**

11.3

42.3

** P-value <.0..0, *** P-value < .0..0, SI=LD50 in µg/mL/MIC in µg/mL
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S25.Figure: Cytotoxic activities of the fungal extract and isolated compounds on HepG2 cell line.
Bar chart illustrates data as mean ±SD of three separate experiments (*, **, *** represents P <
0.05, P < 0.01 and P < 0.001, respectively).
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S26. Figure: Cytotoxic activities of the fungal extract and isolated compounds on VERO cell line.
Bar chart illustrates data as mean±SD of three separate experiments (** represents P < 0.01).
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S27 Figure: 2D docking diagram in the ribonucleotide reductase (1UZR) enzyme of Mycobacterium
tuberculosis: (A) aspergillitine (3) (B) β-sitosterol (4) (C) β-sitosterol ferulate (5) (D) caspicaiene (1)
(E) brassicadiol (2)
27

S28 Figure: 2D docking diagram in the arabinosyl transferase C(2PTY) of Mycobacterium tuberculosis:
(A) aspergillitine (3) (B) β-sitosterol (4) (C) β-sitosterol ferulate (5) (D) caspicaiene (1) (E) brassicadiol (2)
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S29 Figure: 2D docking diagram in the enoyl (acyl-carrier-protein) reductase (2NSD) enzyme of
Mycobacterium tuberculosis: (A) aspergillitine (3) (B) β-sitosterol (4) (C) caspicaiene (1) (D)
brassicadiol (2)
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S3 Table – Free energy ΔG-values of compounds 1-5 docked in three mycobacterial enzymes’ binding
sites.
Samples

ΔG Gibbs free energy(Kcal/mol)
1UZR

3PTY

2NSD

Caspicaiene (1)

-29.3371

-32.7945

-52.5737

Brassicadiol (2)

-22.7476

-24.895

-39.8175

Aspergillitine (3)

-23.588

-23.3994

-30.0142

Β- sitosterol (4)

-41.4963

-36.3499

-53.486

Β-sitosterol ferulate (5)

-52.2968

-43.7977

NA
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3.Experimental section.
3.1. General experimental procedures.
Column chromatographic separation was performed using silica gel (Merck, 65-230 mesh, Darmstadt,
Germany). 1 and 2 D NMR measurements were acquired using the Bruker Ascend spectrometer 400
(Avance BioSpin Inc.). Tetramethyl silane (TMS) was taken as the internal standard with ppm as the
measuring scale of the chemical shifts. XEVO-TQD, triple quadruple mass spectrometer (Waters
Corporation, Milford, MA01757 U.S.A), was used to detect the ESI-MS. Hitachi 300 UV spectrometer was
used to record the compounds UV spectrum.
3.2. Biological materials.
3.2.1. Collection of plant material.
Stems, leaves, fruits and spines samples of Gleditsia caspia tree, previously referred to as Gleditsia
capsica Desf., were collected and dried from Al-Orman garden in July 2016, Cairo, Egypt.( The Plant list,
2010). Samples were identified by Dr. Mohamed El-Gebaly, Professor of Taxonomy, Cairo University.
Voucher specimens were kept in the herbarium of the Faculty of Pharmacy, Ain Shams University under
the Registration code (PHG-P-GC-212).
3.2.2. Preparation and isolation of the fungus Aspergillus N830.
The ultimate conditions were followed to obtain and isolate endophytic fungi by adopting the modified
surface sterilization technique of Janzo group (Janso and Carter, 2010). The inner tissue of each of these
plant parts was cut into 2cm3 cubes and cultured, five in each of four petri-dishs in three cultivation
media: potato dextrose agar, malt extract agar and Czapeks-dox agar. 0.25% garamycin sulphate was
added to the media to prevent bacterial growth and to enhance the favorable fungal growth.
3.2.4. Amplification of fungal ITS-rRNA fragments of Aspergillus N830.
Primers of ITS1 (5′-TCCGTAGGTGAACCTGCG-3’) and ITS4 (5′-TCCTCCGCTTATTGATATGC-3′) were used to
amplify the internal transcribed spacer region of rDNA in the genomic DNA of Aspergillus N830. The PCR
reaction was optimized and comprised of 5µL of 10× buffer solution added to 2 µL of 2.5 mM dNTPs, 0.5
µL of 10mM of each of the forward and reverse primers, 5 µL of genomic fungal DNA, 0.3 µL of Maxima®
Hot Start PCR Master Mix (2X) (Thermo K1051), 15mM MgCl2 and 39.7 µL H2O. After purifying the PCR
products using the DNA GeneJET™ PCR Purification Kit (Thermo K0701), sequencing was done in the
GATC sequencing facility in Konstanz, Germany.
3.2.5. Sequencing of fungal ITS-rRNA fragments of Aspergillus N830.
The fungal ITS-rDNA sequence obtained was processed, edited and aligned with the NCBI data in the
Genebank using the n-BLAST search tool and Clustal-W online program version. Furthermore, manual
adjustments were performed by the BioEdit and MEGA 7 software available tool to calculate the
statistical combination of bases and bootstrap values (Tamura K et al., 2011).
3.2.6. Characterization of the Aspergillus N830 isolate
The fungal endophyte Aspergillus N830 showed 94% sequence identity to Aspergillus sp. LF547 genomic
DNA isolate with NCBI accession number MH814638 and is available in the Faculty of Pharmacy, Ain
Shams University, Cairo, Egypt with the voucher specimen number GCN830.
3.4. Isolation and purification of compounds 1-3.
The fungal isolate, grown on corn grit agar is extracted by maceration in ethyl acetate for 3 days and
then filtered. The process is repeated for four times before the ethyl acetate extract is concentrated
using rotary evaporator to yield (80g) dry extract.
Twenty-five grams of the ethyl acetate extract of Aspergillus N830 is subjected to silica gel column
(525g) and eluted with methylene chloride; the polarity is gradually increased with ethyl acetate. Eluted
fractions were chromatographed on thin layer chromatography, and investigated under ultraviolet lamp
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and through spraying with vanillin sulphuric reagent (5% in methanol). Fractions having the same
number of spots, color and Rf values were collected together and pooled. Sub-fraction 24 was shaked
with methanol and aspergillitine compound was precipitated.
Brassicadiol (2): white amorphous powder, 1H NMR (DMSO, 400MHz) δ: 4.5 (1H, dd, J=8.5, 9.4Hz, H-2),
3.04 (1H, dd, J=15, 7.4 Hz, H-3) and 3.09 (1H, dd, J=15, 7.4 Hz, H-3), 6.98 (1H, d, J=7.5Hz, H-4), 6.59 (1H,
d, J=7.5Hz, H-5), 4.45 (2H, s, H-8), 2.6 (2H, t, J=7.2Hz, H-9), 1.54 (2H, sextet, J=7.4Hz, H-10), 0.94 (3H, t,
J=7.3Hz, H-11), 1.12 (3H, s, H-13), 1.13 (3H, s, H-14). 13C NMR (DMSO, 125MHz) δ: 89.03(C-2), 30.5(C-3),
124.96(C-3a), 123.8(C-4), 121.02(C-5), 141.45(C-6), 122.85(C-7), 159.29(C-7a), 54.9(C-8), 34.49(C-9),
25.0(C-10), 14.59(C-11), 70.93(C-12), 26.42(C-13), 25.49(C-14). ESI-MS m/z 251.16 [M+H]+
Aspergillitine (3): yellow needles, 1H-NMR (CD3OD, 400 MHz); δ 2.26 (3H, s, Me-16), 2.44 (3H, s, Me15), 2.78 (3H, s, Me-14), 7.39 (1H, d, J=8.6Hz, H-7), 7.58 (1H, s, H-12), 7.85 (1H, d, J=8.6Hz, H-6) and 9.58
(1H, s, H-11); 13C NMR (CD3OD, 125MHz) showed the presence of 15 carbons; 3 methyls, 4 methines
and 8 quaternary carbons: 113.5 (C-9), 119.04 (C-5), 120.51 (C-7), 124.77 (C-6), 134.14 (C-3), 141.44 (C8), 145.66 (C-2), and 182.95 (C-4) suggesting the presence of the chromone nucleus, and 145.73 (C-11),
156.03 (C-13), 119.87 (C-12), 17.57 (15-Me), 20.44 (16-Me), 24.28 (14-Me), which indicated the pyridine
side ring and terminal methyl groups with a total of 3 methyls, 4 methines and 8 quaternary carbons.
The spectral data was in complete accordance with aspergillitine (Lin, Brauers et al. 2003). HMBC
spectrum suggested correlations of H-16 /C-3 and C-15; H-15 /C-2 and C-3, C-4, C-16; H-14 /C-14, C-12
and C-13; H-7 /C-8, C-9 and C-12; H-12 /C-7 and C-9, H-6 /C-4, C-8, C-10; and H-11 /C-8, C-9 and C-13.
Moreover, the HSQC correlations confirmed the assignment unambiguously. ESI-MS m/z 257.7 [M+H2O]
+.
β –Sitosterol (4): white needles, 1H-NMR (CD3OD, 400 MHz); δ 0.66 (3H, s, H-28), 0.79 (3H, d, J=6.4Hz,
H-27), 0.81 (3H, d, J=6Hz, H-26), 0.82 (3H, t, J=7.2Hz, H-24), 0.91 (3H, d, J=6.6Hz, H-19), 0.99 (3H, s, H29), 2 (2H, m, H-23), 2.38 (2H, m, H-22), 3.56 (1H, m, H-3), 5.38 (1H, m, H-6). Other peaks are observed
at 0.91-1.05 (5H, m), 1.07-1.13 (3H, m), 1.3-1.6 (9H, m), 1.35-1.42 (4H, m) and 1.8-2 (5H, m); 13C NMR
(CD3OD, 125MHz) suggested the presence of 29 carbons; δ 11.37 (C-29), 12.05 (C-24), 18.85 (C-19),
19.05 (C-27), 19.42 (C-26), 19.91 (C-21), 21.53 (C-28), 23.06 (C-11), 24.37 (C-23), 26.12 (C-15), 28.32 (C16), 29.13 (C-25), 31.7 (C-2), 31.9 (C-7), 31.93 (C-18), 33.28 (C-8), 34 (C-10), 36.21 (C-20), 36.53 (C-1),
37.23 (C-12), 39.78 (C-4), 42.3 (C-22), 45.84 (C-13), 50.17 (C-9), 56.06 (C-17), 56.85 (C-14), 71.89 (C-3),
121.8 (C-6) and 141.05 (C-5). The spectral data were matched typically with available literature
resources and previously reported β-Sitosterol (Chaturvedula and Prakash 2012).
Β-sitosterol ferulate (5): white amorphous powder, 1H-NMR (CD3OD, 400MHz); δ 0.66 (3H, s, H-28),
0.79 (3H, d, J=6.4Hz, H-27), 0.81 (3H, d, J=6Hz, H-26), 0.82 (3H, t, J=7.2Hz, H-24), 0.91 (3H, d, J=6.6Hz, H19), 0.99 (3H, s, H-29), 2 (2H, m, H-23), 2.38 (2H, m, H-22), 4.82 (1H, s, H-3), 5.38 (1H, m, H-6), 3.92 (3H,
s, OME-6’), 6.26 (1H, d, J= 15.8Hz, H-2’), 6.9 (1H, d, J=8.4Hz, H-8’), 7.05 (2H, m, H-9’, H-5’), 7.59 (1H, d,
J=15.8Hz, H-3’). Other peaks are observed at 0.91-1.05 (5H, m), 1.07-1.13 (3H, m), 1.3-1.6 (9H, m), 1.351.42 (4H, m) and 1.8-2 (5H, m);13C NMR(CD3OD, 125MHz) suggested the presence of 39 carbons; δ 12.2
(C-29), 46.04 (C-24), 23.06 (C-28), 19 (C-19), 19.85 (C-27), 36.9 (C-1), 20.69 (C-26), 26.27 (C-23), 27.6 (C15), 19.2 (C-21), 28.5 (C-16), 29.22 (C-25), 35.3 (C-8), 31.9 (C-7), 36.4 (C-20), 12 (C-18), 21.3 (C-11), 29.7
(C-2), 40.19 (C-12), 42.8 (C-4), 34.2 (C-22), 54.33 (C-9), 55.95 (OME-6’), 56.19 (C-17), 56.75 (C-14), 109.53
(C-2’), 114.59 (C-5’), 116.18 (C-8’), 122.7 (C-6), 123.08 (C-1’), 144.52 (C-3’) and 167.27 (C-9’) . HMBC
spectrum suggested correlations of H-28 /C-27, H-26/C-24, C-25 and C-27, H-24 /C-29, C-28, C-27, C-26
and C-25, H-19 /C-8 and C-9, H-29 /C-24 and C-28, H-9’ /C-2’, H-2’ /C-1’, H-3’ /C-1’, H-5’ /C-3’ and H-8’
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/C-3’. COSY spectrum suggested correlations of H-28 /H-24 and H-29, H-26 /H-24 and H-27, H-24 /H-22,
H-23, H-27 and H-29, H-2’ /H-3’ and H-8’ /H-9’. ESI-MS m/z 612.8 [M+Na] +.
Phenyl-acetic acid (6): white amrphous powder, 1H-NMR (DMSO, 400 MHz); δ 3.57 (3H, s, H-7) and 7.29
(5H, m, H-2, H-3, H-4, H-5 and H-6) ); 13C NMR (CD3OD, 125MHz) suggested the presence of 8 carbons;
δ 41.31 (C-7), 126.97 (C-4), 128.66 (C-2 and C-6), 129.81 (C-3 and C-5), 135.76 (C-1) and 173.49 (C-8).
4-Hydroxybenzaldehyde (7): white amorphous powder, 1H-NMR (DMSO, 400 MHz); δ 6.9 (2H, d,
J=8.6Hz, H-2 and H-6), 7.74 (2H, d, J=8.6Hz, H-3 and H-5) and 9.77 (1H, s, CHO); 13C NMR (CD3OD,
125MHz) suggested the presence of 7 carbons; δ 116.57 (C-3 and C-5), 128.4 (C-1), 132.64 (C-2 and C-6),
164.59 (C-4) and 191.28 (C-7).
3.5. Antimycobacterial activity of the Aspergillus N830 extract and compounds 1-3.
Anti-tubercular activity was evaluated against Mycobacterium tuberculosis (RCMB 010094-9) using the
Microplate Alamar Blue Assay (MABA) performed in 96 clear black microplates to cancel the background
effects (Eilenberge C et al., 2018). Isoniazid was used as a positive control, and plates were sealed and
incubated at 37°C where results were recorded after 24 hrs by adding Alamar Blue reagents at 590 nm.
The percent inhibition (mean of test well/mean of B well×100), MICs (lowest concentration of the
sample that prevented a color change) and MIC 90 (the concentration preventing 90% of Mycobacterial
growth) are calculated. The experiment was done in triplicate manner, and values are expressed as the
mean ±SD with p-values<0.005 or <0.002 using the ANOVA and Microsoft Excel 2016.
3.6. Cytotoxicity studies and safety index calculation
The antiproliferative effect of the Aspergillus N830 extract and compounds 1-3 was assayed using the
MTT assay according to the manufacturer’s instructions (Gomha SM et al., 2015).
The Cytotoxic concentration (CC50) needed to inhibit the growth of 50% of the cells was calculated from
the dose response curves plotted for each sample using the Graphpad Prism software (San Diego, CA,
USA).
To gain insight towards the safety of these metabolites in the human cells, selectivity index was
calculated in the VERO and HepG2 cell lines using the following formula.
SI= LD50 µg/ml /MIC µg/ml
The inhibitory % was estimated from the following relation:
% cell inhibition=100-Absorbance (Sample)/Absorbance (control) x 100
IC50 values were evaluated by means of a log curve depicting the percentage of inhibition against the
respective concentrations.
3.8. Docking study in the Mycobacterial three key enzymes
Three bacterial enzymes X-ray crystal structures are downloaded from the Protein Data Bank (PDB) to
perform the docking study for the three isolated compounds. These enzymes were ribonucleotide
reductase (1UZR), arabinosyl transferase C (3PTY) and enoyl [acyl-carrier-protein] reductase (2NSD).
Molecular modelling was carried out using Discovery Studio 2.5 Biovia. Poses with the highest
interaction energy (∆G) scores are visualized for their 2D interaction plots.

References:
1. The Plant List. Published on the Internet (2010). Version 1.1. http://www.theplantlist.org/ (accessed
April 2020)

33

