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ABSTRACT: The Rosellinia sanctae-cruciana extract was subjected to detailed
liquid chromatography tandem mass spectrometry studies. A total of 38 peaks were
annotated to m/z 508.26, m/z 510.28, m/z 524.26, m/z 526.28, m/z 540.26, m/z
542.27, and m/z 584.28 [M + H]+. The accurate mass, mutually supported UV/vis
spectra, and database search identified these compounds as cytochalasins.
Systematic dereplication helped identify a peak at m/z 540.26 [M + H]+ as the
new compound. Further, the identified compound was purified by high-
performance liquid chromatography and characterized by 2D NMR to be 19,20-
epoxycytochalasin N1, a new optical isomer of 19,20-epoxycytochalasin-N. It
exhibited substantial cytotoxicity with IC50 values ranging from 1.34 to 19.02 μM.
This study shows a fast approach for dereplicating and identifying novel
cytochalasin metabolites in crude extracts.

1. INTRODUCTION
Cytochalasins are fungal metabolites with a polycyclic core and
a polyketide-derived C-16 to C-18 carbocyclic ring that can
take the form of a lactone, a carbocyclic ring, or a complex ring
system fused with an isoindolone moiety. It is differentially
substituted at the C-10 position and classified accordingly,
namely, 10-phenyl (cytochalasins), 10-indole (chaetoglobo-
sins), 10-hydroxy 10-p-methoxybenzyl group (pyrichalasins),
and 2-methyl propyl group (aspochalasins).1−6 More than 100
cytochalasins and derivatives have been reported from the
genera Penicillium, Aspergillus, Zygosporium, Phoma, Metarhi-
zum, Chaetomium, Rosellinia, Ascochyta, Hypoxylon, Xylaria,
and Phomopsis. In recent years, liquid chromatography−mass
spectrometry (LC−MS) has received a lot of attention in
terms of reforming metabolic fingerprinting and metabolomics.
MS has recently gained credibility in the identification and
dereplication of metabolites in situ, regardless of their low
concentration. MS/MS, in conjunction with mutually
supportive data such as retention time (tR) and/or UV/vis
spectra, aids in the identification of metabolites.7−10

Typically, a database is needed for dereplication inves-
tigations in order to search for various molecular character-
istics, including substructure search, UV spectroscopy, m/z,
and high-resolution MS (HRMS). The database contains
information as search filters. The Dictionary of Natural
Products (DNP) is a comprehensive collection of the physical
characteristics of 250,000 naturally occurring chemicals. To
detect metabolites in extracts and biological samples, mass-

based databases such as the WEIZMASS spectrum library
(HRMS-based data of 3500 substances) and Metlin database
are also helpful tools.11−16 HRMS allows for the prediction of
the molecular formula, based on the isotopic distribution
pattern of the parent ions and their daughter ions.17,18 This
method also suggests a possible daughter ion chemical formula,
which helps with the diagnosis of fragmentation loss in parent
to daughter ions.
Using direct infusion MS (DI−MS), LC electrospray

ionization MS (LC−ESI−MS), and LC−ESI−MS/MS anal-
yses, we created a flexible dereplication approach in this study
to characterize cytochalasin metabolites in crude microbial
extracts. The study was initially aimed to isolate and
characterize the novel cytotoxic compounds from a potent
cytotoxic extract of Rosellinia sanctae-cruciana.

2. RESULTS AND DISCUSSION
We previously described the isolation of cytochalasins from the
fungus R. sanctae-cruciana.19,20 The endophytic fungus R.
sanctae-cruciana belongs to the Xylariaceae family, which
produces the majority of cytochalasins.21
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The current study demonstrated the use of strategic
dereplication for the rapid identification of potent cytotoxic
compounds from the endophyte R. sanctae-cruciana. The crude
extract was used to develop chromatographic methods, and the
same method was used to record the UV and MS spectra by
HPLC (PDA) and LC−MS/MS, respectively. The LC−MS/
MS 2D plot of m/z versus retention time (tR) revealed
multiple peaks in the range of m/z 450 to 700, eluted from 15
to 40 min of retention time (Figure S1 and Table 1). The UV
spectra of all these peaks were similar (190 to 210 nm),
suggesting that the corresponding compounds are from the
same class.
In the visual examination of the total ion chromatogram, the

major ionized components are m/z 508.26, m/z 510.28, m/z
524.26, m/z 526.28, m/z 540.26, m/z 542.27, and m/z 584.28.
These peaks appeared frequently during chromatographic
elution (tR = 15 to 40 min) with an acceptable mass accuracy
of ±5 ppm. All these peaks were subjected to the tandem MS
experiment.
During collision-induced fragmentation of major parent ions

m/z 508.26, m/z 510.28, m/z 524.26, m/z 526.28, m/z 540.26,
m/z 542.27, and m/z 584.28, we observed the most common
daughter ions tropylium m/z = 91, (C7H7)+ and benzyl m/z
120 (C8H10N)+. The typical MS fragmentation of major peaks
was also consistent with the previously reported data.20,24,25

It is worth noting that the peak at m/z 508.26 is 2 Da lower
than the peak at m/z 510.26, indicating a difference of 2H,
which is equivalent to one double bond. A 16 Da difference
was found between the peaks at m/z 524.26 and 508.24,
indicating a difference of one oxygen atom in their structure.26

A 16 Da difference was also noticed among the peaks at m/z
540.24 and 524.24. Furthermore, a difference equivalent to the
acetyl group (60 Da) was observed between the peaks at m/z
584.28 and 524.24 (Table 1).
2.1. Strategic Dereplication. The recorded data were

entered into the database DNP as an input value, and it was
then processed in the way that is represented in the
screenshots, as given in the Supporting Information Figures
S2−S21. A precise mass range, a molecular formula along with
elements and the substructure, and a benzyl unit were among
the inputs. The outcome of the search was the list of
recognized cytochalasins. It is important to note that the
majority of the same m/z appeared at various retention times,
which suggests the existence of various isomers. In several
instances, only the major compounds are published, and the
remaining isomers can be thought of as unique. For instance,
the peak m/z 540.26 [M + H]+ eluted at tR: 20.6, 20.9, 21.2,
23.7, and 24.1 min (Figures S14−S16); however only two
cytochalasins, 19,20-epoycytochalasin N and cytochalasin Q,
are reported (Figures S14−S16). As a result, the remaining
three peaks are thought to be new. When the results of the 38
cytochalasin peaks were compared, 22 were found to be
previously reported and 16 were discovered to be novel
cytochalasins (Table 1).22,23,27,28 Apparently, without isolation
we cannot say which compound is new among the identified
peaks of cytochalasins. Furthermore, to characterize the novel
compound, purification followed by spectroscopic character-
ization needs to be performed.
LC−MS/MS can only help with the annotation of new

compounds in this case, and additional spectroscopic data,
such as NMR spectra, are necessary to assign the novelty.
Because the newly annotated compounds are isomeric, the
LC−MS/MS fragmentation pattern cannot identify the T
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position of any structural isomer’s functional group. However,
due to the unique nature of the elution, an HPLC method for
the isolation of cytochalasin from the crude extract was
developed.
As previously stated, m/z 540.26 [M + H]+ appears at five

different retentions, and only two cytochalasins, 19,20-
epoycytochalasin N and cytochalasin Q, are reported. A
minor peak at tR = 19.4 min recorded m/z 540.2588 [M + H]+
, and its molecular formula was deduced to be C30H37NO8
(calculated for 540.2592 with Δ ppm = 0.74). It was subjected
to HPLC purification for isolation, and colorless needles were
obtained in 2.5 mg, which were subjected to full structural
characterization.
The mass spectra of the isolated compound m/z 540.2588

[M + H]+ corresponds to C30H37NO8, indicative of 13 degrees
of unsaturation. In its 1H NMR spectrum, it displayed five
methyl group proton signals at δH 1.55 (s, H-11), 1.16 (s, H-
12), 1.04 (d, 6.7 Hz, H-22), 1.64 (s, H-23), and 2.18 (s,
acetyl), two olefinic proton signals at δH 6.77 (dd, J = 15.55,
10.7 Hz, H-13) and 5.83 (ddd, 15.6, 10.3, 5.4 Hz, H-14), two
pairs of ortho-coupled aromatic proton signals at δH 7.13 (2H,
m, H-2, 6) and 7.29 (2H, m, H-3′, 5′), and several aliphatic
proton signals in the range δH 1.04−4.12 (Table 2). Analysis of
the 13C NMR and heteronuclear single quantum coherence
(HSQC) data for 19,20-epoxycytochalasin N revealed three
carbonyls (C-1, C-17, and acetyl), four quaternary carbons,
including two oxygen-bearing quaternary carbons (C-5, C-6,
C-9, and C-18), 16 methines, including four oxymethines (C-5,
C-6, C-19, and C-20) and seven aromatic methines (C-2, C-3,
C-4, C-5, C-6, C-13, and C-14), two methylene units (C-10
and C-15), and five methyl units (C-11, C-12, C-22, C-23, and
acetyl). The 1H and 13C NMR data of compound m/z
540.2588 [M + H]+ were similar to those of the already
reported compound 5,6,19,20-diepoxycytochalasin N, except
the additional signals of the double bond at δH 6.67 (1H, dd, J
= 15.5, 10.7 Hz, H-13) and 5.83 (1H, ddd, J = 15.6, 10.3, 5.4
Hz, H-14) and at δC 131.87 (C-13) and 132.67 (C-14). The
two epoxide signals corresponding to δC 63.37 (C-5) and
65.57 (C-6) and another epoxide signal at δH 3.78 (1H, d, J =
1.9 Hz, H-19)/δC 60.49 (C-19) and 4.16 (1H, s, H-20)/δC
53.84 (C-20) suggested that the double bond at C-19/C-20 is
replaced by an epoxide bond (Figure 1). Further, the
heteronuclear multiple bond correlations (HMBCs) of H-
21/C-19, C-20, and H-23/C-19 confirmed the above
conclusion (Figures S25−S32).
The relative configuration of the compound was established

by a combination of the coupling constant and nuclear
Overhauser effect spectroscopy (NOESY) experiment. In the
1H NMR spectrum, the coupling constant J = 10.4 Hz for H-7
and H-8 suggested the cis orientation of the proton pair, and
the trans geometry of the Δ13 double bond was deduced from
the coupling constant J = 15.6 Hz for H-13 and H-14. The
NOE correlation of H4−H3 and H3-12, H-4/H8 indicated that
H-4, H3-12, H-8, and H3-11 were in the opposite orientation
(β). The NOE correlation of H-7/H-13, H-14/H-8 and H-
15b, H-15a/H-22, H-16/H-23 indicated that H-13 and H-22
were the same as α-oriented, and H-16 and H-23 were β-
oriented. The NOE correlation of H-20/H-23, H-4/H-21
indicated that H-19, H-20, and H-21 were β-oriented. The
optical rotation [α]D25 +6, (1 mg/mL in MeOH), UVmax
(MeOH): 210 nm, while the optical rotation of reported
19,20-epoxycytochalasin N was [α]D25 −4.27 Thus, compound
m/z 540.2588 [M + H]+ was established to be a new

stereoisomer of cytochalasin N and was named cytochalasin
N1. We recorded and compared the experimental circular
dichroism spectra of six cytochalasins, which also substantiated
the above conclusion (Figures S34 and S35).
2.2. Biological Activity. Using the sulforhodamine B

(SRB) method and paclitaxel and 5-fluorouracil (5-FU) as the
positive control, 19,20-epoxycytochalasin N1 was biologically
evaluated for in vitro cytotoxicity against a panel of human
tumor cell lines [lung (A549), prostate (PC-3), HCT-116
(colon), HT-29 (colon), SW-620 (colon), and breast (MCF-
7)]. Table 2 shows the IC50 values for 19,20-epoxycytochalasin
N1 against cell lines, which range from 1.34 to 19.02 μg/mL.
However, 19,20-epoxycytochalasin N1 exhibited cytotoxic
activity against a breast epithelial cell line (FR-2) at
concentrations greater than 30 μg/mL (Table 3). These
preliminary results confirm the potent cytotoxic action against
colon cancer cell lines.

Table 2. 1H and 13C NMR Data for 1 (at 500/125 MHz in
Pyridine-d5), δ in Parts Per Million, and J in Hertz

19,20 epoxycytochalasin N1

position δC δH 1H−13C HMBC

1 174.6 qC
2 NH 9.59 (s) H1, C3, C4
3 56.82 CH 4.04 (t, 6.9) H3, C4, C5
4 49.28 CH 2.95 (d, 2) H4, C1, C5, C9, C10,

C21
5 63.37 qC
6 65.57 qC
7 69.85 CH 4.12 (s)
8 43.72 CH 3.59 (t, 10.4) H8, C1, C9, C14
9 54.56 qC
10 45.02

CH2

3.02(m) H10, C4, C3

11 14.40
CH3

1.55(s) H11, C4, C7

12 19.61
CH3

1.16 (s) H12, C4, C5

13 131.87
CH

6.77 (dd, 15.5, 10.7) H13, C15

14 132.67
CH

5.83 (ddd, 15.6,
10.3,5.4)

H14, C8, C15

15 38.47
CH2

2.71 (dd, 23,12), 2.01
(m)

H15, C13, C16

16 41.80 CH 3.22 (m)
17 216.18 qC
18 76.95 qC
19 60.49 CH 3.28 (d, 2.9)
20 53.84 CH 4.16 (s)
21 73.96 CH 6.07 (s)
22 18.61

CH3

1.04 (d, 6.7) H22, C15, C17

23 22.14
CH3

1.64 (s) H23, C15, C16, C17

1′ 138.03 qC
2′,6′ 129.95 7.26 (m)
3′,5′ 128.85 7.26 (m)
4′ 126.90 7.26 (m)
CH3CO− 20.30

CH3

2.18 (s)

CH3CO− 170.75 qC

2D NMR (COSY, HSQC, HMBC, and NOESY) (Figures S25−S32).
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3. CONCLUSIONS
The limitation of this LC−MS-based dereplication is that it
always needs a comprehensive mass-based database, and
another potential limitation is that the identification of the
isomeric compound is not possible if not resolved chromato-
graphically. However, the current study overcomes the above
limitations because of the good resolution in the chromato-
graphic profile. The use of HR-ESI−MS/MS enabled the
identification of cytochalasin in fungal crude extracts in a
timely manner (Figures S1−S24). We also provide tandem MS
data for all 38 peaks, which greatly aids in the rapid
identification of cytochalasin compounds in the crude extract.
With IC50 values of 1.34 ± 0.46 μM, 19.20-eopxycytochalasin
N1 demonstrated significant cytotoxicity against a panel of
colon tumor cell lines, SW-620. As a result, the information
presented here could be useful in identifying cytochalasin in
fungal crude extracts.

4. EXPERIMENTAL SECTION
4.1. General Experimental Procedures. All the chem-

icals were obtained from Sigma-Aldrich Company and used as
received. The 1H and 13C NMR spectra were recorded on
Bruker-AVANCE III HD 500 and 125 MHz NMR instru-
ments, respectively. Chemical shifts are reported in parts per
million (ppm) downfield from tetramethylsilane and are
referenced to the residual proton/carbon in the NMR solvent
[CDCl3, 7.26/77.1 ppm; MeOD, 3.31/49.00 ppm; DMSO-d6,
2.50/39.5 ppm, and pyridin-d5, 7.19, 7.55, 8.71/123.5
(triplet)]. Potato dextrose agar (PDA) (Himedia, India),
methanol, acetonitrile, and formic acid of LC−MS grade were
purchased from Sigma-Aldrich, and LC−MS grade water
(Merck, India) was used throughout the study.
4.2. Fungal Strain and Culture Conditions. The fungal

endophyte R. sanctae-cruciana was obtained from our institu-

tional microbial repository [Col Sir R. N. Chopra Repository,
Council of Scientific and Industrial Research, Indian Institute
of Integrative Medicine (CSIR-IIIM, Jammu, India)], and the
identification details are described in previous studies.19,20 The
PDA medium was used for fungal culture, and the primary
fungal culture in the Petri dish was maintained at 28 °C for 7
days. For the seed culture, 1000 mL Erlenmeyer flasks
containing 400 mL of autoclaved potato dextrose broth
(PDB) medium was inoculated with agar plugs. A total of 30
Erlenmeyer flasks (each containing 400 mL of autoclaved PDB
and 40 mL of seed culture) were kept in a shaking incubator
(28 °C, 150 rpm) for 10 days.
4.3. Cell Lines and Cytotoxic Evaluation of 19,20-

Epoxycytochalasin N1. NCI-60: National Cancer Institute
provided human cancer cell lines for lung (A-549), prostate
(PC-3), colon (HCT-116, HT-29, and SW-620), and breast
(MCF-7) research. Human normal breast epithelial FR2 cells
was purchased from American Type Culture Collection
(ATCC), Manassas, USA. The cancer-screening panel’s cell
lines were cultured in RPMI-1640 media with 10% fetal calf
serum, penicillin (100 units/mL), and streptomycin (100 μg/
mL).
The cell cultures were cultivated at 37 °C in a CO2

incubator with a humidity of 98% and a CO2 concentration
of 5%.
Depending on the doubling time of the cells, 100 μL of the

cell suspension (density = 7000 to 12,000 cells per well) was
seeded in 96-well flat-bottom plates (NUNC). The plates were
incubated for 24 h under the conditions 37 °C, 5% CO2, 95%
air, and 100% relative humidity. After 24 h, the cells were
exposed to various concentrations of cytochalasins. Paclitaxel
and 5-FU were used as a positive control for 48 h under
identical conditions. Cells were fixed in situ with cold TCA for
60 min at 4 °C after 48 h. Plates were then cleaned three times

Figure 1. Structure and key HMBCs (H → C) of 19,20-epoxycytochalasin N1.

Table 3. Cytotoxicity Profiling of Isolated Cytochalasin (1)
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with water and dried in the air. Each well was filled with the
SRB solution (0.4 % SRB in 1 percent acetic acid) and
incubated for 30 min at room temperature. The plates were
then rinsed three times with 1 % acetic acid and air-dried after
staining. The protein-bound dye was solubilized in a 10 mM
Tris base buffer solution. On a microplate reader, the
absorbance was measured at 540 nm (Thermo Scientific).
GraphPad Prism, version 5, was used to plot the optical density
versus concentration to determine growth inhibition
(GIC50).19,20

4.4. Extraction and Sample Preparation. After 10 days
of culture, 15 L of fermentation broth was obtained, and 1500
mL of methanol was added to the broth before homoge-
nization. The supernatant was extracted twice with an equal
volume of ethyl acetate after centrifugation (10,000 rpm, 5
min, room temperature). The organic layer was concentrated
under vacuum using a rotary evaporator, and 250 g of the
brown oil extract was obtained. 10 mg of the extract was
dissolved in 1 mL of HPLC-grade methanol and filtered using
a 0.2 μm syringe filter before being subjected to LC−MS/MS
analysis. Semipreparative HPLC-based compound isolation
from the crude extract was performed, yielding 3 mg of a white
color compound. Bruker NMR and pyridine-d5 NMR spectra
were recorded at 500 MHz (Figures S25 and S32).
4.5. Semi-Preparative Isolation of Cytochalasin. The

Shimadzu HPLC system was equipped with an Agilent RP-18
column (RP-18, 9.4 × 250 mm, 5 μm). The separation was
carried out at a flow rate of 2.0 mL min−1 using a gradient
program with eluent A and eluent B composed of 0.1 percent
v/v formic acid in water and acetonitrile, respectively. The
gradient system is as follows: 20 to 60% B in 20 min, 60 to
90% B from 20 to 30 min, and 90 to 10% B from 30 to 32 min,
and the total run time was 35 min. 100 mg of the extract was
dissolved in 1 mL of methanol and filtered through a 0.2 μm
syringe filter, and a 100 μL injection volume was used for each
HPLC run. The peak eluted at tR = 19.7 min was collected and
subjected for mass spectrometric and NMR studies (Figure
S36).
4.6. Profiling of the Extract by HPLC and LC−MS by

Tandem MS Analysis. A suitable LC method was developed
to profile the extract. The chromatographic separation was
carried out on a Merck Chromolith column RP18e (4.6 × 100
mm) at a flow rate of 0.5 mL min−1 using a gradient program
with eluent A and eluent B composed of 0.1% v/v formic acid
in water and acetonitrile, respectively. The gradient system was
used in the following manner: 5−60% of B in 0−30 min, 60−
80% of B in 30−40 min, 80 to 5% of B in 40−42 min, and hold
for 3 min; the total run time was 45 min. The LC method is
used for the HPLC- and LC−MS-based profiling on a
Shimadzu HPLC system equipped with a PDA detector and
an Agilent 1290 HPLC system equipped with an Agilent UHD
Q-TOF 6540 and an Agilent 6410 B triple quadrupole mass
spectrometer, respectively.
In current study, an Agilent UHD Q-TOF 6540 and an

Agilent 6410 B triple quadrupole mass spectrometer (Agilent
Technologies, Santa Clara, CA, USA) were used for HRMS
data, profiling, and precursor ion scan, respectively.
The LC−ESI−HRMS data were collected in the ESI

positive mode, with the capillary voltage set to 3000 V; the
gas temperature was set to 300 °C; the drying gas flow was set
to 12 L min−1; and the nebulizer was set to 35 psi. For analysis,
the scan source parameters of a skimmer voltage of 65 V, a
fragmentor voltage of175 V, and an octapole RF peak at 700 V

were used. For the MS scan, the mass scan range of 100−2000
Da was used in both the positive and negative ESI modes, and
for MS/MS acquisition, the fix collision energy of 30 eV was
used in the positive mode for target compounds.
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