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A B S T R A C T

In  th is  study, the  fungus  Aspergillus  felis  (st rain  UFMGCB 8030)  was  isolated  from  rocks  in  the  Atacama

Desert , Chile. It s  CH2Cl2 extract  exhibited  ant ifungal  act ivity  (MIC of 1.9  mg/mL)  against  Paracoccidioides

brasiliensis  (Pb18), which  is  the  et iological  agent  for  paracoccidioidomycosis. The  crude  extract  was

purified, and  a  new  cytochalasin  derivative, cytochalasin  Z15E (1), and  one  ardeem in  derivat ive,

5-N-acetyl-8-b-isopropyl-ardeem in  (4), in  addit ion  to  five  known  secondary  metabolit es, rosellichalasin

(2), cytochalasin  E (3), gancid in  (5), pseurot in  A1  (6), and  2,4-dihydroxyacetophenone  (7), were  isolated.

The  structures  of these  compounds  were  confi rm ed  by  1D and  2D NMR spectroscopy  and  HR-ESI–MS.

Cytochalasin  E was  the  most  act ive  compound  with  MIC an  value  of 3.6  mM, while  the  other  isolated

compounds  exhibited  weak  ant ifungal  act ivit ies  (MIC values  >100.0  mM).

ã  2016  Phytochem ical  Society  of Europe. Published  by  Elsevier  Ltd . All  righ ts  reserved.

1.  In t rod uct ion

The  driest  region  in  the  world  is  th e  hyperarid  Atacam a  Desert ,

Ch ile , where  non-sym biot ic  fungi  are  widely  d ist ributed  (Sterf-

linger  et  al., 2012). During  our  ongoing  invest igat ion  toward  the

isolat ion  of bioact ive  metabolites  from  fungi  found  in  underex-

plored  environm en ts, we  focused  our  at ten t ion  on  th e  Aspergillus

felis  st ra in  UFMGCB 8030  isolated  from  the  rocks  of the  Atacam a

Desert  in  northern  Chile . The  organ ic  extract  from  th is  st rain

exh ibited  ou tstanding  an t ifungal  act ivity  (MIC of 1.9  mg/mL)

against  the  pathogen ic  fungus  Paracoccidioides brasiliensis.

P. brasiliensis causes  paracoccidioidomycosis  in  humans, one  of

the  most  prevalen t  system ic  mycoses  in  Lat in  America;  it  is  a

persisten t  infect ion  that  often  develops  after  a  long  period  of

latency  and  cannot  be  easily  eradicated  with  an t ifungal  drugs

(Bocca  et  al., 2013). Few  research  groups  have  explored  natural

products  for  finding  drug  leads  aim ed  at  find ing  alternative

treatm en ts  or  overcom ing  the  issues  that  the  drugs  curren t ly  in

clin ical use  cannot  address. In  th is  study, th e  isola t ion  and

structural  determ ination  of two  new  com pounds, cytochalasin  Z15E

(1)  and  5-N-acetyl-8-b- isopropyl-ardeem in  (4), along  with  the

known  com pounds  (2–3, 5–7)  was  reported. The  isola ted

compounds  were  tested  against  the  pathogen ic  fungus

P. brasiliensis, and  the  resu lts  showed  that  cytochalasin  E exhibits

an t ifungal  act ivity. In  add ition, secondary  metabolites  isola ted

from  A. felis  have  been  reported  for  the  fi rst  t im e.

2.  Resu lt s  an d  d iscu ssion

The  CH2Cl2 extract  of A. felis  was  subjected  to  liqu id–solid

ch rom atography  on  a  silica  gel  column  to  afford  12  fract ions

(F1–F12). Then , fract ions  F6  and  F9  were  subjected  to  RP18  sem i-

prep. HPLC to  afford  four  (1, 4–6)  and  two  alkaloidal  metabolites

(2–3)  (Fig. 1), respectively. All  known  com pounds  were  ident ifi ed

by  the  comparison  of their  spectral data  (MS, and 1H  and 13C NMR)

with  those  published  in  literature .

Compound  1  was  isolated  as  colorless  oil  with  a  specific

rotat ion  [a]D
25 of +30.34 (c  0.78  in  MeOH). The  molecular  formula

was  assigned  as  C25H33NO5, as  determ ined  by  HR-ESI–MS

(m/z  428.2433, [M+H]+;  calc. for  C25H34NO5:  428.2431). Based  on
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Fig. 1. Structures  of compounds  1–7  isolated  from  Aspergillus  felis.
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the  molecular  formula, it  was  deduced  that  1  has  10 of

unsatu rat ion . Its  UV spectrum  exh ibited  l max at  204  and

256  nm . The 1H, 13C NMR, and  HSQC data  of 1  revealed  two

carbonyl  and  three  non-hydrogenated  carbons, as  well  as  fourteen

meth ine, two  methylene, and  four  methyl  groups. In  the
1
H  NMR

spectrum  of 1, arom at ic  signals  were  observed  at  a  dH of 7.33  (2H,

dt , J = 7.5, 1.8  Hz, H-30/50), dH 7.30–7.27  (1H, m, H-40), and  dH 7.19–

7.16  (2H, m, H-20/60), ind icat ive  of a  monosubst itu ted  phenyl  ring.

The  COSY spectrum  showed  correlations  between  arom at ic

protons, at t ributed  to  the  presence  of cross  peaks  between  H-20/

60and  H-30/50and  H-30/50and  H-40. The  corre la tions  between  H-20/

60 and  C-10  (dC 45.10, CH2)  ind icated  the  presence  of a  benzyl

moiety, which  was  attached  at  C-3  (dC 54.45, CH), at tribu ted  to  the

cross  peak  between  H2-10  (dH 2.98  and  dH 2.69)  and  C-3  in  the

HMBC spectrum  (Fig. 2). In  the
1
H  NMR spectrum  of 1  (Table  1 ), a

signal  correspond ing  to  am ide  NH  (dH 6.19)  was  observed, and  in

the
13
C NMR spectrum , two  carbonyl  carbon  signals  were  observed

at  dC of 210.5  and  175.5, at tributed  to  ketone  and  am ide  carbons,

respect ively. The  1D and  2D NMR spectra  of  1  also  showed  peaks

corresponding  to  a  10-phenylsubstitu ted  perhydroisoindol-1-one

skeleton  with  a  6,7-epoxy  moiety, as  well  as  spectral  data  very

sim ilar  to  th e  known  series  of cytochalasins, mainly  with  the

cytochalasins  Z20 and  Z21 (Wang  et  al., 2011;  Lin  et  al., 2009;  Liu

et  al., 2006, 2008). The  chem ical shifts  of C-6  and  C-7  in  1  observed

at  dC 59.9  (C)  and  61.5  (CH), respect ively, were  very  sim ilar  to  those

recorded  for  cytochalasin  Z20 (C-6:  dC 60.5, C and  C-7:  dC 61.2, CH)

(Lin  et  al., 2009)  and  Z21 (C-6:  dC 59.3, C and  C-7:  dC 61.2, CH)  (Wang

et  al., 2011 ). COSY correlat ion s  confi rmed  the  perhydroisoindol-1-

one  skele ton  with  a  6,7-epoxy  moiety  by  the  presence  of cross

peaks  between  H-3  and  H-4, H-4  and  H-5, H-5  and  H-11, and  H-7

and  H-8/H-12  (Fig. 2). The  HMBC spectrum  helped  to  confi rm  th is

individual  fragm ent  by  correlat ion s  between  H-10  and  C-10/C-3/C-

Fig. 2. Structure, key  HMBC (! )  and 1H–1H  COSY (—)  correlat ions  of  the  cytochalasin  Z15E (1).

Table  1

NMR spect roscopic  data  for  cytochalasin  Z15E (1)  (at  400  MHz  for 1H  and  100  MHz  for 13C).

Posit ion  1  in  CDCl3

dC, type  dH (J in  Hz)  COSY HMBCa

1  175.5, C

2  N H  6.19, br. s.

3  54.5, CH  3.63, dt  (9.0, 4.5)  4, 10a, 10b  1, 4, 5, 9, 10

4  50.5, CH  2.40, dd  (8.0, 4.5)  3, 5  1, 3, 5, 6, 8, 9, 10, 11

5  33.9, CH  2.34, dd  (8.0, 7.0)  4, 11  3, 4, 6, 7, 9, 11,12

6  59.9, C

7  61.5, CH  2.97, br. d  (5.0)  8, 12  6, 8, 9, 12, 13

8  48.8, CH  2.75, br. dd  (8.0, 5.0)  7, 13, 14  1, 4, 6, 7, 9, 13, 14

9  77.9, C

10  45.1, CH2 a:  2.69, dd  (13.0, 9.5)  3, 10b  3, 4, 10, 20/60

b:  3.04–2.93, m  3, 10a  3, 4, 10, 20/60

11  14.2, CH3 1.11, d  (7.0)  5  4, 5, 6

12  21.1, CH3 1.33, br. s  7  5, 6, 7

13  127.2, CH  5.75–5.69, m  8, 14, 15a, 15b  7, 8, 9, 14, 15

14  135.1, CH  5.74  ddd  (15.5, 9.0, 6.8)  8, 13, 15a, 15b  8, 13

15  37.4, CH2 a:  2.24–2.16, m  8, 14, 15b, 16  13, 14, 16, 17, 20

b:  2.25, dddd  (14.1, 7.0, 6.8, 1.7)  13, 14, 15a, 16  13, 14, 17, 20

16  36.0, CH  2.07, dtd  (8.6, 6.8, 6.8, 2.0)  15a, 15b, 17, 20  14, 15, 20

17  78.6, CH  4.17, d  (2.0)  16  15, 16, 18, 20

18  210.5, C

19  25.7, CH3 2.15, s  17, 18

20  13.0, CH3 0.71, d  (6.8)  16  15, 16, 17

10 137.4, C

20/60 129.2, CH  7.18–7.16, m  30,50 10, 30/50, 40

30/50 129.2, CH  7.33, dt  (7.5, 1.8)  20, 60 10, 20/60

40 127.4, CH  7.30–7.28, m  30,50 20/60

a HMBC correlat ions  are  from  proton  (s)  stated  to  the  indicated  carbon.
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Fig.  3. Main  NOESY correlat ions  of the  cytochalasin  Z15E (1)  and  5-N-acetyl-8-b- isopropyl-ardeem in  (4).
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4, H-3  and  C-1/C-4/C-5/C-9/C-10, H-5  and  C-3/C-4/C-6/C-11/C-12,

H-7  and  C-6/C-8/C-9/C-12, and  H-8  and  C-9/C-1  (Fig. 2 ). Compari-

son  between  the  NMR data  of compound  1  and  those  reported  to

Z21 showed  R
2
values  (a  = 0.05)  very  significan t  for  both  dC (0.999)

and  dH (0.998).

The 1H  NMR spectrum  of 1  also  showed  signals  at  dH 5.74  and

5.73–5.69, att ributed  to  a  double  bond . The  double  bond  was

confi rm ed  by  HSQC analysis, which  showed  two  correspond ing

meth ine  signals  at  dC 135.1  and  127.2, respect ively. The
1
H  NMR

spectrum  of 1  was  analyzed  using  TopSpin  3.2  and  PERCH  NMR

software, which  enabled  the  recovery  of  in form at ion  with  respect

to  the  spin  coupling  constan ts  re lated  to  H-14, th e  signal  of which

was  part ially  overlapped  by  that  of  H-13. The  coupling  constants

measured  between  H-14  and  H-13  (J = 15.5  Hz), H-15a  (J = 9.0  Hz),

H-15b  (J = 6.8  Hz)  allowed  for  the  assignment  of  th e  signal at  dH

5.74  (1H, ddd, J = 15.5, 9.0, 6.8  Hz, H-14). Thus, the  geom etry  of the

double  bond  between  C-13  and  C-14  is  likely  trans, att ributed  to  the

coupling  constan t  value  (J13–14 = 15.5  Hz)  (Fig. 2). The  NOESY

correlat ion s  corroborate  th is  assignm ent  because  the  H-14  signal  is

corre lated  with  H-7  and  H-8  (Fig. 3), while  the  H-13/H-14  cross

peak  was  not  recorded.

Besides  the  10-phenylsubst itu ted  perhydroisoindol-1-one  skel-

eton , the  1D and  2D NMR indicated  that  1  has  an  open  8-carbon

chain  system  rath er  than  a  macrocyclic  ring  (Fig. 1, Table  1). In  the

COSY spectrum , cross  peaks  were  observed  between  H-8  and  H-13/

H-14, H-14  and  H-15a, H-15a  and  H-14/H-15b, H-15b  and  H-13/H-

14/H-16, and  H-16  and  H-17/H-20. This  th ird  spin  system  was  also

deduced  by  the  HMBC spectrum  (Fig. 2), confi rmed  by  the

corre lat ion  between  H-13  and  C-14, as  well  as  th e  correlat ions  of

both  H-15a  and  H-15b  with  C-13/C-14/C-17/C-20  and  H-16  with  C-

14/C-15/C-20. In  addit ion , in  the  HMBC con tour  map, correlat ions

were  observed  between  H-17  and  C-15/C-16/C-18/C-20;  finally, H-

19  exhibited  cross  peaks  with  C-17  and  C-18. On  the  other  hand, the

com parison  of the  1D NMR spectra  of 1  with  that  of cytochalasin

Z20 (Lin  et  al., 2009)  ind icated  that  th ese  compounds  are  very

sim ilar, except  for  the  posit ion  of th e  carbonyl  and  hydroxyl in  the

8-carbon  chain  system . The  main  differences  in  the
13
C NMR of 1

were  observed  at  C-16  to  C-20  (C-16:  dC 36.0;  C-17:  dC 78.6;  C-18:  dC

210.5;  C-19:  dC 25.7;  and  C-20:  dC 13.0)  (Table  1). The  chem ical

sh ifts  of  C-17  (dC 78.6)  and  CH3-20  (dC 13.0)  in  1  were  downfi eld

and  upfield , respect ively, considering  the  same  carbons  at

cytochalasin  Z20 (C-17:dC 73.2  and  CH3-20:  dC 17.2)  (Lin  et  al.,

2009 ).

The  magnitude  of the  coupling  constant  corresponding  to  the

signal  at  dH 2.75  (J8,7 = 5.0  Hz, H-8)  reveal  that  H-8  and  H-7  have

dih edral  angles  of approxim ately  53 , indicating  a-equatorial  and

b-axial  locat ion  of H-7  and  H-8, respectively  (Sm ith  and  Barfield ,

1993 ). The  relative  configurat ion  of the  stereocenters  in  the

isoindolone  moiety  of 1  was  deduced  from  the  NOESY correlat ions

of H-5  and  H-8  and  between  H-4  and  H-8, which  ind icated  that  H-

4, H-5, and  H-8  are  on  the  same  face  of  the  molecu le  and  assigned

to  have  b-orien tat ion . In  addit ion , all  cytochalasins  isolated  thus

far  have  the  sam e  configurat ion  of  cyclohexane  and  isoindole

moiet ies  (Lin  et  al., 2009). Therefore, the  1D and  2D NMR data

com parison , the  results  of NOESYanalysis  and  the  biogenetic  origin

allowed  to  assign  the  sam e  relat ive  configurat ion  previously  found

in  Z20 and  Z21 to  the  epoxyperhydroisoindol  6,7-1-1-one  moiety  of

1.

The  relat ive  configurat ion s  of the  stereogen ic  cen ters  at  C-16

and  C-17  in  the  open  8-carbon  chain  in  1  were  proposed  on  the

basis  of the  corre lat ions  between  H-17  (dH 4.17)  and  H-16  (dH 2.07)

and  H-15b  (dH 2.25)  in  the  NOESY spectrum , indicative  of an  anti

relat ionsh ip  between  H-17  and  H-20. This  assumption  was

confi rm ed  by  th e  HMBC corre lat ion  of  a  dH of  2.07  and  a  dC of

13.0  (
3
JC-20, H-17), as  well  as  the  non-detection  of  cross  peak  of the

coupling  con stan t
2
JC-17, H-16, suggesting  that  H-16  and  the  hydroxyl

at  C-17  are  in  anti  arrangem ent . Furthermore, the  absence  of

correlat ion  between  H-17  (dH 4.17)  and  H-20  (dH 0.71)  confi rm ed

th is  re lative  orien ta t ion , and  the  peak  between  CH3-20  (dH 0.71)

and  H-15a  (dH 2.16–2.24)  in  th e  NOESY spectrum  indicated  that

these  two  protons  are  on  the  same  side.

In  addit ion , the  relat ive  stereochem istry  of  the  fragmen t

between  C-15  and  C-18  of 1  was  assigned  on  the  basis  of the

homonuclear  and  heteronuclear  coupling  constan t  values  obtained

by  HMBC and
1
H  NMR spectral analysis. The  molecular  modeling

system  (MMS)  of PERCH  was  u t ilized  for  th e  molecu lar  modeling  of

1, and  th e 13C and 1H  NMR spectra  were  predicted  using  PERCH-

NMR software . Table  2  shows  the  exper im en tal  and  est im ated

values  of  the  coupling  constants 2,3JC,H and 3JH,H for  the  1-methyl-2-

hydroxy  system  re lative  to  C-16/C-17, which  were  calcu la ted  using

the  measurem ent  and  est imat ion  from
1
H  NMR spectra  and  phase-

sensit ive  HMBC. The  data  indicated  that  the  fragment  exh ibits  a

majority  of the  threo-1,2-m ethyl-hydroxyl  configurat ion  (Matsu-

mori  et  al., 1999;  Bifu lco  et  al., 2007). Thus, the  configurat ion  of the

stereogen ic  cen ters  at  C-16  and  C-17  is  presum ed  to  be  S and  R,

respect ively, according  to  open-chain  cytochalasins  Z15 (Liu  et  al.,

2008), and  on  the  basis  of biogenet ic  origin , all  cytochalasins

isolated  thus  far  have  the  sam e  absolu te  configurat ion  in  the  10-

phenylsubstitu ted  perhydroisoindol-1-one  skeleton  and  at  C-16  of

the  macrocyclic  ring  moiet ies  (Lin  et  al., 2009;  Liu  et  al., 2008).

Thus, the  st ructure  of 1  is  tentatively  established  as  (13E)-

(3S,4S,5S,6R,7S,16R,17R)-6,7-epoxy-16-m ethyl-17-hydroxy-10-

phenyl-[14]cytochalasa-13-ene-1,18-dione, namely  cytochalasin

Z15E.

Compound  4  was  isolated  as  a  colorless  amorphous  solid . Its  UV

spectrum  exhibited  l max at  206, 228, 270, and  305  nm . The

molecu lar  formula  was  C30H32N4O3, as  determ ined  by  HR-ESI–MS

(m/z  497.2553, [M+H]+;  calc. for  C30H33N4O3:  497.2547). The  COSY

experim en t  indicated  the  presence  of  two  arom at ic  sp in  system s

with  coupled  protons  at  dH of 7.92  (H-4), 7.54  (H-1), 7.37  (H-3), and

7.26  (H-2), and  another  one  at  a  dH of 8.20  (H-11), 7.83  (H-13), 7.71

(H-14), and  7.52  (H-12). 1D and  2D NMR analysis  of 4  indicated  that

it  has  a  st ructu re  sim ilar  to  that  of ardeem in  der ivatives

(Hochlowski  et  al., 1993 ). The  molecular  formula  was  assigned

as  C30H32N4O3, im plying17 of unsaturat ion. The  unsaturat ions

were  accommodated  such  as  5-N-acetylardeem in:  eigh t  in  th e  two

subst itu ted  benzene  rings, two  in  carbonyl  funct ions, one  in  the

olefin  of the  isoprenoid  un it , one  in  am idine  funct ion , and  four  in

the  other  four  rings  (Hochlowski et  al., 1993 ). The  on ly  difference

was  the  presence  of an  isopropyl moiety  (dC 32.6/dH 1.97, C-17/CH;

Table  2

Est imated  and  calculated 2,3JC,H e3JH,H values  for  the  C16-C17  segm ent  in  1.

2,3JXH Estimated  (Hz)b Calculated  (Hz)c Magnituded

3JH-16,H-17 1.8  1.3  Small
3JC-15,H-17 3.9  1.4  Medium
3JC-18,H-16 1.0  1.2  Small
3JC-20 ,H-17 6.4  7.2  Large
2JC-17,H-16 < 0.5  0.5a Small

a Empirical  value  based  on  the  non -detected  corre lat ion 2JC17,H16 in  the  HMBC

spect rum . Experimentally, this  value  ranges  from  0  to  2  Hz.
b  3JH,H values  were  extracted  from  the 1H  NMR spect rum . The 2,3JC,H values  were

est imated  by  the  PS-HMBC spectrum  th rough  the  rationalizat ion  of the  relat ive

intensit ies  of the  cross  peaks  by  the  equation

ICa ;H=ICb;H ¼ sin
2
ðDpJ

Ca;HÞ=sin
2
ðDpJ

Cb;HÞ, where  ICa,H and  ICb,H are  the  cross  peak

intensity, at t ributed  to  H-Ca  and  H-Cb  couplings, respect ively, whereas  D
represents  the  delay  of long-range  proton-carbon  coupling  evolut ion  of the  HMBC

experim ent .
c Values  calcu lated  by  Karplus-type  equat ions. The  dihedral  angles  of 1  were

calculated  by  a  molecular  modeling  system  (MMS)  with  3D  molecular  models

having  energet ic  opt im izat ion  by  Merck  molecular  force  field  (MMFF94).
d System s  1-m ethyl-2-hydroxy, the  magnitude  of coupling  constant  values, in  Hz,

are  est im ated  as  follows:  Small  = [(1  <
3JH,H <  4), (1  <

3JC,H <  3), (0  <
2JC,H <  2)];

large  = [(8  <
3JH,H <  11), (6  <

3JC,H <  8), ( 5  <
2JC,H <  7)].
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dC 20.3/dH 0.88;  C-17b/CH3;  and  dC 18.9/dH 0.85, C-17a/CH3)  in  4

instead  of a  methyl  group  in  position  8, as  previously  reported  for

5-N-acetylardeem in  (Zhang  et  al., 2014;  Zhang  et  al., 2010;

Hoch lowski et  al., 1993). Furtherm ore, the  HMBC experim ent

indicated  cross  peaks  between  dH 5.10  (H-8)  and  dC 32.6  (C-17), dC

18.9  (C-17a), and  dC 20.3  (C-17b), which  perm it ted  th e  confi rm a-

t ion  of th is  connect ivity. Based  on  NOESY correla tions  (dH 5.10, H-8

and  dH 1.97, H-17)  (Fig. 3, Table  3)  and  the  coup ling  constan t  of

vicinal  protons  J8–17 (8 .4  Hz), 4  was  elucidated  as

(7R,9aS,14bR,15aR)-10-acetyl-10,14b,15,15a-tetrahydro-7-isopro-

pyl-14b-(2-methylbu t-3-en-2  yl)indolo[300,200:40,50]pyrrolo

[20,10:3,4]pyrazino[2,1-b]qu inazoline-5,8(7H,9aH)-d ione, nam ely

5-N-acetyl-8-b-isopropyl-ardeem in .

The  crude  CH2Cl2 extract  from  A. felis  exh ibited  an  MIC value  of

1.9  mg/mL against  P. brasiliensis. All  isolated  com pounds  were

tested  by  the  sam e  assay  for  evaluat ing  their  an t ifungal act ivities.

Cytochalasin  E exhibited  the  h ighest  act ivity  with  an  MIC of 1.8  mg/

mL (3.6  mM), followed  by  4  (MIC = 62.5  mg/mL = 125.9  mM), 2

(MIC = 62.5  mg/mL = 134.8  mM), and  6  (MIC = 62.5  mg/mL = 144.9

mM)  (Table  4). Cytochalasin  E and  rosellichalasin  have  been  both

isolated  from  Rosellinia  necatrix (Kim ura  et  al., 1989), Aspergillus

flavipes  (Lin  et  al., 2009), Aspergillus terreus  (Ge  et  al., 2010;  Zhang

et  al., 2010), Aspergillus  sp . nov. F1  (Xiao  et  al., 2013), and  Xylaria  sp.

(Zhang  et  al., 2015);  their  st ructu res  prim arily  d iffer  in  the  side

chains  at  carbons  18–21. According  to  Xiao  et  al. (2013), both

cytochalasin  E and  rosellich alasin  exh ibit  cytotoxic  act ivity  against

A549, Hela, BEL7402, and  RKO cells  with  IC50 values  varying  from

37.3–78.5  mM. However, on ly  cytochalasin  E exh ibits  activity

again st  HepG2  and  CaSki  cancer  cells  with  IC50 values  of 25  mM

and  29  mM, respect ively  (Zhang  et  al., 2015 ).

In  our  assays, only  cytochalasin  E exh ibited  ou tstanding

ant ifungal activity  against  P. brasiliensis. Cytochalasin  E has  been

previously  repor ted  to  be  the  an t ifungal  com ponen t  in  Xylaria  sp.

XC-16, exh ibit ing  act ivity  against  Alternaria  solani (MIC of 50  mM),

Botrytis  cinerea , and  Gibberella  saubinetti (MICs  of  100  mM)  (Zhang

et  al., 2014).

3.  Exper im en t a l

3.1. General

UV spectra  were  measured  on  a  SpectraMax
1

M5  mult i-m ode

m icroplate  reader  (Molecu lar  Devices, Californ ia, USA). Optical

rotat ion  was  recorded  using  an  Anton  Paar  MCP  300  polarimeter.

1D and  2D NMR spectra  were  recorded  on  a  Bruker  Avance

400  MHz  spectrom eter  using  TMS as  the  in ternal  standard. High-

resolu t ion  mass  spectra  were  recorded  on  a  Bruker  ETD-maXis

quadrupole  TOF (Bruker  Dalton ics, Brem en, Germ any)  coupled  to  a

Therm o  Surveyor  Plus  HPLC system  (Thermo  Fisher  Scien t ific,

Waltham , MA, USA)  equ ipped  with  a  Finnigan  PDA Surveyor  Plus

diode-array  detector. Analyses  were  conducted  on  a  reverse-phase

column  (Atlant is  C18, Waters, USA, particle  diameter  of 3  mm ,

150  mm   2.1  mm  i.d .)  using  a  linear  gradien t  of ACN:H2O from  10

to  100% in  12.5  m in. The  follow ing  condit ions  were  ut ilized:  end

plate  offset , 500  V;  cap illary  voltage, 4500  V;  nebu lizer  pressure ,

0.4  bar;  dry  gas  (n itrogen)  flow  rate, 4.0  L/m in ;  dry  tem perature ,

180 C;  ISCID energy, 25  eV;  collision  energy, 7  eV;  ion  cooler  RF, 25

Vpp;  transfer  t im e, 45–49  ms;  and  mass  range, 50–1500  Da.

Analytical  HPLC was  perform ed  on  a  Shim -pack
1

C18  colum n

(5  mm, 4.6  mm   250  mm , i.d .)  using  a  system  (Sh im adzu, Kyoto,

Japan)  equ ipped  with  an  LC10AD pum p  and  an  SPD M-10A VP

diode  array  detector. Sem i-prep. purificat ion  was  conducted  using

an  HPLC system  (Sh im adzu, Kyoto, Japan )  equ ipped  with  two

LC6AD pumps  and  an  SPD-10A-UV detector. TLC analyses  were

Table  3

NMR spect roscopic  data  for  5-N-Acetyl-8-b- isopropyl-ardeem in  (4)  (at  400  MHz  for 1H  and  100  MHz  for 13C).

4  in  CD3OH

Posit ion  dC, type  dH (J in  Hz)  COSY HMBCa

1  126.4, CH  7.54, dd  (8.0, 1.5)  2  3, 4, 4a, 16a

2  126.2, CH  7.26, td  (7.5, 1.5)  1, 3  4, 4a

3  130.1, CH  7.37, td  (7.5, 1.5)  2, 4  2, 4, 4a

4  120.3, CH  7.92, br. d  (7.5)  3

4a  144.0, C

5a  80.9, N H  6.13, br. s.

7  166.8, C

8  63.9, CH  5.10, d  (8.4)  17  7, 10, 15a, 17, 17a, 17b

10  162.2, C

10a  121.5, C

11  127.8, CH  8.20, dd  (8.5, 1.5)  12, 13  10, 12, 13, 14a

12  128.5, CH  7.52, dd  (7.5, 1.5)  11, 13  10, 14a

13  136.1, CH  7.83, ddd  (8.5, 7.0, 1.5)  12, 14  10a, 11, 14a

14  128.3, CH  7.71, br. d  (8.5)  12, 13  10, 10a, 12, 14a

14a  148.6, C

15a  153.0, C

15b  60.2, CH  4.53, dd  (10.5, 6.0)  16a, 16b  14a, 15a, 16

16  37.4, CH2 b:  2.77, dd  (13.0, 10.5)  15b, 16a  15a, 15a, 18

a:  3.08, dd  (13.0, 6.0)  15b, 16b  5a, 15b, 16b

16a  62.4, C

16b  136.1, C

17  32.6, CH  1.97, dquin  (8.4, 6.8   4)  8, 17a  7, 8, 17a, 17b

17a  18.9, CH3 0.85, d  (6.8)  17  8, 17, 17b

17b  20.3, CH3 0.88, d  (6.8)  8, 17a

18  41.4, C

19  144.9, CH  5.87, dd  (17.4, 10.8)  20a  16a, 18, 22

20  114.7, CH2 a:  5.14, br. d  (17.4)  19, 20b  18, 19

b:  5.08, d  (10.8, 0.9)  20a  18, 19

21  22.8, CH3 1.22, s  22  16a, 18, 19, 20, 22

22  23.8, CH3 1.05, s  21  16a, 18, 19, 20, 21

23  172.5, C

24  23.9, N H  2.66, br. s. 23

a HMBC correlat ions  are  from  proton  (s)  stated  to  the  indicated  carbon.
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conducted  on  pre-coated  silica  gel  G-60/F254  plates  (0 .25  mm ,

Merck, Darm stadt , Germany).

3.2. Isola tion  of funga l materia l

The  fungus  A. felis  (UFMGCB 8030)  was  isola ted  from  rocks

collected  from  the  Atacama  Desert, Chile . It  was  preserved  in

sterile  dist illed  water  (Castellan i, 1967)  in  the  Collect ion  of

Microorganism s  and  Cells  at  the  “Universidade  Federal  de  Minas

Gerais,”  Brazil.

3.3. Identification  of fungus

The  fungus  UFMGCB 8030  was  iden tifi ed  on  th e  basis  of the

analysis  of  ITS, b-tubu lin , and  RPB2  gene  regions. The  nucleot ide

sequence  of ITS of UFMGCB 8030  ind icated  100% of query  coverage

and  100% sim ilarity  with  a  sequence  of  A. felis  (GenBank  code

KF558318). In  add it ion, b-tubu lin  sequences  indicated  84% of

query  coverage  and  99% sim ilarity  with  a  sequence  of A. felis

(GenBank  code  KJ914694), while  RPB2  nucleot ide  sequences

ind icated  100% of query  coverage  and  98% sim ilarity  with  the

sequence  of A. felis  (GenBank  code  KJ914735). The  fungus  UFMGCB

8030  was  iden t ified  as  A. felis  (Gonçalves  et  al., 2016;  Mendes  et  al.,

2016). The  sequences  were  deposited  in  GenBank  under  accession

codes  KX098586  (ITS)  and  KX229737  (b-tubu lin ).

3.4. Fermentation  and  extraction

The  fungus  A. felis  was  grown  under  static  condit ion s  at  25 C for

15  days  in  600  Petri  dishes  (90  mm  diameter)  con tain ing  20  mL of

potato  dextrose  agar  composed  of  dextrose  (2% w/v), potato

in fusion  (30% w/v), and  agar  (2% w/v). The  cu lture  was  extracted

two  t im es  with  CH2Cl2 for  48  h . The  suspension  was  fi ltered  using

fi lter  paper, and  the  organ ic  phases  were  concentrated  on  a  rotary

evaporator. The  residual solven t  was  dried  by  vacuum  centrifuga-

t ion  at  40 C overnigh t , afford ing  th e  CH2Cl2 extract  (5 .8  g).

3.5. Purification  and  isola tion

Next , the  CH2Cl2 extract  (5.8  g)  was  subjected  to  colum n

chromatography  (CC)  using  a  silica-gel  (230–400  mesh)  open

column  using  a  grad ien t  of solven ts  with  increasing  polarity:  Hex,

Hex/CH2Cl2 (1:1, v/v), CH2Cl2, CH2Cl2:EtOAc  (1:1–7:3, v/v), EtOAc,

EtOAc/MeOH  (1:1, v/v), and  finally  with  MeOH, afford ing  12

fract ions  (F1–12). Fract ion  6  (350  mg)  was  purified  by  sem i-prep .

RP-HPLC (220  and  254  nm , Sh im -pack
1
C18, 5  mm , 20   250  mm , i.

d., 7  mL/m in)  using  a  gradient  of ACN  in  H2O (10–100% over  50  min)

followed  by  100% ACN for  20  m in , affording  1  (20  mg), 4  (6  mg), 5

(15  mg), and  6  (4  mg). Fraction  9  (162  mg)  was  subjected  to  sem i-

prep. RP-HPLC (220  and  254  nm , Sh im -pack
1

C18, 5  mm ,

20   250  mm , i.d ., 7  mL/m in)  using  a  gradient  of ACN in  H2O, 10–

80% over  60  m in, followed  by  80–100% of  ACN  for  4  m in, and  100%

of  ACN  for  10  m in, afford ing  2  (9  mg), 3, (11  mg), and  7  (8  mg).

3.5.1. Compound  1

Cytocha lasin  Z15E, (13E)-(3S,4S,5S, 6R,7S,16R,17R)-6,7-epoxy-16-

methyl-17-hydroxy-10-phenyl-[14]cytochalasa-13-ene-1,18-

dione:  20  mg;  colorless  oil;  [a]D
25 +30.34 (c  0.78, MeOH);  UV

(MeOH)  l max (log  e)  204  (3.65), 256  (2.66);  for
1
H  and

13
C NMR

spectroscopic  data, see  Table  1 ;  HRMS m/z  428.2433, [M+H]
+
(calc.

for  C25H34NO5:  428.2431).

3.5.2. Compound  4

5-N-acetyl-8-b-isopropyl-ardeemin, (7R,9aS,14bR,15aR)-10-ace-

tyl-10,14b,15,15a-tet rahydro-7-isopropyl-14b-(2-m ethylbu t-3-en-

2  yl)indolo[300,200:40,50]pyrrolo[20,10:3,4]pyrazino[2,1-b]qu inazo-

lin e-5,8(7H,9aH)-dione:  6  mg;  colorless  amorphous  solid;  [a]D
25

 31.67 (c  0.6, MeOH);  UV (MeOH)  l max (log  e)  206  (4.41), 228

(4.24), 270  (3.79), and  305  (3.42)  nm ;  for 1H  and 13C NMR

spectroscopic  data, see  Table  3;  HRMS m/z  497.2553, [M+H]+ (calc.

for  C30H32N4O3:  497.2547).

3.6. Antifungal assay

The  ant ifungal activity  of the  samples  was  evaluated  against  a  P.

brasiliensis  (Pb18)  isolate  belonging  to  the  phylogenetic  species  S1

by  th e  broth  m icrodilu t ion  susceptibility  test . The  Pb18  isolate  was

main tained  by  weekly  transfer  in  solid  YPD medium  (pep tone,

yeast  extract , and  dextrose)  at  37 C. The  isolated  Pb18  cells  were

suspended  in  sterile  saline, and  the  t ransm ittance  of the

supernatant  at  530  nm  was  adjusted  to  70% (1  10
6

 5  10
6

cells/mL). The  cell  suspension  was  dilu ted  in  1:10  RPMI 1640  broth

plus  3-(N-morpholino)propanesu lfonic  acid  buffer  to  the  final

inocu lum  of 1  105  5  105 cells/mL (Cruz  et  al., 2012;  Clin ical

Laboratory  Standards  Inst itu te, 2008). Sam ples  were  dilu ted

seria lly  using  RPMI 1640  broth  at  concen trat ions  ranging  from

500.0  to  0.9  mg/mL for  obtain ing  minim al  inh ibitory  concen tra-

tions  (MICs). It raconazol (0.5–0.0005  mg/mL)  and  amphotericin

(0.5–0.0005  mg/mL)  were  used  as  posit ive  controls. MIC, expressed

in  mg/mL, was  defined  as  the  lowest  concen trat ion  at  which  100%

inh ibit ion  of the  grow th  of isolated  Pb  18  could  be  ach ieved.

Resu lts  were  obtained  in  th ree  independen t  experimen ts  per-

form ed  in  duplicate .

3.7. Computational simulations

The  in tensities  of the  long-distance  corre lat ion s 2,3JH,C and 3JHH

were  measured  by  a  spectrum  obtained  by  a  standard  experimen t ,

obtained  from  a  program  hm bcetgpl3nd  pu lses  (Cicero  et  al.,

2001), using  a  BRUKER spectrom eter  of  400  MHz. CDCl3 was  used

as  the  solven t. Phase-sensit ive  HMBC using  an  echo/ant iecho

gradien t  select ion  was  used  with  a  th ree-fold  low-pass  J-fi lter  for

suppressing  one-bond  correlat ion s  as  well  as  decoupling  during

acqu isit ion . This  experimen t  was  processed  to  obtain  a  phase-

sensit ive
1
H–13

C long-range  correla tion  spectrum  (PS-HMBC)

using  TOPSPIN  software  (version  3.2). This  pu lse  program  was

chosen  because  the  echo-ant i-echo  detect ion  mode  resu lts  in  h igh

sensit ivity, in  add ition  to  the  3rd  order  low-pass  fi lter, which  is

more  effi cien t  at  elim inat ing 1J art ifacts. The  J values  in  th is

param eter  set  were  selected  for  opt im izing
2
J-
3
J correlat ions.

HMBC experim en ts  were  recorded  at  frequencies  of  400.15  MHz

(
1
H)  and  100.62  (

13
C)  with  a  delay  D set  at  62.5  ms  with  a  size  date

of  2048  (F2)   256  (F1)  poin ts, total  number  of scans  set  at  16,

spectral  widths  of 3422.99  Hz  (1H)  and  22299.63  Hz  (13C), and  the

spectral  resolu t ion  of 1.672196  (F2)  and  21.798269  (F1). The  data

were  processed  using  sine  (t 2)  and  a  sin e-bell  squared  (t1)  window

functions.

Table  4

MIC values  of  isolated  compounds  from  Aspergillus  felis  against  Paracoccidioides

brasiliensis  (Pb18)  using  microdiluit ion  broth  assay.

Sample  Pb  18  mg/m l

Crude  ext ract  1.9

Cytochalasin  Z15E (1)  250.0

Rosellichalasin  (2)  62.5

Cytochalasin  E (3)  1.8

5-N-Acetyl-8-b- isopropyl-ardeem in  (4)  62.5

Gancidin  (5)  >250.0

Pseurot in  A1  (6)  62.5

2,4-Dihydroxyacetophenone  (7)  250.0

It raconazol  0.001

Amphotericin  0.06
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Appen d ix  A. Su pp lem en tary  da t a

Supplem entary  data  associated  with  th is  art icle  can  be  found, in

the  online  version , at  h t tp://dx.doi.org/10.1016/j.

phytol.2016.06.006.
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