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Abstract: A new amide metabolite, (2E,7Z)-9-hydroxy4, 6, 8-trimethylnona-2 , 7-dienamide (1), together with two
known manumycin-type compounds, antibiotic U-62162 (2) and salternamide C (3) were obtained from the fermenta-
tion broth of endophytic Plantactinospora sp. NEAU-gxj3. Their structures were determined on the basis of spectroscopic
analysis, including 1D and 2D NMR as well as ESI-MS and comparison with literature data. Bioassay of cytotoxic activi-
ties results showed that 2 demonstrated potent cytotoxic activity against human leukemia cell line K562 ,human lung ade-
nocarcinoma cell line A549 and human liver hepatocellular carcinoma cell line HepG2 with an ICy, value of 6. 8,32 pg/
mL and 19 pg/mL, respectively.
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Introduction

Microorganisms possess a tremendous capacity to pro-
duce structurally diverse natural products with remarka-

ble activities, rendering them as a prolific source of
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2} How-

pharmaceutical leads and therapeutic agents'"
ever,in the last decade,the rate of new microbial com-
pound identification is rapidly decreased, and the
search for novel pharmaceutical compounds from micro-
organisms has become more difficult and expensive'?'.
Therefore , many efforts have been moved towards the
microorganisms from unusual and unexplored habit-
ants,such as endothytic environment'*’. As part of our
continuous screening for more active natural products
from endophytic microorganisms, a new amide metabo-

lite, (2E,77 ) -9-hydroxy4 , 6, 8-trimethylnona-2 , 7-di-

enamide (1) ,together with two known manumycin-type
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compounds, antibiotic U-62162 (2) and salternamide
C (3) were obtained from the fermentation broth of en-
dophytic Plantactinospora sp. NEAU-gxj3. In this stud-
y,we report the fermentation ,isolation , structural eluci-

dation and biological activity of 1-3.

Materials and Methods

General

'H and "C NMR spectra were measured with a Bruker
DRX400 (400 MHz for '"H and 100 MHz for “C)
spectrometer ( Bruker, Rheinstetten, Germany ) with
tetramethylsilane ( TMS) as internal standard;'H and
“C NMR assignments were supported by 'H-'"H CO-
SY,HSQC, NOESY and HMBC experiments ; Electros-
pray ionization mass spectrometry ( ESI-MS) and high
resolution electrospray ionization mass spectroscopy
(HR-ESI-MS) spectra were taken on a Q-TOF Micro
LC-MS-MS mass spectrometer ( Waters Co, Milford,
MA,USA) ; UV spectra were obtained from a Varian
CARY 300 BIO spectrophotometer; IR spectra were
measured with a Nicolet Magna FT-IR 750 spectrome-
in em™") . The analytic ( Zorbax SB-Ci, 5
pwm,250 x4.6 mm i.d) and semi-preparative ( Zorbax
SB-Cjg,5 um,250 x9.4 mm i. d) RP-HPLC were con-
ducted on an Agilent 1100 series; Commercial silica gel
(Qingdao Haiyang Chemical Group,Co. ,100-200 mesh )
and Sephadex LH-20 gel were used for column chromatog-

ter (v

max

raphy ; Spots were detected under UV or by heating after
spraying with sulfuric acid-ethanol ,5:95 (v/v).

Strain material

Strain  Micromonospora sp. NEAU-gxj3 was isolated
from soybean root [ Glycine max (L. ) Merr. | collected
from Harbin, Heilongjiang Province , China. It was iden-
tified as the genus Plantactinospora by Professor Wen-
Sheng Xiang at School of Life Science, Northeast Agri-
cultural University , Harbin, China. The strain has been
deposited in the German Collection Microorganisms and
Cell Culture ( DSMZ) , with accession number of DSM
46832. The GenBank/EMBL/DDB]J database accession
number of the 16S rRNA sequence of strain NEAU-
gxj3 is KM359703.

Fermentation , extraction and isolation

The strain Plantactinospora sp. NEAU-gxj3 was grown

and maintained on the oatmeal agar [ International
Streptomyces Project (ISP) medium No. 3] and incu-
bated for 6-7 days at 28 °C'*'. Then, a total of 10 mL of
sterile water was added to the slant of the ISP3 medi-
um. The spores were scraped off and transferred into a
sterile tube containing glass beads, and the resulting
spore suspension was then filtered through six layers of
sterile cheesecloth and adjusted to 107-10° ¢fu/ mL. A
volume of 2.0 mL of the spore suspension was inocula-
ted into each of four 1-L Erlenmeyer flasks,which con-
tain 250 mL of seed medium and then incubated at 28
°C for 48 h,shaken at 250 rpm. The seed medium con-
sisted of glucose 4 g, maltodextrin 10 g, yeast extract 4
g,CaC0;2 g in 1.0 L water and pH 7. 2-7. 4. Subse-
quently,1 L of the culture was transferred into a 50-L
fermentor containing 30 L of the producing medium
consisting of sucrose 10% , yeast extract 0. 5% , soy-
bean powder 2.5% ,peptone 0.4% ,CaC0O,0.3% ,Mg-
SO, - 7H,0 0. 1% ,FeSO, - 7TH,0 0. 006% , K,HPO,
0.03% ,MnSO, - H,0 0.2% ,CoCl, - 6H,0 0.05% ,
and pH 7. 0 before sterilization. The fermentation was
conducted at 28 C for 7 days stirred at 100 rpm with
an aeration rate of 900 L of air per hour.

The final 30 L of the broth from a 50 L fermentor was
filtered and the resulting cake was washed with water
(3 L) and subsequently extracted with MeOH (3 L).
The supernatant and the wash water were subjected to a
Diaion HP-20 resin column eluting with 95% EtOH (5
L).The MeOH extract and the EtOH eluents were e-
vaporated under reduced pressure to 1 L at 50 °C and
the resulting concentrate was extracted three times u-
sing an equal volume of EtOAc. The combined EtOAc
phase was concentrated under reduced pressure to yield
20 g of oily substances. The residual oily substance was
chromatographed on silica gel and eluted with a CHCI,-
MeOH mixture (100: 0-60:40,v/v). The fractions elu-
ted with the CHCL;-MeOH mixture (90: 10,v/v) were
combined and evaporated to obtain fraction I. The frac-
tions eluted with the CHCl,-MeOH mixture (85:15,v/
v) were pooled and concentrated to give fraction 1.
The fraction 1 was subjected to Sephadex LH-20 gel
column eluting with MeOH to give subfraction I, which

was further isolated by semi-preparative HPLC eluting
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with CH,;CN-H,0 (60:40,v/v) with a flow rate of 1.5
ml/min at a room temperature to obtain compounds 2
(tz 18.1 min,25 mg) and 3 (z; 20.2 min, 10 mg).
The fraction 1l was subjected to Sephadex LH-20 gel
column eluting with MeOH to give subfraction II,which
was subsequently purified by semi-preparative HPLC u-
sing a solvent containing a CH,CN-H, O mixture (25:
75,v/v) with a flow rate of 1.5 mL/min at a room
temperature to give compound 1 (¢, 20. 5 min, 15
mg) .

Cytotoxicity assay

Cytotoxic activities of 1,2 and 3 against human leuke-
mia cell line K562, human lung adenocarcinoma cell
line A549 and human liver hepatocellular carcinoma
cell line HepG2 were evaluated using the CCK-8 color-
imetric method'® . Briefly, all kinds of cell lines were
routinely cultured in DMEM containing 10% calf ser-
um at 37 °C for 4 hours,in a humidified atmosphere of
5% CO, incubator. The adherent cells at their logarith-
mic growth stage were digested, and were inoculated
onto 96-well culture plate at a density of 1. 0 x 10*
cells/well for the determination of proliferation. Test
compounds were added to the medium after 24 hours
and incubation was continued for 48 hours. Coloration
substrate, cell counting kit-8 ( CCK-8, Dojindo ) , was
added to the medium followed by further incubation for
3 hours. Absorbance at 450 nm with a 600 nm refer-
ence was measured thereafter. Media and DMSO control
wells,in which compound was absent,were included in
all the experiments in order to eliminated the influence
of DMSO. The inhibitory rate of cell proliferation was
calculated by the following formula .

Growth inhibition (% ) = [ OD
x 100

The cytotoxicity of compound on tumor cells was ex-

ODlrcatcd J/OD

control ~ control

pressed as IC,,values (the drug concentration reducing
by 50% the absorbance in treated cells, with respect to
untreated cells) and was calculated by LOGIT method.

Results and Discussion

Structural elucidation
Compound 1 Amorphous solid, UV (EtOH) A, nm

max

202 (log 4.17) ;IR (KBr):v,, 3331,2967, 1678,

1606, 1403, 1209, 1007, 863 cm™ ;' H NMR (400
MHz,CDCl;) 6: 5.80 (1H,d,J = 15.5 Hz,H-2),
6.74 (1H,dd,J = 15.5,7.8 Hz,H-3),2.30 (1H,
m,H4),1.30 (2H,m,H-5),2.46 (1H,m,H-6),
5.01 (1H,d, J = 9.7 Hz,H-7) ,4.15 (1H,d,J =
11.7 Hz,H9a) ,4.02 (1H,d,J = 11.7 Hz,H9b),
1.75 (3H,s,H-10),0.85 (3H,d,J = 6.2 Hz, H-
11),1.00 (3H,d,J = 6.7 Hz, H-12);” C NMR
(100 MHz,CDCL;) &: 168.5 (s,C-1),120.9 (d,C-
2),151.7 (d,C-3),34.4 (d,C4),44.0 (1,C-5),
29.9 (d,C-6),134.5 (d,C-7),132.9 (s,C-8),
61.4 (1,€9),21.3 (q,C-10),21.5 (q,C-11),19.8
(q,C-12) ; HR-ESI-MS (m/z 212. 1644 [M + H] ",
calculated for C,, Hy, NO,,212. 1645 ) . The molecular
formula of 1 was detennined to be C,, H,, NO, on the
basis of HR-ESI-MS analysis, indicating 3 degrees of
unsaturation. The IR spectrum revealed that 1 pos-
sessed a conjugated carbonyl group (1678 ¢cm™) and a
hydroxy group (3331 ecm™). The 'H NMR (400 MHz,
CDCl, ) data showed three olefinic resonances in the
deshielded region at §; 5.01 (1H,d,J = 9.7 Hz),
5.80 (1H,d,J = 15.5 Hz),6.74 (1H,dd,J =
15.5,7. 8 Hz) ,one oxygenated methylene group at §y
4.15 (1H,d,J = 11.7 Hz) ,4.02 (1H,d,J = 11.7
Hz) ,one aliphatic methylene at §,; 1. 30 (2H,m) ,two
aliphatic methines at §,, 2.30 (1H,m),2.47 (1H,
m) ,one olefinic methyl at §,, 1. 75 (3H,brs) ,two ali-
phatic methyls at 6, 1.00 (3H,d,J = 6.7 Hz) and
0.85 (3H,d,J = 6.2 Hz).The "C NMR spectrum
showed one carbonyl carbon at §. 168.5 (s), one
olefinic quaternary carbon at 8. 132.9 (s), three
olefinic methines at §. 151.7 (d),134.5 (d) and
120.9 (d) ,one oxygenated methylene at §.61.4 (t),
one aliphatic methylene at §; 44.0 (t),three methyls
at 6.21.5 (q),21.3 (q) and 19. 8 (q) in addition to
two aliphatic methines at §.34.4 (d) and 29.9 (d).
The correlations of '"H-'"H COSY and HMBC in com-
pound 1 were determined in this elucidation (Fig. 1).
The 'H-'"H COSY correlations of H-2/H-3/H4/H,-5/
H-6/H-7 established the backbone core from C-2 to C-
7. The doublet methyl groups C-11 and C-12 were con-
nected to C-6 and C-4,respectively,by the '"H-'H CO-
of H,-11/H-6 and H,-12/H-

SY correlations
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4. Furthermore ,the HMBC correlations from H,-9 and
H,-10 to the olefinic double-bond carbon C-7 and C-8
secured the connectivity from C-7 to C-8 bearing a
methyl and an oxygenated methylene groups. Strong
HMBC correlations from H-2 and H-3 to the carbonyl
carbon C-1 at §; 168. 5 in combined with the molecular
formula indicated that an amide functional group was
located on C-2 position. The geometry of the C-2 doub-
le bond was determined to be E by observation of the
trans "H-"H coupling constant (J, ; = 15.5 Hz) be-
tween H-2 and H-3. The geometry of the C-7-C-8 doub-
le bond was assigned as Z based on the downfield
chemical shift of C-10 (8. 21.3). The stereogenic cen-
ters of C4 and C-6 were assigned as those of (E)-4,
6, 8-trimethylnona-2 , 7-dienamide , which was obtained
from the salternamide C (3)"'. Consequently, the
structure of 1 was established as shown in Fig. 1. NMR

data and detailed experimental data of 1 is available

free of charge via the Internet at hitp://
www. trcw. ac. cn.
Compound 2 Pale yellow oil,UV (EtOH) A, nm 233

(log 4.09) ,280 (log3.83);[al s +23.4 (¢0.17,
EtOH) ;'H NMR (400 MHz, CDCL,) and “C NMR
(100 MHz,CDCI,) data see Table 1;HR-ESI-MS (m/
z442.2197 [M + Na] *, calculated for C,;H,;NONa,
442.2200). The molecular formula of 2 was deduced
as Cp;Hy;;NOg based on the HR-ESI-MS analysis, indi-
cating 8 degrees of unsaturation. Analysis of the IR

spectrum indicated the presence of hydroxyl and

m—  'H-'HCOSY
77N\ HMBC

Fig.1 Chemical structure,key 'H-'H COSY and HM-

BC correlations of 1

OH

2 salternamide C (3)

Fig.2 Chemical structures of 2 and 3 and key 'H-'H
COSY ,HMBC and NOESY correlations of 2

Table I NMR data for 2 (in CDCL,) and 3 (in CD,0D)
N 8u (J in Hz) 8¢ (ppm)
position
2 3 2
1 188.8 (s)
2 128.3 (s)
3 7.42 (1H,s) 7.60 (1H,s) 128.5 (d)
4 70.9 (s)
5 (1;,?3 s 3.99 (1H,dd,7.8,3.1) 58.0 (d)
6a 361 g4 (1H,dd.16.9.7.8) 53.3 (d)
(1H,brs)
6b 2.74 (1H,dd,16.9,3.1)
7 1.84 (2H,m) 1.88 (1H,m) 39.6 (t)
1.74 (1H,m)
8 1.42 (2H,m)  1.51 (2H,m) 22.5 (1)
9 1.67 (1H,m) 1.69 (1H,m) 24.8 (t)
1.63 (1H,m)  1.63 (1H,m)
10 2.37 (2H,m)  2.33 (2H,m) 33.5 (1)
11 177.8 (s)
1 165.1 (s)
2 5.81 (1H,d,15.3)6.12 (1H,d,15.4) 121.0 (d)
R L T
4 2.31 (1H,m) 2.33 (1H,m) 34.3 (d)
54 1.31 (1H,m)  1.33 (1H,m) 43.9 (1)
5b 1.25 (1H,m) 1.29 (1H,m)
6 2.39 (1H,m)  2.42 (1H,m) 30.1 (d)
7 4.83 (1H,d,9.4) 4.86 (1H,d,9.3) 130.7 (d)
8 130.4 (s)
9- 1.67 (3H,brs)  1.66 (3H,brs) 25.8 (q)
10 1.60 (3H,brs)  1.60 (3H,brs) 18.0 (q)
11° 0.90 (3H,d,6.6) 0.92 (3H,d,6.5) 21.4 (q)
12 1.0l (3H,d,6.6) 1.04 (3H,d,6.5)  19.1 (q)

NH 7.56 (1H,s)

carbonyl functionalities with IR absorption at 3363 and
1675 c¢m™, respectively. The 'H NMR (400 MHz,
CDCl;) data (Table 1) showed two downfield proton
signals at §; 7.56 (1H,s),7.42 (1H,s) ,one trans-
double bond at §,,6.84 (1H,dd,J = 15.3,7.7 Hz) ,
5.82 (1H,d,J = 15.3 Hz),two olefinic methyls at
6,1.67 (3H,s) and 1. 60 (3H,s), two aliphatic
methyls at §, 1.01 (3H,d,J = 6.6 Hz) and 0.90
(3H,d,J = 6.6 Hz). The "C NMR spectra with
DEPT experiments ( Table 1) showed six quaternary
carbons [ including two olefinic carbons at §. 130. 4
(s) and 128.3 (s) ,three carbonyl carbons at 5. 188.
8 (8),6.,177.8 (s) and 165.1 (s),one oxygenated
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quaternary carbon at §. 70.9 (s) ], four olefinic me-
thines at §; 153.5 (d),130.7 (d),128.5 (d) and
121.0 (d) , two oxygenated methines at §. 58.0 (d)
and 53.3 (d), five aliphatic methylenes at §. 43. 9
(1),39.6 (1),33.5 (t),24.8 (t) and 22.5 (t) ,four
methyls at §.25.8 (q),21.4 (q),19.1 (q) and 18.
0 (q) in addition to two aliphatic methines at §. 34.3
(d) and 30.1 (d). Full assignments of the 'H and " C
NMR spectra were consolidated through the use of
'"H-'"H COSY, HSQC and HMBC experiments. The
'"H-'"H COSY correlations of H,-7/H,-8/H,-9/H,-10
and the observed HMBC correlations ( Fig.2) from H,-
10 to C-11 revealed the presence of a pentanoic acid
moiety. The trimethyl nonadienamide chain was estab-
lished by the 'H-'H COSY correlations of H,-11"/H-
6', H,-12’/H4', H-2'/H-3'/H4'/H-5'/H-6'/H-T'
and the HMBC crossing peaks from the NH signal (§,
7.56) and H-3' to C-1" (5. 165.1) ,from H;-9" and
H,-10" to C-7" and C-8'. By detailed comparison of the
'"H and "C NMR data (Table 1) of 2 with those of an-
tibiotic U-62162'°" suggested that 2 was identical to
antibiotic U-62162. The NOESY correlation (Fig.2) of
H-5 and H,-7 further confirmed the structure of 2.
Compound 3 Pale yellow oil,'H NMR (400 MHz,
CDCl,) data is shown in Table 1;ESI-MS m/z 444 [ M
+Na] *. Its structure was elucidated as salternamide C
(Fig.2) by analysis of its spectroscopic data and com-
parison with literature values"’.

Cytotoxic activity

The results showed that 2 demonstrated strong cytotoxic
activity against K562 with an ICy, value of 6. 8 pg/
mL, and moderate cytotoxic activity against A549 and
HepG2 with 1C,, values of 32 pg/mL and 19 pg/mL,
respectively. However,1 and 3 exhibited no significant
cylotoxic activity against these three cell lines with IC,
values of > 100 pg/mL.

Conclusion

In conclusion,a new amide metabolite, (2E,77)-9-hy-
droxy-4 ,6,8-trimethylnona-2 ,7-dienamide (1) ,togeth-
er with two known manumycin-type compounds antibi-
otic U-62162 (2) and salternamide C (3) were ob-
tained from the fermentation broth of endophytic Plan-
tactinospora sp. NEAU-gxj3. Their structures were de-

termined on the basis of spectroscopic analysis, inclu-

ding 1D and 2D NMR techniques as well as ESI-MS
and comparison with data from the literatures. Bioassay
results showed that 2 demonstrated potent cytotoxic ac-
tivity against K562, A549 and HepG2. However,1 and
3 exhibited no significant cytotoxic activity against
these three cell lines. Comparison of the cytotoxicity of
compound 2 with that of compound 3 further confirmed
that the 5,6-epoxide unit is an critical pharmacophore

for the bioactivity of manumycins'*"*
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