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Isolation, identification and structural characterization of
secondary metabolites from amarine sponge-derived rare
actinobacterium Dermacoccus sp. X4

Yanfeng Zhang?, Yong Xu'?, Lei Chen™? Jun Hu'? Xuecheng Zhang'?, Wei Fang"?,
Zemin Fang®?, and Yazhong Xiao*?

1 School of Life Science, Anhui University, Hefei 230601, Anhui, China
2 Anhui Provincial Engineering Technology Research Center of Microorganisms and Biocatalysis, Hefei 230039, Anhui, China

Abstract: We isolated and identified the symbiotic and adnascent microorganisms from an unidentified sponge collected from
10-meter-deep seawater of the Paracel Islands in China. A total of 16 strains were obtained and identified. Through bacteriostatic
activity assay, one of the strains, Dermacoccus sp. X4, was found to effectively inhibit the growth of Staphylococcus aureus.
Subsequently, its secondary metabolites were purified by silica gel partition, octadecylsilane (ODS) reverse phase,
Sephadex ™LH-20 size exclusion, and C18 reverse phase chromatography. Using liquid chromatography, mass spectrometry,
and nuclear magnetic resonance, three of the purified compounds were structurally characterized to be one 3-(4-hydroxybenzyl)
hexahydropyrrolo [1,2-a]pyrazine-1,4-dione and two indole acid glycerides. This is the first report about indole acid glyceride

isolated from microbial secondary metabolites, enriching marine drug candidate resources.

Keywords: sponge associated microorganism, secondary metabolite, bacteriostatic activity, isolation and purification,
structural characterization
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(MIC 25 pg/mL) ,
[21]

Xestospongia testudinaria Aspergillus
sp. 2 disydonols
A C  HepG-2 Caski [22]
10 m
1
16

— Dermacoccus sp. X4

1 A@EFE

1.1 ##l
Sephadex "™LH-20 (GE Healthcare Bio-
Sciences) YMC-GEL ODS-A-HG 12 nm S-50 um

(YMC Co.Ltd) (Merck
KGaA) 200-300 H (
)
1.2 &
(EYELAN-1100  Tokyo
RikakikaiCo.LTD) (AGILENT

1260) (SATUKN2200)
(DMX500 Bruker)

1.3 HEBEEFRE

(23]

14 BHEAMEREYHSS
20 g

® 010-64807509

75% 4 min
4
)
50 mL
1 min
0.5 mL 4.5 mL
10'-107°
100 pL
28 C
1.5 BHRAMEMEVNVTETE
DNA
(
) 27F  1492R (1)
16S rRNA (24]
Pl P2( 1) ITS [25]
DNA NCBI Blast

1.6 BRLMEMENRYMEFENE

(Staphylococcus
aureus subsp., ATCC25923 1)
(Escherichia coli ATCC25922")

R 1 ¥EE 16S rRNA EXEFN ITS K554
Table 1 The primers used to clone the 16S rRNA
genes and ITS sequence of the strains

Primers Primer sequence (5'-3")
27F AGAGTTTGATCMTGGCTCAG
1492R GGTTACCTTGTTACGACTT
P1 TCCGTAGGTGAACCTGCGG
P2 TCCTCCGCTTATTGATATGC
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(Cryptococcus neoformans ATCC14116")

(Candida albicans ATCC10231")
4 1 mL (ODgpo=1) 100 mL
(
40 g 10 g 20 g
1L)
4 100 pL
( ) 12
1/4 3
37 C 24 h 28 C
48 h

1.7 Dermacoccus sp. X4 B9 FEMF R

Dermacoccus sp. X4  16S rRNA

GenBank (http://www.ncbi.nlm.nih.gov/

blast/) EzTaxon-e (http://
www.ezbiocloud.net/eztaxon)
GenBank 16S rRNA

MEGA 5.0 Kimura

2-parameter (Neighbor-Joining)

Dermacoccus sp. X4

Dermacoccus sp. X4
MT 28 C
72 h
(FEI
Tecnai G2 F20, FEI)

1.8 Dermacoccus sp. X4 YR X it =442 L
Dermacoccus sp. X4
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(OD()()():Z.I) 1%
(400 mL /1L
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8 000xg
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570 mg S5g
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110A 250 mmx10.00 mm 5 micron) 210 nm (Cladosporium sp.)
(Nectria sp.) (Talaromyces sp.)
1.10 {kL &ML HRRT (Penicillium sp.)
0.5 mg 0.5 mL (Sporidiobolus  sp.)
0.5 mL CH;DO (Kocuria sp.) (Dermacoccus sp.)
2 0.7 mL CH;DO (Paenibacillus sp.)
23T 'H-NMR "C-NMR 22 HEEKOIEEE

Dermacoccus

sp.X4 (16S rRNA gene GenBank ID KT944034)
2 HEXRERH
2.1 BHEAEMEMEDNS S
16SrRNA  ITS 172 1/4
(2 16 25mm 23mm  19mm( 1)

R2 BHEOBEFE 16S rRNA EEM ITS FILE
Table 2 The identification of strains isolated from sponge based on 16S rRNA gene and ITS sequence

Ttaxonomy position/genera Strain number The similar strain (Accession No.) Similarity (%)
Alternaria 13XS-fl1 Alternaria alternata strain NFML_CH44 376 100.00
Alternaria 13XS-12 Alternaria tenuissima strain CHR-1 99.00
Penicillium 13XS-f3 Penicillium oxalicum 99.00
Cladosporium 13XS-f4 Cladosporium perangustum 98.00
Talaromyces 13XS-f5 Talaromyces sp. NRRL 62223 99.00
Aspergillus 13XS-f6 Aspergillus awamori strain SRRC 332 99.00
Eutypella 13XS-f7 Eutypella sp. W57-7 (AB693818) 99.00
Bacillus 13XS-8 Bacillus methylotrophicusCBMB205 T 99.38
Kocuria 13XS-19 Kocuria palustris strain JPR-01 99.00
Nectria 13XS-f11 Nectria cinnabarina strain 5175 (HM054135) 99.00
Dermacoccus 13XS-X4 Dermacoccus nishinomyaensis DSM20448" 99.16
Penicillium 13XS-X8 Penicillium chrysogenum strain FRR 807 99.00
Penicillium 13XS-X9 Talaromyces purpurogenus (AB872825) 100.00
Kocuria 13XS-Z6 Kocuria palustris DSM11925T 99.93
Sporidiobolus 13XS-fr Sporidiobolus pararoseus (HQ670681) 98.00
Penicilliumchrysogenum 13XS-f12 Penicillium chrysogenum (AY373902) 100.00

® 010-64807509 K cjb@im.ac.cn
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2.3 Dermacoccus sp. X4 B9 FEMF R

Dermacoccus sp. X4  16S rRNA
Neighbor-Joining
( 2
Dermacoccus nishinomyaensis
DSM20448" Dermacoccus

Dermacoccus sp.
Dermacoccus sp. X4

1 Dermacoccus sp. X4 S FEBIKE (A). BIR
28 C 72 h

“®EHE B). KBHE (C) ReHEGHEIKE (D)
B #0 1 4E B 1 mm
Fig. 1 The inhibitory effects of Dermacoccus sp. X4

fermentation broth on C. neoformans (A), C. albicans

(B), E. coli (C), and S. aureus subsp. (D). NC: negative

control; FL: fermentation liquor. ( 3

0.5-1.5 pm

Dermacoccus abyssi MT1.1T (AY894323)
100 Dermacoccus profundi MT2.2T (NR_043262)
99| | Dermacoccus barathri MT2.1T (NR_043261)
Dermacoccus sp. SST-20T (FM882230)
48 Dermacoccus sp. X4 (KT944034)
9% Dermacoccus nishinomyaensis DSM20448™ (X87757)
Luteipulveratus mongoliensis MN07-A0370" (AB468971)
Rudaeicoccus suwonensis HOR6-4" (GQ241687)
Intrasporangium mesophilum YIM49065" (HQ204221)
Calidifontibacter indicus PCIW02T (EF187228)
Tamlicoccus marinus MSW-24T (HE792770)
Serinicoccus profundi MCCC 1A05965T (EU603762)
Kineosphaera nakaumiensis YM16-381T (AB738075)
Kytococcus aerolatus 02-St-019/1T (FM992368)
Kribbia dieselivorans N113" (DQ372707)
Intrasporangium chromatireducens Q5-17 (FJ487951)
Sanguibacter inulinus ST26" (X79452)
Arsenicicoccus piscis Kis4-19T (AB521998)
Lapillicoccus jejuensis R-Ac013T (AM398397)
Ornithinimicrobium murale 01-Gi-040T (FR874098)
Arthrobacter bergeri CIP108036" (AJ609630)
Arthrobacter methylotrphus DSM14008 (AF235090)
Arthrobacter tecti LMG22282" (AJ639829)
Promicromonospora thailandica STF-02" (AB560974)
Rhodococcus zopfii DSM44108" (AF191343)
Actinomadura namibiensis DSM44197" (AJ420134)
100 Actinomadura xylanilytica BK147" (FR692101)
99— Actinomadura bangladeshensis 3-46-b(3)" (AB331652)
Oceanibaculum indicum P24™ (EU656113)

'_'
0.005

B 2 E#k Dermacoccus sp. X4 MIRHK A B R XE (4BIE%)
Fig. 2 The Neighbor-Joining tree of strain Dermacoccus sp. X4.
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2.5 Dermacoccus sp. X4 RERR G FE 44
R
X4-15
'H-NMR (600 MHz MeOD) 8:8.10 (IH d

[l 3 E#k Dermacoccus sp. X4 BIEE (A) FEK J=744Hz 4-H) 786(1H s 2-H) 7.38(1H

(B) s d J=780Hz 7-H) 7.13(2H m 5-H 6-H)
Fig. 3 The morphology of the clony (A) and the cell
(B) of Dermacoccus sp. X4. k3 B—{LEYES
AP e Table 3 The quantities of the purified compounds
2.4 Dermacoccus sp. X4 JX KRB =MD E Fraction Quantities Fraction Quantities
Dermacoccus sp. No. (mg) No. (mg)
X4 10L 570 mg x4-16A1 1.1 X4-17-4 14.6
6 x4-15B 2.0 X4-17-6 3.0
( 3 4) x4-16A4 1.0 X4-17-5 4
2 ~
mAU | 2 mAU = =
7 3 000E 7 1200 | o o
i) 500 F 1000 F =
S 2000¢ 800 F ,
£ 1500 | 600 | |
< : :
2 1000 400 F |
< ] : I |
S 500F J 200 £ \
2 of 0 f—on - =
0337305 0 15 20 23 .
¢ (min) t (min) ¢ (min)
X4-16A1 X4-15B X4-16A4
mAU mAU
| 315008 2 3500
£ 3000 Qi “ ]
2 N AU H 2 3000
S 2500¢ & 2500 f a
Py 2000 f I N
e 2000 | ] 2000 f S
8 1500 ¥
é‘ 1 500 r |’ 1 500 F
:é 1000} 1000t 1000 | -
| f
> 5004 004 | 500 '-.
E \
0f ~ 0 f——tmeloam e 05 gl -
0 2.5 0 35 0 40
¢t (min) t (min) t (min)
X4-17-4 X4-17-5 X4-17-6

4 B—{EY HPLC K TLC £ 47EE
Fig. 4 The high performance liquid chromatography (HPLC) and thin layer chromatography (TLC) spectra of the
purified compounds.
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BC-NMR (150 MHz  MeOD) $:138.17 (C-7) 109.62 (C-3) 73.86(C-2") 64.40 (C-1’
(C-8) 132.53(C-2) 127.88(C-9) 123.19 (C-6) 3) 32.45(C-10)
122.26 (C-4) 121.91(C-5) 112.63 (C-7) 256
Ci3H14NO4
149 N X-4-2-15B
CsH/NO,
"H.NMR 'H-'"HCOSY
56.0-8.5 ( ) H-4 H-5 H-5 H-6 H-6
57.86 H-7 HMBC HMQC
'H-"HCOSY H-4 H-4/C-4 H-4/C-3 H-4/C-6 H-4/C-8
H-5 H-5 H-6 H-6 H-7 H-4/C-9 H-4/C-5 H-4/C-7 H-7/C-7 H-7/C-9
HMBC HMQC H-4/C-4 H-7/C-5 H-2/C-2 H-2/C-10 H-2/C-3 H-2/C-8

H-4/C-6 H-4/C-8 H-2/C-2 H-2/C-8§ H-2/C-9
H-7/C-7 H-7/C-9 H-7/C-5 H-5/C-5 H-5/C-7
H-5/C-9 H-6/C-6 H-6/C-8 H-6/C-4

149
3-hydroperoxy-1H-indole
[26]
OOH
N
H
X4-16A

'H-NMR (600 MHz MeOD) 6:7.52 (1H d
J=8.34Hz 4-H) 7.31(1Hd J=7.74Hz 7-H)
7.14 (1H s 2-H) 7.06 (IH m 6-H) 6.98
(IH m 5-H) 3.69(2H s 10-H) 3.63 (1H
m 2-H) 356(2H m 1-H) 3.50(2H m
37-H)

BC-NMR (150 MHz MeOD) §:179.38
(C-11) 138.15 (C-8) 128.76 (C-9) 124.53 (C-2)
122.35 (C-6) 119.72 (C-5) 119.48 (C-4) 112.16
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H-5/C-7 H-5/C-9 3
8 3.0-4.0
DEPT135
1 3
HMBC HMQC H-10/C-10
H-10/C-11 H-10/C-3 H-10/C-4 H-10/C-9
H-2'/C-2" H-2/C-1" H-2’/C-3" H-1/C-1’
H-1/C-2° H-1/C-10 H-3'/C-3" H-3/C-2’
HMBC
HMQC 'H-'HCOSY
3-
[27]
OH
OVK/OH
’ O
N
H
X4-17-4

'H-NMR (600 MHz MeOD) §:7.02 (2H d
J=8.10Hz 2',6"-H) 7.02(2H d J=8.16 Hz
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3 5-H) 435(1H s 3-H) 4.03(1H m
8-H) 3.53(IH m 5-H) 3.31(1H m 5-H)
3032H m 10-H) 2.07(1H m 7-H) 1.78
2H m 6-H) 120(1H m 7-H)

BC-NMR (150 MHz MeOD) 5:170.77
(C-1) 166.94 (C-4) 157.67 (C-4") 132.12 (C-2’
6') 127.61 (C-1") 116.17 (C-3" 5°) 60.04 (C-8)
57.89 (C-3) 45.91 (C-5) 37.65 (C-10) 29.39
(C-7) 22.71 (C-6)

260
14
Ci4H16N2O3
'H-NMR 8:7.02 2H d
J=8.10 Hz) 7.02 2H d J=8.16 Hz)
'H-'HCOSY
14 BC-NMR
8:170.77  8:166.94
2 'H-'"HCOSY H-3
H-10 H-8 H-7 H-5 H-6
H-6 H-7 HMBC HMQC

H-2" 67/C-2" 6" H-2" 6/C-10

H-2" 6'/C-3" 5" H-2" 6/C-4° H-3" 5'/C-3’
5 H-3" 57/C-1" H-3" 57/C-4" H-3/C-3
H-3/C-10 H-3/C-1" H-3/C-4 H-8/C-8 H-8/C-7
H-8/C-1 H-5/C-5 H-5/C-6 H-5/C-7 H-
10/C-10  H-10/C-1" H-10/C-3 H-10/C-4
H-7/C-7 H-7/C-6 H-7/C-5 H-7/C-8 H-7/C-1
H-6/C-6 H-6/C-7 H-6/C-5 H-6/C-8

3-(4-hydroxybenzyl)
hexahydropyrrolo-[1,2-a]pyrazine-1,4-dione

(28]
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0
3 Wit

10 m

1

Dermacoccus sp. X4

6
3
3 1)
3-hydroperoxy-1H-indole 2) 3-
3) 3-(4-hydr-oxybenzyl) hexahydropyrrolo
[1,2-a]pyrazine-1,4-dione 1) 2)
3
20mg 1.1mg 14.6mg
Golubev ~ Suvorov
2
[26-27]
3)
[28-30] 3
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