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[Abstract] Objective In order to obtain small molecule compounds with novel structure and good biological activity, the
secondary metabolites of polar sponge-symbiotic Streptomyces sp. LHW11-07 were studied. Methods The fermentation product
of Streptomyces sp. LHW11-07 was isolated and purified by gel column chromatography, silica gel column chromatography,
reversed-phase medium pressure column chromatography and high performance liquid chromatography. The structures of the
monomeric compound were identified by modern spectroscopic methods such as mass spectrometry, nuclear magnetic resonance
and related literature reports. Results A total of nine compounds were isolated from the fermentation of this strain, which were
cyclo-(L-Tyr-L-Trp) (1), cyclo-(L-Trp-L-Ser) (2), cyclo-(D-Tyr-D-Pro) (3), cyclo-(L-Tyr-L-Phe) (4), cyclo-(L-Tyr-L-Leu) (5),
albaflavenol B (6), f-adenosine (7), N-formylantimyic acid methyl ester (8) and conglobatin A (9). Conclusion Compounds 1 and
2 were isolated from Streptomyces sp. for the first time.
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1 MRFEE

FIEALE 5 KA
AMX-600 B % S PR AL (78 = Bruker A7) );
Xevo G2-XS Q-TOF ¥ Jit B¢ F 1% . 1525/2996,
2998 Hl = RO AR B A (32 18 Waters A H] ) ; f- il
7% HPLC 4% 4% ( Atlantis Prep T3, 3€ [# Waters
AT YMC Chg, HAS YMC A ] ) 5 o A (53542
(7 [ Interchim 2> 7)) ; fHIR IR R #7246 (L ilg—1H
BRF AR A BR 2 F] ) 3 N-1000 B g #4 76 kAL (11
% BB A A FR 2> 7] ) 5 [ A ODS #E i Al Sephadex
LH-20 £F {% % 3 B} ( Pharmacia 2\ 7] ) 5 1F AH fi i
(200-300 H)F1 TLC 320 (A S TLA BRI KA
BRZNED) ; AT 07 (bR A F) ) s ik
TR (2 Merck 28 7)) ; i AR (32 B 810 A7
REBENH)
12 EHHRRAEET

PRPR ST B T AU R R T 4R FE AR, 28 16S
rRNA K& [K 7 31 % 52 N Streptomyces sp., %i 5 N
LHW 11-07, B FPORAFE T 5 A58 58 K 25 = 2 B Fff s
(=B BB 245 2 AR PR 2T I s
1.3 EHRA R A B

BR R hy ISPy: 4B (4 g/L) | BERESE LY
(4 g/L) | Z2 2RI (10 g/L) LU SR (25 g/L),
TR 58 pH N 7.2 ~ 7.4, 208 )5 w2 R K 14
20 min (121 C), BHI%H.
Pk B Streptomyces sp. LHW11-07 . [F % &

1.1

1 b 3535 3L 5 (100 ml ISP, 3555 5L % 250 ml =
), BT 30 °C, 220 r/min M 1E IRFE R EE 33 3 d,
15 1 90MP 10 B 1 R 5% HERh R 23
2 HAPFHEFRILH (150 ml ISP, B 753 % 500 ml =
M), BT 30 °C, 220 r/min AYTE IR KRG 3% 3 d,
15 2 YA 8 2 PRI dR 5% HER R ERIR
KR IR AL (700 ml ISP, R 552 2 L =),

BT 30 °C, 220 r/min FYEIRFEREESE 7 d, 32455
KIEERE 50 Lo

14 ZEESHHRBRE 5B

WAk SR 7 d e, SRR R LR AL
3R, BIFCR BRI, WA IR 9.8 g
MR F e s B A a5, W ki HEE: 1)
PR AR TR, 19 B4 0 Fr.l ~ Fr.7.

ZH A7 Fr.4 28 E A b (3 20 29 (S H e
FEE 100:0 ~ 0:100), 155 2H 7 Fr.da ~ Frdj. #1n
Fr.4d F9-28 RO A (A 3% 53 25 (10% ~ 100% ZJiE
K, 15241y Fr.4dl ~ Fr.4d8, Fr.4d2 #1 Fr.4d3 H
S HH 2 il £ HPLC 4lifk (35% HEE/K, YMC Cig),
Iy RIEENEA Y 1 (12 mg, ;=26 min) il 2 (47.6 mg,
;=30 min); Fr.4d6 H] A1l £ HPLC i1k (49%
HEEIK, YMC C ), 13 E2HEAY) 3 (8.4 mg, ;=23 min)
Fl 4 (2.0 mg, ;=30 min); 201} Fr.dg P25k f A 4l
b, VRN IE O bt S H bt HEE(4 50 1), 15
F L {7y Fr.4gl ~ Fr.dgll, Hvb Fr.dg3 F SCAH 2K #1
#% HPLC 2lifb(25% 25K, YMC Cyg), 152146 &
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¥ 5 (1.2 mg, t;=18 min),

Ay Fr.7 48 A0 R 3 43 55 (10% ~
100% £ G 7K ), 19 21 4 1 Fr.7A ~ Fr.7D. 411
Fr.7A ] 52 #H > #1 % HPLC 4li 1k (20% & i 7K,
YMC Cyg), 155459 6 (18 mg, =19 min) Fl 7
(3.4 mg, ;=25 min); Z1{7 Fr.7B Z8 IEAH T HAE 43 55
(f7 M1 8%: PIER 100:0 ~ 0:100), 15 22 {5 Fr.7B1 ~
Fr.7B9, Fr.7B4 H] 5 #H > i % HPLC 21k (88% &

& 7K , Atlantis Prep T3), 15 2] &% 8 (12 mg,
txg=23 min) 1 9 (8.4 mg, =26 min),

2 FHEE

AW 1. R B A, ESI-MS SR HES T 5
T m/z 372 [M+Na]". 'H-NMR (600 MHz, DMSO)
R PR XA W WEER Y RFEAS 5 6 7.00 (1H, s,
H-2),7.49 (1H, d, J=8.0 Hz, H-4),7.02 (1H, t,J=7.6 Hz,
H-5),7.05 (1H, t,J=7.6 Hz, H-6),7.32 (1H, d, J=8.0 Hz,
H-7); 4 IMER AT T55 0y 10.89 (1H, d, J=2.6 Hz,
NH-1), 7.83 (1H, d, J=3.0 Hz, NH-10), 7.62 (1H, d,
J=3.0 Hz, NH-13), 9.20 (1H, s, OH-19); 4 > 7% 7 it
T1E%5 oy 6.53 (2H, d, J=8.4 Hz, H-17, H-21), 6.59
(2H, d, J=8.4 Hz, H-18, H-20), $&/R4> T4 1 %t
A R IR 78 = 5 X AT W4 Y R T 1
5 0y 2.80 (1H, dd, J=14.5, 4.5 Hz, H-8), 2.43 (1H,
ov, H-8), 0;; 1.83 (1H, dd, J=13.4, 6.9 Hz, H-15), 2.47
(1H, ov, H-15), B~k L T 1155 0y 4.01 (1H,
m, H-9), 3.95 (1H, m, H-12). "“C-NMR (150 MHz,
DMSO) %444 DEPT il & I HA 20 Mikf55, 2 1~
P ERELBR O 166.7, 166.2, 14 DTF5EHE, 2 48 F 4L
f 5 30.0, 40.0 1 2 K U EEGK oc 55.9, 55.20 Xf
Hk15 S #4708 : oc 118.7 (C-2). 108.9 (C-3).
127.5 (C-3a), 118.4 (C-4). 120.8 (C-5), 124.3 (C-
6). 111.3 (C-7). 136.0 (C-7a). 30.0 (C-8). 55.9 (C-
9), 166.7 (C-11), 55.2 (C-12). 166.2 (C-14), 40.1
(C-15), 126.4 (C-16). 130.7 (C-17, C-21), 114.9 (C-
18, C-20). 156.0 (C-19). DA #4555 3¢k [7] XF kb
FEAR—Z, WU E N cyclo-(L-Tyr-L-Trp).

TG 2. IR B (A [ K, ESI-MS R #5155
FU& m/z 274 [M+H]", 'H-NMR (600 MHz, DMSO)
RMHG5HEY 1 —FEA B FIE(E 5 oy
7.09 (1H, s, H-2), 7.52 (1H, d, J = 7.9 Hz, H-4), 6.99
(1H, t, J = 7.8 Hz, H-5), 7.02 (1H, t, J = 7.8 Hz, H-
6), 7.30 (1H, d, J = 7.8 Hz, H-7); 3 MH Ik & L0 T
{55 0y 10.87 (1H, s, NH-1), oy 8.30 (1H, m, NH-
10), 7.85 (1H, d, J = 2.9 Hz, NH-13); Wi ZH IV F} 2L Joe

T55 6y 3.21 (1H, m, H-8), 3.13 (1H, m, H-8), dy
3.65 (1H, m, H-15), 3.05 (1H, m, H-15), "> FH 5L
& 715 5 6y 4.87 (1H, m, H-9), 4.00 (1H, m, H-
12). C-NMR (150 MHz, DMSO) 454 DEPT %
A 14 (55, 2 A EEREER Jc 167.2, 165.7,
8 NI AR, 2 I H B 6 63.0,30.3 il 2 MK H
BEfik 0c 57.3, 55.5. X HARAE S 1TIH)E: 6c 127.6
(C-2), 111.2 (C-3). 136.0 (C-3a). 118.6 (C-4). 120.8
(C-5). 124.0 (C-6). 118.3 (C-7). 109.0 (C-7a). 30.3
(C-8). 57.3 (C-9). 167.2 (C-11). 55.5 (C-12). 165.7
(C-14). 63.0 (C-15). LA %54l 53Rk [8] X b FEA
—3, M2 A cyclo-(L-Trp-L-Ser).

&% 3: L E KR, ESI-MS SR iES 151
% m/z 261 [M+H]", 'H-NMR (600 MHz, DMSO)
PR 2 MEIR AT 55 oy 7.87 (1H, s, NH-8),
9.22 (1H, s, OH-4"); 1 2 X3 — B A A B0 55 5 It
F5% 6y 7.04 (2H, d, J = 8.2 Hz, H-2’, H-6), 6.63
(2H, d, J = 8.2 Hz, H-3", H-5"); 2 MR W L i 115
3 6y 4.24 (1H, t, J = 8.2 Hz, H-6), 4.03 (1H, dd, J =
9.9, 2.9 Hz, H-9); 4 41 H L5 715 %5 oy 3.42 (1H,
m, H-3), 3.24 (1H, m, H-3), 1.73 (2H, m, H,-4), 2.00
(1H, m, H-5), 1.41 (1H, m, H-5), 2.93 (2H, m, H,-
10), “C-NMR (150 MHz, DMSO) %% & DEPT 54
WIHAT 14 15T, 2 D ETRIERR o 168.9, 165.1,
6 TR, 2 IR FBERR o 58.4, 56.0 LUK 4 4~TF
H L8 O 44.6, 34.7,27.8,21.9, X Hbk{5 5 347
U )& : 6c 165.1 (C-1), 44.6 (C-3), 21.9 (C-4). 27.8
(C-5). 58.4 (C-6). 168.9 (C-7). 56.0 (C-9). 34.7 (C-
10). 127.0 (C-1). 130.8 (C-2°, C-6"), 114.8 (C-3",
C-5%). 155.9 (C-4"), DA L-Hd 5 3¢k [9] X He A
—3, W E R eyclo-(D-Tyr-D-Pro).

&Y 4. FEOE K, ESI-MS BoRiERS 151
% m/z 311 [M+H]'. 'H-NMR (600 MHz, DMSO)
BRI MR AR 159 0y 9.30 (1H, s, OH-11),
7.84 (2H, t, J = 2.9 Hz, NH-1, NH-4); 9 N J5 % X i
FET: 4 AR 1 AR BURIEIR 5y 6.85 (2H,
d, J= 8.5 Hz, H-9, H-13), 6.65 (2H, t, J = 8.5 Hz, H-
10, H-12), 5 A H4 1 4 BRI 6 7.20 (1H, ¢,
J=17.6 Hz, H-18), 7.04 (2H, d, J = 6.9 Hz, H-16, H-
20), 7.28 (2H, t, J = 7.6 Hz, H-17, H-19); 2 £H V. %&
i T 155 oy 2.58 (1H, dd, J = 13.6, 5.0 Hz, H-7),
2.20 (1H, d, J = 6.5 Hz, H-7), 2.19 (2H, dd, J = 13.6,
6.5 Hz, Hy-14), 2 MR B EL G F15 % 6y 3.95 (1H, m,
H-3),3.90 (1H,m, H-6), *C-NMR (150 MHz, DMSO)
254 DEPT % R HoA 18 MBS 5, 2 T e Bk
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ik 6c 166.2, 166.2, 12 4> J5 Ffilk, 2 4 H BBk o
40.1, 38.5 il 2 AR H BERKk O 55.7, 55.40 X HAkAs
SHEATIAJE: 6c 166.2 (C-2). 55.7 (C-3). 166.3 (C-
5). 55.4 (C-6). 40.1 (C-7). 126.5 (C-8). 130.8 (C-9,
C-13), 115.0 (C-10, C-12), 156.1 (C-11), 38.5 (C-
14), 136.7 (C-15). 129.7 (C-16, C-20), 128.2 (C-17,
C-19). 126.4 (C-18). LA b Fudli 5 3CHk [10] XF b3
AR—FY, Wb e A cyclo-(L-Tyr-L-Phe).

&Y 5. FE, ESI-MS SR T8 1
W m/z 277 [M+H]". 'H-NMR (600 MHz, DMSO)
R 3MER AR 55 oy 9.22 (1H, s, OH-4"),
8.02 (2H, dd, J = 5.6, 2.5 Hz, NH-1, NH-4); 4 1757
i F15 5 0y 6.90 (2H, d, J = 8.2 Hz, H-2°, H-6"),
6.64 (2H, d, J = 8.2 Hz, H-3’, H-5"), #&/R 4> T A
1 AR Z U R 3 MR L F1F 5 oy 4.06
(1H, q, J = 3.3 Hz, H-3), 3.44 (1H, m, H-6), 1.43 (1H,
ov, H-8), 2 W H B it 715 %5 oy 1.43 (1H, m, H-
7), 1.23 (1H, m, H-7), 2.69 (1H, q, J = 13.6, 4.8 Hz,
H-11),3.01 (1H, q, J=13.7, 3.7 Hz, H-11) Dl }z 2 4~
& 3t B LSR5 5 0y 0.63 (6H, ov, H3-9, H;-10).
BC-NMR (150 MHz, DMSO) %% & DEPT % i 7 H:
A 1S MRAES, 2 DEIBRIED oc 166.2,167.4, 6 4
FFAR, 2 I HETR o 43.7, 37.7, 3 NI ERR
d¢ 55.7,52.3,21.4 LA Je 2 A~ H LBk 6 22.9, 22.8.
X HAR A5 5 34T H 8 - o 166.2 (C-2). 55.7 (C-3).
167.4 (C-5). 52.3 (C-6). 43.7 (C-7). 21.4 (C-8). 22.9
(C-9). 22.8 (C-10). 37.7 (C-11), 125.8 (C-1°), 131.2
(C-2°,C-6). 114.8 (C-3°, C-5"). 156.4 (C-4"). L) I
B0 5 SR [11] 6] LA —BL, 802 R cyelo-(L-
Tyr-L-Leu).

&Y 6: 110 [E A, ESI-MS iR 2155 1
W m/z 259 [M+Na]", 'H-NMR (600 MHz, DMSO)
WA 2 MEEEETES 04 5.05 (1H, d,J=4.5Hz,
OH-4) F11 4.39 (1H, q, J = 4.0 Hz, OH-13), 3 {~F 3%
i 155 oy 0.88 (3H, d, J = 6.8 Hz, H;-12), 0.98
(3H, s, H;-14) il 64 1.05 (3H, s, H3-15), 5 X 37 H %
iP5 5 oy 2.14 (1H, m, H-3), 1.23 (1H, m, H-3),
1.74 (1H, m, H-9), 1.60 (1H, m, H-9), 1.44 (3H, m,
H,-10, H-11), 1.32 (1H, d, J = 10.4 Hz, H-11), 3.95
(2H, m, Hy-13), 3 MR H B T 715 45 oy 1.68 (1H,
m, H-2), 4.57 (1H, m, H-4), 1.77(1H, m, H-8). “C-
NMR (150 MHz, DMSO) 4% & DEPT i 4t i /R 47
15 M RA5 5, 35 4 &K oc 52.1, 150.1, 136.7,
39.8; 3 MK BLR o 35.2, 69.8, 46.4; 5~V T 3k
Wk O0c 42.4,23.8,28.7,36.4, 57.1 DL Kz 3 ANHIEERR O

13.7,29.1, 24.4, X HERAFSH#HTIHIE: 6 52.1 (C-
1), 35.2 (C-2). 42.4 (C-3). 68.9 (C-4). 150.1 (C-5).
136.7 (C-6). 39.8 (C-7). 46.4 (C-8). 23.8 (C-9). 28.7
(C-10). 36.4 (C-11), 13.7 (C-12), 57.1 (C-13). 29.1
(C-14), 24.4 (C-15). LA - %0ds 5 3Cik [12] X kb3
AR—F, 5 e A albaflavenol B,

&Y 7. FEags R ER, ESI-MS SR s+
& m/z268 [M+H] . "H-NMR (600 MHz, DMSO)
AEMHA BAEES, 846 5 MERERFF
3 8y 3.56 (2H, m, NH,), 5.49 (1H, s, OH-5"), 5.36
(1H, t, J = 4.9 Hz, OH-2") fil 523 (1H, s, OH-3"),
AN BEEIR P I P55 04 4.56 (1H, s, H-2"), 4.14
(1H, s, H-3"), 3.96 (1H, m, H-4") #1 5.90 (1H, d, J =
5.8 Hz, H-1"), 1 20 H 345 %5 6y 3.66 (2H, m, Hy-
5) KIS 2 MEG X B E 5% o 8.37 (1H, s,
H-8) A1 8.21 (1H, s, H-2), “C-NMR (150 MHz,
DMSO) /R HIA 10 k57, 454 DEPT %Al
HEMA 3 NIFHFZR o 149.9, 119.8, 154.3, 2 N
BT U LB O 151.7, 138.6, 4 UK F LB
Oc 87.8, 73.5,70.5, 85.7, 1 A~ HH 385k o 61.5, X
Hw s 5 A7 108 : oc 151.7 (C-2), 149.9 (C-4).
119.8 (C-5). 154.3 (C-6). 138.6 (C-8). 87.8 (C-1"),
73.5 (C-27)., 70.5 (C-3"). 85.7 (C-4"). 61.5 (C-57).
DL EdE 5 Sk [13] Xt AW &, B0 ol -
adenosine,

G 8: g o o AU AR, ESI-MS R4y
T B 7§ m/z 297 [M+H]'. 'H-NMR (600 MHz,
MeOD) /R A 12 ~%Um*5, Gl 141 Tk 20U
55 0y 837 (1H, s, H-11), | MHAIEFTT155 oy
3.79 BH, s), | MHEER TS o4 1.25 GH, d, J =
6.4 Hz, H3-13), 3 MESH X B 05 F A T15 5 oy
8.31 (1H, d, J = 7.8 Hz, H-4), 6.92 (1H, t, J = 8.0 Hz,
H-5) 11 7.65 (1H, d, J = 8.0 Hz, H-6), L} 2 YR
B TES 0y 4.74 (1H, d, J = 3.2 Hz, H-8) Fl1 4.40
(1H, m, H-12), J&7 5 3C#k [14] %F b R A 4 05
RS FA55 B0 Sos ok, AR AR G b 2= 0
arHfE HER—A B2 A A& . PC-NMR (150
MHz, MeOD) /8 F 13 k{5 5, 454 DEPT i
AIHENAT 6 N I7 bk oc 123.4, 119.4, 126.2, 128.2,
152.5, 115.6, 2 1~ Bk £ ik 5c 171.8, 172.4, 1M 6c
162.1 RSN, 2 AR H 305Kk O 59.4, 68.4, 1 4-H
Fehk oc 20.5, DR 14 etk 6c 52.9. K Hik
fE 5 AT IS : 6c 115.6 (C-1), 152.5 (C-2). 128.2
(C-3). 126.2 (C-4). 119.4 (C-5). 123.4 (C-6). 171.8
(C-7). 59.4 (C-8). 172.4 (C-9). 52.9 (C-10). 162.1
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(C-11). 68.4 (C-12), 20.5 (C-13), LI %5 ScHk
[14] XF L B A Wy 4, B8 & i N-formylantimyic
acid methyl ester,

G 9: M AR E K, ESI-MS 7R 5
T m/z499[M+H]" . "H-NMR (600 MHz, DMSO)
BRA 1915155 oy 8.20 (1H, s, H-11), 6.82
(1H, s, H-10), 6.32 (1H, dd, J = 10.5, 1.3 Hz, H-3),
5.01 (1H, m, H-7), 2.99 (1H, dd, J = 2.5, 15.8 Hz, H-
8), 2.80 (1H, dd, J = 10.3, 15.6 Hz, H-8), 2.58 (1H,
m, H-4), 1.66 (1H, m, H-5), 1.65 (3H, s, 2-Me), 1.27
(1H, m, H-6), 1.25 (1H, m, H-5), 1.06 (3H, d, J = 6.5
Hz, 4-Me) 1 0.95 (3H, d, J = 5.9 Hz, 6-Me). Tfij"*C-
NMR (150 MHz, DMSO) %% & DEPT i /8 R A7
14 NR15E 5 0 166.0 (C-1), 126.8 (C-2), 147.4 (C-
3), 30.7 (C-4), 37.6 (C-5), 35.1 (C-6), 74.5 (C-7),
24.0 (C-8), 149.4 (C-9), 122.9 (C-10), 151.3 (C-11),
12.7 (2-Me), 21.1 (4-Me) F1 16.2 (6-Me), it B ix 4>
A YT Re R — A~ EAXTRES M 2RI,
Sk [15] HH46E %) conglobatin A X H J5 A& PR &
WrEEHE e V)&, WA E A conglobatin A,

3 1ig

A B 2 E R R LR, Ay stk A
=Y — 22 e L G Y R 2 —,
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