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B E. AR GRS — RSB E RS R R KA Streptomyces sp. AHMU XC 2026 K A4
FE AT o B hAK, 25 A NMR 3k 3 5 A7 A Sk Yo 32552 10 AN S ARAG A4, 2 #1 4 eyelo—(trans—4—
OH-D-Pro-D-Phe) (1) , eyclo— (D=Pro—D-Phe) (2) , cyclo— (L-Ala—L—Phe ) (3) , cyclo— (L-leucine—L—
proline ) (4) , cyclo— (L-Leu— trans—4—hydroxy—-1.—-Pro) (5) , cyclo— (D-Pro-D-Ile) (6) , trans—2-methyl-

cinnamic acid (7) , indole—3—carboxaldehyde (8) , 2—pyrrolecarboxylic acid (9) , 2—hydroxy phenyl acetic
acid(10) . KRR N T HOE If ik A MR R LA E i 25 R R AE4 10 4£ 100 pe/disc T 27K
#4598 A 1A Pyricularia oryzae HNM 1003 £ 7 #4 33 69 35 & b2, 76 B AL42 4 8 mm.,

KB B ARRR BTG S R R AL AT i LR
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Secondary Metabolites of Marine—derived Streptomyces sp.
AHMU XC 2026 and Their Anti—fungal Evaluation Against Plant
Pathogenic Fungi
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Chemical Engineering , Hainan Normal University, Hatkou 571158, China;
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Engineering , Hainan Normal University, Haikou 571158, China)

Abstract: An investigation for the secondary metabolites from a marine sediment—derived Streptomyces sp. AHMU XC
2026was performed, leading to an attainment of ten known compounds by NMR spectroscopic analysis and comparisons of
literature data, including cyclo—(trans—4—OH-D-Pro—D—Phe) (1), cyclo—(D—Pro—D-Phe)(2), cyclo— (L-Ala-T1.-Phe) (3), cy-
clo—(L-leucine-TL—proline) (4), cyclo—(I.—Leu-trans—4—hydroxy—-1.—Pro) (5), cyclo—(D-Pro—D-Ile) (6), trans—2—methylcin-
namic acid (7), indole-3—carboxaldehyde (8), 2—pyrrolecarboxylic acid (9), 2-hydroxy phenyl acetic acid (10). All the iso-
lated compounds were evaluated on antifungal activity against a panel of four plant pathogenic fungi by an agar diffusion
method, which indicated that the compound 10 showed a weak inhibitory activity for Pyricularia oryzae HNM 1003 with an

inhibition zone diameter of 8 mm under 100 mg/disc.
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marine sediment

IEFEDURR R S o S i, R IR E R AW B — o MR DR YR IR Dk G A Wil
Yy FHRGERH R IS PR S PR 25 e T o R B B BR AR . WEPEI TR A A Iz MR R R
PER AW HA BER A2 I Y. WA AIBFTEHGE AR TR P AR R 2 R R
UTAER , TR DTURR ) O UL 3 T v 0 18 S 0 1 AR R R BRI TR IR 25 2 R B AR T A ™ 1, e I
HMAPTA TR DU PO RS 2 B AR

R L AR A E ) R R RN W W SRR AEY) R A2 SRS , 3G AR EYrs™ FL R
AR 42 1 i = e 3 e P A 2 28R, An g e A5 R R T R A o ORI, IR A A A 25 Y
R I LT ™ AR TR 21 30 5 S ™ B A B il 2 A R T e [l PR, SR sl e il s o B AU 24 22
U] AR AR T, A S IR PR 2 AR e SR B4 o IR TR B I A TG 7 s R AR IR 55 52 A 3R
855 U B SR i AR R A% R AR ™ M 2R B L S5 R 22 R A 3 0 LR IR R R e Ak A
FAF RIS AR SCLL— R DAY IR R A A TE RS R MR A 1 vh 73 B 4 e
10~ BAARAE S W, 53 501 N eyclo— (trans—4—OH-D-Pro—D—Phe) (1) , cyclo— (D—Pro—D—Phe ) (2) , cyclo— (L—Ala—
L-Phe) (3) , cyclo— (L-leucine—L—proline) (4) , cyclo— (L-Leu— trans—4—hydroxy—L—Pro) (5) , cyclo— (D—Pro—D-
Ile) (6) , trans—2—methylcinnamic acid(7) , indole—3—carboxaldehyde (8 ) , 2—pyrrolecarboxylic acid (9) , 2-hydroxy
phenyl acetic acid (10) (& 1) o N FHUELC A3 H0E XF 4 BRAE Y099 [ L 1 Je TF 6 PR 8, & 3654 10 4E 100
we/disc T XK FERGIE EL B Pyricularia oryzae HNM 1003 ELA 3055 W40 15 PE , 70 BBl 5450 8 mm.
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Figure 1 Chemical structures of compounds 1 ~ 10

1 #HFTTE

1.1 RXFI AR

A IRAY Bruker AV-400MHz, Kii 1+ Bruker 28 7 ; figh% 7% & X EYELA N-1001, H A 5t B4 ; ¥ 40K
PE¥ % EYELA COOLACE CA-IIIT, H AR 5tk ; B45 9 EYELA A-10000S, H AZR 50 LAk ; il 2% = 8508
AT Agilent 1260 231, (4354 Agilent Eclipse XDB—C18 column (250 mm X 9.4 mm, 5 wm) , 35 [E ZHE(E
N EERE (200 ~ 400 H ), & S PEA0 T 7= 5o $RE B W I IR L £ R O Ak S SN T
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v A=Al i, FEAR S SRR A8 A 1) R o (5 20
1.2 ¥ & E Streptomyces sp. AHMU XC 2026 R R E=HEHI 55
1.2.1 R

IR GE U TS —15 em IR (34.944°N 119.210°E) LARPIRE S A 43 B 153, Ifm 1t 168 75
FEXF SR T IR 45 o
1.2.2 WA R RS R

ALV TERD 2% , I ZEHE 1%, 40 B 4 55 R 0.5% , B LE R U 0.5% , NaCl 0.4% , K,HPO, 0.05% , MgSO, -
7H,0 0.05% ,CaCO; 0.2%.,
1.2.3 RERHEE

R ZE 4 000 r/min Z5.0075 2 BERCFITE AR , TR AR TR R R AL 3 AT 2R s Al FH T
FAHL 3R, MR BRI AR 15 8= E ; & A I
1.2.4 fEEYHITE

RS o HEDTFH BEE AR, o AR RS, A i k- £ 08 BRI AR RAE e (Viv, 10%, 20%,
30%,50%,100% ) , F- 158005 - BEAR 22 (VIV, 10% ~ 30% ) YERt , 28 TLC 43 1 & 31453 9 ME 43 (Fr.1 ~ Fr.9) .
1853 Fr.5(301 mg) it IEAH (AT, A1 ik - 208 L BE A VER (VIV, 10% ,20% ,30% ,50%,100%) , £ TLC 531t
H AR 3 WA S (Fr.5-1 ~ Fr.5-3) ; WA 4) Fr.5-2 3 57 RP-HPLC #1145 (i 81 A MeOH : H,0 = 55:45, 2
mL/min) 13 #1LEH 9 (11mg, 1, = 4.8 min) ; WAHS> Fr.5-3 BE4E A3 24659 10151 mg) . 43 Fr.6(243
mg) i IEA A, Il - 2R SR IAR R PER (20% .30% .50% . 100% ) , 454 TLC /A & 45 8] 4 NI 4
(Fr.6-1~Fr.6-4) ; WA#H 53 Fr.6-2 2 RP-HPLC #ill £ (i s 4 MeOH : H,0 = 45:55, 2 mL/min) 13 2]{L 59 7(10
mg, t, = 30 min) ; WA# 53 Fr.6-4 22 RP-HPLC il £ (Ji 840 MeOH : H,0 = 55:45, 2 mL/min) 13 21L& 4 8(20
mg, f, = 2.4 min). 1853 Fr.8(1.83 ¢)id IEM @ IEFE , A k- 2R LR R P (30% ~ 100%) , 28 TLC 4347
E IR F 3 NS> (Fr.8—1 ~ Fr.8-3) ; WA/ Fr.8—1 i RP-HPLC #14% (Jish#H MeOH: H,0 = 35: 65, 2 mL/
min) 5 ELEH 6(27 mg, 1, = 5.2 min) ,4(116 mg, £, = 10.3 min) F12(12 mg, t, = 12.5 min) ; WiH5> Fr.8-2 &
gL SR AP 5(45 mg) o 15 Fr.9(2.13g) i IE M (i A, S - B B R VeI (VIV, 10% ~ 30% ) , 48 TLC
IIEE IR R 4 NSy (Fr.9-1 ~ Fr.9-4) ; W8 4) Fr.9-2 245 RP-HPLC #1145 (Ji 540 MeOH : H,0 = 27:73, 2
mL/min )13 2{L5%) 3(8 mg, t, = 25 min) Fll 1(50 mg, #, =27 min) .
1.3 mEYREEEE N

Fig A SCHRIR FH g 48 R 91k, 4 U A B 4B K RS RS IR L Pyricularia oryzae HNM 1003 | 15 5 5 JH i
W Colletotrichum asianum HNM 408 4% 5 #4 7% JH 55 T Colletotrichum acutatum HNMRC 178 F1 &£ AL 0 H
Fusarium oxysporum HNM 1003 fF B 5] R AT 1E & PDA B5 52 5P 1o R s iRk & W0 E il 1 DMSO Be il >y
20 mg/mL, o FHATFLARERIEACH L ELAR N 6 mm Y TC B/ NRIAC R, I FHEA 4P 5 48 78 18 PDA R 7737
Mo FE R IRARIIS WL RRIAL S PIRE S I AE DR 4R i b, B T 28 CREFRAf 8532 24 ~ 48 h, A2
AR . B 3R, R LA Z B R FHPEXT B, DMSO hy2s X I

2 #REE

2. 1 HHREE

LT 45 B A S DNA S B, F) 3 A 514 27F (5'-GAGTTTGATCCTGGCTCAG-3") il 1525R (5'-
AGAAAGGAGGTGATCCAGCC-3")#F17 PCR Y HE1F 2 H 16S tDNA [ 81, L4l AL T )5 , BRIk Streptomyces sp.
XC2026 [ 16S rDNA JFFI K FEE N 1 517 bp (GE 554 CP064057.1) , 38 i F A 3L R 751 i Rl &3S
Streptomyces sp. ZJ306(FEHZ5 5845 KF954540.1) 7511 99% W) 5 , iU 45 A Streptomyces (12) o
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B2 HiZkE Streptomyces sp. AHMU XC 2026 BT 7 F4351iF
Figure 2 Specific morphological characteristics of Streptomyces sp. AHMU XC 2026

22 B EWRIRE SR

AW O TCEER R, ESI-MS %48}y m/z 283.1([M+Na]*) ,'H NMR (400 MHz, DMSO-d,) &, :7.29
(5H, m, Ph),4.41 (1H, m, H-4),4.32 (1H, dd, J=6.4, 11.2 Hz, H-6),4.20 (1H, dd, J=4.8, 5.2 Hz, H-
9),3.53 (1H, dd, J=4.8, 12.4 Hz, H-3«),3.18 (1H, d, J=12.4 Hz, H-33),3.10 (1H, dd, J=5.2, 14.4 Hz,
H-10a),3.03 (1H, dd, J=4.8, 14.4 Hz, H-10b),1.96(1H, dd, J=6.4, 12.8 Hz, H-5a),1.53 (1H, m, H-5b);
3C NMR (100 MHz, DMSO-d,) §,.:169.6 (C, C-1),165.3 (C, C-7),137.3 (C, C-11),129.9 (CH, C-12, C-
16),128.1 (CH, C-13, C-15),126.4 (CH, C-14),66.8 (CH, C-4),57.0 (CH, C-6),55.7 (CH, C-9),53.9
(CH,, C-3),37.3 (CH,, C-5),35.3 (CH,, C-10). LA b%&¥ 5 SClkIR BT Y FEA — 5, U @iz &8 h
cyclo—(trans—4—OH-D—Pro—D-Phe ) .

&Y 2: O TCEER R , ESI-MS 35} m/z 243.0([M-H] ),'H NMR (400 MHz, DMSO-d,) 8, :7.26
(5H, m, Ph),4.36 (1H, t, J=5.2 Hz, H-9),4.00 (1H, dd, J=6.8, 9.6 Hz, H-6),3.39 (1H, m, H-3a),3.35
(1H, m, H-3b),3.09 (1H, dd, J=5.2, 14.4 Hz, H-10a),3.09 (1H, dd, /=52, 14.4 Hz, H-10b),2.03 (1H,
m, H-5a),1.75 (1H, m, H-5b),1.71 (1H, m, H-4a),1.44 (1H, m, H-4b);*C NMR (100 MHz, DMSO-d,)
8.:169.0 (C, C-1),165.1 (C, C-7),137.2 (C, C-11),129.9 (CH, C-13, C-15),128.0 (CH, C-12, C-16),
126.4 (CH, C-14),58.4 (CH, C-6),55.7 (CH, C-9),44.6 (CH,, C-3),35.4 (CH,, C-10),27.8 (CH,, C-5),
21.9 (CH,, C-4). i FEdE S SCRFE A — 350, MU e 246 B8 eyclo—(D—-Pro—D—Phe ) .

AW 3: AT EMER R, ESI-MS 3448 4 m/z 219.1([M+H]*) ,'"H NMR (400 MHz, DMSO-d,) 8, 7.29
(5H, m, Ph), 4.18 (1H, m, H-3),3.63 (1H, m, H-6),3.14 (1H, dd, J=3.6, 13.6 Hz, H-7a),2.87 (1H,
dd, J=4.8, 13.6 Hz, H-7b),0.45 (3H, d, J=7.2 Hz, H-14);

3C NMR (100 MHz, DMSO-d,) 6.:167.7 (C, C-1),165.8 (C, C-4),136.0 (C, C-8),130.4 (CH, C-9,
C-13),128.1 (CH, C-10, C-12),126.7 (CH, C-11),55.3 (CH, C-3),49.7 (CH, C-6),38.3 (CH,, C-7),
19.7 (CH;y, C-14) . VI B85 SRR B B FEA— 20, B 2 246 B0 cyclo— (L-Ala—1.-Phe ) .

EY 4. AEOTCEMER R, ESI-MS B~ m/z 211.2([M+H]*) ,'"H NMR (400 MHz, DMSO—d,) 8, :4.20
(1H, t, J=8.0 Hz, H-6),4.01(1H, dd, J=5.6, 6.4 Hz, H-9),3.39 (2H, m, H-3),2.15 (1H, m, H-5a),1.94
(1H, m, H-5b),1.85 (2H, m, H-4),1.81 (2H, m, H-10),1.38 (1H, m, H-11),0.87 (3H, d, J= 6.4 Hz,
H-12),0.86 (3H, d, J= 6.4 Hz, H-13);"C NMR (100 MHz, DMSO-d,) 8.:170.5 (C, C-1),166.7 (C, C-7),
58.5 (CH, C-6),52.7 (CH, C-9),44.9 (CH,, C-3),37.8 (CH,, C-10),27.5 (CH,, C-5),24.1 (CH, C-11),
22.9 (CH,, C-4),22.5 (CH,, C-12),22.0 (CH,, C-13) . LI FHE5 SCkRIE" 0 A — 20, ioE e iz e &
YA cyclo—(1L-leucine—L—proline ) .

AW 5 O TCEMER R, ESI-MS 3044 m/z 249.1([M+Na]*),'H NMR (400 MHz, DMSO—-d,) 8, : 8.00
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(1H, s, NH),5.12 (1H, s, 4-OH),4.41 (1H, dd, J=3.5, 10.8 Hz, H-6),4.29 (1H, m, H-4),4.06 (1H, t, J
=6.0 Hz, H-9),3.50 (1H, dd, J=4.4, 12.4 Hz, H-3a),3.24 (1H, d, J=12.4 Hz, H-3b),2.07 (1H, dd, J=
6.8, 13.2 Hz, H-5a),1.96 (1H, m, H-5b),1.87 (1H, m, H-11),1.80 (1H, m, H-10a),1.38 (1H, m, H-
10b),0.87 (3H, d, J=6.4 Hz, H-12),0.86 (3H, d, J=6.4 Hz, H-13) ; *C NMR (100 MHz, DMSO-d;) §,:
170.8 (C, C-7),166.6 (C, C-1),67.1 (CH, C-4),57.1 (CH, C-6),53.7 (CH,, C-3),52.6 (CH, C-9),37.8
(CH,, C-10),36.7 (CH,, C-5),24.1 (CH, C-11),22.8 (CH,, C-12),21.9 (CH,, C-13). A %udi 55 3k
B FEAR— B, B Z AL G YN eyclo—[L-Leu— trans—4—hydroxy—L—Pro].

AW 6: TG EER R , ESI-MS B 5 m/z 219.1([M+H]*) ,'H NMR (400 MHz, DMSO—d,) 8, :4.13
(1H, dd, J=1.6, 7.2 Hz, H-6),3.91(1H, brs, H-9),3.60 (1H, m, H-3a),3.37 (1H, m, H-3b),2.37 (1H,
m, H-10),2.16 (1H, m, H-5a),1.88 (1H, m, H-5b),1.82 (2H, m, H-4),1.01 (3H, d, J=7.2 Hz, H-11),
0.85 (3H, d, J= 7.2 Hz, H-12) ; ®C NMR (100 MHz, DMSO-d,) §.:170.3 (C, C-1),165.3 (C, C-7),59.5
(CH, C-9),58.3 (CH, C-6),44.7 (CH,, C-3),27.9 (CH, C-10),27.8 (CH,, C-5),22.1 (CH,, C-4),18.4
(CH,, C-11),16.4 (CH;, C-12), LA FAE 5 SCHRAGE I FA — 3, #8852 %6 B9 0 cyclo— (D-Pro—D-
Ile).

AT AR, ESI-MS B M m/z 162.2([M+H]) ,'H NMR (400 MHZ, DMSO—-d,)8,, :7.66 (1H,
d, J=15.6 Hz, H-3),7.54 (1H, J=1.6, 8.0 Hz, H-5),7.28 (1H, overlapped, H-7),7.25 (1H, overlapped, H-
6),7.23 (1H, overlapped, H-8),6.53 (1H, d, J=15.6 Hz, H-2),2.36 (3H, s, H,~10) ;*C NMR (100 MHz,
DMSO-d,) §.:166.7 (C, C-1),136.7 (C, C-5),136.5 (CH, C-3),133.7 (C, C-4),130.6 (CH, C-6),129.1
(CH, C-7),126.3 (CH, C-8),125.9 (CH, C-9),123.5 (CH, C-2),19.3 (CH,, C-10) . LA F%ed5 SRk
BT, S 2 AL G WM trans—2—methylcinnamic acid (2 -2 H FE-REERR ) .

LAY 8: IR A, ESI-MS Bt h m/z 151.1([M=H]") ,'H NMR (400 MHz, DMSO-d,) 6, :6.99 (1H,
td, J=1.6, 7.6 Hz, H-7),6.92 (1H, dd, J=1.6, 7.6 Hz, H-8),6.65 (1H, t, J=7.6 Hz, H-6),6.61 (1H, d, J=
7.6 Hz, H-5),3.19 (2H, s, H-2);"*C NMR (100 MHz, DMSO-d,) §.:176.2 (C, C-1),158.1 (C, C-4),130.1
(CH, C-8),127.1 (CH, C-6),124.9 (C, C-3),117.9 (CH, C-7),117.0 (CH, C-5),44.3 (CH,, C-2)., LI I
B -5 SO B AR — 2, B e 2L B Y0 2-hydroxy phenyl acetic acid (2-¥3EK L) o

&Y 9: A I EEH A, ESI-MS ¥4l A m/z 146.0([M+H ]*) ,'H NMR (400 MHz, DMSO-d,) 8,:9.92
(1H, s, H-8),8.28 (1H, s, H-2),8.09 (1H, d, J=7.6 Hz, H-4),7.53 (1H, d, J=7.6 Hz, H-7),7.27 (2H,
overlapped, H-5, H-6) ; °C NMR (100 MHz, DMSO-d;) §.:184.9 (C, C-8),138.6 (CH, C-2),137.1 (C, C-
7a),124.1 (C, C-3a),123.4 (CH, C-6),122.1 (CH, C-5),120.8 (CH, C-4),118.1 (C, C-3),112.5 (CH,
C-7)o LA B 5 SO aE™ I BEA— 3, B 2 246 540 indole—3—carboxaldehyde (35| B I )

164910 T8 K , ESI-MS 5048 4 m/z 110.2([M-H]~) ,'H NMR (400 MHz, DMSO-d,) &,: 11.64
(1H, s, NH),6.94 (1H, dd, J=2.4, 4.5 Hz, H-3),6.79 (1H, br m, H-4),6.13 (1H, J=2.4, 8.4 Hz, H-5);
3C NMR (100 MHz, DMSO-d,) 8.:162.7 (C, C-6),123.9 (CH, C-5),123.5 (C, C-2),115.4 (CH, C-3),
110.0 (CH, C-4). VL F%di 5 Sk HeaE " i AR — 2, B 2148 & 0 2—pyrrolecarboxylic acid (22—
HIR) .

23 MEYMREEREEEHER

YU 255 BR8P 1078 100 pe/dise 244 T RENEHN ] Pyricularia oryzae HNM 1003 )4 K, FHAMH B H
&R 8 mm , 7EAH A A5 F T FH 4 X6 B Z2 181 22 41 1) B4 30 mm , DMSO 35 54 Sk [ 4 X6F B A J 7 A ] 4100 ]
.
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3 i

AR SO EEDTRR YR IR A i 2R T Streptomyces sp. AHMU XC 2026 IR AR =97 43 5 2 10~ sk fb &
Yy A5 6 D ZHIVRE (1 ~6) , e -2-F B - A HER (7) , 2- 32 B R LR (8) , 3| W FF R (9) 1 2k gt Y 2
(10) , P b G917 e OO BAR S b o3 BB R IR P W) o Rk B4k 5 W BT o J5 L T PR O 1 6 T
AW 10 X5 /K FE RS L B Pyricularia oryzae HNM 1003 ELA 155 M HIE P , UL ARG i gh A8 2F i it =
PLE ISR A 29802 0] o [, A6G 9 10 i wibk FZE R GURH Z —, S8 m (3% LA 1) I
INE AT REIE A B e A= IR
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