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Abstract ; Marine plants and their co-epiphytic microorganisms are important compositions of marine organisms, and can
produce many secondary metabolites with novel structures and unique activities and have various physiological and
ecological functions. The Beibu Gulf is rich in marine plant species resources. According to statistics, there are 43
species of marine plants in three phyla. This paper reviews the research progress of the secondary metabolites of marine
plants and their co-epiphytic microorganisms in the Beibu Gulf since 2002. A total of 59 new compounds and 35 known
active compounds were obtained from 11 species of mangrove plants and seven species of co-epiphytic microorganisms,
and three new compounds and seven known active compounds were obtained from three species of seagrass plants. A total
of 25 new compounds and eight known active compounds were obtained from six species of algae plants and one species
of co-epiphytic microorganism, which mainly involved terpenoids, alkaloids, flavonoids and sterols, most of which had
good anti-bacterial, anti-oxidation, anti-tumor, anti-inflammatory and enhancing the body immunity. Based on the above

results, further research suggestions are put forward. The review provides a reference for further study and utilization of

42 %

marine plants and their co-epiphytic microorganisms in the Beibu Gulf.

Key words: Beibu Gulf, marine plant, marine microorganism, secondary metabolite, biological activity
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REZBAME &R AR S8R R R o A
BEAEVE, VR AR R PR AR PR AE N B R
(A=) 2 REME  F A 20 Z 05 Fh, A, ¥ 1R
Pt HLAG IR 0 A2 Z AR R 2019 ARAR T,
IR A ) o 4 B S5 B 32 000 S ET LA W,
Ay R B AR AL A ) ( Carroll et al., 2021) , HFTE
H ) B LI B A G A VR i e AR E B 2
BCER A3, 7 AR B A B W) — B A AR S B
VR R R =R 25 00 B S R R A T
BB 25 BT RO R4 AL T R, BT R
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PRI A 4 A ( F85,2019) , & 5250
Wi B A B sy itk v [ B R TR 9 A,
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WET R IBREEE . AP EES AN SRR
HEHESE G IR 09 13 MGFER YT, 8 2Pk
JET B2 (K 3 S, 2018 7 TR AR TV L RK
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— HUA T R T 5 5 9 R AT R M R Y 9% U5
g, FEdbipi R a], A Z Mty i 25 4
B, ZLAR PR A A A ) ) 5 T s o 1 s R e 5
AR, Ferh DL 20 i AR R 2
T PR WM a0 M kTE (HRCAE,
2016) , MERCHTIRTT & KR | LR i
ARBRA RSB (Kim et al., 2021) , MEEEZ T
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FIZER TR GE (A A4, 2004 ; = FR i, 2011 B8
WA ,2020) , I FLEEA ¥ KU JLAR /Y 55T iF 92 B
Jeo AT AT RNR T bR T I A A S
LR A A IR AR 7 ) 0 B 9 3 e, AR SR
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B A= B P B DR AR AR S 5 KA

TS TT L
KRR B

EARPRE aEE dT I R (3 L TR
WIVER AR R AR ALY, AR RELR 0 A 5
KA HILEREbR , 2 B DX Il 355 v [ 96 B G 0 A i e



8 v RIS o AU B Vi PRAR A S L B 2 U O A P k5 o 1261

S NIRRT, o R A TN T
PO R L K 55 [ T 7 R 08 1 8 i I 3 7 DX
JETRIE LA AR LRI DX 32 BEAT ) P4 B L 2R bR
FH ARG DR G HE R 3 R OR3P IX i
T AR 2L A0 bR B 2 1 SR DR AP DI 9 05 £ B vk
Mg A SRR I AR VL LD AR E K % B AR PR
DA, TEOAARAL T £ o XL e Tl 9t SR A1 R
SEARETS Ve B PR R, DA 1o Al {21 A 4 B G
SERRF AR Gl A A b e A K SR AR RO A
KB EERFT R AT RPACHT ) (Wu et al., 2008; Li
et al., 2009) ,

1.1 E LT84 B B 2 B A A ok R X 7= 4
111 AR R ERH =M WAL (Aegiceras
corniculatum ) J& T 58 4 5 RHE AR & | 25 0L A A0
SLL LY, W BRI R B K H DU (TN
45,2013) , E4EFRSE (2006a) T PEIL IR 4 11
AR AEAR A v AT Y S 0 (1) X T B R
AL AR o T 8 B 2 IR R 1B (PTPIB) WoR
B A0 A 3 1 1G5, {4 (9.15+2.48) mmol -
L ALE W 1 S RO G T 45 X IR LA
Fe, RT3 mm i1 o Hicit s b T 2 83% , R AL
G OGP RE 5 1, X 17 36 W 8 A B A T ( Morten
etal., 2017) . FIZEPTRE(2) 2 4K (2006a)
A FERS b 345 19 S — AR AT PR, 2 —
Fft KR0S AL ( Salehib et al., 2018) , EA il B
OSBRI O S5 AR 9 ] A RE A (Su et al.
2019; Alrafashr et al., 2020), JT4F3€, F L2 W58
A A ) SRR AT F R R
WAEFE ., WP 1 B, T AR 25 (2020) UG 4
BE AR R S R JRURE, SETE BRI A% 4 TR RN IR R
A RIS FOE 25 O | B R R R R R
SRS N RN RS A GRS E AN T )
Tl G B AR SOCR IE 40% , BAT 388 1 Tl ik
A PRI AEANAE . AR A0 M B R B R BOR IR AR
JRAAR 7 i B g SRR K R T A B
BTl Az 7= R A B B O vk (4R HESE,2009)

Vinh %5 (2020) MR 1 #7745 B AR AL B 1
FHIRSE 1 A8 2 H 3-0- [ a-L-rhamnopy-ranosyl-
(1 — 2 )-a-L-rhamnopy-ranosyl-( 1 — 2 )-8-D-
ealactopyranosyl-( 1 — 3 ) -B-D-glucopy-ranosyl-( 1 —
2)B-D-( 6'-O-methyl ) glucuronopyranosyl ]-138, 28-
epoxy-38, 16a-dihydr-oxyolean (3) 1 3 /> B HIfL &
Y1(3B,16a,20a) - 3,16 ,28-trihydroxyolean-12-en-29-

oic acid 3-{ 0-B-D-glucopyranosyl (1—2)-0-[ B-D-
glucopyranosyl ( 1 —4) ] -a-larabinopyranoside | (4) .
aegicoroside A (5) sakurasosaponin (6), L&) 4.
5 YN S AE H F TL-12p40  TL-6 , TNF-o ) %5 411
50, 1C B4k 2.37+0.46 .5.12+0.58 .2.38+0.31
pwmol + LA M 2.37+0.46.5.12+0.58,2.38+0.31
pmol « L™, A4 %1 3.6 15 10 wmol - LAY AE
#E BI6F10 R0 K 40 i U8 1, B JF R iiif¥7 R
ORI T, EY 5.6 BATHUMRIGE,
Xt MCF7 ,A549 Fl HCT116 41 il 7 FL A7 42 i 1) 240
Bk, IC, HILHI A (2.89 + 0.02) ~ (9.86 + 0.21)
pmol + L' (Vinh et al., 2017)

112 ZAHEMARED RERBM ZH  ER
# (Acanthus ilicifolius ) b By R B R @AY, &
LA TE TR R )V AR A, B R T
i 6T R A S AR T (T /N 4F, 2013)
Cai 5§ (2017) MJPGLL LR AR R 37 X 3 B
B A BN A B E Talaromyces stipitatus AR 2
N H LAY talaromyones A-B (7-8) 12 1~ E L
AW purpactin A (9) F tenellic acids A (10), 1k
GV 8.9 .10 I H A o HE S 2 1C,
Bl Ky 48.4~99.8 wmol « L', LA W) 8 XAk 2L
ZEAUFT 8 ( Bacillus subtilis ) 547 $U# 16 P, MIC {4
HF12.5 ng - mL”', LAY 9 & TMEMI6A A S/
Cl3 B I 7], 1C5, fEZ R 2 wmol - L, AT fig
B T30 97 5 6 5 43 W AH G 1Y 299 ( Chantapol et
al., 2021) , L& 4 10 HA A9 40 1 7 1
IC, [ 62.1 ug - ml" (IREESE,2006)

113 @ FRAL EMAMAENRERHZH 1
‘B 33E (Avicennia marina ) 45 T H ME | by T ¥ w1 R
TR RHE J A, B A REZEAE D 8 T TR T R
BRI B G B 5T LX) Y L i i
AR 1 R S R S P BT SR A L EAT T IR AESE, A
PR 4 DR L BEH marinoids F-T1 (11-14) (Yi
et al., 2014) I 4 AN H AL A Y marinoids J-M
(15-18) (Gao et al., 2014) , 1 A~ Fr 0 R 15 28 4
maricaffeolylide A (19) 1 1 4> £ e fi1 £ W
maricyclohexene A (20) ( Xie et al., 2015) , i& /]
AL (CAA) MAPT AL e R B, L5 W) 14,
16 .17 19 75 it 28 LA AL T P, EC, (5 7051 N
26.23.0+0.71.36.2+1.83 .24+0.3 pumol - L',
PERFGY B, LA 15 vl 80805 VD R B IA
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Fig. 1

HIBE S, 7E 500 mg - kg IR YT VD R RUE, KR
MDA 7K - B& A% 27.53% NO /K - B A 20.41%
GSH-Px W& PE#2 /i 11.26% ,SOD 1 P42 5 20.38%
(Yietal., 2020b) .

MAEAFFELL (Pan et al., 2010) )L H 1
FIE AR 53 B LB Phoma sp. HARAE 1 /N8N
fig 1, 8-dihydroxy-10-methoxy-3-methyldibenzo [ b, e ]
oxepine-6, 11-dione (21) F1 2 4~:57 Wk nfi {254k & )
1-hydroxy-8- ( hydroxymethyl ) -6-methoxy-3-methyl-9H-
xanthen-9-one (22) | 1-hydroxy-8-( hydroxymethyl ) -3-
methoxy-6-methyl-9H-xanthen-9-one (23), b &%
21,22 XF N 3R B FE R 40 KB F1 KBv200 2458
AMMETEE L,

114 RBER L S W A A KB =4 A
( Bruguiera gymnorhiza) i £ B AR @ Y0, 5
TS A TS R RO e (TR AR,
2018) o FRERARATFELH XS DT A HEVL ) PG Ll 1T 4L
REARLR 7 X 58 b R A 1 AR M 25 0 v 3148 T R B
T (24) AW /\BLEE(25) (trans-3,3’-dihydroxy-1,
5,1, 5-tetrathiacy-clodecane ( 26 ) | cis-3, 3'-dihydroxy-
1,5, 1", 5'-tetrathiacyclodecane (27 ) . gymnorrhizol

Chemical synthesis of resveratrol

(28) (Sun & Guo, 2004; X F]%5,2008 ; Huang et
al., 2009) F— RINEHH AN TG, fh
Yy 24 28 AL PTP1B 5], 1C 5308 17.5
14.9 wmol « L', I XA 28 (194 H k1T i
5%, {8 FH Bunte £k FIGT B 1Y 4 46 S e 2 B ) il
BTAEY 28, AUV ILIE 2, [, TR AR
RS T A B Ry B S SR DU 25 A A AR
T AL BREZ( Chen et al., 2013) , EARWLE 3, 26
BRAE A BATES AL &9 28 (it b 58] T — & 4
iy, Horh 5a XI5 TCPTP 16 N i) Hifth PTP1B
T BRI BERRE 7] R SR Y PTP1B 1)l
1EPE IC, fER 4.54 pmol - L' (Gong et al., 2007) .

¥ Bt ek (2006 ) DA™ P4 A5 9 B R4 1 R B2 h
PAFIRI G (29) BA BT BB TG 1, 1C50 A
92 g - mL', LG W 29 AR oo 250 T A
HMG-CoA i Ji i , % o7 25 4 11 B Al HMG-CoA if
R 1C, {5391 K 68.75 44.99 pg - mL' (5K %
4 2021) .,

e AR ST 2N T P b ] T SR A R R B I
b ARAS BT AE B8 gymnorrhizin A (30) X 4
I T 2 M HL R (HbsAg) FIZ AT 42 e P (HbeAg)
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1. Na;S;05- OH i OH
OH ; |31:),80-2502c, 2h oS T ZO‘;OC B0, o z
: o - - OH
Cl SSO;Na S—""_58
H
H,O-THF, 1t, 6 h S s
1. Na,CS3, MeOH —_— O(Z" \_&
reflux 1 h S-8
OH 2.1 N H,80, OH H,0, KOH OH H ﬁ'

ol A 0 ———=Hs _L_sH —=ks _L__sk

Kl 2 gymnorrhizol A& A4k
Fig. 2 Synthesis of gymnorrhizol (Gong et al., 2007)

Br
(0] 0 S
—_— r. | —  — —_—
Br Br
0
L 3 of
o o

Reagents and conditions: (a) 40% aqueous HBr, CH2Clz, 0 °C, 5 h, 85%; (b) 4-bromobenzene carboxylic acid, EDCI, DMAP, CH,Cla, rt, 12 h, 88%; (c)
Na,S, cat. TBAB,CHCIs, rt, 5 h, 60%; (d) Oxone, NaHCOs, acetone, 2 h, 81%.

K3 ARH B EE R A R
Fig. 3 Synthesis of bruguiesulfurol (Chen et al., 2013)

() TC5, 1 43 31 Ky 4.37 ,4.89 mmol - L™, 3477 45 5L
(TDE 73510 2.68 .2.40 (BR&E 55 45 ,2016) , 3kAF
e A YRS (31) R FEM IR
(32) . lyoniresinol-3a-0-B-D-glucopyranosides ( 33)
XTI Je 20 L AR AS549 S 7 55 4 IS 1 1C (B 43
514 290.2.323.0,209.3 wg - mL" ( 5 M 75 55,
2013a) , brugymnoside A (34) &7~ H & Pi AL TG
P EC,fE A (11.79 + 0.78) wmol - L' ( Yao et al.,
2017) o 4 NHFC I LNENTAEY) menisdaurins B-E
(35-38) A 12 & YL & TR 5 16 1, EC, (G F
(5.1 £ 0.2) ~(87.7 + 5.8) pg - mL" (Yi et al.,
2015) ,

AR BT 5 4L P AR BEAS 2% 0 8 1 N AR
Aspergillus terreus T3S 1 L&) 8-hydroxyl-
2-[ 1-hydroxyethy ]-5, 7-dimethoxynaphtho [ 2, 3-b ]
thiophene-4, 9-dione (39) fil 5 ~E H itk & W
anhydrojavanici (40 ) , 8-O-methylbostrycoidin (41) |

38,5a-dihydroxy-( 22FE ,24R ) -ergosta-7 ,22-dien-6-one
(42) . NGAO187 (43) . beauvericin (44)., L&Y
40-41 LAY 43-44 X o- £ B AR A g il L (. 3%
P VE L, 1C,, {43 % 2 2.01,6.71,1.89, 3.09
pwmol - L' fL& ¥ 42 44 X} MCF-7,A549 Hela #il
KB 20 A5 40 i 35 1, 1C, (43 51 0 4.98 umol - L
#12.02 wmol - L' ( MCF-7) .1.95 pmol - L' F1 0.82
pmol - L' (A549) .0.68 pwmol - L' A1 1.14 pwmol - L
(Hela) ,1.50 pmol - L' A1 1.10 wmol - L' (KB)
(Deng et al., 2013a ) . JFZEWTSEERTS 1 LA
botryosphaerin F (45) , /b &%) 45 %f MCF-7 F1 HL-60
S A A KA IR IC fB M 4.49 3,43 pumol -
L' (Deng et al., 2013b ), Chen % (2007) )\ J"PHA
PEAIARR T 5 )R N A2 BB Penicillium thomi 1 3R13
1 AR 2L & W) 47 5-dihydroxy-2, 3-dimethoxy-4
( hydroxypropyl ) -biphenyl (46 ) , X fif J&8 40 it B
A549 HepG2 il HT29 43 4 L 35 1 14 , 1C, {553 51 Ky
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10.1.,12.2.8.9 wmol - L' FNARMTAFFELL ) PH 1L
FZLA AR B A AR BEI J rh 20 g 1) — bk 1 (B B
W ( Streptomyces albidoflavus ) T AR1FAL S W (2R, 38,
6S, 7R, 8R ) -8-butyl-3-( 3-formamido-2-hydroxybenza-
mido )-2, 6-dimethyl-4, 9-dioxo-1, 5-dioxonan-7-
ylace-tate (47 ), fb & ¥ 47 X M 5 Jx 2 9% A
(Alternaria alternata ) . & Hii JK %% % W ( Botrytis
cinerea) M1 & i 559K W ( Alternaria solani) B MIC
{43514 0.01.0.06.0.03 mg - mL™", fit T 7 &h &%
FARZFR (Yan et al., 2010) . a2 IR H 3k
1919 5,8- 0 T DU TR (48) A 5% AR 4k UG, 7 =
N 27.3 mg « LI 55 W B A 4k HUA TR 1 1C, (8
7 162.8 mg - L' (Tao et al., 2012)

1.1.5 SR B AW A M AN RERM Z W 1R
( Excoecaria agallocha) N RKEFHEZEEHEY) , % HT
TBITAERL Rt T 2 R, I Ahid BA R )
BT /N4, 2013) . Wang Al Guo (2005) A K
Wang 55 (2005,2006 ) M7 P4 1L 1 £LA AR R K 9% A
SRARA X B TR R4S 10 AT ik 2R 59N
agallochaols A —J (49 - 58) . 25 Jk H 4 (2010)
MTPEIE U R AR B U T AR A 1 A B -
(3,5-dimethoxy-4-hydroxybenzyl ) -6-0-galloyl-1-0-3-
D-glucopyranoside (59)

Li 55(2016) M) A< HEVLZ0A0 bR [ 5 90 AR
PR MIEFA D Ty B 1 R ARIR N AE B
Lasiodiplodia sp."4f1% 1T 4 SH RN R 13-hydroxy-
15-methoxy-3-methyl-3, 4, 5, 6, 9, 10-hexahydro-1H-
benzo[ ¢ ][ 1] oxacyclododecine-1,7 (8H )-dione (60) ,
15-hydroxy-17-methoxy-3-methyl-3, 4, 5, 6, 9, 10-
octahydro-1H-benzo [ ¢ ] [ 1] oxacyclododecine-1, 11
(12H) -dione(61) , 15-methoxy-3-methyl-3,4,5,6,7,8,
9,10-octahydro-1H-benzo [ ¢ ][ 1] oxacyclododecine- 1,
12, 13-trione ( 62 ), ethyl-2, 4-dihydroxy-6-( 8'-
hydroxynony 1)-Benzoate (63) ., L5 %) 63 X A\ F A%
20 R 96K L9 40 B Rk THP T s R kLR 54 i
I A0 LR MDA-MB-435 A FE /1N 41 it it 9 200 it Ak
AS549 40 i 96 40 I kR HepG2 1N 45 1 i i 4il
JfIBk HCT-116 A7 vh &5 40 it 25 16 1, Hoflfb & 9
H S 1) 4 2 T 1
1.1.6 #k 36 A Jh S W A A S R BRH =4 B
Jili ( Kandelia candel ) 2 2L BBk b & A4 , 72 f it
FEMLLRAR D) RIS 7E B LA S rp [T 2R ()76
MR S MU AT )z 3 A W TR ki 2 45 A

WIRAE TS R (T/NESF,2013) o BRERE A A%
5L(2006) PSP L 1 AR A Rk 25 B o3 B Y Ak
AR (64) Fr B AR (65) X CNE-1 41
FLA 55 40 i 25 75 M, 1C,, 20 9 o 8 1923 532
pg - mL7,

Liu %5 (2020) M J 78 L1 1772 A0 Bk it R il 43 25
BN A= B Talaromyces sp. T3S T 2 b &
¥) talanaphthoquinone A—B (66,67) fil 1 4~E H
1t &%) 6-[ 1-( acetyloxy ) ethyl ]-5-hydroxy-2, 7-
dimethoxy-1,4-naphthalenedione (68) ., fL& %) 68
REFEIRME R A FHAMEA R 1 HA AR 6
Mg SR A IR 7 ( TNF ) -a % 35 PRI K *F- . Huang s
(2013) TP 111 1 52 R LR BR AR 4 IXR B 1Y
B AR BB Penicillium sp. WH 345 1 4S84k
B oM MG R TR U505 45 arigsugacin 1 (69) LA K 2
NEHILEY) arigsugacins F (70) fl territrem B
(71) . 3 DALE WA U £ Bt I8 69 5 Bl 1% 1
IC, fH 5 0.64+0.08 .0.37+0.11.7.03+0.20
wmol - L',

1.1.7 B EZ= B R H 7~ % M2 ( Lumnizera
racemosa) N T BN ZE TR MY, & ¥ H TI697
WD TS JER (T/NESE,2013) . E4EHRSE
(2006b ) A2 43 89 2 1y 2 AT PR G AR ™
¥ 2-methyl-1,3-dihydroxy-5-tridecylbenzene (72) Fll
1,3-dihydroxy-5-undecylbenzene (73) X} & H % &
FRWERARE 1B ( PTPIB) 7 41 il 36 4 , 1€, {H 20 51
7 13.38+1.98 .10.40+0.88 pmol - L',

1.1.8 & & B KRB AR =4 L5 (Sonneratia
paracaseolaris ) FITC G Z& (S. apetala) Bk 4 1R H
G RPHERIBEYY . RIADR IR 3R S35 12 OB AR
PR (b M sG6 7 1 A7, et 28 AR 52 F K JICR] £
JN B2 (5 #6545, 2013b) . Chen 55 (2011)
T AR VRV R B 1 2L A0 4007 5% 25 1 i) FH B A6 i
WIARAS o TIRTR N ER I AR (74) , FOXBURE 51
B8 TR il 2 0 o AR & ) 9 7T R IC, BN 6. 44
pwmol - L' o Gyl gG 5 2 T PE LS9 0 R
TeHeHE AR I Iy B S E I S AR (75) (R HER
(76) FEIRMR (77) %t HepG2 W/ P AT M, I
EC, [H43 51 25.8+1.3 62.1£3.5.45.22.8 mmol -
L' (4%, 2013b) . JoeiE 58 R SR I RE AT
RGN LI 5 2 R 8 e e ) (R R4,
2019; 7 #5455, 2019 ), i 2o X T 55 2R 52 rhle
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FEGE RO HEAT IR AFZ I, KL T 4 Db s
¥ sonneradons A-D (78-81) , k&4 78 XF £k i H.
A RFRIPURE A, 7EHEZ 100,300 pmol -
LI, 7 S Sk U A A7 6 8] 4 30.83%+0.74%
34.48%+0.92% , ILAL, LAY 78 if RE B 3 iR £k
HURE T A AR N b R G 78 18
buoag & oy m B A AR KN 0 T, X
(molecular docking) B HSF-1 il 1% 1l g 2L &%)
78 LA A CAEE I (Yi et al., 2020a) .
1.2 FLIRAE Y R H Bt A R A R BRI =4
1.2.1 HERREBERHZ4H WAR (Cerbera
manghas) , XA MEP2 & TR ATHEEHE AR R, &
BT IREW) AR VRGO T
15N L RHIVESNRLE 25 FURRI 245 . Deng % (2014)
AT PG )7 I R B 1) T 2 SR P R IR 1 i 0K
(-)-17B-Neriifolin (82) , £k 82 X 2T Witk 1) i jig
iy A0 B LA I R 24 b I 1C,,
{E41 5014 0.28 .0.29 .0.28 .1.45 mg * mlL",
122 FHMER L EWARAEYRERB =W F
Al ( Myoporum bontioides) jﬂgﬁfi{é*jﬁﬁﬂﬁ

HAWRK S EH (EH,2014) A SCHET
SRR AT 7548 T8 M 2 5 ) 75 A - v 28 5 1)

&y 5,7-— 0 = A (83) X R I AT B A
B0 4 BR AT — 7 A A T, MIC {50 62.50
pg - mL(EAT, 2013 2R AR 4E  2014) , RS R
(84) EHHER (85) &I Z5 Wi (86) (AR H R
(87) A5 H b L ELAT BEAP R M, 1C., (5
5°h 271.99 159.22 .192.67 .81.10 pg » mL™",

Wang 45 (2015) M [ a7 g0 2 5 B9 v Al
FRA AR B 1 #k N A B Alternaria sp. 1315
HHIIRC MR () -(4R *,58 *,6S *) -3-amino-4, 5,
6- trihydroxy-2-methoxy-5-methyl-2-cyclohexen-1-one
(88) 1 ¥4 [ & B A5 AE W) (£)-(4S *, 58 *)-
trihydroxy-3-methoxy-4-meth-oxycarbonyl-5-methyl-2-
cyclopentenl-one (89) ,2 /™ #r 1 Ii i i 71 4= 9 4-
chloro-1, 5-dihydroxy-3-hydroxymethyl-6-methoxycar-
bonyl-xanthen-9-one ( 90) Fl 2, 8-dimethoxy-1, 6-
dimethoxy-carbonyl-xanthen9-one (91) , L34 88 .
89 MR Hi A R ABTS W5 BRI ¥, EC,, {23 51 0
8.19+0.15.16.09+0.01 pmol - L™, L4547 89 .90
XA A% B f TR Y MIC {E 53 5l O 215.52.,107. 14
pmol - L ,péé’% 90 HT A A S L TR 1Y MIC (B K
214.29 pmol - L

1.2.3 /K% BT A A M RBRM =4 KB
( Pongamia pinnata ) J& TWICAERIK 5 Kz & | 4 H
T | EE ST FIIG T2 OB RO S (T /INE AF
2013), TREESE(2018) B 5 K BUOK 8 % B2 A
MRIATS B DU145 PC3 AHAEIEGE M VE . )
VO 7K B B2 2R SN AE LIS Nigrospora sp. R S 3 4
FHIAEA ) 6-0-desmethyldechlorogriseofulvin (92) |
6'-hydroxygriseofulvin (93 ) F1 2, 3-didehydro-19a-
hydr-oxyl-14-epicochlioquinone B(94) ., L5494 X}
NFUBRE A AR MCF-7 BRI 40 L bk SW1990 JiT
AR SMMCT7721 2 ELA7 58 240 M 25 135 4 , 1C,, A
Sk 4.5.7 weg - mL”'(Zhou et al., 2012)

2 dLE e ERRNA W

T (seagrass ) A2 AE KT HHT AR HE 4807 7K
TR AR ), BRI RLA 72 B ( Duffy et al.,
2019) , P E BAT MR 22 Fh L SRR T 4 BL10 8, 2
7 BRI B AN ASENY 30% , T EIRGAR I A
AN TR AT S A P B A S A
(Kim et al., 2021), HHr, 322 %6 & & h
SR S YN o I A L o e b S
BB B B R AR B R AT T ESE (B
oA 2013) , AHE(2015) AT PEAL IR A H 4L
AT 2 AR S4B )T 3 R -T-0-B-HE A B
T (95) FIPHFIR-7-0-8-F 45 W51 (96) . (LG
95 .96 #EA R IE A th BEAURE J1 , 1C, {H 7301
90.53 .0.44 pg - mL', Li Fl Peng(2013) BF 5% %
B b5 95 b h Tfﬂﬂ?J HIV ik 7 &2 ), B AT 41
HIV 58 i AEIE T . 8 AR A 5% 20 AT 48 R
SE W) B ( Enhalus acoroides) PRSI AR BRI E
(87) WA N (97) A Fox T (98) fi o H 41
wE, L& W) 97,98 A 1l i VE A0 Loktanella
honghongensis [R5 4 , 41 12 Bl 7331 4 3.10+0.59
4.25+0.67 mm, L5 87 .98 FIA R G K -4 Hj 4
PHIEBR AT (99) X Pseudoalteromonas piscida Rhodovulum
sp.. Ruegeria sp. . Vibrio alginolyticus. V. furnissi. V.
halioticoli V. harveyi 7 £ 1 ¥ 15 5 48 7~ B4 2w ) 55
JO 6 P 3B B BRI ZE (2.00 + 0.17) ~ (3.34 +
0.44)mm Z [H], LG 99 Wow W2 M i 5 6
B EC,,fH M 0.52 g » mL'( Qi et al., 2008) ,
LEAh , NI R A B 7K BoR AR AR R RE R p B T 1
K O A A9 (S) -methoxy-( 37, 5" -dimethoxy-
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4'-hydroxyphenyl ) ethaneiol ( 100 ) ( Qi et al.,
2012) , Wang %5 (2019) MG E i TP 43 25 5] 2 A5
A 1 enhoidin A (101) F1 enhoidin B(102) ,fb &
Y1 101 ELAT B AR A 200 Jf 2 0 1 1C5 (Y L Oy 40 ~
100 wg - mL™" ALA 4 102 JC20 35 15 1, 10, (i >
77 wg - mL"'. Zhu 55 (2019) I &5 53 2515 3]
# luteolin-7-0-glucuronide ( 103) H. 45 & # I 1,
EC, fH M 34.29 wg - mL™", HAGVE A8 A8 e 5 1Y
TWETER A,

3o O RO A B
KRR B

RIS BRI 2 IR AT,
P BT 3T, b A R R e
PR R I (T 22 7-5,2014)

3.0 BRITEXREAMEMEYRRRE=Y

2 ( Sargassum confusum ) J& T # i ] 1R
B SRR, Bk R B AR A
LETHRE AW 2 M (Li et al., 2017), ¥
IS5 (2002) M\ PG b T 19 4 o SR 5 R (S
carpophyllum) "1 5> B A5 E) KK 3¢ N(104) (13 ~2S-
FRIEMEE 4 a(105) B4 a(106) . 1k
AW 104-106 #5475 5 Fo R W 278 TR I M i
INFTE U FE 43 ) A 157 282,287 umol - L', 104
RE N 2 4hk7 40 B 14 1% HL-60, 1C4, fH K 4.8
wg - mL”', LA 105 106 7£ 20 pg + mL' B XF A
LRI A R MCF-7 2653 51k 43% . 10% , %
bR 9 A0 B AS49 AU IR 24% 9%, 1k
A4 106 ATHIH 2R AR 14 ) - em™?
SEAR SR, AN [ 28 7Y ) 95 40 i 38 17 7 56 3h S Rz,
IC,,fE 4 70~200 nmol - L™, 45 5 & 1E BU Ay 51 I3 9
Jy TR AR KA S0, B A PDT IR Y7 Ak BT
H B s 40 M PC-3M, A6 2 10 3 R B 2 10%
(S E45,2021) o #1455 (2002) AT PE AL
BRL S RBE (S. polycystcum) AR AL &) 56 -
3B-F% HE-5, 23, 25-= M (107), BE # (S.
thunbergii ) i A6 -7F V6 FB KA 10 B8 7 Ml i, 7
FEIL A EEEN LS WM, &%
(2011 ) M i e Ifs /&5 BT 22 4E U SRR B (S
thunbergii) L4 Y)Y h 43 B 45 B A pa U EAE T
M S 2- [ (3S,7S,118) -3-hydroxy-3,7,11,

15-tetramethylhexadecyl ]1-3, 5, 6-trimethylcyclohexa
2,5-diene-1,4-dione (108) &k # i [l ( 109) | i 5
EAHEE(110) , 3 MESYTEWE T 25 pg -
mL " I R BOIE R0 B 54.3% (44.5% (45.5% .
EEY 110 38 A rh i BE 1) 5 5 fa iR i SO0 9 1
72 h 9 EC,ffiH 21.7 pg - mL', Peng % (2018)
MR 2 B AU ER S U R B4 5 (S, naozhouenes ) 43
B LRI A AT Y sargassumone (111)
FEL NG540 () B 52 58 — M5 (+) -epiloliolid (112),
A4 111 X DPPH H H 519 EC, fH R 17+0.35
mmol - L, H X &3k H ( Candida albicans) it
VY PR B €0 A BK B ( MRSA) | K AT
( Escherichia coil ) ) 40 B B8 43 51 A 6.50 + 0. 20,
8.20+£0.11.7.00£0.20 mm,

Yang 55 (2006) M HF AR 1 AR 3 5 R
¥ ( Sargassum ) W= BT ( Sargassum sp. ) 3% 2
N K N BE 6-oxo-de-O-methyllasiodiplodin
(113) 1 ( E) -9-etheno-lasiodiplodin (114) ,
32 ABITEERER =0

IR (2020) DA™ 2R VT T A e AT S0 AL £
Wi & (Acanthophora spicifera) W ARA5H i i A= 4 B
(R, E ) -4-ethylidene-3-hydroxy-3-methylpyrrolidine-2,
5-dione (115) F1 357 BALE N TE isololiolide A (116) .
LG 116 HA i st | BRSP4 caspase-3 .
AL Bel-2 7K 7 3 p53 335 A1 PARP Y) IS
JF9 40 il 98 7= ( Catarina et al., 2016), Lin 4§
(2020) P[] — b, 5t 1) SR ASE #0475 v R A I it - i
W), acanthophoraine A (117)
3.3 FRITRERENE W

XISEARLEE (2012) DA HY ) AR WL VI e VA Vg R
LEI) SR BR 3 ( Caulerpa racemose) H1 3K 45 racemosols
A-C (118-120) .racemosol D (121)  racemosins A—
C (122-124) . caulerchlorin (125) ,(23E)-B Sitost-
23-ene-28-one (126) . (8E,12Z,157)-10-hydroxy-8,
12, 15-octadecatrien-4, 6 diynoic acid ( 127 ),
caulerterpenoids A-B(128-129) 12 ™ Hiib &%, 1k
EY) 125 X5 BB ER 7 ( Cryptococcus neofrmans )
—RE MG, ZEAUE AR (2020) AT AR HEIT
mife B SRR E D > EAER 6 MEiLE Y
caulerpalide A (130) | ( +)-caulerpalide B (131) |
(= )-caulerpalide B (132) . caulerine A (133)
caulerspiro A-B (134-135) , ursolic acid (136) X
FIHERTE ( Enterococcus faecalis) F1 4 75 €0, %5 4 BK 1
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( Staphylococcus aureus ) A it 3% 41 i ¥ 58 /E H
MIC {54354 8 .32 pg - mL™,

4 i

LR i sl 2 T ] A W) 22 R e o ) T e
Z— PR ) R I B A= TRl A W 9 R 3 [
TEGCIR A B B G oy . AN Sl 1 Z8 R AL S T
FRAE B L B A 3l A 0 Uk A 7™ 0 ) F 5 ik
J& ILARAT 136 MEA Y, I 11 FRZIR AR YY) 3R A5
37 AECE A 24 DE R E Y, N T BRELRIL
WA= P ARAS 22 4B e E A 1L A BTG
G, I\ 3 Bl FAEY) RS 3 ASEHL a7
NEATETEL A, I 6 Fhifgst kA5 23 8L &
PR 8 AT W, MOIEEE I B AR A ) R AR A
QA E Y. ANTEL 4 B Sk Jb S i PR AL ) S
HEILR A= R G A P R et 3 W1, 20 B 3t
WA A A A R A A AR T 9 L, R A Rl = )
o bR R, 35 W RO AR R AL T DR R 17
A A T2 1 R R 25 HI SRR AT O, 7 5 TR 35
SOIER A SR W O I SRR X D T IR ] BE A T
BRI R T 1k | R SR i B IR M T A R
R A THARAE T, DAL N R 22 30 T R
FETNEA — 5 WIRZ A, 18 Ao XoF T 3 % T3 B A Al
AR GACHT P BCR e R B, BRI 5T A
W (RO 0 5 o L e, BB BN ¥ 5 L
SHAL B A A= WD A T 50 T AR R e 28 | T ol 28 v
P S HIL A E DB AW T, AT, XS IR 1
FERIR WIS — AN EE 2T ),

A Ao 0 A T2 e A A0 B G RS A A2
FAH W Ak S OB Gt B (18 5,8 6)
IRGARH Wy U 26 BB 2E N IR R B
Bk 93 PR IS 55 i 22 () A — 4 48 g i 0 R0 1P A 3
(P45 1 ik S 5 42 i HH O, X 55 T P AL A e HE 3
A A Bl A 0 o Ak v s i B AR 4 T T B B
A, T B U W 25 o 2 B AR A
THZARE, SR TEHETEAR ) SO IC I AR U Y
(U A 7= ) 45 4 5 36 AR Sl R, LR R
FAET R ZHHA BRI PUR A IR T
AL PO IRT O L B LA R S e R Y ) g
SR, LR GA S PR R B
PR 1) AR ) A AL BB 7 S 18] 22 25 TAC 28, BT
NG LA R BE AT A% ST W 4 A 5, A ARG

wn

(=]

40
s ik G

35 Number of new compounds
L 30 - AL A
2 Number of known compounds
£ 25
Z 20
15

10

ml -
1 2 4 5

3
T B SC LI A A i 21

Catetories of marine plants and their co-epiphytic microorganisms

L ZLR; 2. ZORSSERREBUEY) s 3. 50 4. 158 5. TR
UM A A
1. Mangrove; 2. Mangrove co-epiphytic microorganisms; 3.

Seagrass; 4. Algae; 5. Algae co-epiphytic microorganisms.

4 IR B L IE RN AR AR B AR ) R
Fig. 4 Number of secondary metabolites of marine plants
and their co-epiphytic microorganisms

TE R BAT I AR 75 2 U, U R A iR 47
JFRAIE S, A 73 i BT R TF S 46 1k 1 22 )
PRAIIE I A & W, W21 R IRLA 36 7 Bl DR B9 2
R, A T 43 88 B PTIB R 0 1 346 1 1) 55 44 Ak
Y. EE R R A PR ROR AR R
DB, N B TR ST AL TR AT 7K £
TRAB B AL G5 LOW R T2 o B2y
MG PERBE T RV 2 25 R DT 58 5 0T K fe it T &
A, U AR ZE R Hh 23 S B SR AR SR AR 1 2R
P, A 43 B3 9 PTPB S5, (1 v
AEA R VD K BUH B AL & 9 MaE TR 7 L i
BRI A S 0 AF T A R A
P EZ B AZE W2 RG34 A
IEINEREE SR R S 2 PN AL SN TS
SFUWGACH Y, BA DR AL U A R B
FIpJRE DU I | o I S5 3 o T AR ) SRR A AR
AT IR G W) 2 3T L AR TH AR S8 A B, LA
FLTE AT R 2 B O T, R A Y £
FEAEP RS W RS | B IR AT B DU BT
P LBUR A ARG YE . 355 R IR G ™ Py 4h A
TSP 22 2 PR 1 BB Bk R 2 AL
B WIRIREOE FR AT S FE 2 PR T A A 2 — R
A, IR B W) 4 i AR 254 218 T D Bk o 37 L 24
PRt TR s Y.
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Fig. 5 Structural types of secondary metabolites of marine plants and their co-epiphytic microorganisms
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M RAE S R G IIA F 5 IR BUE W 2R R,
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S 5 B 45 A8 B #RTE AL G Efxﬁij?@??t,
(EHR AR A5, 2021 ) Hb FE 7 P R R %ﬁ%
WAL B W) B HA B 25 1 45U A 40 2 42 3K, T A
T T PEARL ) SERE T 98 BE AR R WL Sk e 18 . e 7 BB
FER 27 22 ZERIEE 51\ b 6] g VA iy 9 35 s i G Y 35
HAN R R BT R R B LA B 5 AR 5
benthol A (Jiang et al., 2021 , 3¢ B g 7 ol v 1)
oy A Y SR AT BRI A5 1]

TR EE O 12 24 7 Ml 2 o U 22 T 110 i 2
O3 SV T EL I W R T % M, O 1 I U
TEAE P RIS A 2 A, ST AR R MV Pk
B R S PR AT, bV i R A A S S B A A
Az b I A AR W T Y R T A W R 2
AR FAZ O, BAR A EANTE R b fErp 2
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FEVFZ2 AN J2 R T I 5 8 10 B, et R 4 ot
TR IRIE A i A k| PR GG ) B ke = T 2 2 B
0 N | o NN 27 A (197 U e oy Ul e
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SEPRR AT oz B B R B A A, R R
VB R T 35 SR ) B DRI B L A RS R, A
gz 4 2 A I E RIS OO B
HBANLAT 7 ST AESETF BT 5T : (1) XL
PRV IR AL Y S BT AR, R 229 R AL B
TEAR AR B 42 0 O AR AU = W i e ), 3R A5 5
2SRRI B AR 7= 1, B DR e B 2 9
IR AESR I Z 0, T A I MLBEE 5T (2) JT
I A 3 A R | BIL B AT 1 TR AR 0 Y
P& R A W & T S, 58 42 il DR I 5 I PR R
WFF B PR A 25 UEA 2 TR ; (3) FE M2 i T
TEAE A IE B A ol 2B ) S i o R A T 5 T 9
AR O GARSE = W, 3 ORG24 ) L
B IR 25 W RR S ; (4) B X SIS FA |
25) R BE TR, 7= S AT RALAE S50 B, ikt
PO A LT e A 3 O A ™ ) i 2 P I PR
WEFER 1B 5 (5) ZEME2E 25 W B A O [ P AF 5 34
w, RS AR ) v B 2 U A P B 5
D7 AR U 22 O T b B ¥ Vg AR ) v SR
FAEERGACH =PI 5 5 (6) TR ILHR I g ¥ 12k
BTG LI TR OB S 0 3 N R AR AR
T AL e P O T o TS I TS e 35 (7)
NTRBECAD) B2 iz b 4L i 25 W it A 2
Y4z 4 AG Witk B ADMET HEJ5 | 245 %) 5 B
T oy BUAE ) S 5 | 25 ) 1R P A B 2 BF A
SAIFFEABUER, B AT T R 25 W Wt 58 2 T A
I, EAZAE B AT TR EE 2 55 AL 00 i P A ) S L
WA A ol A 0 i 2R O G A 7 ) 1) e B 5 BRI 2
Yy )24 PR A PRATE S, I AR AT 245 Mk 5 o BE

SE .
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