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TEFAE NS0172 AR IR BB B BER
% mt wmEY  2EEC AR EHE™

(R REREVEARI L MAEYBARE R E LS FE 266237)
CIFRRFEL % RN G W E AL B 250012)

WE TCAIEE NS0172 FIREEF=YH 40 B3 5] 2 A48 e BB S FIR A AT 1 F1 2. i —Z4ER — 4 NMR
AR AANT B = A PETE ATH E TAREY 1R 2 kSR gER. R ERSEEMTT) LL BRI e TE49 1 F0 2 14T Es
W, SR ERMEEY 1 AL SMMC-7721 B AT — & (AN B (ICs, 7.74 pmoleL ™). FIFISELRH 1:05E T 1k
EW 1M 2 PTAIE NPT S, 45 R ERMIETE 40 pg/disc 20 F A THBEIE M. X2 1 UCRIE JE A AR 7= A 4D
TR BRI AW, RS ST RAN AW A LS S B T A

KRR JEfE; R, RARFEM; AR R BT AR

ortho-Dialkyl-Substituted Aromatic Acids from
Verrucosispora sp. NS0172

Zhang, Kun" Xie, Xianggian™” Shi, Haixia® Shen, Yuemao™*** Wang, Haoxin™“
(“ State Key Laboratory of Microbial Technology, Institute of Microbial Technology, Shandong University, Qingdao 266237)
(® Key Laboratory of Chemical Biology (Ministry of Education), School of Pharmaceutical Sciences,

Shandong University, Jinan 250012)

Abstract Two new ortho-dialkyl-substituted aromatic acids 1 and 2 were isolated from Verrucosispora sp. NS0172. The
chemical structures of 1 and 2 were determined by spectroscopic methods including 1D- and 2D-NMR and HR-ESIMS
experiments. The cytotoxicity of compounds 1 and 2 was evaluated by methyl thiazolyl tetrazolium (MTT) assay, and com-
pound 1 showed potent antiproliferative activity against human hepatocellular carcinoma SMMC-7721 (ICsy 7.74 pmoleL™").
Compounds 1 and 2 were tested for the antimicrobial and antifungal activities by filter paper disc diffusion assay, and both of
them showed no evident activities at a dose of 40 ng/disc. This study is the first report of discovering of ortho-dialkyl-substi-
tuted aromatic acids from Verrucosispora, which sets the foundation for future biosynthetic study of this class of natural prod-

ucts in Verrucosispora.

Keywords verrucosispora; actinomycetes; natural product; ortho-dialkyl-substituted aromatic acids

Pt 1 18 (Verrucosispora) +& J& T i 4 B H (Actino-
mycetales)’|N A 1 B (Micromonosporaceae) 1 #i A i 25
LA T R AR W B T N TR ON I B
(Streptomyces)i &, PeABEE RIRF=V) I FEATI b TS 25
Wi Ui, WA AT ORI T 2GR BRI
HIRTEYER R, AR L2 R KNEY) abys-
somicins” Y, IR G proximicins™®\ i
1k & ¥y gifhornenolones'” . i ik 25 1k & ¥ thiocora-
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lines'™ ., MtRAHZE1L A9 butrepyrazinone'™ ., kA3t
4 FWO0622U VI e Rk AL RS CARIE 1
PEAL BRI R AR =i b, RS L RE R 28 7 41 (4 A= )
GRS EOR, TR A EE MR R 1
KT,

PEAITE NSO172 & A S 56 = wir $I A S 1 g [ s 138
EYER 1 Bk 3-EIE-5-F2 5 5 H R (3-amino-5-hy-
droxybenzoic acid, AHBA) & B B K FHPE B, /741 4047
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ANHIERAPER 1 AP 5 iR G RN
R ISR A P O B AE R B
PRASASFHAR AL B R D75 7B RIS N B R A&,
R4 55 & (rifamycin, PUE54%) 958 K &K (maytansine,
PUMRE) NS R 18 55 K (geldanamycin, F7 R #8224
WZT. N T RIEHHN 5 B2 ER, RITRA
YMG 5570 B bk NS0172 #E47 1 10 L B 4R F4 K B
ARG 7y 57 85, BRI 2 AR RIS T 5 B
PR, (HRMNFRILT 2 ASE R4 bk B 5 &
R EW) 1 A 2, JWi— 2R - YE R R 0 S = o) PR
FRiG A e TS, FFREAT T P0G A4 I 0 1 T
fr.

1 HR510R

WEY 1 AEBEOHRY; [a]d — 1.6 (¢ 1.00,
CH;OH); UV-vis (CH3CN) Apax: 237 nm; IR J6i%H 3023
em ' BT R T 58 MRS A 1 REAE R, IRYE R
53 HF i (HR-ESI-MS) HEWT itk &4 1 7Kk
C14H604 (m/z 271.0944, caled for C,H;sO,Na [M+Na]"
271.0946). *C NMR Al HSQC 41 14 MRz 5, 145 4
MEHEGES. 6 MEBIKHEES. 4 MEIESQ2
AMRIESURREER . 2 MEEZEK). 'H NMR 30E B8R
T AN ER 550, 7.13~7.23), H-5 (dy 7.20~
7.23)5 C-7 (¢ 127.1)« H-6 (0y 7.19~7.21)5 C-4 (¢
140.1)/C-8 (5 130.5)~ H-7 (dy 7.15~7.19)5 C-8. H-8 (0y
7.13~7.18) 5 C-4/C-9 (6¢ 137.3)Z I ff) 54 HMBC 15 5
2 AT BRI M B B, S 6.62/129.9 (C-10)F
S 5.80/132.4 (C-11) LA RAREHHL J1o11=11.4 Hz K]
17 1E 5 2 W4 (102). 'H-'"H COSY %4 ! H-10 (dy
6.62)/H-11 (Oy 5.80)/H-12 (dy 2.36 ~2.44)H K {5 5,
HMBC %4 i H-13 (6 2.34~2.41) 5 C-11 (6¢ 132.4)/C-12
(6c 25.1)/C-14 (5¢ 176.9)~ H-12 5 C-10 (6¢ 129.9)[IFH%
B, e T 4R THEEMAFB. H-11 5 C9 f
H-10 5 C-8 1) HMBC #R(E5HiE C-9/C-10 HHi%E.
H-2/H-3 ] '"H-'H COSY #KA55, LLAEEE H2 (04
2.53)5 C-1 (6¢ 176.8)/C-3 (¢ 29.8)/C-4. H-3 (63 2.91)5
C-4/C-5/C-9 1] HMBC #HXAZ 545 T AR A1 v Bt L
C-3/C4 HHIE. W2, thEW 1 IR AT (4-123E)
TIRFERAIR(E ).

WA 2 NIRF O A, mp.>250 C; [al —0.4
(¢ 1.00, CH;0H); UV-vis (CH5CN) Apax: 204, 236 nm; R
I 55 W% (HR-EST-MS) eI AL &4 2 14> T3 A
Ci6H5005 (m/z 315.1203, caled for C ¢H,0OsNa [M+Na]"
315.1208). 1L&4)2 ) 'TH NMR A1 *C NMR 3 3 %45 5
&Y 1ML, XAETHREY 2 20 1 AN EREGES
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(Owe 1.55~1.61/36.6, C-13)F1 1 ANIEE K FEAE 5 (dwe
3.93~3.99/67.6, C-14). 'H-'H COSY % ! H-10 (0y 6.58)/
H-11 0y 5.81)/H-12 (0y 2.28~2.36)/H-13 (oy 1.55~
1.61)/H-14 (04 3.93~3.99)/H-15 (oy 2.18~2.38)HKAM=
5, HMBC 4 H-15 (0y 2.18~2.38)5 C-13 (5¢ 36.6)/
C-14 (5¢ 67.6)/C-16 (6 174.3). H-11 5 C-9 (Jc 136.2)]
MRS, AT S-RE-e-RECHMELEWH B K
C-9/C-10 AHIE. BZ%, HEW 2 (MR E N2 (5-Fdk-
6-F2 55 O EOR TN R (T 1).

5

;
: :COOH
3
7
13
g
=/ COOH

1

5

1
COOH
3
7 13
11 15

HO
1 2

7@"‘000H
G e
— 'H-THCosY
N =2 EooH

1

B LA A2 (AR G5 AL G 1 68 TH-TH COSY

1 HMBC #%
Figure 1 Chemical structures of 1 and 2 and the selected 'H-"H
COSY and HMBC correlations of 1

FIH MTT EXHMEEY) 1A 2 3647 1 240 B 2535 PRl
52, AAE NFLIRE AN MDA-MB-231. A Jififa 40 A549
AN SMMC-7721, S5 BR6EY) 1 4 AJF
FEARM SMMC-7721 BAT — € A AR (3R 2). FIATUE
RIERA G 1N 2 34T T HUdl i A ST S PR E,
AFEID 1K (Salmonella typhimurium) UK-1 18956 2%
JEA B (Proteusbacillus vulgaris) CPCC 160013, &34
] & BR A (Staphylococcus aureus) ATCC 25923 8l 7R 5.
M0 B (Pseudomonas aeruginosa) PAOL. Y5 73 £ A+
(Mycobacterium smegmatis) MC*155 F1 K G # (E. coli)
DH5a. = 54 25499 B (Phomopsis asparagi)~ TR B
(Magnaporthe oryzae)~ {4 & Bk W (Monilia albican)
SC5314. K E IRIEIH B (Colletotrichum truncatum)F 5
JRAE TR W (Colletotrichum  gloeosporioides), 45 % &7~ W
HAE 40 pg/disc BFEEGEAUT BAL 3 mm) T BT B 5T
PEE.

B 1 A2 & T 40 e BRI 05 F BRI R IR
), CiRERRARIERZEM G, FEAES
B HBEEE T demetric acids!'™. serpentenes!*'fll nitro-
sporeunols!'® 4»BIH Alteromonas rubra [f] rubrenoic
acids!'. 2B Pseudomonas aurantiaca PBSt2 [ laho-
renoic acids!'" L K2 5 CsN 24 & it &2 1Ak, %
KW EE GRS 50L& WS-
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BHE
F1 tb4&¥ 1A 2 i "HNMR (400 MHz)A! *C NMR (100 MHz) % (CD;0D)
Table 1 'HNMR (400 MHz) and "*C NMR (100 MHz) data for compounds 1 and 2 (CD;0D)

" 1 2

osition Sy (JHZ) Sc Sy (JHz) Sc
1 176.8 (s) 175.5 (s)
2 2.53 (t, J=8.0) 35.8 (f) 253 (t, J=1.9) 345 (t)
3 291 (t, J=17.9) 29.8 (t) 291 (t, J=7.8) 28.4 (t)
4 140.1 (s) 138.7 (s)
5 7.20~7.23 (m) 129.9 (d) 7.18~7.21 (m) 128.5 (d)
6 7.19~7.21 (m) 128.4 (d) 7.18~7.20 (m) 126.9 (d)
7 7.15~7.19 (m) 127.1 (d) 7.16~7.18 (m) 125.6 (d)
8 7.13~7.18 (m) 130.5 (d) 7.16~7.18 (m) 129.2 (d)
9 137.3 (s) 136.2 (s)
10 6.62 (d, J=11.4) 129.9 (d) 6.58 (d, J=11.4) 127.8 (d)
11 5.80 (dt, J=11.4, 6.8) 132.4 (d) 5.81(dt, J=11.5,7.3) 132.3 (d)
12 2.36~2.44 (m) 25.1 (t) 2.28~2.36 (m) 243 (t)
13 2.34~2.41 (m) 349 (1) 1.55~1.61 (m) 36.6 (t)
14 176.9 (s) 3.93~3.99 (m) 67.6 (d)
15 2.18~2.38 (m) 41.7 ()
16 174.3 (s)

R2 A LT 2 X5 =04 R I 20 i BE S P [1Cse/(umole

L]

Table 2 Cytotoxicity of compounds 1 and 2 against three cell
lines [ICso/(pmolsL™")]

FE MDA-MB-231 A549 SMMC-7721

1 >20 21.78+1.67 7.74+0.97

2 >20 >20 20.99+2.31
2RI 1.192£0.12 0.80+0.15 0.5940.04

COOH
X 6/7
)J\SCOA + HOJ\/U\SCOA —/  COOH
Claisen ; reduction !
condensation ldehydration aron_'lati_c TToxidoreduction
cyclization

MCOOH isomerization

n=5/6

l isomerization

aromatic
cyclization

l oxidoreduction
COOH

. COOH

HO

2

B2 ka1 2 WREIA iR

Figure 2 Proposed biosynthetic pathway for 1 and 2

9326A2%21 |

1040

1

skyllamycins®! . (230

mohangamides
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coprisamides®", atratumycin®Hl kitacinnamycins®® ff) &
B HAT, 2SR A S L] i R BT 2011
4, Sussmuth Z5PHRIE T skyllamycins #9424 & ik ]
%, JREEAEYE B, EIRHEN T skyllamycins
HZRNE YT ReIm I 4B 11 AU DT ER SRR AR & ik
LA xS, FAER R NS0172 Hgfr 1 1 M2
FOZHTE 11 BB ITR & e AR, TR TAa 1 A 2
AIREHIA BORTE(E 2). HA2, ZERT ST AT EY)
1R 2 ARG AT 1 J5 S 5.

2 i

I NS0172 F [ 1 A B a7 A4 it 7= 4
I, AT 2 AHHIAR RS BRI FIRB A 1
A2, 3K T RARIE P B AU P2 AR R AR T, N
TE DA %A BV A A RALE R B E T
Fah SN Boat &Y 1 6 ARSI SMMC-
7721 BA 2 AR ETE(ICsy—~7.74 pmolsL ™), L&
Y1 H 2 1E 40 pe/disc 2140 T R BPURETE . JREXT
PEf A R A G BFE iR, HEHEER
AR AR, (HARE BT IR IR AU R IE KPR
i, LB B BIRASAHNARE = 4. SNk, JESEAT LA
SRR IR AR SNy 115 TS AR R Ak
H g, DL T AL AR ) 5 R 4H R HE (genome
mining)” FRESHE SPCIRE HORT R B R B, H
B, PEAE AR AR B RER >, GOLD (Genomes
Online) %4 X BE EX ) 3 10 ANPEFE B 55 DR 400 3 13
H. Fk, SWAFFRMEXF TR A HEAFE KPR
TR 7 (0 T TR K A R RCR E PE R SR T R B B
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Bigirz —.

3 X
3.1 UEFE5HF

NMR Hi Bruker DRX-400 AZBZILHRACI 2 =43
Jii i B Bruker ) BioESI-Q-TOF MI5E; = yBH (ith &
45 Thermo Scientific DIONEX UlitMate 3000; F&FR{X
A VERSA max microplate reader, MD, USA; & 51N
JE B ACEE R AT X-4 $7 Bon BRUE S E
1% AR RP18 63K H Merck A F]; %X Sephadex
LH-20 4% F GE Healthcare 23 7); MTT 5 2 2 b AL 5K
H Sigma A #]; AHEA 53 Hr 2l sl i 4l
3.2 ZWHE
32.1 RERRE %5

KH YMG #5773 (Yeast extract 4 g/L, Malt extract
10 g/L, Glucose 4 g/L, Bifl§ 15 g/L, pH 7.2~7.4)% Btk
NS0172 #47 10 L B4R 10 d (30 °C). KPR
A AR I G IR IR O TR LB -H RE- 1K 1R
V:V:iV=80:15:5,10 L)FEFiH(16~18 h)IEW=
W, RIWEIE 40 CUEIRAES 3 R BAHIEY. H
MG R ORIV V=1 . DER=K, GILE&
G 40 CRIERFEE LR OB, LR LR
B2 A MBE-05% P EE(V L V=1 DER=IK, &7
95% FEE)ZE 40 “CUk )k 251159 2 B3R ELY).

FF B B B YD 28 B e A J2 AT (Sephadex LH-20 120 g,
F Vi) A3 2 3 AN % Fr.l ~Fr.3. 4143 Fr.2 (226.3 mg)
28 R B IABRE AL JZHT(RP-18 80 g, 30%, 50% &
-k B )13 24 5> Fr2a~Fr.2b. 14y Fr2b Lkt k:
JEHT(Sephadex LH-20 120 g, FHEESEML), H HBiAH R AH
TR ZEHT(RP-18 30 g, 50% £ M —7K 6 ¥ fii ) Al HPLC
ill 2 (YMC-Pack Pro C18, 250 mm X 10.0 mm, 5 um, 43%
LHEIKCE 0.1%H 1), 4 mL/min, UV 254 nm)5 34L&
Y1 (12 mg, tg=7.2 min). 204} Fr.1 (51 mg)Fl Fr.2a (12
mg) % W R ABEERAE ZHT(RP-18 30 g, 30% g
IKBEEETENL), e AE)ZHT(Sephadex LH-20 120 g, HIiE
e i) Al HPLC ] % (Agilent ZORBAX SB-C18, 9.4
mm X 150 mm, 5 um, 28% ZME-7K(F 0.1%H R), 4 mL/
min, UV 254 nm)f3 2{t.54) 2 (8.8 mg, 1 =7.6 min).
322 HREFHENZ

At LB [ 4A 55 773 (Tryptone 10 g/L, Yeast Extract
5 g/L, NaCl 5 g/L, ¥il§ 15 g/L, pH 7.0), K@ Ja>HE
I, RIS HEALF R EEHR R YT IR B (Salmo-
nella typhimurium) UK-1 48956, 2% AT I (Proteusba-
cillus vulgaris) CPCC 160013, 45 58 % EKF (Staphy-
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lococcus aureus) ATCC 25923, 4 £ 18 5.} 1% (Pseudo-
monas aeruginosa) PAO1, TG 50 B B (Mycobacterium
smegmatis) MC?155, KJGHF1# (E. coli) DHSa, 43 HlTE%]
JEEINEEFRI. 1 7R EE 0 5 F K B 51 B 2 AR
(FEME I AT B AN RIBEE R 200 pg/dise, HE4
BRRNEEH R 400 pe/disc; PAPEXTHE: HEE, 4
uL/disc; tLEW 1 F1 2, 40 pg/disc)ti— & A1 BE 5 5 Nk 51
TRRRFARER I, 37 CHEFE 24 h 5 SR Pl ELA%.

Bei| PDA [R5 IR B (52 200 g/L, %&b 20
g/L, Bifig 15 g/L, pH 7.2), KK G, BIARFFILE B2
HEM]. FHATFLASAE AR OB 5 mm BRRHL, FEAHT
AL A% 23 ) B[R 45 K/ B BB B P 2R A
(Phomopsis asparagi), IR # (Magnaporthe oryzae),
o & Bk B (Monilia albican) SC5314, K& % JH
(Colletotrichum  truncatum), W #1 % JH Wi B (Colleto-
trichum gloeosporioides) N HH Oy 171, FH R B 851
TEE L R4 (BN RS P EEE 2 100 pg/disc; B
PEXTHE: FIEE, 4 pl/disc; &% 1 F1 2, 40 pg/disc)fz—
JE (A R4 S MG B B IR L3R, 30 CHEFR 2~3 d JaMise
P B A%
323  HUAFIE E A R

BN FL IR 4 i (MDA-MB-231) . A fiti J 48 g
(AS549)F1 N\ AT 8 41 i (SMMC-7721) = Fh 41 Jifa 43 51 422 Fh
T 96 FLH, Z4HHEE I (3 X 10°~4 X 10%)/4L. ¥ 96 FLIK
BT 5% CO,. 37 CHIZNMRET TR h TR, 1540 o i
J&, TN TE W FE AR DA i, A ) DA A [k B2 )
DMSO, BHPEXTHE N Z LA, R—IRER ik =1
SPATAL. INZiEEsE 48 h JE, LI 20 uL MTT (5
mg/mL), kLR 4 h 5, AL BT, A 150
uL DMSO, HBFFRXAE 570 nm K AL OD
{H, FFH Prism 5.0 BAF 115 1Cso {H.

4 B4 Kl (Supporting Information) 1L&41 F12 (1 'H
NMR, "*C NMR, HSQC, HMBC #1 'H-'H COSY i#&, LA
Je LA B R g o o v P X bRl my DA B AR
F1 vk (http://sioc-journal.cn/) £ 3.
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