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2-Oxindole alkaloids produced by marine-derived
Streptomyces sp. B9173
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Abstract: [Background] Marine-derived natural products have become an important source of small
molecule drugs in recent years. Genomic analysis showed that Streptomyces sp. B9173 contains
a variety of biosynthetic gene clusters of natural products, with the potential to generate multiple new

Foundation item: National Natural Science Foundation of China (31425001)

*Corresponding author: Tel: 86-21-34208057; E-mail: linsj@sjtu.edu.cn
Received: March 26, 2018; Accepted: May 23, 2018; Published online (www.cnki.net): June 21, 2018
E&WB: (31425001)

*BIE1EE: Tel 86-21-34208057 E-mail linsj@sjtu.edu.cn

is HEA: 2018-03-26 = HHA: 2018-05-23 ML E %4 HEA(www.cnkinet): 2018-06-21



Streptomyces sp. B9173 2- 2471

compounds. [Objective] The objective of this paper is to find new compounds with novel structures
or unique biological activities from the strain B9173. [Methods] With the method combined with
HPLC and LC-MS, we excluded the known compounds produced by B9173 and identified three
unknown compounds as isolation targets. The secondary metabolites were isolated and purified
using normal or reverse phase column chromatography, gel column chromatography and high
performance liquid chromatography (HPLC). The structures of the compounds were elucidated by
using mass spectroscopy (MS) and nuclear magnetic resonance (NMR). [Results] Three
compounds were purified and identified as tryptanthrin, meisoindigo, and N,N-dimethylisoindigo.
All three compounds belong to the 2-oxindole alkaloids. Tryptanthrin has diverse biological activity,
including antibacterial activity, anti-inflammatory activity, anti-tumor activity. Tryptanthrin is a
potential drug lead and it is the first time to be isolated from bacteria. Meisoindigo is a drug used for
clinical treatment of chronic myelogenous leukemia in China. It was isolated for the first time in a
microbial fermentation broth. Based on the metabolic background of B9173, we speculated the
biosynthetic pathways of three compounds. [Conclusion] Three 2-oxindole alkaloids were purified
and structurally elucidated based on their UV-vis spectra and MS data. This study enriches the types
of microbially active natural products. The proposed biosynthetic pathways will lay the foundation
for further research on the biosynthetic mechanisms of tryptanthrin and meisoindigo. Subsequently
biosynthetic pathways for this class of compounds can be reconstructed using synthetic biology
techniques, which will provide more convenient and low-cost biosynthesis method for tryptanthrin
and meisoindigo.

Keywords: Streptomyces sp. B9173, 2-Oxindole alkaloid, Meisoindigo, Tryptanthrin,
N,N-Dimethylisoindigo
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Figure 1 The chemical structure of three compounds
1 2 3 N,N- .
Note: 1: Tryptanthrin; 2: Meisoindigo; 3: N,N-dimethylisoindigo.
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Figure 2 Detection, enrichment, and the chromatographic data of three candidate compounds
A HPLC B C .
Note: A: The retention time of three candidate compounds on HPLC; B: The UV-vis spectra of three candidate compounds; C: The MS data

of three candidate compounds.
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Figure3 The HPLC chromatogram of 1, 2, and 3
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Figure 4 The HRMS spectra of three compounds
A B C N,N-

Intensity [counts]

6e6

4e6

2e6 1

291.113 58

292.116 43

100 200 300
milz

Note: A: The HRMS spectrum of Tryptanthrin; B: The HRMS spectrum of Meisoindigo; C: The HRMS spectrum of N,N-dimethylisoindigo.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



Microbiol. China

TEY 8

2476

A

= < 0007 —— - 1S s100-—— -
= 9011 —— =
ST —— - A -
. 9€1'97 ——— —
310 — 609'T —— - L L89°67 —— ]
= S
o o
2
6T’ .
i 1
aciL ) o  88L9L
12 < 000LL— )
ITCLL )
8L6'LIT — S -
o STe1Tl - -
ceLeTt / 01L°L01
cTrsTl ///“/ s8L9 J/ 1ET601 —\
81TLTI \ - . s 86v1Tl -
. - . <189 — | : :
T A = .
9COLl —~ - = S €60'L —\\ ey
CELOL] ~ o £ .S 990°L csL6cl =
LYLUSEL —— E— 23T 6LOL — - 6ST°0€ 1
oom”wQ K ] £S M oom.h . m m—m.Nm~|/ -
0SE Pl —— o B2 & v0gL—\ LYTEE =
PrEorl —— a HZ A S LISL—= = 81L°€ET —
07991 EE-O Sect M (334 4 pu— -
AR - wE L 6LEL S 9STSH — 7
¥ 4 W68L %
N o B .
R o=y 669°L
TEs:
= 116 PE6 LI
£65°781 ——— 4 BAEE  a6—\ 2 N -
. - 997691
- =S = $81°6 —— -J
S 2S5 6616 —
[ Z
4o -
X .
@ <
w = 0
g B
Mz oz

50

100

(150 MHz).

150

(600 MHz) B
Note: A: '"HNMR (600 MHz); B: °C NMR (150 MHz).

A
Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn

6 a2 N—HRHEIRIEE
Figure 6 The 1D NMR spectra of compound 2



Streptomyces sp. B9173 2-

2477

(C-6') S, 122.4 (C-6) &, 109.2 (C-8") &, 107.7

H-7/7") 6y 7.07 (t J=7.74Hz H-6/6") &y 6.79 (d

(C-8) 5. 26.1 (C-10) J=1.74 Hz H-6/6")
'"H-'HCOSY HSQC HMBC 2D NMR '"H NMR Su
(6n 326 (5)
125 6. 29.7) 2 BC NMR ( 7B) DEPT
(Meisoindigo) 1 J. 168.0 (C-2/2")
[16] 5. 145.2 (C-9/9") 6. 133.4 (C-3/3")
233 LAY INEHEE d. 121.6 (C-4/4") Je
3 132.4 (C-7/7") 0. 129.8 (C-5/5") 6 122.4 (C-6/6")
2 2 5. 107.7 (C-8/8") Se
( 40) 26.1 (C-10/10") ( 7B) S 349 (s)  J. 50.9
291.113 5 [M+H]" 290.105 5 'H-'"H COSY HSQC
CisHuN,0, 'H NMR  HMBC 2D NMR 3 N,N-
( 7A) 4 on (N,N-dimethylisoindigo)
921 (d J=7.98 Hz H-5/5") &y 7.38 (t J=7.68 Hz 1 [17]
A (o]
— D ROUNONAINRD N - o~ o [}
8] AR SESETE 23 2 8 =
AN [l N e o Sl S aNNNe cnn —_— = |
|
|
|
| |
i N e i
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
B
[l o <t NS0 Tt Wn O — | S0 (=)} o —
0 I AR — o~ N e x — <
O < N naAaaAa A (e} c~ | T~\O [} O [
— — —()—1)—1 ,—4)—4 — l\k J\l\ v (] |
|| I | |
| | | |
4{ ] ]I] l | ] . L | L l 1
150 100 50 0

E7 &Y 3 N—HautiRiEE

Figure 7 The 1D NMR spectra of compound 3
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Note: A: 'H NMR (600 MHz); B: *C NMR (150 MHz).
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Figure 8 The proposed biosynthetic pathway for three compounds
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