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living organisms, play important roles in natural products biosynthesis. Tryptophan has a

unique indole ring structure which possesses more modification sites than other amino acids.

In studies on microbial natural products biosynthesis, tryptophan and its derivatives often

serve as structural moieties that are incorporated into the natural products structures. Here, we

summarize different modification patterns of tryptophan, including alkylation, halogenation,

hydroxylation, indole ring-open and rearrangement reactions. Analyzing and summarizing the

enzymatic modifications of tryptophan could help us understand the structure diversities of

natural products and lay the foundation for our study of the mechanism of the novel natural

product biosynthesis.
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(3,4-c)-carbazole, H:H' Rebeccamycin #FZIE A1
JE BRI I I T Staurosporine NIITE B% A9 2 HL BRI
& 3R Ll Rebeccamycin fil Staurosporine AY4=4&
B, AR R B S TE A AR
SALEE RebO/StaO HIMERTT, AL ENE, =
Ja 2 S EENS RebD/StaD B4k, ¢ RUIMERS FRAY
JEREN, I —2 i RebP/StaP fEALIE L EF 1%
Indolo-(2,3-a)-pyrrolo-(3,4-c)-carbazole™ ! 4R )5
WUGHAT I 2L Je st # an e fk . Hikfk .
FACRNE, TE R LML AP0 (K TA).

Violacein 4= ¥ & W & i L K 5
Rebeccamycin LGP IG L BREML, Sel—
MR AT VioA FHALIE BT I B =R, 2
S F Wt FRAE VioB il VioE MIFERTF, M
RIMMETE B 2R, T AN Rebeccamyin Fll
Staurosporine A=) W& A T B AR5 R ER 1
C2-C2 S MR IR, fr R KL AL VioD
1 VioC %84k, JE M Violacein™ (& 7B).

Terrequinone A F/l Fellutanine A 7E4544) [ 3
J& T Bisindole 25k &%), L H 5 Violacein A4k
LEER A AL, (HR A S LT S
Violacein L) ) Rebeccamycin ZRIL-EWIAE], J&
L NRPS #Lfil I MiBE4% . Terrequinone A 5
Fellutanine A & W £ 4% 1 X 51| & Terrequinone A
T e 0 R R A B 2 R VT s | Wk T B TR
ZJa 2 411 N BR PR % HEE B C—C I 30k
I I %O 07 R IR 25, 1 Fellutanine A
D2 0 = R B 38 NRPS 16 1L I I L B AR 8
ey e
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Fig. 7 The proposed biosynthetic pathway of Rebeccamycin (A) and Violacein (B)
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