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Abstract: Nonribosomal peptide synthetases (NRPS) catalyze the synthesis of nonribosomal peptide (NRP)
compounds with structural and functional diversities, including more than 20 marketed drugs. This review
focuses on the recent advances in the functional domains of NRPS and their mechanisms of action, as well as the
unconventional assembly patterns such as iterative NRPS, module skipping, in trans aminoacylation and tandem
adenylation domains. This review provides the theoretical basis for exploring new nonribosomal peptide

compounds and the development of new drugs.
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Figurel

Simplified scheme of conventional nonribosomal peptide synthetase (NRPS)
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R L BT (apo-T domain) {757 22 & IR V%
B b, X ATEE AL AS K T 4588 (holo-T domain) %Y,
AT ARG L NRPS 26 L 28 1 R IHLRE, & T
T % T ot T T A 2 A e A b0, E AEAZ B 4K
SO B A 400 R A 3 A G A A B0,

1.3 #§4& (condensation, C) ZE#isi C L5k
K/NY) 50 kDa, A Ty AL B AR IR & BRI 2 v 1
FEC BRI A, AL n-1 B ) S ik 2 BT A O e
B n B R IE IR BB, MR R I R I A I ST A
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Figure2 NRPS of tyrocidine A biosynthesis and mechanism of the epimerization reaction. a Domains and module architecture of the
NRPS including the epimerization domain; b: Reaction mechanism of the epimerization domains

R R AR AR B, IR AR
FEALIE KA A RN 21T, T AE— 22 PK/NRP 4%
B0 R SRR R A AR R T BB, IRk g
P 3R]~ e 2 R R 22 2 IR 77 B BR B 22k 73 il 2 A4
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Figure3 Themodd for the biosynthesis of valinomycin (VLM) in S tsusimaensisATCC 15141. TA and DH domains are hypothetical
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Figure4 Simplified scheme of module skipping within myxochromide S biosynthesis
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Figure5 Simplified scheme of module skipping within the anabaenopeptins and namalides biosynthesis
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X HMWP2 1 & Al iE AL 2 LR IR I A S5 4438

HMWP2 Be4s 5 4 - 3% 46 L-Cys, 1L L-Cys
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KS (AT MT KR ACPCy3 MT (T3 (TE

HMWP2

&CpCy1 (A (T1 Cy2(T2

OH $ a N\ COOH
o Ssg BNl
/4 H S
S
Yersiniabactin

Figure6 Domain organization of HMWP1 and HMWP2. KS:
p-Ketoacyl synthase; AT: Acyltransferase; MT: Methyltransferase;
KR: Ketoreductase; ACP: Acyl carrier protein; Cy: Cyclization;

T: Thiolation; TE: Thioesterase; ArCP: Aryl carrier protein; A:
Adenylation
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MR R SE RN, PyrG AL & AN B BRI A S5 R 3R
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FEOAAGIR (A2) R RN IR IRY (a-
i 5E-p-HSE IR ER), TisE—> A Gl (AL) HredE
FrEEASGMRE A EEER, A5 ERK
YIRS, IX AT RS B TR AL S5 R 4 B B A
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{1ty Bl = 3 ok 1190

PyrG

C (Al (A2 (KR(T (TE
]
07 NH
oo
N Cjio 0
SNTHOY N o7 YO
CH, o

Pyridomycin

Figure 7 PyrG module including two tandem adenylation
domains within the pyridomycin biosynthesis
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A 8 N IhfgFE A, Hb plu2793. plu2794. plu2797.
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plu2798 1 plu2799 JylsEne 4= 4 & 5 ot, plu2795 Jy
PR R T o B 5 R T, plu2796 5 7 i TR it A it L
HREYEM:, FN Y AHE NRPS /) T 45811 C 454
. C &5 M AR X ANk A2 H Ak PR IR S 40 6 2130 25 1
DU A #% .0 1, TR K pepteridines A; i1k 2. Bk 45
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8)*7,
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F1 NocB, HH' NocB H module 5 ) Te 45 #4358 {4k, C
AR ) LX) $2 B R B H 2R [L-(p-hydroxyphenyl)
glycine, L-pHPG] F#1bA D-Xf 52 2 28 2 H & 1R,

RIEZE M RAARE (8 9B,

2.7  AEIKER Te L5 RO REAUANE] 45 P AR R 1k
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A SRAE BT ORI T A Te 25 K38 B AL AL o
1% 5 apicidin & H NRPS 147 Cr (condensation-
like) &itgld (&l 10), oo Hrai SRR, Cr &5 H ik
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SEIXCH His Al i R s A A I = 6 1R, (2 R Ge ik
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Figure 10 The NRPS domains including condensation-like
domain within the apicidin biosynthesis
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Figure 8 The pepteridine biosynthetic gene cluster and key NRPS-pteridine coupling reaction
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