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Abstract: Atypical angucyclines are a class of aromatic polyketides with unique structures and formed via
oxidative rearrangement reactions. Recent studies have demonstrated that their various skeletons are
derived from a common biosynthetic intermediate dehydrorabelomycin. A unique family of oxygenases,
atypical angucycline ring-opening oxygenases, catalyzes the oxidative carbon—carbon bond cleavage and
rearrangement reactions of dehydrorabelomycin, which is a critical step in the biosynthesis of these

Foundation items: Premium Funding Project for Academic Human Resources Development in Beijing Union University
(BPHR2017DZ05); Practical Training Program Project for Beijing Higher Education Cross-trained
High-level students; Venus Research Training College Students Program
*Corresponding authors: DU Feng-Xiang: E-mail: flydfx@163.com
FAN Ke-Qiang: Tel: 86-10-64807800; E-mail: fankq@im.ac.cn
Received: 17-10-2018; Accepted: 10-01-2019; Published online: 16-01-2019
EEWH: et REAA B IETT R (BPHR2017DZ05); 65T 4 i K A A 38 5 5 < se kg 1) e v (RHIF
FOIH 5 8 BRI Rt Rl R
*BIS1EE: AR : E-mail: flydfx@163.com
Jurl . Tel: 010-64807800; E-mail: fankq@im.ac.cn
Wi EHA: 2018-10-17; S HHEA: 2019-01-10; MEE A BHA: 2019-01-16



424 A 2 A

Microbiol. China

compounds. Although these ring-opening oxygenases belong to the same protein family, and catalyze the
oxidative ring-opening reaction of the same substrate dehydrorabelomycin, different rearrangement
reactions render different structures of the products, which are consistent with the skeletons of their final
products. The in-depth study on the catalysis of this family of oxygenases will not only contribute to the
structural modification of known aromatic polyketides and the discovery of polyketides with novel
skeletons, but also help to deepen our understanding of protein sequence evolution and functional

diversities.

Keywords: Aromatic polyketide, Oxidative rearrangement reaction, Oxygenase
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Figure 1 Atypical angucyclines and their biosynthetic pathways
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Figure 2 Biosynthetic gene clusters of atypical angucyclines
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Note: The accession numbers in the National Center for Biotechnology Information (NCBI) GenBank database and the Minimum
Information about a Biosynthetic Gene cluster (MIBiG) database (if has) were listed for these clusters. The colors represented the functions

of each CDS. Red: Atypical angucycline ring opening oxygenases; Yellow: Enzymes involved in the biosynthesis of dehydrorabelomycin;
Cyan: Other tailoring enzymes; Magenta: Regulatory proteins; Gray: Proteins related to resistance.
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Figure 3 The reactions catalyzed by JadG, GilOII or AlpJ
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Figure 4 The crystal structure of AlpJ monomer (A) and
the superimposition of AlpJ monomer and ActVA-Orf6
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Note: A: Red and yellow: a-helices; Cyan: B-sheets; Gray: Others;
B: Yellow: The crystal structure of AlpJ monomer; Green and cyan:
The crystal structure of ActVA-Orf6 homodimer.
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SAMTO0167 (CAI89154.1)=AlpJ, kinamycin

5 Alp) FREBMFL S
Figure 5 Phylogenic analysis of AlpJ homologs

B, Hatomarubigin 25fb5W; KR FZ N EHiHE e
B NRRL B-65442 ff] Vnz 29575 5 JadG 41584
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Ak, 9 A~ Alpl [RIEEE AL TR R 2 5549 (0]
DB R — B S 2, HEI K S B
DRI T Rt A A 2E X S B R A AL 1 AR 70
{ESERE RIS, K B Saccharothrix espanaensis DSM
44229 i) BN6_54770 5 JadG . GilOII &34 HA 45
1) ¥ 50 AR AL (7 91 — B tE 48%—55%) , 3k W
BN6_54770 7] GefCER—JSH8r iyl B £ B0 2
B4, Xt BN6_54770 FifEmyA: ) itk R &
KRS TIRABGE, A e R A B
U5 BRI A

DSMTO0187 (CAK51030.1)=AlpJ, kinamycin

SAM23877_0198 (AKZ53247.1)=Alpl, kinamycin
SAM23877 7475 (AKZ60516.1)=AlpJ, kinamycin
SAM40697_0173 (ANB04136.1)=Alpl, kinamycin
SAM40697_6752 (ANB10704.1)=Alpl, kinamycin

4 BgERY

AP ST A T A SR Ak R 22 SR A EEHE S
WTE B — 2 B 2R E SR A5 R 04 07 i R L &
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SR X AT IR R TR — N E AR
T, AR R IS ) A AL FEBR S s, (FL R Bl
Je P EEHE SO A5 ASARIRL, TR B80T AN )B4
P R AR T A o 8 ) i A AN [ B S 1 0%
RN EARATERE . EEA Alpl fhIRZS Y 3L
fili b, XGPSR AL TR A S, AT
R e BRI EHE R N O RN R, A
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