afX £

Synthetic Biology Journal z21.2(5).815-825 2021 % % 2% % 5 35 | www.synbioj.com

= ‘/\ A DOI: 10.12211/2096-8280.2021-005
N :
ﬁﬁ HIENX

A ECR AR AMEAR 22 JIRTE AL 7= 40 A 5 ek g 1o

4.3 !, Istvan MOLNAR?, # E %'
CPFERVBZFRENETAFRL, LFE 100081; * XE LA EZHRAZFTHERAAS WAL F L, TFAEAMN EHik
85706, = [E)

WE: AEEEREEEGHRIVIMERSHERAFNEENE. RR. fuE. BTRERFEMEE, FEiRK
MRV SENFEEENABNME. EFk, BEERERANFHEOTIRIEN. RN TENARELS, A
MNEREEREFRAFFEAEFMARMORATDERER . EHERITUIXLEERINE, HiEEEENE
PRFTAA AT MR REE, RILURS KA ISR . AAFRIEH 40 REEEREEEREREH, E5n
W7 mIBAFEAR SN E BN ER R ERE . ETRE/RYKER, FUlT 445 MRIRBEAFZERZ LG BEs
M 1243 D EAFAERZSIE RES, B RBUREEERE, WEFIIRIMMENS, LIERINEERZER S
RERESENITE, FMBDRAKREGEER, D 7IFRERSIINERRER, RIT ARG MREES K.
WoERK. BEZ . EMRSHMEENUEMNERE . HRER SR T AEEHREEESRAMZIERZSIK
EEFFMNEXRESD, MENBEMERAERESESNT. MASRENFFRIEGMRERESE,

Xigin: AEEEREER; IMAEARSIKGHEE; IMERSICG EMSHERE; FIRUIEREDHT

-

hESES: Q74  XBMFERE: A

Potential biosynthesis of nonribosomal peptides by hypocrealean

entomopathogenic fungi
ZHANG Liwen', Istvan MOLNAR?, XU Yuquan'

('Biotechnology Research Institute, Chinese Academy of Agricultural Sciences, Beijing 100081, China; *Southwest Center for
Natural Products Research, University of Arizona, Tucson, AZ 85706, USA)

Abstract: Nonribosomal peptide natural products synthesized by Hypocrealean entomopathogenic fungi have
antibacterial, insecticidal, anticancer, immunomodulatory and other biological activities, with high potential for
application in clinical or agricultural fields. These bioactive compounds are synthesized by nonribosomal peptide
synthetases (NRPSs) and tailored by additional enzymes that are encoded by clustered genes. In addition to the 20

amino acids, non-canonical amino acids as well as a-hydroxy acids can also be incorporated into nonribosomal
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peptides as structural units, and these, together with further modifications, empower an almost unlimited structural
diversity. The rapid increase in the number of sequenced fungal genomes shows that there exists a large number of
nonribosomal peptide biosynthetic gene clusters with unknown functions. Accurate and effective prediction of the
functions of these "orphan" biosynthetic gene clusters can help to select those clusters that have potential to synthesize
novel natural products, and increase the efficiency of natural product genome mining. In this study, we systematically
analyzed the genes encoding NRPSs and their gene clusters in the genomes of 40 strains from Hypocrealean
entomopathogenic fungi. Genes encoding NRPSs were predicted and categorized based on the hidden Markov models
for adenylation, condensation and thiolation domains to reveal 445 modular NRPSs and 1243 NRPS-like proteins. A
sequence similarity network based on the amino acid sequences of adenylation domains of these synthetases was
constructed. Using adenylation domains from known NRPSs as references, we analyzed the main categories of
predicted nonribosomal peptide products using the Markov clustering algorithm. We identified several biosynthetic
gene clusters that potentially yield known bioactive compounds or their congeners. In addition, biosynthetic gene
clusters that may be able to produce new bioactive compounds belonging to the linear peptide, cyclic peptide,
lipopeptide, and alkaloid structural classes were also discovered. The results reveal a great potential of Hypocrealean
entomopathogenic fungi to synthesize nonribosomal peptides, and provide insight for genome mining to identify new

products by activating silent gene clusters or modifying biosynthetic pathways by synthetic biology methods.
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Tab.1 Annotion for NRPS domains in hypocrealean entomopathotenic fungi (HEF)

Description Function with HMM Source Cutoff (Score) Length Domains (SwissProt) Domains (HEF)
Adenylation domain AMP-binding PFAMO00501.21 55 418 280 2297
Condensation domain Condensation PFAMO00668.13 50 301 255 1483
Thiolation domain PP-binding PFAM0050.20 30 67 312 2775
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