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Biosynthesis in Penicillium oxalicum
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(College of Life Science and Pharmacy, Three Gorges University, Yichang 443002, China)

Abstract: Penicillium oxalicum is an important biocontrol microbe in plants. A linear pentapeptide
was isolated from P. oxalicum distributed in the Three Gorges river bank, and it had an extremely
strong inhibitory effect on P. Digitatum, a pathogen causing citrus rot. In order to explore the
biosynthesis mechanism of linear pentapeptide, the cDNA libraries of three P. oxalicum strains (114-2,
SG-4, SJ-3) with different pentapeptide contents were sequenced by the BGISEQ-500 platform, and
the results were compared with the reference transcriptome. High-throughput sequencing produced
6.55 GB of data averagely, and the alignment rate with the reference transcriptome reached 91.65%.
Compared with 114-2 without pentapeptide production, comparative analysis of differentially
expressed genes showed that a total of 1648 genes were up-regulated and 1251 genes were
down-regulated in SG-4 and SJ-3 that could produce pentapeptide. AntiSMASH analysis suggested
that there might be 33 non-ribosomal peptide synthetases (NRPS) genes in P. oxalicum genome,
among which the expression of 15 NRPS was consistent with that of pentapeptide. Further RT-PCR
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expression analysis showed that the gene cluster PDE 01071 might be responsible for pentapeptide

synthesis.

Keywords: Penicillium oxalicum, linear pentapeptide, biosynthesis, comparative transcriptome, gene

cluster
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Fig. 1 New linear pentapeptide in P. oxalicum
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Table 1 Primer sequences in the experiment

¥ 51(5'-3")
PDE_01065 F GCCACCAACTTTACGGAGCTCT
PDE_01065 R GCACTTGAATTGGTCCAGCCT
PDE_01067 ¥ ATTATCGCATCATCGTCCTGT
PDE_01067 R ACAATCACGACGGCTAAGACA
PDE_01069 F TTTACTACTTCCGCCGCGTCT
PDE_01069 R AAGCCAGCAATGTCCAAGAGC
PDE_01071 F TCTACACCATCACCGCATCCAC
PDE_01071 R GCGATGACCCAGAATTGAGCA
PDE_01077 ¥ GTTACAGACCGGCTTCCACCA
PDE_01077 R TTCCATGAGCCGACGTCCAC

Actin F CGCCTTCTACGTCTCCATTCAGG
Actin R CGGTGGTGGAGAAAGTGTAGCC
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Fig. 2 Pentapeptide productionand antifungal effect of P. oxalicum strains

0.020,

0.015

0.010

0.005

PRI e JE/(g/mL)

IR if)/d
(2)SG-4 P 7 i LR P BRI (1] A2 Al fih 28

22 HREAMFREHSWH

Sk Bl A M BRI A A LR R LA 3 R
FR T A AE PDA 53R AR K 6 d JE #E IO R
RNA, i 5 4 J5 7 2 IUHR R JE PRURE 4% A7 B2 w)
FH BGISEQ-500 “F- & #E47 T #% 541 )¥ . thF 114-
2 AR IIERGE R, WAEN R e S
REFHN AT 5 HT

B 0 14 DR AR B HE (raw reads) R R & 33k

LRI X IR

I+ if)/d
(b) TR AT ThT AR ) 22 fh il £

B3 SG-4 WEKMEMAEKEE B E
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Table 2 A survey of transcriptome sequencing
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/100 | G L l/% GB
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SG-4 43.68 97.06 6.55 90.44
SJ-3 43.85 96.70 6.58 90.95
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Table 3 Number of genes differentially expressed
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s | sepa | 22 A /%
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Fig. 4 Differentially expressed genes in 114-2 vs SG—4 and 114-2 vs. SJ-3
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Fig. 5 Differential gene expression analyses
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Table 4 Expression of all candidate NRPS genes in P. oxalicum

I A ) IO i
1

PDE_00789 2.25 5.24 1 PDE_04017 6.81 13.84 13.93
PDE_00793 1.78 0.95 3.37 1 PDE_04252 0.3 2.47 2.86 1
PDE_00810 0.83 2.79 8.3 2 PDE_09198 0.96 4.92 8.54 1
PDE_01212 3.39 7.6 7.32 6 PDE_02203 0.13 0.12 0.16 1
PDE_01185 0.02 0.03 0.02 1 PDE_03304 146.85 0 0 1
PDE_01071 0.01 0.08 0.99 2 PDE_04438 0.97 0 0 1
PDE_01077 0.06 0.53 2.15 1 PDE_05564 1.73 3.03 4.96 1
PDE_01432 0.06 0.12 0.26 1 PDE_06094 0.02 0.04 0.18 1
PDE_02131 0.34 2.77 3.71 7 PDE_06630 0.05 0.03 0.03 1
PDE_02610 0.26 1.17 1.03 4 PDE_07373 36.4 21.93 34.69 1
PDE_03416 8.65 0.61 1.49 1 PDE_08155 28.43 52.31 79.89 1
PDE_04074 5.06 6.45 7.25 3 PDE_08329 0.51 1.18 1.14 1
PDE_04543 0.16 0.43 1.14 3 PDE_09743 0.45 0.02 0.42 0
PDE_07005 1.52 5.81 10.51 2 PDE_08437 27.72 15.47 39.3 1
PDE_07163 17.83 4.11 591 4 PDE_04436 = = = 1
PDE_01235 8.37 0.16 0.22 1 PDE_06206 - - - 2
PDE_02141 0.07 0.91 7.13 1
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