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Figure 1.

Chemical structures of the active component in Agricultural Antibiotic 12018,
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Figure 2.

Organization of the nystatin biosynthetic gene cluster and LC-MS analysis of the fermentation

extracts of S. hygrospinosus var. beijingensis. A: Organization of the nystatin biosynthetic gene cluster (BGC). B:
HPLC analysis (A=280 nm) of the nystatin standard (i) and the secondary metabolites of S. hygrospinosus var.
beijingensis (ii) with UV spectrum. C: Q-TOF analysis of the nystatin standard (i) and LC-MS analysis of the
secondary metabolitesof S. hygrospinosus var. beijingensis (ii).
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25 9 kb By A REMBSIZ T IS HUAE R A Y& U
F(E 3-A). FIF antiSMASH XA SE K #2147
8T, KPHY Streptomyces diastatochromogenes
Hh Y TR0 R AR WA A DR R A e 1 (] R
PE(F ZIARUE Fis 90%), - H. 1 & 7e 5L R HE )
R AR o X e S R G A 1Y 2 PR Y
) BE— L dr (3R 2), KB orfl, orf2, orf3,
orf4 . orf9 43 5| 5 fa, 24 5% 25 14 Streptomyces rimosus
W B T R R AW A LR SBR[ toyM |
toyL. toyH. toyG. toyB HAG 4w mIEME, Xk
S5 R BIR BT 120 7 Ax TR A6 I K 5 R T L R 21
H XA G A A% S T A 3R 0 R DR AR AT B
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x1 RNARKSESEEFRATFHISERENSHERROIEERSF
Table 1. Deduced functions of ORFs of the nystatin BGC in S. hygrospinosus var. beijingensis
Gene aa Proposed function Similar protein (acc number) Identity/%
orfl 606 ABC transporter ATP-binding protein WP_067343761.1 89.74
orf2 610 ABC transporter ATP-binding protein WP_102924881.1 88.13
orf3 344 GDP-mannose 4,6-dehydratase WP_067343755.1 95.35
orf4 9500 Type | polyketide synthase WP_067343753.1 86.20
orf5 5371 Type | polyketide synthase AAF71767.1 85.13
orf6 2056 Type | polyketide synthase AVX51100.1 98.49
orf7 394 Cytochrome P450 WP_039629369.1 93.65
orf8 63 (4Fe-4S)-binding protein WP_106680950.1 69.23
orf9 398 Cytochrome P450 WP_102924874.1 91.96
orfl0 352 DegT family aminotransferase WP_067343741.1 91.76
orfll 463 Glycosyltransferase AAF71773.1 93.42
orfl2 1371 Type | polyketide synthase AVX51106.1 97.38
orfl3 3196 Type | polyketide synthase AJC53395.1 86.60
orfl4 11082 Type | polyketide synthase AJC53394.1 79.52
orfl5 249 Thioesterase WP_102924869.1 85.94
orfl6 965 AAA family ATPase WP_102924868.1 85.91
orfl7 952 LuxR family transcriptional regulator WP_099055646.1 80.13
orfl8 927 LuxR family transcriptional regulator WP_102924866.1 81.01
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3. EMBREVEMEERA)RKRIN 120 ~EEAZE~YEMEZAEN(B, C)
Figure 3. Organization of the toyocamycin biosynthetic gene cluster and LC-MS analysis of the fermentation
extracts of S. hygrospinosus var. beijingensis. A: Organization of the toyocamycin biosynthetic gene cluster. B:
HPLC analysis (=280 nm) of the toyocamycin standard (i) and the secondary metabolites of S. hygrospinosus
var. beijingensis (ii) with UV spectrum. C: Q-TOF analysis of the toyocamycin standard (i) LC-MS analysis of
secondary metabolites of S. hygrospinosus var. beijingensis (ii).

*2. WARKSESEEFREATRENSZRENSHERRNOEER ST
Table 2. Deduced functions of ORFs of the toyocamycin BGC in S. hygrospinosus var. beijingensis

Gene aa Proposed function Similar protein (acc number) Identity/%
orfl 238 7-cyano-7-deazaguanine synthase ACF06644.1 72.27
orf2 232 HAD-superfamily hydrolase ACF06640.1 59.91
orf3 173 Phosphoribosyltransferase ACF06639.1 61.76
orf4 351 Adenylosuccinate synthase ACF06638.1 72.51
orf5 461 Adenylosuccinate synthase WP_050515133.1 66.97
orfé 381 IMP dehydrogenase WP_050515134.1 75.00
orrf7 201 GTP cyclohydrolase | FolE WP_053803966.1 74.59
orf8 223 7-carboxy-7-deazaguanine synthase WP_030672084.1 76.68
orf9 160 6-carboxytetrahydropterin synthase ACF06634.1 73.33
orfl0 432 SARP family transcriptional regulator WP_100600129.1 82.72

AT E AT A G N AR R AR AR A 21 min LS SE e R
K, FI LC-MS Xt BFAE RUGRIAR (0 A B =y AT 1T bt FAT A [ £ B I ] pry e, ELIZZ UG Y 52 S M
ortre SUgRINE, AN RAREMAE X BOEES N EE R bR A —2(&] 3-B). LC-MS
S oA BE, AE 280 nm SAMECRAGIN AT, A HrRRdh 920 1 RS AR Q-TOF K s & b
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Wy B4 4

UG R R AHT 120 Hb i E S P Ly
TERBE AR ™ ZEUE TR BT 120 77 A BIK
FACHH Py i) = RO G R AN R T, A B
A e IR S R N D TR B STl = A

T — LA, SORBTIA SR R pb 5
R D TRER, MESRICHIR B R WIB414-2,
FEMLEEA PR T DU R | 8 R R R R E
BRI 97 bk WIB453-2 (K] 4-A). 43 MIHEL F
W U5 B it sl W, X AR Bk WiB414-2 Al

BE L N THERR WS Z T, ey WIB453-2 #4T PCR Soiik: ZE75FR AT LAY 1S Y
PRI SEATAE R B R R, AR E */H"JLT 1500 bp &7, M A= R Rk b T A% TR TRE I
PR R RN R P R R AR bR, A TE mt 5 iR, P& (F 4-B, C).

S a EL D Vg 5 H/ ®
o WJIB414-2

3.0kb | | 3.0kb
acc(3)IV

oriT

b PWIB4S3-I
rep(plI101)
WIB453-1 acc(J)IVl Double crossover

(&)

S 11 W w15 1) LA IR
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/—.—.HIZ? (I8},
453KO-YZ-F

453K0- YZ R
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Isr,

4. FIBHRRMOBRENSMEERMRREHRIEEZEA)F PCR IEIE(B)

Figure 4. Construction and verification of the nystatin and tetramycin BGC knock-out mutants. A: The schematic
construction of nystatin orf4-orfl4 deletion strain WJB453-2. The 102 kb fragment of BGC was replaced by an
oriT+acc(3) /I cassette in WJB414-2 through homologous recombination, resulting in the mutant WJB453-1. Then
the resistance cassette was removed by the second genetic manipulation, resulting in the mutant WJB453-2.
453K0-YZ-F/R indicate the locations of the primers, which were used to validate the deletion. B: PCR verification of
three randomly selected WJB453-2 mutants. Lane 2, 3 and 4, the 1500 bp replicons were amplified using genomic
DNA isolated from WJB453-2 strains, while no band was amplified from WT strain (lane 1). C: PCR verification of
the tetramycin BGC mutants WJB414-2. Lane 2, 3 and 4, the genomic DNA isolated from WJB414-2 strains was used
as template and obtained 1500 bp replicons; lane 1, the WT strain was used as control.
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Figure 5. HPLC analysis (1=280 nm) of the nystatin
production in the wild-type and mutant strains of

S. hygrospinosus var. beijingensis. (i) Nystatin standard.

(i) Wild-type strain. (iii) WJB414-2. (iv) WJB453-2
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Genome mining guided discovery and identification of nystatin
and toyocamycin in Streptomyces hygrospinosus var. beijingensis

Junbo Wang, Lingxin Kong, Yongjian Qiao, Dashan Zhang, Zixin Deng, Delin You

State Key Laboratory of Metabolism, School of Life Sciences and Biotechnology, Shanghai Jiao Tong University,
Shanghai 200030, China

Abstract: [Objective] We aimed to discover and identify the uncharacterized active components of Agricultural
Antibiotic 120 by comprehensive analysis of genome sequence and secondary metabolites of Streptomyces
hygroscopicus var. beijingensis (Bacteria, which produced Agricultural Antibiotic 120). [Methods] The genome
sequence of wild-type strain was analyzed by antiSMASH for the sake of identifying possible biosynthetic gene
clusters of nystatin and toyocamycin. HPLC, LC-MS and Q-TOF were used to analyze the secondary metabolites of
wild-type strains, using chemical standards as control. Biosynthetic gene cluster (BGC) deletion mutants were
constructed, and the fermentation products were analyzed. [Results] Biosynthetic BGCs of nystatin and
toyocamycin were identified, and these two compounds were proved to be another two bioactive ingredients of
Agricultural Antibiotic 120, besides the known anisomycin and tetramycin. [Conclusion] The multiple BGC
deletion mutant deducted the effect of compounds with high abundance and could serve as a good material to mine
more natural compounds originally produced by WT strain. Moreover, correspondence analysis of genome
sequence and metabolite profile was an effective method to identify compounds encoded by the silent biosynthetic
gene clusters hidden in the genome.

Keywords: Agricultural Antibiotic 120, Streptomyces hygroscopicus var. beijingensis, nystatin, tyocamycin,
biosynthesis
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