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Abstract:  Streptomyces aureofaciens DM-1 is a high-yielding 6-demethylchlortetracycline producer. The genome
sequencing of DM-1 reveals a linear chromosome containing 6 824 334 bps nucleotides with GC content of 72.6%. In this
genome, a total of 6 431 open reading frames were predicted by using glimmer 3.02, Genemark and Z-Curve softwares.
Twenty-eight secondary metabolite biosynthetic gene clusters were uncovered by using AntiSMASH gene prediction software,
including the complete 6-demethylchlortetracycline biosynthetic gene cluster. A frame-shift mutation in methyltransferase
coding region was detected, which may result in the demethylation of chlortetracycline. The complete genome sequence of S.
aureofaciens DM-1 provides basic information for functional genomics studies and selection of high-yielding strains for

6-demethylchlortetracycline.
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Table 1 Genomic information of S. aureofaciens DM-1

Strain S. aureofaciens DM-1
Genome (bp) 6 824 334
Plasmid (bp) 252 068
GC (%) 72.6
CDS 6 431
Average CDS length (bp) 921
Code density (%) 83.4
Reads 443 465
Bases 229 658 915
Large contigs (=500 bp) 134
N50 contig size (bp) 143 476
Max contig (bp) 382 311
rRNA 27
tRNA 69

DM-1 genome A
6 824 334 bp

iy : %}\%\}\“

g TR
2 S. aureofaciens DM-1 £t [ 40 & [E

Fig. 2 Cyclic schematic diagram of S. aureofaciens
DM-1 genome.
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Fig. 3 COG functional classification of S. aureofaciens DM-1.
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Fig. 4 KEGG pathway classification of S. aureofaciens DM-1.
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Streptomyces aureofaciens |
Streptomyces aureofaciens ATCC 23877
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Fig. 5 The matching degree of microbial homologous proteins.
F 2 S.aureofaciens DM-1 A T B R R AX 8 F= 1 £ D & A B B 7%
Table 2 Predicted biosynthesis clusters in S. aureofaciens DM-1
No. Type Product Start Stop Homologous strains
1 Terpene Acarviostatin (11%) 87 438 108 493 Streptomyces coelicoflavus
2  Terpene Hopene (69%) 118 409 145 254  Streptomyces coelicolor
3  Siderophore Scabichelin (20%) 331011 345 709 Streptomyces scabiei
4 Other - 504 763 548 152 -
5  Otherks-Butyrolactone Neocarzinostatin (4%) 607 676 660 864 Streptomyces carzinostaticus
6 Bacteriocin - 1 045 041 1056 009 -
7 NRPS Lomaiviticin (6%) 1104 350 1167 819 Salinisporapacifica
8 Siderophore - 1317 069 1332792 -
9 NRPS Teleocidin (50%) 1 504 602 1559 604 Streptomyces blastmyceticus
10 Bacteriocin - 2 381 686 2393962 -
11 NRPS Skyllamycin (18%) 2 448 146 2503 780 Streptomyces sp. Acta.
12 Terpene - 2 836 249 2858 759 -
13 Butyrolactone - 3151524 3162639 -
14 Thiopeptide - 4081 691 4110 653 -
15 T2PKS Chlortetracycline (74%) 4177 690 4220 175 Streptomyces aureofaciens
16 Terpene Sioxanthin (25%) 4 332 523 4 353 629 Salinisporatropica
17 T3PKS Herboxidiene (2%) 4585 616 4626 773 Streptomyces chromofuscus
18 Bacteriocin-Butyrolactone Methylenomycin (23%) 4 696 322 4716 539 Streptomyces coelicolor
19 Lantipeptide - 5154 452 5194693 -
20 T3PKS Herboxidiene (2%) 5206 160 5247 305 Streptomyces clavuligerus
21 Terpene Carotenoid (54%) 5387 154 5412 340 Streptomyces avermitilis
22 NRPS Teicoplanin (15%) 5 585 054 5657 779 Actinoplanesteichomyceticus
23 TI1PKS FR-008 (76%) 5652 207 5803 052 Streptomyces sp. FR-008
24 TI1PKS - 6 029 872 6076 390 -
25 Blactam Clavams (71%) 6 101 593 6 127 032 Streptomyces antibioticus
26 T2PKS Spore_pigment (83%) 6 336 477 6 378 980 Streptomyces avermitilis
27 NRPS Enduracidin (12%) 6 446 217 6 509 481 Streptomyces fungicidicus
28 Terpene - 6 623 868 6 646 321 -

http://journals.im.ac.cn/cjbcn
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F 3 S.aureofaciens DM-1 IEBREEEZEYERERFEERE IR
Table 3 Gene annotation in 6-demethylchlortetracycline biosynthetic gene cluster

Gene Amino acid (aa) Strand Proposed functions
Aur_01 232 F Ctg2 3636
Aur_02 281 = Methionine minopeptidase
Aur_03 76 +
Aur_04 442 — Major facilitator transporter
Aur_05 226 =
Aur_06 230 A
Aur_07 60 +
Aur_08 271 +
Aur_09 1131 i Transcriptional regulator, SARP family
Aur_10 274 = ABC-2 type transporter
Aur_11 341 = ABC transporter ATP-binding protein
Aur_12 289 =
DM_ctc2 539 + Drug resistance transporter, EmrB/QacA
DM_ctcl 209 + TetR family transcriptional regulator
DM_ctcZ 347 +
Aur_16 87 +
DM_ctcY 440 = Sodium/hydrogen exchanger
DM_ctcX 414 = Monooxygenase FAD-binding
DM_ctcW 427 + Beta-ketoacyl synthase
DM_ctcV 401 + Beta-ketoacyl synthase
DM_ctcU 84 + Acyl carrier protein
DM_ctcT 609 i Asparagine synthase (glutamine-hydrolyzing)
DM_ctcS 165 — MarR family transcriptional regulator
DM_ctcR 510 + Drug resistance transporter, EmrB/QacA
DM_ctcQ 191 i Flavin reductase domain protein FMN-binding
DM_ctcP 555 = Halogenase
DM_ctcO 344 = Methyltransferase
DM_ctcN 491 — Monooxygenase FAD-binding
DM_ctcM 140 +
DM_ctcL 363 + Aminotransferase
DM_ctcK 318 = O-methyltransferase
DM_ctcJ 96 =
DM_ctcl 517 = AMP-dependent synthetase and ligase
DM_ctcH 138 =
DM_ctcG 262 + Short-chain dehydrogenase/reductase SDR
DM_ctcF 312 + Cyclase/dehydrase
DM_ctcE 541 + Monooxygenase FAD-binding
DM_ctcD 256 +
DM_ctcC 1971 = GTP binding
DM_ctcB 271 + ctcB putative activator
DM_ctcA 357 = CtcA putative
DM _ctc3 401 - NAD™ synthase

. 010-64807509 B cjb@im.ac.cn
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Fig. 6 Genetic architecture of the 6-demethylchlortetracycline biosynthetic gene cluster from S. aureofaciens DM-1.

HM ctcO
DM _ctcO
HM ctcO
DM _ctcO
HM_ctcO
DM_ctcO
HM_ctcO 151 smmunnnve:
DM ctcO 151
HM_ctcO 201 sveozeazeer
DM _ctcQ 201 svroieazaeees
HM_ctcO 251 oweveorresiarass
DM _ctcO 25| oweveors
HM_ctcO 301 aozse
DM _ctcO 301 rosse

B7 @SR5FHFEESREHNEPEARFMELR
Fig. 7

] MIDNGEIIAQPVIQLRELGLARAGARAVRARARLGLADALGEEPRGAAEL 5 0

HM_ctcK
DM _cteK
HM ctcK
DM_ctcK
HM_ctcK
DM_ctcK
HM_ctcK
DM_ctcK
HM_ ctcK 201 %2

DM ctcK 100 ermmoness
HM_ctcK 251 uewooes
DM ctcK 150 ==w=ees
HM ctcK 301 _
DM _ctcK 200 wiveerraTareLYSLIEEAGLIRAE VRS =e 244

Homology analysis of methyltransferase between chlortetracycline and 6-demethylchlortetracycline
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