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Abstract: [Background] Streptomyces anulatus 89-2-2, a moderately halophilic actinomycete
strain, can produce secondary metabolites capable of inhibiting the tyrosinase activity in
mushrooms and the melanin synthesis and tyrosinase activity in mouse melanoma B16 cells.
Few studies report the genome sequence of S anulatus 89-2-2, which limits the studies on the
biosynthesis and regulation of tyrosinase inhibitors, melanin synthesis inhibitors and other
secondary metabolites in the strain. [Objective] This study sequenced the genome of S. anulatus
89-2-2 and mined the genetic resources of secondary metabolites, aiming to lay a foundation for
deciphering the mechanisms of tyrosinase inhibitor production and biosynthesis regulation in
this strain. [Methods] Nanopore sequencing platform was used to uncover the genome sequence
of S. anulatus 89-2-2. Bioinformatics tools were used for sequence assembly, gene prediction,
functional annotation, phylogenetic analysis, synteny analysis, and prediction of the gene
clusters for biosynthesis of secondary metabolites. The genomes of different Streptomyces spp.
were compared, and the secondary metabolic potential and the evolutionary relationship of
different Streptomyces spp. were studied. [Results] The genome of strain 89-2-2 was a single
linear chromosome with a length of 8 117 999 bp and the G+C content of 71.52%. The sequence
has been submitted to the GenBank of the NCBI, with the accession number CP137002. The
genome of the strain contained 7 088 coding sequences. The annotation against COG, GO,
KEGG, and NR predicted 5 300, 4 176, 2 513, and 7 013 genes, respectively. The antiSMASH

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



B3cis & | FRE S (Streptomyces anulatus) 89-2-2 £ X E4E N F & F5 5 3087

predicted 34 gene clusters for the biosynthesis of secondary metabolites in the genome of
89-2-2, and these gene clusters were involved in the biosynthesis of a variety of natural
products, such as terpenoids, non-ribosomal peptides, polyketides, and ribosomally synthesized
and post-translationally modified peptides. Eleven clusters showed low similarities to the gene
clusters for the biosynthesis of known compounds, which suggested that strain 89-2-2 had the
potential to produce a variety of novel secondary metabolites. The genome of S anulatus §9-2-2
presented high synteny with that of Streptomyces sp. AM2-1-1, which indicated their high
homology. It showed large inversions compared with that of S microflavus DSM40593, which
suggested their low homology. Strain 89-2-2 had 51 specific gene families and 1 235 specific
genes. The results indicated that Streptomyces spp. had strong ability to adapt to diverse
environments, and partial fluctuations in the genomes occurred between species during the
long-term adaptation. Further studies remain to be carried out to reveal the relationship between
specific genes and adaptability of strain 89-2-2 to different environments. [Conclusion] This
study analyzed the whole-genome sequence of S anulatus 89-2-2, laying a foundation for
further studies about the strain in terms of the association between the tyrosinase-inhibiting
activity and the genome, the structures of gene clusters for the biosynthesis of secondary
metabolites, and the secondary metabolic potential of Streptomyces spp. This study provides
basic data for the discovery of novel compounds and new drugs.

Keywords: moderately halophilic Sreptomyces spp.; tyrosinase inhibitor; whole-genome
sequencing; gene cluster for biosynthesis
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Sreptomyces durocortorensis C11-1., Sreptomyces
sp. AM2-1-1, Sreptomyces anulatus VUWI ,
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MK S microflavus DSM40593 FI Sreptomyces
sp. AM2-1-1 R BE N H 7 5 04T FEXS, 3eqs 2k
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DSM40593 . Streptomyces sp. CA-278952 1143k
I MERGELBW, ZRILE 1. Al
O bk 89-2-2 5 S anulatus VUWI |
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DSM40593 BEALIR 4G . Sy 1 HAIELL B HERT,
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() AN {H =ik 95.3%, #F—LUlBH B bk 89-2-2
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S anulatus 89-2-2,
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5§ Sreptomyces anulatus 89-2-2 BE1 T4 KL R 21 Fr 45
3T, HIERAEARRHENZE 1 fR, S anulatus
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AT . AR 89-2-2 FE A HER FKREH
FNIL % H 43512 S anulatus VUWI 14 1.82 £
N 1.39 f%5 952 S microflavus DSM40593 1)
7.29 151 2.43 1%, R R P 89-2-2 55 S anulatus
VUW1 19 25 X 2 AR AIE LU AR R

Streptomyces sp. AM2-1-1 (CP119147)

100
100 Streptomyces anulatus VUW1 (CP080029)

100 L Streptomyces sp. 89-2-2 (CP137002)
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&1
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Figure 1

ETE 89-2-2 £EFEFIDENRRELEWN

Streptomyces durocortorensis C11-1 (CP134500)
Streptomyces microflavus DSM40593 (CP005080)

Streptomyces sp. CA-278952 (CP112880)

SN 510#E GenBank &5 /01

Phylogenetic tree built on the basis of the whole-genome sequence of strain 89-2-2. The number in

the bracket denotes GenBank accession number; The number at the branch node denotes bootstrap value; The

scale plate denotes evolutionary distance.

# 1 Streptomyces anulatus 89-2-2 K& i %5 3 #A B HY £ £ [E 40 7 51 & A HFE

Table 1  General genomic features of Streptomyces anulatus 89-2-2 and other three similar type strains

Item S anulatus S anulatus Streptomyces sp. S. microflavus
89-2-2 VUWI AM2-1-1 DSM40593

FHH K Genome length (bp) 8117 999 8 874 447 7134 031 7905 758

G+C &£ G+C content (%) 71.5 71.5 72 71.5

M BEN%L Total gene number 7088 7571 6 059 6 825

$¥ 4 3 [H %L Unique gene number 1235 883 788 508

B FIEEL Total gene family number 51775 6521 4338 6169

A LN 5 $L Unique gene family number 51 28 31 7

rRNA %44 rRNA number 18 18 21 18

tRNA % tRNA number 71 68 68 72
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R A ) U5 5 DR 76 35 R L 5 90 B A B A
H, ¥ S anulatus 89-2-2 5 2 ¥k S kT
FENH Z 18] AL Ze ko, SR ANE 2 For,
AT &P, HE S anulatus 89-2-2 5 S microflavus
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89-2-2 5 Sreptomyces sp. AM2-1-1 Z [AJf£7E K
AR XIOR L), A DEERMEIRIIX I, 17
3K AR TR ) R Ze P 5ty . AHERTTTS, S anulatus
89-2-2 5 Streptomyces sp. AM2-1-1 K&K £ 41] ()
MU B, X 5 RGE LB M8 R —2.
DL b g5 3R S e 4 55 5 0 8 AN [R) v 22 ] 2 TR 4
GV B —E 22 50, Al REE AN Rl RN
T WA R A A R I 7 AR B PR AR A
2.3 Sreptomyces anulatus 89-2-2 ThaEEH
vk i

¥ S anulatus 89-2-2 T & K 4 & 1 7% 41|

A Annotations
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Inversion
Genomes
= Streptomyces microflavus DSM40593

“ Streptomyces anulatus 89-2-2

1 I
00 1.0

I I I | I
20 3.0 4.0
Chromosome position (Mb)

I I
50 60 7.0 8.0

Ay S HRERMEE (Il COG. KEGG. NR, GO
YA TEORT, JEHBURHRLEE 5 =i (identity>=40%) i)
FEXT A5 SRR TR, i S R Y 4 9 AR B BE
RTERIEFIIRE, HRLERE 2 iR,

HH 3% 2 AJH1, NR RS S g B H B
%, HIKJE Pfam. COG. GO. Swiss-Prot #l
KEGG. Hth iyt i B 2 ) hae 2L K 4 H
B, RN F LRI R TR — T Re A
2.3.1 NR. GO IhgEH %

NR #88 e B4 R gt &l 3 s, bk
89-2-2 BB AT MR Y E T it & W 8
(Sreptomyces) , F 1 7E 55 55 I (Sreptomyces
sp.). 5575 i J8 (Streptomyces) H i T8 31 it 2L R A
Bz, 5k 4683 4~H1 1674 4, & H4r5
N 66.78%F1 23.88%.

GO HRALHE 3 D TH M NE AW F il 2
g ML 4 4> (cellular

component)F1 43 ) GE (molecular function).

(biological process) .

B Annotations

Syntenic
Inversion

Genomes
m— Streptomyces sp. AM2-1-1

Streptomyces anulatus 89-2-2

1 I I 1 1 I I 1 1
00 1.0 20 30 40 50 60 70 80
Chromosome position (Mb)

2 Streptomyces anulatus 89-2-2 5 Streptomyces microflavus DSM40593 1 Streptomyces sp. AM2-1-1
pdtektt ot Bh BAIERORSE PO LA, TR IR 2. He XS B S T Bz ]
BERMEDE S /N . Syntenic A RIZ M HEXT, Inversion A {8 & H Xt

Figure 2 Collinearity analysis of Streptomyces anulatus 89-2-2 with Streptomyces microflavus DSM40593
and Sreptomyces sp. AM2-1-1. The upper axis indicates the reference genome sequence and the lower axis

indicates the determined genome sequence in the figure. The type of alignment is represented as the color of
the connecting line between the upper and lower axes.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3092 WAEY

4

FIER

Microbiol. China

x2 BHOBEEIRIGEERNKSRITE
Table 2 The statistics of annotated functional gene
number from part of databases

B L% 100-300 bp JEH%L KT 300 bp
Database ~ Gene  Number of genes F R %
number with a length of Number of
100-300 bp genes of
>300 bp

COG 5300 2213 2908

GO 4716 1931 259

KEGG 2513 892 1537

NR 7013 3101 3384

Pfam 5637 2392 3038

Swiss-Prot 3 430 1147 2200

Fikk 89-2-2 34 4 716 MR AR GO W
g, IR APl N 15 NG
40.6%) . 4> FINRERY 11 432 (i 29.7%) A4 it
A 11 4332 29.7%) (K 4) . 1E40 i 4 5>
W, S5 YRR A0 I R ZE A i S R o AR
9N 29.60%F1 27.71%; 125 T-Ihedh, 25
ARG MRS G SR A Z, 5k 57.74%F1
42.54%; EAYZEERRT, S50
b0 3 R DA R B A= i A 2o R ) R DR B3 43 ) oy

N

3 NREBELI R FIaIF s HE

2200, 1419, 14704, 4510 46.65%.
30.09%. 31.17%.
2.3.2 KEGG RBHERE S

PR 89-2-2 A 2 513 MNEEPFERE] KEGG $X
e, XSS5 121 MCHHERK(E 5),
Horp i KA AR H R E0m T 60 A1
R %A ABC %% 128 M (ko02010, 220
). SR A R R (ko01230, 154 A3
). BRACHH(ko01200, 141 L), BEAER)Y
(k002024, 95 AFEFE). i (ko00230,
85 NI ) . A 7 R 5t (ko02020, 69 ML),
WA (k003010, 61 4~3E[K). KEGG & 51T
BN K AR B P AR R LR A G ) 3 I
BRI Z 3, HA SR EREAR . TCA TR
AR 142, LA Gly. Ser. Thr. Phe.
Val 2GR0 RS, e LUK RS i
AR G A AR R T, Ak
Wit 17 . Streptomyces anulatus 89-2-2 15 A #¢
%2 S8 8 VR 5y RGE R LA, 1308
S anulatus 89-2-2 HATHAE 22 IR BAH = &
S LR P 45

Bl Streptomyces sp. (66.78%)

I Streptomyces (23.88%)

B Streptomyces lavendulae (2.81%)
BN Streptomyces cyaneofuscatus (1.91%)
I Streptomycetaceae (1.17%)

[ Streptomyces fulvissimus (0.66%)
I Streptomyces griseus (0.19%)
B Kitasatospora albolonga (0.16%)
I Strepromyces floridae (0.13%)
N Streptomyces luridiscabiei (0.13%)
[ Others (2.20%)

Figure 3 Map of species distribution from the NR database in relation to sequences.
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Figure 4 Gene annotation and functional classification in GO database of Streptomyces anulatus 89-2-2.

2.3.3 COG. Pfam. Swiss-Prot #{#E & F 118k
Pk £

KT AW COG B B re 2 I 15
SFN T R ik DR A R DR AL b R ARy,
Circos FA¥5 D e I DR 1R B 45 SR e A= L IR 24
DI E e 7R (] 6). fdiH BLAST #h 4
¥ Streptomyces anulatus 89-2-2 il 5k [A] ) 2
FF415 COG $ils FEFATHLXT, HoHE 5300 4~
FNHA COG IERIIfE. Rtk 89-2-2 FEIN4]
H R NI BE (function unknown)J& Rk %, A
1229 4>, HIK A — B RE I (general function
prediction only), ¥%5%(transcription), 24 JEMR¥E

iz 5t (amino acid transport and metabolism)
(BB 43 51 589 476 I 414 4~ 2 5k
7KAL G Wiz fi 5 0l (carbohydrate transport and
metabolism) . JCHL 2 iz fij 5 118 (inorganic ion
transport and metabolism). AE& 4= 551k
(energy production and conversion) . {555 FH1
il (signal transduction mechanisms) )3 K £ &
S39R 327, 302, 288 #1274 A~ HUEINREILI
TR FEL [ T LAY A 7 1) 4 i DX 1) g 2 DX 7
FERA PR KIANE . 76 Streptomyces anulatus
89-2-2 JEINZHE 1 500-1 750 kb LK kA —A
BRI FE 7%, 28 COG Bds e Fii A vk A=
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Figure 5 KEGG classification map of metabolic pathways of Streptomyces anulatus 89-2-2 genome.
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89-2-2 L[ 2 5 R M BE AR 1 A 4 i S 4]
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Pfam (452 —F @ & RGE B MET
G HEXHE B E A B, R TR 58
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JIRIA e
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G: Carbohydrate transport and metabolism (327) = % % g 8 117 999 bp = = : §
B Hi: Coenzyme transport and metabolism (120) == % P g S5f 2
. I: Lipid transport and metabolism (184) ﬁ - T-é s ;‘gif; ™
B /- Translation, ribosomal structure and biogenesis (172) 2 .2 § S S
. K: Transcription (476) z % ) @ §§
L: Replication, recombination and repair (181) % ‘\%@\@
"7 L

. M: Cell wall/membrane/envelope biogenesis (188) & &
B N: Cell motility (0) 4?7,//, //I Ilﬂlllllll\\\\‘ \%&\\\\\\?\
O: Posttranslational modification, protein turnover, chaperones (146) g;[/ '”’"”lﬂlllllﬂi“\\w W \\’&\
[ P: Inorganic ion transport and metabolism (302) #/ 1] AR “\“
. Q: Secondary metabolites biosynthesis, transport and catabolism (133) 4 100 000
R: General function prediction only (589)
. S: Function unknown (1 229)
T: Signal transduction mechanisms (274)
. U: Intracellular trafficking, secretion, and vesicular transport (30)
. V: Defense mechanisms (130)
. W: Extracellular structures (0)
I v: Nuclear structure (0)
. Z: Cytoskeleton (0)
B Not Cog annotated (1 788)

: d?

6 Srreptomyces anulatus 89-2-2 BB FEEERREIE LD A R R & i 2 S0 8 R R 45 B
WU GHC hi#s, LR CHERRT GHXE, EKROMAERG FERT CHXKE; 5 2 B2 G+C
i, WO RRIZ X GHC SRR T IE N4 AP 4 G+C &R, P @B W SRR i X G+C &
o TIRENA R GHC i, BN S GHC FEZER MR, 5 3 BUZAESS RNA, E6
S IRNA, AN (RNA; 55 4 BLUZ2HE P 45 5. 6 Bl B4 IEsE A 17 BE B BERIE ., COG
NREP R BN s AN NI R NFRR ,, BEAZIE N 5 kb

Figure 6 Genome annotation circle diagram of Streptomyces anulatus 89-2-2. The tracks from the inside to
the outside were the gene information in turn as G+C-skew, the red indicates the zone where the C content is
higher than G, the dark grey indicates the zone where the G content is higher than C; The second circle is the
G+C content, blue represents that the G+C content of the zone is less than the average G+C content of the
genome, light yellow represents that the G+C content of the zone is greater than the average, with the higher
the peak value the greater the difference with the average G+C content; The third circle is non-coding RNA,
purple means rRNA and blue means tRNA; The fourth circle is the repeat sequence; The fifth and sixth
circles are the positive and negative strands genes, different colors indicate different COG function
classifications; The outermost circle indicates the genome size, and each scale is 5 kb.
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s R — D N TR TUR & R E A7
SRR, HA RS AA AN SE B R uE . AT
SEVERE B S . Streptomyces anulatus 89-2-2
1E Pfam FdE 4 A1 Swiss-Prot 2040 22 43 Bl 4k 45 A
B TERRSE 5637 ANHT 3 430 4
24 EEHEEIBRREALHAMEE N
vk

i CAZy $iii PEARTS R TT /K f i (glycoside
hydrolase, GH). ## K4 % Jiff (glycosyltransferase,
GT). Z %Al (polysaccharide lyase, PL)., fi
KA W BRE (carbohydrate esterase, CE). fHh%A
Ab it J5 i (auxiliary activity, AA)FIAEMALIIEE &
7K AL &) B4 2] BE 3 (carbohydrate-binding  module,
CBM)X ANZEINRESR M Re A BEAs 2R, i
3 332 Mok EWEEE E YY), bR
KRR ECE Y 108 4, (bR, ARk
KA YRR IKZ, H 21.98%,
ML & R/, T 0.90% (K 7). FEEEA
YR A E ¥ 415 TCDB. PHI-base, VFDB,
CARD FHaEFA TN, 5eZ9k15 1 609 M1z 2
1. 2 093 M st iR dE EAREARHE AR 1187 4
BAORTFEA, (HERRIGA R C

CE: 17.46%

CBM: 21.98%

ffs B . fili FHE{F SignalP . TMHMM X I #k
89-2-2 HHA TR FANILE A0, SEHINE] 705 4
RSk, 1725 ABEHREE FAN 333 A EE H .
2.5 Srreptomyces anulatus 89-2-2 JRZR4X 5
FEH & R E B R TIN5 A

2 antiSMASH v7.0 #X {15l , Streptomyces
anulatus 89-2-2 JERHH & 34 MIRGACH™
W LN 3), 200 7 SRS A
B 7 J5 1& 1 £ JK (ribosomally synthesized and
post-translationally modified peptides, RiPPs)J
FEHE . 4 > FRE A B (polyketide synthases,
PKS)ZEIENFE | 5 il (terpene) K AL 5115
FERFE | 4 DN AEE A Z KA B (non-ribosomal
peptide synthetase, NRPS)ZEFEK % 3 /|~ PKS-NRPS
KA MK 2 4T N (butyrolactone) & i
FEIEE 1 A U W BE (ectoine) 2 A Al 5 A
o Hr 8 AL WM A LAP [linear
azol(in)e-containing peptides] . NRPS-RiPPs .
NRPS-betalactone .
LAP-RiPPs., NRPS-PKS-RiPPs-LAP-RREcontaining .,
NI-siderophore, RiPPs-NI-siderophore KA I
g, S5HEKE4. 5. 6. 10, 16, 18, 22, 25,

PKS-oligosaccharide .

Il AA: Auxiliary activities (6.62%)
B CBM: Carbohydrate-binding modules (21.98%)

GH: 32.53% [ CE: Carbohydrate esterases (17.46%)

AA:6.62% '
PL: 0.90%

GT: 20.48%

7 BRIKEYIEE S TH L I [E

I GH: Glycoside hydrolases (32.53%)
I PL: Polysaccharide lyases (0.90%)
[0 GT: Glycosyl transferases (20.48%)

Figure 7 The distribution proportion diagram of carbohydrate enzyme.
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% 3 Streptomyces anulatus 89-2-2 JX R S =M A B E R K
Table 3 The gene clusters for the biosynthesis of secondary metabolites in the genome of Streptomyces
anulatus 89-2-2

X R B E LA E = 74 HAALE
Region No. Gene cluster type Start site End site Predicted product Similarity (%)
1 NRPS 3 47 834 - -
2 LAP 60 346 81408 - -
3 NRPS-PKS-RiPPs-thiopepti 87 889 136 411 Lactazole 33
de-LAP-RREcontaining
4 Terpene 150 402 173 685 Isorenieratene 100
5 NRPS-PKS 248 321 352393 Alkylresorcinol 100
6 PKS-melanin 384 669 392 427 Melanin 100
7 RiPPs-NRPS 396 989 458 890 Valinomycin 91
8 NRPS 528 221 593 845 Crochelin A 12
9 RiPPs 640 376 648 733 Tetronasin 3
10 PKS-NRPS 667 687 715 805 10-epi-HSAF 100
11 Terpene 808 982 835188 Hopene 69
12 RiPPs-lanthipeptide 917 241 941 280 Deoxyhangtaimycin 2
13 Butyrolactone 1071 863 1 080 726 - -
14 NI-siderophore 1 786 824 1799 648 Schizokinen 25
15 Terpene 2218079 2 235535 - -
16 RiPPs-lanthipeptide 2 622310 2 643 059 AmfS 100
17 RiPPs 2790 255 2798 286 Hexacosalactone A 4
18 RiPPs-lassopeptide 3576 011 3597 951 SRO15-2005 100
19 PKS 4377 450 4443 300 Lavendiol 32
20 PKS-melanin 4769 733 4778 662 Grixazone A 61
21 RiPPs-thiopeptide-LAP 4981 303 5015 829 - -
22 RiPPs-lanthipeptide-NI-side 5 409 162 5440 662 Desferrioxamin B 100
rophore
23 RiPPs-lanthipeptide 5530735 5562127 - -
24 PKS-oligosaccharide 5596 766 5669 326 Saquayamycin A 60
25 RiPPs-lassopeptide 6190 724 6213262 Albusnodin 100
26 Ectoine 6617831 6 628 229 Ectoine 100
27 Terpene 7 082 534 7 101 765 Steffimycin D 19
28 NRPS 7 113 842 7157 184 Griseusin 5
29 NRPS-betalactone 7 646 309 7 692 942 Lasalocid 3
30 PKS 7 694 674 7735792 Naringenin 100
31 NRPS-PKS 7781 678 7837716 Coelichelin 81
32 NRPS 7 863 890 7918918 Griseobactin 100
33 Terpene 7963 470 7 985 683 Geosmin 100
34 Butyrolactone 8 013 495 8 024 382 Coelimycin P1 16

= THINEN A TCAR AL F) 5 [N 7

—: No similar gene cluster predicted.
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26, 30, 32, 33 LAY EE PR 0 5 O S NG
(isorenieratene) , %4 8] %% — 1 (alkylresorcinol) |
{4, & (melanin) . 10-epi-HSAF . AmfS .

SRO15-2005 . 2 4k i & (desferrioxamin) B .

albusnodin . X % £ [H (ectoine) . i & &
(naringenin) . JKFT & % (griseobactin) , + R &
(geosmin) I A= W) & WL N 7%, AL EE ¥
100%, & Streptomyces anulatus 89-2-2 L JE K
FREIR Y 35.29%, X SR G AR 1A U R
RN BN 8 Fron . FERHE 7. 11, 20, 24,

31 43 5 5 4514 %5 % (valinomycin) . R/ (hopene) |
¥% HL Vb 5% (grixazone) A | %% 8% % (saquayamycin)
A TR FIHAK (coelichelin) i A= ¥ A B L IR # 45
B BRI, AL 60%-91%, FKHIF K
S anulatus 89-2-2 AT RERA G BREIAR | FUAER
JreEdl . Pum . HUMIE . R HSE SR AR W TE A
P RE SO0 11 A REES B A A Y
lactazole . crochelin A | tetronasin .

deoxyhangtaimycin, schizokinen., hexacosalactone

A | lavendiol, steffimycin D griseusin . lasalocid .

coelimycin Zahth 3 PR 7 AR U PR B AR (AR ALLBE /N T

33%); RE[HFE 1. 2. 13, 15, 21, 23 RO E
Wy S R A 35 A 4R 3] 5 22 DG E AR e 1) 2
A LR, X 4 5 5 P v L R R P )
To—EHERIULIERF % 5 S anulatus 89-2-2 &
SRR 50%, FIER 89-2-2 HA /=4
SR DIREARR AL A P nT BB
2.6 EHAIAEERFR LR RHIFH
i 2B B IE ME RO TEN

A N K& BN 15 Fiy Bt B (Scabiosa
stellata) 7 4 B 15 21| 19 P > RO 95 ik i 25 1k &
Y xob B A K A IR TG MR LA IR AR A R
antiSMASH Filll i 75 B bk 89-2-2 & A il i 25 1k
EW A+ R 2K (geosmin) I GRS FE K % . b T IRIE
LR AH 2By B 45 28, Bic ] 0.11.0.22.,0.42.,0.603
0.767. 0.933 1 1.097 mmol/L i)+ R LAWK,
DL TR A BT IR, L-22 B R A AR I E
+ R BN EE ARG Y . a5 R, +
RO H A A5 I AR D
1.097 mmol/L - 5L 5% B 7 1 24 19 il 7% 1k Ay 41
%4 61.81%, ICsofE~ 0.876 mmol/L, + &
BT T 4 T 2, 9 A 1 00 o il 2 1 DL I 9

T ) (S e Isorenieratene
O S . Alkylresorcinol
I M elanin
S I 10-epi-HSAF
I - . A S

D S BRI s SRO15-2005
G ————— @ D-:sferrioxamin B
I S [ Albusnodin
I T T Ectoine
e I Naringenin
(OO D D (T ) (i I Griseobactin
I EEEEEEEEEEEEE——————— (Geosmin

Bl Core biosynthetic genes

mm Regulatory genes B Other genes

mm Additional biosynthetic genes

B Transport-related genes

8 Streptomyces anulatus 89-2-2 & B MR R KB 44 R E E i

Figure 8
Streptomyces anulatus 89-2-2.

Gene clusters for the biosynthesis of the known secondary metabolites in the genome of
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Figure 9 Effect of geosmin on activity of tyrosinase.
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EREER HERNHEZEA RS RHERS
e B IR TS — R A AR G B
F 8= WK GACH ™ P AL R AT RE A BT 42 = B
B DA R PR Y A2 A7 55 A A B FR B A BB
Sreptomyces anulatus 89-2-2 S A T ZH M B
58 51 A7 Y0 ER 1) - 158 43 B A5 3 i — Bk ELAA S
M A PR S M AR AR GRS MBS . B
A, A RCBER W™ A I A IR IR SR R
Az -6 LA ) 50 1) B9F 5 418 %70 . Nakashim 55
M Streptomyces roseolilacinus NBRC 12815 A
R b o s 2659 12815A (ICs
9 umol/L)Fl 12815B (1Cso A 1 086 umol/L), H:
H 128 15A LA it 110 1 2 P 4T o 4% 1
Sreptomyces hiroshimensis TI-C3 X ;=4 ] #1
il P a2 R TR MY Ishihara 256 DA v 7 4E 55 55

(Sreptomyces claviver) N924-2 % ik 143 55 5
ERRZEINHIZ, FTHpd Ble A 4 2.
6, % 24E i (1Cs0>703.34 umol/L)**!, Komiyama
420\ Greptomyces sp. OH-3984 H1/43 25 %) 3 4
b4 OH-3984 K1, OH-3984 K3 Fl 131 %
K3, 7.5 pug/mL ) OH-3984 K1, 3.8 pg/mL AY
OH-3984 K3 J% 15 pg/mL ) AR K K3 Al A3
i Ble RARBAMMAREARAN, HEAR
0 1% 24 PR S ML . Imae STV TE R AE
(Sreptomyces calvus) N924-1 % [ o 43 25 5]
Rk &R, AT LA e HE 2 T NRRLB-1049
MR AR U Bl SR AR AN 5, (HEXT
P T T R I G A TG M o Arai S5 PYRE
Sreptomyces sp. KP-3052 =4 Z2JE#TT, ]
(7 2R A1 A A (1 Cs0=6.8 pmol/L), FfifiE %)
X145 B Streptomyces sp. H7264 17 A= A5
Yk T o B AR 3] 2 A RAKEY S A SR
H7264A Fl H7264B, ZHALMERFIERE T, ©
T 5988 FR K254 enopeptin A A1 B[R] .
HR, 0™ A T 2 TR it 00 ) 700 0 B8 3R 5 By
A R R 2 L R KT I 0
GRS 78 N A A A0S VR B9 O A 0
{H Sreptomyces anulatus 89-2-2 4> % [K 44 ¢ 41] 43
B i AR WLAE , A B9 251k A BE BR 20 27 4 32 O
Mtk 89-2-2 YR ANI ™ Wy 410 i 1% 2 IR il 1% 114
AL ] 5 T 2 1 EAA G OB R A A
LR

S anulatus 89-2-2 43k K 41 ¢ 51 i I 5 4
IR 7R TR AR ) JE PR AL B 8 117 999 bp,
G+C &&H 71.52%, A& Tl 4 5 2 11 5L A
7 088 A~ B EE 89-2-2 L[] Ay A o bR
Sreptomyces anulatus (1 16S rRNA PR A 1
B 99.9%, LT IR—EME(ANT H) = 15
95.3%, [N Hikk 89-2-2 fix 44 4 Sreptomyces
anulatus 89-2-2 . ASiff 43 3 32 %f 3 K 40 iR 1 7 D g
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WM N A=, KB S anulatus
89-2-2 JLIN 4 5 55 AP I MR EE B TR (S microflavus
DSM40593 Fll Streptomyces sp. AM2-1-1)F) 3L A
P AAFAE— SR LU B A X, R WA
H BT, 2RENARFEREW R
PR AR 89-2-2 FITR#k AM2-1-1 BA BT R4 K
%, NCBI %ifi % Ptk AM2-1-1 fFE N 215
HHER, FHik AM2-1-1 & TR S, MFEkk
89-2-2 I3 ES T bt 1, A A IREXTRE R I
H s A AL B AT — 5, TR PR 89-2-2 A fEd
3ok B DR K -5 B B 1) A A Je) S DX B e ik
BRI ASEMUET DO e, A @ b 4k . SR EA
FIFREE . A, S anulatus 89-2-2 JE K 21 H il
FETE 34 NMIRPARH I & BRI R , S e 4
T8 B L AR o AT A B, PR 89-2-2 Bk
ik . LUBREZNGRI RIS G . B
T DA 2 45 2 o AR AR A 2 Ik Bt A=
REEZMRLKY), T H XLV TE M B A
P EAYEL . BUE . DU B RRED,
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LR, R L-2 B R A A I i PR
AT RE AR Y E RN S AL ) - B2 G I g
ZARR BN TS PER 1Cs B2 0.876 mmol/L, X 7]
RER TR AR 89-2-2 R LA™ Py ] 1 2 2 Tl %
PERIHILE Z — o

S anulatus 89-2-2 HA 50%IULEH %, &
115 E LA L AR AR, A ATRES AL
LAY, iS5 S microflavus DSM40593
Sreptomyces sp. AM2-1-1 > Bk 4T H A4 3k
5200, SR it S anulatus 89-2-2 H.
AEZHRAIN GRS EEFRER, HEAK
F BN . AR E IR AT T R B B A T
(Sreptomyces anulatus) 89-2-2 4> 5t [K 4 24 {5
B, O ONEEAMIZEE S anulatus 89-2-2 HHAS
P 2 2 AT T P ) 1k G W R TR AR R DA

AR TSN S i X (W S i P i 4
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DO R R A DG B K T BE . A BT A G
DUBRIE A O AR O, W T bR 89-2-2 Rk
R BAR ™ 1) B A= 06 IR AL ) ot 5 i it
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