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g g — Sy @adk, Rk, 441K 12475688 bp, GCH i 466.27%, A 11900 TF i b
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B-FA LM 2R . X R HEOR T SR A ) R IR
IR A ML A B AR B B R R, TE AR A
K& i CepA. CepB. CepC IAEM T % D-5%
HR . B-RREERE AR . L-KI TR . XHRILIE
HREMR . SRIEIEH IR . p-FE I I 2 R |] —
¥ DR T SR 1) 58 JE I 22 R A L K R
2 bJE e A AL SC B CepE. CepF. CepG Hiff:
N B A SR N, LI 5 T B 1 B SR 45
W, % 3 MRS GtfA. GtfB. GtfC /£
NAES A A P A AR — AT
Wik, 7ES 6 a3k i — T i, Ak
o AR HoA B 2 SEH, RAG A

(A) H,N

AB82846A: Ri=H. R,=Cl:
AB82846B: R,=CI. R,=Cl:
A82846C: Ri=H. R,=H.
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AP R A82846!%, A82846B 5 1 i T K 4
FARMRL, (FOBEEEMISEE AT, OF BB Rk
i REAME AL AL S X R AE AL RO, & s AR
SR BLREA  RI AT, T AB2846B (14 A
S AN E R HUR ) AB2846A FITCSE A
THR ) A82846C (WLIEl 1-A H Ry, R i),
45 AB2846B 147 5 ali Akt i 1 Y IR XE

WEE TR R 25 A A L, DA SR AR
[ RN [P = TR & o i S = 9 0 ]
45 VP bR 4 8 (0 ) 45 BR B (methicillin-resistant
Saphylococcus aureus, MRSA)EYL Ay Il AT,
FF S L R Ik bk 3R 140 520, 2014 47 FDA

(B)
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Figure 1.
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The structure of A82846 (A), oritavancin (B) and vancomycin (C)'.
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e T4 AR AR P A R AT A BB,
VER—FOn R, BATT A FDA it
YA T P B 2% B B 5 1 v A B
JBk Az Bk 4 Ky @ Yt (acute bacterial skin and
skin-structure infections, ABSSSIs)i& YT & > Fil
U — B BRI R PTE 2™t FDA
PR M Sy P A TR M B R R A 4R (skin: and
soft tissue infections, SSTI)id Juj i f4 4 48 ik e 1
<955 7 il (qualified infectious disease product,
QIDP)™ . H H A % il 2 Xt 2k ok VR Y
AB2846B YTk M A I SR T 21, Rt
AB2846B YL A= 1 LT 7T X B A T B 1Y b
R

A PRI S % i CCTCC M 2020063

(B H AT AN 5307, SHZ R OC R
F AB2846B £ LA i mbtH J BRI AN < fL A 47
BT . LR IER ARG R4S T A Tl
FE1H CCTCC M2020063 [tk st (5 {5 8., X e £k
A82846B 1L s A EE IR S E X, Xt
A82846B 1 Tl Ak A= 7 A & R i .

1 ARAn T %

1.1 k. BURLAIGIY

BFJT B AlA A82846B A i B4
#EH CCTCC M2020063 14 T 7t rg K 2: 224 B
Rl TR, 'S ZH04., HAWM . Bk
M5 1.

x1 SWATREN. BRAM54
Table 1. Strains, plasmids and primers used in the study
sgizipl asmids/ Description Notes
Strains
K. aridumZHO04 The original strain capable of producing A82846B Our |laboratory
ZHO04-E K. aridum ZH04 containing pSET-E, Apr' This study
ZH04-M K. aridum ZHO04 containing pSET-M, Apr' This study
E. coli
ET12567 Donor strain for intergenetic conjugation between E. coli and From Professor Niu Guoging of Biotechnology
(pUZ8002) Sreptomyces, Kan', Chl' Center of Southwest University
ETZ-E ET12567 (pUZ8002) containing pSET-E, Kan', Chl", Apr' This study
ETZ-M ET12567 (pUZ8002) containing pSET-M, Kan', Chl", Apr" This study
Plasmids
pSET152 E. coli-Sreptomyces shuttle vector, Apr' From Professor Niu Guoging of Biotechnology
Center of Southwest University
pSET-E pPSET 152 derivative vector containing ermE* promoter and fd This study
terminator
pSET-M gene07864 inserted into Nde [ /EcoR | sites of pSET-E This study
Primers
M-pSET152-F TCCACAGGAGGACCCATATGTCGGTCGAAGATTTCGA Amplification of mbtH gene for
TGTTG construction of pSET-M
M-pSET152-R CGGCCGCGGTACCGGAATTCTCAGGCCGGGTGGTGCGG
PSET-YZ-F GGATCTGTGCACGCGGTC Verification of recombinant
PSET-YZ-R GGGTCGGAACAGGAGAGCG

http://journals.im.ac.cn/actamicrocn
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1.2 3EFEIFEFEH DNA 3R

ZHO4 RIHIFISPARIG TR (g/IL): KRGk
10. FITEVEN 20, WEEEE A 10, pH 6.80; TSA
g Ak (/L) B AR 156, KRG E A 5. NaCl
5. pH 7.0£0.2; FiFH5573E(g/L): #ZEHE 10, %
ZEWIE 15, B OB 10, BRFRES 2. pH 7.2+£0.2;
KR SRS (g/L): HATHE 20, FEZFMIRG 25, &
Ky 10, BRIRES 4. W% 1. pH 7.2+0.2, H5FRIR
J¥ 28°C; KIAFF M LB R385 57 (g/L): &
F% 10, BEBERHB 5. NaCl 5.

FLH ZHO4 JE [ 20 DNA - 764 | HIHL ZHO4
AR FERN 2 TSA A IR I, 220 r/min T K
3% 48 h, JHTIEIA 4] DNA BYHI#5 . (5 7 4 b
K20 DNA $2EGR & CRAR A B (b ) A R
3al), fdi TBS-380 #¢5ti(Turner BioSystems
Inc., Sunnyvale, CA){ll%E DNA ¥, XA
JFHE A DNA EE i (ODosoros0=1.8-2.0, DNA i
=15 pg, HJF =50 ng/ul )M E B,

1.3 FEEAWF. 243 KR EE T

I PacBio RS I F1 Ilumina - & A= Bl B 5K
WA T A B 2T o BT ST E i A=
Y1y 1-Sanger - £ (www.i-sanger.com) b7,
131 FEHEAWF. FEEAMNF# H PacBio RS
[ B35-SI (SMRT) A Tuminad il 5-F & 20
A, Mumina (%5 8 FH R AL 56 N 4 H 42 1
WAL IR RN . BB R A 5 g, [l i £
TIE T S8 R RS A () 2 4
132 FEEMAAEE: HEwM raw data 2L fastq
M ARAFAL R, S TS S 0 20 5 S A
XF s s AT B YY), AR RIS BT Y clean
data. F|H canu } HGAP % {4i/t47 PacBio $t#&
208, B reads H2E AL contigs, 15 3] 58 B A YL 1,

actamicro@im.ac.cn

AR BRI A . feJ5 AR i umina 5 £k xof
A EE R BEATREE
1.3.3 FEEWW . A Glimmer X 5 K 4 o i) 4
T 7 5 A 5 T, Johr 35 ROR ] GeneMarkS #1414
i, tRNAscan-SE i#£417 tRNA Tii{ill, Barrnap it
17 rRNA T
14 REARBA BT K A82846B Riffi&E 5T
i3 antiSMASH 5.0 {4 XA AR (1 Ik AR
FER A R R A A T N, ] Geneious 4 X
& M A82846B 1 AH OC Bk K kAT F X, sE
AB2846B & i S K 5 &, ff FH # F DNAMAN 8
Il NCBI 7EZR 25 1 L XTI ag, X B 4 v i < Ak
Bt EA 7 R 53T o
1.5 mbtH REFE KT RE
1.5.1 JRhr pSET-M By#E: i/ Phanta Max
Super-Fidelity DNA Polymerse 1£ ZHO4 (1) 3% [K 21
DNA |1 gene07864 K& [H A Bt , K JfUki pSET-E
M Nde T Fi1 EcoR T W44~ FR il 14 B 1 7 sii b V1 5
RN PR, (#] FastPure Gel DNA Extraction
Mini Kit i 77 &6+ gene07864 LA Bt Al pSET-E
RPEFAR I, K1 09 B i R BOFIAUEYI S (1)
LEPEIL R AR A T AT 25 A gene07864 3L [ (1)
JFiki pSET-M .
152 BUEERRMER ZBE: ¥k pSET-E.
PSET-M 73 5ll%: A ET12567 (pUZ8002)/8 7 A Hh
193] ETZ-E. ETZ-M, &4 W - KIGFF W46 5%
B EE L0, 5 ZHOA T4 S B0k, i
W ER WSS T, aldr 4 ZHO4-E,
ZHO4-M. ¥ ZHO4, ZHO4-E. ZHO4-M =K1
ARG FRFE 6 d, HERhER TR,
220 r/min FIR¥% 5535 48 h. LA 10%[0 1 Fh 54 4%
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Fh 7k 2 R B IR b, R4 0555 6 d 45 kK %,
G 2 PR o
1.6 A82846 [5E

1.6.1 XERMAEBMECH . K% PRI A82846B
XTHE SRS R, A ddH O %R, BLE K 2 g/l 1Y
W, B AR PS5 3] 1500 mg/L . 1000 mg/L .

800 mg/L . 600 mg/L . 200 mg/L . 20 mg/L M ,
7 0.22 pm BB E &, 5 PTHEA T i OB £
TE T K AB2846B X HE A v T Mk B (%) 5 Hh i
A EC))VER, 1520 briE 2 f(x)=13068.4122x+
25656.9474, R*=0.9999.

1.6.2 HHAMEBEBAE L A SN &
liZ pH £ 10.5-10.7, JiC'® 1 h, 12000 r/min
B0 10 min APBREAR, FINAFEERRE pH 2
7.2-75, ZZ 0.0 0.22 pm Y8 I8 g B AT gk
AT 1 BSOBORE 3 43

163 BERWHEEEM: A5 Agilent
SB-C8 4.6 mmx 150 mm, 3.5 pum; A 40°C;
WA UL 0.1% IR LMW A, &
fE M EhAH B; i 1.0 mL/min; A% K .

240 nm; FEAER: 20 pl ;s BEMLARY: 0—22min,
A:B=95:5—-85:15;22—24 min, A:B=85:15—95:5;
24—30 min, A:B=95:5-95:5,

1.6.4 WAHEGIERIEHRARM: A5 Agilent
SB-C8 4.6 mmx 150 mm, 3.5pum; F:ik: 40°C;
WANAH: LA 0.3% M BRI A s A, Z i Rt
SAH B i : 1.0 mL/min; A4S 240 nm;
PEFER . 30 ub; YRR
A:B=98:2—90:10; 22—25 min, A:B=90:10—98:2;
2540 min, A:B=98:2—-98:2, & T-Ji. ESI; DL
WE . 250 °C; AU A . 2.50 L/min,

0—22 min,

2 HRIPAT

2.1 BERRAFE R A A B Mo

211 PARRAIEEE A HRFFE: 1llumina Hiseq
AR B s, AR SIS 399 bp, it
f reads 1K 150 bp, &l —FRIIMRETTYIZ
JE A E ) B reads, BT JE Y reads FE AT
FEHHH R, PacBio “—ARMFLERE/R, S
Reads % & &y 85036, *F-3 reads iz K 6212.23 bp,
MK 528262860 bp.

SERILRAE B R, IR e B4 4
&, HIER 2 PRI kL, A — SR 2 PG (IR,
4K 12475688 bp, FTA AR GC &
66.27%. T4 11900 4wl ALy, RPN G
11324571 bp, Mt BB & KA H 4L H
90.77%, FH K 951.64 bp, H 47 35.29%f
FLHKELE 1000 bp DA b FHEAAFAE 68 4~
tRNA, 3t 23 #2551 . rRNA $t4 9 4>, Hivh 16S
rRNA. 23SrRNA F1 5S rRNA £ 3 4~ fif
Tandem Repeats Finder {4117 5 15 5 & 7 41 1
W, & 355 PELEJFH], EK 58370 bp, hALH
201 0.47%. Circos & [H 2 J& €] WL & 2,
212 BB Wi AR, TR
PR R GHEACE GO R EUE R IE R, A
JE IR 20 B4 DU )5 B DR AL R b, BT
16S rRNA JE[H 1 31 ~F ZK B (dnaG . frr . infC.
nusA. pgk. pyrG. rplA. rplB. rpIC. rpID. rplE.
rplF. rplK. rplL. rpIM. rpIN. rplP. rplS, rplT.
rpmA. rpoB. rpsB. rpsC. rpsk. rpsl. rpsd. rpsK.
rpsM. rpsS, smpB, tsHAUFEAIEIL M, BoRY
AT MR W E JE Y A b Kibdelosporangium
phytohabitans KLBMP1111 (& 3, 4).

http://journals.im.ac.cn/actamicrocn
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A: RNA processing and modification
B: Chromatin structure and dynamics
C: Energy production and conversion

o s v g
mmps%"ézggggggsgc D: Cell cycle control, cell division, chromosome partitioning
Legd P & . : 5
SeaBeT P AL M E: Amino acid transport and metabolism

M F: Nucleotide transport and metabolism
I G: Carbohydrate transport and metabolism
H: Coenzyme transport and metabolism
W I: Lipid transport and metabolism
J: Translation, ribosomal structure and biogenesis
K: Transcription
L: Replication, recombination and repair
M: Cell wall/membrane/envelope biogenesis
N: Cell motility
O: Posttranslational modification, protein turnover, chaperones
B P: Inorganic ion transport and metabolism
M Q: Secondary metabolites biosynthesis, transport and catabolism
R: General function prediction only
S: Function unnown
T: Signal transduction mechanisms
U: Intracellular trafficking, secretion, and vesicular transport
B V: Defense mechanisms
B W: Extracellular structures
B Y: Nuclear structure
M Z: Cytoskeleton
W 16S_RNA
B 23S_rRNA
M 5S_RNA
B (RNA
W Prophage
Island

2. FEMBER CCTCC M2020063 £ A A Circos
Figure 2. Circos map of Kibdelosporangium aridum CCTCC M2020063 genome. The outermost circle of the graph is
the identification of the genome size; the second circle and the third circle are the CDS on the positive and negative strands;
the fourth circleisrRNA and tRNA; the fifth circleisthe GC content; the innermost circle is the GC-Skew vaue.

08 Saccharopolyspora erythraea NRRL 2338 (NC_009142.1)
———  Amycolatopsis japonica DSM 44213 (NZ_CP008953.1)

i 50 Amycolatopsis orientalis B-37 (NZ_CP016174.1)
‘|IEA mycolatopsis keratiniphila HCCB10007 (NC_021252.1)
Amycolatopsis keratiniphila FH 1893 (LT629789.1)

[ Actinoalloteichus hymeniacidonis HPA177(T) (NZ_CP014859.1)
96 [ Actinoalloteichus sp. GBA129-24 (NZ_CP016077.1)
Actinoalloteichus hoggarensis DSM 4593 (NZ_CP022521.1)

99

98 Allokutzneria albata DSM 44149 (NZ_LT629701.1)
98 Lentzea guizhouensis DHS C013 (NZ_CP016793.1)
99 Actinosynnema mirum DSM 43827 (NC_013093.1)
Actinosynnema pretiosum X47 (NZ_CP023445.1)
99 — Kibdelosporangium aridum CCTCC M2020063
9 ! S . : o= Kibdelosporangium phytohabitans KLBMP1111 (NZ_CP012752.1)
Pseudonocardia dioxanivorans CB1190 (NC_015312.1)
99 99 I—_ Pseudonocardia sp. AL041005-10 (NZ_CP011862.1)
Pseudonocardia sp. HH130629-09 (NZ_CP011868.1)
97 Pseudonocardia sp. EC080610-09 (NZ CP012181.1)

Pseudonocardia sp. EC080619-01 (NZ_CP012184.1)
L Pseudonocardia sp. HH130630-07 (NZ_CP013854.1)

o

99

0.000  0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040

3. ET 16SrRNA EEFIK ARG i L
Figure 3. Phylogenetic tree of 16S rRNA genes. The sequence number in brackets is the NCBI reference sequence
number. The number on the branch point represents the reliability of the data, the larger the value, the more reliable it
is. Branch length indicates evolutionary distance. The shorter the horizontal line, the higher the homology.
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Mycobacterium tuberculosis CCDC5180 (NC _017522.1)
Amycolatopsis sp. AA4 (NZ_CP024894.1)
100 lmlz Amycolatopsis sp. BIJA-103 (NZ_CP017780.1)
—- s Amycolatopsis orientalis strain B-37 (NZ_CP016174.1)
Amycolatopsis japonica DSM 44213 (NZ_CP008953.1)
Amycolatopsis keratiniphila HCCB 10007 (NC_021252.1)
Amycolatopsis keratiniphila FH 1893 (NZ_LT629789.1)
Amycolatopsis methanolica 239 (NZ_CP009110.1)
Saccharomonospora cyanea NA-134 (NZ_CMO001440.1)
Saccharomonospora glauca K62 (NZ_CM001484.1)
Saccharomonospora marina XMU15 (NZ_CMO001439.1)
Prauserella marina DSM 45268 (NZ_CP016353.1)
Alloactinosynnema sp. L-07 (NZ_LN850107.1)
Allokutzneria albata DSM 44149 (NZ_1LT629701.1)
Kutzneria albida DSM 43870 (NZ_CP007155.1)
oo Lentzea guizhouensis DHS C013 (NZ CP016793.1)
100 Actinosynnema mirum DSM 43827 (NC_013093.1)
— Actinosynnema pretiosum X47 (NZ_CP023445.1)
Kibdelosporangium aridum CCTCC M2020063
— - - Kibdelosporangium phytohabitans KLBMP1111 (NZ_CP012752.1)

85 100[
0
[

L | 1 1
0.00 0.05 0.10 0.15

4. ETERERMMEARILSHE
Figure 4. Phylogenetic tree of house-keeping genes. The sequence number in brackets is the NCBI reference
sequence number. The number on the branch point represents the reliability of the data, the larger the value, the more
reliableit is. Branch length indicates evolutionary distance. The shorter the horizontal line, the higher the homology.

2.2 A82846B A B AT
5 KEGG BRITE %4 % (https://www.kegg.

TEAE , Fe UL 0 4 ) CCTCC M 2020063 i 5% H 4
4 1 A8B2846B [ RE

jp/kegg/britehtml) tE Xt & B, il B REEAR
(ko01055) 45 A iH % 7F 77 % 46l /1 & § CCTCC
M2020063 H14: 524 (K 5), WEIHATLIE A
Y AB2846B f14)3H s 5 44 .

WA 6 Frx, A82846B itk i Al Sic 1 401 1
P CCTCC M2020063 & B IRAF i H () 5 — 0y it
T T TR €233 P v [] — s} ] H 0 . ESI-MS 45
th A82846B Fin i i AR EMAE L Y vz B0
1593.35 [M+H]", F —F o182, FlE—Fp
Y, M A82846B )57+ X (CraHasN10O2Clo) T
BHA TN 159243, [HIHE R 9
CCTCC M2020063 & [+ i A AB82846B

2.3 A82846B & BEK 4T

FIH antiSMASH 5.0 {4 (https://antismash.
secondarymetabolites.org/#!/start) 7 i H 4> 3t 5 25
Ay 47 SR YA AR R, AR
A82846B 5 LA AR H Y SCHESEIN , IARAZBE (A ik
& MR cepA. cepB. cepCl™®, 4iijifi (1,25 P450
BATNABESREH cepE . cepF. cepG, LA K 3 Fiofidit
FERMGIEIN gtfB. gtfA I gtfCl 82k g £ 5]
A82846B 1) £ i EE K3 T Cluster32 (129715 bp),
[K I, Cluster32 i A82846B A ik M5, H ik
FEAE— 64 Ry R A R A A 2RI

http://journals.im.ac.cn/actamicrocn
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|Biosynthesis of vancomycin group antibiotics ]

4-hydroxy H N I 1!
Phenylalanine, tyrosine and f benzcylforrnate |CT GeB| D'zl" lcef :
ylalanine, tyrosi ——i o ] - I i -Tyr
tryptophan biosynthesis LFiE r EETE [ ! € OH OH | HO @

|
4-hydroxy L-4-hydroxy 4-hydroxy mCepK \CEPC] | ,_& I )__/ |
B ¥ !
phenylpyruvate mandelate phenylglycine : :? | : 14 \; Eﬁ
Llyrnsme (Hpg) CepL —HHQ -y (. X
| fO H

Cep] i 1/_\ i N

et il
J\ 2 AL

5" > -Hpg, A

Pyruvate metabolism |-~~~ »O 231 246'—-0—[[)?—-0— HpgT I—h}—t )\ 6 r | D-Hpg  “—NH, D-Leu i
S /\0 a4 1
' i
I

Malonyl-CoA 3,5-dihydroxy 3,5-dihydroxy L-3,5-dihydroxy- oH

phenylacetyl-CoA phenylglyoxylate phenylglycine Dpg | Afll E
(Dpg) W D-Hpg © 3 [CepAl
5
dTDP-4-0x0- dTDP-3-amino-4-oxo- dTDP-4- Heptapeptide vancomycin aglycone
dTDP-D-glucose 6-deoxy-D-glucose 2,3,6-trideoxy-D-glucose oxovancosamine
?—4.2.1.455—-0—‘ EvaA ——»0— EvaB ——»0— EvaC ——+0— EvaD | EvaE |
-3 4-dioxo- : ITDP-L-
i dT_DP 3,4-dioxo dTDP-3-amino- d epivancosamine Chloroeremomycin
| 2,6-dideoxy-D-glucose 2,3.6-trideoxy-C-methyl-
D-erythro-hexopyranos-4-ulose
Nucleotide sugars metabolism -
G| vancomyei aTDP-L i B TG'M
- ancomycin -L-vancosamine . Epivancosamine
| GifE 2 ancosamine [CepF|
l Glucose Heptapeptode vancomycin aglycone l G]ucose CepE

1
Tyr /C
Epwancnsamlne/r\. O 0 ¢’ \ D- Tyr
A —»0O /‘\/OH
I

L oo B
HO. W D-Hpg NH, Y D-Leu
= 0 Asn 1
Dpg O D- HPb

\  CepG|

E5 AHERENMEZRLEVESHERE
Figure 5. Biosynthetic pathway of vancomycin group antibiotics. The red border indicates the presence of the
genein the strain.

, TIC (+)
(A) (B) 10000 »
1000 r A82846B standard sample g =
2
45 | 5000 7
600 | N —
. e 1510 1520 1530 1540 1550 1560 1570 1580 1590
é A82846B milz TIC (+)
Sl AB2846C 10000 [ _
Fermentation sample -
200 7 AB2846B standard 5000 | . %
sample 58 $°83% g 888 8 88§
0F — . RE CO8Z 8 ERE g EiR
. ) ) . Fermentation sample DI TR TR, TR T,FT.. Lo |
0o s 10 15 20 25 30 1510 1520 1530 1540 1550 1560 1570 1580 1590

t/min mlz

6. AB82846B ¥R/ RINTELIER CCTCC M2020063 & B EY HPLC (A)F1 LCM S (B) &)
Figure 6. The HPLC (A) and LCMS (B) detection of A82846B standard sample and the fermentation sample of
Kibdel osporangium aridum CCTCC M2020063.
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HT T SNl gE R CCTCC M 2020063
SR 4 rf AB2846B 5 L IR Y E 4 17 2., X AH
KR AT — — X o R R A A
30 ML B JE T Chloroeremomycin 4 i
O b 1 AN 36 R B 71 9 BB oK 1 (CepD) o
M4 38 PSR 30 NI, B A TR R

L 33 NHEH(8163604-8164407))8 T
ZHO04-chloroeremomycin )& G g, HdH
6 AP JCTERE R . a5 B DL &
Geneious 4 LLXT & 1741, i gene07869.
gene07854 . gene07849 43X} & 1 CepM .
Cepl. CepL (3 2). It4h, PD FHHAI TyrA2

%% 2. ZHO04-chloroeremomycin & R EF &P EFEHF 5Lt

Table 2.

Protein sequence alignment of ZH04-chloroeremomycin biosynthetic cluster

thoroeremomycin Accession Metabolic pathway Z.H04-chlo_roeremomycin Identity/% Note
biosynthetic cluster number biosynthetic cluster

PD CAA11792.1  HPG biosynthesis TyrA2 (7871) 100.0
/ Unknown function / (7870) /
CepM CAA11793.1 ABC transporter CepM (7869) 100.0
CepA CAA11794.1 NRPS CepA (7868) 100.0
/ Unknown function / (7867) /
CepB CAA11795.1 NRPS CepB (7866) 100.0
CepC CAA11796.1 NRPS CepC (7865) 100.0
CepD CAA11799.1 NRPS MbtH (7864) 98.2 MbtH-like protein
CepE CAA11797.1  Oxidative cross-linking CepE (7863) 100.0
CepF CAA11798.1  Oxidative cross-linking CepF (7862) 100.0
/ Unknown function / (7861) /
CepG CAA11791.1  Oxidative cross-linking CepG (7860) 100.0
CepH CAA11780.1 Halogenation CepH (7859) 100.0
GtfA CAA11774.1  Glucosyl transferase GtfA (7858) 99.7
GtfB CAA11775.1  Glucosyl transferase GtfB (7857) 100.0
GtfC CAA11776.1  Glucosyl transferase GtfC (7856) 100.0
EvaC CAA11777.1  Sugar biosynthesis EvaC (7855) 100.0
Cepl CAA11778.1  Epimerization Cepl (7854) 100.0
MtfA CAA11779.1  N-methylation MtfA (7853) 100.0
HpgT CAA11790.1 HPG biosynthesis HpgT (7852) 100.0
CepJ CAA11784.1  B-OH-tyrosine biosynthesis  CepJ (7851) 100.0
CepK CAA11773.1  B-OH-tyrosine biosynthesis ~ CepK (7850) 100.0
CepL CAA11772.1  B-OH-tyrosine biosynthesis  CepL (7849) 100.0
Hmas CAA11761.1  HPG biosynthesis Hmas (7848) 100.0
Hmo CAA11762.1  HPG biosynthesis Hmo (7847) 100.0
EvaA CAA11763.1  Sugar biosynthesis EvaA (7846) 100.0
EvaE CAA11764.1  Sugar biosynthesis EvaE (7845) 100.0
EvaB CAA11782.1  Sugar biosynthesis EvaB (7844) 100.0
EvaD CAA11781.1 Sugar biosynthesis EvaD (7843) 100.0
DpgA CAA11765.1 DHPG biosynthesis DpgA (7842) 100.0
DpgB CAA11766.1 DHPG biosynthesis DpgB (7841) 100.0
DpgC CAA11787.1 DHPG biosynthesis DpgC (7840) 100.0
DpgD CAA11767.1  DHPG biosynthesis DpgD (7839) 100.0
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HEAAME, CepD H M MbtH &[] U5 1 ik 3]
98.2%, i CepD J&—Ff MbtH 2881, 254
A2 WA K A BT 1 2 N o 45 SR R E 1Y
Chloroeremomycin & 838 #% HH 4 30 A4~ 3& K 34 7F
Cluster32 H 4% ] T HIXF N 3L B, Z B R EA 5E
#1 AB2846B & AL N, (HH H {545 gene07867 .
gene07870, gene07861 I INREAR AT, X 3L
PN, G IR AT AR AR b i 2 TR
BN

T O kRS A F5IM, 5 Cluster32
rh i {3 gene07859 1 7E )T 41 et , {8
MEGA 6 #4723 B 53 #r (8 7)o buxd 45 SRR B 5 i

PIHIFEH CCTCC M2020063 Y 1 1k g5 1% 1k i
CepH!® (CAA11780)5¢ 4= —%&L, [RIEYE N 100%,
S MR X {L#E BhaA”® (CAA76550)F1 1
3 )L Vhal®Y (AEIS8871) /s FE AL, W] U5
4351k 95.5%7F1 93.7%.
2.4 mbtH REH 9

MbtH & & —FV/NMEF(2 10 kDa), +
5 — S 2 T AR A IS R (NRPS) 1 i 1
fRas AR LM 45 G, (2 NRPS B4 & . 12
SEERIEER22 ) MbtH 285 10 T IR AT Ak A 58
JEAR R R, FER TR E T, mbtH 28
JE I (vemLL) (i ek S AR MR 58 A e T AR T

CepH Amycolatopsis orientalis (CAA11780)

100

100

197] 43

76

100

100
94 { @ gene07859

BhaA Amycolatopsis mediterranei DSM 5908 (CAA76550)

Vhal Amycolatopsis orientalis HCCB10007 (AEI58871)

ComH Streptomyces lavendulae (AAK81830)

Asml 2 Actinosynnema pretiosum subsp. Auranticum (AAMS54090)

68 —— CalO3 Micromonospora echinospora (AAM70353)
— Clohal Streptomyces roseochromogenes subsp. Oscitans (AAN65237)
CmlS Streptomyces venezuelae ISP5230 (AAK08979)
PItA Pseudomonas fluorescens Pf-5 (AAD24884)
PItM Pseudomonas fluorescens Pf-5 (AAD24882)
PrnC Pseudomonas fluorescens BL915 (AAB97506)
HalA Actinoplanes sp. ATCC 33002 (AAQO04684)
86 Neocarzilin Orf3 Streptomyces carzinostaticus (BAD38872)
55 HalB Actinoplanes sp. ATCC 33002 (AAQO04685)
Ctsd Streptomyces aureofaciens NRRL3203 (BAA07389)
AdpC Anabaena circinalis 90 (CAC01605)
PyrH Streptomyces rugosporus L1-42D005 (AAU95674)
@E PmA Pseudomonas fluorescens BL915 (AAB97504)

RebH Lechevalieria aerocolonigenes ATCC 39243 (CAC93722)

7. BERBEXCEHNRRELK IR

Figure 7.

Phylogenetic analysis of flavin-dependent halogenase. The sequence number in brackets is the NCBI

reference sequence number. The number on the branch point represents the reliability of the data, the larger the
value, the more reliable it is. Branch length indicates evolutionary distance. The shorter the horizontal line, the

higher the homol ogy.
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TRMEEST, HRMG 8 JLF 58 2R 5 31 B A A
B AR A K, i Fak mbtH 2 3 R (] I 3 A
vem1l ik Rl 2L A cloY) ¥ RE 3 & i B R 1
P mbtH 2856 R — A AR A K
PR LR TR
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20.37% (198.92+28.02 mg/L), # ik S {E ik T
AB2846 1A=, B iR T T 26.42%. 1T mbtH
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I AB2846B 7 1t R Y It DXL i AN RE W4 , M\
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CCTCC M2020063 1, =54 i A82846B M)k
IR 5 7R 5 LT A R A A A I R A P 22 57

B) 1200 1AB2846A

#xx [ A82846B
1000 1 _I_ P71 A82846C
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200

The production of A82846/(mg/L) ~

7
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El 8. 7 ZHO4 E#kHidRIA mbtH K ER
Figure 8. Overexpression of mbtH-like genein ZHO04. A, B: HPLC analysis of A82846 components production
(Error bars represent meanststandard deviation. Significant differences analysis was carried out, ****: P<0.0001,
***: P<0.001, **: P<0.01); C: comparison of A82846 yield.
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Oritavancin intermediate A82846B-producing strain
Kibdelosporangium aridum CCTCC M2020063 whole genome
sequence analysis and mbtH-like gene verification
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Abstract: [Objective] We analyzed the metabolic pathways and key genes of A82846B synthesis of
Kibdelosporangium aridum CCTCC M2020063. [M ethods] We used the second-generation sequencing technology
Illumina and the third-generation sequencing technology PacBio to perform whole-genome sequencing of
Kibdelosporangium aridum CCTCC M2020063. We also used Glimmer to predict the coding sequence. To identify
the secondary metabolite, high performance liquid chromatography and liquid chromatograph mass spectrometer
was applied. To predict the secondary metabolite synthesis gene cluster, AntiSMASH 5.0 software was applied as
well. Besides, focusing on the analysis of its mbtH-like gene, geneious software was adopted in this paper to
analyze A82846B synthesis-related genes. [Results] Sequence analysis showed that the strain belonged to
Kibdelosporangium aridum, containing a plasmid-free linear genome chromosome with the full-length gene
sequence of 12475688 bp and the GC content of 66.27%. This linear genome chromosome had 11900 open reading
frames and a total of 47 gene clusters. This strain was capable to synthesize A82846B, and the biosynthesis-rel ated
genes were located in Cluster32, which contained 33 genes. Overexpression of the mbtH-like gene gene07864
promoted the synthesis of A82846 by 26.42%. The halogenase gene was gene07859, being highly similar to the
halogenase of vancomycin and balimycin. [Conclusion] In this study, we carried out the genome sequence analysis
of Kibdelosporangium aridum CCTCC M2020063, and we also obtained the information of A82846B
biosynthesis-related functional genes, which provided a strong basis for the metabolic pathway and engineering
modification of A82846B.

Keywords: Kibdelosporangium aridum, oritavancin, A82846B, whole genome assembly, mbtH-like gene,
hal ogenase gene
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