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Isolation, identification, and whole genome sequencing of a
marine-derived strain of Acinetobacter pittii

LONG Yun’er, PAN Ruixue, ZHAO Yining, MA Haotian, MA Yi, PENG Jinju"

College of Coastal Agricultural Sciences, Guangdong Ocean University, Zhanjiang 524000, Guangdong, China

Abstract: [Background] The ocean is a huge microbial resource bank, which creates
microorganisms adapted to high salt, high pressure and low temperature environment, from
which microorganisms with antibacterial activity against animal pathogens can be isolated.
[Objective] To isolate marine bacteria with antagonistic effects on animal pathogens from the
offshore sediment of Zhanjiang, Guangdong and analyze the whole genome sequences of the
strains with strong antibacterial activity to mine the functional genes involved in bacteriocin
production and other activities. [Methods] We used the M10 medium, P3 medium, and BHI
solid medium to isolate bacterial strains from the sediment samples. The bacteria with
antagonism to Staphylococcus aureus, Escherichia coli, Bacillus cereus, and Salmonella
paratyphi B were screened by the disk diffusion test. The 16S rRNA gene of the antagonistic
strains was amplified by PCR and analyzed by sequencing. The strain with the strongest
bacteriostatic effect was selected for whole genome sequencing, and its bacteriocin production
potential was analyzed by sequence assembly, gene prediction, and functional annotation, as
well as by mining of potential biosynthetic gene clusters (BGCs) for bacteriocin and
deciphering of potential mechanism through anti-SMASH. [Results] A total of 317 strains with
antibacterial effects were isolated from the offshore sediment in Zhanjiang, Guangdong,
including Bacillus, Acinetobacter, Enterobacter, Klebsiella, Pseudomonas, and Vibrio. The strain
AM3-2 with the strongest bacteriostatic effect was screened out. The whole genome sequencing
identified strain AM3-2 as Acinetobacter pittii, which had a genome size of 3 426 922 bp and
the G+C content of 39.84%. The genome of this strain was predicted to carry a total of 3 631
protein-coding genes, 6 TRNAs and 64 tRNAs. The genome contained 6 genes related to
antioxidant activity and 8 genes associated with the regulation of immune and inflammatory
signaling pathways. In addition, the strain was predicted to carry 2 BGCs for bacteriocin.
[Conclusion] AM3-2 was a potential bacteriocin-producing strain, which provided a theoretical
basis for further study of its antibacterial properties.

Keywords: antibacterial activity; isolation; identification; whole genome; functional annotation

HEPE AT s T HBERR T 70% , HEAE BT
—AE R AW A 5 E SRR AR
K 4 P J5) (National Oceanic and Atmospheric
Administration)fli i1, 80%AY WAL A B &M,
HE T A IR AR L TR B SR I
S SR PR IR A A ) A X SR A= 1

TR A AE R R T 22 9 A 10 B 1 RT R 2 Ak DA 4
PR R 25 PE AW I A 2T B HT,
TR B PR RO SR AR s PR 24 ) AR
Tpd . RS PRSP TY T AR
7, BT AR i AR b 35 P Rl RESR F ARG
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VR LA B S AR R A EL T I R B R
Yy, GH R A AT AR E ST sl IR
L At Y TR W B T T A R R A R
Y. NS JE (Acinetobacter ) J& — i Y
B QIR T, HHA 2 e, mT
SHRZFNRIRAE DO, 72 A AR A U T
FIACIE A o SEAFR, WF5T 34 I 42 3 R A1
JERR XA ST A TARSY , 3248 TR R S DR 200
B, TR IIRET . A N AR LT
BCR AR TR ICURHE o, EATAHTR A 70 s 4, $k
TEXT B9 [ T AT B AE PO E R Ar TR, X Hk
A BE M P A g RE, @4l anti-SMASH
TE 2R B0 VA T LT A 41 T R I, LA g A
PR IR BT IR 25 9 Bt R R AL RS AR B

i R

1.1 #&H

KA AR VLT IR 4 A XA I i e
Fedh, RAESAL TR AEAC R | AR |
s N el RN 0 R DR, Al o AL
B. C. D. BAIACRE 20 HFEdL, 435 H
BHESUKEEWFRLEE. RKBHFE
(Escherichia coli) CMCC(B)44103 . 4 # {0,745
Bk 7 (Staphylococcus aureus) ATCC 25923 #1Z
IR A5 9 ¥0 1] IR (Salmonella paratyphi B)
CMCC(B)50094, T~ ZR AL R A R A
Hl. HEREZEMUAT S (Bacillus cereus) CICC 20551,
H ] Tl B A R R A S R 0
1.2 EHRE

MI10 555 3(g/L): Al PETERY 10.00, 7KA#
M % 0.50, ZAEHHK 0.01, 5 14.00, %
KR P3 KEgRIE(g/L): #MERY 2.00, &
EEBEE 0.01, G 14.00, B oK%,
B AR (g/L): KNOs 100.0, K,HPO4 50.0,
NH;NO; 10.0, MgSO,-7H,0 50.0, NaCl 50.0,
FeSO4 1.0, MnCl-H,O 0.1, ZnSO4-7H,0 0.1,
M LB FIKE M. 0 IR W IR 7 (brain-heart
infusion broth, BHD) {5355, U REERHEA

FRZSH] ;s LB AR FRILR LB [ AR FRIE, bt
FEFF R AR B A R A |] ;. R EERE SR A (g/L): #E
B 40.0, RN 5.0, BEEHRH 5.0, EAK
15.0, NaH,PO42H,0 0.2, Na,HPO,-2H,O 0.5,
Mg,S04-7H,0 0.5, CaCl, 0.2, MnSO4 0.2, FizE
TRKS A I BERE FAR(g/L): &2 1 el r 1k
¥ 10.0, CIEEEREILY 3.0, EAKIER 1.0, AE
A 5.0, BEREEM 5.0, &fbEH 5.0, Bl
15.0, JCHMAF4EE1 70.0, FHZEIBRKE
1.3 EEIRXFI AL

MagPure #i[# DNA 58] &, & TAEY T 7%
(EHB AR T 5 0.22 pm B, KEHiRH
fCRESLR WS AR A B % b W
(phosphate buffered saline, PBS), i FE4E/R4:
YR A RA . B L TAER, HsERH
MG T2 AR AT A4, B
LRI HiRIRS A, Big—EE
PR Qubit 4.0 2GR E &1L,
Life Technologies 73 w5 HLIKAY, JbmimiN—4:
YR ARAE; AYHRIKEG I R%,
M H R A RA R MOAERIR AL, i
PP HH R B RAE
1.4 BEHKRESESTFIE

B YR FE S TR FRER 2 g, KR K
B 1 000 155 357040 T P3 5555 3EA1 M10 3557
b, R E KRB 100 655 51145 T BHI
{REEFREE, 28 °CHi SR 5 do BRPMBUANFIEZS
FATHVE AN T LB WIARE 758,37 °CHE 5% 16 h,
N 71 S NI rp R ek B2 7T I Y OR RSN
UITIRIEVE TR SR, 430 PL 1%8Fh i AR
BEE LB [ REEFR3ET, SRASEY #ukd 1L
FEAL 8 mm), #5200 uL PREAEBINAFLA,
37 °CH55% 24 h, WESTFIE A B B2 (mm).
1.5 16S rRNA EERTEERELAE
T

R K TR R IR R R 6 2 7 Pk 1
JEH4H DNA, RA#E 59 27F (5'-AGAGTTT
GATCMTGGCTCAG-3")Fl 1492R (5-GGTTACC
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TTGTTACGACTT-3")#4T 16S rRNA %t [ 51
PCR #/'#. PCR WA (30 pL): 1xPremix Ex
Taq PCR fiff 26.0 pL, . Fii#E5147(10 umol/L)
% 1.0 pL, DNA f# 2.0 uL, PCR S &4
94°C 5min; 94°C30s, 51°C30s, 72°C45s,
30 RPEHR; 72 °C 10 min, #3477 W1% 1% 0%
FHEE RS HE TG, Ze A T A AR (TR By
AR A TN 738 o 74048 NCBI 8 ek
T e, 32 TR VA e v R R 1 SIAE S 2 H
14, iz MEGA 11.0 I ERF L ER .
1.6 T IEEKIIEBRANE

IS RBRTE LB WA R TP RN,
2% R R EESR 50 mL KRR,
30 °C., 180 r/min }535 48 h, BUKBEW T 4 °C.
8 000 r/min &5.0> 30 min WH L3, HIEWAETC
FAAE A 0.22 um JEARIEIE 4 1, PIFEH
B2 il B A, 153 JC A M A T b .
KR 14 IR E ik, AR E 3 A
WA, F G R H AR (mm) R BE A 45 75
PRI B IS P
1.7 AIEMEINE

¥ 1.4 2B HTRE bR AM3-2 2580 T LB Wik
BRgRsh, H1.6 A B ANk B
. RABURY BULAETILAS HE 8 mm),
100 pL JoAH M & BE WS WOMA 7%F 3 g ¥
AL, LL 1% Triton X-100 1y B4 %t R, PBS
RS PP ER VS RVE M BH X R, 37 °CHE 5% 48 h
Je WE AR P LIS 0L, B 3 R JInFEFLJR
T LA I A 58 2 24 IR 8 )% (-5 1)
sl AN 7R A A R (y- 3 1) AT AR VA 2R AR I
TFEFLE BBl 20 40 B i 52 i 28 iR TE K
BT, BT PR (B-VA ) B 2 A i
1.8 E[FE DNA HI$EEY

B Ek AM3-2 T LB AR R F ikt
Mek4e, 37 °CHEF% 12 h, PhikAK RIFH A
76T LB Wik 355, 30 °C. 180 r/min 3535
16 h JEakA: TAY TR (R B0 BRA w3k
170 Se k) Je SCERY HE . f ] MagPure 4 7

DNA 57 & #2H DNA, %M Qubit 4.0 %61t
WLIR E f A DNA WREE, i 1%3 R e
B¢ L Yk Al DNA S8
1.9 STEERYHEE KON

fifi i MGI DNBSEQ-T7 47 3CFE (i #4 1 1l
M o B4 JE K 4] DNA BEHLA B AL, SR/
200400 bp. 8257 B EEFN R AL RAE TR
ZUHIFAL | 1% 1.5 7k E T PCR 930 it H
9 R B FREBR 2645 R Qubit 4.0 ZOGTHAZIR
FE AN SCPEFEATHEE , Lt 2% IR e
HL UK PEAS SCE B9 BE o B A% 1Y SCIE T MGI
DNBSEQ-T7 V- & L #Aill¥ .
1.10 Bk AM3-2 R L ERMEE

{#iJ§ BLAST 4 BE R A3 219 16S rRNA
SWFS S NCBI Bds RS T LR, 3 E 24
identify>95. #RJ5 1L identify fx = AYHT 30 4%
16S rRNA FEN 51 (4 U 4 50, F 4 mafft
AT AT P9 Z2 E X I8 U) 5 R ] FastTree
B ERGERER .
111 EEHEE L E

W0 P A5 B (9 B2 P 51 L G B e PR
LAk RNA S5{5 EOCPF R GBK SCF:, 1
1 Proksee (https://proksee.ca/)2: il 3 K 2H 8 14
112 £YEEESH

K H GO %4 /% (http://geneontology.org/) |
KEGG %t ¥ JFE (https://www.kegg.jp/) . COG
(https://www.ncbi.nlm.nih.gov/research/cog/) . IF
TUARE AR EPEE NR (ftp:/ftp.ncbi.nlm.nih.
gov/blast/db/) . %1z & 43I K4 (transporter
classification database, TCDB) (http://www.tcdb.
org/) . Tk /K AL & 1 1 1 lif§ (carbohydrate-active
enzymes, CAZy)%( ¥ /¢ (http://www.cazy.org/) . BF
71 I %04 /&£ (Virulence Factors of Pathogenic
Bacteria, VFDB) (http://www.mgc.ac.cn/cgi-bin/
VFs/v5/main.cgi) X 1 IR PR AM3-2 gfith A
AT I AR
1.13 I E 4 BTN 53 4

F| FH anti-SMASH 7E£E B4 %2 (http://antismash.
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secondarymetabolites.org/) il & A AM3-2 AKX
AW A A LN, R BAR ™
WG B RS T 4317

2 BER5HM
2.1 BHEEMEKRTGIE

N AR T T T BRIV 4 A RAFE S TR
SYESH 1920 MRANTR, ARG TR IE 317 bR
(BHRAAAETE B R AE YR =R G, R
NMDCX0001740, %84 https:/nmde.cn/resource/
genomics/attachment/detail/ NMDCX0001740) . f5i
FA BB MEE RN 85 Bk, 75 B 4
B A E G YE A E 100 ¥R, 75 C EH
BTG ERANTR 81 #&, His D /e A m
PG VERAITE 51 ko EAA T 3540 Bk A o R
24 Bk, HApfif AH 28K, (is BA 8Kk, i
HCAH 8Kk, i DA 6Fk; HAoxt 4 FegR
WA MEERA 6 Bk, 4058 AM3-2, CB4-1.,
DB2-4. DP15-5. DM12-11 il DM20-3, 6 ¥£J~
T TR R AT R T M LR 1
22 FAHEFEMHEKRNRZAE S

AT ER 317 BRABEH R 26 1Na
£, 15 2F £ FF @ )& (Bacillus) . A 3 /T & &
(Acinetobacter) . fi%¥F i J& (Enterobacter) . 7a
ARHE(Klebsiela) . {2 iR & (Pseudomonas) |
IR R (Mbrio)ss . Hr ZEfIAF I )E & ekl
54%, ANFFFEIE S 15%, BAFERE S 13%.
XF AR EA TR OB 6 MR R G A
aR, A 1 TR, Wk AM3-2 Fil CB4-1 AR

=1 BRPDE 6 thI iR RAIHIEIE M
Table 1

ST & (Acinetobacter), Efk DM12-11 Jyi
B4 Jify 4 ) (Pseudomonas), [k DB2-4, DP15-5
1 DM20-3 ¥4 2 4T 5 J& (Bacillus) .
2.3 E#HARELFGRIIEDR

X6 ARTIE R ) 2 T 3 TR A R RE
PEATINAE , 0 b i VR 00 AT BB ) e G 1 TR R
Friaeeses . a5 50 mE 2 iR, 6 Bk E
E Kk AM3-2, DP15-5 Fl DM20-3 i F g H
BN ROR . PRk AM3-2 (19 E BT 4 Fh
A ESE RN ESR, SR E
(Escherichia coli). 4% (o #45Ek A (Staphylococcus
aureus) . < I {5 %€ V0 '] [C @ (Salmonella
paratyphi B)FI 8§ 2 fd #T I (Bacillus cereus)
By 7 3 00 R R AR 4 i R (15.04+0.14) |
(19.56+0.35). (20.39+0.21)F1(11.83+1.46) mm.
iRk DP15-5 F1 DM20-3 i b 15 1M % 45 2 42,
R 2 K A R 25 A A B R RCR, il
VR MR AM3-2 PEAT IS LE RS2
2.4 EFE AM3-2 5B EERRAILEM

WiE 3 R, #ikk AM3-2 JC4IME & B F i
TWAE A B R SRl Sl oI .
2.5 Etk AM3-2 EFAES REEER
HFFIERS

ME 4 Fs, Wk AM3-2 ZEH41 KN A
3426 922 bp, G+C & iEH 39.84%, 15|
3 631 MEAMHMIERE . 6 1 rRNA. 64 1
tRNA K FIE AM3-2 2 5L R4 751 #8582 NCBI
FLRHBPEE, F£3575 BioSample accession:
SAMN44353140,

Antibacterial activity of six broad-spectrum strains isolated from sea mud

TR R B4 8l EL 4% Antibacterial circle diameter (mm)

Strain KIGHF W EMEERE ISR FED T T IR A WERE 2 A IS
Escherichia coli Staphylococcus aureus Salmonella paratyphi B Bacillus cereus

AM3-2 14 15 13 20

CB4-1 20 13 13 34

DB2-4 25 25 16 21

DP15-5 22 30 40 19

DMI12-11 20 25 18 17

DM20-3 18 20 18 15
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1 BT igEEMHEER 16S rRNA EEFIMEMARZLER 03 ERECFEIR bootstrap {H
(1000 RE); 155 NN GenBank % 3%5; bR ERIHILIEE .
Figure 1 Phylogenetic tree constructed based on 16S rRNA gene sequence of broad-spectrum antibacterial

bacteria. The number on each node represents the bootstrap value (1 000 repetitions); The serial numbers in
parentheses are GenBank accession numbers; The scale bar represents evolutionary distance.
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z = AM3-2

g == DP15-5
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5 Cell-free fermentation PRS

=10 supernatant i
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£

z [

< 1 A

poolt o aureuss- paratypm B p.oor?® 1% Triton X-100

2 TIBES 4 MiERENIRREER 3 Eik AM3-2 £ B EIERINE IMIE M
Figure 2 Diameter of antibacterial circle diameter of Figure 3 Hemolytic activity of strain AM3-2 cell-free
broad-spectrum strains against four indicator bacteria. fermentation supernatant.
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Acinetobacter pittii

AM3-2
3426922 bp

4 Bk AM3-2 H9 2 EFBHEZRE

Figure 4 Whole genome framework of strain AM3-2.

2.6 Etk AM3-2 BUEFEFR

X FUINAS 2 1) e A FE P 7E NR, COG . GO,
KEGG. CAZy. VFDB FI TCDB %4 P 173
RETERE, Wk 2 R, Wbk AM3-2 76 NR £4s
PErh RS 3 628 K, 7E COG £t
HREE] 2 470 DL, 7E GO Bk e b At i B3|
953 N, 7E KEGG i 2 A3 B3] 1047 4>
FE, T8 CAZy BuHl e e B3 53 N
1£ VFDB %8 i B3] 252 AL 76 TCDB
B B b LR R R 459 AN
261 NREEEIBRRGLENH

WE 5 s, B 2 340 AR RN i
AT (Acinetobacter pittii), J&F NCBI £
£ L4119 Acinetobacter pittii 4> 3 DX 4 1 bk
AM3-2 BN 4H , SR FastTree XA R 40
KEWNE 6 FiR, Hk AM3-2 5 Acinetobacter
pittii PHEA-2 BB 6 R i, Kk, #HAar
%44 Acinetobacter pittii AM3-2,

2.6.2 COG HIEFE TR
kR AM3-2 d8F 2 470 PIEFEREER.

W G+C content
B G+C skew+
W G+C skew—
W CDS

tRNA

M (RNA
B tmRNA

I Repeat_region

Fz2 Bk AM3-2 EETIEES TS
Table 2 Statistical analysis of strain AM3-2 gene
functions

Bl e BED B
Database Number of gene
NR 3628

COG 2 470

GO 953

KEGG 1 047

CAZy 53

VFDB 252

TCDB 459

H, 2 58EREBMm. SOk,
18 (posttranslational modification, protein turnover,
chaperones) LRI AG 103 4>, =521 il BE/ 5/
fu, 55 A W) & A (cell wall/membrane/envelope
biogenesis) LA 151 4>, 258 . ZRHA
2E K 14 W) A (translation, ribosomal structure
and biogenesis) LKA 170 4, X 3 PIfEAH
LR 5 4 T 2R 7 A B UTAE DG (BT 7))
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5 Ekk AM3-2 B9 NR #iREEEER

= cinetobacter pitti (2 340)

mmm Acinetobacter baumannii (211)

mm Acinetobacter pittii ATCC 19004=CIP 70.29 (190)

mmm Acinetobacter pittii PHEA-2 (126)

mn Acinetobacter sp. BEC1-S18-ESBL-01 (66)
Acinetobacter sp. SH024 (60)

mmm K/ebsiella pneumoniae (44)

mmm cinetobacter sp. (36)

mm Acinetobacter sp. 263903-2 (34)
Acinetobacter sp. JS678 (25)

mmm Others (496)

Microbiol. China

Figure 5 Gene annotation of NR database for strain AM3-2.

2.6.3 GO BIEFEIRE

WK 8 Frn, ¥IEE =W Iaens R 3 1K
A, AhiL2H 43 (cellular component, CC). 43 F
1) B8 (molecular function, MF) . A4 ¥ i 72
(biological process, BP), M GO %ifg % Hp 3y B¢ 2]
953 /NEE[A, Horh BP R BRI 2 488 NI,
CC iR 461 NEEN 3 MF TR 1 264 4>
FE . AW R 3 AP DD RE B IR E AR
WL AR | A FR A — AR ) R . A AL oy
BB AT 3 Fh 2 A 1 R 43 1) 40 A B 4 Y
A AR . &5, A FOIRERIET 3 RN
REE R E 2 IRTE . 456 W T2 R E A
PrAALTETE . SPUEAATEEA S A 6 1>
4% B4 ctg00002 00750 . ctg00003 01105 .
Ctg00004_01508 . ctg00008 02513 . ctg00012_
03189 Fil ctg00014_03337.
2.6.4 KEGG HEETRF

Pathway 43K 5 12 i 72 (cellular
processes) . ¥ 5i fF B 4 P (environmental
information processing). %% 15 B AL P (genetic
information processing). 1tiff(metabolism) I
ML & %t (organismal systems), WK 9 Fr7s, BERE
AM3-2 247 1 047 A BEPR B R 2 TR I RERY

28 N . 5 ANTR R AR AR G RO E . DhEE
HAMBEEME 3 R, HABSIEEE
EHE M, 7E 58 ko00471 (D-745 4 Bk
D-45 24 R AR ) AR 6 A 3 IR v 2% 4 1 1) 380 1
o ¥ RbuA 2 AW A L 55 N A 4 8
k000253 (TUARED G ) ko00970 (T &R
KPR A ) . k000261 (B PN AL A4
A ) ko00521 (B REWER), S5 TH
A B HIGE  ANH(2E P4S0 AT L2 5 S5 Y
PRI, S v A G 5 TR A 8 458 8 98 0E 3 [
k003320 (PPAR {5 53 ) h Z ¥ EF . ABC #%
iz 8 il 1 ABC iz ¥ i [ k002010 Z 56 41 14
RKizik Z40ush,
2.6.5 CAZy BUIEE IR

WK 10 fin, Hik AM3-2 2245 53 AN JEH
PR, HAp R KEEEE A 6 4>, Wik
PBMIENA 154>, PERERfEMIENAE 19 14,
AR R A 13 4.
2.6.6 TCDB HUIEE TR

S R m T i — 28, LA
WIRE RS AN T b R AT VR an
B 11 7, ¥ Acinetobacter pittii AM3-2 7E%5i2
AR E I TR, L RR 459 A4
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numbers; The scale bar represents evolutionary distance.
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A: RNA processing and modification
B: Chromatin structure and dynamics
C: Energy production and conversion
Barplot of COG categories D: Cell cycle control, cell division, chromosome partitioning
E: Amino acid transport and metabolism
F: Nucleotide transport and metabolism
G: Carbohydrate transport and metabolism
H: Coenzyme transport and metabolism
250 } I: Lipid transport and metabolism
J: Translation, ribosomal structure and biogenesis

5 K: Transcription

'E 200 + L: Replication, recombination and repair

= M: Cell wall/membrane/envelope biogenesis

2 450l N: Cell motility

3 O: Posttranslational modification, protein turnover, chaperones
P: Inorganic ion transport and metabolism

100 F Q: Secondary metabolites biosynthesis, transport and catabolism
R: General function prediction only
S: Function unknown
S50 T: Signal transduction mechanisms
U: Intracellular trafficking, secretion and vesicular transport
0 I i V: Defense mechanisms

ABCDEFGHIJKLMNOPQRSTUVWYZ W: Extracelular structures
Function class Y: Nuclear structure

Z: Cytoskeleton
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Figure 7 Functional annotation of strain AM3-2 gene COG functional.
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Figure 8 Strain AM3-2 gene functional annotation GO functional classification.
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Figure 9  Strain AM3-2 gene function annotation KEGG metabolic pathway.
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*® 3 EHK AM3-2 FHE R R E TR EEXE R

Table 3  Genes related to antimicrobial and immunoregulatory pathways in strain AM3-2

P KEGG il % 1D Yitig F[H ID
Number KEGG pathway ID  Function Gene 1D
1 k000471 D-B H WA D-B ZE R AL ctg00004 01586, ctg00003 01210, ctg00002_00780 %5
D-glutamine and D-glutamate 6 MHH KL A
metabolism ctg00004_01586, ctg00003_01210, ctg00002_00780, etc.
(6 related genes)
2 k000253 VU R 1A 0 ctg00004 01391, ctg00009 02692, ctg00014 03335 %4
Tetracycline biosynthesis S AFHE A
ctg00004_01391, ctg00009_02692, ctg00014_03335, etc.
(5 related genes)
3 k000980 IR (5 K P450 X F R R ctg00005_01660. ctg00006_01900. ctg00019 03567 %
Wi 15 A AH I IE ]
Metabolism of heterogeneous  ctg00005_01660, ctg00006_01900, ctg00019_03567, etc.
substances by cytochrome P450 (15 related genes)
4 k000970 Tl R AB RN AEY ctg00002_00636. ctg00011_03057. ctg00015 03461 4
B 26 AR EE A
Biosynthesis of vancomycin ctg00002_00636, ctg00011_03057, ctg00015_03461, etc.
antibiotics (26 related genes)
5 ko03320 PPAR {55 #% ctg00011_03048, ctg00001_00560. ctg00001_00558 %
PPAR signaling pathway 8 MHHCEL
ctg00011_03048, ctg00001_00560, ctg00001_00558, etc.
(8 related genes)
6 ko02010 ABC &% T. 5 ctg00008_02584, ctg00001 00060, ctg00018 03541 4§
ABC transport 72 AR EE A
ctg00008_02584, ctg00001_00060, ctg00018_03541, etc.
(72 related genes)
7 k000261 BRI A A R ctg00002_00730., ctg00007_02182. ctg00003_01246 %5
Monolactam biosynthesis 8 N AH I [
ctg00002_00730, ctg00007_02182, ctg00003_01246, etc.
(8 related genes)
8 k000521 HHEEYE K ctg00010_02889. ctg00010_02888. ctg00010_02887 4

Streptomycin biosynthesis

6 MAH I
€tg00010_02889, ctg00010_02888, ctg00010_02887, etc.
(6 related genes)
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Figure 10 Strain AM3-2 CAZy annotation. GH:
Glycoside hydrolase; GT: Glycosyltransferase; PL:
A glycolyase; CE: Carbohydrate esterase; AA: An

oxidoreductase; CBM: Carbohydrate binding
domain.
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Figure 11  Annotation of strain AM3-2 TCDB.
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Figure 12 Alignment results of strain AM3-2 genome using antiSMASH.
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