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DUEETFAHFE RIW-S5 IO BELEERMAERZ. ERK
EAEIZHE
EEE Bzl Dogl B2 9 R kRE FR1 i’

GiER

1 P ARMBHE A2 Be BV ¥k 712100
2 BEVEE A E PRV X 723000

3 W MWEAR POl o 628017

B OB IFTINFHETEAE5E, ik, REKE. REBFANLZARMLESR, Bk
HAAAGHRBAR LAY RCRAAE. [B 6] 05k —hat R E FAHAY R R EH LA
AT N EHF AT, LELAESGRDB L. WAKRIPP)ARK. [HiXk] BidH 5
06k . ATMEIEARSF kTRt A AR, @il A m0lE B B A= Biolog o AT iR AR T A M F T IERATH
A, AR Nlumina NovaSeq 6000 -F & #4742k B 28 /5 5 I 52, @ it BAGELA 424 09 i & .
RIPPS Jk [ 45 2 i A2 46 A ALAL. 145 ) 4k RIWL5-5 3t R A 1 49 461 2R R AF, 4743 T %
78.4%, *TEEH . FARIE AR E A RITEIPHAER, AR NCBI F k49 BLAST 46t B
M 49 16S rRNA 3 [ = rpoB A B & 71| # A7 F) IR b A7 , %58 B ¥k RIW-5-5 2 I 3 347 5F Je4F i (Bacillus
velezensis). BAGEL4 447 # #k RIW-5-5 4 3L [ 20 - 7| &4 4~ A% Lasso_peptide. Cerecidin. Sactipeptides
vA % Propionicin_SM1 #92 Bl 3%, 2+ Propionicin_SM1 4 & K £ F JaAF B+ A I, %o M)
%8 TrpGD. — AL RBE. 2-FUX—BRBLAR E1 A 55. [46] Htk RIW-5-5 4645474 2 AP K
HmE, BRSHFLRAALT. 2EAK. @A ZFRARARRK, LA 5869 LT AL
.
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Isolation and identification of Bacillus velezensis RJW-5-5 and
gene cluster mining of bacteriocin and RiPPs
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ZHANG Jiatao® LI Bin® YANG Yang® AN Derong™
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3 Sichuan Tobacco Company, Guangyuan, Sichuan 628017, China

Abstract: [Background] Chemical control pollution is becoming more and more serious, “3R” problems
are becoming more and more common. Therefore, screening new biocontrol strains and studying their
antibacterial substances have become a hot spot. [Objective] To screen a strain of Bacillus velezensis that
has biocontrol function against phytopathogenic bacteria such as Cochlioboluss ativus, and excavate its
gene clusters that regulate the synthesis of bacteriocins and RiPPs (antibacterial peptides synthesized by
ribosome pathway). [Methods] Strains were screened by methods such as separation and screening,
confrontation culture, etc., and strain identification was performed by whole cell fatty acid, Biolog analysis
and molecular biology methods. The Illumina NovaSeq 6000 platform was used to determine the whole
genome sequence, and the potential bacteriocins, RiPPs gene clusters and potential mechanisms of action
were explored through BAGELA4. [Results] Strain RJW-5-5 had the best inhibitory effect on Cochlioboluss
ativus, and the inhibition rate reached 78.4%. Strain RJW-5-5 was identified as Bacillus velezensis.
[Conclusion] Strain RJW-5-5 can inhibit various crop diseases, has a variety of lantibiotic, lasso peptide,
bacteriocin and other antibacterial peptide gene clusters, with broad development prospects and

application potential.

Keywords: Bacillus velezensis, whole genome, lantibiotic, RiPPs, biological control

AR, ZEAOFT R AE AR AE Y UE B A T
BT EEER, BEE X ZERR R AR 5T Ok R
A, ANTRVFR 2 ZE A P -t 120 4 e 0 5 5 Ok
20054, Ruiz-Garcia % M\ PGHE Vélez ] (1) ik A
m B T BR CR-502T, Fifid DNA Z5CiESL
HR B REAR, B oA 44 R DUSIE M 2E 7 147 (Bacillus
velezensis)™, D13 27 AUAF B AR 2 AFIR, BT
F2 RPHYER(GY), K/h) 1.5 um, —B o H g
BT HES, A B RS ZE A A R
FEFAE MK A e p R L AR s, DL S AT
TR AEAE T AR, g 1 g
KM el

Y TR 2R — e g TR AR R P S s B
IETETE Z IR BT, & — R Py I v R AR
B A R HAT A TORE . IS R A
FHAS IR RT PR A, Bk 1B 32 3] 75 DR A7 328 T
RAL2= B R ka3, WS R AT 1R 7E 28 KB 5

et Ve T, AR AT AR SESE SR, DS 2
FE T B0 1R 9 ot 3 2 A8 IR b A 3 RN SR B 2 4t
RO REIRAL A YR Y . R Y
—RERRY, XY REAWEN, X 2FdE
Yys SR R AR LA FE UM, BERE R R A Y B B
PO AT BB AR AR A A PR N T B
1% 325 /N RIPPSM | SRSB4 T 2 FIR 4 -
LR M. RiPPs WiEFTATEAEY & B h &
AE T T T B8 P R 2 SRR sl 4 M () 22 Ik (il . =
EMARR, WK, PEibash, ke
P, Briast, SkEEAMEELER), XELERR IS
WG HAEYRE A B RN, /N RiPPs T EAUE5
£ B W05 K (Lanthipeptides) . Sactipeptide . 3k 2
IR RE . P 2 M 9 K (Linear  Azole-Containing
Peptides , LAPS) i Bk (Thiopeptides)

Glycocins, £ fik(Lasso Peptides)™; RZ&Mif
TR 2 AUHG Pediocin UKL K Cereins S5 AR &M
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RK s Ko 1B 2R AL 48 LA B v v 1 1 K 4y
FEAGTRAT 10 kD), XU L H 7R
WAL SRS R ANt A S R T,

AHFFEISE T bk RIW-5-5 W858 . 445
6 90 2 Z2 B AEL 905 B B Bl TR RIOR W R AR A
B A A HLA R S T A AN
BRI Biolog 43k A K o F A% i iZ i bk
AT T8, MEEC R R TEZS%
AT 2R AR AR B Ak RIW-5-5 FF1 T T 42 3L A
HF, JfEst BAGEL4 #2541 HOB eI RE AL
K%, o Propionicin_SM1 S E IR A ZF AT I JE
TR B, SR H S DL ZE AR B 1 B0 T ) T E 5
L P AE =S/
1 MRE5ElE
1.1 ##
111 FEATFMLERIEFRE

WElE . AR, B, NaCl (43 Hral) i 4g
B, b RETFHEARA R ; DNA FZEGKH]
&, ETAY TR(ES)BROAERA . B0
R, i FRHE AR Al PCR Y,
Bio-Rad A F],

BigRdk. LB HiFedk. PDA 5323504 pDB &
FHL(PDA KSR EEAMBNG) o
112 it ig

BV Z2 08 JE iR AR AR TEI R L AR
Bel . IKAZARBE . AR U TIHE T LA KAs i AR 2 5% e
SR S R RAE A, T 95
z1 AEFAFRREEARESE

1.1.3 fREFEHSR
/1N AL i D TR N A AR 0 D T AR 52
o es, PRAFTE 30% H .
1.2 ®HHI B

e R B A 10 23 B vt R BB £ 0
T HERES 10 g, TR 10 1% b g S RS ]
10-107° — R F LRI . SE IS, 30
FH0.1 mLAGRE LI, FIURARARAE LB BE3R3L 14y
AIAHK, BETIEEET 30 °C ¥t hiEsE 3-4 d,
LT PE A KA, AR A K B T TR
. B SRR AEBREUR [ ) 40 5 5 VR R TR 2R
alifl, B EVHORK R N R — TR . PREL
H—PHVETE LB RhE B rRIZ, e gRA Th R R
JERAET 4 °C VKA .
1.3 /N EIRERE B FE

e X iRe 1 S v 0 e MO, DA/ AR T H
feonE, 5 mm R EATLA T TG ALt 148
INEEGE, OB R R SR PDA AR S
FERTH, PR AR T B B W DE 25 em &b
A4y, VIAHEREDHEARCH XTI . A 28 °ClE IR
BRI E SR 5 d, DS B IR 0% 1 B0 T Y
BTER R, g5 RIW-5-5,
1.4 E#k RIW-5-5 I E i 140 E

R FAR U F e A B B RIWLE-5 XA
[l I A (6 1) ABDRIVERT, 72 PDA R FR3FA
JFFTFLE RN 6 mm AR R BB, 76 DU 43
B FP A SRR, ARSI A= B T B S AR B A o

Table 1 Pathogenic fungi and their hosts used in the experiment

Ak Strain

2¥ & Host

BHZEE i Phytophthora capsici

ZUPABTHE I Alternaria kikuchiana Tanaka
TR B B S5 TR Alternaria solani

HRAEAL 2SR # Fusarium oxysporum f. sp. vasinfectum
T4 IR & Colletotrichum orbiculare
MR SR & Alteraria alternata

SEIR R JE SR B Colletotrichum gloeosporioides

T K KPR # Setosphaeria turcica

Tk ZEHELEEE Pythium aphanidermatum

ML Capsicum annuum L.

Z4 Pyrus spp.

L4442 Solanum tuberosum L.

Hi4E Gossypium spp.

75K Citrullus lanatus (Thunb.) Matsum. et Nakai
JH % Nicotiana tabacum L.

S Malus domestica

Tk Zea mays Linn.

T2k Zea mays Linn.
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HR, JHCE T 28 °C JRIEHESE 4-6 d, Fpx) Rk 5t i
KWL, WSS A It W TR TR TE 24, T+
TN M TR HAR, WA REZERIHR, *
BEL 3.
15 BEMEMILELE
151 HELERE

ek RIW-5-5 BHARTE LB Fl Lt ri%1k,
SRJG 4T 100 mL 1Ak LB ¥i5:ih, 35 °C.
150 r/min {EIRARZ R 24 h GIVERREW, FHE
BRI AT LB ¥4, 35 °C Tk 12 h g
PR LR, 36 h e 2R, 72h)5id
SRWERIEA . B, Bl . BYE R/NSEREE,
FEHA T R B .
152 SHIEEETE

S CH AR RS E TN (akan
ST (¢ 9 MU CRarriE )Py
Pe, 38 L A Y e R P 48 7E &R 45 (Microbial
Fatty Acid Rapid Identification System, MIDI)# il
PR RIW-5-5 MIARIRZLAL, L)L) Biolog GENIII
A A ARG I A A 7 2
153 SHFEMFLTE

SR 4] DNA $EBGAF S H RIW-5-5 1)
FERZH DNA, T 16S rRNA KK 514 27F
(5-GTTTGATCMTGGCTCAG-3/)#l 1492R (5'-TAC
GGYTACCTTGTTACGACTT-3"), DL X4 rpoB
HE 519 rpoB-F (5-ATCGAAACGCCTGAA
GGTCCAAACAT-3) #1 rpoB-R (5-ACACCCTTG
TTACCGTGACGACC-3")i#47 PCR ¥4, PCR X
MR R R S ICHR[21], PCR PE¥4lifb)s, 7%
ZE AW TAR () e A BR 2 w264 700 5 43
Bro FIFH NCBI [k BLAST ZHAEXSFrlifY 16S
rRNA £ [FF1 rpoB 3 [F 813 7 [RIVE 0 #r, # e
FGRF, WGl MEGA 7.0 %4 Neighbor-
Joining M RGZ K B .
1.6 E#k RIW-5-5 £EFAFFI8INE

PEEUCEH FF RIW-5-5 (92K 4] DNA, it
Illumina NovaSeq 6000 V-5 iE47 43 K 41 541 )

FE, W A =Xk A3 (Paired-End) il F , I 7 i K
>k 2x150 bp.
1.7 £ERAFF ST RINGEEEIZHE

fd FIZELR Bk BAGEL 4 XTIk RIW-5-5 4>
PR 21 v VR E 1 A A AR 128 B J N 3 I 1 1 )
Z K (RIPPs) ) & Uk R A T2 408

2 GR54W
2.1 HPFFEPRBIIFIZ

PA/INZE MR JEE 95 AR A8 7R TR, 6 43 8 1 1) JL e
FEBURR PR TR, O X /IN 32 MR 5 R 0 B
e R RIW-5-5, W 1 Fios, 2 L ik
PG 2 B, RIW-5-5 X 54 B BER T |
FORRBERG A BRI Y RN
B PRI B LA B A6 A 2203 TR AR A K0 1)
IAE I
2.2 RIW-5-5 & F

PR RIW-5-5 2 [ Y £, 52 FHE HR BRI,
O M AT AR, BRSSO, AR A R AR (1
3A), FHEEE (A 3B)F Pk RIW-5-5 Z4PIR,
K/ME 1.1-1.3 pm Z[H]; 76 LB #55adt |, 4R
FLEAf, WEERRE g RA AR (& 3C,
3D). A LJEASHFIAE 2 [RGB RRIE S5 2R AT
& (Bacillus) B S 4FIEZA

B 1 Btk RIW-5-5 3/ \EIREHE S ER

Figure 1 Inhibitory effect of strain RIJW-5-5 on wheat
root rot

T A TPk RIW-5-5 TS S B XTI/ E AT s B 25 X IR
Note: A: Antagonistic effect of strain RJW-5-5 on the pathogen; B:
Blank control
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B2 HE#k RIW-5-5 RN E %
Figure 2 Antibacterial spectrum of strain RJW-5-5

TE: A BHUERRR; B: MEMZME; C. ZURBDNE; D: DB RANE; E: VURBIINE; F: SERIIDNE; G: M

BORERRE; H: FRKBURE; | FKRCEIRERE

Note: A: P. capsici; B: F. oxysporum f. sp. vasinfectum; C: A. kikuchiana Tanaka; D: A. solani; E: C. orbiculare; F: C. gloeosporioides; G: A.

alternata; H: S. turcica; I: P. aphanidermatum

L AE YRR IR %5 2 RGEAI AR RIW-5-5
() R 7 TR 2B, AT R0 A 0 B PR 1) 3 4 B D PR A
C15:0 anteiso, C15:0 iso, C17:0 anteiso #1 C17:0
iso, AR 44.49% . 20.40% . 11.36%F
6.67%, HAKNEIHERMZERILZE 2. Biolog GENIII
AR I ZE R (R 3) R BRSO A HERE . pH
6.0. pH 5.0. 1% NaCl, 4% NaCl. 8% NaCl., D-
SbE . 1%ZLIREN . D-ILALEE . D-JbE-6-PO,. Al
AR SV, A, pumeids | L-2LiR. LT
TR, AARER . WRERREE . nhiE-40. ZhEET
FR A 5 55 BH Mk Sy A7 /i SR OBE . R I 8 . D-%

=W EIREREMENE . MrERAER, 5
¥ & (Bacillus) i 5= 5 24 Jifd i 1V 2 4 ik A1 AR 4K A
WHRHIE

FHANEE 16S rRNA JE[H 27F i1 1492R 18 54
M7E 16S rRNA JEK ¥ 41, 345 1 390 bp (A A
B, B35 MT605580, Ny T WAHE K RIW-5-5
BN, K RIW-5-5 i) 16S rRNA J& K 75178
NCBI H13:47 BLAST 201, &AFHE Y B. velezensis
(AY603658) . B. siamensis (AJVF01000043) % B.
subtilis subsp. subtilis (ABQL01000001)%5 Ekk 16S
rRNA & 1 — Sl 15 3) 99%LA | (Fl 4A). R4
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REWER LR, RIW-5-5 5 B. siamensis, B.
amyloliquefaciens 1 & B. velezensis 43 37 553t , {H3
Rk, AN rpoB REE G4, M5E rpoB
TP HENFAIN 1183 bp ML B, H5E M B.
velezensis #% = # NRRL B-41580" #H fol 7 H
98.54%, HJFS S5 RGELE TS ILIE 4B, AT
itk RIW-5-5 5 B. velezensis NRRL B-41580" 1)
95%[H) AP IR LA — 4332 o

23 ZERFEAFTIHNE

PR RIW-5-5 4= FL[HZH K/INA 4 034 335 bp,

3 E#k RIW-5-5 FLASHHE
Figure 3 Morphological characteristics of strain RJW-5-5

WP UREE Jy 541.0x, R %K 92.04%, GC ik’
47.32%, Wtk RIW-5-5 AyeILRAFHCIRLE
NCBI (&35 SRR11267609), Hkk RIW-5-5 JilJF
BlE Q (HARAKT 30, MIFLERAMAIfH,
2.4 BAGEL4 4R

WA BAGELS 24 FFk RIW-5-5 1]
REF= 4 ANTE £ RIPPPs, 45 RT3 RIW-5-5
AR P P AE I RS X S (Areas of Interest,
AOIH 6 4>, 4 Fij=¥4r 50k Lasso_peptide .
Cerecidin, Sactipeptides 1’1 & Propionicin_SM1 (¥ 4).

)

$3400 15.0 kV 4.5 mm =4.50 k SE 12/26/2019 10:39 10 pm

He A B2RPEEEAIES, LB RFRIE 30 °C 1535 24 h, =10 um; B: RIW-5-5 FifidiB5K; C M D: LB H373k 30 °C &f

If 24 h IHVEIEAS

Note: A: Morphology of Gram staining bacteria, cultured in LB medium at 30 °C for 24 h, scale=10 um; B: RJW-5-5 scanning electron
microscopy; C and D: Colony morphology was cultured in LB medium at 30 °C for 24 h

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



748

TEY I8

Microbiol. China

R 2 HEFk RIW-5-5 BBg A ER T
Table 2 The fatty acid species of strain RJW-5-5
JEWiBRFh2E Types of fatty acids %+ Content (%)

C12:0 0.20
C13:0iso 0.17
C13:0 anteiso 0.15
C14:0 iso 1.86
C14:0 0.66
C15:0 iso 20.40
C15:0 anteiso 44.49
C16:1 w7c alcohol 0.22
C16:0 iso 4.97
C16:1 wllc 0.74
C16:0 5.94
C15:0 iso 30H 0.14
C15:0 20H 0.28
C17:1 iso ®10c 0.57
C17:0iso 6.67
C17:0 anteiso 11.36
C17:0 0.15
C18:0 0.32
C17:0 20H 0.19

T 16:1w7c #1171 iso ©l0c &35 2 FiBEeleiig, Nk
M 2200 XiYoZ(cht), H, X2, JRmR—1
B9, Y R BHE; o s AR ; Z J28F 8 ks it B B 5
¢ Frizl, t Fmal; iso Ml anteiso 27 IR A I LAY
HI5A

Note: 16:1w7c and 17:1 iso ®w10c refer to two phospholipid fatty
acids. The commonly used naming format for fatty acids is: X:
YwZ(c/t), where X is the total carbon number, followed by a colon,
and Y represents double number of bonds; ® represents the methyl
end; Z is the distance from the methyl end; c represents the cis

form, t represents the trans form; iso and anteiso represent the
branched anti-isomerism and isomerism respectively

F 3 BHkE RIW-5-5 G948 4 V454

2.4.1 Lasso_peptide EF#&

T RFIRY Lasso_peptide =14 BN #E A H
A5 BN 5 Fras. Lasso_peptide Jt[H#%E4tAg
20 4~ ORF, JazhT1£ orf00003-0rf00004 Z[f],
orf00003 & [A Fv- B 7 W Wi il T HL A J R 2 4
FH . orf00004 845 £ 1% — o e A% 1T R 1 12 i 1
YfkN #E[1, AOI_01:ABC JE[FFE Contig25 (K45
6 676-8 454 fifSLZ ], ZWhG T idE ik ATP
SRR HepA, Z5HLRSTI) ABC iz i 1R ERIK
BIAZOER, SRR AL 2B EIRE
it B 1 ATP i PN IERE & il C AUSEIN . ABC #%
B T RREE R K H A SR 1 0 S ThRe,
I, &% ABC iz ERME & HA U
PEP AOI_01:LasC R KA £ a0 & i o
2.4.2 Cerecidin ZHE%

Cerecidin J& T FEEBMIIE KA, FHEAH
Cerecidin A=41& AER FER EAAG B UNE 6 Fin. il
Mgs S A7 2 A~ AOIL F Bl DL g 54 il
Cerecidin, JHziFf T Protease ZHij, Htr,
Contig000003:LanT i FEM MRS ZE AR
4t, Contigd00003:LanM J{5& - BaR AL R 1B
fiti, #%.0> Bk Contig000003:174.1: Cerecidin &
Contig000016:173.1:Cerecidin #4755 LE-DUF,
LE-LAC481, LE-MER+2PEP. L_biotic_typeA.
acteriocin_llc, Mersacidin F11 Cerecidin 3k,

Table 3 Physiological and biochemical characteristics of strain RJW-5-5

HE BV A5k Physiological and biochemical indicators 454 Result 1231/ f£4§ 47 Physiological and biochemical indicators 454 Result

BB Dextrin

JvHH 4 Gentiobiose

MERE Sucrose

D-% =} D-raffinose
D-% 48 D-fructose
1%FLER%N 1% sodium lactate
D-1L1Z4# D-sorbitol
D-4¥%-6-PO, D-fructose-6-POy
F#E %52 SV Rifamycin SV
ERERIK Guanidine HCI
HIHIEE L Glucuronamide
PUmgis Tetrazolium blue
L-ZLR L-lactic acid

+ + S+ + + + + + 5+ =S

AR Citric acid
L3 T R L-malic acid
L Lithium chloride
7 R B4 Potassium tellurite
1Y -40 Tween 40

ﬁaﬁﬁ Formic acid

VE #H RS Aztreonam

T R4 Sodium butyrate
119 NaCl

'4% NaCl

18% NaCl

PH 6.0

pH 5.0

+ + + + + + + =+ + + + =

T o+ FAE; - B W sglAPE

Note: +: Positive reaction; —: Negative reaction; W: Weakly positive reaction
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Baciltus siamensis KCTC 13613 (AJVFO1000043)

* Bacillus amvioliguefaciens DSM 7' (FN5970644)
RIW-3-5 (MT605580)
7 Bacillus velezensis CR-502' (AY603058)
Bacillus nakamurai NRRL B-41091" (LSAZO1000028)
16 Bucillus vallismortis DV 1-F-3" (JH600273)
Baciflus subtilis subsp. subtilis NCIB 3610" (ABQLO1000001)
39
Baciflus subrtilis subsp. inaguosorum KCTC 134297 (AMXNGI000G21)
99 16 [ Buacillus halotolerans ATCC 25096' (LPVF01000003)
Séi— Bacillus mojavensis RO-11-1" (J11600280)
Bacillus atrophaeus JCM 9070' (AB021181)
Bacillus swezeyi NRRL B-41294" (MRBKO1000096)
17 Bacilfus glveinifermentans GO-13" (LECW01000063)
Bacillus haynesii NRRL B-41327" (MRBLO1000076)
Baciltus paralicheniformis KJ-16' {(KY694465)
Bacillus sonorensis NBRC 1012347 (AYTNOL1000016)
Raciifus licheniformis ATCC 14580' (ARO17333)
m 49 Bacillus aerius 24K (AJ331843)
95|: RIW-3-5 (grp 77(5286)
B 100 Bacilfus velezensis NRRL B-41380" (EU138829)
51 Bacillus amyioliquefaciens DSM7" (FN597644)
Bacilius subtilis subsp. spizicenii TU-B-10" (CP002903)
F Bacillus ficheniformis NCTC10341" (LR134392)
Bacilius pumitus NCTC10337" (L'19006438)
91 Baciffus megaterivun NBRC 15308 (CPO09920)
—_—
0.02

4 FEF 16S rRNA (A)LLK rpoB (B)EEF3IH MEGA #ERIE#k RIW-5-5 SBIZ L R KA B W
Figure 4 Phylogenetic tree of strain RJW-5-5 constructed by MEGA based on 16S rRNA (A) and rpoB (B) gene sequence

i HES P50k GenBank B 5kS; ML i A9 %dE R Bootstrap fE; A7 0.001 1 0.02 1834751 [a] 43157

Note: The serial number in parenthesis is the GenBank login number; The data on the node of the evolutionary tree is Bootstrap value; Ruler

0.001 and 0.02 represents the degree of divergence between sequences

F 4 BEHK RIW-5-5 iE R RiPPPs BN 45 R
Table 4 Prediction results of strain RJW-5-5 bacteriocin or RiPPPs

AOI Gene-start Gene-end Class
gnl-BIOEASY-contig000025.21.A0I1-01 25 289 45 289 Lasso_peptide
gnl-BIOEASY-contig000016.27.A01-01 119 723 132 246 174.1; Cerecidin
gnl-BIOEASY-contig000004.41.A0I1-01 294 419 314 419 Sactipeptides
gnl-BIOEASY-contig000003.43.A0I1-01 338 561 348 896 172.1; Cerecidin
gnl-BIOEASY-contig000009.44.A0I1-01 189 274 216 388 186.2; Propionicin_SM1
gnl-BIOEASY-contig000022.46.A01-01 15 638 35 638 Sactipeptides
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C24.fna AOI_01
B Gene names

B Predicted promoters
B Predicted terminators
Show or hide small ORFS

O No function determined
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Figure 6 Putative cerecidin gene cluster in B. velezensis RJW-5-5

Note: A: 174.1: Cerecidin; B: 172.1: Cerecidin

2.43 Sactipeptides EE #&

I BF Sactipeptide JE[RIFE B BN 7
fiizn, WiBk Sactipeptides J:[H#% AOI 34 40 4T
OB EEAE , HE AR BN S 3578 Contig000022.46.
AOI_01:0rf00001-0rf00002 Z [, #R4& UniRefo0 X
Fb4EH . Contig000004.41.A01_01:0rf00008 13 1 i
A U A 2R B . Sactipeptide k& —2&
BA Mo 2 RN o-i i i
SN Z K, LA B SRt a2

(S-Adenosyl Methionine, SAM)EEXSFi T AKIEF T
P ST R, AR S S o A R
EILTRARIE T B-Ri e A R [P

2.4.4 Propionicin_SM1 E R #%

Propionicin_SM1 J& F —Ff i B Al £, &
Miescher 45PN B+ Az 25 75 43 55 9 o9 PR T 1 TG 20
M B3 alifeny, FREEIRY Propionicin_SM1 4=
YA R R ) ELARAE BN & 8 B, SRR A
BRI 5,
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£ 5 Propionicin_ SM1 EFZHERER

Table 5 Annotated information for the Propionicin_SM1 gene cluster

E 5 RN EEL itk

Protein ID Gene_start Gene_end Strand Function

Contig000009.44.A0I_01:0rf00001 28 1245 + Anthranilate synthase component 1

Contig000009.44.A0I_01:0rf00002 1284 1829 + Bifunctional protein TrpGD

Contig000009.44.A0I1_01:0rf00003 1850 2851 + Anthranilate phosphoribosyltransferase

Contig000009.44.A0I1_01:0rf00004 2853 3614 + Indole-3-glycerol phosphate synthase

Contig000009.44.A0I_01:0rf00006 3611 4225 + N-(5'-phosphoribosyl)anthranilate isomerase

Contig000009.44.A0I_01:0rf00008 4222 5415 + Tryptophan synthase beta chain

Contig000009.44.A0I_01:0rf00010 5419 6 195 + Tryptophan synthase alpha chain

Contig000009.44.A0I_01:0rf00012 6 333 6 629 + =

Contig000009.44.A0I_01:0rf00015 6 758 8 245 + L-lactate permease

Contig000009.44.A0I_01:0rf00016 8 336 9019 + Uncharacterized protein YukJ

Contig000009.44.A0I_01:0rf00018 9 087 9572 = SPBc2 prophage-derived disulfide bond formation
protein A n=5 Rep]ID=BDBA_BACSU

Contig000009.44.A01_01:186.2; 9949 10 830 = 186.2; Propionicin_SM1

Propionicin_SM1

Contig000009.44.A0I_01:0rf00023 11 354 12 187 = =

Contig000009.44.A0I1_01:0rf00027 12 537 13 322 + —

Contig000009.44.A0I_01:0rf00029 13 669 14 100 = =

Contig000009.44.A0I_01:0rf00032 14 298 15 632 + Coenzyme A disulfide reductase

Contig000009.44.A0I_01:0rf00034 15733 16 224 + =

Contig000009.44.A0I_01:0rf00035 16 369 16 779 + =

Contig000009.44.A0I1_01:Cyclodehydration 16 810 18 351 = Putative nitroreductase MJ1384

Contig000009.44.A0I_01:LapBotD 18 368 20 317 = Uncharacterized protein in tfuA 3’ region

Contig000009.44.A0I_01:0rf00039 20 314 22 233 = =

Contig000009.44.A0I_01:0rf00040 22 358 23 617 = Dihydrolipoyllysine-residue succinyltransferase
component of 2-oxoglutarate dehydrogenase complex

Contig000009.44.A0I_01:0rf00041 23 751 26 618 = 2-oxoglutarate dehydrogenase E1 component

W 2 AR RIW-5-5 Fp A6 31 4 Fh D RE LA %
39 A Lasso_peptide. Cerecidin, Sactipeptides LA
J Propionicin_SM1, H, Cerecidin J& T Il 28F
BMPUAEAK, HNREH, 1 2K FEBmbE GH
AR B AR IS, LanM 1 T1E
i Lasso_peptide 1) & Sactipeptides #J& T
RiPPs, i%25%If¥) Lasso_peptide 7E 1991 414 Ik ¥k &
PP Lasso_peptide FILSHFHE R HA N-AMA
WlBEREIA, Hgt CoRumREilerat, AN E
Reith, PR ERSE, BREHHER .
WAL . Z2ZRBCEEIRN NoKiG o-2E 5K

KR TRE A BRI FRIR MG =2 7] 1) S5 BB e B2
C4 RPN Lasso_peptide 38 3 %o il 40 4 FH 2.
ARPLBEETER, A Udzdi i Lasso_peptide 5
TIRetael, WBA ABC iz,

AHFFE R PR Propionicin, SM1 JE K55 Bk
TEFMIFFE PRI, B THRITA R, X EHMER
1) —F, GBS BN RESE [ TrpGD . 6 id J5i |
- R ARG EL A% . m AT A H
Propionicin_SM1 (4 &1 PE4 %, 100 °C i
10 min, 30°C f#¥F 2 A iEMHKIER S, 7E4°C UK
FTh AT VA RAE 6 D, TR ERBRAE ) pH 3.0-9.01%°
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X5 IR S RAT TR AL TR A AR PRSI B 8, T ol
ZFPEIEPERORTE, R E RIS E . Ak n
JRUEAT . RIS PRI . /N 25 W 98 HI IR AR EC TR Al —
PRARRAT B Y, o] H A 25 1 P9 R T B 119 2% T 2
TE5 , 22— T LA 8% 24 7 TR 1 40 TR
Z YIRS TR L, MR 22
[PV TR RIS 4 BH M RS A — 2 AR o 3 R LA
J& SEFAFE R Propionicin. SM1 4241 T BSR4
XL BRI R % HA RiPPs 78 USRI 25 O FF 1
R AL AN AR B2 T TR TR AT
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