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Abstract: Ribosomally synthesized and post-translationally modified peptides (RiPPs) are a class
of secondary metabolites synthesized by the ribosomes of microorganisms and formed through a
series of post-translational modifications. They have diverse structures, high stability, and
antimicrobial, antiviral, anti-inflammatory or anti-tumor activities. Moreover, they are not prone to
generating drug resistance, thus showcasing great potential to be applied in the fields of medicine,
food, and agriculture. The genomes of microorganisms harbor a large number of biosynthetic gene
clusters for RiPPs, while many of them require the producing strains to be cultivated in specific
conditions or to interact with other environmental microorganisms, being the “dark matter” in the
genome. Heterologous biosynthesis is an effective means to obtain novel RiPPs and make use of
them. This article reviews the recent research progress in the diversity, bioactivity, genomic mining,
and heterologous biosynthesis of RiPPs from microorganisms, with the expectation of providing a
theoretical basis for a deeper understanding of the molecular structures and functions of RiPPs, as
well as for the development and application of novel microbial active metabolites and their
producers.

Keywords: ribosomally synthesized and post-translationally modified peptides; natural product;
bioactivity; genome mining; heterologous biosynthesis
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Table 1 Types, structure characteristics, and modification enzymes of RiPPs
Types of RiPPs Representative Structure characteristics Modification enzymes
RiPPs
Lanthipeptides Nisin (Methyl)lanthionine, labionin Lanthipeptide synthase
Lasso peptides Microcin J25 Macrolactam with threaded C-terminal tail ATP-dependent lasso cyclase
Sactipeptides Subtilosin Sactionine crosslink rSAM
Ranthipeptides Freyrasin Sulfur-to-non-Ca thioether crosslink rSAM
Epipeptides YydF D-amino acids rSAM
Pyrroloquinoline quinones ~ PQQ Glu-Tyr crosslink rSAM
Ryptides RRR Arg-Tyr crosslink rSAM
Spliceotides PIpA B-amino acids rSAM
Streptide Streptide Trp-Lys crosslink rSAM
Mycofactocin Mycofactocin Val-Tyr crosslink rSAM
Amatoxins/phallotoxins Phalloidin N-to-C cyclization, Cys-Trp crosslink Tryptathionine synthase
Guanidinotides Pheganomycin a-guanidino acid containing peptides ATP-grasp

Bacterial head-to-tail

Enterocin AS-48

N-to-C cyclization

DUF95 and ATP-grasp

cyclized peptides

Graspetides Microviridin J Macrolactones/lactams ATP-grasp

Atropitides Tryptorubin Aromatic amino acids crosslinked to give a Putative P450
non-canonical atropisomer

Cittilins Cittilin A Biaryl and aryl-oxygen-aryl ether crosslinks P450

Autoinducing peptides AIP-1 Cyclic ester or thioester -

Borosins Omphalotin Amide backbone N-methylation (N-MT) POP
N-to-C cyclization

Bottromycins Bottromycin A1 Macrolactamidine YcaO

Linear azol(in)e-containing ~ Microcin B17 Cys, Ser, or Thr derived azol(in)es YcaO

peptides (LAPs)

Thioamitides Thioviridamide Backbone thioamide YcaO

ComX ComX168 Indole cyclization and prenylation -

Conopeptides Conantokin G Peptides produced by cone snails -

Crocagins Crocagin A Indole-backbone cyclization -

Cyanobactins Patellamides N-terminal proteolysis PatA protease

Cyclotides Kalata B1 N-to-C cyclization, disulfide(s) AEP

Dikaritins Ustiloxin Tyr-Xxx ether crosslink UstY

Glycocins Sublancin 168 S, O, or N-glycosylation of Ser/Cys -

Linaridins Cypemycin Dhb, no lanthionines -

Lipolanthines Microvionin C-terminal labionin/avionin containing peptide  Polyketide synthase and
and N-terminal FAS/PKS segment lanthipeptide synthase

Lyciumins Lyciumin A Pyroglutamate, Trp-Gly crosslink -

Methanobactins Methanobactin Oxazolones DUF692

Microcin C Microcin C Aminoacyl adenylate or cytidylate with a Ubiquitin E1 homolog
phosphoramidate linkage

(F550)
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Types of RiPPs Representative Structure characteristics Modification enzymes

RiPPs

Orbitides Cyclolinopeptide A N-to-C cyclization; no disulfides -

Pantocins Pantocin A Glu-Glu crosslink PaaA

Pearlins Thiaglutamate aa-tRNA derived PEARL

Proteusins Polytheonamide Nitrile hydratase LP -

Rotapeptides TQQ Oxygen-to-a-carbon crosslink -

Sulfatyrotides RaxX Tyrosine sulfation -

Thiopeptides Thiostrepton [4+2] cycloaddition of two Dha [4+2] cycloaddition enzyme

Thyroid hormones Triiodothyronine Iodination of Tyr, excised from thyroglobulin -

rSAM: Radical SAM; AEP: Asparaginyl endoprotease; Dha/Dhb: Dehydroalanine/dehydrobutyrine; DUF: Domain of unknown
function; FAS: Fatty acid synthase; LP: Leader peptide; MT: Methyltransferase; PEARL: Peptide aminoacyl-tRNA ligase; PKS:
Polyketide synthase; POP: Prolyl oligopeptidase. The content of this table is quoted from [2] and has been appropriately processed

and modified.

Lasso peptides J& — 2 HATMFF“E R 45
FERR B, A 15-20 DMEFERALL, 76
ATP A ERIMUBE RS . N s 1
FILFRNY o-F I 55 7-9 (7 RL DR R
PR M5 22 HE T 15 IR, C i e B AR h 2t
MU ERNEAN . XFhEEF{H lasso peptide
FLA 05 A T AP AN 2 1 K e T B
BT B FAE Y lasso peptides A M E . HUIRFE .
UM, LR N B SR A5 PR S AR e
e N LA T R I B R RBLR TG T
(lariocidin) (1 1B)Xf ZFh 2 B 24 1 A7 1 240
E T, A Z A v, B AR R
M, WA ORI HLE R AT R, B
7i 5 lariocidin 75X Bt 50 2 41 gy 1 R T
T3, AT Bk e I i Y iR SR HE R T RE .

Sactipeptides % & — 2 I H A7 W H W 11
RiPPs 7>, ‘& By S AFAEJE 70 T 25 b 5 A
e 2R 1Y) 47 R M 2 AR F TR TP o- B LT IE
Wi S—Co FiliE ¥R, Wt sactipeptide J 45 & ¢
2R A RN, 75T 58 B A U Ao AR ) o
S A S-AR AT & R B (radical S-adenosyl
methionine-dependent enzymes, rfSAM enzymes),
G 3k A ORI 57 S8R Ay v ] 44 A
S 2 R, R 2 A RO

Hi & A rSAM E 1 T LAE R RiPPs i
4 ranthipeptides. epipeptides &5 £ ~Fh s, 7E
RiPPs 1Y 4= W) & o & vh & 95 | AR .
Sactipeptides — AN EIGAIRTELAE, AT HGIREE
ORIk 1P S EWNEN BTN P e o )
¥F B (Bacillus thuringiensis) ;= " W) 9 = 4 1 &
(thuricin) CD (&1 1C) AT 4 S M40 il = 0 1 T A
JVH B IR MESUAR B (Clostridioides difficile), A
S EH B A Uk, AT ISR b AR
FORUL, BRIy TH AT REA S RIE T

2 RiPPs W3k F 435 4

Bl A BFSE R RiPPs JCTF AW &y, I
AR BRI RiPPs R H 2536 L2 . SR, BEHDT
FRHITRA, W78 &3 HRTC AR RiPPs (U253
s ) Z I —53, A KR 1) RiPPs %
R 24 . HET, RiPPs 19 %4 B0 & % 1« [
B ST S = AT A 1671 S € B S T S 3
W DL IS R s, N TR R
R BRI R G R A i . B
PRI, R o B A AR AR AR TG A, X
HAEAT POV ESAG ff AT, IFXF 7= AL T AT 2 A
My, AR YA BOR TR AR A, H
XA e S EE RBE MR, HAEE
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Lariocidin

Ell B RRMERIPPsH S FLEH
Figure 1

Thuricin CD

Molecular structures of representative RiPPs. A: Protein sequence and cyclic structure of nisin A; B:

Protein sequence and cyclic structure of lariocidin; C: Protein sequences and cyclic structure of thuricin CD

composed of Trna and Trnf. Amino acid residues that form intramolecular rings via post-translational

modifications are highlighted in teal.
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22 391 BR d5 KK BE 7 42 48 75 (multiple expectation-
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21 FENPR IS 160, 40 L-%] D-ZSEHR 2 1) S0
b, FEHEAL . C-H AL FImE R N-H AL SE, B
SRS IR RiPPSP2L, 2024 4F, Yi 450938 1
AT oK. filh = KAESREWHED
ZIH Y MAGs, FIH antiSMASH #1 BAGEL4
AT T 3X 3 MESRGEHRT 1 14 MAGs 1
RiPPs /1= W) 5 J0 A A 32 9 22 R 4 0 20 A B
TIE 52 il b R 45 vh B9 RiPPs A= 4 4 i i DR % 69
PR 25 T VR FIIROK R GE, TR
RGN MG L AR AONE Ak B SR S AR
PR A A L R s KB T RiPPs B
f N11P F1 NHLP K 61, BN 2R IET
W% 4l & 1) (Cyanobacteriota) . 1B - M i ]
(Pseudomonadota). TR #T & '] (Acidobacteriota) .
UFF T ] (Bacteroidota)=5:, T RE-S5PHT I ol Fia] H.
YEAHOG . RiPPs 7E HAR A1z, WIRES 51K
AYRITES . Y BRSSP
Vil A B SRR . B R kAL S R R A
PITEVER RiPPs 1 K B AT B ) e A0 5 )
Gl B I PAR &t S o
222 NAEWMEFH) RiPPs
ORI Z T KB, RiPPs & AEMI7E A
R EE AR sE iy < e, BT i
AN IR SR e a7 21 e RN 5/ s A AL
VELA KA -1 6 85 P R B4k, Ho)
RE B HES2 W TEAS I 5 18 AR RS, A
PRI RiPPs Y4248 . L BRLA S I REMFFEAE
VAR Ok BsZ 5CT:, IRZ AT 1/ RiPPs 43F
R OR R 22 b 2 B, 2023 4R AIFFER N0
AW 2 229 S ER T AR ECRR . B
B OWRAEGEE . T RORE I R R
antiSMASH #EATFEN 4240, K 218 1FF
TARAN 25 DMERRAEY G RERE, g H
70 NERGFFR AT A, 3R15 23 47
Yot AT GRS, BT R L S AN
A BE T AT R PR AR DG TR AR R8T Y RiPPs, LA K¢
PR S PG bR < v 00 7 26 BR BRI T 7ty 25 X W K T

TRBUE Y2 RiPPs 19 F B ORIE,  ZHH0CH R AR
FINREFNIE PERIE ALY, YU YT R
M BRI . 2024 4EXF 1029 DA TE Y
T B R 2H R A B OH AT IR ARG P W LR S
WAL R A L, KM TR EERISEK
F NHERIE T, RiPPs H AR N R H 75 555
(cyclic-lactone-autoinducer) ., RRE-containing LA
J¢ ranthipeptides &t F B ¥ HE 4 [ =, Hh
cyclic-lactone-autoinducer 7£4F 58 A H BN & 4,
M7 RiPPs A AR RS A= )5 ik PRI 1 I T3 A
ool 25 R AE, DHE DU Ik T BB SO T AR
P 2025 AFIRH Y — TR IR R A E |
PR o B2k AGE . Al AR 6 AN FRALIY
et 30 A YRR R A AT T SR A A A
F) FH B S 17 B9 antiSMASH 5 5 4 ik 5 1] 79
DeepRiPP Al TrRiPP T E.iFA T AHUBLHIN , 4 B
AL 41 T4~ RiPPs A= 96 iR R AL 177 T34
RiPPs Fi A ik, Hor g #0 JE f h RiPPs
ARV A R fsy B IR AR BRI o A 8
FH., TEX L RiPPs 11, rSAM & 1fi i RiPPs.
H 175§ ik (autoinducing peptide, AIPs)F1 - F #i ik
di lb ey, Hat 97% B9 RiPPs A5 5 2 511y
RiPPs IRl YR, #id 70% MY RiPPs 5% # 19
M EAT PTG @k R s d i b, ik
KINZ T RiPPs S0 S5 RAETENIG . 4 B 55
RAEBTMRER,; BIMGHIFRIET S A A
5 3 JIK (ATPs) BE A R il 9o [ v A= 90 B 1l
2 i AIPs ] 5 9 5 P 9o /1N BRUA) i 3 TR 11
A, IR FREEER, XTI T
ARG W4 RiPPs 1949065 R, il i
RiPPs 37 [ 18 9 F1R 5 A A P42 At 17 2
I 7T

RiPPs 1477 A4 — 7 T2 Gl A WU N AR TORBE
HP ) R SRS, T Y T D ) A R ik S
YER 18 R BEAite, —Jrmdae HES
i EAMEAE, REHR . DUMESEZ R EY)
TGPk, PIIE AL 2 R BAR AT A oK . [, AR
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Z RiPPs HAZE G RAM:, Al e il Sk
FERFORTE , JUIHIEH o 25 5 2 24T 25 1A
XN IEH R N K, AR AT 1 ) 28 1%
PUERM RS, (HARERA MR % o
223 BmPH RiPPs

RiPPs KZ HA MR TEE, A0 E 5
WA, AERFE SRR R R, RRE
rn SR T, [RIES, #8543 RiPPs nIVE M50+
Z 5B AR, HEMAEDRE Y, AL
M2 . PRZSBLEIEIR 1A 0, DT 52 M & T 1 b
MR . FEIR . HRGE, TR S A
FEAE o 85 b A7 1) LR TR R 2 T
)2 RiPPs B F 2 A . - BHAK nisin JE %
HR LR RiPPs, W 2fUE M RiPPs, Hy7 B
FUIRFLER I M A=W h 7r B 5597 3145 o Nisin i T
BATMBETE R . MRS BARE RE,
A REWFIE IR & 8 6% SR Bl 6 770 7
HHRSH 2 . B WS, &I nisin
WHAZRAEYNEME, WytR . PPN
&, RIRAW Y kUL R,
NS it A2 A A Bt A= W) VE Y RiPPs
—HA&Z KT, HEHETMR K2 e N E 5
BRI BA TSR RiPPs, RGU0Hr
RiPPs 75 £ it H 1Y 434 F1 20 25 28 A AR 1) 34 44
o 2022 4, —FhEE A R I AR SR
A8 RiPPs JSOH 7 A B2 R SR w57, an 4
“ A B R IR 72 ik R 41 42 i (metagenomic
mining of isolates population, MMIP) % % , & 7
ERHE IR RS H AL RiPPs, b HO & HOg e 1y 7=
TR, DMETRSRAMISY; ISR B A
1248 e W 1 3 T 43 B8 3RS 2 200 A~ 20 TR B 5
R, i antiSMASH X 58 REFE(A 119 7 ik R 241
BRIV 0T, B 139 4> RiPPs EH4 LA
%, HETCImER 29 MREA BTSN E
K AT s i — 20 DRI HB A ZFHIAT B (Bacillus
paralicheniformis) BaC1-8 [# A% 70 25 4l fb 415
HRIXH 3 2F- B HUIK paralicin, X £ 5 5 G
RZEFIFF R (Bacillus cereus) P FAAZIE A 22 BT RR K
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T (Listeria monocytogenes) Y2 5% ¥ H 5 5 14 91 1
WP, R AR T LA T R R TR

B Y RiPPs J2 il U155 AN b [a] i
PER < RN, e AT B gl Tl TP Ay
RIRFNAE AR AR, DL SR b it JoT 148 552 [ R
[Fi] BN B A £ i 7 AR v 43/ T4 A3t
RUP) DI RE LY, R AT R SE R 4 1t 0 figk 2
VE

3 RiPPs 2 IF £ M & B SR

KL RiPPs 1YRIR ™ H: MR A AR 95 450
W Z AR SR A BRI, b s PR B LA ) AN
MEE SR R4S, IR S A N LB L
Kigt, FEcE IR 240 & PR & RiPPs A9
G R R IE , TCkRAS B Wy L AT D RE
BSE. [FIES, RiPPs A9 Az 38 FF 2R AR
A, AL U A S U E Y AR R
A KBS & A ARk (U pH . TR . BIE %
FERASSE), WIABE A —E WiB T T4
AE ™4 RiPPs LA A 5 (5% 4 J7 sl A B8 38
PEBS ST RESAS B AR RiPPs 724, JFX ik
P45 RS 5E | T PEOAE A K N T & %%, RiPPs
SERA WA U 5T U LA TG & R H
HHZ 1 RiPPs SRR MG R KIAFFE . i
EAFTFR . MRS, FIEEYA RO TE
SR EAY SR SIE AT . 86 - A A AR P IE]
JRELA AL S (B 2)
30 ERFEFEENSKREER

RiPPs 1446 WL HCHS H A W iU R
HAEY A A SCAZ O FE R & RiPPs BT IKES 1
FH . BFESMEIEE | BT IRY)EIRLA
A3 B TE A BRI IR AR I B I B D
VIBR R IK AT K, e 28 BB AT 15 1 1
RiPPs ;=4 . il it %f RiPPs ()4 96 ik L A
AT EM, JFERR S Ed TRk, 2
RiPPs #1757 IRA YA B ay LAl

Nisin J& RiPPs H LAY (2L BARAK, T4
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Figure 2 Heterologous biosynthesis strategies of RiPPs.

R ROR L . PFEE TS M 2T, B
V0 B RN TA Y 22 4= T3 I R AR B JEE 501 32 1o
FAM, Nisin 255 — N KT B b7 5 00 A
PIA L BRI R E A 2 R
ROKE nisin PSS FER | B /K B3 DRI B 1k il 2
e KM T 1 e 60k, IR 2 Bk S 81 Y
NisA Ak, ZBEEAMYIRIT TG, 88K
BATHEPER) nisin™®, 1B meherry 7%
5 NisA @l A7 KB h ik 73k, W T H
AU R4 B AL IR SRR R Ge, B9 T NisA 19
AL PESRIE AT IS RSO S i W A 2R
ek K, R RGN #3E NisA 7
B, i HL Al 3R A5 2 B K ClausA FI1 EpiA #if
JIKI4. RiPPs Aif Ik 7 B4 09 26 1 DI BR A 5K
eI B AT TR PR R P, TR AT S A D) E
I 2600 43 RiPPs [ SU A W Tl 2 4%

B, WK SE B ARAK bovicin HISO 1 45 #4) 3 A
bovA FUEITEEIE K bovM 18 KT # gy 3L %
ik, AW RER B BovA BIAKEA, [H
I 78 R A T TP DI 52 iz T BovT #Y DI
B 45t 5k T150 AT R IR K, TEIRIM AT
VIR, VIBR BovA MITT SR, Az il i
PERY bovicin HIS0, HIHEES. T —FhefR A B |
PR AN ) E) > ) <2 R SN W 6 B (semi-in vitro
biosynthesis, SIVB) & 41 «— & 4 il (one-
pot synthesis) R 0K BovT150 @A %] BovM A N
B R AR, 5 BovA 7E R AR L3
ik, SCE bovicin HIS0 7E KT I N i 2L %
AN, HEUE T XA YA R G
fi RiPPs, 4l suicin Al lacticin 481 [Al#fidE FHM),
b5 K& RiPPs AEW)G R A8, T
9% 5 Ak B A BE T DL B v AR i
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RiPPs AEWIG LRSS, Al 7EJRLI [A] N 3R A5 T 24
By =9, 2022 4F, —MRICE A <Rk
RS H AR A RO R S, W T
RiPPs AHOCLE W& AL (1) DNA SCPER - | 5%
fb. Rk B S NG HERIAE, ATAE 2 A
P PR B i K SR BB KA AR T, 2024 4
RiPPs (Z£ B AR BIE BV T7 238 R A M &
FHAOMFE TP, PERUR 3 RiPPs ARG A
s, DT RiPPs 2B W14 LK 50 1
Uf P 22 5 DA S R AR A B F g BE AN JE A R R, O
IR FRIXC MBI, &I T8 RXELL
ERBHEP R FEBIL, T T8
[48]

AR H R R AT TR R 2 AT rh SE B T
RZAFRIE RiPPs WG, (HIB2ARE
RiPPs (1) 575 A= 116 R 23 PG Y IS 81 324 RE
S, HAT A RiPPs ZEAR 204 AE Wy rhot i
FAAE, WALHR—SEXERE TR0 o T . A T
SREIRYIFR, BT RiPPs 4 BA AR LS 5
e, AL ARG SRR R ek 2
SELE, EATH IR A YA N — B MO S
Mo 2025 47, TEREER L TRIR K E £h 1A (Haloferax
volcanii) P @ 7. T RiPPs SR LA &, XA
SRR IR H AT TR SE B A K2R B G i R A
B B0 oy B - K AT R 2 AR AR h O S Ak B v R
P, NS E 24 OB EEBUIK, AT
HLAT IR 45 R0 1 2 3k T RR R AR i 1 - B B IR
WHRE, BRAEMEENE, XlESamEsL
A R B R G BRI R SR, BG a4 TR 1Y 1B B
S,

3.2 (2IhEE-BIARK I E]

T I BB RiPPs SR A W)-6 A 0
ieoctd, HAEFH T RiPPs MR IE S G
PERE I A Ao T FHETE RiPPs SHUEE A
IR ) M . 7E RiPPs (IR A5 1
K&, BIPES B R A D Re s FoPE . fEARAL
2 N R IR AE FH R S R R 7 A T RS o 1) O 4k
WIkSE T RiPPs J& M REE BUEHI Y /> T 45 A&

BEN i
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FEIER DIRE . BRUCLIAN, B3R5 18 4 i 7
RiPPs -5 ZHE 45, JUHZ B AR 2 1
B HERE , EAT AR — o Sz ) K Ak
WG BRI, AT 2 D Re R Ik T HA
FHT RiPPs [ [nl deid , A il HA BRARAR PGB
IR 25,

I i %) 1 U A P A A T 521k
ANCRT S —Fh T Z FAH LY RiPPs 431347
BEHAAB , 3 a] X A IR A T 5 A8 00 A T
kel . Wl B cypemycin Y H 344 4 i
CypM X T 25 2E B i K nisin A1 1T 252 B AR
haloduracin ¥ 7] #E17 H 340 &40, H2H L4k
B4 B9 nisin Fb K 4R 77 A 9 nisin 36 P TR,
P450 fif AT {4k RiPPs [ A< ik v 5 7 22 2 18 il 4%
[B] (A 2 B AR, il %) P450 Ffg g it FE R J 1
Ui 400 bp 1Y AE G A X 51 AT S50 A
HAFAT MY RiPPs B ABREEA , IF7E KA HT B A
WMEWDHITREAY SR, BT AR
RiPPs BB 2, 3515 11 D ikik
H P, 2025 AR5 038 528 FH RiPPs 1) A
PEIG BN SyneM DL N 5 I BE e #o Tl PirF 41
MGIAE B AR P 5 B AR S IE
BEVR IR b AR ADL AR BT 45 A, e 2 26 1o 1Y
PRI, 254 SRR BT A R AL, %t
BB T IR B, A BUH AR &
ifi RiPPsB,

3.3 JREHAMRL

RiPPs 7E KSR R 7 Bl ARG, $271
RiPPs A= W15 SR Mo i, SEBUIRSAS .
BRI ER A, 23T RiPPs 25254 7 AL
B, e IE 25 Yk A G R SE B DG . 3E 2ok
FOFEMEATRGA R B . FEAIK RiPPs X e 4%
A EE S T A R T RiPPs (S U5A: A al
Y S

RiPPs ARG T 2R R KL | IRE& =+
AIEE AT, DASEI L E5 0 S5 IRER 21 . &
3 RiPP AW n %) 1 S iy s 22 PR - i
Yz5, BAES RS £ bl ge I AR L
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SHEALE, FILSEH RIPPs (B, K
AT B /& RiPPs i A IR FaRTE 3, (HH
Z 1R Z RiPPs W&l A T A4 704, 128¢
EMAKA LanB LK BELL (RNA A1 7 2 22
SR N 5 R R AR S AT K AB M, TE S A
[NEA 7 NS E =1 7 (EDN 77 s R VRS =
% -tRNA 5 LanB Joik m&GERC, FrAAl g 33
R B K 2 AN 58 4, A RE R AL Rk IE# 1B
T i) RiPPs ATk, FFH pEVOL RAKTE R IAAT
HILEEIR RiPPs AR A: R4S Z E-t(RNA &
A5 (RNASM, 74l RiPPs 7= A8 MR I AR
BE-(RNA, T K 3%, Subtilosin A ¢
KA B ek i HE 383K Fe-S & A4 A B3k H
FFREARSEE, AT W A= ),

TEIE AL 335 RiPPs BYFE 12 KA A fiL ik
RiPPs %51z FI U 4h, M i N B, FRAIK
XF S AN AY REE  AnE B P B R P
i J3 3l PermE* & 1A [A 7 B % (bottromycin) )
#: 32 % H BotT 7] ¥4 bottromycin ) ;= & 42 =
20 FEPO, T R S5 A0 M v ek s R R T R RS
FEXT RiPPs B94HE, AATTAE RiPPs X JiC #5201 A 11
BN, FITFIREAMAE K, RSN RiPPs
By =, UN7E T EE FLAT 7 4235 enterocin A )
LN entid, JT¥4 enterocin A R IKE-G 43 b
HIESK usp4s 2235, enterocin A )57 IF &L
HHRTT 4.9 507, fEFLERFLERE NZ9000 Hi3
K4 R 11 NukFEG 7] 341 Nukacin D13E (77
B2 5.2 f508,

4 RHEH5EZ

RiPPs FEARHATH . BT . BUWTE AT
52 MG KRG A FE L,
FIRTE A RiPPs A UKIN—ff1, AR HiLA
KA RiPPs [ R PABERAE . AT RiPPs fif
REEPTHE, HH . ERSRIER RiPPs o]
AEHAT SEAhRe Y S5 A AT, (ELAR OGO 1 Ab
TEEAEH B, HETHHE K RiPPs J K 4142
g THAEAT B A, S BEAE A [ A 35 v A

FER ) RiPPs W6 RN, HAEAF A
H1 RiPPs AR AR ASE R T A i 2251, v
RiPPs 7EG8A Y BAESB 3 R S5 M0 i F h R HE
FAEH . ANFEIEE T RiPPs o] VE R W UR 2
RAEFEE AW AY . BIRH TS
LR F2 88 A T R AR AR RiPPs A£G A
SR, e B R EENERRKZEARM,
AR EATET A FAE NS5 #4 D RE Al
A BEIA A e AT ARG A BUERAE , BRAR AR A A
RS E FEENE X, HefTEE—EH1%
FIHZEE A . RiPPs £E KSR 7 AL B 9 7 B K
ZRAR, IR AT ER 37 AR TR ME LA B SR sl R A
B8y, Wbk RiPPs B4 A R I3 R ol 3
R AKBFFR . ZFHAT R SF bR, B 7
WG RS, ORIk ER A TG
Y, BEE R RGN, £ RiPPs
A B S EUIR 2535 A Tl AL B A= 7= o YR AR
Y14 AK 2  RiPPs (9 TR Ak ol i 42 it T °F
5, IS R I EER, BT
Y FNZER B 7 () RiPPs, Jfek3% RiPPs HFaETE
AR BEAE

RiPPs MM 5% HOR A7 2 OC R R BT
HAT RN AR, 7RG8R, BEE XL
PUR . LA . DU TG IR AT 5T R AR 1Y
AWM, RiPPs 2825440 B ik b Wi A 2R Tt
2 P U RE 5 E B B RIR T 25, B
E RS . b4, RiPPs v F/&
YIbiie, BRI LER 2y, WM BT IE g,
PR P i i 224y s RiPPs A 1 3325 sh W i
WiB W RE, (EdESRE s R K R B YU,
DEAERMA, REFRO SR ORS kR,
ih Tolkr, RiPPs MPT R FEERT T & a2
fif, IR E A, MR E ORI, SR,
RiPPs ZESCZ = ab fb, 875 2 v IR — S 4 AR
i, AnSURFIR AR L A A 1 Bl
AR BT . 43 B Al AR A e A (] R
SR, BEE XT RiPPs HORER A AT 78 FIH A
b, BT BEZ A Al A T
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