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Abstract: Lanthipeptide are a group of ribosomally synthesized and post-translationally modified

peptides (RiPPs), containing rare structure like thioether cross-links termed lanthionines (Lans) or
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methyllanthionines (MeLans). Recently, lanthipeptides that originated from the phylum Actinomycetota
have been the research hotspot due to their outstanding antimicrobial activities and unusual
bioactivities. This review focused on lanthipeptides produced by Actinomycetota, with special attention
paid to their unique structure and property. Further discussion involved developing lanthipeptide of
Actinomycetota origin to meet practical requirement through biological and chemical modifications of
known lanthipeptides, as well as genome mining strategies for the discovery of novel lanthipeptides.

Lastly, future application potential of lanthipeptide derived from Actinomycetota were summarized and

prospected.

Keywords: Actinomycetota; lanthipeptide; structure modification; genome mining
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Transcription and translation

[ Post-translational modification
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Figure 2 Biosynthesis of lanthipeptide!' /.
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H 1928 41 1~43 & H Lactococcus lactis i
FEBHAK nisin LA LIOE , £ BHARRD PR R
WAPTRETE M . REFH pH SR BERRE HEFAS
Gy 7= i 2 v A T 2 S A 2 P BR T
UG PEAL , —SE 2 Tk U5 Y = B i ARk
o BPURE RO B gt Y R i R
FEUR > AR A WG T o A7 BE R ROR TR R 2 B
N e 4l 3 7 =1 = A 37 N O 1
microbisporicin 777 5+ =% X FH M 22 F i 24 T (multi
drug resistant, MDR)IE A5 Il R FGT A 50 f B ;
duramycin & J7 FE 145 4E Ak IEAE FEA 7R PR 1T 1
I 2P Y TR T AR XEAR 1 5 | S i Je e
i) actagardine 717454 NVB333 Fl NVB302 43 5]
HEAT G RHTFIIE R T #3580 o B0

1 BEWRENFERRE L Rl

JRUETRARE AR F B GE DIERLE Ty
TET RIS S B S 7 0 T A TR R DR B - B A K

x1 MEXERBEHEEWMMREEISH
Table 1

TR R B ARS at #8 Hh 2 0  B R fe 18
W HA Z R SO @it , 40 microbisporicin
Hh 8 B R 1Y) i A I 2R ) () e A 1T
cinnamycin FP i 2 B2 N & TR 047 NAIT-112
Fp 42,52 1R 1Y N-BE R ARV lexapeptide H 25 TH 44,
M (1 NON- A M S B3 S5 160 Jr =X H A
TEH AR A: YR IR0 B AR R R
Ab, HAT R A RE ™ A4 DL B4 5 Al
IOESEEY 777/ A
L1 [ BFEEFRK

TERL W™ AR T B E kg,
planosporicin (- E i ik 97518) 1 microbisporicin
(NAI-107) /& =i BACRYER 2 B, 34300
H1 Planomonospora albal*”’Fl Microbispora corallina
p= A 4381 planosporicin 1 microbisporicin #B
M 24 AR EA N, A 4 4> Lan Al
1 > MeLan, HA7 & A9 (& 4), ki, 78
C % Lan B GE A, microbisporicin /Y C i

Lanthipeptides produced by Actinomycetota and their property

Number of Posttranslational modification

Name Producers amino acid (apart from Dha, Dhb, Lan, Types Bioactivity
residues MeLan and Lab)

Microbisporicin Microspora coralline 24 (2-aminovinyl)-3-methyl- I Antimicrobial
(NAI-1 07)[4’3 7-38.40] cysteine, tryptophan

chlorination, proline

hydroxylation
NAI-108"! Microspora coralline 24 (2-aminovinyl)-3-methyl- I Antimicrobial

cysteine, tryptophan

bromination, proline

hydroxylation
Planosporicin!*' Planomonospora alba 24 None I Antimicrobial
NAI-857%% Sreptomyces sp. 105857 24 None I Antimicrobial
NAI-1301] Sreptomyces sp. 106130 24 None I Antimicrobial
NAI-11443 Sreptomyces sp. 114623 24 None I Antimicrobial
NAI-438M% Sreptomyces sp. 99438 24 None I Antimicrobial
Actagardine!?! Actinoplanes garbadinensis 19 C-terminal II Antimicrobial

Actinoplanes liguriae MeLan oxidized to sulfoxide

(525%)

<l actamicro@im.ac.cn, & 010-64807516
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Ala(0)-actagardine!**! Actinoplanes liguriae 20 C-terminal II Antimicrobial
MeLan oxidized to sulfoxide
Deoxyactagardine*!  Actinoplanesliguriae 19 None I Antimicrobial
NAI-80214%) Actinoplanes sp. 104802 21 None 1 Antimicrobial
Ala(0)-NAI-8021! Actinoplanes sp. 104802 22 None 1 Antimicrobial
Michiganin A7 Clavibacter michiganensis 21 None II Antimicrobial
subsp. michiganensis
Duramycin(®™ Sreptomyces cinnamoneus, 19 Lysinoalanine bridge , aspartic I Antimicrobial,
Streptomyces griseoluteus acid hydroxylation antiviral, antitumor,
treatment of cystic
fibrosis
Cinnamycin'™!'” Sreptomyces cinnamoneus, 19 Lysinoalanine bridge, aspartic Il Antimicrobial,
Sreptomyces griseol uteus acid hydroxylation antiviral, blood
pressure regulation
Ancovenin®¥ Sreptomyces sp. No. A647P-2 19 None I Blood pressure
regulation
Mathermycint®’ Actinomycete 19 Lysinoalanine bridge, aspartic Il Antimicrobial
Marinactinospora acid hydroxylation
Variacint*®! Kocuria varians 25 None I Antimicrobial
Roseocin™®!  RosA2a Sreptomyces roseosporus 35 Disulfide bond
II Antimicrobial
RosA 1B 33 None
Labyrinthopeptins’®  Actinomadura namibiensis 18-21 Disulfide bond 11 Antiviral,
antinociceptive
NAI-112M"3 Actinoplanes sp. DSM 24059 22 MeLab, tryptophan Il  Antimicrobial,
N-glycosylation antinociceptive
Stackepeptins®” Sackebrandtia nassauensis 31 None il Unknown
DSM-44728"
Erythreapeptin[®'! Saccharopolyspora erythraea 27 None I Unknown
NRRL 2338
Avermipeptinl®' =2 Sreptomyces avermitilis 22-24 None il Antimicrobial
DSM 46492
Griseopeptin®'! Streptomyces griseus 22 None il Unknown
DSM 40236
Catenulipeptin'®® Catenulispora acidiphila 27 None I Unknown
Curvopeptin®* Thermomonospora curvata 26 None I Unknown
Informatipeptin[®* Sreptomyces 24 None I Unknown
viridochromogenes
SapBP® Sreptomyces coelicolor 21 None 11 Surfactant
Sap TP Sreptomyces tendae 21 None 111 Surfactant
AmfSP” Sreptomyces griseus 43 None 111 Morphogen
Venezuelin?!! Sreptomyces venezuelae 22 None v Unknown
Streptocollin®®® Sreptomyces collinus Tii 365 23 None v Unknown
SfIAPY Sreptomycessp. NRRL S-1022 19 None IV Unknown
Lexapeptide!'"? Sreptomyces rochel Sal35 38 (N,N)-dimethyl phenylalanine, V Antimicrobial

(2-aminovinyl)-3-methyl-
cysteine, D-Ala

http://journals.im.ac.cn/actamicrocn
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Microbisporicin A2

NAI-108

Planosporicin

NAI-857

NAI-130

NAI-114

NAI-438

4 1 B F EHBK microbisporicin. NAI-108. planosporicin. NAI-857. NAI-130. NAI-114 #0

NAI-438 B R E B 55

Figure 4 Peptide sequences of type [ lanthipeptides microbisporicin, NAI-108, planosporicin, NAI-857,
NAI-130, NAI-114 and NAI-438. The thioether bonds that are shared by microbisporicin and NAI-108
are shown on the microbisporicin sequence. The thioether bonds that are shared by planosporicin,
NAI-857, NAI-130, NAI-114 and NAI-438 are shown on the planosporicin sequence. Amino acids that

differ from microbisporicin sequence are marked in red.

P AR ISR R, PSR AN AR
(Dha) (& 1)i&EHIE 1 S-aminovinyl-D-HE2 iz
1M planosporicin 1) C {2 PR ¥R FL N H 42 5
Dha # ¥ A Lan™, Ht4h, microbisporicin i
FETE 4 f5r (2 BR 1) A AL AN 14 467 il 202 1 2 Ak
(microbisporicin A2)8% — ¥ H 4k (microbisporicin
ADEM, —F 433 mibH 45 Y 8 =4
8502 b AL AT mibO 4 i 1Y 20 Jif €. 3% P450 i
{43738 Planosporicin 1 microbisporicin ¥4 J&
A5 A A BE Y RTIA Lipid 11 4545, 2ET
B BE G sz B A BT AE L, B X
HECE R PHPE TR, U 45 BR 1 (Staphylococcus)

% BR 14 (Sreptococcus) #1117 Bk 7 (Enterococcus)
ERPURIEEERDT . R PR IR 22 AT
RES 12 (LR 2 IERR IR AL 18 o PN 24 BL PR ik ik
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Z ) DR ) A AL 25 S eI, eAh, R
microbisporicin X # % [ ] ¥ § Moraxella
catarrhalis, Neisseria spp.fll Haemophilusinfluenzae
A —E AT VER], {0 KM% #F 1 (Escherichia
coli) &5 iz #F W FH 40 7 . FI 5 7% Bk T4 (Candida
albicans)fll L 74 v {24 %5 EK 7 (Saphyl ococcus
aureus) AN it s 10 7E P (A5 — R E 2,
microbisporicin X i 24 TA7 B i AN A 460 PG R 465 5%
4, 45 7% BR & (methicillin-resistant Staphylococcus
aureus, MRSA). T 718 = BBk (vancomycin-
resistant Enterococci, VRE)FIT ¥ 25 2 1) i 4
FERREE AR AT M, HACRE = 0] 5Ol R
EMBH R TR,

F& T planosporicin I microbisporicin 4},
WG B AN & (R T A B T =3
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FR 25 K6 2 AW o Maffioli S5 7E 4 FRA [ e A il
R R TR T 4 FUAE 4. 6 8¢ 14 £ b
KRR TR S planosporicin A [A] B 45 F 2014
NAI-857., NAI-130., NAI-114, NAI-438*! (/4] 4),
B 1 AT, SR kB, s
planosporicin 77 1F FL fif 2 JE R 5k BL 1 Bt , m] LA
PR lipid I&5A AR, JEme P
T, A 3 N IER BTG MR, LR TR
1% PE$EIT microbisporicin, M Microbispora sp.
107891 B Microbispora corallina NRRL 30420
KW, Maffioli 5538 & L T 4 i 8 Z PR AW
k. NG5 14 Lan BEL R . N 32
R - =R - N 2R 3 2 L IR ik AL AN
14 {3 Il 24 B2 A4 2 2L 1Y microbisporicin Z5 1)
KAy, WHTEEHA ORI LB, IR 1Y
FEAR N €8 28 TR 1Y b Ak 23 3 5 = B i IR A BT TS
M, T N 63 14 Lan (U0 FI N iR 2 HH 2
MR- RR-N AR 3 A2 LR ik e ) 25 B AT
PUETE Y A, Cruz 25 &P 4 17 (6 LR

BRI IRAL A NAT-108 Xof I3t 13 Wk A F5c /N 00 T
¢ (minimum inhibition concentration, MIC)tt
microbisporicin AH A g LR, XK R 4 H7 (0
FIRFRFER AL BT NAT-108 AOHT BTG B o o
1.2 B FEHH

TERER T A T RLE B, iR %
1Y actagardine (gardimycin) (€] 5). cinnamycin
duramycin (Moli1901 5§ lancovutide)#l ancovenin
(& 6)7 1034 e A B 19 AR IEIR IR .
EATR X R BAE . (1) Lan 3 MeLan £¢ H A
[@]: actagardine i 7% 2 /> Lan Fll 2 /|~ MeLan,
M HA =& W HA 1 Lan 1 2 4~ MeLan; (2)
i 5 f5. AN ) s actagardine ME— A& v 25 & C
Ui ) MeLan # garO Zfith (145 51 3% Tik-54 i 42 g
AACRANEE ; T cinnamycin A1 duramycin &
WA R AL EE 6 131 2 FRER LI 19 07 TN A R 5% ik
Z A8 1A 361 24 BR TN A R A S 15 i RAZTR
FRILI)F LA, ancovenin DI JCAT ] & .
ik 4 FEEMHAKH, actagardine, cinnamycin

Actagardine
Ala(0)-actagardine
NAI-802
Ala(0)-NAI-802

Deoxyactagardine B
NVB333
NVB302

Michiganin A

5 IEXEFA actagardine R HEHW LU EEEFF

Figure 5 Peptide sequences of type II lanthipeptide actagardine and its analogue. The thioether bonds that are
shared by actagardine, Ala(0)-actagardine, NAI-802 and Ala(0)-NAI-802 are shown on the actagardine sequence.
The thioether bonds that are shared by deoxyactagardine B, NVB333, NVB302 and michiganin A are shown on
the deoxyactagardine B sequence. Amino acids that differ from actagardine sequence are marked in red.

http://journals.im.ac.cn/actamicrocn
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Ancovenin {2 a4} Valj

Duramycin (Al

Cinnamycin (Ala

Duramycin B (A

Duramycin C (A

Mathermycin (Ala

6 IIEFEHBK ancovenin. duramycin. cinnamycin. duramycin B. duramycin C 1 mathermycin

B R EBR 5

Figure 6 Peptide sequences of type II lanthipeptide ancovenin, duramycin, cinnamycin, duramycin B,

duramycin C and mathermycin. The thioether bonds that are shared by duramycin, cinnamycin, duramycin B,
duramycin C and mathermycin are shown on the duramycin sequence. Amino acids that differ from

ancovenin sequence are marked in red.

Fl duramycin 38R B — @ PUREE M, Hrp
actagardine FYHTIR 16 P fe ok , X8 = G PHPE K
o R A B TR TR i AR T S ) 24 T 28 R o AR 5
TP, HPURROCR 520N 7 5 3R F Sk f e
WEAH 2414 R actagardine AT ML 2 5
A AN EE B ETIA lipid 11454, 27 BELWT 41 i
BERY A, H R H G PRI AR T 1 2 5E B i ik
microbisporicin, 5 actagardine N[, cinnamycin
F1 duramycin 2 HH FH 15 137 KA TR R FE W]
B N O £ T Jg 1) 2 ke 22 ) 1) 25 AR AR 3 3
AU MLRE B G R T, A M BE TSR T
Ho15 AL RAATRF BN E— Py oR T 3%
LW NR I O B A5 5 R, X AP AT DL
BRI 15 AR A& AR AR AL B
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i) ancovenin AP /R E M, Cinnamycin F
duramycin BE T XAk B ZE AT R (Bacillus subtilis)
FNDE AR R I L AL A P PL IR TG MRSl R BT
FHE R A — R AR BT
G PEAN, cinnamycin, duramycin 1 ancovenin
MR 2 W AP EAE TG, W cinnamycin
(40 T Y B AR 2 e B E 0 S BT
ancovenin Fl cinnamycin F¥ Ifil 5 3 35/ FE4 2%
duramycin WA BT AL I PR 62 cinnamycin
A duramycin FIPTR BB BEEHE & duramycin
AL B AL IR 8 1 B0 4%

— U actagardine WIZ5HIZRIYIUN Ala(0)-
actagardine!"*! | NAI-8021*"F1 Ala(0)-NAI-802*!
TEJLFOASTR] Y Actinoplanes sp. g & B, Fidk
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3 P EHATELS M E L actagardine £ 1-3 4~
THAFRFR I, H Ala(0)-actagardine AT I 15 P
W% 5T actagardine!*, 1M NAT-802 FFT 1 16 14 U]
I actagardine 15 2—4 1519, X Al g5 NAI-802 b
actagardine Z7i7 1 MIEHfiA K. AN, BF5EA
51443 5 7E Actinoplanes liguriae NCIMB41362
A% A £k i Clavibacter michiganensis 1 & ¥
T actagardine %) C %f; MeLan A8 AL B AT
2ERZE YY) deoxyactagardine B michiganin
A" (K 5), Deoxyactagardine B 7E45#4 1Y 15
16 (A RfRIEH Y actagardine ANJH], TWKF
deoxyactagardine B B KA LN, T A @R
T actagardine HJ /& ik JE [A ) Actinoplanes
garbadinensis H', J5#77 4 T C %ii MeLan #{%({k
BOAAY deoxyactagardine B A% {L4) actagardine
B, Michiganin A BT C MMl N 54 1
actagardine 2 1 MEIERIE LS, TE 5 A
15 v i) 28 JE R A [H) F actagardine . Michiganin

RosA2u

7 Roseocin BIR & 55"
Figure 7 Peptide sequences of roseocin'*.

A WIPTRETENAS , A A= T 90 S 200 P R
¥k C. michiganensis subsp. sepedonicus 2136 45
B IPTETEE, B MIC (G0 IR ik 7,

1M Fredenhagen 2573 [7EiZE  Sreptoverticillium
strain R2075 I Sreptomyces griseoluteus R2107
Ry e alifk i duramycin B 1 duramycin C®', #
& Fredenhagen 2811, duramycin Z3{b-E 1)
—IREEAE 2. 3. 6. 7. 10, 12 Fl 13 firdJk
BRARFE T BEAFAE 22 500, SR, T AR AR TR
TR FE AL 7 Marinactinospora thermotolerans
SCSIO 00652 M= EmAL mathermycin AJ—ZK
ZERIBRTAE 2. 3. 12 A1 13 (AR
duramycin AN[FZN, 7€ 4 F1 17 L@ IR I S
duramycin AR, XK I £ B AR
BS54 8 HA Z24EPE . Mathermycin X} B. subtilis
(A BL B G M5 B A cinnamycin ZE{P7,

bR T EREBHRSS, TERLE IR LB
T 43 F- B AR roseocin (K 7), X2 #lk

http://journals.im.ac.cn/actamicrocn
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T F AR JERE TR ] AL 3 “F B ALK . Roseocin
f135 RosA2a Al RosA 1B, iX 2 -4 4Bl s
B LT PTG T, 10— B S T B 0] 2 2 B
BB, HZEX MRSA f1 VRE 5 —
TE AR i 43 5 Micrococcus varians
Y variacin ZE45 4 [ 5K UE T L. lactis Y lacticin
481 eSS FAMRE AR, BRT N Ikt
lacticin 481 /b 2 DM SEMRILELAL , {UTE 6. 13
17 AR R TR I AR . Variacin R E
PEARAF HL7E pH 2-10 S B N AR H a8, XK
B 43 A 22 [ B M 0 T ke 3R B LS R A A o
RS,

Labyrinthopeptin A2

Labyrinthopeptin A1

8 Labyrinthopeptin B9 S & F 51

1.3 MEFEFHK

FE IR TR 7™ A A TITRY = B 4 JIK A F 5% 04 e
Z )2 labyrinthopeptins (/& 8)F1 NAI-112 (& 9),
—F 5 HE Actinomadura namibiensis DSM 6313
1 Actinoplanes sp. DSM 24059 & B 1 & FHL, 14
A 24> Lab (K 1), HECFRIH AT G
#0121 Labyrinthopeptins £37% labyrinthopeptins
Al, A2 Al A3, H 18-21 P FEERFREILHI K,
BRT Lab, B9 14> RS, NAL-112 f8
22 A SRR AT AT, 25T 1 AN HE A
F£ MeLab Fl N-#EILALMEEHA, B T4
JE UG TEAN, labyrinthopeptins i 3¢ B w45 5 i

Figure 8 Peptide sequences of labyrinthopeptin. The thioether bonds that are shared by labyrinthopeptin A2,
labyrinthopeptin Al and labyrinthopeptin A3 are shown on the labyrinthopeptin A2 sequence. Amino acids
that differ from labyrinthopeptin A2 sequence are marked in red.

9 NAI-112 fRER 5T
Figure 9 Peptide sequence of NAI-112["],
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WESE | AR E A, 2022, 62(9)

3299

AR A3 15 RS, T NAT-112 38 2R H 4558
[ 7 R d

T2 5 36 i A4S O b — JBe 3 DR B 22
AR/ 22 2 PR 1 I 2 BR 2548, X 3 BURIPR J5 18 1
AR — 5 Lab, TMAERSEEE S &
WA 2GS TS Lan, AUEEHSH
Lan, {H Lab Fl Lan i85k 20, 2EBH
ik SapBP! | SapTP® . AfmSP7FI curvopeptin®!!
R Lab, H HRIUH R AE MR s 22005
S THEYIEYE . T catenulipeptin IR 2 S
Lab, {HALAY B H — 5 A0 2 76 P AR 6 B
It 4b . erythreapeptin®'! | avermipeptin®' ! |
griseopeptin® /Al informatipeptin®®*'1 & 45 Lab
g% (1) Lan, H Lab fil Lan BR800 2, {HER
T avermipeptin B FI H B A PT A 2% G PH
BTSN, A I A s H RS T AE

7% —$2H9 &, 3T W M Sackebrandtia
nassauensis 170 & %45 3 4~ Lab AY#E KR
EHAK stackepeptin A | N ¥ij tb stackepeptin A /b
1 MR HEFEAY stackepeptin B 2 H %45 N Ui
1 /> Lab [ stackepeptin D F155 43 FEVT N %t 2 >
Lab ) stackepeptin CP%, “RN[a] FHABIIR - E
ik, ik 4 Fh stackepeptin 5492514+ Lab
1 Lan WEECH 3, HATSAKAYEIALSP- A2 00

FEBHARAIBEAK R XA s KR TR £
T AR PT s e e e H i A BB B S B
1.4 IVEIEEFRK

Venezuelin J2& 55— P & BLAY IV AL E B 67
Ik, 73+ A S venezuelae, 7% 22 IRk AL,
1 > Lan 1 3 4> MeLans (/& 10)?"_ Streptocollin
J& M Streptomyces collinus Tii 365 43 &5 1
venezuelin 45925014, Lan I MeLan %X H
MALE 5 venezuelin A [F], {HH N ¥yt
venezuelin 2 1 N EMR HAE 1.4 F1 17 & K&
R venezuelin AJFE(E 10)58, i im #34)
B SAIA W5 iR 2 FhEBmARSS A, A
AR AR AR ET H R &A1 4
Lan F1 1 > MeLan (& 10)P", 5HAb 2RI
BHAAR, EiA 3 FIVEEEGIKER T HK
MBS, JCHAMAT o B 5806, HIY
AR I BH S A i
1.5 VEIEERAK

Lexapeptide J& H Fij M — 18 19 VELE B i
JEUT, 4385 4 Sreptomyces rochei Sal35,
38 M SEMRIREA L, BR T K Z BRI Lan
Hb BAFAE NN- BN PN 2 | S-aminovinyl-
D-PE AR A1 D-IN B2 454 (E 11). Lexapeptide
BT PR R, X522 [RBAPE R HOE: MRSA

Venezuelin

Streptocollin

& 10 IVE!ZEFEFEBK venezuelin. streptocollin 1 SAIA IR EELF 5
Figure 10 Peptide sequence of type IV lanthipeptide venezuelin, streptocollin and SflA. The thioether

bonds that are shared by venezuelin and streptocollin are shown on the venezuelin sequence. Amino acids of
streptocollin that differ from venezuelin sequence are marked in red.
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11 VEIZEEFRK lexapeptide B S & 55"
Figure 11

MRSE . Enterococcus faecalis I Mycobacterium
smegmatis [ MIC . nisin #1758 25K, #F—
AR KB, D-IN BRI TENR R T
lexapeptide X} M. smegmatis Fil S. aureus HJ$T &
1E M. Ak, lexapeptide ih F B H FE nisin B4
f9 pH AR E 1E

2 FERRKNEMBH

TR R A 1 - B I — B 2 I 1 2 A
BRI, ok L6 IR e A AR R L I T
EHIK G5 2R SR, R A
MRRTFBIAK, —BEAPTREEA R 5T
PR T 7l A o e P S A o X R AR A
BRREA T A5 R B AN AT LAAE— 5 R L 1k
e FaRE A, TEAT BT R W AR K A R AL
KFR, FFAEIEER EBor b A5 S bR
RKIF BRI A

FUHT, X R AR 09 F B A AT 45 A A 1 Y
Jrik EEAT YRR 2 RIS R g
Wi BhK F AR BRI &
O JIRA E R 2R AR SR U f s
B ey g T 2 R B T
R AR R R R IR A . A H il
SN RS 7/ AT PR Gl R E A PP S
L. lactis 9 nisin®*!, {FL{& 41 2 6 it K BT 384076 1)
it P = 6 AL PR i il P ) B 92 M S B A 4%
bt B AR AE Y G B A P 3 3
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Peptide sequence of type V lanthipeptide lexapeptide!''.

SR A B K 3 R A U
TR EBRAR S 2T b2 B i . 2
AFELLTE 3 Al (1) XT3 B HLAK N &8 2 SR %
BEAT IR, an A 00 3 5 T A S e Ak 1
IN2EB BT AT (2) WK a2 SR
PEATEAE, A%t deoxyactagardine B A9 C Sif&ifi
453 7 NVB302 Fl NVB333% 7] actagardine
N s st (3) SHAE A Y
MM ERIE A, W ST Em k- FEmK
GRS A S M AT X
S B i AR A IV i T Rk TR R TR Y S B AR Y
ZFEVE, e T X E BRI REOC R AR,
SRy 2 BT P A m RN B B P Y 2R B AR
JIR K AT A W B0 T Bt

3 FERKAARALHE

T ) IR 7 ) G BSORH DG 6 PR e A S 3 =
M — b TR BT ECR A, B
)3k L6 5L DR AN Ay K 40 45 ) A 85 1) R AR 7
BEBTIALIE . BEE X B AR AR WS UL A
FHIARWRARAED G B0 CEUR R, 451
BB, JUHOR M RO I E B
FRB AR ARRCEASR] 7K T, R —
FEREE B T C R EE 05

— kU, BRI A Y G B B S
B AR ST, 0 1 BCEBFKAY LanCl
I AEBFRREY LanM™ | T8 25 65 KA O
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Hi( ':F' EI/‘J 27 /ﬁ @2 -(XXX)z-% /ﬁ @2 -(XXX)zfs-#é HJII'Z /ﬁ
MR (Xxx=1F & 2 L iR)P | IVALE £ Ik
LanLPRIVALE B KA LxmK &MY, 1 [H]
PR HE R RS B AR P 5 Y 5L R B4 G S IR R A
M W & BX F] (high performance
chromatography-mass spectrum, HPLC-MS)%§ 7
2, W& R KT 24088 F B ik an
erythreapeptin®'!, avermipeptin®!, griseopeptin®",
catenulipeptin'®! | stackepeptin™"Fl ¥ 4 3 - &
Wik roseocin! 1%

WAk, B R AN A H 3 2, Al
29 A0 23 B T OR Bl 2z b B T R AR
WHIIZ I . B mASER R W2 T R
antiSMASH. BAGEL 1 RiPPquest Z5 {1 i/F T 3t
1 2E B AL U avermipeptin BP?! mathermycin!®”!
H1 informatipeptin'>>145 i) & PR, A< PR3 ZH 3/t 3 M
FRETHFIA 1 km oA RS RIARER L3 b o) B 15
B 1 BRI ER AL TR L X K K 4 HE B R
antiSMASH 3 Hr R H A A G 2 4~ I BFEE
Bk S 1 AR BRI T Ty, e
4 A A BRI 2 T 8RAE 2 000 Da /2
i, HEATH MRSA ik,

liquid

4 Lk

FAT B 28 4 BT T U H AR B 4k
LR <ok Il — A7 B R B2 A [ R Y
AL H BT A S 08, ik
BT A VAL 1) S 6 B K ) RO R 2 B i, AT
X T 2 TR A A 2 B K Y A 4 S L ) R
B F A PN — LR T, ME&
R BT £ TR R DR B AR A A W AN Ak 2 ik
PEATEEA B T LA BT H AT S NI A R
EHIKAY AT BE PR U 52 T, [R] I 2 [N 20
24 SRR R A T TR R TR - B BRI B AR
WA AR,

VAR ATEC 2y 21 22 ™ H i
JR N A= i e A R 22—, BIFFE R S T
UL v 25 10 LA ] it 245 1l B 1) 42 48 1A g JE A
JEBE . A R RE AR HOATE AR T -6
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Pre R B M EACE, SR A 2L
Dy IR T — MERS AR 5 AT T A

HeAh, R —SEHZ R IR 1 - B HUIKE
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