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Effects of cleavage sites of leader peptides on the activities of
class II lantibiotic peptidases
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Abstract: [Background] Class II lantibiotics are ribosomally synthesized and post-translationally modified
peptides, mainly produced by Gram-positive bacteria. In the last step of its biosynthesis, the N-terminal
peptidase domain of transporter protein LanT cleaves the leader peptide to produce active lantibiotics.
However, the removal mechanism of leader peptide in this class lantibiotics is still not clear. [Objective] To
investigate the effects of cleavage sites on the activity of peptidases domain BovT150 and SboT150 from
different streptococci. [Methods] Expression vectors for the precursor peptides with mutated cleavage sites
were constructed by site-directed ligase-independent mutagenesis and then the wild-type precursors (BovAm
and SboAm), their mutant precursors, as well as the corresponding peptidases (BovT150 and SboT150) were
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expressed and purified in E. coli. The precursors were separately incubated with each peptidase in vitro and
the removal efficiencies of the leader peptides were assessed by HPLC, antimicrobial activity assay and
MALDI-TOF MS. [Results] Both cleavage sites GG and GA of BovAm and SboAm allowed BovT150 to
retain peptidase activity, and Gly was more suitable to be processed by BovT150. Only cleavage sites GG
and GA of SboAm were accessible to SboT150, which cleaved Ala more efficiently. [Conclusion] The
change of amino acid residues at the cleavage sites of leader peptides affected the efficiencies of class II

lantibiotic peptidases in varying degrees.

Keywords: Lantibiotics, Leader peptide, Peptidase, Cleavage site
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A
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PCR YT Bio-Gener 2] ; DNA BB BEEENE
KA TR E AR EEEIKUE T Bio-Rad 24
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Core peptide

KGG.SGVIHTISHECN..... MNSWQEVETC. .CS
KKK.SGVIPTVSHDCH. .. .. MNSFQFVETC. .CS
NRWWOGVVEPTVSYECR. . ... MNSWOHVETC. .

GG. . .GVIQTISHECR. . ... MNSWOFLETC. .CS
ADR. .GWIKTLTKDCPNVISSICAGTIITACKNCA

Figure 1 Sequence alignment of class II lantibiotics precursors (A) and primary structure of the lantibiotics (B)

T 20 FHARMIMER 75%; W6 FFAARRIED 100%; —1: HISAK C Smpdi)n — ML Z8IEMR; 1: RO N ShysH—( LR ;

ik . UIRIEGEDIE AT R0 B

Note: Red: Sequence similarity level is 75%; Blue: Sequence similarity level is 100%; —1: The last amino acid of C-terminal region of the
leader peptide; 1: The first amino acid of N-terminal region of the core peptide; Arrow: The position of leader peptide cleaved by peptidase.
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&1 AFRFAAEIA PCR 5[4
Table 1 Primers used in this study

Primers name Primers sequence (5'—3") Size (bp) Purpose

BovG-1A-L1 GAAATGTTAATTGGTGCTGCAGATCGTGGATGG 8 085 Constructing
pET28a-bovAM(G-1A)

BovG-1A-S1 TAATTCTTGGTCACTCACAGTCTC

BovG-1A-L2 CCATCCACGATCTGCAGCACCAATTAACATTTC

BovG-1A-S2 ATTAAGACTTTAACAAAAGATTGTC

SboA-1G-L1 GATTACTCCACCACCACCACCAAGAACGTTATCAAG 8324 Constructing
pETDuet-shoAM(A-1G)

SboA-1G-S1 CAAACCATTTCACACGAATG

SboA-1G-L2 CTTGATAACGTTCTTGGTGGTGGTGGTGGAGTAATC

SboA-1G-S2 TTCTTCAAGAGTCAATTCTTG

TRERHEH Gly(ggt) 2878 8 Ala(get), S8 AHT 1AL ]
1% H bovA(G-1A), TPKf Salivaricin B ff) Ala(get)%
R Gly(ggt), FAMAFTAILR 4N sboA(A-1G).
L pET28a-bovAM Ft5RiiAT PCR 9738, [ ik
(50 uL): 2xHigh-Fidelity Master Mix 25 pL, 5[#)
BovG-1A-L1 1 BovG-1A-S1 (10 pmol/L)4% 2 pL, J&
*i pET28a-bovAM (150 ng/uL) 1 uL, ddH,0 20 uL.
PCR [ 454F: 98°C305s; 98°C 10s, 56°C20s,
72 °C 2 min, 30 MEFR; 72 °C 10 min; 16 °C {#17
PCR [HW™ % Dpn 1 VG H#EATIR KRN, K5
W WrkEALZ E. coli DHSa B2 254N, T rupe K
PRI LTS, SRIUBORIIN P S, 1535
HAK pET28a-bovAM(G-1A)., $# M [FIREAY )7 A4
AR AR pETDuet-shoAM(A-1G).
123 ZERFIEAK

W5 ok pET28a-bovAM . pET28a-bovAM(G-1A)
F1 pET28a-bovT150 ¥4t %2 E. coli BL21(DE3)/&%
AL, pETDuet-shoAM . pETDuet-shoAM(A-1G)
1 pET28a-sboT150 AL % E. coli Rosetta(DE3)/i%
A E. coli BL21(DE3)#il Rosetta(DE3) T 37 °C,
220 r/min }53%, FFEBRHEIE ODgoo M 0.6-0.8 (K4
AR, A IPTG ZAWE X 0.5 mmol/L,
18 °C. 180 r/min 4z %557 20 h, 4 °C. 5 000 r/min
20 30 min PR, EEFEIALL 400 W U358
FERERE 25 min, YIHIEE T BovT150 1 SboT150
FIREFESlfl, HamriisE AR R idl, Bk

PRVE WU
1.2.4 {RSNEBY R Rz

PR EIEE BovT150 1 SboT150 Z5ERIEW 46 ,
A Assay buffer (50 mmol/L Na,HPO,, 50 mmol/L
Na,SO,, pH 7.4), H¥E Tricine-SDS-PAGE Ji¢ | %t
I B9 B 4517 T A BB BovAm, SboAm 2 H:
SRASRFNYIEIEE BovT150, SboT150 HYMKEE, FH45
AN DI E e o3 0 R R AR TRV B2 o i BRAR By
BovT150=2xBovAm & KNV VAR R . K FR
SABIN 400 uL, 25 °C 40557 3 h A1 8 h Jim BiUkE
IRNEE 2
1.2.5 HPLC H#EgHI =)

S SERS 8] 28 3 b i SR LA 13 000 r/min &0
5min J5, 0.22 um K RUEMELIE , 15 B A9AE L F
F HPLC BEATAG I {5 ] % 2 W] Y InertSustain
I C18 4y Mk, RAIES LRI Jr ik, Ty
1.0 mL/min. st A H205 0.1% TFA 40K,
B AR 0.1% TFA IYETEEENG . 1% C18 FERY P-4
WeBER 5% B, VR EEEEA 30%-70% B, 25 min,
1.2.6 HIEEMENE

SN PR TR R FH BB T LA RO o
PRI M. luteus NCIB 8166 F TP AYE , BIFIRS)
F 5 mL A K, N ARG ST ARG R FHR ST,
FIATCHISE IR, R SR AREE R S, I EAE 7 mm
FTALERTEFE N AR EATAL, BEALIA 50 pL A 50,
30 °C H53% 24-36 h WL .
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B 200 pL 52 8 h (V)4 H Zip-tip (Millipore)
Brih, BIGET 60%0) LI KR i 4 BURE i o
JF3t% % Fl MALDI-TOF MS 5800 & [1 5 2H /3 a4
TR 2 TSI 3L i CHCA /K (5 mg CHCA
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1 uL, FES EAERESA 1.2 ik,
2 HRE5H5H
2.1 BIAFRSISH

R T HEET ST AN ARSI, A Clustal W
XF 5 R I 2R 2B AN P R TR (LctA . NukA |
MutA. SboA F1 BovA, Hi 3 FOETIAFSITE 125
F BN R h B A RN Z BP9 #E 17 HoT
(F 1B), MEI 1B AILAEH, X 5 FEEmanm =
(RT3 -8 X[l P AR ER &, %
X IR Bl A R 5 1T 2K 2 B RN I 2 A9 BN T35 )
A, HEM BovT150 1 SboT150 A7 5H it 112
PIEIEEAL I EIPLE . BovA A MutA ARG S AL
PIEf; 52 GG, 1M SboA Z5HiAl 3 Fhk GA, W]
DL TR SR A PR AT R, ISR GG
F GA LS AR S U B RS P s

22 RBERERIAERFYIEBRER

ia AR S0 = T Y SE B AN R RS
VI 2 55 (Semi-in vitro biosynthesis, SIVB)2%, 7¢
E. coli HFRIGRFIAILIA lanA FUEIGEEIER lanM,
IRIHEM S W ETIAREE 1 LanAm, % LanAm 55Uk
FEIRFRAB V) EIIGF LanT150 ZEARSN A TREYI S,
NSRRI L BRI R, ZRAELSEAE M
SARFEAR ALy AR S AR R AT AR R . AT
FEEL X A~ 2 B B 4H 1 28 1T AR DD B A Y 200
TR B TS, ¥4 bovd FiISIK—1 ML Gly
ZAE R Ala, fiv44 K bovA(G-1A); B sbod RSk
—1 (iR Ala %7% Gly, 44N sboA(A-1G). TE
E. coli BL21(DE3)H 8 AL U FTIAIL R bovd FI%E
AERIFTAIED] bovA(G-1A)53 515 bovM 5k, 15
SN B W T AE R TAER [ Hise-BovAm FIZE AR
HiAZE 1 Hise-BovAm(G-1A). HEASHI &A1/
35 8 277 Da H1 8 291 Da, £t Tricine-SDS-PAGE
K AT LA 035 0 1 4545 (8 2A). BT E. coli
BL21(DE3) A& %1 t(RNA, FILTE E. coli
Rosetta(DE3) iz H R i HL 36 36 7 1L 4618 & 7
A BRI EF R BT Hise-SboAm (432 K/

By 2 3

100 —
75—
65—
45—
35—

25— §

20 —

15 —

B2 W#EIREBA)FFFY]EIEE(B)EY Tricine-SDS-PAGE FLik[E

Figure 2 Tricine-SDS-PAGE of four precursor peptides (A) and two peptidases (B)

¥ A: 1: #F Marker; 2: 4lifbi% Hise-BovAm 2 H; 3: 4lifbfY Hise-BovAm(G-1A)iE M ; 4: 4lifbAY Hise-SboAm 2 H; 5: 4lifk
B9 Hiss-SboAm(A-1G)&E . B: 1: [ Marker; 2: 4lifkf) BovT150-Hiss 2 ;5 3: 4lifkAY SboT150-Hise 25 .

Note: A: 1: Protein marker; 2: Purified Hiss-BovAm; 3: Purified Hiss-BovAm(G-1A); 4: Purified His¢-SboAm; 5: Purified
Hise-SboAm(A-1G). B: 1: Protein marker; 2: Purified BovT150-Hisg; 3: Purified SboT150-Hisg.
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i 7 740 Da)FEAEBIH{A Hise-SboAm(A-1G)
(3 T8 KR/NH 7726 Da) (K 2A), B 4bFiFY)
% i BovT150-Hise F11 SboT150-Hisg 1Y K /N3
#7 18.6 kD #11 18.5 kD (¥l 2B).
2.3 HPLC RSNG4

I HI70 0 T A A4 A1 il 04 4 i ) A4 PT LA A
FIRAAR ., BT R R R B AR, Zead
C18 SUAHFEAY B J5 S TEAN ) L B4 B ] o 30 e e
Ll His¢-BovAm NJEY, 3 FF BovT150 #1
SboT150 H1 7). MK 3A H AT LIF £, BovT150
M6 HTIA BovAm (€35 0R B IRHE] S 19.5 min),
23] T Ik Bovicin HIS0 A a0 (4 B3 ik [a] Sk
17.5 min), 4R SboT150 Y] BovAm J& A Hi BLAL
BRGNS, KB SboT150 AREVIHE BovAm HY

mAU i
50 t

25

mAU s oy

Vit

3

3o
o:

2

@

50 t

zsw
A N

1

0 . .
15 20 25 min

3 EEYIFEMIRY HPLC iEEAIMNEF 1%

SOJJJ\E/\

GG {75, 9% Bovicin HI50 FiS ARV EI07 5 %8
A5h GA B, SboT150 /58K R AEYI#E Bovicin HIS0
AR SR ISR BovT150 tAEYIE] GA {75,
R A 1 B IR R B B AT GG 7 s Uik
1), XKW BovT150 MPIHEIRCREEIR(E 3B Ak 2).

4 PL Hise-SboAm AJEYINF, SboT150 fifFHI15
B 7 EIK Salivaricin B (CFERTAARAN G IR a0 44 B4 B
(435114 24.5 min 1 21 min, [& 3C). A} BovT150
TEAEYIE] SboAm HTFAK, 153 B A 23k
U . ¥4 Salivaricin B Fi S AEVIHIA s GA R4
4 GG J&i, SboT150 il BovT150 #RAEW: AT 45i,
R AR BE FT LA, SboT150 14 AH D) %1
RCRFFAR, T BovT150 AN RCR T =5 (& 3D Al
#2).

mAU

Soik
fk3 ® °

[ ]
@
2

1
1

15 20 25 min

25+

Figure 3 The HPLC spectra and antimicrobial activities of the enzymatic products
: A: BovAm; B: BovAm(G-1A); C: SboAm; D: SboAm(A-1G). 1: [ Buffer; 2: SboT150; 3: BovT150; #isk: MUk

MRz WU

Note: A: BovAm; B: BovAm(G-1A); C: SboAm; D: SboAm(A-1G). 1: Assay buffer; 2: SboT150; 3: BovT150; Arrow: The peak of mature

peptides.
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Table 2 The production of mature peptides

GUEZN Dy W THT AR,

Precursor Peptidase Peak area
BovAm BovT150 1199 422
BovAm SboT150 0
BovAm(G-1A) BovT150 125 946
BovAm(G-1A) SboT150 0
SboAm BovT150 258 560
SboAm SboT150 384 887
SboAm(A-1G) BovT150 677 391
SboAm(A-1G) SboT150 207 476

2.4 EEYIFHIEOHNEE AR
FHT I A B4 5 SRR I B IS 4 BB S H A T

TP, A YD I B G o BTt B 2R
BovT150 F1 SboT150 X A= il 15 AR RUF A 1 D]
TEYE. R 3 A I s T AE B

A 100

Intensity
N
(=)

miz

Intensity

2707.0

2766.2
mlz

4 EYIFMRREE

Figure 4 Mass spectra of the enzymatic products

IR 3A 1 3B BIAEFE A 17.5 min,
& 3C 1 3D [P FE A A 21 min) A BEDI =934 2
TNIITETE T, ARAEXT I 1] R e D] 7
WJCMsTE R DL RS RARERY], BovT150 AL
1% BovAm F1 SboAm HI'FIKAY GG Fl GA i £,
1M SboT150 Y AEYIE] SboAm ) GG Fil GA 37 5. .
25 L EREYI~Y

T B UE Y F BT E AT E S R A TR
PR V)BT 5 SR AU —3k, X Rk EED)
YIEAT T S50 M . A Bovicin HIS0 Al Salivaricin B
R IR —1 (7 LR R SEIEA T VI, 72 ) ik
AYFHEAY RN 3 428 Da il 2 732 Dal'®?Y | JFijah 1
BN, 2LL BovAm 1EREYIR;, BovT150 fYIfE
() S R = ARSI 1) T 43 F-3 A 3 428.0 Da f it i
(E 4A), TFE SboT150 BEI 4 A kaaiiz(14 4B),

B 100

Intensity

0 1
3403.0 3484.8

m/z

D o0

Intensity
— D W A N 0 O
S O O O O O O O O
2731.63

[w]

2707.0 2766.2

mlz

. A: BovT150 ¥)%| BovAm; B: SboT150 Y#] BovAm; C: BovT150 ¥]#| SboAm; D: SboT150 ¥J&| SboAm.
Note: A: BovAm cleaved by BovT150; B: BovAm cleaved by SboT150; C: SboAm cleaved by BovT150; D: SboAm cleaved by SboT150.
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ZH] BovT150 fEVIE] BovAm i GG v 4, Tif SboT150
AfEo L1 BovAm(G-1AYWE NPT, 4 SboT150
it D) J ARG 2] AR 43 F-i, 3RBH SboT150 A
REVIEIRYIN GA (L5 IXIRYIZ: BovT150 FEbIh
AR IR 433t , SN T RER Rk
AR HPLC Ik i n] LIE H)o 450310
SboAm il SboAm(A-1G/ENEHINT, BovT150 Al
SboT150 FYREY] "Wk INE 7534 2 731.6 Da
() S (] 4C A1 4D), B BovT150 £ SboT150
KJREDI#] SboAm [ GG 1 GA i, FEANHEE)
P T RS 25 T L 3
3 WiE4R

LB R WL EE TR RH
SORHER TR, TS IRTE XA R R 4R
— RV — A, BIESARRT LA
BRI ™ A T I B R, BLORIP A TR
AR B 7 A I A5 (— FROR BRI IR A i
A A A W0E 1) o “F RN FE R AT Ik i 17
FEAG U 11 TR0 35k e A 32 2 1 1R B 7 81 K Y
EIN A, LIRS T B A A A A
HE 28 EBmAm =, A X FRYIHIALSA
B, (EAARAMGY . BIAI%) Mutacin 11 (1
SR, BT G-1A RAE5 [ Mutacin TT 24
IREILE YA A2 BE, HEM R B DD FI07 A 2848
HATAAREBAI EIRFYI H Lacticin 481 HRTS:

*3 BYIFYSTE
Table 3 Molecular weights of the enzymatic products

i DI VORI o TE

Precursor Peptidase Cleavage site Molecular weights (Da)
BovAm BovT150 GG 3428.0
BovAm SboT150 GG -
BovAm(G-1A) BovT150 GA =
BovAm(G-1A) SboT150 GA =
SboAm BovT150 GA 3731.6
SboAm SboT150 GA 2731.6
SboAm(A-1G) BovT150 GG 2731.6
SboAm(A-1G) SboT150 GG 2731.6

Note: —: No product was detected.

JRVIEINL 5 Ala-1 2878 M58 L Asp. Lys 5% Ile, 5%
IR T Hisyo-LetT150 R FIBIEE, 1 A-1G %8
KRR BERS B Hiso-LetT150 YIE, 3 H 584
R R 22 A KL AT, Bovicin
HIJ50 i Salivaricin B 4434514 43 5] 2| B R it
AU ZEE BN R R 0, X R SRRT R A
(RIS B F4im T 28 B IR DI L .
SR T FIT FIARBLUEEARAR, (AEREA R I-3
-8 X, LUKLYIEIN S GG B GA (K 1A). 456
AR BRI M AR B 45 R & B, BovT150
X RS IR YD EIAL A R Gly HYI B RcR s, T
SboT150 TR FAVIEIN SR Ala AT FEIRCREE
Bio XFH BovT150 F1 SboT150 X A1 i 3%
PEEFRATR T LetT150 (X} Gly Fil Ala B4R FIZCR
JLF—30).

BovT150 1 SboT150 XA Rl {37 5 A e £k
Al RS s M Z5 ) sURP P AIAE G . 24 26
BB TR 2 V) BIRG Y 25 (R 2548 i RIS BIAEHT, A
)& T —ZRECE 2 BR & 1)) ComA 1)
PEP 73 [A]Z5# n] LAFS 21 —se(5 B2 3% PEP (/i iA
SiREE s, MR EE— N KEE, A
JEYIHT S KA SUCH Z R 7 (GG EA . 24 GG if
JRAS N GA J 1% PEP [MBALSCR T 444 800 %,
HEME th FRAR SRR, 1 GA (S BxfEiE A
SR ERY ABFTE AL BovT150 XHIEIf
GG MfEfLTEE R & T GA, MW TR
BovT150 WIS & X384 5 . 4R SboT150 Xi4]
LS GA HEALIEMERE T GG, X 5IKYEE R
WA —S, HEWBR SRR RN, %
L S B SR AR FE AP S5 (51 A g K P ) s s [0 2
MY RIFFIRCR . XEHES IR R E— 2 A5
k.

H ETE X B R 2= 1) PEP PRAZ, F%
£ PEP X [R5 AT KA DI FIIE PRI o ARSI
Hi BovT150 #E % U) B 5 U6 2 B B 40 ) K A4
SboAm K H A5 A SboAm(A-1G) RISk, i
SboT150 X} BovAm MILRAMAERTCEEIITEE, 3+
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] BovT150 & (1 HA—E MK se iz, AW IifE
N T HE - AN RS R, 20K Bl
T — S A= W A R DR Hh i = U0 G 9 S B
YN DA TIRIMEY A R XX 2B AN R )
FEN 5 B S ELAE F BB 0 A R AR 2
TR E IR S5 R
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