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Figurel. The formation of the unusual amino acid in lanthipeptides (A) and biosynthesis of bovicin HJ50 (B) .
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R AL E. coli DHS s T % PCR §i 36 BH 1 52 FE »
P2 ICBH v B 15 % » S OTURL I 7> 50

*1. KHRFAA PCR3IY

Table 1. Primers used in this study

Sequences (5°—37)

N-HisBovM ¥ CGCGGATCCATGGAAAAATTAGATTTAAC
N-HisBovM-50+F  CGCGGATCCATTAGACAGGTTTTGTTAC
N-His-BovM-450-R ACGCGTCGACCTATAACTGTTTAATTTCT
N-HisBovM-500-R ACGCGTCGACCTATCTTAACAAGATTAG
N-HisBovM-600-R  ACGCGTCGACCTAAAACACATCTAAA
N-His-BovM-5014+ CGCGGATCCACTTCATTGAATATTGATG
N-HisBovM-601+F CGCGGATCCTATAATAAACAATGATTCAA
N-His-BovM-R ACGCGTCGACCTAAAATCCAAACGTCAGT
C-His-BovM ¥ CATGCCATGGAAAAATTAGATTTAACAAT
C-His-BovM-50F  CATGCCATGGTTAGACAGGTTTTGTTAC
CHisBovM450-R ACGCGTCGACTAACTGTTTAATTTCTTGC
C-HisBovM-500-R  ACGCGTCGACTCTTAACAAGATTAG
C-His-BovM-600-R  ACGCGTCGACAAACACATCTAAACT
CHisBovM-501F CATGCCATGGCTTCATTGAATATTGATG
CHisBovM-6014F CATGCCATGGATATAATAAACAATGATTCAA

Primers

CHisBovM-R ACGCGTCGACAAATCCAAACGTCAG
Duet-BovAF CGCGGATCCGATGATGAATGCTACTGAAAAC
Duet-BovAR ACGCGTCGACTTAAGCACAATTTTTACAAGCT
Duet-BovM ¥ GGAATTCCATATGATGGAAAAATTAGATTTAAC

Duet-BovM-500-R  CCGCTCGAGCTATCTTAACAAGATTAGCTG

1.3 EAREFREG&
R DL oAy %08 A A 96 4R B P 7 vk 4l 4k His-
BovA, W £E Jx A & OB A 6 3% (RP-HPLC) H 5 5

HURT ARG T ™ o BovM R ML A B AR IA 4l
IR o RIL B AR AL E. coli BL21 (DE3) , 723
INARN LA R 1 L LB B 5 3 v 37°C % il 15 5%
0D, %2 0.6 — 0.8, it N 24 0.5 mmol/L [
IPTG, F 18°C F 180 r/min %7 3% 20 h Ji5, & O 4
Wk, B T 40 mL start buffer (50 mmol/L
Na,HPO,, 500 mmol/L. NaCl, 20 mmol/L B M,
pH7. 4) J5 M/ MR, 25 O B b, i & 8 & 1 3
£z Mt (IMAC) 55 5t iz i 38 J= #r (SEC) Wy 25 2l H
WA, B AW T assay buffer (50 mmol/L Tris-HCI,
pH 7. 4,150 mmol /L NaCl, 10 mmol/1. MgClL,) 1, &
SDS-PAGE #iill & [ 2 /& 5 » BCA 1 77 & I & & A
1.4 BKiEMNE

¥ His,BovA T #) ¥ fif T assay buffer H, ] 52
HAWE . %R MERER LA 10:1 5 BovM 5L H
TS I 22 42 5120 10 wmol/L 55 1 ol /L.
NZIWREE S9N 2.5 mmol/L 5 1 mmol/L [f] ATP
5 DTT, & T 25C Je ¥, [ W I ) 15 min 22 12 h
NG N R E N 0.5% It = Ji & 1 (TFA) £ 1k
KR 4 #2454 Zip-ip (Millipore) F 2.
MALDI-TOF MS 4l 7= #) 73 & .
L5 IRLEMNE

IR o VA NN L N 1 B
T SR BERE (DTT) , Ji&4) Hisg-BovA 4 7 rh B 1 51
e 2 BTV Bk B S T G 8 DU 2 FL R TR
I JE 1 AHAN S0 BovM X BovA MK« 2 T 3X Fb
L%, & B K R 34k 19 His,BovA (Dhy-BovA) o
FEARSN N AR 2R H AN N DTT, K BovA 5 BovM 4%
JEIKEE 1001 FEIR & J5 25°C S 2 b H 77 49 4 1
RP-HPLC BEAT 20 4k, W4 H As = W 5 T )5 T
assay buffer /1, | 52 WK & o #3% 75 ) Dhy-BovA 5
BovM s H 80k 2 R A WL 203 10 pmol /L &
1 pmol /L, Jt BV AR & o i N 284 & 24 1 mmol /L 1)
DTT. 25C JZ B 4 h, 91 2 Ziptip I #h 5 3 17
MALDI-TOF MS 25¢ o 1 il ik 8 T2 sl 6 70 1 B
A s VLGS 7 32460 0 I AN BE B 22 B 1K B 1 15 T 1
LA — PSR AR 4B M ) N-2 8t 5 ok Bt Y2 e (NEM)
SRAT I B S H iy A RO B A e KB
JE T Zip—tip BR85S BR O DT E R
¥ T assay buffer H, i A2 FE 2 1 mmol /L 1) DTT
F1 10 mmol /L [f) NEM, yK [ 0% & 30 min, =¥ 4 Zip—



TENE: LR/ AR bovicin HISO B BovM XU g Ik 80 A1 4 7% 1L % 5 . /92 27 4% (2015) 55 (1) 53

tip B 8 5 T A )
1.6 HEEHERE

W 2l Ak 5 A& i J5 7= ) BovT150 (bovicin HJ50
IN T3z 8 3 Bov'T 1 i A 1 I &5 4 380 7 M4 4h 4%
PER A U1 BovA (1T 5 1K) B D)5 K BovT150 4% )i
VWG EERLE 401 N R N AR FR b i pH 7. 4,
25C T OIRIE R =W R) T T AL 4 #5005 410 7R %
P, BL M. flavus NCIB8166 1F b +5 71~ W #k

2 4R

2.1 BovM K H B gy ik 5INL Th gE 18 Y 3R A
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Figure 2. The molecular pattern of BovM and its truncated derivates.
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AT AR E A HE BB S K AT, /£ C i il
I His—tag W) T {8 25 6 i A2 M 5 B8 08 2K 43 B 2 11
H st H > i BovM1-500-His, 1 BovM1-600-His,
FA R I A TS PE (B 2,3B) oS3 46, 7R
BovM [ C 3 501 - 837 5 601 - 837 k47 3£ ik 4li k.
A BL, A5 HAR iR B C Simids i His-tag J5 T 3R13 1) &
RS E PR AN & AR N 3 78 N His-ag 5 A80€ P W 2%
P27, #E B His, BovM501-837, His, BovM601-837
2 8 TSR A v (2,3 0) o
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95 BovM [ N uii [l 7K g Ty B8 38 RE A5 S AT
A3 K Dy B8 AE AR S0 S B AR R P Bl BovM N 3 48
L ER R B KW o AE K i AT P R A 2 4G BovA
EARY, 5 BovM. N i i X BovM1-500-His, T
BovM1-600-His, & Fl, Jf 7 7K 2 o s i ATP. Mg™*
HUDTT K g A4 A S WA R o |1 T4 BovA F 8 R
6 5 B DK > G AR B S 5 (20 wmol /1) H. 5 Ui iE » A
H 56 BovM il 27 5 20K 3 BT KA W o WA AT 9 3
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Figure 3. Tricine SDS-PAGE of BovA, BovM (A) , truncated proteins of BovM (B, C) and MALDI-TOF spectra of His;-BovA (D). A: lane 1.

Protein Marker; lane 2. Purified Hisg -BovA; lane 3. Purified HisgBovM. B: lane 1. Protein Marker; lane 2. Purified BovM1-600-Hisg ; lane 3.

Purified BovM1-500-His,. C: lane 1. Protein Marker; lane 2. Purified His; BovM500-837; lane 3. Purified His, BovM600-837.
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W58 4T FE R I TR B H bR R E VG P - AR
WeEH 8 wmol/L, Bk & 5 0.8 wmol/L H},25°C
BEAT SN 5 38 AN (] IR 1) 506 e I 7 4 0 ek )i 3% Ao
Wy 7 & WA 2L B 7 5 ok 5, R B i W) 23
T 8280 Da (& 4-A) , 1y B 43 1 it 7K 14 7™ 4 43
TR Y 8244 Da. ik 45 R KW, BovM 1k i VI
i) 30 min Py BRI AT A ) 58 42 7k (K 4-B) o i
BovM1-500-His, 7EA2 1M 4 h Ji5, £ A 1R T & 1 i

K= AT A KSR AR & (& 4-C) o REUHE
B E S 2 umol /L, 32 5 ATP K JE % 5 wmol /L
AR 15 o 5e 2 I 18] 25 = BOJS » 0TS R B 52 42 #E
o 3L KO PR A KR BE e BovM1-600-His, 15
BovM1-500-His, AHLLVEMEIF LW 2 Z R . DL B4R
F W], B BovM B N 3 i 7K 45 K 3B A7 — € 1
IOt 7K 3% P AE I3 K 1 4 58 B 1K) BovM T B4R Ko
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T h T v T T = T L] 1
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— e
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4. BovA (A) 5% BovM &4 /5 (B) LI & £ BovM1-500-His, &1 5 (C) ) MALDI-TOF [& it [

Figure 4. MALDI-TOF MS spectra of Hisg -BovA (A) , BovA modified by BovM in vitro for 30 min (B) and BovA modified by BovM1-

500-Hisg in vitro for 4 h (C) .
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IR BovM i) C i 5 B FA 1 i 3 P 7 22
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WIS 5 W] A5 K WP BovA J3 7 i) H H Cys
AR AT AR IE B0 B, BovM 7E AN YR In DTT
R 2 0 RE X A BovA B i I 2 K K E A
SATITF Bt BEJS 5 £ BR BovM, F| H] DTT ¥ —
B BT JT > B AT 3k 43 BovA Jii /K R B30 M AT A4
Dhy-BovA. ¥ Dhy-BovA /£ KM, 5 BovM B C i
i 5 1 His, BovM500-837 « His,BovM600-837 #fi
[ 26 AF N R G R A BN o T BORE O AN T B ATP
b I AE R, S N AR R T AR VR N DTT . iy T
Tk 5 1K) T2 BT AN 3 B0 W 2 1 B AR A, H R
TR I TGV R SR A B A R T R

S HE A M) N=Z 9 1 ok W i (NEM) X 7= 9 3E AT
16 4, P I i R W o> b Bl SRR B
NEM a5 2 ik 7y v B i3 A2 s A A il
SRAL ALY o RN 125 Da. S5 RRW, KiE
i ff) Dhy-BovA # % 7] 7 4 500 Da 4y 1 & 1% 0 i »
WHHESH 4 B (K 5AL) ;A H BovM
Bt 5 7153 1 b 2 UG N 250 Da, & W] Hoh
SOSAT 2 A Bl s AL, KU R Y R A T I i
(J& 5-A=2) ; 1fij 7£ His, BovM501-837 1& i J5 i it 477
AR P E] 500 Da i B K74 A0 A 5 5 B2 AT T R
B (1 5-A-3) , IX R W4 b 17 el 38055 80 B AT 7 sk
/b, o] B A Bk JE % His, BovM601-837 (1) 500 Da
B B W TG ik 2 k2D o Ay Bk 2B B IE AR B
H FRARAE M 77 25 BovT 150 1 B i B 900 5 440 1
WL 85 2R B, AE W16 S A W B2 A A I Dhy-BovA
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Figure 5. Cyclization activity test of BovM and His, -BovM500-837 (A) and identification of antimicrobial activity of modified products (B). A:

MALDI-TOF MS spectra of Dhy-BovA (1), Dhy-BovA modified by BovM (2) and Dhy-BovA modified by His;-BovM500-837 (3). B: Inhibition

zone against M. flavus NCIB8166 of Dhy-BovA (1), Dhy-BovA modified by BovM (2) , and Dhy-BovA modified by His; -BovM500-837 (3) after

digested by BovT150.
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TR UE AL B K SO A D) B 8K BovM 40 2R 1 fig
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O HALAF I (0 ARV P o B SE E R A I N AR R
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KW =) 5 B o A R KW, LW E AL A > &
JBE 7K 7= 40 5 B i B K By e 3 A Ak 5 SR A TR (&
6-A) o =M% BovT150 g 11, W 2 7= 4 400 1 %
P 2R A 0 38 00 T O 5 X AT B K R AR D DL
S PR AR A K (K 6-B) .

B J5 T8 AR A 2% 11 T R 0 X ) e 3 P [ O &R
# BovA, BovM1-500 LL & BovM500-837 JL3%iA T E.
coli ", Horf Y 9 # 1% #% 3] pET-DUET | 2 A2 fi5 4E
W R & T pACYC-DUET b, B 5 W9 B it okz 2L
M #54k E. coli BL21 (DE3) , i SR ikdifbEH. h
T pET-DUET Mg V) 47 si &5 pET28a A, K A& 1 i
WU oy 7 & R 7730.3 Dao g REK W], B OIf

ARAL I 2] BovAm, ifiy 4 i 48 2 204K J5 (K7 W) 0 1 &
4 7729. 3 Da, K& 1M BovA (] 6-C, D) « K& 1
A e T BovM ) N 3 Dy 3030 PEARAR, 76 48 W &
FRANGEAE E. coli P LI &1l BovA JT 3 8. Ll L
4 AR W], BovM WL g WA e B 11 A2 4 Py sl iA A 2
T IR AT A A Ty RE IR B AT B TR A D

3 it

F B2 KK F R A R OOR i (1 7
i M5 7K L5 0 A0 BT R 18R A 1 TR X B R 2 IR
WA EED . 1 KEBR I L
o, B K M LanB L5 2546 B LanC B 7] 75 1 P # 41
A AR SE AL LanA AT K S ERALTY o Bl
LanB 5 LanC #f 68 % F A % AH N Bt 7K 525034 16 2h
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Figure 6. Identification of synergistic functions of separate domains of BovM in vivo (A, B) and in vitro (C, D). A: MALDI-TOF MS spectra
of BovA incubated with BovM1-500-His; and His,-BovM500-837 for 4 h. B: Inhibition zone of Bovicin HJ50 (1), and BovA incubated with

BovM1-500-His, and Hisg-BovM500-837 and subsequent incubated with BovT150 (2). C: Tricine SDS-PAGE of purified products. Lane 1:

protein marker; lane 2: pupernatants of induced E. coli BL21 (DE3) harbouring pETDuet-bovA-bovM1-500 and pACYCDuet-hovM500-837 ;

lane 3: inclusion body of above mentioned induction products. D: MALDI-TOF MS spectra of purified inclusion body.

LanL N 5ty 8 7 25 (4 H A7 W /K B 3% o 9 Bk 7 3 4k
gy e " o LanM [ N 3 45 #4958 5 LanB 1 LanL
TCFPE S W s 5 R T B AN R A& i B
HE Ak S BT T 45 SRR L 8% LanM C i O8 57 (1) 8 25
TG AL R ST > LanM B AL 1 3 2% (R AT fR A
KA P 5 B 7% 2 S 3 g SR T A R ST i o AR
T KN AE AR SN 3 T BovM (¥ N i b5 C il 1) 45
IR B 7K 55 B8 4 35 5 SI2 56 45 R 3R W] BovM L)
Ty e $ak T 4 AR A0 L AT A B I 0 S (E A B i
B35 R B, UE S T 0T 8 48 IR T g AH X A
SEE e AHIE A I IO K B, R T R I A R R A
SL )R FHIE S O J0 W 2 B Bk TR o e . I G R AL
XU fig S ) 0] 8 B BB AR BAE L 7E BovM 43
T B K 5 PR AR T g Sz TR ) O RO R AR

SE o 0 5 3 i X T A e ) Y B sk LG T A
b R

i lacticin 481 1&4fifiF LetM [RI4R N 45 & S8 R
], LetM AR [ K 3 B AS 7] X488 1 i 6 2 1 0 i Ak
LetA (K45 & i P34 W) 5 F [, BEARIT 9% U W e 4 45 &
WHEFRESK LaM 2 5" i nukacin ISK- & 1fj
Bis NukM [0k 4 45 & 9256 % 91, NukM (¥ N 3 5% C
it A 4 AR 1 0 fR A 5 BT IR NukA 5 4E v
AT ST 7%, BovM A X B A48 T 41 39 8RR
A B AL P o 4% LRI A0 35 008 4 00 5 3 T 2 ol
T Ty e R T AL R (4 B T R R
BovM ) N 3 15 C 3 2y RE I 38 AT IR 46 & 148 1)
A, DRI E AL (RS A R R
SE AR TR G5 A3 P R R R B TR AT T



TENE: LR/ AR bovicin HISO B BovM XU g Ik 80 A1 4 7% 1L % 5 . /92 27 4% (2015) 55 (1) 57

2 AR 0 Ty g 4k E A AR AR AL R L S5 AT
DR F5 58 2 9 BE 58 JCAH 1 1O 4 T fE

A H T R AT LanM 530K 8 14 2847 &5 1 i
B RE . X 42K LanM #E47 45 & A] B 2 KD e
Sl 2 ) B B AN R T AT AR R T KR
LanM X3 G830 53 il 33K 45 H 45 i 3R A3 54 T g Jk
(3 5 48y e — Bl AT B AR e A SEIR R, R
BovM . Tf i 45k 3 1k T B W3 A, {EL 475 L A AT N ) T
A€ Ui WY F A T B AT AR L AT AT B 3 et e 3
G5 K i T A7 E SR AT IE 10 1) 45 A0 15 S T RN TR
BovM (R HEAL AL o 35k, X BovM fE AL AL I (¥ BF 5%
AR T LanM S35 8 I 4 A0 5 P B HL X i
YOI EER, Dy o i s i W BE AT BEE B v e g PR K
I AT Ay 1l 1) T A DA B 5 il o

225 SCHR

[1] Knerr PJ, van der Donk WA. Discovery, biosynthesis,
and engineering of lantipeptides.
Biochemistry, 2012, 81: 479-505.

[2] Chatterjee C, Paul M, Xie L,

Annual Review of

van der Donk WA.
Biosynthesis and mode of action of lantibiotics. Chemical

Reviews, 2005, 105(2) : 633-684.

[3] Molloy EM, Ross RP, Hill C. ‘Bac’ to the future:
bioengineering lantibiotics  for  designer  purposes.
Biochemical Society Transactions, 2012, 40 (6) : 1492-
1497.

[4] Xie L, Miller LM, Chatterjee C, Averin O, Kelleher NL,
van der Donk WA. Lacticin 481 : in vitro reconstitution of
lantibiotic  synthetase Science, 2004, 303
(5658) : 679-681.

[5] Chatterjee C, Miller LM, Leung YL, Xie L, Yi M,

Kelleher NL, van der Donk WA. Lacticin 481 synthetase

activity.

phosphorylates its substrate during lantibiotic production.
Journal of the American Chemical Society, 2005, 127
(44) : 1533245333

[6] Paul M, Patton GC, van der Donk WA. Mutants of the
zine ligands of lacticin 481 synthetase retain dehydration
activity but  have impaired cyclization

Biochemistry, 2007, 46 (21) : 6268-6276.
[7] Levengood MR, van der Donk WA. Use of lantibiotic

activity.

[8]

(9]

[10]

(1l

[12]

[13]

[14]

(15]

[16]

synthetases for the preparation of bioactive constrained
peptides.
2008, 18 (10) : 3025-3028.

Xiao H, Chen X, Chen M, Tang S, Zhao X, Huan L.
HJ50, a produced by
Streptococcus bovis HJ50. Microbiology, 2004, 150 (Pt
1) : 103108.

Lin Y, Teng K, Huan L, Zhong J. Dissection of the

Bioorganic & Medicinal Chemistry Letters,

Bovicin novel lantibiotic

bridging pattern of bovicin HJ50, a lantibiotic containing a
characteristic disulfide bridge. Microbiological Research,
2011, 166(3) : 146-154.
Liu G, Zhong J, Ni J, Chen M, Xiao H, Huan L.
cluster in
Streptococcus bovis HJ50. Microbiology, 2009, 155 (Pt
2) : 584593,

Lubelski J, Khusainov R, Kuipers OP. Directionality and

Characteristics of the bovicin HJ50 gene

coordination of dehydration and ring formation during
The Journal of
Biological Chemistry, 2009, 284 (38) : 2596225972.

Garg N, Salazar-Ocampo LM, van der Donk WA. In vitro

biosynthesis of the lantibiotic nisin.

activity of the nisin dehydratase NisB. Proceedings of the
National Academy of Sciences of the United States of
America, 2013, 110 (18) : 7258-7263.

Li B, Yu JP, Brunzelle JS, Moll GN, van der Donk WA,
Nair SK. Structure and mechanism of the lantibiotic
cyclase involved in nisin biosynthesis. Science, 2006, 311
(5766) : 14641467,
Goto Y, Okesli A, van der Donk WA. Mechanistic

studies of Ser/Thr dehydration catalyzed by a member of

the LanL lanthionine synthetase family. Biochemisiry,
2011, 50(5) : 891-898.
Uguen P, Le Pennec JP, Dufour A. Lantibiotic

biosynthesis: interactions between prelacticin 481 and its
enzyme, LetM.  Journal  of
Bacteriology, 2000, 182 (18) : 5262-5266.

Nagao J, Aso Y, Sashihara T, Shioya K, Adachi A,

putative  modification

Nakayama J, Sonomoto K. Localization and interaction of
the biosynthetic proteins for the lantibiotic, Nukacin ISK-
1. Bioscience, Biotechnology, and Biochemistry, 2005,
69 (7) : 13414347,



58 Hongchu Ma et al. /Acta Microbiologica Sinica (2015) 55 (1)

Individual catalytic activity of two functional domains of
bovicin HJ50 synthase BovM
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Hongchu Ma’~, Yong Gao ' ~, Fangyuan Zhao ~, Jin Zhong
'Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China
*University of Chinese Academy of Sciences, Beijing 100101, China

Abstract: [Objective] To reconstitute the in wvitro catalytic activity of the individual dehydratase or cyclase domain of
bifunctional bovicin HJ50 synthase BovM, and lay a foundation for the further investigation of catalytic mechanism of class
II lantibiotic synthase LanM. [Method] The truncated proteins of BovM containing the N-terminal dehydratase domain or
C-erminal cyclase domain were expressed in E. coli and purified. Substrate BovA, the precursor of bovicin HJ50, was
incubated with these truncated BovM proteins in in vitro reaction system. The antimicrobial activity assay and MALDI-TOF
MS analysis were used to monitor the dehydratase or cyclase activity of these truncated proteins. Meanwhile, the
synergistic activities of both truncated proteins were tested in vivo and in vitro. [Results] The N-—and C-terminal domains
of BovM possessed dehydration and cyclization activity respectively. However, no synergistic activity was detected between
these two functional domains. [Conclusion] The individual functional domains of BovM could execute their corresponding
functions independently, but the intactness of BovM was important for its full modification activity.

Keywords: lantibiotics, bifunctional enzyme, dehydration, cyclization
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