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AT 4 UG PacB 1L Xye JAMH A ik B 28 5 1 1T 5%

HitH L, ERE, WFH, wH:, THE
 LHERBAFAGHFRAFR, MAMRMBEREALRE, £E 200240; * EEAFHFZR, £#E 200243)

WE: Ik, —XEBERFASKENRBEHINMEEARRE T ZXE . XEWEYBEEH K S-IREH
e &EE%M@%VUM¢H§W%&WWﬁﬁmﬁ”_1 REFRIEEMISER sp B Z [BIFZRL C—C 3 C—O 52,
XEEREWIR N =R EINESMEE (3-CyFEs) . BRIAI Xye ERRIBARRRATTWEND S HEFFETZ BB ILE
SHRENEESHEE. ASREM Photorhabdus australis DSM 17609 FRAII— NI Xye 2NN EM & REEFE
pac. FRRIRFIARINEHERERPEHAEN S M E R LRSI =L EIRNE S pLEE PacB fAE5 pacpeptide #Z2/O LA HI
=MD FRRAIER . RRFUAINLIGERYIE R PacB EERSHENB RN, = MNAEEWHEBIRIIFZA,
BERMEEEBRENES, NMSBR T =N IRENFRINF . KNARIARE T X Xye ZIZERRU SR IE
R EEIMIAR = IR E B S A B INEERY T /R
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Study on the post-translational modification of RiPPs Xye catalyzed by
CyFE PacB

HAN Yuanjun" >, MO Tianlu', DENG Zixin', ZHANG Qi’, DING Wei'

('State Key Laboratory of Microbial Metabolism, School of Life Sciences and Biotechnology, Shanghai Jiao Tong University,
Shanghai 200240, China; ‘Department of Chemistry, Fudan University, Shanghai 200243, China)

Abstract: Cyclic ribosomally synthesized and post-translationally modified peptides (RiPPs) with macrocycles
derived from three amino acid residues have attracted intense interest in recent years. Biosynthesis of these peptides
usually involves a radical (S)-adenosylmethionine (rSAM) enzyme that catalyzes the formation of a C—C or C—O
bond between an aromatic carbon and a side chain carbon of another residue. Such enzymes are named three-residue
cyclophane forming enzymes (3-CyFEs). The rSAM enzyme family is known as one of the largest enzyme super
families, which consists of more than 22000 members. rSAM enzymes are widely found in all three life domains as one

of the earliest biocatalysts on earth. A large amount of microbial genomic information shows that many RiPPs
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biosynthesis gene clusters contain rSAM enzymes. Recently, several 3-CyFEs from Xye gene clusters, which form

three cyclizations on the precursor peptides, were reported. In this paper, we report a new Xye RiPP pacpeptide and its

key biosynthetic enzyme PacB from Photorhabdus australis DSM 17609. We coexpressed the pacA and pacB in

Escherichia coli and reconstituted the activity of heterologously expressed protein to investigate the bioactivity of

3-CyFEs PacB. The high-resolution mass spectrometry assay indicates that PacB indeed led to forming all three

cyclophanes of pacpeptide. Additionally, the mutation of Asn/Argto Gly on the precursor peptide resulted in only two

cyclophane was found, which demonstrated that three cyclization reactions were generated independently with different

efficiency. PacB also catalyzed all three cyclophanes formation on the precursor peptide with Asn/Arg mutated to Ala.

These results expand our understanding of 3-CyFEs chemistry in natural product biosynthesis and provide insights into

the post-modification of cyclic RiPPs with three-residue cyclophanes.

______________

Keywords: rSAM enzyme; 3-CyFEs; RiPPs; post-translational modification

W HEAR B3 )5 121K (ribosomally synthesized
and posttranslationally modified peptides, RiPPs)
FEETIAMNAED R, M T BA 46
ZREEM — RERIR =M o B B R 2 4L
PEHAWIG A, 2 Bos K& B A 41 2 NG
YLV 7714 RiPPs LA BT B 10 AR W) 6 AT AR 442
PRS2 . £ RZHRIPPs [N EM & BO&EH, #
o I 8 3 A R R A A 1) R AN 2 — i WL 1) 5 2
Wiy B HET vk, H LI RiPPs B AR
H i lF 22 B: (lanthipeptide “* 1 sactipeptide ' ) .
TR B (cystine knot proteins ' ) . N-to-C I 1k
(orbitides """ il cyclotides "' ) I Wk 1 I Ik % IR
(cyanobactins "™ ) B HUAR ML BE  (thiopeptides ™ ) .
T X LI N T RiPPs 45 & 56 AR A1 8

KRG E T, FECEAT A Z R A
MR A R 2590 K Rl 55

LAk, 25 P 45 4 ¥ RiPPs A4 & Y0 AH 4k 4%
PRI E aX EBA e 4 ) A AN R 1
TR S 55— DR FER W B-B BN C—C B L
C—O##. i Streptide ™. Darobactin ** il Triceptide-
Fxs o EATTTE 40 B 10 AR W) & RS 12 08 R W K
S-NREF IR 3 3 SAM) By, %KMgRe
2 SAMIEHCS - A IR (5-dA) HHEE, RE
WHRUE B — NS AR B s, i —
W G 2 R B 24 72 ) P . Darobactin A&
Imai 55 & L 1R — b 7 B A AL 1) 16 A0 55 1 0 2 22
KRR AR, H2RMEKSHERELELN
RiPP (& 1D . Xye ZE 1% 8 48 Ik B 9 H 3 E 75
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Fig. 1 Structures of several RiPPs with cyclophanes

Xenorhabdus. Yersinia Fll Erwinia =™ J& [ 1 ' #
RILMAF4 2 1% RiPPs Jij 1A JIK 2% 0 Jik X 35 A1
darobactin 20 IR & & 07 FRIER, (Hi MK
Xye A% H ) rSAM -5 darobactin f) rSAM {2 1ff
ey 4 b2 AR ™, BURE —F MR L7
S, T R & AR IR P 1 1
S5 R B B KM Z M . Darobactin 42 1 47 3k & I
i fe D10 S )70 3 =2 ERID PR 245 7 1) 25 P i A 23 5
X 5] 2 FRATTER 7T Xye FMA% M K045 9 1) 25
AN ERD WIS =L L1 v

1 MRS A
1.1 SN

111 A4t

FE DR AN 51 P06 R 75 M <6 R A A TR
AR (R KD BB BHHEARSH P
f (3.
112 XA ez

LB (1 L): BERHEIY) (yeast extract)
5g, NaCl10g, HHHM (tryptone) 10 g.
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1 ARTAER P iR

Tab. 1 Genes used in this study
SR K ¥4 accession number & [ accession number
pacA Photorhabdus australis DSM 17609 NZ_JONO01000005.1 WP_072023203.1
pacB Photorhabdus australis DSM 17609 NZ _JONOO01000005.1 WP_036768348.1

R2 AR HIRIRIAR RS
Tab. 2 Primers used in this study

514

FF51(5'-3")

Dise

pacA-Q(-5)K For
pacA-Q(-5)K Rev

TCTGCTCGACAAGATCTCTGGTGGTTGGGT
CACCAGAGATCTTGTCGAGCAGATCTTCTGTTA

[IRENINE PN =T DA
(RGN NE] AN =T A

MBP-pacA-Q(-5)K-Ndel For CCTGGTGCCGCGCGGCAGCCATATGGGCAGCAGCCATCACCATCAT RN 3w

MBP-pac4-Q(-5)K-Xhol Rev  GGTGGTGGTGGTGGTGCTCGAGTTAAAAGCGGTTTGTCCATCTTGCGT RGNS

pacB-Ndel For CCTGGTGCCGCGCGGCAGCCATATGGTTAATTCATTAGTTAAGAAAAA F 1L A PacB
pacB-Xhol Rev GGTGGTGGTGGTGGTGCTCGAGTTACCGGCCAATCGCTTTCATAAT FILHE M PacB
pacA-Q(-5)K-N3A For GGTTGGGTGGCTGCTTACGCAAGATGGACA AR SR AR
pacA-Q(-5)K-N3A Rev TCTTGCGTAAGCAGCCACCCAACCACCAGAGAC TR R R AR
pacA-Q(-5)K-R7A For GCTTACGCAGCATGGACAAACCGCTTTTAAGAAT CIRENINEERE
pacA-Q(-5)K-R7A Rev GTTTGTCCATGCTGCGTAAGCATTCACCCAAC AR SR AR
pacA-Q(-5)K-N10A For AGATGGACAGCCCGCTTTTAAGAATTCGAGCTC T AA R R AR
pacA-Q(-5)K-N10A Rev TTAAAAGCGGGCTGTCCATCTTGCGTAAGCATTCA (RN NSEES
pacA-Q(-5)K-N3G For GGTTGGGTGGGTGCTTACGCAAGATGGACAAAC (RGN NS ES
pacA-Q(-5)K-N3G Rev TGCGTAAGCACCCACCCAACCACCAGAGATCTT AR R AR
pacA-Q(-5)K-R7G For GCTTACGCAGGATGGACAAACCGCTTTTAAGAAT (RN SERES
pacA-Q(-5)K-R7G Rev GTTTGTCCATCCTGCGTAAGCATTCACCCAAC (RGN RN S
pacA-Q(-5)K-N10G For AGATGGACAGGCCGCTTTTAAGAATTCGAGCTC AR R AR
pacA-Q(-5)K-N10G Rev TTAAAAGCGGCCTGTCCATCTTGCGTAAGCATTCA AR K AR

F3 AR TARET BT BB A TR
Tab. 3 Strains and plasmids used in this study
RS hee JRL g
E. coli DH5a i 0 e pRSFduet-1 5 DR L 3R s Ak
E. coli BL21(DE3) HARIS, BEFERIE pDB1282 AR A B T8 52 T s B0 O
His,-mbp-pacA-pacB-pRSFduet-1 pacA F pacB 33K iL
His,-mbp-pacA4-pET28a i £ HT 4K PacA
His-pacB-pET28a 5HF 2215 rSAM i PacB

LanA Start Buffer: 20 mmol/L NaH,PO,,

pH 7.5 30 mmol/L KM,

(25°C), 500 mmol/L NaCl, 0.5 mmol/L BKM:, 20%
H

LanA Buffer 1 : 6 mol/L R L, 20 mmol/L
NaH,PO,, pH 7.5(25 °C), 500 mmol/L NaCl,
0.5 mmol/L Bk M,

LanA Buffer 2 : 4 mol/L #FZ AL, 20 mmol/L
NaH,PO,, pH 7.5 (25 °C ), 300 mmol/L NaCl,

LanA Elution Buffer: 4 mol/L #; & I ,
20 mmol/L Tris, pH 7.5(25°C), 100 mmol/L NaCl,
1 mmol/L WK,

STEYEHN RGN AU, EREE.
BN RS A maker. B 7RSI E T oL
EMERE . bW T Sigma fIRTHE T AT . W F
A5 P0-E R 75 M 4 ME R A B AR T SE R, BURE



830 BRENE $2E

FEEUREE 2 ISR R B0 B T RAR AL
1.13 B2

%2R K Q Exactive HPLC/MS VA it it (LC-MS)
B A A, D9 E 2% B K Ultimate3000 /& 2508 45 6 0%
(HPLC) 1%, €[ Ul 3% 2 Avanti J-26S XP & # 4
B, EEAG & GELDOCXRT %R il 24k,
5% [ B GIBOTW = J& K 1 %%, 1% [E Eppendorf
5424 B0 HL, FEEH S T100 PCR Y #E4%, ¥k -
80 °CUKFE, 35 EMH R MUK, FR A IR
SW-CJ-ID M4 TAE &, Bl GRREED, 7300
Z UP250/JY92-TIN 8 75 ¥y W A%, IR C g 50
#), _#g—1H DHP-9052/DHG-9070A H 5 iF 1%
FRFE, MR E-FL R ME204E HLF KT

1.2 FRMEEFRAEABRE RN KIBTERIERE

Photorhabdus australis DSM 17609 B 14 ik PacA
HTrSAM 1§ PacB [1) % 2k 12 /7 %1 K & T NCBI %4 4
P, $RACTRIN G ME R A IR m AT B R A
B, EESRAER N TR A i R A T AT %A TR
b, f 2% B DY [ B 3% 3k BT RL pRSFduet-1 1)
BamH1/EcoRIF Ndel/Xhol PN i 7 o

G R IE AL (pacA-pacB-pRSFduet-1)
VR 7% 255 T 41l B SORE pDB 1282 i N R IA T £
E.coli BL21 (DE3) ', BT T 5 mL LB
AREFERE (Kan 50 pg/mL, Amp 100 pg/mL), 37°Cit
WIEFE, % 50 mL LB A 774E (Kan 50 pg/mL,
Amp 100 pg/mL), 37 °CE53%E3~5h, fFEH OD,,
NOSEAR, i N IL LB WA R 4 (Kan
50 pg/mL, Amp 100 pg/mL), 37 °CH5#% 2~3 h,
FE IR E OD,,, N 0.4 1), B 58 in N 2g/L L-Fi £z
Bk, 37 °CH;3%2 h /2455 S kL pDB1282 42 b
RIS AR BB R IE s FF B VUK B OD, ik 24
0.6 IF, AN 0.1 mmol/L IPTG, iR FEF N 18 °C,
P K 3 B% # 80 r/min, i S F ik 20 he D
10 min e H #& (11 900g, 4 °C), F 2 EiEE,
H 20 mL ) LanA Start buffer # & & &, R )58
730 min (B3 40%, #S5s, EH1F55s), 4°C,
11900g 4 °CE 0> 1 h, FHKRF X LiEE, REH
20 mL LanA Buffer 1 # & &, 11 900g 4 °C & >

30 min ZFRATERIUTIE, A5 EEH 0.45 pm i
St e R AR, FiE L 5 mL HiTrap-Ni
BRI R A i i, 2 f54E 4 FH LanA Buffer 1 Al
1 AR FA ) LanA Buffer 2 ¥e LR R4 S R
HE, F1~3 544 F1 1 LanA Elution Buffer 3 it
HARZ k. Vel i) 2 Ik 73 5 & 8000 /£ 47, /NI
Vel 2 IR BT R IEAT I 2, 2RI E 7
it T -80 °C&H . DEZIKVE T pH 7.6 1k & 52 1
W (PBS), HEAT /& RCBUAH (1 57 335 1K FH A A il
His &0 &, {EESIE TR T &0 P
B MR 2K 2B srE. T
A W45 0 1) ik — 0 %5 € R A HSEE P 430 M 07 i o
XA A ) B Xye 00 AT T 5K F mMass 43 #r
L7 G

1.3 rSAME§ PacB BIFRIE . #E{LF [4Fe-4S]
RILEEN

Yo7 SAM F Hh 5= i 525 [R] 11 30 kL FL 2 £L
Ak 2 KT BL21 (DE3) 4HMod. Phik#s 1k
THANAE S mL & A AHRLH1AE 5 1 LB Ak B 77 5
W, 37°CH;iFR 12 he BlJEKGHAMEMBIILEA
R HUAE 2R 1) LB AR RS 77 2 . B 76 37 °CHRE R
W, 220 /min ¥ § £ OD,,, B/ A £ 0.8 j5, A
IPTG #| &M 4 0.2~0.4 mmol/L, [A i jn A it JE
W B 5 19 100 mmol/L Fe(NH,),(SO,), ¥ i & & ik
% 790.1 mmol/L. 7E 18~20 °CHl 120 r/min #& &
T E 18 h, 5000 r/min &0 15 min, 4 I
LR, 4 CHBHHT & A A4k 56 7 7E-80 °CHf
. BT A I SAM H i JE G & A 2tk Motk
Y EMBESNELATFER P HIT, A58 /0
T2mL/m's ¥ E—BhRIEEREHEDN K
FEBE,  FH Lysis 2% 10 06 34 B8 A% O 20T 25 0 U 4R T
Ao TR 30 mL lysis 28 ik e Rk A, KoK
BEAT R P B REAN L, BB S T AE RS [A] 30 min, S
3s, M@ 17s, 250 WlEBHEERE, NTEMH
P B0, U AR E 0 R Ik
P42 <, 4°CF 12 000 t/min mE E 0 1 h)E, K
BIEAFEM S, AOEE G, g REa
2 mL IERMER A, 203 5 AR R Lysis 2% ih i 3t
ITHEPA Ja, R YSCEE 20 B R i B, TR R
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K, BHATE AR B Y GE ph R Lysis &1
R TC ) 2 A A TR R e R MR e, — A
50 mmol/L Bk M (R Kk ¥E 7 10~15 mL, AT EH
LM . B A8 B Pe B 2 vl ve i 29 5 mL,  URC4R
HARE Sy, — MO R AR R

X SAM H H RG24tk )5, 7FEHHAT [4Fe-4S]
IR R, — M Ak R T 08 R I\ &
WPE 10 mmol/L DTT fRIER R A FiE FOR A, Bl 5
IIANEEYES~105 A4 (NH),FeSO,, HT
— ROk 75 L R B AR R £ 100 pmol/L B 1) 1
MO B A, A — & (NHD,FeSO, | & H
100 pmol/L. HI A (NH,),FeSO, J& 7£ 4 °C N i &
30 min, FAIIAYS (NH,),FeSO, %W 5 I &K 11
Na,S (—f&2~3RE\BIMAN, —imAN—iai
PP EEETOE), KEREER, 56 [4Fe-4S]
RIS B . fEEEM S, 72 M PD-10 itk
e (GEEGE AR Wk RME, TR ARE
He . PD-10 it #5432 FH 5~ 10 mL [ 25 22 v kAT
P, B SRR O, I 2 & 2.5 mL A
WOAT ERE, Frd BAERHR R, BRI 3.5 mL
JBd 6 2 R e B, WOER B SAM [ Hh BE IR
W, — BN O ECE AR B AR, 5500 uL 7
BAN—F, 80 CiHAE&H .

1.4 rSAMESPacB {F5ME MK

SAM H H L i 1) e 37 #8 7 B AE TR F B M
47, BRESEMT 2 mL/m®. — LK) PacB
W N, E B 200 pmol/L IR i N B &
50 umol/L 4lift, [ PacB & H I 22 & % (Tirs-HCl
pH 8.00 1, BlJE A 1~2 mmol/L DTH 7E % i
JHE 10~15 min, 51 500 pmol/L SAM | Jx
PR R, TR K. RAER— KA
100~200 pL, fEZEiRPFE 2~5h g AN FEFH I
S, INANARR & A SRR 3R 5% 1) TFA X R
HEATHE K o 12 000 r/min =73 550 10 min 5, FFi
UUUE, 3 BT HPLC }2 LC-HRMS 7 #r, 55
H 20 CCHEAT R A7 LIE k250 1o S BE 1 1) ) HEE
41, fd & kO35 1 PacB b & B NN 5% TFA
SVE I PacB i

2 HiR5HH

21 BIARREE pacAfrSAM EBEE pacB &
xRix

M4 7341, 3-CyFEs fEdEAb 71K 2 D RE Al A
5 4 1) RiPPs b & UG I PR S ARz, R HAA
RER B D Re A AL AL o e 2 R 224, BN
Photorhabdus australis DSM 17 609 3& K 41 & 4
— AN R AR TG R Xye B PE IR IR FE 2. N
T H 5 E— KGR H AL % X 5K, ik
¥ HAR N pace HEHHTEIKEER pacd A rSAM i
5 pacB [ 2Ca) ] A 1 5ok 54 JCFIAE i filg 2k
R Dy fe 0 AT A4 Ik = R pacd 1N 3 20 5 75 4 &
% (6xHis) MIZEZZFHELE & HEE (MBP) br%k, Jf
£ MBP FHT 4 ik PacA 2 8] 5] N2 [ i TEV FR i
PERL 55, IXKE pacA A pacB 3 R4 38 N 3k # ik
pRSFDuet " 7E Kt B i AT L3RIk . O T 3RS
J7 K 1) 22 IR DA T 5 SR 1 5 4 B, X R
O R IEAT 7 RAE, -5 67 £U Gln B 484 Lys
T 51N ik 2 1 T U0 7 A o ) PR AR i A 0 3 4l
Rk Bk 5, @it TEVEABEHL, FELT
PacB &1 (1] — Bt % ik pacpeptide. %I pacA+pacB 3%
Fak W a4k r= Yk AT 1 ROROE 1 - 5 e A
(LC-MS) 43 #1, &5 FEIR1B1 5 I PacA 5 K18
Mtk FaEEED> Gl 76 [E2)], R
Al REAE AT IR LR 7 3 C—Cit . d3E— b
BT 1% 23 BT e S, 3 3 AN R AR AE C oA DIk N 1)
WVN. YAR Al WTN # /7 |, X5 Morinaka %5 @
I 1R AR Xye F0% A2 AR K B 8018 5 121 77 =X
— . BE A EH KL RE YIRS
pacpeptide, M EF| [M+8HI" 49964891, 7> 1 &
KNG B ORIE-4E12) MEN Cumfkm =8
B (B2 ]o B e i A i 20 A & 1y 2 1 [M+
2H]* 4 789.3711, y'H) [M+2H]* 4 590.7846, y’
1) [M+2H T4 721.3398 (£ 4), R4 7HI4E WVN
(A A) FIYAR (AB) [HRA T AL, WIN
(A C) Z 18 ) Pk L TE JiF 82 (1) K A B e A% R A
AR5 I 22 R A S g8 g gk — e s [
N e I 5T 1 A I, AR R I Arg7 Al Trp8 18] 1
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pacA pacB

Photo[r)ksaﬁdiz; ézg;rrahs ’ --—‘

g

—I +l
...... QISGG WVNAYARWTNRF

. Precursor . Transporter

. rSAM enzyme . Protease

() packk [ % & A 7 {4 Bk & E pacA FIrSAMBF & Fl pacB
(a) The pac gene cluster encodes a precursor peptide pacA and an rSAM enzyme pacB

Am=6 Da

[M-6Da+7H]’* [QH'HIT‘

: | ‘ PacA
l ﬂ | J I
|
; LW } UL fM A .
977.0 || I| 978.0 979.0 980.0
|
: | | |
I R ||
L | PacA+PacB
206 || | |
7 ﬁ"fﬂT LI I| I
i ,Illlillllll LA .
977,0 978.0 979.0 980.0

miz

(b) HR-MS 53 #rPacBI2 T Al #4 ik Pac A =4 . = A C—CRME RSB TR D6
(b) HR-MS characterization of PacA modified by PacB in vivo. The loss of 6 Da is a result
of three C—C crosslinks in cyclophane formations

_yl2 Y9 {,}'S
- ,
0bs.789.3711 : (}bs 590.7846 ‘obs 721.3399
=2, I::=2 Iz—l
Am=6Da 1 1 Am=-4Da 1Am=2Da

09@@@&00&@&@@0 !

ring A ring B ring C
YT asyd
0bs.877.4315 ;obs.480.2569 obs.721.3418
=1 12=1 z=1
Am=-2 Da| .Am={] Am=-2Da
1 1
09@@000@ 2 @&000 3
ring A ring C
M-+2HT** [M+2H]** [M+H]
it 4536 ! 596.3002 | 2 7213418 3
945.0 950.0 595.5 596.5 721.0 725.0
miz miz miz

(¢) RiL=HIpacpeptidei i A FE KA A =B B RE. m RS a4 B B 1/2/3 40 3 BoR
6/2/2 95 T Bl T = Brar AT R T 3/1/ 143
(c) Three fragments derived from trypsin digestion of the co-expression product. HR-MS of

fragment 1/2/3 showed ass losses of 6/2/2 Da, indicating 3/1/1 cyclization(s), respectively
B2 pacFEREMFER L0

Fig.2 Pac gene cluster and analysis of its coexpression product
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KRB, R YAR 3kt (3R B) TR Rk
A2 T KRB F0 G54 AT T8 1 1R R K A
TE 5 T 1 5 a A R B R B T A W TR AR
N2HIF B2 ORFE4ETD, Uk TEBEN2
IR B3 (BRIE8 2 12) . Fr BL2 I Hf BE i 1 R B
Fry7'it) [M+1H]1" N 877.4315, y4'ff) [M+1H]" Ky
480.2569 (£ 4); K TEHURIEH WVN b
(FFA) BIERR [E20e) ] XA Fr B 1742 26
PacB X 5 43 B 44 K 1 J5 48 1 R 2B RO B, X A
R T JHRR (BT R B2 R 3 22 Ak ) R T K
R R A

Fd BRSPS S

Tab.4 MS/MS information of products

R e Al

WHET  eteme  ° g O
y3 436.2303 1 N.D. —
y4 537.2780 1 N.D. —
y4' 480.2567 1 480.2569 —
y5 723.3573 1 721.3398 -2H
y6 879.4584 1 N.D. —
y7 950.4955 1 N.D. —
y7' 879.4491 1 877.4315 —-2H
y8 557.6228 2 556.2618 —-4H
y9 592.8016 2 590.7846 —4H
y10 649.8213 2 N.D. —
yll 699.3573 2 N.D. —
yl2 792.3969 2 789.3711 -6H
y13 821.1098 2 818.3835 -6H

2.2 rSAMEEPacB BA5MhEEIRTT

N T WA PacB I REAEALHLA], rSAM
fiff PacB 75 K W+ 3 gk A7 IR R0k, R IRE %A
N fE AT [4Fe-4S] MRMEH, SRJEEEAT L
75 20 A 400 0% Bt B B (1.l I 3Rk 41K NHis6-
MBP-PacA, % TEV & [ i A0 AF i A Sy il 2 14
Ji, BOERMBPIRZE, 132IF0IK PacA. AR5
BEAT AR AMEEI E , fEIRAFKM T, RBiAE R T
IONATAR K PacA . PacB i DA S ids J5 571 A1 SAM 15 44,
T RALIE] PacA IR, AT RE M S F2 & il mT
BE A IR 7 A0 A4 B 11— S Ry 110 = TR) 45 4, AT A
PacB A~ B8 J& 40 K ) 1 1 A6 T2 O Ak . ik — 2D 4

i A MBP br %5 1144 IKAE R A . 75 AH [F) 1) DR 4R
%A F 5 PacB R MZ2 h i, B NAK R TEV
A, MG B, e 5 R &N L
L T BN 2 H = (B3], 7R
EAMHAERER B4 [E3Mb ], mARER
B3 [KE200) ], RUEA CHIERK. FN, HEk
RS UE B B2 A BRI AEAE [EI3(b)]. RT3
REZIHAM =), KRB ERK BT R
EILVFEARR o FEBUE N4, B
HrEHR N6 [K3(a)], #~ T PacB i
f) R B A AL 3 S C—C 4 TR 1 1Y 58 B8 AR A A W
T

2.3 rSAMEs PacB RIEDIEF LR

g 1) JEC A 22 1 A R SR 72 ) 245 1) 22 FE P T R
SR, PacB A 5 A& G LR 1 sp” ik A AH 2L 58 3 47
IR MEE 1 sp’ Bk Z B AL C— C 85 1 o ¥ 4
ft sp’ ik 1) 3 AN = LR Asn3. Arg7 £l Asnl0 73 5
B MmisE B RA 1A H IR Alas AH X R 1 58
AR B K ApacA 53 ) 5 pacB 3R 15 . LC-MS 43 #T1
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(a) HR-MS characterization of PacA modified by PacB for 2 h and overnight in vitro.
(Loss of 2/6 Da results from 1/3 cyclization (s) respectively)
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(b) HR-MS characterization of two fragments digested from 2 hours' reaction system by trypsin.
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(3 T 21043 51 Filzm Hh L0311 AR )

(Two fragments showed mass loss of 2/0 Da, indicating 1/0 cyclization, respectively)
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Fig.3 Characterization of the bioactivity of PacB in vitro
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(a) mbp-pacA(Asn/Arg to Ala)flpacBILE A= MATEVE AR
(a) mbp-pacA(Asn/Arg to Ala) variants were coexpressed with
pacB and digested by TEV
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(b) mbp-pacA (Asn/Arg to Gly)RlpacBH:FRiEF=PILETEVE HEHIL
(b) mbp-pacA (Asn/Arg to Gly) variants were coexpressed with
pacB and digested by TEV

FRIL )

Fig. 4 HR-MS analysis of pacA variants coexpressed with pacB
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