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B . [F %] £ ERS R B (polyketide synthase, PKS)#gE LiTAZ P, 1EMLL MRS FA
Bt A AR & (acyl-carrier protein, ACP)X 8 #9%& & R-F QA0 LA AAETZAER, (XA BRI T
6 A8 AR R AR AT, [ B 691 3-1F ACP A= B JLi% R B (ketoreductase, KR)A48 ZAE A 4% & &4
&4, [7 %] £ KR #= ACP Z 9] 49 Linker _E 46 A M8 3 4k 40 9% #(tobacco etch virus, TEV)@}\Q @&Jﬁﬂ
i85, BT 58 L R BEIE XA BMH 45 KR 4= ACP 3t 308k, MG TEV Babniem) x4 R .
R F A, AR R IR R KA, 4R KR-ACP IR AW 51k 2 N A& G 474 ﬁu/\% 2 é’azéﬁ,
8 3L F Ao BAT A AL R S AL T, RIFAE R 549 KR-ACP B2 XA o4 . [4R] 2k
##g KR Fv ACP MR RIK TR, #RA &R H) KRTACP REEMIRT AR 2RIk, 4A1 A Ffe
);’:#frﬁﬂ B AR AT S LA F BRI RAF R R S0 A AW . R % TiE Al T % A~ KR #= ACP #9342
Bk, (4538 ) 5 7 #3410 KR A= ACP B AR AR A LA 094 205 ik, A Je B an ik s o4 iR
#rv KR 5 ACP 48 ZAE A ALIE 6938 7 B A 540 AR A KA RN PR 4D S 2 R4 T 230 2K mh
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Trapping transient complex of ketoreductase and acyl carrier
protein domains of modular polyketide synthases by covalently
cross-linking
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Abstract: [Background] The protein-protein interaction between catalytic domains and the cognate acyl
carrier protein (ACP) of modular polyketide synthases (PKSs) are essential for PKSs to function normally,
but difficult to trapping due to the transient nature. [Objective] In this research, we tried to obtain stable
protein complex of ketoreductase and ACP domains of modular PKSs. [Methods] Bifunctional maleimide
agents, BMH, were used to cross-link KR and ACP domains while a tobacco etch virus (TEV) protease
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was inserted into the linker between KR and ACP to help the confirmation of the cross-linked complex.
Reaction conditions were optimized to increase the cross-linker efficiency. Stable pure KR-ACP complex
was obtained by affinity and size exclusion chromatography according to the tags of proteins and their
molecular weight. [Results] The cross-linking of isolated KR and ACP was unsuccessful. However, the
fused di-domain of KR and ACP could be cross-linked efficiently and generated stable pure complex
following affinity and size exclusion chromatography. This strategy is useful for KR and ACP domains
from different modular PKSs. [Conclusion] A method for capturing and purifying stable KR and ACP

complexes was established.

Keywords: Acyl carrier protein, Ketoreductase, Chemical cross-linking, Protein-Protein interaction, Polyketide

synthase

R — R MR A KRR, BRI
B PUREE . DU A i S 2 TE R, R
A EZORE . ARSI EZL
it 2, MRS BT SR 5 B (polyketide
synthase, PKS)XIAG & AHLAYA BHLH] . AR
iR, PKS R T AR, o,
xf I 2R PKS HIBTSE R W), Hoh 2 Mkl
BOHZH R, RS — LM EHEY | AEE S
Mr Tk, 768 1 BEEUL PKS Reficdrh, Mt
FAARE H (acyl-carrier protein, ACP)f1 5tz ki SR i
PP [E] 44 2] i 35 A (ketosynthase, KS). fE5EEE
% M0 (acyltransferase , AT) . [ 3t & 5 i
(ketoreductase, KR). Ji7K [ (dehydratase, DH),
I Tk i J5 [ (enoyl reductase , ER) il & fig fiff
(thioesterase, TE)SFHALZSE BT, =5 K&
AR H I, ACP SR ZE A Y
FEAMBEAERX PKS MEIRefA EAE W, X
HEAMEAER, " PKS &2 [ ook DL ARG i
PRI A ) 2 A

KR X NADPH 4[N T, SrAk:FrEsbif
Ha ALY B-FR I B-F3E, [AIBT A AR a- B3k
PINEARGER s AR = b o-H IR B-FRSE A 7Y,
KR Al#ki5h A1, A2, Bl Al B2 PORp3EmIE,
Moretto SEHFFR R, KRG FESWHA 5 ACP
M EAVERFEX, 1 ACP Frifhir BRIz MEai
B2 A BRI E) KR L, R
AR KR SEARRE S RMITSE, XA
MLEAE T —EM) T, (X KR S5F3E AR T

PR 25 SR A Te T 5 e Roe el i,
#75 KR 5 ACP M EAE AL &2 SHEAEH
P EEE LR, A BT KR SRR S B
Ite T ACP 5 KR M EAER I FRAFAE AT 364, Jlf
3K KR F1 ACP [MIGE51E A RBEE], SCBE I EZ &
(A 225 K T AR AR AT S04 T A AT TR PR

£ PKS W8 FIAH EAERBRGE b, SEF b
PN A — R T B, HRHUEAR R e AL
TSR A, i I IR IS e A
YT ERIRLER 0T, R TR KS Z5#3 5 HIH
I8 ACP Z [B]kBsAH BAE FPIRES , Kapur 6T
— R A3 3 W R 12 T S £ e S 5% A% Tl (P Tase) i
B3] ACP THYENL S22 Z BRI CoA ZM™, 24
HAERRAR, XS 5 —uifE ] iE A KS
PETE LS, SIEVEAL AR EIREE & . Zlh,
Miyanaga 55 % H T — Bl AU 58 5 o Mk 3 i 38 741
BMOE {ENZEBFRA AL F I REIR A AT-ACP
WER A AR A7, AT 16V O A Ak 2 ik
2R J R R IR L 24 AT Fl ACP R A A HAE IR,
HC T HEHF 1 3 5 (-SH) A1 holo-ACP FIf 48717 1 %ii
HE(—SH) AT 435115 BMOE 1 3k 1% 5 i ik W7 Jiie ik [
Al sC Bk, YRR, X — b~ e 1 AR B
G WA AA IR EE T AR RE R R .

J T AR KR A ACP BB A B AR FH A )
&, ARF5E AP K B (amphotericin B) PKS 2
2 MEEHE) AmpKR2 f2 =] I AmpACP2 1E Ml
FEXTE, £ KR Fl ACP Z [A] %) Linker b4 A K
h 80 Bf (tobacco etch virus, TEV)ZE [ VI 55,
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K FRUL) B E > ot S e /R 2 6 5%, % AmpKR2
TS P S SR IR AmpACP2 sk, Jfil

1 MEtShE
1.1 #7#

ol R AE B MEE R e S AL F BRI RE N 111 k. BREIY

Amp(KR-ACP)2 &5, @ 7 — kIt 4ifk
EAEEWNE RN, T ESEGYHEEH

G

x1 MRAAZ5Y

Escherichia coli BL21. E. coli BAP1. E. coli
DHI10B JZJFiki pET-28a(+) 4 A SZ iy 2= (5. 514
R 1 For, W SR A TRA R A FE .

Table 1 Primers used in this study

GIL7EiS Fe5)

Primers name Sequences (5'—3")

AmpKR2-F ATCGTAATCCATATGGACGCCCTGCGC

AmpKR2-R TGATTCGATGAATTCACTCGTCGCTGAGCGCCGAGACG

AmpACP2-F ATCGTAATCCATATGGACGCCCTGCG

AmpACP2-R TGATTCGATGAATTCAGCCGGTGTCCGCCTCATCG

G-pET28a-R CTCGAGCACCACCACCACCAC

G-pET28a-F GGTATATCTCCTTCTTAAAGTTAAACAAAATTATTTCTAGAG

G-AmpKR2-F GTTTAACTTTAAGAAGGAGATATACCATGGACGCCCTGCGCTACCACA
G-AmpKR2-R GCCCTGAAAATACAGGTTTTCCTCGTCGCTGAGCGCCGAGA
G-AmpACP2-F GAAAACCTGTATTTTCAGGGCGGCCCGGCCGACGGTGG

G-AmpACP2-R GGTGGTGGTGCTCGAGGCCGGTGTCCGCCTCATCG

G-PikKR1-F GTTTAACTTTAAGAAGGAGATATACCATGACCGGCGACGACTGGCGCTAC
G-PikKR1-R GCCCTGAAAATACAGGTTTTCTGCGTCGATGATGCGCCGCACCTC
G-PikACP1-F GAAAACCTGTATTTTCAGGGCCGGGACAGCGCCACGTCC

G-PikACP1-R GGTGGTGGTGCTCGAGGTCCGCCGTCTCCTCGTCACC

G-AmpKR11-F GTTTAACTTTAAGAAGGAGATATACCATGTGGCGCTACCGCCCGACCTGG
G-AmpKRI11-R GCCCTGAAAATACAGGTTTTCGGCAGCGGCGGTGAGCCGCTGCAC

G-AmpACP11-F
G-AmpACP11-R
AmpKR2-S354C-F
AmpKR2-S354C-R
AmpKR2-C121S-F
AmpKR2-C121S-R
AmpKR2-C278S-F
AmpKR2-C278S-R
PikKR1-S345C-F
PikKR1-S345C-R
PikKR1-C270S-F
PikKR1-C270S-R
AmpKR11-S351C-F
AmpKR11-S351C-R
AmpKR11-C55S-F
AmpKR11-C55S-R
AmpKR11-C150S-F
AmpKR11-C150S-R
AmpKR11-C275S-F
AmpKR11-C275S-R

GAAAACCTGTATTTTCAGGGCGAGCAGAGCGCCGGGGAC
GGTGGTGGTGCTCGAGGGCGCCCGCGGAGTGGACGTC
ACGCGTTCGTGCTGTTCTCGTGCGGCGCCGCGGTCTGGGGC
CGAGAACAGCACGAACGCGTCCAGGTCGAGGTCGGCGG
GACTCACCGCGCCCCTGTGGAGCCTGACCCGGGGCGGTG
CCACAGGGGCGCGGTGAGTCCCGCGTCGCCGAGGGCCT
TCCGGGTGACCATCGCCGCCAGCGACGCCGCCGACCGGG
GGCGGCGATGGTCACCCGGACGCCCAGCTGCTCCAGTT
CCCGGGACCTCGACCTCGACGCGTTCGTGCTCTTCTCG
TGCCCAGAGTGCTCGACACGCACGAGAAGAGCACGAACGCGT
CCCGCGTCACCATCGCCGCCTCCGACGTCGCCGACCCCCAC
GGCGGCGATGGTGACGCGGGCGCCCGATGCGGTGAGTT
CGACTTCGTCCTGTACTCCTGCACCGCCGGCATGTGGGGC
GGAGTACAGGACGAAGTCGTCCAGCTCCTCGTCGTCGA
GGCTCGTCCTGGACGAGAGCTCCACCGACCGCGCCGTGCT
GCTCTCGTCCAGGACGAGCCGGCGCACCTCGGCGCCGC
GCTGGACCGCCGCGCTGGAGTCCCCGGGACGCTGGGGCGG
CTCCAGCGCGGCGGTCCAGCCGATGCCGGTGACCTGGG
CCGAGACGACCCTCGCCGCCTCCGACATCACCGACCGTGAC
GGCGGCGAGGGTCGTCTCGGTGCCGCGTTCCGCCAGCT

. Ndel 1 EcoR 1 VI s HEHAR R, K IEEIS T T RILIIR.

Note: The Nde I and EcoR 1 sites are italicized and the termination codon is underlined.
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112 FERLFFLEE

B P T A sC 657 BMOE, BMB., BMH,
Thermo Fisher Scientific /A 5] ; E.F AR ZH DNA )t
s EGNE  BoR ARG & . PCR = 4lifh ik
FlE A o &, A TAEY TR R
FRZ>w] 5 Gibson 4360 &, ISR A
FRA ]

L A% R B 43 BT A%, Thermo Fisher
Scientific 2y ; PRI & 1R AH G55 (Fast protein
liquid chromatography, FPLC), E&# IRy 1
{SCFIAR £ 75 T 1A, Bio-Rad 23 H]; FiZésE:
HisTrap HP. Superdex 75 Increase 10/300 GL #I
Superdex 200 Increase 10/300 GL, General Electric
ool IR, Bl AR R A BR A E
1.2 FHiE

il FHECTE LN 4] DNA P fih $28 7] & 3 B
Streptomyces nodosus 3R .

VL Sreptomyces nodosus FE A AR, M4 C
WAE R AmpKR2 AL BT 5 19, dF T SE 0 A
Bty s, PCR R {AKZ (50 pL): 2xPhanta Max
Master Mix 25 uL, F . M5 147(10 pmol/L)45 2 uL,
DNA #%#2(100 ng/uL) 1 uL, DMSO 2.5 uL, dNTPs
(10 mmol/L) 1 uL, Phanta Max Super-Fidelity DNA
Polymerase (1 U/uL) 1 pL, ddH,O 15.5 uL., PCR
W41 94 °C 3 min; 95°C 155, 60°C 155, 72 °C
90's, 32 AMEFR; 72 °C 10 min, PCR 434 7=4) [m]ir
FEHRIAT Nde 1 #1 EcoR 1 #ATHED], 14 RV AF1HY
pET-28a(+) Bk, #)# pET-28a-AmpKR2 ik
LN

M AmpKR2/NADPH/JEE 4 28 (4 ) = JC i 1A
ghkgrh, AT ROEERNOL TEALEE Y Ser-354 i
it — KT SRR i adE, BTl E %
JECHE X — I P 07 S 58 Ry 4854 B (—SH) Y 2 b 2
i, LA pET-28a-AmpKR2 Uk AL, LI 1
AmpKR2-S354C-F 1 AmpKR2-S354C-R N5 |¥it
17T PCR ¥ 14, PCR AR R FIZRAFF |, PCR ™
Y% Dpn 1 WY 37 °C IHALAEIE 1.5 h )5, kit

E. coli DH10B &7 54, I3 1E A J5 15 21 58228
$i pET-28a-AmpKR2 S354C.

MR A T HE E (Dobiscuit) o 2 F
AmpACP2 [ REUTH, H-M NCBI Wbk 2]
fE b4t H 'S5 AmpACP2 4 —Et R e EN ,
Rl EryACP2 (41%). i1d ClustalX %~ %51 i
FrEExt, MTAfE AmpACP2 (& N5, &3]
VIR EEF IR OB pET-28a-AmpACP2, 48 )7 ik
[i] pET-28a-AmpKR2,

P My R 25 Bkl pET-28a-AmpKR2 S354C
EEALIE E. coli BL21 B2 25400, pET-28a-AmpACP2
EAbiE E. coli BAP1 B84, HIRE E. coli
16 °C fIRIRES: . AR 2 bR 8 (DRt oA o
TEJZHT, 155 4l A ) AmpKR2 S354C & AL
D512 e 2k £ (1) holo-AmpACP2 & [ .
1.2.1 AmpKR2 5[EE ACP B 45 #ig 3 B

PAZERIAZ B W AR ZR . 50 umol/L AmpKR2
S354C, 150 pmol/L holo-AmpACP2, 500 pmol/L
NADP'fl 1 mmol/L BMOE/BMB/BMH. %} %I 1E
20 °CHFE 6 hJm, 454 SDS-PAGE #1714
W, SR A, R IER RIS A1 (64 kD)
K4, 5ROVEY) AmpKR2 S354C (50 kD)Al
holo-AmpACP2 (14 kD) 2E [ 455 v B FF X 51
1.2.2 WEEHtg 3 Bk

ACP 5 KR Z[A[ SRR RE IR B UEE /R 9
S FE A SN ACP FIBERRTZ IE5h Ik 2 e 1R
MEE EJEA KR TEMET L, E RS G IR
WA . A RBENSHL T KR F1 ACP UM EE, —
B R AEA ISR AT Y, #E KR AN
ACP Z [A] ()i 2 A6 A—A> TEV BRI RETI7 55
Fik KR+ACP WRlAH 1, B s B ARk B 1 [
7 (AR B 5 AR A T .

£ AmpKR2 S354C 5 AmpACP2 iHisf TEV Jif
YIS S AHIE G , kS AmpKR2 FH SHFETEM)
e PR T BRI AZ BN S, B KR 9 HAd Ay
TR 121 (iF 278 1) ATRRAS N 2L H R,
MR LI 1 AmpKR2-C121S-F/AmpKR2-C121S-R
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' AmpKR2-C278S-F/AmpKR2-C278S-R 5|43
1T PCR ¥4, PCR i iA R FIZ&AFF F. PCR ™
Y14 Dpn 1 WYIE 37 °C HALALFE 1.5 h J5, Ffbit
E. coli DH10B J&Z 25211, I 1E4f i 15 31 58 48 ot
$i pET-28a-Amp(KR+ACP)2 S354C/C121S/C278S,
B X —RASTRIE A E. coli BAP1 JEUZ A4, K
R4 E. coli 16 °CARIRIE T . BAHERZT A
PO 2T, A55) 20 B 4 v FLR P41 12 ot
Bi ik 2 Y holo-Amp(KR+ACP)2 S354C/C121S/
C278S # M.

Amp(KR+ACP)2 S354C/C121S/C278S A &kH4
BASHR S WAA ZR ;150 pmol/L holo-Amp(KR+ACP)2
S$354C/C1218/C278S, 1.5 mmol/L NADP", 1 mmol/L
BMOE/BMB/BMH. 457 20 °C & 6 h)5, &
Bl 5 mmol/L B-Zii 5k L B2 1E AR S - B, #52HR
A S TEV BES:1, BRG], BIiA T
VEWREEH 30 umol/L 1 TEV Mg(HEHY His-tag, 23+
YK 28 kD), TE4 °C TR . SO 4R ]
SDS-PAGE HEA 4G

BT ERRESCIRACR, HEER 2. 3 F1 4 RN
AR NIRRT B (R R 1 5 S B
(AR BE A TR

2 AEPFE ISR B

Table 2  Cross-linking reaction taken under different
incubation times

Group 1 2 3 4 5 6
Amp(KR+ACP)2 (umol/L) 150 150 150 150 150 150
BMH (mmol/L) 1 1 1 1 1 1
Temperature (°C) 20 20 20 20 20 20
Time (h) 02505 1 2 4 6

x3 ARENBERERRZKRE

Table 3 Cross-linking reaction taken under different
incubation temperatures

Group 1 2 3
Amp(KR+ACP)2 (umol/L) 150 150 150

BMH (mmol/L) 1 1 1
Temperature (°C) 4 20 30

Time (h) 6 6 6

R4 EBF BMH FERE YR BER

Table 4 Cross-linking reaction taken under different
concentrations of protein and BMH

Group 1 2 3 4 5
Amp(KR+ACP)2 (umol/L) 150 150 150 200 200
BMH (mmol/L) 1 15 2 1 15
Temperature (°C) 20 20 20 20 20
Time (h) 6 6 6 6 6

N T UESEZ SRR W 3E A, SR T A
KR+ACP Jii %, Pik(KR+ACP)1 (3K H ¥ % &
pikromycin & 0EE, HET & KR S B2 B)FI
Amp(KR+ACP)11 (FLFF{ KR A2 #), RHYH
pET-28a-Amp(KR+ACP)2 A [a]l (A S s, EEs
TEV FRHBIPENSHHA KR il ACP By ZePEZ k= 1],
X KR 31 ACP Sk A 7 4 4 78 Pik(KR+ACP)1
M5E 345 {222 Rl Amp(KR+ACP)11 26 351 i %2
ARG AL IR RAS , X 2 225 PR 570 2
H KR SEPE 4 i R A, R KR HHR
TR PR AR N 22 H R . ARG
SRR VAR S Amp(KR+ACP)2 AR
123 Amp KR-ACP2 XB:E &4tk

N T i KR-ACP &5 Wry2ifh, 255887
% %] holo-Amp(KR+ACP)2 S354C/C121S/C278S &
HMA ARbr S8 TEAMN C uy, RIERAE ACP
sEF A . Ik, 2 TEV BEVIWALG RIARSE
K KR Z5 s Al 8 1 hn s, AR TPEbE)S
LAl AL B LB o M H AR KR-ACP 32
G5 A FLE N E RS 2E R, 4
B 51 FH 2 R0 )2 BT R I 3o il 033 5 R Al
R E Y.

1E e fE R 5 1F 150 pmol/L holo-Amp
(KR+ACP)2 S354C/C121S/C278S. 1.5 mmol/L
NADP I 1 mmol/L BMH 14 F , #HFT KA A2 1k
JVE o SCHR N EEHG , T2 5e bR R 5% 1)
BMH, HHATRESSFEEIMAR TEV L
DA RRSRIE A R N, FEAIK TEV BgE1E. B,
1E 20 °C FACBAEE 6 h i, BBk iR as
MR RBRIR AP 2410 BMH, FEER A,
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B ZIRSHHEBRAE IS L2 A0, R TER B
FH, AR S B ROSERE T2k SR/ N
F BMH T ABGERAE G S0 R, 5T 2 bk
VEE, NI 5 BARIKSN 85 . AEUER &R A 2 Rk
MRS &5 TEV JE(5:1, BE/R Fo) R Fe i A b
H AR ZFRICH) TEV #(GST-TEV), HM{E TEV
it TAEH 2 30 pmol/L, 7E 4 °C FEEIE % .
Kk, 4 GST-TEV BHAL)G B R AR &R bt 5
T S RS KR-ACP 321 52 A W IR S8 B
1) ACP. A AMH BRPRZ R TEV BRI sCHK B
TATAIARZEARICH) KR HEH AR A YRR ERE
#| HisTrap MIWERAE, A FE ARG
TN TR RIZE A RES, 20k GST-TEV B TAT
bR KR A DKMV B2 24 0-200 mmol/L 5
WA TSR BE VRN , i3 SDS-PAGE XA [R] ¥
JERB P DRI 3 A T A, WO Al A v Y 2 R
FRCISCHRE B PIFIARSEHRIY ACP, FfiJ5 , K rfs
KR-ACP I E S WAIARACERN ACP 1RGP
WA T390 64 kKD il 14 kD) F#£#] Superdex 75
BEC T IEAE R . s BB, SRR/ 5
T H O 2L A AR R R R B3, FLEUN
(5 FHA SRR, IR A TS IR/
P R R B DRI T ok o TERXCRIEL T, K
4y F 1) KR-ACP &AWk e+ ACP 8 PENE Tk,
# H RS [E] PR LA T U o T Tmage J (GEF
Java 11 RIR 23 A B0 ) W e & 2B S S 0 Y
SDS-PAGE 2%y 47 K A Ak 31 -

2 FRESH
2.1 AmpKR2 5[E]iR ACP B 4EHig T BRE R
=F32H8E5%] BMOE . BMB Fl BMH EL AT AH[R] )
REEYE, (HIEFE AR, Hrh BMH (RIS
Ik, 1M BMOE f5gi . XX 3 Fhsciis S 510 sabi
WAZHR N BE T SDS-PAG Al , 455RnP 1 s,
P KR 3850 kD)FI ACP 5(14 kD)ZE [ 4571 5h, 78
&1 Marker f4 25 kD F135 kD £ & Hhia) i Bl—4¢
B ISRHT, MUV, R —245Hh 24~
ACP JZE5iIE LR SIS BRI E

B ACP [ —RIAE, BRILZAh, FF8A WEE) KR
B ACP S SCHR IR 14517 . BAZE RIS R
I RTREJR RS ACP 5 KR ZIAfRSERIIRES, H
HIREE T 2 DESFISAI R BRI AN 5 B A 456
22 WMEMBREEER

2 3 PR B A Sl A X R Ao {1 i S M A Bk
KW, 4 KR F1 ACP ilid— M2 ki i 4
. P15 Amp(KR+ACP)2 @&, TI4E KR Al
ACP fUMIXTRE, et —FMEL S YX—RAE
HZ 5SROV, F gk kAR IR R R
ST AR, SRE AW S ARSI A R
SDS-PAGE H 4% o B 22 T H AR, Z55CIREs R
FIFIKTHREAS . M, 7 AmpKR2 S354C F1 ACP
Z B2 IR (B A—A TEV BRI 5,

kD M BMOE BMB BMH Control

S
AP - -

35 : — Dimer of ACP
25 — .

20 —

T e

1 AmpKR2 5[E]R ACP B/ B R MR S HIRY
SDS-PAGE 4> #7

Figure 1 SDS-PAGE analysis of AmpKR2 S354C and
holo-ACP2 cross-linking reaction mixtures

7:: BMOE, BMB fil BMH ki&435I% 50 pmol/L AmpKR2
S354C (50 kD), 150 umol/L holo-ACP2 (14 kD)F1 1 mmol/L
BMOE ,BMB , BMH; Control X} #84H , {0t % AmpKR2 S354C
A BMOE. 5xIZAHLE, Sesed] {7 25 kD # 35 kD Z[A]
PR SL B HE B — I R 5ty A 28 32 R S A S2 TR B 1
ACP ZIRA, A BN KR-ACP A A4,

Note: A: Lane BMOE, BMB and BMH contained 50 pmol/L
AmpKR2 S354C (50 kD), 150 umol/L holo-ACP2 (14 kD) and
1 mmol/L BMOE, BMB and BMH; lane Control only contained
AmpKR2 S354C and BMOE. Compared with the control group,
there was only a new band between 25 kD and 35 kD in the
experimental group, this new one was supposed to be the ACP

dimer connected by the covalent cross-linker; but no expected band
of KR-ACP complex was observed.

— ACP
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SRR K, BlE B E AR SCERR) KR Al ACP
SIBIEAIR 2 AT B R EE R Rz, XA R
BRI, (A TSR R AAAE , HARIH AT
PURFE— AR RS . Amp(KR+ACP)2 1)
UGS MIRAZ I L% 45 TEV RS AL )5 i SDS-PAGE
BTN 2 Fos, RIS T, BRINA
) TEV H§(28 kD), LIMHAR &AM HE TEV
T T Ak A B KR A0 ACP 3 4E 1 44 46, 1E
1 Marker ) 53 kD 1 70 kD 45455 B a] H B
— ST E R, RIS TR, X—EAK
i 5 KR-ACP BY3ZHR I &Y R W3 12 (64 kD)
FHXTR o SR EAS 5 s BRI 0 B2 v, ANAEAE
TEV i . JH57 A9 KR BRI ACP WK 1477, IF&
A X —HARHT . XS5 R, S IAR)
W 2B S> KR R ACP 3k E sk, ffiz
FEZ ] TEV YLK IH GRS A SRS .
Ah, 31X 3 PRSI R AT LA o PP R IR KR 8RN
ACP I 32k, 155 KR-ACP IZEE AW,
FIFH Tmage J XA BR AW 457 AR KR I8 2571
HEAT IR FEA A 34, T A A SRR (9 A B AL
K, KW BMH SEBRRCHR R 51 (39%) , 1T BMB 285K
R AR (32%)

J TG AL A R KR-ACP SCHR AW, 77
X SCHR BN S A TAAL, CFERE R IR . W E
[ RN 103 5 5 R MR B o AN [R) 24 T HEA T 38
WK/ Nize TEV MiY)J5 1) SDS-PAGE A5l 45 5
K3 Bz, SCHRACHR Bl A I5RIE 7 I 1) AL 32
I ey, EFESCE R R R B, M E IR A E
30 °C BB IHASEK 3] 6 h DL B, KR p 218G
B R I BTITVE o 7R 19 SURA S IR A [m] A v
FEFIH BT, f i S BRAL#E H BLAE holo-Amp
(KR+ACP)2 S354C/C121S/C278S >4 150 pmol/L
BMH & 1 mmol/L Af. K, FAERBAMETE
Tris-HCl ZZ M (pH 7.5)4, 150 pmol/L holo-Amp
(KR+ACP)2  S354C/C121S/C278S , 1.5 mmol/L
NADP', 1 mmol/L BMH, 20 °C &£ 6 h,

ARG R SRR 5 EL A aE I, WA
A4 11 holo-Pik(KR+ACP)1 S345C/C270S F
holo-Amp(KR+ACP)11  S351C/C55S/C150S/C275S
53515 BMH W& 1 THEY), 255 4 s,
£ BMH fAEREOUT , BIA-alG & A sc kg b
IR BN [FIAR BE S HRER G, A AR 1 () 35
KR-ACP & &W. SRMAE A% BMH RUXT R4,
2 TEV JHAL)E B fl& 8 19U R 5l Y ACP 35k
KR 5, UEH] BMH BN A 75384 KR F1 ACP
RN, AEFE T USRI RS . TESE A
R NAE T, B WMsCIRRBCRIF A, B0
ANTR] AU AL S P 0 e S I A A A ], R
Iy HIHEER o H 3 B R S 2 B I s B SR L
A —E W aE A, BT F SR 2 RO R BE
KR-ACP E &9,

2.3 Amp KR-ACP2 XBEE &4k

Amp KR-ACP2 525 AW alifb Bk 4k 4kl 2B
Fis, MfEFaifk, R HFIH GST-TEV (4 Fa:
k50 kD)HEATHEFY] o TESAE RN A T TSI R
WG, SN RERR R FERR 25 243 B AC B FH] BMH.,
WM ZIKZ: GST-TEV MV, BEVIJE 10
WS SR A . Hh KR 1 ACP A GST-TEV,
ZRESLH HisTrap FiEAE s alifl, A AR E
DK Al (14 8 JE YR JRE R G o 45 o D 25 R A o A o0 42
SDS-PAGE Kl &5 40P 5 FiiR . T 4 s IRbR S
IS AR ACP 12 SEE A RS S
T A AT FAFRZE Y KR SRS e H kbR & Fric
) TEV EEWICREAEm R PR 2, & nEie
T TFRIH 50 kD Zidy o FFmRmsik #E 4 0
8-16. 16-30. 30-60. 60—120 FI 120-200 mmol/L
ARV RS2 A AN ] R B, i e v P S B AR A
YIRIARACHRH) ACP FEAE 60—120 mmol/L [ BKm:
W EE R R MG, DR el v A v sl A IR AR M P
HOIRA AR 24 . B X — R o LR 5
Superdex 75 BERCITIEAH, LBR A HS ACP I,
SelR R, BriS sk E A4 SDS-PAGE £l
KNGS — S H Al B .
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A

TEV restriction site
(Cross-linking reaction )

@ _ :

Cross-linking and [ Remove excess cross-linker)
TEV-digestion

Non-crosslinked | Cross-linked

( TEV-digestion )

l

@emove GST-TEV and uncrosslinked KR )

l l
@ @ QJ“IQ ‘ (Remove uncrl)sslmked ACP)

is- Ta

[Crosslinked KR-ACP complex)

@+

is- Ta O
S
@ ol @ik
C D
50
kD M  BMOE BMB BMH  Control
L il - ges. coome:
70 ~ — KR-ACP complex < 40
53 — Uncross-linked KR ;é:
0 — -
33 ‘ - ' : :
— His-TEV 5 20
. <
25 - :

—
(=}

- 0

17 — - Wee il ‘ — Uncross-linked ACP BMOE BMB BMH
Cross-linker

B2 WEMBLHKERSERDSTRESWALEE

Figure 2 Di-domain cross-linking mechanism and results analysis and purification route of cross-linked complex

TE: A WSSO s B: SR A WIAiLERER; C: WIS & =2k TEV BVIIRG %) SDS-PAGE 734fr: BMOE. BMB
1 BMH 435 &4 150 pmol/L holo-Amp(KR+ACP)2 S354C/C121/C278S (64 kD)F1 1 mmol/L BMOE. BMB #l1 BMH; Control: Xl
40, AEAEATAZEEHN], Syl holo-Amp(KR+ACP)2 S354C/C121/C278S B TEV BEHIF#); D: 3 ARSI S 5 T s BEseR,
BMH ZZBRACE i, BMB HIZCHRALR R AL

Note: A: Di-domain cross-linking strategy; B: Purification route of cross-linked complex; C: SDS-PAGE analysis of cross-linking and later
TEV-digestion reaction mixtures containing 150 pmol/L holo-Amp(KR+ACP)2 S354C/C121/C278S (64 kD) and 1 mmol/L BMOE, BMB,
BMH and control contained the digestion mixtures of holo-Amp(KR+ACP)2 S354C/C121/C278S in the absence of any cross-linker; D:

Cross-linking efficiencies with different types of cross-linker were calculated, BMH has the highest cross-linking efficiency and BMB has
the lowest.
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w
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e
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33 — - 10+
e e G Wy e [His-TEV
1 ,‘ 0
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Figure 3 Optimization of crosslinking conditions

H: A: 150 pmol/L holo-Amp(KR+ACP)2 $354C/C121/C278S 2 [1H1 1 mmol/L BMH £ 20 °C F£:/5 025, 0.5, 1, 2. 4 fl 6 h FH
J5 ) SDS-PAGE KrW45H; B: ARMEH M T AR, CRBCREME &R M MER M ; C: 150 pmol/L
holo-Amp(KR+ACP)2 S354C/C121/C278S 11 1 mmol/L BMH 23 5I7E 4, 20 il 30 °C BN [RIMF & G T 2¢Hk 6 h # SDS-PAGE #;
MEER; D: REAMWEEE T HZHRAE, KHRYEMERETREN T & mER; E: NEWKER holo-Amp(KR+ACP)2
S354C/C121/C278S & 1F1 BMH 7£ 20 °C F9%#& 6 h J51% SDS-PAGE #lIZ5 5, F. & [AH BMH ARIRES N0 lscs, —#a
PR EE 4 150 pmol/L holo-Amp(KR+ACP)2 S354C/C121/C278S #1 1 mmol/L BMH.

Note: A: SDS-PAGE analysis of reaction mixtures containing 150 umol/L holo-Amp(KR+ACP)2 S354C/C121/C278S (64 kD) and 1 mmol/L
BMH, incubated at 20 °C with 0.25, 0.5, 1, 2, 4 and 6 h respectively; B: Cross-linking efficiencies with different reaction times were
calculated, and the cross-linking efficiencies increased with the extension of incubation times; C: SDS-PAGE analysis of reaction mixtures
containing 150 pumol/L holo-Amp(KR+ACP)2 S354C/C121/C278S (64 kD) and 1 mmol/L BMH, incubated for 6 h at 4, 20 and 30 °C
respectively; D: Cross-linking efficiencies with different reaction temperatures were calculated, and the cross-linking efficiencies increased
with the increase of incubation temperature; E: SDS-PAGE analysis of reaction mixtures with different concentrations of
holo-Amp(KR+ACP)2 S354C/C121/C278S (64 kD) and BMH incubating at 20 °C for 6 h; F: Cross-linking efficiencies with different
concentrations of protein and BMH were calculated, and the optimal concentrations were 150 pumol/L holo-Amp(KR+ACP)2
S$354C/C121/C278S and 1 mmol/L BMH.
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AkD M BMH Control BkD M BMH Control
Y. KR-ACP complex
70 -
53 Uncross-linked KR 0 KR-ACP .complex
53 Uncross-linked KR
33 =
His-TEV 33 His-TEV
25 25
17

17
Uncross-linked ACP 19

Uncross-linked ACP

El 4 Pik(KR+ACP)1 #1 Amp (KR+ACP)11 X 4E #3832 Bk
Figure 4 Di-domain cross-linking of Pik(KR+ACP)1 and Amp(KR+ACP)11

e A B JESE TEV BEVNE G4 SDS-PAGE 40f: BMH: % 150 pmol/L holo-Pik(KR+ACP)1 S345C/C270S (62 kD)Al 1 mmol/L
BMH; Control: X4, A7 BMH. B: 5¢Hk 542 TEV BEVIR A SDS-PAGE 434 : BMH: 7 150 pmol/L holo-Amp (KR+ACP)11
S351C/C55S/C150S/C275S (62 kD)FI 1 mmol/L BMH; Control: XfH8ZH, A% BMH; 76+ BMH fSCIRdA s, WA ARRMAEEY
WMELF] KR-ACP ZZHEE AW, TAEA & BMH AR IR AR, TV X —4 TR A L

Note: A: BMH: SDS-PAGE analysis of cross-linking and later TEV-digestion reaction mixtures containing 150 umol/L holo-Pik(KR+ACP)1
S345C/C270S and 1 mmol/L BMH; Control: Absence of any cross-linker. B: BMH: SDS-PAGE analysis of cross-linking and later
TEV-digestion reaction mixtures containing 150 pmol/L holo-Amp(KR+ACP)11 S351C/C55S/C150S/C275S and 1 mmol/L BMH; Control:

Absence of any cross-linker; bands of KR-ACP cross-linked complex were observed in the BMH-containing groups, but no bands
corresponding to this higher molecular weight were observed in the BMH-free groups.

A Digestion Flow B
kD M mixture through 8-16 16-30 30-60 60—120120-200 Imidazole concentration kD
(mmol/L)
70 7 KR-ACP
>3 KR-ACP complex 53 — - complex
40 —
. Uncross-linked KR — :
" and GST-TEV 33 . — -
25
5 — -
17

Uncross-linked ACP

E5 AmpKR-ACP2 XEXE &4k

Figure S Purification of cross-linked Amp KR-ACP2 complex

TE: A SRFIZHTHA RIDKIEYR B A UE LS MG, SR8 BATEZE 60-120 mmol/L WKMEIR BEFTUEBLAY AT s B: £ FPLC
AL AmpKR-ACP2 SRS A1, 4 TR/ IS I (64 kD), 4l .

Note: A: Elutes under different concentrations of imidazole during affinity chromatograph, the purest products appeared in the eluted

components under 60—120 mmol/L imidazole concentrations; B: FPLC-purified, cross-linked AmpKR-ACP2 complex, its molecular weight
was close to the theoretical value (64 kD) and the purity was high.
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3 WS4

H MK IR 6- i 42 2155 N IR B A B0 JE 18 74
FP= W4 by 2 (A7 A SRR T, WF9E N\ B AE 24
SR A I P B 3 AR A s O T A TR
R TAEM L AR e R A R A Bl s TR
W58 N B3k Bk v 2 31 B 1 A AR A
PE. ACP 254G gt i g 2R i fhfs i . &
PR YR, X RO T ACP R G
YEDh RS (45 B UM BB . T ACP
58 —Fh A ME T RE A A B AR R AR A A T i e
i+ ACP KB N —E1EUIResEE R, Frlife
W9 X SO (-2 (A EAE FAI, 3B 3 — A G
PRiRAE 2 ACP 5& 1 EThReIEZ RIS R FTT .
N T v — R, BHEA G 2R SR s s —
SEREE DIRERY SR, Tl PR A D RE Ik A AT
TERE IR, MR EMEAEZEYHT
rniRGE M. BRT, 2Rl X Rhor 2 i b
T HeWim2 & M (fatty acid synthase, FAS)a{ PKS
ACP 5 AT, DH I TE 245 Ha s B AR IR,
HHRIM I ACP 5 KR M HAEHAE WA Z5 I
fEHT

AR LIPIEE R B PKS 4 2 My
AmpKR2 KIH[FJE AmpACP2 1EAMFFEXE,
AmpKR2 {i P FEFR Ser-354 578 M 5 3 (-SH)
(BRI, FHTE E. coli BAP1 B2 S 4l rh 34k
AmpACP2, fILAE (RPN BT 2 Wh S Ik £ e
DL BMH E A2, HLm it (4 T R Ik 0 e S A 2
O35S AmpKR2 45 354 oY e s R T At i ik
(—SH)F1 ACP ¥Z [ 2t £ B A a5k & AE A58
B, TERAREERE. T AR e R A PR ph &
R A T AR e CR e, AT LA SDS-PAGE
AW REAEALAYER. HRRMmMERT
AmpKR2 S354C Fll holo-AmpACP2 %4, HIASZHE
R TR E G, A REAZ YA fF
W SEIEA B h 1 R & ACP 5 KR Z a1 454 155 .
FAXFHEBEAR, A BN A & A 25 A A

Bflko R T el —FEAT, SR T RS HIEACER T
J3X, ¥ TEV VI AE A KR Fil ACP [i%#EZ
JRZ ], RSB aA N, SRS KR
FACP FHXTHRBERS H Y, SCHKRON S TEV B
FRVESCRETS BRI SR & A= o 1 B SR s 1) B
A sC N I R A G, I S AUE AT A g
FoifbTBr, MR RTZ RN TEV B, R
T B D) A Bl KR 38F1 ACP I H——2&
Bk, WINIRTE T KR-ACP IFa EXKE AW, X
—EEMaiER e, THTRSEE AN IR
FFRERTSEES . BEAh, A T B EX — SR A
WHE, AW EIFRIL T Pik(KR+ACP)1
1l Amp(KR+ACP) 11 @52 1, A AR R 5 BOR
B ISR B AN R FE B A AC IR 5 . SR I — 320k
SEm ] LUK iz FHE Z2 R0 KR F ACP S S5 g Al
BEWELLEEH, IfEdT KR A1 ACP I SYi
TREEHY B2 T it
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