TR A SR IR Jan. 20, 2020, 47(1): 190-199
Microbiology China DOI: 10.13344/j.microbiol.china.190236

tongbao@im.ac.cn
http://journals.im.ac.cn/wswxtbcn

B4 B R IR E R A BB EE R R 1T =1

AR K A
AR E R MBI AR MEYIC E R E S ERE B 200240

B E: (57 FMEREARLBIEMHBEE(AveAT ) A9 A 2-F A T BE-4485 A (coenzyme A, CoA)
Fo 7 T Bt-CoA AE A AR Z AL A e QAR D" 27 9T EH . [B 691 5RE AveAT, &f A AT
JR A Y R dr R AT BGE L [ ik 138 i 5 17 3 R B) Jk 40 69 A2 46 BEJK 44 4% B2 (loading acyltransferases,
ATos)# AT 7 tbxt, %3] AveAT k46T B0 AL, F) R &AL S T 5 R T 6975 k452 5&
W R A4 Z R TR, vA 2-F A T BE-CoA. 7 T B-CoA 89 £ Adh 2-F A& T Bh-N- LB F LA
(N-acetylcysteamine, SNAC)#=5 T BE-SNAC &4, A Ellman )X &4 M3 SNAC 4935 5 # 4k
(sulfhydryl, SH), M AveATo AL R BARGIZ) /) 5 F 4K, vASLERAE AveAT A3 R TR 69 R 4T
M. [4 %] AveAT st 2-F A T SNAC 4 Kn {4 0.4 mmol/L, ke 184 14.1 min, KkealKm 4
32.1 L/(mmol-min); #+ % T B.-SNAC 44 Ky /54 0.8 mmol/L, ke /A4 6.4 min™, kedKm 4
7.5 L/(mmol-min). #Z 4R E(EH V224M. Q149L. LI12IM. 5 BRREE LA R T4k
AVeAT, V224M/QL49L/L121IM s B /N4 69 kdF e X 51 ;R K, *F 2-F AR T BE SNAC &9 Ky A%
0.8 mmol/L, ke 4 5.4 min™?, Ke/Km % 6.9 Li(mmol-min); *F % T B:-SNAC # ke/Km 4
0.1 L/(mmol-min). [4# ] AR A IT AveAT iR A EMiTf2 o o4 XA R BR, AHREFTLE E R
S BB SERS BRI AL T ARE .
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Specificity of the loading acyltransferase from avermectin
modular polyketide synthase

LI Hai-Wei ZHANG Fa ZHENG Jian-Ting

School of Life Sciences and Biotechnology, Shanghai Jiao Tong University, State Key Laboratory of Microbial
Metabolism, Shanghai 200240, China

Abstract: [Background] Under normal conditions in vivo, loading acyltransferase from avermectin
modular polyketide synthase (AveAT,) recruits 2-methylbutyryl-coenzyme A (CoA) or isobutyryl-CoA as
starter units to synthesize avermectins of “a” series or “b” series, respectively. [Objective] We are aiming
to explore the catalytic specificity of AveAT, on 2-methylbutyry-SNAC and isobutyryl-SNAC, as substrate
analogues of 2-methylbutyryl-CoA and isobutyryl-CoA and modify its favorability towards the former.
[Methods] The protein sequences of several ATys were compared and residues playing important roles in
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protein-substrate identification were uncovered. The mutation experiments were then conducted on
AveAT, and concentration of free sulfhydryl (SH) released from SNAC was obtained via Ellman test to
characterize the substrate specificity of mutated enzymes. [Results] The K, value of AveAT, towards
2-methylbutyry-SNAC was 0.4 mmol/L, ke value was 14.1 min~* and kea/Km value was 32.1 L/(mmol-min);
the Ky, value of AveAT, towards isobutyryl-SNAC was 0.8 mmol/L, k¢ value was 6.4 min~* and the
Keat! Km value was 7.5 L/(mmol-min). The mutation sites were selected as V224M, Q149L and L121M.
After trials in combined mutations, the specificity of a triple mutant AveAT, V224M/Q149L/L121M for
both substrates increased. The Ky value of AveAT, V224M/Q149L/L121M towards 2-methylbutyryl
SNAC was 0.8 mmol/L, ke value was 5.4 min™, and Ke/Km value was 6.9 L/(mmol-min); the Keat/Km
towards isobutyryl-SNAC was 0.1 L/(mmol-min). [Conclusion] This study found key residues in AveAT,
identification, and provided insight for the rational modification of avermectin polyketide synthase

acyltransferase.

Keywords: Avermectin, Loading module, Acyltransferase, Substrate specificity, Polyketide synthase

SR (polyketide) J& — 2 f A BA . FL pd FIAH 4
AR BACE Y, BAT 2 YR
PRAETEME, GUISPUANGE . PUWIRE . PLE . ILH
Az RG5O TR A 2R T
4T (polyketide synthase, PKS), A4 LAY
AFHLTrL, PKS BRI e 2 FoR ] (28
B b PKS R 485 44 33 1 5 B £k 21 21 Ty =X if 15
2031 AL W LR A B T G D R 1 2
&R, MBS T S — R o &
W SHeNimAY G R, Bk PKS fE
FI I HE 2 2488 b FGE A BT, 5 B i) 2R
& WIS B REPE L f /NG i e AT
3 NgErb . WA R (Ketosynthase, KS)., BEILH:
¥ Mij (acyltransferase , AT) Fl i Jit 2% {4 & 17 (acy!
carrier protein, ACP)., AT HAIBEELEY 5 Hm
it ACP %2 2 KS SR & RN o BRILZ AN, —4
e A BT BE 7 A T8 J5 i (ketoreductase, KR) .
J75 T 3L 3R 5 (enoylreductase , ER) il i 7K i
(dehydratase, DH),

W] 4t 1 2 (avermectins , Ave) & HAT A 2 &
WOl ARl F N S A% Gl 451 ek 32 22 1 037 A= o
F,  H P 444 75 1 (Streptomyces  avermitilis) & [
B BTk % PKS ALk PKS, i 4
BATT AR IR R $h 5% 2 R ER TV 15 BT 4k 1A 25 6 i b
¥ I 3 (aglycone) ® . e I 1 i S 2858 — R A Y
B A 4E T & . TERRRGT, FI4Ep &R

PKS 1y 2 4f 5 2 fig 0% DL 2- B 5 T Bt -CoA
(2-methylbutyryl-CoA , MB-CoA) 5§ 5+ T it -CoA
(isobutyryl-CoA, 1B-CoA)fE il i B0 40 3l A %
“QRINB D RN IBTHEE R (K] 1), YIRS
5 e TR e 2% o T 98 A8 R R 40 iR IR AR ke I
o AE MM A, Bl 2R W R
(doramectin), FIRBTLER Z A7 8 FhaH sy, 4H4) a
oG Fe e, KRATE 80%LL |, 243 b —A
B3 200, Tl & BRI RS B 4 s,
TEVFZ RIFNEREIAE RN EY G R
H, ATo sE“SFNIHIER, O B ih
BITR S RIS A R, A e SR A TG
IR S BT AR TR R ML, R ATy #1 ACP,,
A2 EAR AR AVE T AT, 5 AVE B AT R
[, HELPEE0Y PKS RIGHIER S A — P RUT
KS By N Rumzstgs, Frl KSQ, I3 ATo #xhy
KSQ ! ATo. KSQ 5 KS ghfE# AL, U2k
T AL I R R WS A B (Q) B, AVE
RUBREAE ARG, JEh ATy 454 HEEE-CoA JIEYY,
BEEAL R R T — B KS, — A BB NIEZ
FIEYIRR S, 8 ILAT Z8E-CoA (acetyl-CoA,
A-CoA). ME-CoA (propionyl-CoA, P-CoA).
IB-CoA. MB-CoA fl 3-FH B T Ht-CoA
(3-methylbutyryl-CoA, 3-MB-CoA)%: ., KSQ K%
RS AR IR 2 KSQ il ATy 2551 —JuRIR
) CoA HATIBRINL, AEMLE WA it
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b series: R,=CH,
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Figure 1 Loading AT within avermectin PKS

LT E N R 4G e ™, A B AR I R Y4
P, R — B N Bt -CoA  (malonyl-CoA ,
M-CoA) = # H! 5L N — it -CoA (methylmalonyl-
CoA, MM-CoA). SIEMfitfl AT 2, KSQ
[ ATo 26 HTE PR o o (ST RS a0 4 WL
B AVE %I ATo A . 1R%] MB-CoA T AR IB-CoA
(1924 8% 2 (lankamycin, Lkm) i) ATo™; 1) 1B-CoA
R IG FOTH 2468 R (tautomycin, Tauto) FIE 2 &
(lipomycin, Lip)fy AT # ILE) KSQ # AT,
A L M-CoA el Bt £ 4 14 2 (spinosyn) ]
fl] ATo; L MM-CoA At #fi HJ0 1) B Al 18 K
(monensin) i ATM,

I 0 1 ) 295 v A AT 5P 1) T 35 -N- £ T > I Jie
(N-acetylcysteamine , SNAC) Bl MB-SNAC #iI
IB-SNAC IR AU M 45 B 51 B9 MB-CoA Al
IB-CoA HEFFS2BGM®, AHFSE PRSI R P00
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AT AT IR T H X, $RE]TRER MM Ave AT,
JIE W 3 B 10 S B R, I X R AT SR
s, FRFRRASK AveAT, V224M | RS 78 1A
AveAT, V224M/Q149L Fl = % 78 {K  AveAT,
V224MIQ149L/L121M . 3 3 0l ek 28 A48 {4 1) /K e Vi
PEREGSh Ty 240 B, R B = 28 A8 X6 S 0 6 fi
U PSR o ARWFFEAAUS B T A 4 1 5 22 1)
ZRARR, BN MEERTAER R PKS (7= 43t
TR

L PR

1.1 ##

111 B, RAKSIH
Escherichia coli BL21(DE3), E. coli DH10B

o A TR pET-28a-AveAT o 24 AN S I6 25 {4 %
SN 1 proos, B _bfEm R Y TREAT PR w
%E/Eo
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x1 HRTBAZINGIY

Table1 Primers used in this study

5% 75

Primers Sequences (5'—3')

V224M-F CGCGCATGATCCCGGTGGACATGCCCGCCCACTCCCCCCTG
V224M-R GTCCACCGGGATCATGCGCGTGCGCACCTGCGCGGCGG
Q149L-F TGACGCTTTGGAGCCAGGCACTGACCACCCTTGCCGGGACC
Q149L-R TGCCTGGCTCCAAAGCGTCACCACGCGTGCGGCGTCGG
L121M-F GCGCGGTGCTGGGACACAGCATGGGCGAGATCGCGGCAGCC
L121M-R GCTGTGTCCCAGCACCGCGCACGGCTCGACCCCTTGCG

112 FEiKFH

FR 4l N VI, Thermo Fisher Scientific 2y
Al BORAREBGRF & . PCR F=#alifbidl &, g
W) G, A T AR TR (i) ey A R
A5 3 N- 2Pt e 2 52 (N-acetylcysteamine,
SNAC) . 55~ = fim ft B (2- fif 5 K H )
[5,5-dithiobis-(2-nitrobenzoic acid), DTNB], [
Bhr T AR A A PR R 2-F 5L T 15E-SNAC
TS T T-SNAC B M FAE 2765250 2% B e s
S
113 FENHE

i {3 A% R 25 11 43 HT 4L NanoDrop 2000,
Thermo Fisher Scientific /A w]; Pk & R AH G
(fast protein liquid chromatography, FPLC). &
fifg i IR Y 194, Bio-Rad A +]; 1.0
Pl, Eppendorf Av]; AALIEFRAE, HigE—fERl
I R A
12 FHi*
1.2.1 AT, FH o

M NCBI EifREI&F AT J¥41, i FARF
ClustalX #4759 AR /347, FFi2 ] MEGA 5.05
AR FEPA AR
122 EERTE

SE R RASHIUR L)L pET-28a-AveAT, WA, LI
% 1 WPl V224M-F Fl V224M-R N5 43EfT PCR
P4, PCR JUMAKZ(50 ul): 2xPhanta Max Buffer
25 pL, ddH,O 19.6 pL, — H JEF B (dimethyl

sulfoxide, DMSO) 2.0 uL, dNTPs (10 mmol/L)
1 pL, HEH(100 ng/ul) 1 pL, k. FiHesld
(100 umol/L)%% 0.2 uL, Phanta Max Super-Fidelity
DNA Polymerase (1 U/uL) 1 uL. PCR Sz %1
95°C 3 min; 95°C15s, 60°C15s, 72 °C 6 min,
25 MEFR; 72 °C 10 min, PCR 7=#1£ Dpn | N
fit} 37 °C {HILALIE 1.5 h J5, ¥kt E. coli DH10B
B Z AU, WY IE B IS A5 B AR 8RR
PET-28a-AveAT, V224M ., L) pET-28a-AveAT,
V224M J#EitR, 1 HAY Q149L-F, Q149L-R H5|
VIR EE XL S 78 [Foki pET-28a-AveAT, V224M/Q149.,
e, LAZSRUAY Oy by i = 5848 ki pET-28a-
AveAT, V224M/Q149L/L121M,
123 HBEFRIEHGL

W A8 7 Y 3R Gk B TR AL E E. coli
BL21(DE3)#Z 25411, 37 °C 535, PhEE:
fb+F 50 mL LB (RHBEEZER, 50 pg/mL)kEH5E,
37 °C. 220 r/min 537 6-8 h. 4% 1%[\HERh i 4
1L (FRER, 50 pg/mL) LB HiFrFEr,
37 °C. 220 r/min 35354 2-3 h % ODgg N 0.4 i,
PR IRMEIR E 16 °C, 4kZ2855% 2 ODgoo 4 0.6 BN
A IPTG EZA¥E N 0.15 mmol/L, 16 °C ;3%
14-16 h. 4°C. 3000xg E.0> 10 min I ERHA, 45
B8 W[50 mmol/L Tris, 500 mmol/L NaCl,
10% (AR EL) Hh, pH 7.5]8 &, A B
A, 4°C. 13000xg &[> 45 min BRZ=4ifufc A . b
BB ERZENTAE T, g il (455 Sk
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WO 15 mmol/L BKIR)BR L2 F 1, VRS Pl (45
A 2% W 300 mmol/L BEMRYE E 8 e .
WISk i 143 FHEBH FPLC (Superdex™ 200
Increase 10/300 GL JZ#rAE)ilkfritk—4lifk, Frik
ZRIRFIkmE 4k 5 i3 1T SDS-PAGE #6:ll
158 50 S A
124 HRMN

AT BERSKBESRL-SNAC FIFEJE-CoA K, 15
FYF K SNAC Fil CoA. CoA Fll SNAC &A%
L, ATPUA Ellman MVEREN . &5tk a5
DTNB )i, DTNB Y " HifdWrad, r=4: 2-ff k-
5-f A ER(TNBY), e PEsiilt: pH 2F 75
TAL, A TNB BB 7. XA TNB B 1
EIEE, 7E 412 nm A . SN RO AR
U DMSO £k, ZJEIASARY DTNB
%W (2 mmol/L, 0.1 mol/L Tris, pH 7.5)Z k)i
10 min, #XJ5 A NanoDrop 7E 412 nm | il 19 W'
FEE

SN B v=(0ODa1o/(14 150x1)x4x10%)/t
o, ODgp MUK EXF R SEE, t b
fisf ] (91
1.2.5 AveAT, KR L RKEEE RN E

RSAZIT: 5 umol/L AveAT,, 2 mmol/L
i) SNAC JE#), 10% H ¥l , 10 mmol/L Tris,
150 mmol/L NaCl, pH 7.5, 37 °C JJii 5 min J5il
NZERFIR) DMSO £ 1k /200, 22 )5 Ellman i3
TR ODggp F3K H AveAT, I NS v 1 VIE,
(Eo M AT RYUEFE). HARNE 3 M F1T, ¥
AR ZR P ) i SR A R N % R, AR DR R
FAIRIAE R0t B F32 B8 3 Jr vk b — 25 0 PR R A
AVeAT, V224M . WRZE AveAT, V224M/Q149L Al
=R AVeAT, V224M/Q149L/L121M (1 VIEq.
1.2.6 zHHhESEBINE

SRR R R, M s AR E 1.2.5
HAR], JEYIAEE N 15 umol/L 3% 2 000 pmol/L.
15 2149038 B ) 4k /4 GraphPad Prism 6 814531k
AR, AR RPN 1124250

2 BRH54hr
21 AT FILEEERTET

AVeAT, 5JEH MB-SNAC FHE453] TR BIE
Yyl S HEAE R 13 %2R (GIn35, GIn92,
His119 , Serl20, Leul2l, Trpl45, GIn149,
Leul58, 11e220, Val222, Val224 , Ala226 #i
His227)™, {8 F%R {4 ClustalX £F%F ATo Yy 13 4M5%
FEHE R 81 e (] 2). K28k KSQ I AT, LA
M-CoA 1, MM-CoA MiftlfHiot, 5 KSQ %l AT
FHEE, AVE T AT, FORPIRBIEREEAR XS ARAT
KSQ 7 AT, 7EJK W45 & 14810 A i & A kS &
M2(145 fiisi, LL AveAT, 45 ) FILRAT I “HAFH 5L
“YASH 57 (224-227 {3 1) o K 2 BRAL B FS e R IR
FEHBFER, “HAFH? B YASH” #5 Bl N it Sk 5k
TN RS G . K ARG S TR ER
(A S T~ AH BLAE FXH IS B 45 6 it T 3 20 19 25 [
B, 15 KSQ B AT, A7 5 ™k M Sk
BT X AveATo 7EIE IR A A vl SR Y 13 4
AR, B AveAT, 741 5 HiHJI MB-CoA 1)
LKmAT,, Hi%l] IB-CoA [ TautoAT, il LipAT, )
FES-AT R, BPL Val224, GInl49, Leul2l wJ
REJE SN AVeAT o IR IEREOCHE MY 2 IR .

ARG Kk B W BRI M-CoA (1) KSQ A AT, J&
FlR—3%, BHERRESE; 5 AVE £ AT,
U MM-CoA 1) KSQ BY AT A7 — & 15 %
Pk, S AVE B AT B H B T—45r32, S5
fil, ATo R4 R R(K 3).

2.2 AveAT,FTikFn4{k

W5 By ) 7 (1% F 41 R pET-28a-Ave AT ok H:
AT A KRIGITH E. coli BL21(DE3)H, 5%
FRH WL R, WA R RZT Ak, A
FH 3 2 M (1% (FPLC)JE— 4B 22 [ 22 AR A
Dk, A5 8 1647 SDS-PAGE ik (&l
4A), KRIAEY 40 KD 4 —FHEBENEN LK
ML S A/N—3M, FPLC i #E%Y 40 kD b
B— R (B 4B), HE M HRIER, RikhE
2/ 8 mg/L.
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Avermectin AT,
Alpha-lipomycin AT,
Tautomycin AT,
Lankamycin AT,
Meilingmycin AT,
Piericidin AT,
Erythromycin AT,
Megalomicin AT,
Myxalamid AT,
Soraphen AT,
Stigmatellin AT,
Melithiazol AT,

Pladienolide AT,
Reveromycin AT,
Spinosyn AT,
Pikromycin AT,
Halstoctacosanolide AT,
Meridamycin AT,

M g g g g

|

Nanchangmycin AT,
Concanamycin AT,
Lasalocid AT,

Salinomycin AT,
FD-891 AT,
Streptolydigin AT,
Chlorothrcin AT,
Tautomycetin AT,
Tetronomycin AT,
Ampbhotericin AT,
Mycolactone AT,
Niddamycin AT, GRG
31 * 3988 *

@ > <

@ 3 |
I I R I I I I I - - -
RN NG
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|re G <

9 hy

96 115 **&

E 2 AVEE AT, 5 KSQ # AT, HIF 51 bk 3

125141 % x *
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TERE
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o
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Figure 2 Amino acid sequence alignments of AVE-type AT, and KSQ-type AT,
T FPA O RAR TS AveATo B . TEIRYI PN I 5 ERE B E TR AR AR AL R *"F i s TRSF Y HFAH/Y ASH FIRSRIR L K 58

AR R HFREE PR .

Note: The alignment was numbered according to AveAT,. The residues which directly contacted the acyl moiety of the substrate
were labeled by “*”; The conserved HFAH/YASH motifs and arginine residue, as well as the mutation sites were underlined by

black line.

2.3 AveAT, K R RIKEEFE RN E

o TR E AR AveAT K S ME 5
i, Lk MB-SNAC H1 IB-SNAC MJiEY), TElk
TR, i R IR PR B2 (2 mmol /L)
3 AveATo K A4~ (% MB-SNAC F1 1B-SNAC
) VIEg. I 5 HafLIFEH, &4 %748 R X}
MB-SNAC F1 I1B-SNAC 7K fif i PE ¥4 38 KRR RE

MR, =27 AveAT, V224M/Q149L/L121M i%
PE RIS /D . AveATo X MB-SNAC H VIEq {1
IB-SNAC 1y 2.6 f% , 1 — % & AveAT,
V224M/Q149L/L121M %t MB-SNAC 4 V/E, {E &
IB-SNAC 1 8.7 f5(I&l 5). il =784 AveAT,
V224M/Q149L/L121M TE PV FE A 2 mmol/L Bif X}
MB-SNAC s Lt AveAT, 3%
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Streptomyces malaysiensis Meridamycin AT, (ATL80752.1)
Streptomyces avermitilis Oligomycin AT, (KUN56134.1 )
Streptomyces cinnamonensis Monensin AT, (AAO65796.1)
treptomyces nanchangensis Nanchangmycin AT, (AAP42855.1)
Streptomyces neyagawaensis Concanamycin AT, (AAZ94386.1)
Streptomyces lasaliensis Lasalocid AT, (BAG85026.1)

Streptomyces antibioticus Chlorothricin AT, (AAZ77693.1)
Streptomyces albus Salinomycin AT, (WP_052482007.1) rM-CoA
Streptomyces nodosus Amphotericin AT, (WP_052453973.1)
Streptomyces graminofaciens FD-891 AT, (BAJ16467.2) N
Streptomyces sp. 76 Streptolydigin AT, (PIF93818.1)
Streptomyces sp. CK4412 Tautomycetin AT, (ABI94379.1)
Streptomyces sp. NRRL 11266 Tetronomycin AT, (BAE93722.1)
-Mycobacterium ulcerans Mycolactone AT, (WP_011178520.1)
Streptomyces caelestis IJddamycin AT, (AAC46024.1 ) 4
Streptomyces platensis Pladienolide AT, (BAH02268.1)

] Streptomyces sp. SN-593 Reveromycin AT, (BAK64649.1)
Streptomyces venezuelae Pikromycin AT, (WP_107487885.1) MM-CoA
Saccharopolyspora spinosa Spinosyn AT, (WP_010309393.1)

Streptomyces halstedii Halstoctacosanolide AT, (BAD38978.1) J

Saccharopolyspora erythraea Erythromycin AT, (WP_021341330.1)-P-CoA 7
4,—|7—Micmmonospom megalomicea Megalomicin AT, (AAG13917.1)-P-CoA
Streptomyces rochei Lankamycin AT, (WP_011113116.1)-MB-CoA

Streptomyces avermitilis Avermectin AT, (4RL1_A)-IB/MB-CoA

Kitasatospora aureofaciens Meilingmycin AT, (ADC45586.1 )-M/MM-CoA
Kitasatospora aureofaciens Alpha-lipomycin AT, (ABB05102.1)-IB-CoA

Streptomyces spiroverticillatus Tautomycin AT, (ABW96542.1)-1B-CoA i
Streptomyces piomogenus Piericidin AT, (AEZ54374.1)-A-CoA
Melittangium boletus Melithiazol AT, (WP_095982064.1)-3-MB-CoA
Stigmatella aurantiaca Sg al5 Stigmatellin AT, (CAD19085.1)-A-CoA specific AT,

Stigmatella aurantiaca Myxalamid AT, (AAKS57190.1)-MB/IB/P/A-CoA
—_— Sorangium cellulosum Soraphen AT, (WP_104980970.1)-Benzoyl-CoA -

3 AVEE AT, 5 KSQ & AT, MAFZ A E R

Figure 3 The phylogenetic tree of AVE-type AT, and KSQ-type AT,

W RERRKSIE T EANSFR . NCBI BESRS | EYARIERRHIT; RZIE: 10%1F51225; BAE-CoA: KU
R IEEERE-CoA Y AT

Note: The phylogenetic tree listed in turn protein names, NCBI accession numbers and starter units for each of the AT, domains; Bar: 10%
sequence divergence; Acyl-CoA: Acyl-CoA specific AT,.

KSQ-type AT,

Ave-type AT,

A B
kD Marker AveAT,

= A
60 Y 40 kD
45— '

AveAT,
25— .. ——  Marker
670 kD15|81<D 17|kD 1.315 kD
20— '
] I /] i
15 0.00 5.00 10.00 15.00 20.00 Milliliters

Bl 4 AveAT,SDS-PAGE Hjk(A)#I FPLC 44 (B)
Figure 4 SDS-PAGE analysis (A) and FPLC of AveAT, (B)
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= [B-CoA
== MB-CoA
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5 AveAT, R RERAYKEEMS
Figure 5 Rates of hydrolysis by AveAT, and mutants

24 BEIMNESH

T T B AveATy Fl = 7% AveAT,
V224M/Q149L/L121M X FHEY) MB-SNAC Fl
IB-SNAC M fmaf 2R, 43l 1720 MB-SNAC
Fl IB-SNAC i JiK W) B5F WO A~ Bl 1) ) ) 2% S 48K
(% 2), AveAT, X} MB-SNAC 1 kea/Km 18 H
32.1 L/(mmol-min), J& X} IB-SNAC [kea/Km M
7.5 L/(mmol-min)] iy 4.3 f%; 1M =R AveAT,
V224M/Q149L/L121M %f MB-SNAC 1Y Keat/ K ELA
6.9 L/((mmol-min), ZXf IB-SNAC NJEY[Kea! K N
0.1 L/(mmol-min)]i¥) 60 £f%. Z5F /R, —RA
AveAT, V224M/Q149L/L121IM %I MB-SNAC #iI
IB-SNAC 11 Keatl K 25 5 28R FIT Y 10 5L B, XF
MB-SNAC i AR AT 4 i

#*2 SNAC MmN NhFSH
Table 2 Kinetic parameters of acyl-SNAC substrates

3 WikE4®

RO RS W RZ AN FZ—,
HADAE . sl myur S Eyiae:, Ha il
il — ERM R S . Bk PKS 25 E
M5 B MR PKS, X HpE T TR Ak A o A3
AJRE AR AR G o s A 1 iR
TR sS4, B HA PKS AYREHRACH T
PEERY PKS AR L SE e PO BT
R I A R T g 51 A B 40 R R A
(deoxyerythronolide B synthase, DEBS)HJ%45— M
Herp, 1533245809 PKS ZE[H7E Saccharopolyspora
erythraea i hF s, WA K A B
Z 1Y 4 1 36 2 e 7R IR (cyclohexanecarboxylic ,
CHC)ME U H R4 T B 455 5 D P BT 4R - PKS
GG, kst th T ZHiE KR
SRR Ry AT RIS E T REL A
AOMISESS R, (HASR; AT SR A0 Rl i i T Se4E
5RO R A4 U
AFEEYIH) AT FIE S48, Fan, JH NidATs
(niddamycin PKS % 5 8 AT, et £ 58
N T -CoA) B i 4L (o £ /0 T b DEBS |1y
EryAT, (erythromycin PKS 25 4 #Be (i) AT, Hr54k
P MM-CoA), IR T C-6 i LML ER
KR, HAgie AT SRt AR L,
FE S5 AR /MR FE X PKS - F 7R, fiek
PR32 b gl /b 1% B - UM BV E R A S TR
DRI T A B A B T R s AT B 7

AT domain Substrate Keat/Km (L/(mol-min)) Keat (Min™) Km (mmol/L)

AveAT, Isobutyryl SNAC 7.5+1.9 6.4+0.6 0.8+0.2
2-Methylbutyryl SNAC 32.1+3.9 14.1+0.6 0.4+0.05

V224M/Q149L/L121M Isobutyryl SNAC 0.1+0.03 ND ND
2-Methylbutyryl SNAC 6.9+2.1 5.4+0.7 0.8+0.2

H: ND: Rill&H.
Note: ND: Not determined.
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KELIGEES T a5 A . G B 5y
FHEWFEN TR, LA ST AveAT,
JE YR SR AT R 1 0 el o AR B R
AVeAT, 451 K 5 IR irOilE S E R 1Y 13 4>
AR, BRATEHAARIRYIN ATo 172 5L IR
FEAIXTE, BT AR R 5] e 2 R,
FEPE T AveATo AT T mRAS . 4G5 T H
RASK AveAT, V224M | M 7% 1K AveAT,
V224MIQ149L FlI = Z87E 1A AveAT, V224M/Q149L/
L121M B 578 (AR XL S 25 4K % MB-SNAC  #il
IB-SNAC /K fi# i 21l T AveAT, 19 10%,
—RAEXT IB-SNAC 1K IG PRI T AveATo 1Y
10%, {HXF MB-SNAC [ /K i 16 PEr] 15 5] AveAT,
1 30%., — RN IB-SNAC 1 Kea/Km 1H J&
AVeAT, 1 1.3%, {H%} MB-SNAC 1 Keat/ K {8 7] 15
#| AveAT, i 21.5%, %f MB-SNAC B ff-PE%
AveAT, A FIi# & o

HET Tk = B 4E B 2R A 8 Fl4 4 . AveAT,
5 MB-SNAC A ii“a” & 41, Ul IB-SNAC A= %,
“b" R, Tl kB S R S sl
ARSI RIS X s TR 2R PKS, fifi e
RSN S Sh 800 MB-CoA, A & a4l
SyIBTAE R R AR T OSSR . 2 )5 0 TR, R
AT RIPEE A5 2] 8 0 RS 43 1) e B 2 i 67 55
AFN BT AEA RN, LSRR SAG P2 A a2 43 He 1)
G v ) T A T 2% 9 A TR R o AN BI04k v e A TR
RUQmH A ], BRARAAL AL L Bk AR AE
J BT A R AR PR TV AE RN
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