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(acyl-CoA synthetase, ACS), FEATPIAFERYIH ML
T, %l LR IR 5 CoAds & T B AR N ) B ik
CoA (1), BRI HEZ B ZHRIE T Rhizobium
trifoliifMStreptomyces coelicolorf N [ CoA
& il (malonyl-CoA synthetase)(RtMatB,
ScMatB)"", ZEEEA BRI SEE e, AL
BN ZBECoA L Seafi A AL L3 HAEJEAN
PR QAU F T R o iy e NN e = D
WU A DAE— 209 Rl R I L, TG
W2 AR RIRIER IT, T ELIZEE AT LUF 2544
fi] BN - £ k2 Bt Be (N-acetylcysteamine,

ATP

SNAC)HIEY, A B 5L CoA, AERAAH
IS k- SNACHT L SR Bl 45 il = Ay S i 2.
TCA R ER )

SR AR, F 16 BRI & BGE 46 #oT
IACSHEFTARXS 3D o ABEGEH, BATwpERL
T IR E W Caldicellulosiruptor owensensis
OLKJHAYACS (CoACS, GI: 503176952), Ff-Xti%
PSS D S e L il S SR S R A T T 3R
fE, SR B N ZEE T AR . TR . 2-H A
MR, IR, 3-HAET IR, 2-HETRUKLMFCH
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1. EEEtCoA & FEBBHEIL R R

Figure 1. Catalytic mechanism of acyl-CoA synthetase.
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R 2 F R = B #2 T AR5 BTl B AT B
W4-¥~; Escherichia coli BL21 (DE3) . E. coli DH50.
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DNA R G Wi A AR 95 (L) AR A BR A 7
a; RV . T4 DNAJEHRRI TS NEBA
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SNAC. TWHt-SNAC, 2-FIEANBE-SNAC, 2-H1 3k
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THE-SNAC, 3-HIETWE-SNAC, K ME-SNACH)

x1. ARPAES

Table 1. Primers used in this study

Primers  Sequences (5'—3")

CoACSF ATCGTAATCGCTAGCATGGCTTTTATTGAAA
TGACTATTCCAAACT

CoACSR TGATTCGATGGATCCTCAAGCTGTTTCAATA
TTTACTGCATCGTGA

F243HF TGTACCGTTTTTTCACTGTCACGGACTTGTAT
TAGGT

F2430r  ACAGTGAAAAAACGGTACAGGGATGCACAG
CTTGTCCT

A314SF ACTGGGATAATGGCAGGATCTCCTTGTCCTA
TCAAGGTGA

A314sR  TCCTGCCATTATCCCAGTTCTCAGAGAAGAA
AAGTCGAA

A336REF AAGAGATTACAATACGTTATGGTCAAACAG
AGGCATCACCT

TATTGTAATCTCTTTCATGTGCATCTTTTCAA
A336RR  ~aacC
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AR FRAEEERTIE o &R, e F -
SNACHI & T A S LR BRmE-SNACH & T
A, AR R SR AR . "TH-NMR (CDCls,
600 MHz): & (ppm) 6.55 (s, 1H), 3.41 (q, J=6.3
Hz, 2H), 3.00 (t, J=6.6 Hz, 2H), 2.52-2.48
(m, 1H), 1.97 (s, 3H), 1.90 (d, J=12.7 Hz,
2H), 1.78 (d, J=13.1 Hz, 2H), 1.66 (d, J=12.2
Hz, 1H), 1.48-1.42 (m, 2H), 1.31-1.24 (m,
3H); ESI-MS [M+Na]", 226.1,
1.2 EEEE. € RRE

PLC. owensensis OLRERIZH FAEit y 14 H Y 5t
K, WNYIfENhe TFIBamH AL , T4 DNAJEE
ity 4% 22 pET-28a (+), 19 H 4 FkipET-28a-CoACS,
TE ML RAE IpET-282-CoACS MR AR, 21 HAH 1 5%
BEHIR AT WA TPCRY ¥ P 1 =Y 2 Dpn
TNV LA B S , A% ALHEE. coli DHS o225
YR, T R AN AR ER A DN B IE
1.3 ERRI4ML

R BRI ALIEE. coli BL21 (DE3)&RZ A4
o, BEEUEEAL T F 550 ng/mL-RIRE R LB
37 °C. 220 r/miniI &G FE . 4 mLd G Y AL
21 LN ERMLBE SR, 37°C, 220 vmin
K g2 2 0Dgop M0.6, FEIRZE 16 °CHIA0.2 mmol/L
IPTGIAEFE I FRIA, HEEREFR12 hE, 3000xgE
OWEERIR, 4562 (50 mmol/L Tris, 500
mmol/L NaCl, 10%H7#, pH 7.5)8 5, HAHHHTE
AR, 13000xgB DEREAIIE R . BiEREIALZ
G550 T L PR SR AR T, A e RS2 ol
W (254 8 WP 15 mmol/LIBKIS) AR £ 24 8 11,
B PPN 2% P (45 2% R in 300 mmol /LKL )
W B E AP . SDS-PAGERI, #fixE
Iy Fa SR
1.4 AR

BRI R RN : 15 pmol/L CoACS,
4.2 mmol/L SNAC, 1.3 mmol/L ATP, 9 mmol/L

MgCl,, 15% (W/V)H #1100 mmol/L HEPES (pH
7.5)0 MEGIEEAY YR E, IR R PINA
ANEBRIR, ZLHREH10 mmol/L, 30 °CR it
Wo NBE RS AFY A, iRk R
o ) A SRR O 22 P, R DR AR RIS 2
XF R
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A GER T B EEZ RV, 10000 g 25004
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o Wi BN AHAFIBA 5 K FH B R P M0-15
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SNACH}, WM &0.1% M =/ MR, it N
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2w (pHAF 5.0, 5.5, 6.0, 6.5, 7.0, 7.5,
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mmol/LIR, 9 mmol/L MgCl,, 15% (W/V)H il
IR R F, 30 °CIl W 10 minfg &k N, #%
1.2.4 PR D7 B e I E-SNAC T & o
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M), 30 °CHW 10 minfG & 1k, HIHPLC
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e b A R, IR R A
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FHScMatBZ J: % T HT1EC. owensensis OLIE[A
Hrp#EfTBLASTIE R, KA HCalow_06355
ScMatBH £530% 177 51 [a] P14 . it PCRAC.
owensensis OLIE R 2 v va i % 3L 7 B IFad A
F|pET-28a (+)., HAFK LI E. coli BL21
(DE3), 0.2 mmol/L IPTG, 16 °C FiES ikt
o BHCEMENRRIEN, SDS-PAGESHT I
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R F 260 kDa, S5CoACSIHFISF &
62.2 kDaE A KT (1K12),

kDa Maker CoACS

66-

o MR- 2.2 kDa

2. CoACS SDS-PAGEH K4
Figure 2. SDS-PAGE analysis of CoACS.

22 JRRE]

ScMatBHY S IARZERE B 2B b, XS5 H s
T RS E R PR FE(R283) 5 TN BECoAH Y
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N, IS TG i S i AR R X B i AR EL R
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A, (e e 22 A O LASNACHE AR -
KR = HPLC A AT i 7R CoACSRERE AT R . T
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ScMatB 205
RtMatB 204
CoACS 239

ﬁFVVL 275 LAA[ﬂ 300 VIERPEEM
IFETHELF Y 270 RLF|IS[ESAPL 295 |[ILERMEM
FFEICEELVL 308 1G] AAPCH 333 [ITIA

* * *

3. BiEHEBA S REES KRR EER LSS
Figure 3. Active site residues interacting with carboxyl group. A: H189, S261 and R283 of ScMatB (PDB code:
3NYR) interact with carboxyl group of malonyl-CoA which was shown in cyan (distances in z&); B: sequence
alignment of ScMatB (GI: 327200583), RtMatB (GI: 3982573) and CoACS (GI: 503176952). Three key residues
interacting with carboxyl group were highlighted by black pentangles.
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Figure 4. Substrates specificity of CoACS and CoACS TM. A: carboxylic acids utilized in this study; B: analysis of
the products from reactions catalyzed by CoACS; C: reactions catalyzed by CoACS and CoACS TM with malonic
acid as the substrate; D: reactions catalyzed by CoACS and CoACS TM with pentanoic acid as the substrate.

M —3, CoACSAREMILTN RS
SNACK IV A N - -SNAC, M 56 IFEAE & IR 1
MRV T AFER ¥ CoACSHI AR I TN 2 IR
RAF IR EFR(A336R) . SRTHEAL ) 53T, 2R
AL RN AR BRI N R . i

— 3B B 3T 2 W 243057 13 144 1Y 2 L 1R B 7T BEAE
YRR EZAEN . 51 AF243HAIA314S )5,
= RASEH(CoACS TM) AT LUEALTN —E-SNACHY
H: B(ESI-MS [M+Na]’, 228.0), {Hi% T 1k E
B BE-SNACHY) BE
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45% TS TR
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7/°C

£33 CoACS pentanoyl-SNAC
€3 ScMatB malonyl-SNAC

Buffer

5. pH. JBEREAR R ELLECoACSHEMEF M
Figure 5. Effect of pH, temperature and buffer on the activity of CoACS. A: effect of pH on CoACS activity; B:
effect of temperature on CoACS activity; C: thermal stability of CoACS at 70 °C; D: effect of buffer on CoACS

activity.

24 FIIESH

Rt — 2P AT R AR, M T LUK |
SNAC K ATPYE RIS T 2l 124580 FIHIK
E-SNACHRHESD , A IBE-SNACE: S g AR5
FAOPREMI L o K S50 A5 Ay e T ARA R A B o it
LT ROV AR =Yk . I GraphPad
Prime R 45 K [T #2459 2 A0 W 19 = W30 11 % S5k
(£2), M IR B) 12280, HE2RIK
Yok dpad &, DAw O/ A 2 BRI s g i 2R AT
CoACSKF T R ) kope/ K o E 4 783.56 L/( mol-s),
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% = T H T T DAL B2 (1) R EEBECo A B B
KPR CoA G I . 78 LB CoA G MU kop/ KoY
WIk2.5. 7.0, 110 L/ mol-s)]"",

R2. NhFESH

Table 2. Kinetic parameters

Substrates K /(mmol/L) f/(s™) ke/Ky/ [L/(mol-s)]
Pentanoic acid 1.9+0.3 1.51+£0.07 783.56

SNAC 4.1£0.6 1.40+£0.06  337.85

ATP 1.0£0.1 14.58+0.73 1412791
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2.5 EHREHHIE S

RV IZ B XA R IR AR XTI 22 57, X
FAE T T TN RDRBR G LG T o #0308 1 50050
TE UM PR AR pmol Y B BRI R, 7E
R RO, W P PR - SNACHY AE B
i, I AR AR LG J . A
Z3T A LIFEH, CoACSK T T W2 IR Ay i1k
TGRS R, ABXT T A SR 2- R . 3-H
TR S 2-F I TR I A

R3. EHEEBMTEIRERAELE N
Table 3. Specific activity of COACS towards different acids

Substrates Specific activity/(U/mg)"
Propionic acid 0.694+0.062
Butyric acid 6.071+0.720
2-Methyl-propionic acid 0.458+0.048
Pentanoic acid 6.250+0.040
3-methyl-butyric acid 0.330+0.034
2-methyl-butyric acid 0.056+0.012
Cyclohexanecarboxylic acid 0.752+0.171

*: One unit of activity is defined as the amount of CoACS
required to produce 1 umol product per minute.

3 3

R RIR = WITEBE 25 . ARl A& Ol 55 45158
ATZIN, AV SO RRR B A AN [F] )2
YRS HAR R AE A R & A 1 22 B 58 B R
PRGN 20 R N PR AR ) 6 L, DA 3
PRI BB, SR —A B i i R X2
R A B A TRBECoA (BLSNAC) R HME LIRS .
MatBRESEFI N R . AN ZRE G M iE
EIT, RSN R R R T, A FIMatBHE L Hi
A, 2185 2 R A B OB T DL — IR AL A i
100 mgHY B~ . SMatBAN[A], AAf5E
FLRERIEHICoACSLIELIRIR MY, W LI

MR, THR. 2-WENIR. KRR, 3-HETmR. 2-IJ
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PIREE, s AKIRENTS °C, HAERAD S
PF, JF HOA —Lef g X bk rh Fe R
FIARIH, HIEC. owensensis OL &34k 5 Bifg 1Y 1R A
e BAREA LA ACSHUH T REIRTIA Y
A, (AARCIR T i AE K RE #2040 °CHy
RE" T, ARBFIEINC. owensensis OLTTHE)
CoACSEIM AT TR EVE, 70 °CIRI8 hfE
154 L345% A TGRSR B, SR T H R s I i B )
H30 °C, AR TR EIGEERKEE ., RITFER
FINWE-SNACEE ™Y, 23 H AROKS %, EBEEET
L KRR, I CoACSFRILH AR
AR ) Bt 52 IV Ik 2 P B Tl A T S 0 R P ) F K
K L) A E T R 45

CoACSHARAF MR vilz 1k, WAk BBk
IR . T RS, AT DAy S0k ) 2-H
RN, 3-HRTER. 3-HRTRULSFH
M, X—[5CiEMMatBA, FEANT T,
WITF243H, A314SHIA336R 3 H 5728, KA
T CoACS FH R 51| B FR R 1) il A A8 IR S SR
BRI, SIATZRAFCoACSHIIE PO, H
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Heterologous expression and characterization of a thermostable acyl-
CoA synthetase
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Abstract: [Objective] An acyl-CoA synthetase (ACS) was characterized by in vitro biochemical assays to get a
potential biocatalyst for the generation of polyketide precursors such as propionyl-CoA and butyryl-CoA. [Methods]
An ACS was identified in Caldicellulosiruptor owensensis OL genome by BLAST program using malonyl-CoA
synthetase as the query sequence. The enzyme was heterologously expressed in Escherichia coli cells and purified to
homogeneity by affinity purification. /n vitro biochemical assays were used to reveal the substrate profile, the
optimum reaction condition, the stability and the kinetics of the enzyme while the site-directed mutagenesis was used
to assay the function of active site residues. [Results] The enzyme was promiscuous enough to accept propionic acid,
butyric acid, 2-methyl-propionic acid, pentanoic acid, 2-methyl-butyric acid, 3-methyl-butyric acid and
cyclohexanecarboxylic acid as the substrates. It was most active at 30 °C and pH 7.0 and relatively stable because
45% activity remained after 8 hours incubation at 70 °C. Interestingly, the substrate specificity of the enzyme could be
switched by engineering three residues of active site. [Conclusion] The ACS from C. owensensis OL was a potential

biocatalyst for the generation of polyketide precursors.

Keywords: thermostability, acyl-CoA synthetase, substrate specificity, biochemical characterization, site-directed
mutagenesis
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