//

 6lE CPR2G4RIE H53I]) CRCT4—5 1 CERR264 124 15H (F) Bl
[TDUTEBH 3 5 imti E it 7E ]

PR % O A & v
— PR RIS R U7 F R Rk O BiSE —

ZHk ¥ B
T2 AR B o p E ey BT 42

TDU

RREBRKF




e A i 3 2 T\ N AT R AR

—BTREERTE AR A LT T F R G AED B 56 -

TEE T
CRARERART B TS5 AmBE TSR 813
2014/12/15




=R AR S IZ R 5957 2 /L CoA R k= D3 R,

Pseudomonas chlororaphis B23

Gene cluster ___1kb
oxdA amiA nhpA nhpB nhpC nhpS acsA
Aldoxime _ a B Acyl-CoA
dehydratase =~ Amidase NHase synthetase

Pathway
Aldoxime Acyl-CoA
H dehydratase AlaEEL ATIEEEE synthetase
|| || ||
RCNOHE>RCNE>R NH2|:>R OH‘R —S-CoA
Aldoxime Nitrile Amide Acid Acyl-CoA

B-Oxidation
or
AcsA is an acyl-CoA synthetase involved in nitrile pathway ? TCA cycle
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Mg2*
R-COOH + H5-CoA + ATP : — R-CO-5-CoA+ AMP + PPi
Acid CoA Acyl-CoA
(0) (o) N
R.C-OH + ATP — > RC-O-AMP + PPi (i
-
i Q
R-C-O-AMP + CoA-SH — > R-C-O-S-CoA + AMP (ii) NH,
. N
g8
0 O OH CH; o o0 N
~CH,~CH,~HN- C- CH,~CH,~HN- c—CH—c CH,- o—P—o—P—o CH,
CH3 OH OH S
H\ _/H
O OH
CoA (Coenzyme A) |-|o—|::>=o

(0],
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Acetyl-CoA synthetase

Supply of acetyl-CoA for biosynthesis of fatty acid and cholesterol

Acyl-CoA synthetase

(Sé‘;ré;hai" acyl-CoA synthetase Activation of fatty acid (C2-C5) for B-oxidation

Sl ) SR S A Activation of fatty acid (C4-C12) for B-oxidation

(C4-C12)
Long-chain acyl-CoA synthetase = Activation of fatty acid (C10-C22) for lipid (triglyceride,
(C10-C22) phosphatide, and cholesterol ester) synthesis

= Activation of fatty acid for B-oxidation

Very long-chain acyl-CoA synthetase = Activation of fatty acid (C24-) for B-oxidation
(C24-) - Fatty acid transport protein (FATP)
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AcsA DFE ke EM: (NE1IEE)

Substrate

Relati\(/(% )kcatl Km”

Formic acid (C1)

Acetic acid (C2)
Propionic acid (C3)
Butyric acid (C4)

Valeric acid (C5)
Hexanoic acid (C6)
Heptanoic acid (C7)
Octanoic acid (C8)
Isobutyric acid
dl-lsovaleric acid
dl-2-Hydroxybutyric acid
dl-3-Hydroxybutyric acid
Acrylic acid
trans-Crotonic acid
Benzoic acid
3-Phenylpropionic acid
4-Phenylbutyric acid
Picolinic acid

Nicotinic acid
Isonicotinic acid

0.00105

0.166
7.59
13.6
23.8
0.558
0.00345
N.D.**
100
0.612
0.400
0.0284
1.56
2.94
0.222
0.00379
N.D.
0.00128
N.D.
0.00371

S

A

>Aliphatic
acids

>Aromatic
acids

v

*Katl K = Catalytic efficiency **N.D = Not detected

The substrate specificity of AcsA is similar to those of aldoxime dehydratase,
NHase, amidase in P. chlororaphis B23.
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ATP AMP, PPi
R-COOH + HS-R’ \NA > R-CO-S-R’

thiols @

Thiol compounds
Cysteamine (2-Mercaptoethylamine)  HoN
i S N
Glutathione (reduced form)

HOOC COOH
\/\)J\ \/

L-Cysteine

zI||
(@]

SH

OH
N /ﬁ( Increase in AMP
O

BT DRI DOL D3 A

Reaction mixture
200 mM Tris-HCI (pH 7.5)
8 mM MgCl,
100 MM Ammonium sulfate
5mM ATP
10 mM Isobutyrate
10 mM Thiols
Purified enzyme (AcsA)

UV 193 nm Reaction mixture
(AcsA + isobutyrate + cysteine)

0 5 10 15 min

Purification ﬂ

0 5 10 15 min

HPLC analysis

Column Shim-Pack SCR-102H
Mobile phase 0.1 % formate (pH 3.0)
Column temp. 40°C

Detection 193 nm

UV 193 nm
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High-resolution FAB-MS (Fast Atom Bombardment Mass Spectrometry)

Mass spectrometer JMS-HX110A Observed m/z
Matrix Glycerol 192.0713
i

Composition C;H,,NO,;S

S-Isobutyryl-cysteine

Predicted reaction (CH,),CH-CO CHZCH(NHZ)COOH)

ATP
(CH,),CHCOOH —— (CH,),CHCO-OAMP

Cysteine
-CH,CH(NH,)COOH or + AMP

Isobutyrate Isobutyryl-AMP

(CH3)ZCH-CO-NH-CH(COOH)CHZ-SI-D

N-lsobutyryl-cysteine
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NMR spectral analysis

O¢ Oy

Purified product

a 176.234 —

b 55.313 4.31415 (dd, 4.46, 6.170)

c 26.348 2.85385 (dd, 4.446, 14.153), 2.80415 ( 6.170, 14.018)

d 181.123

e 35.266 2.4656 (g or qq) fCH3 y o)

f 19.185| 0.96895 (d, 5.739) d_Nb

g 18.720) 0.98045 (d, 6.949) ”38)9\[)1/ c " OH
Authentic N-isobutyryl-L-cysteine SH

a 174182 — “N” -isobutyryl-L-cysteine

b 55.034 4.4292 (dd, 4.683, 6.993)

c 25.410 2.85385 (dd, 4.683, 14.205), 2.80415 ( 6.993, 14.178)

d 181.650

e 35.062 2.4656 (g or qq)

f 19.024 | 0.96895 (d, 6.913)

g 18.765) 0.98045 (d, 6.858) 3




AcsA 128D =T vk s (amide bond formation)

Original reaction

-CoA

ATP
(CH,),CHCOOH ——> (CH,),CHCO-OAMP —————=> (CH,),CH{C0- -CoA + AMP
Isobutyrate Isobutyryl-AMP Isobutyryl-CoA

Novel reaction

L-Cysteine
_CH,CH(NH,)COOH
(CH,),CHCOOH ——=> (CH.),CHCO-OAMP ————=> (CH.),CHCO-NH-CH(COOH)CH,-5I + AMP
Isobutyrate Isobutyryl-AMP N-Isobutyryl-L-cysteine
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Reaction mixture
200 mM Tris-HCI (pH 7.5)
5mM ATP
8 mM MgCl,
100 MM Ammonium sulfate
10 mM Acid (short-chain)
10 mM L-Cysteine
Purified enzyme (AcsA)

: |

AMP detection

: |

Product separation

. |
LC-ESI-MS
N-Propionyl-L-cysteine
N-Butyryl-L-cysteine
N-acrylyl-L-cysteine

Acid substrate Relative activity
(%)*
Acetate 74
Propionate 108
Butyrate 89
Isobutyrate 100
Valerate 90
Hexanoate 46
Heptanoate 6
Acrylate 138
Crotonate 94

*The reactions were carried out at 20°C except that various
acids were used as the substrates in place of isobutyrate,
corresponding to 0.175 pmol AMP/min/mg protein (100%).

10




Superfamily of adenylate (AMP)-forming enzymes

Acetyl-CoA synthetase
Acyl-CoA synthetase (short-, medium-, long-, very long-)

AcsA: Short-chain acyl-CoA synthetase from P. chlororaphis B23
AcesEco: Acetyl-CoA synthetase from E. coli

Aces1Scer: Acetyl-CoA synthetase from S. cerevisiae

FadK: Middle-chain acyl-CoA synthetase from E. coli

FadD: Long-chain acyl-CoA synthetase from E. coli

Long-ACSr: Long-chain acyl-CoA synthetase from rat liver

Firefly luciferase

: oxidation of luciferin to generate oxyluciferin and light (bioluminescence reaction)

LucPpy: Firefly luciferase from Photinus pyralis
LucLcr: Firefly Luciferase from Luciola cruciata

4-Coumarate:CoA ligase

: a key role in phenylpropanoid metabolism, providing precursors for a large variety of important plant
secondary metabolites, such as lignin, flavonoids, and phytoalexins

4CL: 4-Coumarate:CoA ligase from Parsley
CCL: Cinnamate:CoA ligase from S. coelicolor A3(2)

Adenylation domain of nonribosomal peptide synthetase (NRPS)

PheA: phenylalanine-activating subunit of gramicidin synthetase 1 from Bacillus brevis

EntE: 2,3-DHB-activating subunit in enterobactin biosynthesis of Escherichia coli

DhbF1A, 2A, DhbE: adenylation domains of NRPS for bacillibactin biosynthesis in Bacillus subtilis
ACV1, 2, 3: adenylation domains of NRPS for penicillin biosynthesis in Penicillium chrysogenum

DItA: D-alanine:D-alanyl carrier protein ligase responsible for the initial step of lipoteichoic acid
D-alanylation in Grampositive bacteria 11




N-acetyl-L-cysteine synthesis by acetyl-CoA synthetase

Reaction mixture
200 mM Tris-HCI (pH 7.5)

= AMP detection =) Product separation =)

LC-ESI-MS (M. = 163)
MS/MS

5 mM ATP —
8 mM MgCl, 700 122.0265 ZH 162.0230
100 MM Ammonium sulfate 2 n0- g - @ '
10 mM Acetate - %2005
10 mM L-Cysteine . Positive ion mode 180 Negative ion mode
g 2
+ Purified enzyme E g™
o 76.0204 50-
1002 43,0196 58.9969 A 105005 30752 146.0272164.0384 -31.9728 57.0361_74.9907 1200123 163]0241
. . 30 40 50 60 70 80 QIU 100 110 120 130 140 150 160 G30 40 50 60 70 80 90 100 110 120 130 140 150 160
from Saccharomyces cerevisiae miz, Da miz, Da
SH
(0) (0)
)L + CoA-SH )L + OH
OH OH H,N
NG NG o
Acetyl-CoA synthetase
Acetyl-CoA synthetase AMP, PPi y y AMP, PPi
............................... SH
o) (0)
)LS/COA )LN OH
H £ 17.6 mM
o) Vo 0.02 Uimg

Acetyl-CoA synthesis (original)

.. o
--------------------------------------------

N-Acetyl-L-cysteine synthesis (new)
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N-Luciferyl-L-cysteine synthesis by Firefly luciferase

Reaction mixture

200 mM Tris-HCI (pH 7.8)
10 mM ATP
16 mM MgCl,
10 mM D-Luciferin

100 mM L-Cysteine

+ Purified enzyme

— AMP detection =) Product separation =) LC-ESI-MS (M, = 383)

Firefly luciferase

Bioluminescence reaction (original)

(x10,000) 38405 ;| (x10,000) 382
4 [M+H]* [M-H]J-
23 :
@ Positive ion mode 29 Negative ion mode
S
E% |
| 159 21
14
o 1L, 8 181 196220 25@79 1 N " 280 525 559 %0 119 304 “ 438
[ I ! ! e T ! !

ANAARABARRANARBABASANAESABRARANRARARAERARAREA SRR
50 100 150 200 250 300 350 400 450 500 550 m/Z 50 100 150 200 250 300 350 400 450 500 550 m/z

g JGOPE 5
“““““““ + OH
N:k OH HO S Nl on 2
H : ©
C ATP
ATP
AMP, PPi Firefly luciferase
C o, AMP, PPi
CO,, hv

------------------------------------------------------------------------
-

§ (M, =383)

.,
........................................................................

N-Luciferyl-L-cysteine synthesis (new) 13




