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CRILH ACL ZA7AE T ds it EAEAE
HEEh LRI T 4CL SR, fE 2 AR b R I
PP E PR LA 4CL BB, I HAS [A] 2 PR A A
I (R ZH 2R 2% B AR BOIRAS F IR IE S AN [ g0,
Biltn, PLIEEIFHA 4 4 4CL HK. HESEBAME
K R AR B I (Populus tremuloides) ™ T 2
N 4CL R, FEAIMIAUE A 63%, PtrdCLI fE25H
Kik, ZHRFEG R, PrdCL2 713 K 41 Jfa Al
Mk, PRSP NE DT AN,

4CL J& T ANL FJR K Bt 3 -CoA 5 B i IV 5K

Adenylate-forming o
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R WHAAR I &5 Tl (1) I L7 96 10 5 #4 3 (NR PS adenylation
domains) LA & 9% ¢ Z i (luciferase). 1%/ FK % 1 &
ARG RN S R — AN IR eGP 2. ANL il
FIRWIHEA S 73 WP EAT . B S5 e L -AMP,
5D R INK 2 P AR IR -CoA BRI S H il
N, AR AP ONINE, 23 A A R A 5
IO, I, 4CL B s s s B a1
PR,
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Fig. 1 Reactions catalyzed by 4-coumarate:coenzyme A ligase

2010 4F, w1 ERFE B AW ELE 5T BT £ K
A5 IE RN 22 7 SE 50 = S AR T BB
(Populus tomentosa)Pt4CL1 LK PH4CL1 5 & N =4)
AMP F Jz W H [E] #) 5 L ) adenosine 5’ - (3- (4-
hydroxyphenyl) propyl)phosphate (APP)& 4411 =143
HEE R4 f9), b Pt4CL1 5 AMP Hil APP (1)
HAWER AL BEIE -CoA BEA k%, it
ghkorpriE TR, B SRV A0
88, IFBCE RIS RS, i TR AL,
E T3 A HR S (Lys-438. GIn-443 1 Lys-523) K
Pt4CL1 AT R, rhr, Lys-523 fifbd -
AMP [ & B, Lys-438 F1 GIn-443 i 4k Bk 3t -
CoA g i sk . ANt W 525 P4ACL1 5
AMP 1 APP A S5 i AR g i BE AR, H
JE His-234 FRIEAEIX N A5 WA h JIHAT 58 AN
[ ff R %, 1F Pt4CL1-AMP E &4, His-234 ]
FEFR M IR 455 1048, RN E T CoA 1)
gh 4 48 . 0 {E Pt4CLI-APP H & W) 45 K,
His-234 8 A 5 | =94 RIS AN B A&
CoA SPa]~WIAH EAE. X3 W] His-234 nJfig
TERGI AL R TP W A8 A, R, XA R
4CL (PRI HLEE A A] GEAC A AR

RS His-234 76 PACLI B AL L F2

MAER, BATUL X W& M RIER/T
PACL1 5 H KRR b () 7= 456 7 Gk -AMP 54
SERI o HRAE R . AEIX AN T His-234 {4E (1)
W) 5 JLAE P4CL1-AMP & G WAH A, A% 4 1)
Ne2 i 757 E. 5 -AMP BEREEH (1 — N5 T
A, Pk, His-234 1] BE7E AL T Tk -AMP
TERCHERAE. R e EE(E L A 4k H
7 CoA #E N P4CL1 [R3EPE Ly, FH I CoA X 77
Sk -AMP [FsERZ BT . X BILE SR D R N R
W, His-234 MEE A7 B L ik B, ik, X
ANIREEAEEE 0 R N BAARERAE . 20 K ik
L 23 M 26 B, His-234 IU14E (7 & 1148 10 7T B
FEBE A EXT CoA JEPESIL MM 7, A R
i By BRI -S- BEH, MRS D R N
1T. X PUCLI BEAER [ S I H234A SRRV v5
DU L AIE B T IX AR FELE AR AL ) E

1 #MRl57R%

1.1 w8

111 KR, RIAFEHRARIAE A, ST IR A
[FIZEIR PtACLT Ry At st MOl K 22 ¥ 72 52 56 = B
F1# cDNA 70473 %], GenBank %5 AY043495.
FHIF IR HERE S M15, Fik#4A N pQE31.
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1.1.2 RH. FEM. ATP. MES Iy H Sigma-
Aldrich A7) ; F BRI CoA W A& TAEM Ti%
(LD BTGB ;. DNA 24§ Primer star 4 H
TAKARA 2 #] s FREIPE N VIRG Dpn T ) B NEB
VNG

1.2 A%

1.2.1 Pt4CL1 ZA5{A H234A k. it A8k
5% 5 CTGTGTGTGCTGCCTATGTTCGCTATCT -
ATGCTCTGAATTCAAT 3’ 1 5/ ATTGAATTCA-
GAGCATAGATAGCGAACATAGGCAGCACACA-
CAG 3’ LL ik 84K pQE31-4CL1 4 # 14 PCR, Pt
73 PCR =¥ Dpn 1 V), BEVI=Y) EEH T 7%
b K ST 1 I SZ A5 40 0 Trans10, %45 LB ~FAR (5
100 mg/L 2 "N H 8 %), AR EE, HMT 5ml
LB 85 78 5L (& 100 mg/L & F 7 % %) 310K,
220 r/min NH53E 12 h, $EEHUTORIINEEAIE.

1.2.2 Pt4CL1 3Rk, ¥R ik 8 /K pQE31-4CL1
HAL N M15 BHRE, ¥4 LB “FAR (% 100 mg/L 2%
Haz, 25mg/L R, LUG T H MR IR
VI ARG EMPUAER), 310 K 8595 12h, #k
PR B V% AT 5 ml LB WA R 237, 310K
220 r/min $57% 12 h ik %, DL 3% M ik A
50 ml LB 3350, #3953 h, TELL 3%Eph S
BN IL Ry K5 9%, KA 3h )G, a4
B Ao 15 2] 0.6 IR i 2 X P %8 301 K, A
0.4 mmol/L IPTG 5 § Kk, k&7 8h )5
277K, 4 000 r/min 5. 30 min L.

1.2.3 P4CL1 M 2lifh. 540 b Ha T 2Ll 22 np
¥ (50 mmol/L PBS pH 7.5. 10 mmol/L Bf M: .
300 mmol/L S ALH. 10% H i), Bl (| =
4s. [AIBE 10 s« THE K 220W, FHE 99 1K), Z4fE
WAE 277K F, 14 000 t/min 250 30 min. BN 7%
FI%E 3h 42 LL 0.5 ml/min [ 2222 NN Ni-NTA A
HI(NI-NTA AL EFERT 7 H 2R G g1 4 A4
R, ERE5E RS HE BE 2% 11 (50 mmol/L PBS
pH 7.5. 20 mmol/L Bk M. 300 mmol/L % k4 .
10% H DB vE S Ni-NTA 455 2 E H, E%4h
I ICCEEFATIN A oo WIREOICRA,  LABEME S i
(50 mmol/L Tris-HCI pH 7.5, 250 mmol/L WK M |
300 mmol/L SALHN. 10% HlvEM & . s
P ¥ 28 o I 3 55 00 (4 000 r/min) iR 4 i, i
HiLoad 16/60 Superdex 75 XK 431 fiii JZ M AL 1E—20
afitk, 4> 0% 2 M A E S8 A 140 ml 43 10 2% o

W (50 mmol/L Tris-HCI pH 7.5, 2 mmol/L DTT,
1 mmol/L EDTA. 100 mmol/L & fk4h. 10% H i)
VAT, ARFF 1 mU/min (F3RE ERERIEIR A G, R
EEAH N BRI BE =4, R IE B 0 (4 000 r/min) iR 4 2
K2y 20 g/L JGfR-AFAE 193K N4 0. Al fE b
5 #BAF 15% SDS-PAGE #ill H 1 45 1 1t 4l
. WA AR B R4 >95%, W LU T
A L. SRS RS BEARAR R
1.2.4  BEENE. PHACLL (7~ S B A 76
PR 333 nm AR GO, Rl RUE 5 Ak
Or HETCTEFAT AT A BEAE R, I BE R AL,
R NARZR: 50 mmol/L Tris-HCI pH 7.5, 5 mmol/L
MgCl,, 5 mmol/L ATP, 0.25 mmol/L CoA #l
0.005~0.05 mmol/LX & 7 [, S Wil &4 298 K.
A& ZH PACLL BHAT 2K B 25 pmol/L, H234A
SEARAK () W BE 5 2500 pmol/L (55 14 J5 ¥k i LA
Bradford v & M), LSS A V2SR 15 B K,
F

1.2.5 Pt4CL1 {45 5.

AL TR, RGN e A&
%91: 50 mmol/L Tris-HCI pH 7.5, 5 mmol/L MgCl,,
5 mmol/L ATP Al 2 mmol/LX} 7 &2, 298 K N Jx
I 1 h, SRJGAGHEE N4 000 r/min) ik 4 55 UK
20 g/L H T8 A 4l .

i PR A S R 1, DOE RN 50 mmol/L
MES, pH 6.0 fil 1.8 mol/L Fr R4k . K5k (s
WS VITERNABLA 10 1 fERL I B A BIRA G
S5 T 5 450 wl PUSEFE W N b, I
e, WOHAE 298 K FEFE 1 )5 UL AT LAcE
B TAT S E R AR 7 HUIR S A
1.2.6  ERWUE S Ma i iz IE.

7 HARSYE KEK [F2P 4536 1) beam line
17A W B a] F T 25 R b 1) S AR AT 5 £5die . SR
ADSC Quantum Z 1)) CCD il 25, #uda R AEAd
FI X Sk K 0.96417A.

A Mosflm ™45 A5 AL FFL 73, ] CCP4Ue [y
Scala HEAT s 48— & IF, LL AMP-4CL1I 1) 25
F KA T Phenixf) AutoMR HEA74> & #e, 15
B R A S, Al Coot T By i 5 Ak 4
PHENIX (] PhenixRefine H )AL BEATIEIAME IE.
PACL1 5 7 Ut -AMP &5 W) 1) d5 26 55 14 3 i
PHENIX f#] Comprehensive Validation 1 % it 15 %
TURFRIAAE A BV (R 1).
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Table 1 Statistics on data collection, structure

refinement, model assessment

Crystal Pt4CL1-(4-coumaroyl-AMP)

Space group 12,3

Cell parameters/A 160.70=160.70=160.70

Wavelength/A 0.96417

Res. (last shell)/A 56.82-2.2 (2.32-2.2)

Total reflections 567533

Unique reflections 35086
Completeness (last shell) 100 (100)
Redundancy (last shell) 16.2 (14.8)
l/o(I) (last shell) 21.6 (5.3)

Rmerge (last shell) 0.108 (0.594)

Refinement statistics

R 0.1586

Free R 0.2134
Protein atoms 4054
Water molecules 279

R.M.S. deviations
Bond/A 0.010
Angles 1.281

2 & R

2.1 Pt4CL1 5H E=YEZBH-AMP B E 54 &
1KeE#

Pt4CL1 575 St -AMP & &) & A4 45 749 1 5y
HER A 228, SERIRALITI R BT 0.1586, Rgee N
0.2134. P4CL1 & 15> 1 & A 536 N AR, #
ANy EH AN AR AT IR 25 A B 1~ 434 41
BN i g R4, 435~ 536 2% C S g5k, A
SR — B A X, B S R INE &
Y)/Noy 111 Pt4CLL @A 458 (PDB ID: 3A9U)F) %)
PO I, Wl N i 5 i 86 &N 2%, C
iy 45 R A A A S R P AT TR A P )

TEAA A R R, 75 Pt4CLL 431 A0
KPR FEE, X RKNMMERS
PACL1 {4k ik F& 1) v 8] 7 4 A LT -AMP VLG R
U (K 2a, b), RWIFRATIRAG N da A2 PACLL 57
G -AMP [ EAY).

Fig. 2 Overall structure of the
Pt4CL1-(4-coumaroyl-AMP) complex

(a) The oa-weighted 2Fo-Fc omit map around the bound 4-coumaroyl-

AMP, contoured at 6¢. The map is superimposed on the final model of
the ligand. The C, O, and N atoms of the ligand are colored green, red,
and blue, respectively. (b) Structure of the Pt4CLI- (4-coumaroyl-AMP)
complex. The N- and C-domains are shown as green and yellow,
respectively. 4-coumaroyl-AMP is shown as balls, with C, O, and N

atoms colored in pink, red, and blue, respectively.

Tt -AMP 5 Pt4CL1 22 [A) JE il 2 A AL
HiKAER. HrR, AMP L[5 Pt4CL1 2 Al (K4E
A PACLI-APP H &) 4k rh SEAH R0,
1% 5 R TE B IR I 25k (A1 5 R 1) 4 AN AR PR 2R IR
His-234. Thr-433. Lys-438 fl GIn-443 K Z N4
H( 3). Hor Lys-438 [f] NZ J5i1 5 % S (1) 5k
R TR A S, Gln-443 [ NE2 Jii T 5 iR it
H11¥ O1P 1 O2P Ji ¥ J& i M A~ 208, His-234 1)
NE2 Ji 75 R ILA 1) O3P J5i IR EA#E. 5
W@ — AP R, S PR m b, 2R
PAE P 23 0 5 P9 A S T (Tye-236 5% - 1fi
Tyr-330 F1 Gly-331 [ K 3= 88V 1) JE st 7K 7EH
ES &SR IFATI G 0 b, 2RI 43 5352
F| Gly-305 T4 M1 Pro-337. Val-338 il 4% i B 761,
K4 ANEAEKIILFER T HERME S 4. 1E
AR AR S, Ser-240 MIHE ] OG Jit 1~ LA & Lys-303
MIBE K] NZ B 7230 5 77 Sk 4- ¥R 38 10 40 R T8
REBE(E 3). BT HEE S 5
AN PR RE T (OB (R FR LD 4- FRIE), 143K K
YRR &, PACLL [ 1 58 4 e T &0 1)
ghif SR,
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Fig. 3 Interactions of 4-coumaroyl-AMP and Pt4CL1
Stereoview of Pt4CL1-(4-coumaroyl-AMP) interactions. O and N are colored red and blue. 4-coumaroyl-AMP is colored orange. The residues essential
for catalytic activities(H234, K438 and Q443) are colored yellow and other residues are colored green. Hydrogen bonds between 4-coumaroyl-AMP and

Pt4CL1 are shown as red dashed lines.

K AT Alcaligenes sp. AL3007 [f] 4-Chlorobenzoate:
CoA Ligase(CBL) /& ANL 5 4544 - Thfe ¢ &M
WA LRI S B M I 2 —, e P
SN FBREAEHE B T AN ) S AR S5 #4. X EE Pt4CL1-
(FEBE -AMP)E &5 CBL [ -CoA EEY)
(EP% 25 N, PDB ID: 3CWO) ) sk 4ify, 75—
Yrefit B Grhix 2 NMEAS T 459 A Ca Ji T

A EAHUCHS, RMSD=2.27A. [FINf, Z5kxf it &
7 P4CL1-(F &l -AMP) S &% h 27— N N
it R C i 25 Ry G () 21 B I VR N 7 SR -AMP 45
A SIS, A His-234 (45 28 T X ANl
1, {HIEIE IR 5 CBL 44 1 (1 Bk -
CoA FCARVLHEE K 4f(F 4a, ¢). Xt PACLI-(F
T -AMP) 5 G W) 25 i BEA AT 454 5 2% 7 W) I 2 -

(c)

Fig. 4 The CoA binding site of Pt4CL1

(a) Stereoview of CoA binding side. Pt4CLI1-(4-coumaroyl-AMP) complex structure and Pt4CL1-APP complex structure are both superposed on the
thioester-forming structure of CBL. The thioester product in CBL is colored yellow. 4-coumaroyl-AMP is colored silvery. The residues are colored
green in Pt4CL1- (4-coumaroyl-AMP) complex and violet in Pt4CL1-APP complex. The side chain of His-234 from Pt4CL1- (4-coumaroyl-AMP)
complex structure blocks the superposed thioester product from CBL. (b) The thioester product of CBL thioester-forming structure fit into the
pantetheine binding tunnel of Pt4CL1-APP complex structure upon structure superposition based on the Ca atoms of the proteins. The Pt4CL1-APP
complex structure is presented as green surface. The residue His-234 is colored red. (¢) The thioester product of CBL thioester-forming structure fit into
the pantetheine binding tunnel of Pt4CL1-(4-coumaroyl-AMP) complex structure near the protein surface but blocked near the active center by His-234.
The Pt4CL1-(4-coumaroyl-AMP) complex structure is presented as green surface. The residue His-234 is colored red.
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CoA ML G AL, AT HEEE -CoA AR S, LA
P AIE W] P4CLL-(FF S -AMPYE 5915 2010
£ ) JE 1) 4CL1-AMP (PDB ID: 3A9V) LA & 4CLI1-
APP(PDB ID: 3NR)IX PN E G WHHIA, #AL T&
HBE L -CoA 1) K % U9, His-234 (1) il % 7¢
PACLI-(F 5.1k -AMP) &R &) 45 # F BLZE T CoA
HEN N IR B, 03X AN R IR AR R -CoA
TR I R AT ROR I B AR S 58 b %
JE B 2R His-234 A AR5, LLFH %
CoA MBS IR FEMER, 53— AIFF I CoA il
PR G E R DR TR R, AR
L% 5 PACL1-APP 545 W) 4514 1) His-234 ]
FEAES. Xnl AT APP &% U Bk -AMP
A, SLMEE ) 3 AN B R T F Bk - Bk B TE
W AR GEE -AMP (K8 - B SUEEFIER - S 30
Y LT . X AMUBE C1LFD C2 Bk T
Y1) His-234 QUBET7 ke, b= A= i 2% Tl HE R
{115 Pt4CL1-APP & & ¥+ 1) His-234 {55 5 3 2|
WEE APP (9%, 1 P4CL1-AMP 5 &) 45k
AAEAE R A R, Bk, XAE5 1
His-234 5 P4CLI1-(% .1t -AMP) ' His-234 1))
FIHEAME . XL MR AE SCRE T AT
His-234 SR HEAL B R Z R, X $E7r His-234 1]
R A2 H T PR M a2,
2.2 4CL1 B{K5 H234A RTIKHIBEELE

[ 52 ATP. CoA. Mg MK, LAFE H IR
JEE A BA FE bR B S NI 2, DA 2R AR 1815k 45 1l
RNV SRR, K 234 S AR IRIEAL RN
ARG, ACL1 X & HIRME A I R, itk
ORI, a0, 234 A7 A &R 7
il 55 S R 4 R A ke 21 S I GGR 2).

Table 2 Kinetic properties of Pt4CL1
and its mutant H234A

4CL1 H234A 4CL1/H234A
K,/(mmol-L™") 0.0214+0.0015  0.122+0.024 1/5.70
e /57! 2.05+0.10  0.0712+0.0025 28.8
(ka/Ky)/(mol'eLes™)  95.8+1.9 0.586+0.015 163

3 it it

4CL1 J&T ANL ZJ5 1 (1) 05 7 Bk -CoA 1 H:
WK, MWACAERETAY ST A 405 75 -

CoA, TEMEfLILFE R FFEFE—A ATP 0 1, JF
JEAE AN PP AN AMP 43 1. ANL FKJG R 71 1
A I R v R A R A B AR A, P A2 IS0 il R
PSR IR S AL sE i Tl 5 505 1) oAt i
1, %59 /& 4-Chlorobenzoate:CoA Ligase ] 454 Lt
XF, FRATHAE A3 4CL1 A 5 7 515 -AMP 1)
HEYE TR 2 g, i, -
— AR M BT K ) PACLL ()5S pR LT fig
SEHAEAEE — 0 O, B CoA it 5 HE -AMP [
SRR TERA 9 -CoA IR 0.

7E ACL1 EAUATLEE A ke 55 B2 F (0 2 S R ik A
21, Lys-438 Ml GIn-443 iX AR FEAE AL BESL -
CoA T¥ i i 3 ok 5 7 17 198 Y ok 0 9 1 i A1 11 2 i
TIE R B FRORIR - BHRET L s, ik
CoA X H Ik 1) A% it

7F P4CL1 5 F St -AMP [ 2 & W45 8,
His-234 [fIEEFLIE T CoA MG S AL, NIk, £
T L E -CoA B FE A, His-234 )55 75 2208
o HE R R AR DL TR CoA (45 &, RIkAE
CoA %f Tk 3 -AMP 1) ¢ & i 1 47 5% A% B AX I
His-234 MR AL T H i1 25 Y450 g 31
(A7 & . His-234 Jr &2 19 4E F At 2 2R AN [d] T
Lys-438 F1 GIn-443, X P A5k 58 1) 18 F 2l i &
HETE SRR IR - BERRETSE A 0 s fer, 7EfEfL
MR R H LA, {E CoA HEAN P4CLI1 G
O R, His-234 8 AL BT s 1 74 5748
Pt4CL1-APP 5545 I Won A 4L, AT T ik
CoA M4 & 48 (B 4). T CoA 77 il it
His-234 4% T 4b 1 47 &, AT DA 30k A2 A0 L AE
. His-234 (14 H v] B K48 T K K 25 (A il b
His-159. 7EA N I HG I HEAHLEIT, His-159 1
B2 K WA [ o) BTG v VR I Cys-25 (R B 3
Ak, TN Cys-25 i J6 4 ik B 1) S5 A% T8
i, 1M Asn-157 Bk B 753X S ok F2 b B [
His-159 [ 5E DK s JE 0. 7F P4CLL LIRS -
CoA TERIIL FErf, MESL -AMP 1) % it 438 1ok
SUBE ] His-234 WK MeBR IR 47 B R 3L 25 14K,
T T R K M Ik A 5 X CoA SR LM R 1, Il
I Jig i His-234 1) Ca-C B2 5 — {1 %, JT
Ji CoA ¥t PUCL1 3& O E IE . CoA 25
T -S- FEREE R BGHAL -AMP ()AL R, B
it 3L -CoA F1 AMP.

TEHEAS ANL 05, 5 His-234 XV IR 26 &
PR RAHNI LRI, HRA S TR IR AR 25
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RS ST N, E ARAZ NS PR KA il 7 I 254
WO KGR IS AN KN 2R, /DEMEE -CoA H %
B Ry VR, KBRS A 1 -CoA £ il LA K %%
B F W R 2R, TR A, bk
K& -CoA BB I 45kt, L5 His-234 %f W) 24
FERIRFEREA AL T AoVF CoA 5 A 4 T 4541
%, 1R -AMP A2 i % b LA 4b T FEAS
CoA 25 & gz,

Pt4CL1 5L Ath ANL K& Ml —FF, o ATP
GG AL T ANIRSY, 4y T a5 B A, DA
His-234 AJRELE PACL1 (55 —0 e ik F v AR 5
ATP ] o- BERFEHTE A, =5 PACLIME—
RN, B S -AMP AR RIS R, S8k
BRSPS HT 7R, CBL 15 4CL1 AHXE Y [ 2 55 1R
His-207 {5 W2 J B H #5314 RO, ax A idf
— I SCFE T IRATHE L.

I PACLL 57 S -AMP & 59011 b 44
ik M, 3K H 5 PHUCLI-APP & 4 ) A1 H At
ANL FGBEHAT S5-I LG, LK PACLL Je HiAH
RSB RII BTG %02, BATUEW T His-234 73L&
Lys-438. GIn-443 Fil Lys-523 2 4h ) 5 — A 4
Pt4CL1 v ALl rhoe B2 5k %L . 75 PHCLL
BEEEHLEER S — 2 NP, His-234 5 ATPH o-
PR LAY B, BRI BEIR I A ) oy, (k&
N EAT, [, B EE AT BB 1L CoA it ik
A PACLI [ PEF . 7655 00 N His-234
T 30 P AL S AR AL TF T CoA JE NI 1 v 0 1) 3
P&, [FIINFZFEL CoA SHAEEM T, 358 CoA SRAZ I
& W -AMP [f58 )1, AL Z =T L.
I, 7 Pt4CL1 B AL 20 I W b His-234 #f5 ik
FIEEAEH], /& Pt4CL1 I RFHEAL R IL.

s % X W

[1] Vanholme R, Morreel K, Darrah C, et al. Metabolic engineering of
novel lignin in biomass crops. The New Phytologist, 2012, 196(4):
978-1000

[2] Yonekura-Sakakibara K, Tohge T, Matsuda F, et al. Comprehensive
flavonol profiling and transcriptome coexpression analysis leading
to decoding gene-metabolite correlations in Arabidopsis. The Plant
Cell, 2008, 20(8): 2160-2176

[3] Knobloch K H, Hahlbrock K. Isoenzymes of p-Coumarate: CoA
ligase from cell suspension cultures of Glycine max. Euro J Biochem,
1975, 52(2): 311-320

[4] Silber M V, Meimberg H, Ebel J. Identification of a 4-coumarate:
CoA ligase gene family in the moss, Physcomitrella patens.
Phytochem, 2008, 69(13): 2449-2456

[5] Ehlting J, Buttner D, Wang Q, et al. Three 4-coumarate: coenzyme
A ligases in Arabidopsis thaliana represent two evolutionarily
divergent classes in angiosperms. The Plant J, 1999, 19(1): 9-20

[6] Zhang Y, Brown G, Whetten R, et al. An arabinogalactan protein
associated with secondary cell wall formation in differentiating
xylem of loblolly pine. Plant Mol Biol, 2003, 52(1): 91-102

[7]1 Lindermayr C, Mollers B, Fliegmann J, et al. Divergent members of
a soybean (Glycine max L.) 4-coumarate: coenzyme A ligase gene
family. European J Biochem, 2002, 269(4): 13041315

[8] Hamberger B, Hahlbrock K. The 4-coumarate:CoA ligase gene
family in Arabidopsis thaliana comprises one rare, sinapate-
activating and three commonly occurring isoenzymes. Proc Natl
Acad Sci USA, 2004, 101(7): 22092214

[91 Voo K S, Whetten R W, O'Malley D M, et al. 4-coumarate:
coenzyme a ligase from loblolly pine xylem. Isolation,
characterization, and complementary DNA cloning. Plant Physiol,
1995, 108(1): 85-97

[10] Hu W J, Kawaoka A, Tsai C J, et al. Compartmentalized expression
of two structurally and functionally distinct 4-coumarate: CoA
ligase genes in aspen (Populus tremuloides). Proc Natl Acad Sci
USA, 1998, 95(9): 5407-5412

[11] Gulick A M. Conformational dynamics in the Acyl-CoA synthetases,
adenylation domains of non-ribosomal peptide synthetases, and
firefly luciferase. Chem Biol, 2009, 4(10): 811-827

[12] Reger A S, Wu R, Dunaway-Mariano D, et al. Structural
characterization of a 140 degrees domain movement in the two-step
reaction catalyzed by 4-chlorobenzoate: CoA ligase. Biochem,
2008, 47(31): 8016-8025

[13]Hu Y, Gai Y, Yin L, et al. Crystal structures of a Populus tomentosa
4-coumarate: CoA ligase shed light on its enzymatic mechanisms.
The Plant Cell, 2010, 22(9): 3093-3104

[14] Bradford M M. A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of
protein-dye binding. Anal Biochem, 1976, 72(1-2): 248-254

[15] Rossmann M G, van Beek C G. Data processing. Acta Crystallogr
D, 1999, 55(Pt10): 1631-1640

[16] Brunger A T, Adams P D, Clore G M, et al. Crystallography &
NMR system: A new software suite for macromolecular structure
determination. Acta Crystallogr D, 1998, 54(Pt5): 905-921

[17] Adams P D, Afonine P V, Bunkoczi G, et al. PHENIX: a
comprehensive Python-based system for macromolecular structure
solution. Acta Crystallogr D, 2010, 66(Pt2): 213-221

[18] Emsley P, Cowtan K. Coot: model-building tools for molecular
graphics. Acta Crystallogr D, 2004, 60(Pt12Pt1): 2126-2132

[19] Rawlings N D, Barrett A J. Families of cysteine peptidases.
Methods Enzym, 1994, 244(1): 461-486

[20] Gulick A M, Starai V J, Horswill A R, et al. The 1.75A crystal
structure of acetyl-CoA synthetase bound to adenosine-5'-
propylphosphate and coenzyme A. Biochem, 2003, 42(10): 2866~
2873

[21] Kochan G, Pilka E S, von Delft F, et al. Structural snapshots for the

conformation-dependent catalysis by human medium-chain



° 1172 ¢ EYUESEYYIRHRE Prog. Biochem. Biophys. 2013; 40 (11)

acyl-coenzyme A synthetase ACSM2A. J Biol Chem, 2009, 388(5): branched acyl substrates. Proteins, 2009, 77(3): 685-698

997-1008 [23] Yonus H, Neumann P, Zimmermann S, et al. Crystal structure of
[22] Shah M B, Ingram-Smith C, Cooper L L, et al. The 2.1A crystal DItA. Implications for the reaction mechanism of non-ribosomal

structure of an acyl-CoA synthetase from Methanosarcina peptide synthetase adenylation domains. J Biol Chem, 2008,

acetivorans reveals an alternate acyl-binding pocket for small 283(47): 32484-32491

His-234 is an Essential Residue for Populus tomentosa 4-coumarate : CoA
Ligase Enzymatic Mechanisms®

REN Bai-Guang", LI De-Feng?, ZHENG Cai-Xia", GAI Ying", JIANG Xiang-Ning"”, HU Yong-Lin*"
(" College of Biological Sciences and Biotechnology, Beijing Forestry University, Beijing 100083, China;

2 Institute of Biophysics, National Laboratory of Biomacromolecules, Chinese Academy of Sciences, Beijing 100101, China)

Abstract The 4-coumarate : CoA ligase (4CL) is one of the most important enzymes of the plant specific
phenylpropanoid pathway. It catalyzes the syntheses of coumaroyl-CoA thioesters, the precursors of lignin and
other important phenylpropanoids, from corresponding coumarate compounds such as 4-coumaric acid, caffeic
acid, and 3-methoxy-4-coumaric acid, ATP, and coenzyme A, in two-step reactions that involves the formation of
coumarate-AMP anhydride as intermediates and subsequent formation of the the coumaroyl-CoA thioesters
through the nucleophilic substitution of the AMP group by CoA. Because of the important roles played by 4CL in
the biosynthesis of lignin, this protein has become the target of bioengineering aimed at improving the quality of
plant products. We have solved the crystal structure of Populus tomentosa 4CL1 (Pt4CL1) complexed with its
enzymatic intermediate 4-coumarate-AMP anhydride. The Pt4CL1 was found to adopt the conformation of the
second step reaction based on comparisons with other members from the same superfamily. Structural analysis
revealed that the residue His-234, which forms a hydrogen bond to the phosphate group of the 4-coumarate-AMP
anhydride through its side chain imidazole group, plays essential roles in the enzymatic mechanisms of Pt4CL1,
including facilitating both steps of the reactions by forming a hydrogen bond to, and reducing the negative charge
of, the phosphate group; de-protonating the thiol group of CoA; and regulating the access of the active site to CoA
through the conformational changes of its side chain. Enzymatic assays on Pt4CL1 and relevant mutant verified
that His-234 is an essential residue of this enzyme.
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