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Abstract-In barley seedling extracts, p-coumaroyl-CoA IS rapidly hydrolysed to p-coumaroyl-dephospho-CoA, 
p-coumaroyl-4’-phosphopantethelne and pcoumaroyl-pantetheme pCoumaroyl-4’-phosphopantetheme IS active as a 
substrate of agmatme coumaroyl transferase m the formation of p-coumaroyl-agmatme, but p-coumaroyl-pantetheme 
IS inactive The phosphohydrolysis can be partly inhibited by morgamc pyrophosphate, sodium fluoride and purme 
nucleotldes A snnphfied method for the synthesis of N-hydroxysuccmlmlde esters of hydroxycmnamic acids, used m 
the synthesis of CoA thloesters, IS also described 

INTRODUCTION 

The biosynthesis of p-coumaroylagmatme, an amide 
which occurs m barley seedlings together with its anti- 
fungal drmers, known as the hordatmes [ 1,2], IS effected 
by a p-coumaroyl-CoA agmatme N-p-coumaroyl trans- 
ferase (EC 2 3 1 -) [3] In the course of a study on the 
biosynthesis of p-coumaroylagmatme by thrs enzyme, p- 
coumaroyl-CoA was found to be rapidly hydrolysed m 
barley seedling extracts The CoA thloesters of hydroxy- 
cmnam~c acids are fluorescent and It was therefore 
possible to use TLC to monitor their transformation 
during the enzynuc reactions 

Although cmnamoyl-CoA thioesters are very lmport- 
ant intermediates m plant phenohc blochemlstry [4], 
comparatively little 1s known about their metabolrsm The 
fate of cmnamoyl-CoA thioesters when they are mixed 
with barley extracts was therefore studied m order to 
optlmlze the formation of p-coumaroylagmatme from p- 
coumaroyl-CoA in vitro A simplified synthesis of N- 
hydroxysuccmmude esters of hydroxyannamic acids, 
used m the synthesis of CoA ttuoesters, was also 
developed 

RESULTS 

When p-coumaroyl-CoA was incubated with a dlalysed 
barley seedling extract, the original fluorescent spot due to 
p-coumaroyl-CoA disappeared and simultaneously new 
products with higher R, and smnlar fluorescence were 
detected Depending on the mcubation time, up to three 
new fluorescent spots (A, B and C) could be found The 
time course of these reactions IS shown m I?g 1 Three 
products could also be obtamed from either caffeoyl-, 
feruloyl- or smapoyl-CoA thloesters after incubation with 
the barley seedling extract No hydrolysis occurred with- 
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out the plant extract When extracts boiled for 1 mm were 
used, B and C could not be detected, but A was still formed 
at ca 50% of the rate m the unbolled extract Residual 
actlvlty was still detectable after 15 mm mcubation at 
loo” The pH of the mcubation medmm was not cntlcal, 
the hydrolysis occurnng over a wide range of pH, with an 
optimum between 8 and 9 

Identtficatron of A, B and C 

The kinetic study strongly indicated the following 
sequence p-coumaroyl-CoA -+ A + B -+ C When A was 
purified by TLC and incubated with the enzyme extract, 
only B and C could be found Sundarly, C was the only 
product formed from B Hydroxycmnamoyl-CoA thlo- 
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Rg 1 p-Coumaroyl-CoA (75 nmol, 75~1) (-•-) was m- 
cubated with the enzyme extract (150 ~1) at 30” The reactlon was 
stopped by adrlmg 10 ~1 acetlc acid to 20 ~1 ahquots and 10 ~1 
samples were apphed to a TLC plate wiuch was run m solvent 1 
The products A (--A--), B (-¤-) and C (- -0- -) were 
quantnkd by fluorescence (see Expenmental) See Fig 2 for 

structures 
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Table 1 PropertIes and ldentlficatlon of the hydrolysis products of p-coumaroyl-CoA 

Mol PI/ TLC R, Actwlty In 
uv Alkaline Hydroxyl- mol Solvent the trans- 

260nm 333 nm hydrolysis ammolyas thloester* 1 2 ferase assay 

p-Coumaroyl-CoA + + + + 3 24 (3) 040 060 + 
p-Coumaroyl-dephospho-CoA (A) + + + + 1 86 (2) 048 066 + 
p-Coumaroyl-4’-phosphopantetheme (B) - + + + 124 (1) OS5 016 + 
p-Coumaroyl-pantetheme (C) - + + + 0 19 (0) 088 091 - 

*The actual value obtained 1s shown, together with the theoretical value In parentheses 

esters show a charactensttc UV spectrum with two peaks, 
one at 260nm (ademne) and another between 333 and 
352 nm (thloester bond) The hydroxycmnamoyl-CoA 
thloesters also undergo alkaline hydrolysis and hydroxyl- 
ammolysls at pH 7 5 [5] These properties, together with 
phosphate determination after hydrolysis with alkaline 
phosphatase and reactlon m the p-coumaroyl-CoA ag- 
matme N-ptoumaroyl transferase assay, were used to 
identify A, B and C (Table 1) A, B and C were also co- 
chromatographed m solvents 1 and 2 with the hydrolysis 
products obtained from p-coumaroyl-CoA m the presence 
of alkaline phosphatase The fact that the p-coumaroyl 
moiety was not modified m the reaction was further 
confirmed by reduction of the thloesters with sodium 
borohydrlde m water p-Coumaroyl-CoA, A, B and C gave 
p-hydroxyphenylpropanol as determined by their mass 
spectra Neither AMP nor adenosme could be easily 
detected on TLC as a product of the reactlon, due to a 
rapid hydrolysis to adenme The complete pathway 1s 
presented m Fig 2 

The complete phosphohydrolysls of p-coumaroyl-CoA 
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Rg 2 Phosphohydrolysls pathway of p-coumaroyl-CoA by 
crude barley extracts 

involves several steps which could be catalysed by the 
enzymes 3’-nucleotldase, pyrophosphatase and a mono- 
phosphatase Inorganic phosphate and sodmm fluoride 
[6] are often used as mhlbltors of phosphatases Plant 
nucleases, which contam phosphodlesterase and 3’- 
nucleotldase activities, are inhibited by adenme nucleo- 
tides [7] We therefore also tested ATP, ADP and AMP as 
inhibitors The results are summanzed m Table 2 
Inorganic phosphate (50 mM) had very little effect on the 
formation of A and B but completely inhibited the 
hydrolysis of B to C 

Phosphohydrolyszs ofhydroxycznnamoyl-CoA thzoesters zn 
other plants 

Slmllar results were obtained usmg extracts from oat, 
wheat, maize and pea seedlings Extracts of mature 
tobacco leaves also catalysed the same reactions 

DISCUSSION 

The chenucal synthesis of hydroxycmnamoyl-CoA 
thloesters 1s complicated by the reactlvlty of the phenohc 
hydroxyl groups during activation of the carboxyhc acid 
Chemical protection and deprotectlon of the hydroxyl 
group can lead to the hydrolysis of the thloester bond [5] 
N-Hydroxysuccmnmde esters of hydroxycmnamtc acids 
obtamed using dlcyclohexylcarbodummlde (DCC) as 
coupling agent, wlthout protection of the hydroxyl 
groups, must therefore be purified from a mixture of 
compounds, and the yield can be as low as 15 y0 m the case 
of caffelc acid [5] We found, however, that it 1s possible to 
simplify the chemical synthesis using pyrldme as solvent 
during the coupling reaction of the hydroxycmnamlc acid 
to the N-hydroxysuccmlmlde (see Experimental) In a 
basic solvent, phenohc hydroxyl groups show decreased 
reactivity, as the activation of DCC depends on proton 
avadablhty The N-hydroxysuccuumlde esters obtained 
by this method are sufficiently pure to be used m the 
transesterlficatlon reaction with CoA without further 
purlficatlon The yield from CoA was ca 40% for 
cmnamoyl-, feruloyl- and smapoyl-CoA and ca 30 “/;, for 
caffeoyl-CoA The baslclty of the solvent m the coupling 
reaction was found to be an important parameter m the 
synthesis of 0-peptldes mvolvmg the hydroxyl groups of 
tyrosme, senne and threonme [8] 

The fluorescence of the hydroxycmnarmc acids allowed 
us to detect the rapid phosphohydrolysls of the 
hydroxycmnamoyl-CoA thloesters Barley is known to 
contam 3’-nucleotldase activity and the enzyme from this 
plant has been used m the ldent&ation of CoA [9, lo] As 
observed m ref [9], this enzyme 1s often remarkably heat- 
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Table 2 Effect of different mhlhtors on the phosphohydrolysls of p-coumaroyl-CoA 

PI PPI NAF AMP ADP ATP 
Control 5mM 50mM 5mM 50mM 5mM 50mM 5mM 50mM 5mM 50mM 5mM 50mM 

p-Coumaroyl-CoA 0 0 0 0 34 0 0 0 0 0 27 0 21 
p-Coumaroyl- 

dephospho-CoA (A) 29 26 30 35 49 39 79 79 100 73 68 69 51 
p-Coumaroyl-4- 

phosphopantetheme (B) 71 74 70 65 17 61 21 21 0 27 5 32 28 

pCoumaroyl-CoA (25 nmol, 25 pi) was Incubated with a dlalysed barley extract (50 ~1) wlthout (control) or with different mhlbltors 
(25 ~1) for 15 mm m 0 1 M Trls-HCI buffer, pH 8 The reactlon was stopped with acetlc acid and the volume correspondmg to 2 5 nmol 
thloester was appbed to a TLC plate and run m solvent 1 Results are expressed m percentage of fluorescence recovered m the different 
products Neghglble amounts of p-coumaroylpantetheme (C) could be detected m these condltlons 

stable and has been found m a number of plants After 
incubation of the barley extract at 100” for 1 mm, the 
reaction could therefore be stopped at the first step (A) 
The mhlbition by inorganic phosphate of the hydrolysis 
of p-coumaroyl-4’-phosphopantetheme was used to stop 
the reaction sequence at B 

A number of enzymes could be involved m the observed 
hydrolysis Nucleases which exhibit both phosphodl- 
esterase and 3’-nucleotidase actlvltles are known to occur 
m plants and have been characterized m barley [ll, 123 
Nucleotlde pyrophosphatases are widespread in animal 
tissues [ 131 and m plants [ 14,151 The elucldatlon of the 
complete pathway was complicated by the occurrence of 
an active nucleosldase, already characterized m barley 
[16] Neither AMP nor adenosme was present in de- 
tectable amounts after incubation with the barley extract, 
but adenme could be detected with the Wood reagent and 
had R, values m solvents 1 and 2 slmllar to those of p- 
coumaroyl-4’-phosphopantetheme, and sometimes con- 
fused the UV spectrum 

Specific phosphata$es hydrolysmg CoA have been 
characterued m animals [17-191 However, the hydrolysis 
observed m a crude plant extract IS very likely to be 
unspecific Acyl-CoA thloesters of fatty acids have been 
extensively used m research on hpld metabolism In ulfro 
formation of acyl-pantetheme from acyl-CoA by liver 
plasma membranes has been reported [20] 

It IS very likely that the phosphohydrolysls of acyl-CoA 
thloesters m crude plant extracts 1s common Coenzyme A 
itself 1s known to be hydrolysed by the widespread 3’- 
nucleotldase [9] This hydrolysis could interfere with 
other reactions when CoA 1s used as acyl acceptor or 
donor Dephospho-CoA, 4’-phosphopantetheme and 
pantetheme are known to be used as substrates by acyl- 
CoA synthetase from rat liver [21] and Candrda Izpolytzca 
[22] although they are less active than CoA In the 
oxldatwe decarboxylatlon of a-ketoglutarate, dephospho- 
CoA was found to be active at high concentration but 
phosphopantetheme was inactive [23] The transacetylase 
from E colz uses only intact CoA [24] and the sul- 
phamlamlde assay IS known to use fragments of CoA [24] 
Covalently linked 4’-phosphopantetheme 1s used by acyl 
carrier proteins We found that p-coumaroyl-dephospho- 
CoA and p-coumaroyl-4’-phosphopantetheme were used 
as substrates m the formation of p-coumaroylagmatme 
No actlvlty was detected with p-coumaroylpantetheme 
Separation of the agmatme coumaroyl transferase from 
the different phosphatases m order to determine the 

relative activity of p-coumaroyl-CoA, A and B was not 
attempted, m view of the difficulty of obtammg a 
phosphatase-free agmatme coumaroyltransferase activity 

Among the mhlbltors tested, those with a pyrophos- 
phate bond were the most active and even inhibited the 3’- 
nucleotidase, possibly mdlcatmg that only one enzyme IS 
involved m the first two steps, although the two actmtles 
can be differentiated on the basis of heat stab&y 
Inorganic pyrophosphatase IS an effective mhlbltor and 
did not inhibit the agmatme coumaroyltransferase It 
should therefore be useful m the detection of weak 
transferase actmltles, when long mcubatlon times are 
needed 

An alternative to the use of mhlbltors would be the 
chromatographlc separation of the enzyme involved 
Affinity chromatography on concanavahn A has been 
found to be very effective m the adsorption of nucleases 
from plant extracts [12] and could be used m the 
preparation of nuclease-free enzymic extracts if Intact 
CoA IS essential to detect an enzymlc actlvlty 

EXPERIMENTAL 

Barley (Hordeum vulgare L cv Proctor) was grown as pre- 
v~ously described [3] 

TLC was on cellulose CC41 using solvents-l n-BuOH- 
EtOH-H,O (4 1 2) (R,s AMP, 0 25, adenosme, 0 48, adenme, 
0 52, p-coumaroylagmatme, 0 63), 2 n-BuOH-HOAc-Hz0 
(5 2 3) (AMP, 0 31, adenosme, 066, adenme, 066), 3 n- 
BuOH-HOAc-Hz0 (4 1 5, upper) (p-coumaroylagmatme, 
0 77) See Table 1 for R,s of pcoumaroyl-CoA, A, B and C 

[G-W]-Agmattne was prepared as de-bed m ref [3] and 
radloactlve spots were v~suallzed usmg a Betagraph 

N-Hydroxysucczrzzmzde esters were prepared as follows p- 
Coumarlc acid (1 64 g, 10 mmol) and N-hydroxysuccuumlde 
(1 15 g, 10 mmol) were dissolved m cold, anhydrous pyndme 
(20 ml) Dlcyclohexylcarbodumlde (2 26 g, 11 mmol) was added, 
and the mixture was stnred at 4” m the dark After 24 hr, the 
pyrldme was evapd to dryness at 40” under red pres and the 
residue dissolved m EtOAc The duzyclohexylurea was filtered off 
and the filtrate extracted with an equal vol of cold 1 M NaHCO, 
The EtOAc was then evapd and the N-hydroxysuccuumrde ester 
was crystalhzed from EtOAc-petrol (bp 6WO”) (2 1) N- 
Hydroxysuccuumlde esters of ferubc and smaplc acids were 
prepared in a srmdar way For caffelc acid, the couplmg reactlon 
was done under N2 The purity of the esters was assayed by TLC 
on Kleselgel HFzS9 with CHCI,-MeOH (20 1) as solvent [5] 
and by ‘H NMR 
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HydroxycmnamoylCoA thloesters were prepared by trans- 
esterlficatlon of hydroxycmnamoyl-N-hydroxysuccmumde 
esters as descr1be.d m ref [5] 

Enzyme preparotlon 3-Day-ord barley seedlmgs were homo- 
genlzed with a pestle and mortar with sand m 2 vols 0 1 M 
Tris-HCl buffer (pH 8 5) The extract was centrifuged at 20 000 g 
for 20 mm and the supernatant dlalysed for 16 hr m 0 01 M Tns 
buffer, pH 8 5 

Preparation and purtjicat~on of A, B and C p-Coumaroyl- 
dephospho-CoA (A) The enzyme extract (1 ml) was incubated at 
100” for 1 mm and after cooling to 30” p-coumaroyl-CoA 
(0 2 pmol,200 ~1) was added The mixture was Incubated at 30 
for 15 nun and the reaction stopped with HOAc (100 ~1, 17 M) 
After precipitation, the protems were removed by centnfugahon 
and the supernatant was apphed to prep TLC plates and 
chromatographed m solvent 1 

p-Coumaroyl-4’-phosphopantethelne (B) p-Coumaroyl-CoA 
(0 2 pool) was Incubated with 1 ml of enzyme extract m 0 05 M 
NaPl buffer (pH 8) for 1 hr B was purified m solvent 2 

p-Coumaroyl-pantetheme (C) p-Coumaroyl-CoA (0 2 pmol) 
was incubated with 1 ml of enzyme extract for 2 hr m Tns buffer 
(pH 8 5) After acidification, C could be extracted m Et,0 C was 
punfied m solvent 1 A, B and C were eluted from the TLC 
cellulose with Hz0 and freeze-dried 

Inorganu: phosphate was assayed using the method of ref [25] 
Alkahne phosphatase from bovine intestine (Bgma) contammg 
12 % pyrophosphatase actlmty was used to assay the total I% The 
samples were incubated in Tris buffer (0 01 M, pH 9) with 5 units 
ofalkahne phosphatase for 2 hr at 30” Only C was obtained from 
coumaroyl-CoA m these conditions but A and B could be 
obtained using non-optimal conditions (pH 7, dilute enzyme) 

All the tiuoesters of hydroxycmnamlc acid were quantified m 
soln using the extinction coefficients determined m ref [S] UV 
spectra were recorded m 0 1 M NaPl buffer (pH 7) At pH 7, A 
had the same UV spectrum as p-coumaroyl-CoA Only nunor 
differences could be detected between then spectra at pH 9 B and 
C had the same spectra with A_ 333 nm and no peak at 260 nm 
The same extinction coefficient (21 x lo6 cn?/mol) was used for 
pcoumaroyl-CoA, A, B and C only a slight increase (10%) m 
absorbance could be detected during the mcubation of p- 
coumaroyl-CoA with alkaline phosphatase, mdzatmg that the 
ademne and the coumanc acid parts do not interact strongly m 
the UV absorbance spectrum 

The thloesters of hydroxycmnanuc acids were detected on 
TLC by fluorescence after spraying the plates with a mixture of 
trlethanolamme m Iso-PrOH (1 4) The fluorescence was quanti- 
fied using a Vitatron densitometer by excitation at 365 nm and 
emlsslon at 507 nm A known amount of p-coumaroyl-CoA was 
spotted on the TLC plate and used as a standard 

AMP, adenosme and adenme were detected on the TLC plates 
after chromatography, using the Wood reagent 

pcoumaroyl-CoA agmatme N-pcoumaroyl transferase assay 
50 ~1 of the crude enzyme extract (after centnfugation) was 
incubated with the thloester (lOnmo1, 10~1) and 25 pl 
[“%]agmatme (1 pCi/ml) for 1 hr at 30” p-Coumaroylagmatme 
was ldentlfied by co-chromatography m solvents 1 and 3, and 
electrophoresis on a cellulose plate (400 V, 1 hr, pyridme- 
HOAc-H20, 1 5 94) 

NaBH, reduction of the thloesters was performed as de-bed 
m ref [26] The products were extracted m Et,0 The EIMS 
[probe, 70 eV, m/z (rel mt ) 152 [M]’ (32), 134 (15), 133 (18), 108 

(15), 107 (lOO), 77 (15)], obtamed from the reduction product of 
p-coumaroyl-CoA mdicated that the tluoester and the olefimc 
double bond were reduced, leading to 3-@hydroxyphenyl)-l- 
propanol The same fragments could be found m the MS of the 
reduction products of A, B and C 
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