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Abstract—An enzyme system 1solated from swede root disks, which had been aged in the presence of ethylene,
1s capable of the reduction of p-coumaric and ferulic acids to their corresponding aldehydes and alcohols 1n the
presence of CoA, ATP, Mg*” and a reduced pyridime nucleotide The reduction of p-coumaric acid specifically
required NADPH, while that of ferulic acid 1s catalysed by either NADPH, or NADH, The involvement of
the CoA thioesters as intermediates n the reduction of the cinnamic acids s discussed

INTRODUCTION
IN PREVIOUS papers’ — we have shown that there 1s an increased synthesis of a lignin hike
material during the ageing of swede root disks and that this 1s associated with an increase
1n the activity of enzymes involved in phenolic biosynthesis Recently we have described
the properties of an enzyme which will catalyse the formation of CoA thioesters of cin-
namic actd derivatives * The substrate specificity and changes m the activity of the enzyme
during ageing suggest a role for the CoA synthetase enzyme 1n lignin biosynthesis CoA
thioesters of cinnamic acids have been postulated as intermediates 1n flavonoid biosyn-
thesis® and 1t has also been proposed that they play a role 1 the reduction of cinnamic
acids to therr corresponding alcohols which are the immediate precursors of hignin ¢ The
conversion of cinnamic acids to the alcohols proceeds via an aldehyde intermediate with
the conversion of the aldehyde to the alcohol bemng catalysed by an aromatic alcohol
dehydrogenase 7 The step from the acid to the aldehyde 1s thermodynamically unfavour-
able and 1t 1s proposed that this step 1s overcome by activation of the acid to form the
CoA thioester and 1ts reduction to the aldehyde Very recently®® enzymes have been 1so-
lated from higher plant tissues which will catalyse the reduction of cinnamic acid deriva-
tives to the alcohols via the CoA thioesters as mtermediates In the present paper we de-
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scribe the properties of an enzyme 1solated from aged swede root disks which will catalyse
the reduction of p-coumaric and ferulic acids

RESULTS AND DISCUSSION

Table 1 shows the co-factor requirements of the enzyme system from aged disks 1n the
reduction of p-coumaric acid to p-coumaryl alcohol The reduction requires a heat labile
factor and the addition of ATP, CoA and NADPH, (or an NADPH, regenerating system
composed of a mixture of NADP, glucose-6-phosphate and glucose-6-phosphate dehydro-
genase) The system 1s stimulated by the addition of Mg~ , the rate in the absence of added
Mg " 1s only 14°, of the control The spectficity of the reducing system 1n relation to CoA
and ATP and the partial dependence on added Mg? * 1s very simular to that of the p-cou-
maryl CoA synthetase previously described* and suggests a role for this enzyme mn the
reduction

TABLE | THE PROPERTIES OF THL ENZYME SYSTEM FROM AGL D SWLDI ROOT DISKS REDUCING P-COUMARATFE

nmol nmol
p-coumaryl alcohol p-coumaryl alcohol
formed/hr/mg formed hr/mg
protein protemn

Complete system 95 —Mg?* 13

+ boiled enzyme 0 — NADPH, regenerating system 0

— ATP 0 Replace regenerating system

— CoA 0 with 5 umol NADPH, 49

Table 2 shows the specificity with respect to reduced pyridine nucleotide of the reducing
systems using respectively p-coumarate and ferulate as substrate With p-coumarate as
substrate the enzyme shows complete specificity for NADPH, Both p-coumaryl alcohol
and p-coumaryl aldehyde are formed as products of the reduction but the ratio of alcohol/
aldehyde formed 1s about 15 1 With ferulate as substrate, the specificity 1s less clear and
both NADPH, and NADH, will catalyse reduction However, NADPH, 15 25 times as
active as NADH, With NADH, as cofactor there 1s a proportionately greater accumu-
lation of aldehyde than with NADPH, suggesting that the aromatic alcohol dehydro-
genase step has a greater affinity towards NADPH, than towards NADH, ~ At the con-
centration of substrate used (0 5 mM), the reducing enzyme shows greater overall activity
towards ferulate than towards coumarate The ratio of activities 1s about 1 2 |

TaBLE 2 THF REQUIREMINT OF THF ENZYME SYSTEM FROM AGED SWEDF ROOT DISAS FOR PYRIDINF NUCLIOTIDES IN
THE REDUC TION OF p-COU MARIC AND FERULIC ACIDS

nmol formed /hr'mg nmol formed ht'mg

Experiment protein Experiment protein
No 1 Aldehyde Alcohol No 2 Aldehyde Alcohol
(a) p-Coumarate as (a) p-Coumarate as
substrate substrate
NADH, 0 0 NADH, 0
NADPH, 12 173 NADPH, 14 212
(b) Ferulate as (b) Ferulate as
substiate substrdate
NADH, 40 58 NADH, 20 84
NADPH, 16 192 NADPH, 13 282
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Table 3 shows the effect on the reducing system of factors known to affect the activity
of p-coumaryl and ferulyl CoA synthetases We have shown, 1n agreement with the work
of Grisebach,®!? that as the p-coumaryl CoA synthetase was purified, increased activity
of the enzyme was observed indicating the removal of a soluble inhibitor present in crude
extracts We have shown (unpublished results) that the addition of relatively high con-
centrations of Bovine serum albumin (BSA) will protect the enzyme 1n crude extracts from
this inhibition The stimulatory effect of addition of BSA can reach up to 3-fold with crude
fractions after desalting on Sephadex G25 columns but 1s reduced as the enzyme 1s succes-
sively purified Table 3 shows that the addition of BSA leads to a 209, stimulation of the
overall reducing activity, which was measured after purification of the enzyme on DEAE-
cellulose This degree of stimulation 1s similar to that given by BSA on the p-coumaryl
CoA synthetase purified to this stage AMP, which as was previously shown* 1s a potent
mhibitor of the p-coumaryl CoA synthetase, inhibits the reduction of p-coumarate by 74%/
and the reduction of ferulate by 639, It was previously shown that AMP at 2 5 mM gave
a 69 5% inhbition of the p-coumaryl CoA synthetase *

TABLE 3 FACTORS AFFECTING THF ACTIVITY OF THE REDUCING SYSTEM

nmol of alcohol formed/hr/mg

protein
Substrate
Cofactor or inhibitor p-Coumarate Ferulate
NADPH, + BSA (1 mg/ml) 249 282
NADPH, - BSA 205 237
NADPH, + BSA + AMP (2 5 mM) 66 104

The enzyme 1solated from swede root disks after ageing 1s similar to the enzymes recently
isolated from the cambial tissue of Salix alba® and tissue cultures of soya bean ® The require-
ments for ATP, CoA and Mg?*, the simulation by BSA and the mhibition by AMP are
consistent with a role for the p-coumaryl and ferulyl CoA synthetase activities as com-
ponents of the reductase activities described n the present paper The swede reducing
system shows an interesting difference 1n the co-factor specificity when p-coumarate and
ferulate act as substrates p-Coumarate shows complete specificity for NADPH,, while fer-
ulate will use either NADPH, or NADH, This study, taken together with the work of
Mansell et al 8 and Ebel and Grisebach,® confirms the role of the thioester of cinnamic
acids as intermediates in the reduction of the acids to their corresponding aldehydes and
alcohols

EXPERIMENTAL

The materials used and the methods of punfication of the enzyme fraction after (NH,),SO, precipitation,
desalting on Sephadex G25 and purification on a column of DEAE-cellulose were as previously described *

Ahquots of the enzyme preparations were incubated mn the following muxture Tris buffer pH 7 45 500 pmol,
CoA 1 pumol, ATP 12 5 umol, Mg2* 12 5 umol, BSA (Armour Pharmaceutical Co, Eastbourne, England) 5 mg,
substrate acid 2 5 umol, NADPH, regenerating system consisting of NADP 5 umol, glucose-6-phosphate
12 5 umol, glucose-6-phosphate dehydrogenase 1 EU (or NADPH, 5 umol) 1n a final vol of § ml at 30° for up
to 1 hr After this period the reaction pH was adjusted to 8 5 and the alcohol and aldehyde products extracted
with Et,O Aliquots of the Et,O fraction were applied to Whatman No 20 filter papers and chromatograms
developed with toluene-HOAc-H,O (10 7 3), the products were located under UV hght and eluted from the
paper with EtOH In some experiments 1n which 2-'*C p-coumarate (sp act 60 uCi/mmol) was supphed as sub-
strate, the ethanolic eluates of the reaction products were counted 1n the Philips iquid scintillation system using
a blended scintillation mixture consisting of 7 parts toluene contamning 4% PPO (2,5-diphenyloxazole) and
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3 parts of the ethanolic eluate In other experiments in which unlabelled substrates were used the ethanolic eluates
were analysed by UV spectrophotometry The concentrations of the aldehydes and alcohols were calculated from
the absorbance data using the extinction coefficients given in the hiterature '

The main reaction products with p-coumarate and ferulate as substrates were identificd by PC 1n toluene
HOAc H,0 (10 7 3), n-BuOH -2N NH,OH (1 1) and petrol (bp 100-120-MeOH-CHCI;-H,0 (7 1 2 3)
The products respectively had the same R s and co-chromatographed with synthetic samples of p-coumaryl and
comferyl alcohols The products gave the colour reactions with diazotized dianisidine charactetstic of the appro-
priate alcohol and 1ts parent acid The neutral and alkaline UV spectra of the products after elution from the
paper were 1dentical with those of the respective synthetic alcohols Samples of the products purified by PC on
solvent washed papers were mtroduced via the dircet msertion probe to the source of the AE1 Ltd MS 902
mass spectrometer at a source temp of 170 and an 1onsing potential of 70 eV The MS of the svnthetic p-cou-
maryl and coniferyl alcohols were used to confirm the prescnce of these two compounds mn the reaction muntures
contamming respectively p-coumaric acid and ferulic actd as substiate The MS will be deposited at the Mass Spec-
trometry Data Centre Aldermaston, England

The presence of the respective aldehydes tn the teaction mixtures was confirmed by the presence of compounds
which had the same R;s 1n the 3 solvents as p-coumaryl and comferyl aldchydes and which stamned with the
phlorogluciol- HCl reagent On elution from the paper these aldehvde products gave UV spectra 1n neutral and
alkaline soluttoms which agreed with hiterature values '

Protein determinations were made on TCA precpitates of the cnzyme fractions using the method of Lowry
ctal'?
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