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Abstract-An enzyme system isolated from Swede root disks, which had been aged m the presence of ethylene, 
IS capable of the reduchon of p-coumaric and feruhc acids to then corresponchng aldehydes and alcohols m the 
presence of CoA, ATP, Mg’+ and a reduced pyridme nucleotlde The reduction of p-coumaric acid specifically 
required NADPH, while that of feruhc acid IS catalysed by either NADPH, or NADH, The mvolvement of 
the CoA tluoesters as mtermechates m the reduction of the cmnarmc acids 1s &cussed 

INTRODUCTION 

IN PREMOUS pape&3 we have shown that there 1s an mcreased synthesis of a hgmn like 
material during the agemg of Swede root disks and that this IS associated with an increase 
m the actlvlty of enzymes mvolved m phenohc biosynthesis Recently we have described 
the properties of an enzyme which will catalyse the formatlon of CoA thloesters of cm- 
namlc acid derivatives 4 The substrate speclficlty and changes m the actlvlty of the enzyme 
during agemg suggest a role for the CoA synthetase enzyme m hgmn biosynthesis CoA 
thloesters of cmnanuc acids have been postulated as mtermedlates m flavonold blosyn- 
thesis’ and it has also been proposed that they play a role m the reduction of cmnamlc 
acids to their correspondmg alcohols which are the immediate precursors of hgmn 6 The 
conversion of cmnanxc acids to the alcohols proceeds via an aldehyde intermediate with 
the conversion of the aldehyde to the alcohol being catalysed by an aromatic alcohol 
dehydrogenase ’ The step from the acid to the aldehyde 1s thermodynarmcally unfavour- 
able and it 1s proposed that this step 1s overcome by actlvatlon of the acid to form the 
CoA thloester and its reduction to the aldehyde Very recently8s9 enzymes have been lso- 
lated from higher plant tissues which will catalyse the reduction of cmnamlc acid denva- 
tlves to the alcohols via the CoA thloesters as mtermedlates In the present paper we de- 
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scribe the propertles of dn enzyme isoldted from aged Swede root disks which ~111 catdlyse 
the rcductlon of p-coumanc and feruhc dclds 

RESULTS 4ND DISCLJSSIO’\I 

Table 1 shows the co-factor requirements of the enzyme system from aged disks in the 
reduction of p-coumanc acid to p-coumaryl alcohol The reduction requires d heat lablle 
factor and the addltlon of ATP, CoA dnd NADPH, (or an NADPH, regenerdtmg system 
composed of a rmxture of NADP, glucose-6-pho$phdte and glucose-6-phosphate dehydro- 
genase) The system 15 stimulated by the addition of Mg’ V , the rd te m the dbsence of ndded 
MgZ’ IS only 14”,, of the control The specificity of the reducing system m relation to CoA 
and ATP and the partial dependence on added Mg’ ’ IS very snmlar to that of the y-cou- 
maryl CoA synthetase previously described4 and suggests d role for this enzyme m the 
reduction 

TABLF 1 THE PROPLKTIESOF THL ENZYME SYSTEMFROMAGIV swtl)t ROOT VIFKSR~VCCI~G JPCOLMAKATF 

nmol nmol 
pcoumaryl alcohol p-coumdryl dkohol 

formed/hr/mg formed hr:‘mg 
protem protem 

Complete system 95 -Mg’+ 
+ bolled enzyme 0 - NADPH, regenerdtmg system 
- ATP 0 Replace regeneratmg system 
- CoA 0 ulth 5 /dmol NADPH, 

13 
0 

49 

Table 2 shows the speclficlty with respect to reduced pyrldme nucleohde of the reducing 
systems using respectively p-coumarate and ferulate as substrate With p-coumarate as 
substrate the enzyme shows complete speclficlty for NADPHz Both I?-coumaryl alcohol 
and p-coumaryl aldehyde are formed as products of the reduction but the ratio of alcohol/ 
aldehyde formed IS about 15 1 With ferulate as substrate, the speclficlty IS less clear and 
both NADPH, and NADH, will catalyse reduction However, NADPHz IS 2 5 times as 
active as NADHz With NADH, as cofactor there IS a proportionately greater accumu- 
lation of aldehyde than with NADPHz suggestmg that the aromatlc alcohol dehydro- 
genase step has a greater affinity towards NADPH, than towards NADH, 1 At the con- 
centrdtlon of substrate used (0 5 mM), the reducing enzyme shows gredter overall actlvlty 
towards ferulate than towdrds coumdrate The ratio of dctlvlties IS dbout 1 2 I 

TABLE 2 THF REQUIREMI~TOF THY ~WYM~ SYSI~M FROM AGEI) 5wf1x ROWT Ixshs FOR PYRIVINF ~LCLIOTTVES IU 
THt RtVUCTIO? OF /I-COLMRIC ANVbERl,LlC ACIVS 

Experiment 
No 1 

nmol formed;hr’mg 
protem 

Aldehyde Alcohol 
Fxperlment 

No 2 

nmol fol med 111 jrng 
protem 

Aldehjdc Alcohol 

(a) p-Coumardte d5 
substrate 

NADHz 
NADPH? 

(b) Fcruidte ds 
aub\tl ate 

NADHz 
NADPHz 

(a) II-Coumdldk ds 
substrdte 

YADH? 
NADPHz 

(b) F’eruldte d\ 
bubbtrdk 

NADHz 
NADPH2 

0 0 
14 21 2 

‘0 84 
13 28 2 
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Table 3 shows the effect on the reducing system of factors known to affect the actlvlty 
of p-coumaryl and ferulyl CoA synthetases We have shown, m agreement with the work 
of Grlsebach 9~10 that as the p-coumaryl CoA synthetase was purified, increased activity 
of the enzymk was observed mdlcatmg the removal of a soluble mhlbltor present m crude 
extracts We have shown (unpublished results) that the addition of relatively high con- 
centrations of Bovme serum albumin (BSA) will protect the enzyme m crude extracts from 
this mhlbltlon The stlmulatory 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 is succes- 
sively purified Table 3 shows that the addition of BSA leads to a 20% stlmulatlon of the 
overall reducing activity, which was measured after purification of the enzyme on DEAE- 
cellulose This degree of stlmulatron 1s smular to that given by BSA on the p-coumaryl 
CoA synthetase purified to this stage AMP, which as was previously shown4 1s a potent 
mhlbltor of the p-coumaryl CoA synthetase, mhlblts the reduction of p-coumarate by 74% 
and the reduction of ferulate by 63% It was previously shown that AMP at 2 5 mM gave 
a 69 5% mhlbltlon of the p-coumaryl CoA synthetase 4 

TABLE 3 FACTORSAFFECTINGTHF ACTIVITYOF THE REDUCING SYSTEM 

Cofactor or mhtbttor 

nmol of alcohol formed/hr/mg 
protein 

Substrate 
p-Coumdrate Peruldte 

NADPH, + BSA (1 mg/ml) 249 28 2 
NADPH, - BSA 20 5 23 I 
NADPH, + BSA + AMP (2 5 mM) 66 104 

The enzyme isolated from Swede root disks after agemg 1s similar to the enzymes recently 
isolated from the camblal tissue of S&x &a* and tissue cultures of soya bean ’ The requlre- 
ments for ATP, CoA and Mg2+, the stlmulatlon by BSA and the mhlbltlon by AMP are 
consistent with a role for the p-coumaryl and ferulyl CoA synthetase actlvltles as com- 
ponents of the reductase actlvltles described m the present paper The Swede reducing 
system shows an interesting difference m the co-factor speclficlty when p-coumarate and 
ferulate act as substrates p-Coumarate shows complete speclficlty for NADPHz while fer- 
ulate will use either NADPH, or NADH, This study, taken together with the work of 
Manse11 et al * and Ebel and Gnsebach,’ confirms the role of the thloester of cmnatlllc 
acids as intermediates m the reduction of the acids to then correspondmg aldehydes and 
alcohols 

EXPERIMENTAL 

The materials used and the methods of purtficatron of the enzyme fraction after (NH&SO, prectpttatton, 
desalting on Sephadex G25 and purrficatron on a column of DEAE-cellulose were as prevtously descrtbed 4 

Ahquots of the enzyme preparations were mcubated m the followmg mixture Trts buffer pH 7 45 500 pmol, 
CoA 1 bmol, ATP 12 5 bmol, Mg 2f 12 5 bmol, BSA (Armour Pharmaceutrcal Co, Eastbourne, England) 5 mg, 
substrate acid 2 5 jnnoi, NADPH, regenerating system conststmg of hADP 5 lmol, glucose-%-phosphate 
12 5 umol. glucose-6-ohosnhate dehvdrogenase 1 EU (or NADPH, 5 umol) m a final vol of S ml at 30” for UP 
to 1 hr Aft& thts perrod the reactron pHwas adjusted to 8 5 and ihe’alcohol and aldehyde products extracted 
wtth Et,0 Ahquots of the Et,0 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 wtth EtOH In some expertments m whtch 2-“‘C p-coumarate (sp act 60 flCt/mmol) was supplied as sub- 
strate, the ethanohc eluates of the reactron products were counted m the Phthps hqmd scmtrllatron system using 
a blended scmtrllatron mixture conststmg of 7 parts toluene contaming 4% PPO (2,5-drphenyloxazole) and 



3 parts of the ethanohc eluate In other experiments m which unldbekd suhstrdtcs were used the ethdnohc tlUdtf3 
were analq5ed by LJV spectrophotometry The concentrdtlons of the aldehydes dnd alcohols were calculated from 
the absorbance data usmg the extmction coefficients gibcn m the hter&ure I’ 

The mdm redctlon products with p-coumamte and feruldte ds \ub\trdtes !\ete ldtntihtd b\ PC m toluene 
HOAc Hz0 (10 7 3) n-BuOH-2N NH,OH (1 1) and petrol (bp 100~120~MeOH~CHCI,-H,O (7 I 2 5~ 
The products respectively had the same R,s and co-Lhromdtogrdphcd with sqnthetlc sdmple5 of p-coumarrl ,md 
comferyl alcohols The productsgave the c.olour t-e&Ion> with dlarotlzed dianlrldine char,uztei&c of the appro- 
prlate alcohol and Its parent acid The neutral dnd dlkahne LV jpectrd of the products ,iftcr elutlon from the 
paper were identical with those of the rtspcctivc aynthetlc alcohols S,imples ot tht products purified bq PC on 
solkent wdshed papers were mtroducLd \In the dm_ct insertion probe to the source of the A t 1 Ltd MS 902 
rndS$ spectrometer nt d sourct temp of 170 ,tnd dn lom3mg potcnLlnl of 70 eV I he MS of thL {Lnthetlc ,I-cou- 
m,lryl and comferyl alLohola were used to confirm the prestncc of the$e t&to compound\ m the rt,lLtlon ml\turLc, 
contaming respcctivelv p-coumarlc dud and ferull6 acid ‘~5 suhstldtL Tht MS ~111 bt depo\ltcd dt the M,rrs Spc~- 
trometl~ Ddtd Ctntre Aldermaston, England 

The presence of the re5pcctlre ,ddehldes m thL ted&on mixtures wd\ conhrmcd bq the p~e\cncr of compounds 
which had the same R,s m the 3 solbent\ cib I’-Loumql and Loniferjl ,ddzhqdLs and uhlch itdined Hlth the 
phloroglucmol- HCl redgent On elution from the paper thevc .rldeh\di product> grtvc LTV <prctr,l m neutr‘ll and 
‘IlkdlmL solutlom which agreed with hterdture values ” 

Prottln determmdtlonr were m,+de on TC A prcclpltdtes of the Lnzymc fidctlon\ using the method of Lonr\ 
l’t oi ’ 2 
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