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A)rhut-Dixmtoe oxrdue (DAO. EC 1.4.3.6) was purided 135.fold from ~BHS of subterranao cbm (Trijdrw 
wbmmnewn L. cv Salon Pnrk) rnd three UoaKymawmukntifted Thenetinctlzymeh,raM,ofco 15oooourd 
compti two subun~~r both hmnog M hf. of 8OooO. Clover DA0 hu l brord spoafkity ran* rnd IS Inhibitad by 
copper bpod, nnd rugents rCliCtrve towards arbooyl group. Copper IS usentiel for enzyme tivity with the rpo 
enzyme berq renctivrted tpacifially by copper. The enzyme he.s l brord pH opttmum from pH 7-8 rnd en rtrntron 
areroy of 47 klimol wrth 1.4dinnunobuune u substntc. 

INTRODWTtO~ T4bk I Purkatlon of DA0 from cknr karcl 

DvmInc or~ducs (DAO. EC 1.4 3.6) UC w~duprcxd In 
ruturc rod hvc ban purrfred from sevenl rturml [ I] rnd 
plent (2-I I] spec~a. All of these conUrn copper ns 1 
cofactor. unlrke tbc emme OX&XI of cerals [ 12 I3 ] 
DAOs oxrdrze rmma by the followro8 ractron. 

spoaftc UtlvlIy 
ProIan Acl~wIy l&wrnB 

step lmgl ISI, ptoiunl ‘.. Yuld 

RCHJNHI t 01 t HI0 + RCHO + HtOr t NH, 

In clover. DA0 ryothars oozurs durmpurly 1-f develop 
mcnt rnd IU synthcur appears IO be rcguhtad by copper 
[14) We hPve now purrfied rnd chrraerued clover 
DA0 extendmg the arher work of Werk utd Hutung 
[ 151 DAOs purrfred from some legume speua hve 
shown multrple forms conurtmg of one mnJor rnd one or 
sever81 mroor forms [$7.8] 11 IS not aublrsM tht 
~hcsc were wxnzyma end tJrey nuy hw resulted from a 
proportron of Ibe enzyme berng mod~bad by the extrnc- 
Iron procedure, protase nctroo or phenohca. lo addrtron. 
drtiercnt parts of the SMK plant un possus DAOs with 
drflerent properties [ 161 end thrs mry cxphm why some 
workers hve found multiple DA0 forms when usrng 
whole top6 01 seedhngr u the rurtrn8 mrterrrl [7.17] 

Ctudc homogcwc 990 805 0008 la, 

lNH.1, So, 417 598 0014 74 

3@70”. frown 
Phoqhadlubr 4 15 4x3 IO1 54 

chromntoqrphy 
Hydroxyl4pI81c 3 3R 3 73 I IO 4b 

ChromaI~phy 

lo thus piper we report thet three rsoenzymes of DA0 
were co-punfkd lrom 1 ddinal plurt pn (youog folded 
lava of clover) wrth the Iwo major forms be108 of about 
cqud rbuoduKx 

RLSLLTS AhD DISCLSSIO\ 

Purqhx~on o/ DA0 

DA0 wu purified 13bfold from l M bomgnrtc of 
cbwr Lava (Trbk 1) d jud@ pure by ~t.rve ~1 
ckcvopboru~ l t two pHx eml SDS-@ ckctropbor&. 
loMtrveplekctropborarr,botbtbepeotannDdaKyaM 
stu118 tbod the praence of tti wcnzyma of DA0 
tht migmad clo8ely to one ulotber end ooneietod of orK 

bnnd Iepu8tiO8 two buxir 
~lp-o.24. pH 9.7 Qel) The fo”orr;:&vntions 

conhrm Ihrt the multIpk DA0 bndr were rsoenzyma 
and hrd not resulted from the tiron of protenses or 
phenoha lendIn to L frncuon of the DA0 ban8 modl- 
fied: 11) polyvrnylpolypyrroldone wu ~ndudad In the 
extrution bufTer to knd phenoba relcuod when the 
lava were homogcnuzd. (a) 8 vmpk of freshly pre- 
pued crude homoprute ekctrophorued at pH 9 yreldod 
the multrple bnds eveo when the protase tnhrktor 
pheny)methylsulphonyl fluorrde (1 mM) was added nnd 
rlso when bovme serum album10 vu rddad to the 
extractron bufferrt 10 tuna Iheconcentntion of toul laf 
protem In the cxtrect. The excess bovmc strum rlbumrn 
would hve protected the knf protans from both protease 
utron rnd phenolrr. (III) the reM.rve l mouots of DA0 
~soenzyrnes In Iytrve @s did not chenge wrth ach step of 
the purrtiatron rnd wu reproduced when DA0 wu 
punfred from drllercnt ktchu of lava. 

Cbva DA0 hd srmihr propertra IO other kgume 
DAO, [C I I] wrth regnrd to tuhtrnte rpaubaty. copper 
cooteot. rbcorptron qxxztn emmo rcld composrtroo end 
M,. The enzyme atelyxed oxKlntroo of a w&de raop 01 
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arnmcs but acted prcferentrrlly towards IPdummo- 
butane. I.5dummopcntanc and spermtime and had K, 
ot 38.19 and 74 PM. rcspatlvely. tar these substrates The 
range of substrata ox&& by cbber DA0 was rrrmlar to 
that of pa DA0 [4] but was less spcc~tic than that of 
&uphorb~a [3] and lent11 DA0 [IO] Copper hgandr 
(NaN,. Na dethyldnhmarbmate. NH. pynohdmajl- 
thmarbamalc) and reagents that react with urbonyl 
groups (phcnylhydrazmc. umwuburdc. hydroxylamme) 
mhrktcd the enzyme. With I.4dumloobuune as a sub 
strate.clovcr DA0 showada broad pH optimum from pH 
7 to 8 In 67 mM KR and had an acctlva(lon cncray 01 47 
kJ:mol as calculated from the Arrhcnlus plot (DA0 
assayed in range of 6-40 1 

The spectrum of cbbcr DA0 showed a broad absorp- 
tlon band anrrcd at 490 nm IEy, = 2 x IO’)and a band 
l t 280nm (Ey_ = I 29 x IO’) The band aI 490 nm 
dsapparai after addlop phcnylhydrazme but was rc - 
had by a larger peak a( 446nm c&y,= 39x I J ) 
Tltrarmo of cJo\er DA0 with phcnylhydnune showad 
the presence of one carbonyl group per enzyme dlmcr as 
lound for other copper DAOs [I. 2.9. IO. 181 

Although rhra Isocnzymcs could be IdenWial lrom 
naWc gel ekctrophoresls. only a single band with an .U, 01 
8OooO resulted from gel ekctrophorevs run under dc- 
noturing condltlons Thor mdwltcd that all thra ISO- 

enzymes conustad of the spmc subunit YU Since the 
naurc M, as dctcrmmcd by gel liltratIon was co 15UUUU 
the enzyme an be described as a dlmcr 01 ldenllcally II& 

subunits 

The copper content ol clobcr DA0 was found to be 
0.063 9, which, baxcd on an M, of I50 Ooo for the enzyme. 
suwtr I 5 copper atoms per dimcr Other copper DAOs 
contain 2 copper atoms per dlmer [I. 3.8. IO] Copper 

may habe ban lost during the purltiatlon of DA0 or the 
amount ot DA0 owratmutai In the protein assay Apo- 
DA0 prepared in Llrro was racttbatcd s~~fically by 
Cu” with racuratlon km8 mammal after 2U mm when 
CO HO”, of the orlgrnal actlvlty of the holocnzyrnc was 
rcgrnd Table 2 shows the ammo acid cornposItIon 01 

clover DA0 uhlch IS slmllar to that of other legume 
DAOS In that x high proportton 01 acd~c rerlduer arc 
present 

EXPCRIMF.\TAL 

P&w morr~l Sukcrrrnan clover I I~cjol~um subfrnuneuw L 

CI Sal00 Park) was uorn lo soln culture wth all nutrtcnts 

suppltcd a8 dew&d 10 rcf [ IY] crap1 that copper a3 CuSO. 

*as rupplJcd aI I PM iount toklcd karer acre FOlkslal 

boausc ihey conutnod the hIgheri DA0 act1\11y per mg potem 
(Id] hbC3 WCfC SlOted Jt - 80 

Pur#tafm O/ DA0 The vhok punhallon proctJurc w& 

urr8aI 0uI aI 4 

Swp I About IW g 01 young laro wcrc powdered using a 

food proasux lo rhc powicrcd kaws 0 I M KPI pti 7 

cootumn( 25 mM mcraptocttunol YU rddod wth polyr~oyl. 

polypywoldone (5 & 100 mllrnd aad~~*ubcd sand The nuxIurc 

was ground with a morur and pcslc. filtered through chew 

cbth rhcn ctntrllupd at IOouOy lo( 1Omm Slrp 2 Sohd 

IhH.),SO. *as rddcd IO the supcrrutw!t 01 step I 41% lhl 

lormd at )cr 70 ‘. saln wcrc colkctcd rnd dwlrad in 10 mM 

KPI pH 64. rhcn Julyxd rgamct 4 I of ~hc same butler 

ovcrmghl Srrp 3 The duly& soln was clutficd by ccntnfu# 

allon before ban) rpphcd to a phorphaxllubx column I? 

Tabk 2 Ammo acid compoutlon 01 

cbrcr DA0 
-- - 

humbcf 01 raducs 

Amino ud rcLb*c 10 Mel 
--.-. - - - 

ASP 41 

Thr 25 

Scr 26 

GIU M 

W ?? 

Ah I4 

Val 24 

Met I 
Ik 24 

LCU 27 

Tv I2 

Pbc I6 

Ha 24 

LY, 21 

Ar# IU 
__.--- 

x IO cm) prwourly qulLbrarod wh IO mM K R pH 6 4 When 

Am_ had dropped to zero. DA0 w clulcd wth a contmuous 

connr~nd*ntofIM~Cl,nlOmMKRpH64 Swp4 The 

acwc lrrrtlonr of trcp 1 mc combmaf and concrnln~ed. and 

rficr own@ dulyw rplns# 4 I of IO mM KPI pH 7. the 

umpk ru rppbed IO a hydrorylpwc column II 6 x 2Oan) 

quibkr@d wth IO mM KR pH 7 Rolan *II clulod with a 

Q)~IIOUOU~Q)O~X gra&cn( where the hmct b&r was 0 4 M K R 
pH 7 The Itxctlons conulnlng DA0 urmy were combined. 

conanrrrrcd rod used u the pure enzyme The purtfmd ctuymc 

m KR 10 I M. pH 7) wu ruble l t - 20 for many months 

PdyaryIamdr qrl rkrroplrarsu Nmrc red SDS pl ckc- 

trophorrur me carnod out u deunbcd In rcf [ 2Uo] To turn lor 

DA0 utw~y. the ~1 was mcutxtcd II 30 cn 67 mM KPI pH 7 

wlh IUO r# horscrdoh pcrortirc. 50 PM guwcol and 5 mM 

1.4~ummobuunc Rcgons 01 ~hc VI rrtth DA0 u~t~rlly sumed 

brown 

Coppw Molysu Srmpks of pure DA0 m roln wcrc rnrlyrcd 

for copper by atoms rbwrpwn rpatrophotomctry with a 
hated graplwc l tornw Analyw was performal uung the 

124 7 nm spectral lmc topthe? wth l dcutcnum lamp for 

corratw)n of bukyound rbwxpwn 

DA0 puoy DA0 vu wrd by mawnag ~hc uptake 010, 

For routmc assays. DA0 In 2 ml of 67 mM KR bufT0 pH 7 *ZL 

ptcmcu~tcd for 2 mm at 30 In l Hannah 0, clawxlc Ttw 

resetion was rurtcd by adding IOrmol I.4dummobuunc 

dwsolwd m %Jrl butTcr 

Awsoacd&)sts AboutO~m~ofDAOmsscakd~or~ 

lube wth 6 M HC’I and hydrolysaJ by mcubtm) ovcrtufit at 

I10 Aftcc the H(‘l *as crrporrtcd vlth a warn of HI. ~hc 

umpk ~8% nude up 10 1 ml with raw !or rnrlyus ulrng a 

Varun 5%~ HPLC’ qutppai *cth Varun ammo uld rnalysn 
columns 

Pwpruorron of opo.DAO Ape-DA0 n pccptad by owr. 

n@l dulyur of pure DA0 l print 001 M Na d*chyldltti- 

bwnatc The dvlytal role ruccntr~fu@ •~ 2OoooO 0 for 40 mm. 

ihen rodolywd orem@i rprnrt KPI buffer t IO mM. pH 7) iht 
h&d bocn puribod on a Chckr.100 column Alter dulywr the 

vmpk was antnfu@ II 2OoooOq to( U)rnm and used for rc. 

UII~~IIOO rtdm 



Dmaunc oudu from clover k8us 643 

wtb protauof known .W, Thecolumn vu ND ai 20 ml;‘hr wth 8 

rKRbullcr~Ol~.pH7~coclruolo~OJMKCI 
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