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IN'l'f!.OWCTlOO 

this is a study of the terminal oxi$tive a,ysteiu in a aumbel" 

c,f higher plant•, nt'i,,lllely, sweet potatn. Swisa chard, •oTbeazi:, wheat, 

al'ld 'k-Alt'd.to. The fllll~ syst.ema inveati1ated were polyph.mol o.xidase, 

~coroic acid. oxidaso• md alpba-by"dr-''"'if acid ozid.aae. The effect 

r::,f eupr.er defioienq 1n tOJRato plan"t.s was studied iD oO!lJlectiori With 

these enzyme qsteu, ttnd especially in connection with poly'phenol 

r:,xidhe. 

l 



Both 

desi {:1>.-

'l'lle catru.yzin.g net:i.Vit:; o.!l t,h,e o:dd.c.tion oi' 1 - -·· . ...,co:rL:ic tGl.d We>.;:, te, ,tu( '..,y • .1o~su.r -

i n.g t i:1e :1'trte 'J!.' oziiktion of . scor::ilc ..;:.c:.:.d using the u.suc::L titt'imetric _;;; :::-oc omu·e 

C/stciue , O·~· - o::.. .. dc:~tion c:'.' ~sco1·oi c ttci ct tl'ar; not inut bit cd by t;O 



of a~ dietbyldithiocarh'lma.te, 8-hydl'Q:qqui.a<-;;,line, pyridine, He.CN ~ pot,.. 

~s~.ium f erroeyantae, po~assium eth7lxan~hfl,t~, UJ/ld aod!U!I sulf ide on them ~s 

ahibitors. AU the above J.Elhibitors were found t.c poison the enzyme c ~mple'

ely, They believe t.be cat2l.l.yt1c a otj.:d;ty ci"' .squash .i\nd cauliflower juices 

on '\}lo oJd.,dat.ioll ot i.:.s co1.·bie acid is dus to the prea•oe of eopp,er in eo.mmn

a~ion With a protein. 

Extracts f rom cabbage, ca;uliflower, cucumber, &nd ;n.~rrow were sh.own by 

Johnson and Zilva (.3) to c-.ntain an eo.z}'lU .cap~ble ._,_r oxidising L-aseorbic 

ae:id and :D-gluoo-ascorbic acid .. .;?ubsequent to the eoaplete destruction of 

ascorbic acid, catechol 111.'!ts then oxidized t o the correspondi ng i;uin\'>ne. h

tracts from pot ato and appl.e tie-sue did w, t catal.yH the oxidation of ascorbic 

aeicl, bllt in th.~ pr•sence of ca.techol the former was oxidized. 

Jbes '!.Ind Cragg (7) used juice expressed f rom week-old etiolated bllrlEty 

sooots. The addition of aseorbie acid t.o this caused a iJei.rked ineretise in the 

ox,gen qptake, which was inhibit.ed corapl.etely by . 002 II. KCI.. Ca.techol v:.-,1,s not 

oxidized by t hese prepan.tions. 'i'lle i'Midi t.iou of g_lycollic, 11:..etic -!ind t.arturic 

acid.a to 'the extr&ct cliuaed an ine:r•afiae tn. reepira;tion. J'r , ·;a t.h•ee reeults 

they eo,nclucie tl161.t as~rbic a cid oxida~ i:., a ctive as .s-.. t ermin&.l cxid.ase i n t he 

barlsy plant • 

1Ul a.ct.i v• &tJcorbic a.eid oxida.tive taeCJ'Jl'.l.l.li~ •as also f ound in. p.ota to 

tissue by Mo-mn1a.erls ( lJ). Catechol incret~sed t.he oxygen upt,*e even ;110:re, ~md 

this waa inhibited by cyanide, sulfide. bydroxylc~e. !'l,11oriae, ~nd uide. 

The inhibition by eyk,nide WiJ.s :reversed by Cu., Fe, Mn, 7.n , C::. , n°; t' ~ rever sed 

the inhibJ,,tion by cyanide. Thi s i s chara.ct,enstic of pheni)lase (tyrosinase, 

polyphe.a,Jl oxidase). Therefore, the oxi®t-i:-m enzyme of potato tiseue is a 

C9P~ protei.n, prob&bly identical with. ph.enol a.se. 

Keilin ~d ~ !.Wl ( l.S) prepa.rad polyphenol. oxidae~ f r om musb.rooi:as, IUld 



t~ it to be a copper-proteid that was dependent tor its activity on the 

pre&eace of coppe-J however, in opposi ticm to previous work done by Kubon ta, 

'the a.crti:rity •ae noi. in direct proportioa-ality to the aaoUBt of copper present •. 

The fllUJ'fa• was found 'to be specific for oatal.)'m1ng the oxi.da:Uon of o'J'tho-d'.1-

~ pheeola au.eh a.e catecbol, p)'n)g.allol,. and dihy'~enylel.anina. i'bie 

rea.cttoa was i.Jmibited by KON, H2S, 1111:u and co. Pol1'Phenol oxidue was 

found to cata.l.7se the oxidation of ascorbic acid only in the presenee of 

cntecbol. On purification tbe enzyme iJ':idu~ loet ita ability to tdd in th 

oxiantia of' •L111oph•ola. 

lloatrel.l and ·lbit!.Dg (4) studied t.he :£JOl3.Phenol oxidaae ey1tem in pots.to 

tu~.s using cateobol &11d meaeuring the inorease in oqg• uptake whon thia 

sib&~.tt& was added to tuber al.ices in Warburg !la.ska. They G()Daluded t.hat 

2/) of the tot.al. respiratory gas-eous exchane•s o.f th• potat.o tuber was carri-1 

oa ~ugh this po-lyphenol oxidase ayateni. Tbe ren141J11ng 1/J WS$ mediat..ed by 

Bo•ell (12) ex:amined potato tubers f r..~r o.xidatioa qstellit1 inYOJ.Ying pol y

phemls, aaeorblo aeid, dih)"droquuueic a.eid, and the four-carbon orgar..1.c aci.48. 

Ill trfilli to find '" suitable polyphent>l h& road that d1eydroxr£ilwnYlalaniae in

~ the OXJ'l«l eonSW11ption by t.W.1> ti.a••• 

!tyrosinASe ( ;,.10.lyphenol. old.d.ase} is reeponsible for a,,~ 0£ the 0X7gen 

uptake 'by potato tissue aceorilng to »tJ.ter ~d Nelaoa (8). Cateehol w&s ueed 

as a eubstJ".1tE1 and th& eour&e of the old.ds:tum ~ tollowe;;l O.VCll' s•vori:i.l noura. 

At t he beginning the rate of oxygen OOIUmmption inereaeed bQt as time propessed. 

the :rnte began to decrease till i t. i'ell be:l.ow· the en1f;genous l.ev•l. Also uaed 

a::, aubatratee were .2-tert.-butylc:s.techi:,l, protoea:t.•ehuie &eid, aad ,2-ar-•eol• 

and it war.s tmm.d t.b~t 'the ox1d.atioo of ~t.ert.-but1lenrt.eohel Wai$ 6imi~etr to 

that of Oi.i.t•ehol. Protoe~teebuic ,teid a.s the substrirt& C3UBed n:, dimi:nutioa ;\ 

even at 250 .:ainutes. They f o\md thut 4-n!trooatechol and I .CH botb. in.hibited t.he 



eudog=ous reap1rat.ion .. 

;iObi.na® and· N eleon ( 9) ad~ .i.-trroeine .md ateCO:rbic acid ta potato 

·tuber slices previou.B.ly washed in nmning tap water for 24 boura, a:nd 

.found t.hnt. no L-tyroaine •as od.dized till .-u.l of the ascorbic did hl!ld been 

oxidised:. 'l'yrosinue acted more rapidl.y on dil11dr(~ phellJflalanin• than on 

t;rroaine. Aeet:rbio acid reducee all or t.he corresponding quinoo.e to OOP I •• 

They BUF..gested t~t DOPA. is the hydrogen carrier thf.rt- .functions ad.Jaeent. to 

the te;nd.nal oxid.cLM in the potato tuber., 

Bonner and Wildmq (21) used both u bre1 prepared from Ythi.?l& leave-s of 

the apinaoh and tho whole c-ytopl.t.'i.Bm o.f spinach l.eaves- and ab,,wed th,,st these 

leaws contained a higbly act.iYe poly-phenol oxidase. The addition ot cateoho.l 

oi· ~haayla.laaine to eit her of then caused a ma.:rked increaae in the 

ox;rge ctmsumpt1o.n.. 'in.a ,:.-xidation of e&tecbol was imd.bited by" J?:--nitropbenol,. 

and to a. less extent. by .2""ftitropheno1.. The emoge&1®1!1 r-eap1:rat1Qll was inhib

ited by HON. 

Li ~d lJonner (14) uae:4 Chinese tef:f. l.•1vea t.o hrvelttiga.te the t\V,. oxi.da&e 

that i:3- reaspeuible fort.be ecnversion of green tea to black te!i.. Cat.ecbol 

~ to tea oxidase eauaed un inere,asod. o.q-gei1 consumption.. KCN di.d .not. in

hihtt the eot.io». of cateohol, but weak. concent.ra.t1aas of ,R:-Ditrophenol did in

hibit this oxidation. How-ever, ua1n& minced leaf tissue in phoa.phate buffer 

they were able to :mow no increaaed a:xs-&en uptake b,- the addition of ca:te:chol. 

1-u:n alightl.y inhibited nori!t'.J. toa.-leaf r$$pirl4tion. .2-111t.roph&-nol wae lua in

hibito.r;y than on cat.eehol and th.a te1i ox1das-e. They euncluded therefore, t.h~-.t 

•tea oxl.dase does not. appe~r to pa.rticipa.te in nonua.l l~..f r eepir-1:1t.ion of t he 

tea p.l~t.• 

?he oqg-en uptr~ .e by cw-rot root.s was .fo\Uld to bt: r eversi bly inhibited by 
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.~ MDOx1d•, ma. l.oW eoncctrati(mfJ or eJ'Wd:& and uide in work done 'b7 

l'I.G"eh uld ~ (s ). theff Ulbtb.ltor. ai:re. tmo11B to •uudl.7 af'teett c,to

~ uideae. lOO IIC• aaia,l.• of illrlatun oarrot ueves ••re i'l.oat.ed cm 

~ha~t· lllt.t'C" .. ~e inhild:tory .ttect. of mm. aea,, end eo •• not.eel. 

fbe 'Ga ~ie b,f u'IU:n lea.Yes ns oot inhibited by the:ee. 

The pre.aeaoe of .~ oxldaee 1a Wheat eahrfGa •as den.out-rated bl' 

Broc lllDd G~ (6). 'fhey f ound th1d, RC&. lhdlh and CO ilshibited the oqgea. 

uptake b7 embrfos fr• iatut. 11'h.at aeed.S., fh• add:1 tion o! cyt.ochrOlle and 

~-- to cyt,oobr'oae oxidaao ext!'~ from the wheat «Jlbryo atiaw.ated 

__. oon&U11ptioa. Di.~-,lalaada• m c(Jlll.'.\iaation with cyt~ 

and \be oxid•1e ex\raet oaued an iDa.reased 02 eonauaption. tae inhibitoq. 

a..."'f"'1Dc the tntaat t.-i.Nwt al• ~ the o]Q'J• uptake of the syateu• 

o,1o*oae + ~ohrom.e oxidap + either b:,droquina1u,,, .2-phen,yleaediamille, 

or ~dro~laliAld.ne. 

Hende1"80D m d Staurfa (10) 1rrvwtigated the itt£henee of a,.)me r•spiratot:7 

inbibi:tore Qt\ the r espiraU• o·f deiaed tomato roots. An enzy'lle SY.it.ell 

iahtl,.t.ku by aside and cyanide was fo.und. lo it:.?.lOU{lt ...... sasitive or fl\1Gl'i.de

.-si,t,ive ays\em• were dNCD.tn.ted. Thi$ hs.e eiiailu c.bara.eteri-s:~ie• to tM 

~e #stem. lodo&cet&t.e at o .. .001 II coaectntd.oe alao iahibi~ rs.the 

et~lr. 

Go&iard (ll) .ht.,. iaol&ted oy-toohro11e C troa Wheat prm and f:,und t.bfd 

i.t has the Mae absorptioe apeotn u he.art cytochrou c, aJld could be c.:Lal,... 

,-ti.oally oxtdiaed 'by' n•t nd heut. ~- onctaae. 
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EXPERIMmTAL 

Materi al: Swiss chard, ~ Vulga.rie Var. Cicla, L. var. unk.-nown, wa s obtcdned 

from a well- fertilized field plot. 'I'he center le.:.ves unmolested by insects were 

used. The wheat, Tri ticum aestivum, L., var. P<1wnee, and soybean, Glycine~' 

1.'lerr., v'.ir. Ogden , leaves were t ,:1ken from plants grow in soil in the greenhouse. 

The peet potato, lpomoea Batdtas, La.m., V'ci.r. Porto -"~ican, le<1ves were obt ,.ined 

f r om plants grown in low-nitrogen nutrient solution in t he greenhouse. The 

tom1:1t.o, Lycopersicon esculentum, Mill., V IJ.X' . Rutgers, plants wex·e germinated 

in soil ;.;.nd \lhen 21 days ol d were tr:J,t1sp:L:i.nted t o nutrient solution which con

t ained the following concentr::..tions of reagents made up in wat er redistii.led f r om 

an all glass still: 

. 002 r.t K2HP04 

.006 M Ca(tm,) 2 

. 003 lit MgS04, 

.003 M (NH4 )2S04 

4.62 :x: 10-5 M H3 BO, 

1.85 x 10-6 M MnClz .4li20 

7. 73 x. 10-7 M ZnS04 .7H20 

6. 46 X 10-7 ,'a H2Mo04. Ha,O 

l , fit stock solutions o.frthe first four salts were purified according to t he 

inethod gi ven by Stout and Arnon (16) t o r emove Cu, Fe, <'.nd Mn . Tho l a tter 

f our salts ,, sre c .::.mbined and !!.t u concentration such t hat 1 ml . could be added to 

each liter of culture sol ution with the f inal c,,n centi·a ti,: .. n obtained as 

indcated. 

This solut i on was changed a bout every 10 days and a t this time 1 (J.l . of a 

0 . 0 5,,; iron t.artrate solut ion was added. In t he i ntervening time the 2- liter 

beaker s were kept full wit.h r"=d istil led water . eiach be ,a \ter cont,..ined s ix 
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tomato pll:i.nts. '.:.'here were lO beu.icers, 4 controls, i:tnd 6 copp.er !'roe. l nJ.. 

0! . 008,;; eopper sulfate solution was added t o the control be<1ke.ris with e n.eh 

change 1D nutrient sol.ut,ion. 

the pli:.ats in th(p copve:r- free medium. g-rew to..s rapidly !is th:;se in the 

control cult.Ve until ~bout 4:; days at'ter t-r<.lllsploting. iit this tints the 

leaves of the pJ.,1.nts 1n the C,">pper- fres medium began to curl up 1.md yellow 

spats a.ppeared on the leave&. l'he ~?n~rol pl atit& continued to grow and the 

!eaves developed l:k1:rmally. Ho•ever, a.fte.r thie time the leavea of the copper

deficient plCl.llt.a failed t o gro• v..rger. lt was noted th!it even wit.bin 23 

deys after transplanting the root syate:n of the plants in the copper- free 

=wlut1on were uot. as exten.eive t~s those in the control s olution, ~d ueo a 

fungus growth covered the root.s 01· nll the eopJ,er-d-ef:leient pl.ants, tmd thili 

growth waa i.i.l>aent from ill o!' the c. ,ntr-:,1 pl.ant e. 

:Coppe1~ wq z..dd-1 to one set of pl~ts in which the deficiency had bcco:ltle 

ma:t"ked. Iii thin one day the leavew o-f t-his plant began to str{dghten out and 

l c,ok healthier in general. Within 10 da;:rs this plant looked nt.1l'ilUll as ctJapared 

t o the control•• In tho c.,;u:rae 01· the e;x:perim.ent 1 t outlived all ()f the other 

pl "'11ts with the except.ion <•f one se"' :;;f CDtrtl•r,~u. 

~ff§ and In}l:.lbi!:gra: The sodium diethylditui oc.arb;mi~,te :.,ncl .9.-nitrophenol. 

inhibitors, and eatecbol, l u.ctic wud., glyeollic itcid, i:l.nd dihydri::;~heny'l.

~ substr"tes were wi.de up in phoephate ba.ffer of 0. 1 M and the pH 

~u.sted t.o 6 using bromtbym(_,l blue indie ,'l't.;.1-r. l:he a.seorbic a.aid subetra..t& 

was prepJred fresh ea.ch t.ilae · it was used. 

Collttt.i<a ...;d 'fn,.tment. of ~§i!;!plu: ,:,lr..i..CJO cha.rd -'~T ~Uected in th$ fall 

• - eknow.i.o~ ... ~t 1., m,ide o-t the gift. of the Do• Ch-.ieal. Cor.iJ•, 3lidl~d, 

Michigan., for t he fui.l.teri.u u.sed. 



mum the •priaa from Rll-terliliaed ti.eld GU.ltun. 0th• plant.• we:1·e 

P'01'l under DOJ'Ul. ~· conditions .du.11.q the 1ainter and spr1Ja&. Tbit 

~ and 1114-rib were NaoTed ,md leaf-blade tu•• only uaeo.. The laav'88 

..,.. aver ~ earlier than l/2 hour Detore use. 

TM NU-he• extract wu uauUy obulUd by irind1De about 15 anu 

of the aetJ.Tely' 119"abol1sille l.Mf tiaaue witb aand and )0 al. of O.l I pboa

pba.te tufter, pH 6.o, ia a aorur ud .thin1111 tbroUCh a muaU11 olo~ 

In the case or ~ i»kto1 and lwiu ebard ater oa the ..U-fne ·ext.ran 

was obt.aiaed b,r holllogerd.aJ.ac about 25 crau ot leat ilitnte with SO ml. of the 

photpak bitter ill the Wariag bleder and 11:trdaillg the homlen&k thJ'CIIICb 

r.mal.ia. 

¥...-'l .q.t Oxn9 QeunrzMrs The amoaat of ~- OQRIR11Ded by the oell

f"6 atn.ct. wu ..aeured uiac the War'l'Jw:-g coutaud,- T01ue r•apiromet.r, 

at. ;o.ooc. The total volume of the conent.a ot the fluke was alwan, kept 

at ;.is al. with con'\en\s as tollowea OJ.5 ml. sa:turat.d KOR J>iue a tut .. 

paper wiek ia tbe oa'lt.er well t o a.beol"'b the CO2 evolved, l ill. of sw.1.n.te 

in 1be sida&rta, l or 2 ml. of oellrtrae e.xtract ill the main porlioa, l ml. 

inb!.ld.t.or J.a the mairi portiQA, and When Aee&iifl:al7, l 1111. of' 0.1 11, pi6 pho.,.. 

pbak ·IIDtf• iJI tbe uia por'1oa.. i'he tl.aeka were al•8"• equ1llbnted 1; 

llimltea, after wldcm the eont•ts of the sideara wu ttdded to the oell-tree 

at'.not. .tad the decre&ale io pres:SUl"e J.D each fJ.ask •• noted tor each lO 

minute aterral. tor a min1'4WI · o.t 6fJ 111Dutea. '?be cubic miorol.1:iffs of oxqen 

per~ ni:trogs pw- hour (Qo.1(1)} was eal.eullited ue1ng the 60 minut,e v&lue. 

Chfiipty. ¥!:MwM• th• nitroga in the leaf Ussue pr•parat.ioae was det.enu..aed 

by a semi-micro mod.ii'icaUon o! the K.feldabl prootdun. BH, liberated ey 

exeess alkali was diatilled tato 'borto acid• and t1trat.ed with B/56 BaS0.4 • 
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RESUL'l'S 

StH4ies on Poltphenoloxidyei The general importance which has been attached. 

to thia enzyme as a principal terminal oxidase in pl ant organs prompted in

vestigation of it.s role in l.eai' tissue as a preliminary t:.t.ep • .Initial stud.tea 

we.re mad& u.aing cateehol as a subatra.te; l ater dlbydrox;yphen)"lalanine became 

avedlabl.e and was su'betituted. Si.nee i t had been shown that sodium dietbyl

dithioearbama:te wa.s a powerful inhibitor of c»ppe1·-centaJ.ning enzymes, i te 

effect on tho endogenous rate of o .. canaumpt.ion was studied and compared with 

t.h~t 1a the presence of added substrate. fable l presents the results of a. 

number of aueh experiments uing various spec4.es of pl!Ults, mostly R,teotzle

d@lttM:t,, with ca~ecbol ae eubst.ra.w. f~e l presents a portion or this 

4ata in pa.phie form. 

It ae iouad that. t.he addition of cawcmol to flll•t'ree extracts of SWiaa 

oha:rd, •••et potato and toms.to caused a gred, inereaee in 0.1 consumption ovw, 

the etndogenoua l.eY-1. In ao,-beana and Whea~, however, there was a reduced 

pol7Phenol od.dase a.etivit7. i'indo&enoua 02 eonsumpt.1.ou waf. variacle, wt 1n no 

instance we.a a large endogeraous ro.t.e obaerred 1n the preparations used. 

Aaoaal.oua re8Ults weN obaerved in the emploY'Qlent of sodium 4iethy'ld1thio

carb$.mate a.a. an inhibitor in that, with few e:xceptiona, little or no reduetion 

in Oz C0B•u..ptio11 either in the presence or abaenee of subatr&:t.e was observed.,, 

Swiss chard lea! prepare.tioia, f<n- example, showed variable results when this 

inhibitor waa added in th• preeenoe of ea.techol a.e aubatrl!.te. In dift·erent 

nma, 0.01 a inhibitor showed no inb1:bit1oJ!t While 0.003 M reduced O.i conaumption 

'b1 3/i;;:,.. In several caaea, aotwu increases 1n · Oi con8W!1ption w.-a obo•ned; 

the $'1pi.tioa:nee of these obaenations is q,uest!onable because in all such 

cases the tot.al O;.a consumed was .:1quite amall1c thue increasing t.he poss ibUi't)" 

of prooeciural. error. 
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EFFECT OF CATECHOL ON Oa UPTAKE BY CELL-FREE 
EXTRACT OF SWISS CHARD, SWEET POTATO, AND 

TOMATO LEAVES 
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The addition of dihydroqpheR7lalanine t.o the eell-free extrs.et6 ot · 

eweet potato .and toraa:t.o liketriae caused a marked increase in the conau.aption 

ot ~gen over the endogenous leTe.l.. Thi.e is sho1111 graphieal.11 in 1'igure 2. 

ln soybean, the increase in 0.a coniSwaption w-as much less noticeable in the 

pre.senee ot added substrate • .Polyphenol. oxidaae ae'tion on DuPA could not be 

demonstnt&d in wheat leaf tissue. It had been shown th.::.t ,2-nitrophenoJ. ( 21) 

is an inhibit.or of pol.yphenol oxidase. Table U ebowe tht;.t, the uase of this 

inhibit.or under our conditiona had practically no eff ect en the r ato of' 02 

eon•:unlptioa either in the presence or absence of DOPA as a. subatr'dte. The 

•ffeet of sodium dietbylditbiocarbamat• is &hown 1n Table III. Considerable 

inbib1t1on was demonstrable in only one in.etanc:e. 

Representative determinations aho1dnt the effect of these t.wo inhibitor• 

with tomato preparatiou are preeented grapbicall;,y in Figure J. 

y19rbie Aeid Oxidyei This ensyme has alao be.m suggested as a metabolically 

1mpol"ta11t terndnal oxid&ae in higher plant.a. A aeries of studies were made, 

therefore, using aacorbic aeid as a &-ubatn.tc. The a.ct.ion of sodium diethyl,

d.ithiocarbamate as an inhibitor la sho'tfil by data presented in Table IV. 

'Jhe addition o! ucorb1c acid to tho oel.l,..free extract of t>o;yb&aaa eaued 

a marked increae• in o~gen eonawaption over the end,:,geaous level. In eweet 

potato and Swiss chard ascorbic acid oxidaae was preoent in reduced amounts, 

ass.a only a low level of act.ivity could bt!l deaoz:urtratea 1n wheat. 

Sodium d.1etbyld1thiocarb&mate inb.ibited ascorbic acid o:x:idatlon 1n Swias 

cha.rd and so7beane in proportion t o tne eon.eent.ra.tion of carbam.at.e used. T-h1a 

la ah.own graphiea.lly in the ca.so of Swi•• Cha.rd in Figure 4. This e.tTeet wu 

also noted in the C&8& of wheat in two out. of three nms. ihe endoaenous 

r .. piration of these pla.nt• was not inhibited exeept in one or two isolated 

inataucet. by t.he concctrat.1.one of inhibitor uaed. Ia contra•t to the en:·ect. 
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UFECT OF DIHYDROXYPHENYLALANINE ON OXYGEN UPTAKE 
BY CELL-FREE EXTRACT OF SOYBEAN, SWEET POTATO, 
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in theae plunts, c&.rbamate inhibitor had no effect on the asco1'bic &cid 

oxida tion by cell--f ree extract cf swoe<f; ;;ot~to le.':'!Ves. In f ac t ti 0. 001 M 

eonoentration stimulated 02 oonsu..'tlption markedly 1n two out of three ca.aes. 

One of these inst,.nce£ i s presen+,ed gra_phieally iu Figure 5 • 

19 

. ;u.ul}i.t.- i.!,Y;drox;x: Acid .Q.ndas~: This enzyme,,, fir ~t described b;r J .fflea and Cr&gg 

(7) is,. ,3ide f r om the t•o •aymcs prmously studied, one of the i'ew tenainal. 

oxi.uative e<nzyuH,s: ~hich haNe been demonstr'';l;ted in plant tissues. fh.e details 

of tho mecha.nis:A of oxids.tion hc:.s no·t been thoroughly studied, but it appnn.rs 

!rora -,;,he work oi Clagett (17) that l act ic acid is o:.rj.dized t() pyruvic acid; 

the oxidation prc,th.1.ct r:1f glycollic acid., t he o:xide.tbn o.i' 11hicu is r.-el cttivaly 

much ;:;:iore rapid th~m l act.::;.te, huf, aot bt1e11 c L1i!traet.,,ri:u"d• Prc;liminu.ry studies 

with this enzy1ne were ma.de to aGse es its reb.tive ~ctivity 1n ccmp.i.ris<m with 

r,olyphEmol oxid.a.s.e a.nd '.t:::: c.:1rbic acid ,y.d ,la.-se. Da.t<J fr:')m theB(; studi,:;: 16 

presented m Table V.. L;-,ctic acid caused a slight increa se 1n the o:,.,7gen 

con$.lw.ption ovei:i.· tli.e endog:enoue level when udJ-ed to ·t.h~ cel.1-!'rlie ext~u,ts or 

soyb.:-~"'<llc , 1.md t ,Gmsto gr:)?.'tt i.u b :-;:th sot J. Hn,: 1::oluti,,n cul tu.re. ~he1.1t l@,'l.f 

prep-.:.r.l tic,nS> d.:ld not :;.:ddize eit.her l ra.eta.te or glyeolla te. 'iomF.i;to leaf prep

ar ~tions from. plants in both s::ill and solu.tion culture oxidized glyoolla te 

more :::apirily thnn lMt..'}.te.. Repr·esent,3.tive examplr·11t ::a·e presented in gre.phie 

form in Figure 6. 

Ef!ec~ of Co2eer Deficiency au Plant Oxid~e§: 1'he kl'1own presenc@ of copper 

in some of the terminal t,L.!llt. orldase~ made it o!· iutere::.t to determine t he 

e.tf eet of copi:iex· de.fieiency on the o.xidases previously s tudied. Copper defio

i en t t.oma.to plw:its v:ere grown aB previ:..,usly d~ser ibed and the relative coneen

t.ra.tii:,n oi' enzyme in normal and copper deflei ent plants determined. These 

data :-:re presented in I 1:d:il.e n .. 

The fi.ddition of dihydrox;rphenyla.l.mine to t.lle oell-1're-0 extract f rom t he 



' ,-f \ 
\ 
\ 

\ 
\ 

\ 
\ 
\ 

\ 
\ 

\ 
\ 

' 

' t<'.\ \ 

\ 

\ 

\ 

\ 
\ 

\ 
\ 

\ 
\ 
\ 

\ 
\ 

\ 

\ 

\ 

' \ 
\ 

\ 

' 

' \ 
' ' ' ' \ 

\ 
\ 

\ 

' \ 

\ 

\ 

\ 

\ 
\ 

\ 
\ 

\ 

\ 

\ 

H\ 
\ 

\ 

\ 
\ 

\ 

\ 

\ 

' \ 

\ 

' 

' \ 

\ 

' \ 
\ 

\ 

' ' 

\ 
\ 

\ 

' 

\ 
\ 
\ 

\ 

\ 

' \ 

\ 

\ 

\ 

\ 
\ 

\ 

\ 
\ 

\ 
\ 

\ 

\ 

\ 

\ 

\ 

\ 
\ 
\ 
' ' 
\ 
\ 

\ 

' \ 
\ 

' \ 

• 

\ \ \ 
\ 

\ 
\ 

' 

\ 

\ 
\ 

\ 

' ' ' ' \ 

\ 
\ 

\ 

' \ 
\ \ 

\ 
\ 
\ 

\ 
\ 
\ 

' \ 
' 



TalwJ f 

BPFICT (fl GLICOWC .itiD LACTIC .CIDS 01l OllG.ifi C0180r1Pfl0It 

illdoceiuu 7 

L~o:U• Acid .., ... .,.. u 
Gly~c AA4 u 

TOKAIO 
&JUJ'?lOI 
OULttJRE 

ll 

4' 

1' 

JG 

~o 
SOIL 

CUt.TOR.i 

6 

~ 

6 

61 

17 

~ 



mmlt o,./ . Figure 5 
HlFFECT OF SODIUM DlETHYLDl'fHIOCARB.AMATE 

ml. .F .E. ON OXYGEN UPTAKE BI SWEET 
.POTATO AND ASCORBIC ACID 2 

Jl.60 l 1 Ascorbic Aoid ,,. 
/ 

2 Ascorbic Acid+ .03311 carbamate 
,,, ,,., 

3 Ascorbic Acid+ .0033M carbamate 
,,., ,,., 

..... 
4 hdogenous ,,., 
5 Endogenous+ .03311 carbamate 

,,., , 
140 I 6 Endogenous+ .0033M oarbamate / ,, ,,., ,,, ,,, 

/ 
/ ,,, , 

Jl20 I 
/ 

/ , 
/ 

/ 
/ 

/ 
/ ,,, 

100 I 
/ 3 / 

/ .,.. , --/ -, / .... - 1 / -/ - ,, 
/ 

... ..... 
/ -/ 

.... 
80 L 

/ 
,.. 

/ / .... ,.. ,, ,.. 
/ / ... 

/ / . -,,., /; 
/ ,,., ..... 

/ ,,., 
/ / 

/ 
., ..... 

60 I / / --,, ., 
/ ,,,, . ,,,_,,. 

/ ,, / ..... ,. 
/ ,, -

/ 
,,,.,,. 

/ ~ -
/ -~ 

40 I , ......... -:."' 
/ ..... _.,, 

/ / '-
/ ~-~ 

/ -~ / ...... -., 
/ ,, ,,,, .,,. ,, , ,, -20 I 

,, ,.. ,,, 6 / / ,, 
/ 

/ ,, ..... 

/ 
,, ,,, 

" 
,, 

..... ,,,, / .,.. ,,, .......... ,. 
~ I -.,.. .,.. 

; .,,. 
.0 

Tille (11.inutes) 



Table VI 

m'EC'! OF OOPA OB OUQli.l fflA.U BIT~ L.EB.VES 
.'.~--

Dueript.1.QG at '.fo;aa.to 'i>qe ~t.d . ~~{I) 
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leavu of the cepper_,defieient. tomatc produced little o~ no :inereq.e in the 

O,i eonswapt:i.Ga aboY• the endogmou lwel., wber9&$.1 this za.iue substrate ilu::r..,_ 

aed the~ cor.aaumpt1GA or t.tle normal ~uto plant man, hundred ~r cent. , 

Thi• ia sh.Q'tin in Figure 7 • 

It W&fltiot.1M\ that at the ead. of a run ua1ng ~e normal end deficient 'ti..,. 

auo ~+DOPA. t.ba.t the !laolta conta.ining the 11o;rm,u utract + DOPA 

ahowad a~ atllolmt e'f oxida\1oa or the a:ubetrat.~ t.o the dark pi.pent, whereaa, 

no oxtcla.tioa <o£ DOPA by the a.mol"!l.al U.aaue was erident. 

the et.f.ot. of the &dm:lniatratiOG of 2 I'll• of cow-r pex- oulture to the 
.,, .,.\ v, 

copper-detio1eD·t t,,Jme.to plant appea.n in the ab1ll t1" of the cell-free utrad 

h-oa the 1-..u of thie pl.ant to oxidiae OOPA within five daye att.r the treat

un\ ~ ~ FiiL1,N 8 &1h<*a the effect oft.he length of time of copper 

ada1ni1ts'a-U. oa. tiu. increase in DOPA oxldat1oa b)" the extraot from the onoe 

copper-defidct plant. 

A ttei- t.he ada:hd.atra.tioa of 2 mg. or copper o•er a t;>erlod of 15 da7a to 

ano aet of oopper-de!"icieut. pl.ante, the plants were a«e.in placed. in a eoppel"

f'rH med.tum. Tbirty-.!ght dqs aft.er copper wu agaia removed, the appear.\l.D.ce 

A nm fl&S made iD w·hich 3 111&• of avpper 1fU added to the cel.l-ine extt'act. 

+ OOPA system .. There was a Tery- all&h:t. :i.Dcreaao in o~gen coneumption over 

the ~ lwel, to Which D<J coppet· m.41.i boe.n added. 

De~Uoa of tb-• ascorbic acid oxid-.se acti•1t.,. of eell-free extract.a 
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ap;;recia.'ble activity; aomal. cant.ent of the enr.yma was r•stored aft.er 1.5 days 

on a sohtion containing copp•r. 

The addition of lactic acid to the ~'!.tt·act from the Cu...dttficuent t oma."io 

produced & Q. o,a(N) of 29 uga1nst an ando,eenous ~oa(N) o! 4• Thi• was of the 

sa.llie ordar of mq:nitude a.a t.hat produced in the contr-vl ~te in both aoil 

and solution eulture in Which the r-eapeotive ~ 1 (li), oonec\ed for t.he end

ogenous 01 co11eumptioe, were 24 .aDd J2. 
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EFFECT OF COPPER TREATMENT ON COPPER DEFICih:NT TOMATO 
WITH RESPECT TO DilIYDROXYPHENYLALANINE OXIDATION 
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DIS0USS10I 

Aver, powortul po~ o.xid~ •a.a found to be PN•ea\ in t..0mato 

.md ..-.et potato• ~d to a l.ea.s exte11t in Swi•• ab.ad, as a.e d•~•tra.t.ed 

bf th1l ff:FT tr•i.rt. iaerease ill ~.(Ii) on adciiti!.m ::>t Cl'J.teohol or dib1droXJ

pi1ayltludae to ext.r~et. froa the le;:i.f tiaSIMI of thee• p.lmiti.. So1bean ~ 

:~ Haaiw.t le-~ ac\iY• pol.ypb.eaol onaae ail.\0:e the .addition ,,f the ~v• 

raen.t.J.oaed iUbst-ratee caused oal.y a ltlight. rifle in the oxygen COllSWlptinn over 

the endogenou l&Yel. Polyphcol ondau ia not a.cti:n in •heat. since no 

e,.~t ia~• in ~o,(10 could be produc.a. with t.h• addit.ioa ot OOPi or 

eat.chol. 

It) inbibitioa by aod.iua dieth;rldithiooarbautt.e or ,2-=itropherwl in the 

coocet.rat.icne ued could be de?.1u:iru1wat.a f&r •itb6r ca.tec:hol or DOPA oxidation. 

Kellin and &.J.M (13) bad &hon that pvlyphen ,:.l ODJiaee n.s a copper p.r~tein 

C"'.>~plu, e..n4 Stotz, Can.er,, and Kiag (19) had ~'luWU t.M.t sodium diet.h)'ldithio

evbua~ is R powerful iahib1t.or of at9ooro1o ~oi4 odd&aet a copper e,~nt.ain

iDg eru1~. Bonner end Wildinan (;>..J.) sh-:,wed tl1~t. ,2-uit.rophen"Ol worked fairly 

••ll iii.s an inhibitor t or the o.x.ida.:UGD o'! phenols b;f" pol7phuol oxidaee. the 

ta.il.ur• to dem<,utrlkt.o au iaid'&ito17 aeti~.n ot aodia d!eth;;ld1tb1ocurbuatet 

'then.fon, Pf"•••t• u .moaal,y .i-. .,._ aasues th~t eitb•r th• polyph&nol 

c,xid.'.liJ~ of' leaf tisaue is net d•peade!tt. \'JU. the presence of eo;>;p•r for it.a 

acti Ylty or the,t the ocppar-prot.ein ecaplex ill of aueh ci. nc..t"Qi;'e tQ prevont t.he 

aeti.on of the ur.ioitor. I-t 11.ay auo be th,iii. \ o.xidativn o! cateebol a.nu OOP.l 

can be uc"'mpli$h-1 b;r an anz,.e syet.&:a &taer thaa tbei on.e cha.riic:taruod by 

Kellin Uld ii( ·;.i.DD (la) in amahro<JIH as a eor:iper pro'ki.t. Altlloqh Keilln and 

itMm felt th.G.t eo,pper If.tr; eai.&*llti&l fttr t.he a.cti:.'.lA of poly-phenol o.xiaase,. they 

were not abl.• w flnci s. directly proporl..wa&l rel.atioasblp 'IMMMll a.etivity 

and copper Ct'~U"Mn,t.. 
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In oontrast t o the findings m.6tltic.ned !:",bove, t he additi;::,n of D0P1s. to 

Furthermore, extracts fr(1m o. copper- deficient plant t hat h.&i be~n treat ed 

with. oopr,er c,nl;y a r,h.::,rt t-i nte wer6 sbowu k oxidize DOPA, the amount of oxidation 

bf.ii.a.~ in pr-oJ,ortio-n t o the length of t ime cf t.reutment. ill cf t.hia indi cat eu 

the di.mi.nuti on of vo1yphenol oxidaee activity up to JS d6J8 :.1.ftur tre~tment 

was ce.ased, only vei.·y smal..l amoi..mta of coppar :~re neees e:J.:;'.'y f or poJ..rphsnol 

oxidase c.ctivity. 

termin:..,l oxi cia ae in the pl.ants inve.Btig,J.ted sinoe t he inhibitori:. used had no 

o-f. these pltm'ts in the presence of ,;.sea.rbic 1.1.eic1 . t br~ o.x5.tlatioll of a aeorbic 

minru. oxid-'l&e in t.be above mentioaed plJ.nt.1 since no ifl.hibi tion by ca:rbam-nte 

:was demonstrable int.he endogenous oxidation. 
/ 

In the ca.e or t.bis ens.vine /3.S well copr,er d-.f'icieacy 111 :tos.to re8Ulted 
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1n &n inability to o:xidiH ascorbic acid. This is suata,ining evidence for the 

other that copper is an integral part ot' aseo:rbic aei:a orlda$e. 

A WOQ.kly active alpha-hydroxy ae.id oxidase was found in tomato and 

aoybe:m s s waJ sho-wn by the increased: oxygen ooastullption by the cell-free 

extracts or these plants in the pres,mce ot lactate and glycolute. This 

enzyme we.• not found to be active 1n v-eat. since ~h.e addition of lactate 

or p.yeoll ate h~d no effect on ine:reae:..nt; the Qo2'N). Alpbet- b;ydro:IQI' ,~eid 

oxidase appears to~ as .;1ei;,ive in the eopper-d.&ticient t.o•to as ln noral 

as was show by ineree.ses in '4-o;/*) of' comparable ~itude in theaet punts 

on th~ addition of lMtic acid. Th.is suggeat-s th'l.t in QGUtrast. to the sug

g~stion of James & Cra.gg (7), aaeorbie acid o:rldaee is not involved in the 

hydrogf'ln tnnsport mech.mis• ainee t.heee copper-deficient plants "'~re essentiel

ly devoid of the ability to oxidize u.oorbic acid. 

From t..hese data it a-e&1i!IB clear tha t eopper-<:\efioie~t" t,oaato plants a.re 

e-sae..T\tWly ine_npt1ble of oxidizing either LOP.A. or ~fleorbic a.cid . l'he ability 

to oxidia~ the8~ subs-t~tes ie returned ey- &ddlns eop~1· to the nutrient 

Plution. This st.rongly :,1u.ggest.e that c<>pper plays an essential role intb.e 

formation or action oi"' both et these enzymes. The fact toot these eopp&r

deficien.t tomto plante BU.rvlved as long ar~ they did might be att.ributahle 

to t b.e f'8.et t h.~t t..he important t.eniin~l oxidase in the to~to is not Bl Cu 

· oontaining enqim, or that tmoui h cappar tha t w .s obt5.ined when t.ne seeds ¥&-re 

ge:rainated .in. soil w;a,1.1 retained. Both e.,c:plenati.OM ~, in fact, offf}r & 

partial explanation of the continued lit~ of the plant.. 'l~he al-mst eompl~" 

aba&n.ce of either polyphanol orldase or 11a-eor'.t,,ie aei,4 oxi dase ac-ti"tity , 

however, favors the former. 
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1. A. ve:.-r powerful polyphenol oxidwse is preset in t c111.~to and ••eet potato. 

Moderate polyphenol oxidase activity is preatmt in Std.as C:b.!U'd. Poly-' 

phenol oxidaae ia not active 1n wheat. .;.ffli only w;e™'lY acti•• in so.,rbesn. 

2. A st.1\-mgl.y a.et.1ve a scorbic acid oxid.ase is present in Swias cll,.1rd, eo,1~1e, 

~d to:a;i:t,o, and We~y ~oti'Vfl in Wheat. An 81l.ZY91e W&.JS found in sweet 

potato that o,cS.diaed asctlrbic acid but was n::·t inhibited b; sodi.um 

·dietbylditbiocarcamate. 

3. Asoorbic ad.d o:xida~e d:oe.e n~, t appett1· to be M iaportant t.ermin.aJ. oxi~se 

in eweet potato, 8'f.'iss chard• soybe::.u, wbelli.t, or tomu.to in vivq. 

4. A weakly uetiTe alph~drox,y acid o.xidase is presoot in soybeans .md. 

~ a.to, and absci .fr_,,a wheat. 

,. l n copper defieien:ti t ·;,mato plante it waa observed tbat en:llyiaatie oxidatioo 

oi' dibydroxypb.1::nylalaaine and ascorbic aeid by eell-free ext1~acts of leaf 

tissue was a.baent. 

6.. Alpns.-by'droq acid oxid.ase i s n ,Jt deoreasild by tho copper de.f iciency 

Iii..., measured by laetio a.eid oxida tion. 
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