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UCRL-11859" . 

fJ~ Ir'iPROVED ~1in"HOD FOR THr: ISOLATICrN OF CARBOXYD!St.-ruTtS:J:. PROJ3ABill 

IDENTIT'l WITH FRACTIQ.~ I PROTh"..H AND '.rHE P.h'OTF.IN :MO:tm OF 

P,. W. Trown 
.. 

I"rom ·the T.Aboratcry of Chem1cal Biodynamics, ~nnee Radiation Lnbo:rato.cy; 
. I . 

University of california, Berkeley, CS:lifom!a 

An e~sont1all.y homot,"eneOUtl preps.rat10l"l or carboxydisr.m.ltase has been ob­

tained from spina,ch leaves by 8.rl1ITI.On1Wn sulfat~. fractionation and repeated 

g~l filtration on S~phadex · G-200, The en~yme wa3 stab:f:llz.ed during the puri-
. ' 

fication by t.h\1 presence of aulfate ions at a concrmtrat1on of 0.1 M or 
' . .· ~ ;,' . : ·.. ' ' ...... 

graater, which :reversibly ~1b1ts its cutal.vtia activity. Chloride ions at 

similar concent~t1ori eaut-.ed no: inhibition, hut irreversibly deactivated the 

enz:r~ over il period. of sevtlral da,ys" The mOlecular weight o.f carbcx_ydi:JltTUtnsa 

was determined to, be ,"515,000 by aedJ..mentation equilibrium. Its S•;ldi;Mntat1on 

coefficient (f\.i,;o) woo,l8 .. 57 syedbe;~ .. The$e and other physie~f pro~rtie~z 
I 

correspond elosely ~i~h those of·so-<!alled rra.et1on·r protein present _i.n 

· .rn.nny plants, and alno w-lth those or tlw l'~ote~ moiety of protoahlorophyll 

holoohrome obtained ,from soma ~tiolated pla."lte. It is concluded that fraction I· 
• • f • • • 

'1:. 

protein is crude carboxyd1Sll'.Ut.S.S() Which.m..~. als<i mak~ Up th!.'t·· protein tr'Aiety · 
'. ' ' 

of protoehlorophyllholochroma. ·me purified on~;me ahowe~ no s1f,ylificant 
i 

phosphor1bo1nomm•a.sa or phosphor1bu.lo~lna.$e act1 Vities; thes<J enz~i! be-ins; 

re~d1ly sep&rated r~m. cru:tboxyd1am.1taae by th~ procedure employed •. 
' ,•. ' 
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Ih"'''fttDUCTI ON 
' 

The isolation- from .Chloreila of a cell-~~ extract- capable of cata-

lyning the carboxylation of RuDP1 to g1 ve POA was first reported by Q!..myla 

et al. (1954). Soon afterwards. an enzyme, now narood earnoxydismutnse or --
RuDP carooxyla.'ile, was isolated .from spinae.~ by \1/eissba.ch & !!.• (1956), 

an(l independently by Jakoby !!! !!• (1956). The enzyme was purtN.ed about . 

lo-fold from the crude extracts by We1ssbaoh et al. It behaved as an al'OOst -- . 

h~nogeneo~, protein on ultracentrifUgation and electrophoresis, and was 

estimated to have a molecular welght of about 300~1_{)00. Ita sedinx:mtation 

coerr1e1ent waa 17 Svedbers units under the c~~it1ons uaed. 

The similarity or these physical propart1eo to those or a"l apparently 

homogeneous soluble protein obtai.."led from mt'ley higher plants and known as 

"fraction I probein" (Wildman and Bonner, 1947) was noted by Domer~ !!• 
' . 

(1957). Subsequent worl-"..ers (Iqttleton and T'so, 1958; Park &nd Pon, 1961). 

confirmed this observation and demonstrated that carboxydismutase activity 

Wlll3 associated '11th "fraction I protein". r.tore recently a highly purified 

protein-protoehlorophyll cOmplex was isolated from et1olat.ed leaves· (Bonrd- · . 

man, 1962a) which had very s1m1lP..r physical properties to those of fraction ·r · 

proteln and carboxyd1s:nuta.se. It therefor& became or interest to determine· 

the physical properties or hi~ purified carboxydisrrutas~i in order to teat 

its possible identity with fraction I protein and also the protein moiety of ' 

protoehloroi?hyll holochroma. 

The mechanism or action or carboxydis:rrutase has also been the subJect 

of much investigation and speculation (Calvin, 19~llb; Hurwitz'~ !!·• 1956a; · 

Pon, 1960; Pon !l !!.!.•, 1963; Akoyunoglou and Calvin 11 1963). Enzyme purified 

1Abb:revint1ons uaed ·are: RuDP, rib\.ll.ose-1.5--diphosphate; POA.t 3-phosphpglyceric 

,. 

.. 

. " 

' ~. 

acid; R-5-P • ribooe-5-phosphate 1 Ru-.5-?, ribulose-5-phosphate; ATP, adenosine- . 
5'-triphosphnte; EIY!'A• ethylened1aminetetraaeet1c acid; GSH• reduced glutathione; 
SicS. saturated a.~n1um sulfate (70 r/100 ml orieinal volume at 0°]. . . · 
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by the mcthoda desct~!bed in thia pa.por was used 1n more recent studies 1n 

which the mechanism was partially elucidated (Rabin and Trown, l964a; R.'iliin 

and Trown, l964b• Tro-~ and Rabin• 1964). 

For inVestigation of its physical properties and the mechanism of its 

action, a large quantity or very pure, act1ve and, if pos~d.ble, stable en--
. ' 

eyme >-.ras required. The .iaolation procedure or \~eiasbach ~ &· was unsu:ltable 

beeauae. it was lengthy and lo-.-:-y1eld1m7;. An improved procedure We.:J therof'ore 

sought. 

Carboxyd1$trutase has been shown· to be located ma.1nly in the chloroplasts 

.. ·or spinach (Heber !t !!• t 1963), and at .least 90% or the carboxyd1amutase 

activity of' chloroplasts was p1ooeV1ousl.Y ahC\'Jn to be associated l'd.th the. 

colourless supernatant protein obtain~d by high speed centrifugation of soni­

cated or lysed chloroplasts (Parli: and Pon, 1961). 1m extract of lysed chloro­

plasts was therefore used as the starting material for too 1oolation rather 

than a whole-leaf homoeenate which contains ma.'1Y more ,impurities (Pon, 1960; 

. Pon £t !!• 1 1963) •. This coomunicntion describes the subsequent purification. 

of th~ enzyme (by ammonium ))ulfate fractionation and repeated gel filtration 

under special. <3ond1t1ons) and the detenn1nat1on of 'some of itn phy:Jical prO­

perties. 

1'-iate'tials .-~ · sraae ammonium sulfate wan purchMed trom Galla.rd­

Sehlea1nger Chemical Corp •• N. Y.; it ~ve a negative reaction in the cUtt--J.zone 

test for. metal conta."ilinants. Tris buffers at the. desired pH were prepared 

· from 'l'rizma (Sigr.la Chemical Co., St. Louis, Mo.) and re~nt grade bydroc-.hlor1c 

acid or sulf"u.rle acid. They ware propflred as stock solutions (total tr.is, 

l. 0 !i) and treed from henvy-n-etal ion cont.nminAntB as de5cr1bed by RaJ? in and 

TrO'I"'n ( 1964a). The water and dialysis tubing used 1n. the investigations were 

freed of heavy-metal ion contaminants by standard 'procedures (Hug,~a.s and Klotz, 

\ ,.· .. 
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1956; Thiem, 1957), and polyethyle.ne apparatus wan used whem~~r:-:possible. 
. . 

RuDP was pUrer~sed from Calbiochem• Los P..ngeles. Calif •• as too Basalt. 

It wa..<J stated to contain 26% .RuDP and was either used without purification 1n 

aome oft~~ earlier work or was purified as-described by flab1n.~!l· (1958), 

or by continuous electrophoresis in pyridine ncetate buffer (0 •. 25 M in pyri--
·dine_ pH 5. 0) u.a.1ne; a Becl<:man Spinao ~lfode l CP continuous flOi't paper electro­

phoresis c~ll (Trown, 1964). \<!here neeessnr.y • the Ba salt of RuDl' wa<J _conv-erted 

to the Na salt as previously described '(Rabin and Trown, 1964a). 

R-5-P was purchased frotn Calhioohem, Loa Angeles• caur. as the Ba salt. 

It was stated to be 98.3% pure, and waa converted to.the Na-salt (O.l·M) as 
. . -. . 

follows: 10 ms were suspended in water (750 vl) at oc, then Na2 so4 (0.1 ~ 

250 ul) was added. The ;.n1xture was left at 0° !'or 15 min and t."len centrifuged 

to remove the precipitated Ba304• 

ATP was purchased from. Pabst Laboratories. Milwaukee,· Wis., Sephadex C'r-200 

f:rom Pharmacia, Upp;iala. Sweden, and Triton X-100 from :Rohme and Iilwl, Ph11a-

. delph:ta,. Pa. All other chemicals used we1"et rea.~nt grade. 

Protein Determina.t1on.-DrJ' we1l).l-).t measurements on s.alt-freo, h1t!hl.v-purified 

carbo:r.yd.:tsmutase ahowed that a solution of the enzyme containing. o. 71 m:o/ml 

has an optical density of 1,00 (l em path) at 280 mu. Protein eoneentmt1ons 

\<Tere dete:md."led. throughout, using thi$ relationship. · 

i' 

. ·-~: # 

.~,.··' 
Enzymg Assays.-ca.rtJox.ydiemutase activity was determined by rr.en:Jurarnen~ or . . .. 

the aci~table radioactivity produced in t.he reaction betilleen RuDP a."ld Nai111tco
3 

·. 

aa described by RabM. and Trown (l964a). · ApproximatelY 5. Jl$1 'of protein ,.,-ere . 
; ' . 

u5ed in each assay. A unit of cerboxyd1srtutase activity 1s defined M the 

a,;wunt that will fix l llmole of carbon 1n 10 min under the assay conditions used., 

Phosphor1bo1ao:nera.se activity was measured by the procedure or Axelrod 

and Jang (1954), 1n which Ru-5-P produce~ from R-5-? is determined by the. 

eysteine-oarba.zole test. 'l'he mod:1fieat1on described by HUZ.aitz et al. (1956b) .. .......~ 

• 
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The cor.~bined· .activities ot phosphoriboieomera.st"J rmd phosphor1bulokinase · ' ~- . . . 

were datm;mined by an assay ~sing R-5-P, NaH14co
3 

and AT? ws substrates. 1n the 

presence or an excess or carboxydismutnae. The total acid-stable rudioocti vi ty 

present afte.:r the reaction was taken to be proportiOnal to the RuD? produced 
... • 

by th~ t"VTO enzymes being assayed. A typical incubation mL-<turo centa1ned the 

· · following components .in a total volutoo or 250 1o1l: tr1s-chloride buffer:. pH 8.0, 

. :-· 

4 ~- :.rl4 I · 30 li~~; !~e,C12 ; 1.1!'-1; ~~ru. co3~ 25 pC ~i.'!• 3 pr~; R-5-P • l.Z5 pM; ATP, 5 uM; iso-

merase-l<r..inase :m .. txture • npprox.1:mately lO lJ3r purified carboxyd1smutase, 10 lie• 

The mixture was incubated e.t 25° for 10 min and then acetic acid (6 r,t·-· 50 ~Jl) 
• ' • J • 

was added to atop the ca..""boxydbmutrme reaction •. Allquots (25 ul) ~..rere plated :.·: , .. · 

on aluminum planch.~ts for radioa.eti vi ty count in;;. For preparations w1 th very · : . 
. ··. · .. 

lo-~:- act1vit:tes, lon~r incubation ~rioda (up to 6 hr) were employed. A unit : ,!~ .. 

of "1somero!'3e ... k11'11We" activity is defined a.~ the a.mount or . the . ct.>~nbined ~ncymea 

phosphoribo:tsomerasc and phosphoribulokinase requi~d to produce 1 J!mole or.. · .. 

RuDP in 10 min under the conditions described above. It is a,sstJ:Jmd that .all ·; ·.·. · . . 
. . ' . . . 

of the RuDP produced by the 1someras~k1nase mixtw."'e ls converted to ?Gl\ by . 
. · .. ' 

the exceRn aarooxyd!smutase. The carboxydisrwta.se. used in the ass~v \1az a .·. ·· · :· ·· ·· 

-~ 

. :• 

highly pur:tf'ied preparation \>.1.th insignifica."lt isemeraae-ks.lmse. activity.·:.;:; '·;' 

IaGlation of' Carboxyd1smutas~.. l. ~pm•ation of the Chloroplast Extract .,-i 
Chloroplnsta wer~ isolated by differential ce11trifugation from 1.0 k& of spinach ' .· • 

leaves us1ng a phosphate buffered isotonic ttuarose solution (pH 7 .4} as de.scribed · 
.. 

by Park and Pon (1961). · 'lhe chloroplasts were l,7ned with tria-sulf'ate buffer : ·: 
. - ' 

. (0.002 ~ pH 7.4) end sUbsequently removed by centrifugation· at lfo,ooo, x g for ·l · 

10 mtn. The resul"ing supernatant (the "chloroplast .extract") ~-~ made 90% S~23 : 
'· 

\ \o 

· by the add1t.1on or sol1d mnmon1um sulf~te. (the pH being maintained at approx 7. 5 . '. 

by the addition or a concentrated solution. of ammonia) and left overnight at 0°. · 
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· precip:tt.'lt~d at 90% SAS .t"ror~ the chloroplast extract wa.<:~ collectae. by cen-. . 

tri!\tzation at 40~000 x_ g fer 15 min and. .then re-d1.ssolved in trls-sulfate. 
I' . . . 

. btd'.fer (0.01 ~- pii 7.4). 'I'h~ t'irial volt.UM o~ the solution tms 90 ml, and 

. the eonaentmtion of armrooitun !ilUlfate, as determined by conductivity me? .... ~u!"('j­

msnts, was 27 .8%. SAS. The conc~ntration of prot~in 1t"l the solution was 

.28 w,r/ml. Solid a1ruton1um su.lfate was then added to the. solution to 0..'1ta1n 

consecutively 30, .35, 40, 45, so. 60 and 701. S.A.~. After each ad<lttion the 

solution \•las stirred a.t 2° for at· least l r.r and . waa t.,en eentrlfuged at 

40,000 x g for 10 min to collect the precipit~te whichha<i for.red. Each 

precipitated fraction was ~seolved in tris-sulfate buffer (0.01 !1• pH 7 .6), 

a."ld dial:Ysed against the sa."\10 buffer m.t 0° ovem1E.ttt • by the method of Hos-

pelhom (1961). 

3. Gel Filtration onSeohadex G-200.-Arter removal of: the fines by 

decanta.t!on, Sephadex 0-200 waa ~quillbmted with a solution oonta.ining tr1s-

. sulfate buffert 0.1 !i• pH 7.4; ·ammonium sul.t'ate, 0.2 !lJ qsH. 0~001 !:lf EDTA,. 

Na salt, pH 7.4, 0.001 !• Agel column 114 x 4.7 ern was prepared. from th15 ·• 

material and. cooled to 2° f at whioh temperature 8.1.1 subneq,uent operations were .' : 

performed. The 35-40% SAS a.~ 4o-45% SAS cuts from the f'raetiona.l pree:tpi tat .:ton· 
were e0l'lt\1ned and divided into t\!IO parts,· one or which was retain...~ for sub­

sequent purtf'1oat1on. The other half' was dialyaed overnight ar-..ainst a solution 

containing tria-sulfate buffer, ar.rnonium $Ulfate * GSH and F.DTA as above • The · \ 

dialysetl solution (7 .5 ml eonta1n1ng 580 mg prote1."1) was applied to the top 

or the Sepbadex gel bed· (which ~as protected by n disc of' .filter paper) through ~ · 

a glass capillary tube ~., suggested by Porath (196ll). Eltit1on of the oolumn 

was ac.~eved with the same tr1s-sulfa.te butt'er/nrmnon1wn sulfate/GSH/'!WTA 

mixture described above. Arter analysis or the column etrluent by optical 

density fmd enzyrtdc activity r-ueaau.rements, f'motions eontainin; :material \'lith 

i ~· .. 
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·the higJu~st carboxydisnutase activity were combined. The· solution ·WM con-
· .. '': · .. '.: 

• eentrated by precipitation with ammonium sulfate rollovted by centri:fu.gation · 

a"ld re-solution of the precipitate in trls-ourrer (0 o l & ·pH 7. 4) •. · After 

dialysis at.z:ainst more of the solution used a.S effluent of the .first column, 
' .• 

the enzyme solution t'las re ... applied to an identical Sep.l1adex G-200 column to · 

that already d.escrlbede The_ colu.m '#aS eluted 1n .a s1milat' rnanner and fractions 

containing ttte nighest apeci.flc carboxydis.,nutase activity ...,,ere af!";ain combincclo 

Cerboxydismutase was stored, until ~e a.s a suspension· in 50% SAS, at 2°. 

Ef.f'ects of' VO.l"lous .Conpound~ Upon .the Rtab:t.lityt ·or C~rppxydimm;.tase.-
The cQmpounds listed belO"tl t.;ere added at the atated C0!1centrattoris to soluttons 

of partiallY purified ·cru'boxydismutase (35-40% SP,}3 cut) in tr:ts-chloride buffer 

(06001 £1, .pH 7 .6) containing EIJl'A (Na salt, 0.001 !j. pH 7 .ll) • 'The solutions 

· t.:ei'!i:l .~.t~red at 0°. Aliquots \•:ere withdra\m at var1o~3 times and asseyed for 
~ .. 

carboXydismutase acti v1 ty. The co1npou.nda studied were: GSH, 0.001 ?·1; -
·.Triton X-100,. OoOS%,·0.02%, O.Ol%l sodiumdodecyl_Gulfa~, 0.001 !; sodium 

chloride, 0.25 ~ 0.083 £i; amr.onium sul:f'at_e, · 0•25. ·!1.- 0.083 !;1; arnrnonium chloride;· 

0 o 25 !i; a odium sulfateb 0. 25 £1; and potassium phosphate· buffer at pH 7. 6; 
' 

0.2 !111 0.05 !:!.• ond 0.01 !i• · .In the case of the 1norg~1e salts; a sa:nple t-la"J 

withdrarm from each soltJtion bet·..,;een 1~8 tmd '96. hr after the start tltld dialyscd 
. ''·. . . 
overr>.ight against tris~hlor.too· buf'for, 0.001 !:!.:at 0° •. The next dey_. the 

dialysed il.'ld undialysed solutions were· assayed ~t:'the saw.e time for carboxy..: 

dismutase activit~. 
, .. ·,. ~ .. 

''; \•. · .... ' ·.; ...... 
,< 

Inhibition ,or· Cfi!'b.o;xydis,mutase by Sulfat~ ·.and 1i0hc~Pl1ate.-The ·total 
. ;. ' . 

. fixation of co2 by cr.trooxydismutase. in 10 min· at. 25° was measured at six 

dif'!'erent concentrations of :nuD? 1n the absence .. and presence or (a) ~nmonium 
. ·'' 

. ·,·· 
·; 

sulfate, 0.02 !1• (b) amw.oniu.11 sulfate, 0.1 ll• (c) potM~;Jiu.rn phosphate buffer, . ·. · · 



' . 
pH 7.6$ 0.08 Jj. and (d) potassiUt'll phoaphnte buffer, o.o4 !:!.• It waa assur-ed 

that the v~..lues .for·.-the total fixation of co2 vvere proportional to the 

initial rates of reaction under the va.r1oua cond.itiorm. 

Ultr~~entrlfutr.Al f~lzi$is of Purified Carbpx;;o.:i.sn.1l.J.ta
1
se • ._Sedlmentation 

. coefficients of purl.I"'ied carboxydismutt.:We a.t various concentrntion.'3 of protein 

ranging from 1 mg:/ml to lO lrl$Vli'il were determined 1n a solution _contaW.ng ,, 

a:nmonium SUlfate, 0.1 ~ trifs-sulfate buffer1 0.01 !;1.- pH 1~L~, and EDI'.At 0.001 Ji, 

at 4o 75° ·in e. Beckman Sp1nco f:1odel E Ultracentrifuge. Diffus!or1 coefficients·· 

of' cP.rbo:r.ydierutase were detennined in the sexne solvent· at ~.75° and at protein 

concentl"ations \.zith1n the same ran(r,e by use or e. synthetic boundar/ .cell il'l 

the ultra.c.entrlfUge. The p.s,yieig:..h interference optical ey$·tem wa5 employed 
... 

. and the data were computed by the n:ethod or Lont~worth ( 1952) • 

The. ritolecu~ weie."lt or carboxydistrutase was· determined by the method of 

Arehibal4 (1947). at a pr.Ote1n concentration of 7.3 ~yml 1n the ~olv~nt 

already descrlbed.. Pata were obtained fror.ol the . aehlleren . patterns and calcu,.. 
' . 

L~tions rnade as described by Eht~nbere (1957) •. A more accurate value of the 
" . 

~~lecular weight was obt~~ from a sedL~ntntion equilibrium experiment at 

2095 rr.m afld 11.75°. with a solu·tion of earboxyd1smutaae (3.97 mg-/ml) in the 

solvent described above. 

Niscellaooous.- The parti'al specific volume Of On.""boxy<'lisrruta.se W~...S 
; 

calculc1,ted from the densities or solutions of' the enZ"JI'.OO at knovm concentrations 

a"ld of the solvent. Densities were !r.eaaured using a ~~-tussao 5. tl11 density 

bottle at 25° + 0.05°• Pur1!'1ed. oarooxyd1amuta."e waa.;subJeeted to electro-- . . . . . . . 

phoresi$ on 2.5% (final cono.) polyacrylamide gel at pH 7.9. Protein btmds . · · 

were detected by staining the gel ool\l!ll1"l9 1d th Nigrosin in 5% acetic acid. 

·,· 
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. with Pa.itially, p1.tt"1f1ed carboxydismutase shet·red that 1 ·or a number of organ! c 

.compounds testedt only GSH_. .i).O !;1 sucrose and Triton x~lOO e.t a concentration 
' . (;. . 

of 0.;05% protected the enzym'3 a~~a~nat deactivation to any significant ext.ent. 
•'. 

The results of these experL-r4;mts are suurnactzed in Table I •. Although values 

. . . ' . . . . 

perfox'rred approrl!nately every 24 h.t;'B, u:1d indicat~.!d a steady· trend towru:ode~ 

too final va~ues given in '£able I. The variation. in the activity :ren"idning, ;, . 
. . .. :' . ~ 

in· the control soluti.ons varioo cons1der;ID1y bet,.reen the various ex.perirnents ~. 
. . ~ 

The cau~e of this Vffi"'L"-ltion is unknO"r•nl• 'Ihe 1on.1c detergent; sodium dodecyl i 

sulfate~ completely destroyed the earboxydismutaae 1n leas thnrll min in con­

trast with the stabilizing effect shown· by the .non-1on1c detergent. rl'ritori X-lOOo 

(b) InO:f'f)l?.nic compounds.-'l'he eompt:>.rable effects. upo~ the f)tability of 

earboxydismutase of sodium ehlorioe, sodium sulfate.- a1'mxm1wn chloride• t:md 

a.ssomium sulfate at a concentration of 0.25 t~ are. su.rnm..~zed in Ftg. ·lo 
. _....' ' . . 

Scx'iium sulfate and ammonium sulfate had s.:lm1lar ·effects in that they 1nh1b1 ted 

carboxydiSrllUtaSe app!'OXi.rnatel.y 80% intl'lOdia.tely upon addition to the enzyme 

solution. This in.~ibit1on 'ltas ma~tained ~!ith·:tlime but could be completely 

reversed by dialysis w1th restoration or essentially all the initial activity. 

In contrast • atnroonium chloride and s6d1'Gm chloride _caused an apparent acti- -
. ~ . 

\ration of about' 25% above that. or the· co11troi .solution i.rnmed1ately upoo their . 

·' ·addition to the enzyme solutions. H6wever~ this activatiOn was not m.9.1ntained 

since tl".c actiVity decreased with M.~'lci. and could not be reeoveroo by dialysis, .··· 
·· .. ' . .. . . . . 

Potassium phosphate bufter at ~17.6 protected.carboxydismutnse activity in a 

similtw :nw..nner to s()diwn and ammonill'll sulfates,. except that onl;,v 80% of thc­

in1 tial. act1v1 ty was recovered after 120. hr-o on re:'POVal or the phosphate by 



. TABLE ! 

% initial activity 
remain1nr,; after. 

Compou.'1.d added 

% initial activity · 
reinain~ ·arter 

160 hrs · .. _Compound ~ded 160 hrs -;;' 

asH, o.oo1 !1 

Sodium Asco1~te, 0.001 ~ 

Cysteine, o.ool !1 ,' 

Cont1"0l ... no add1 t:l.onS 

Sucro:se, 1.0 !i 

_sucrose, 0.75 ~ 

95 

70 

~. 70 

60 

45·' 

45 

Control - no additions 40 

* No loss of activity during first 72 hrs 

Triton X-100,.0.05% 

Triton X.;.l00 11 0.01% 

'l'riton X-lOOi 0.002%. · 40 

Sodium dodecyl sulfate, 
o.ool r·1 -

Control- no additions 

.• 

40 

·*·No carboxy"-ismutase activ1~y~re-ct after ·l .m1n. 

•>) 
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dia.lysis., PhOsp."J.ate;.also inh1btted c::.rboxydi.~wtase activity: at zero time'• ·. 

solutiOt."la conteJ.ning 9.01# o.os~ and 0.2 ~ potas:sium phosphate at pH.,7 .. 6 

. had respectivel;y 80) 40 i ru1d 5% or the contrOl solution . act1 vity (o 

!n~ibition. of Carboxydisrryut~n.e. py Sulrat~ and Pho!;£;))8;t~.- Figures 2 and 
. . . 

3 ahO\\' the Line~.;eaver-Burk plots for .the inl1ib1tj,on of carboxydismutaoe by 

sulfate and phosphate respe~tively :11 each at t\.YO different concentrations • 

~ .. n;oificatr,1cm of CtU"bOY:)td~m~J.tp.s~.-The results of the fractionation of 

the 90% SA3-prec1p1 tate from the chloropl&st extract are su.rrrn.arized 1n 
( ' .. 

Table II. {iiore than 75% of th.o total protein \'las precipitated in the ra.nge 

35-45% SA.'3 where the highest spec1t'1c carboxyd1sr..uta.l3e activity was also 
. . . . . . 

found. A GO% increase in the ·spec1flc cart>OX'Jdiaroutase activity was achieved 

during; thE} fractionation. The h1.gl'lest ldnase-1sor.'1erase activity wM found in 

·the 40-50% SAS ratlf$e. The ratio of cru."boxyd1sr().lta.se to klnase-iso.-TI~rase 

actlv1t1es decreased with increasing armoonium sulfat~ conce.ntrat1ons fran a 

value or 6.5 to 1 in the 30% SPS cut to 0.45 to 1 1n the aupen1atant f~~. 

the 60% SAS precipitation. 

. The e1utitll"l or carboxydismutase from . the· fir-St ·or the two. eolurnns of 

Sepha.dex 0-?.oo· uaed is shown 1n Fig. ~. Mater1a...t'. with ·an ultraviolet absorption 

rP.ax1murn a~, .260 nl!i. was· separated fl"a11 ca.rboxyd1mwtase . and was eluted both be­

tore the rB<un protein peak and also at'ter ~~ in a lone; ".tail" (not sh<:h'ffi in · .· 

Fig. 4). The specific carboxydismutase activity ·for r,ro.ctions 7.5-100 \ias 

con.'ltant at 1.26 units/mg. but values up to 2.15 untts/mg have been obtained 

in subsequent a1m.1lar pur1flaat1ons. Fractions 75-100 were combined.. concen- .· 

trated, and then applied to the second Sephadex G-200 column as described .in 

the Experir11ental Section. The elution pattern of the second colum.'1. \ila.5 similar 

to that or the first except that the fil"Gt peak '"an very small and .there was 

al.T.ost no "tail". t"'.ater1al .f.rom the peak tractions of the second column had · 
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Spec1.fia "Kinase;.. Caroo-;cyd.isn?.Jto.se/ 
kUu~se-isomere~e 

&SAS 

O.D. 2g0 units 
recovered - '-w.ax 
(% total) (m~) 

Specific Catboxy­
d1smutase activity 

(units/mg)* 
Iso~rase" activity 

. (u..f'lits/rr.g) 
•.; 

ratio ... 

30 

35 

liO 

45 

50 

60 

Supc~r--
natant 
from 

60"" "'AS ·lr) ;:}. 

Chloro­
plast 
Extract 

4.0 260 

1·1 257 

54.5 276 

21.6 277 

5.9 278 

2.4 275 

' ' 

3•6 ·. 273 

- 269 

. ·: ... 0.13 
,::: l ' ,. ~~- .. - -': 

0.02 6.5 

0.23 .. o.o6 3.8 

0.81 '0.22 .3.7 

1 .. 20 0.36 '3.3 

0.35 .• 0.45 0.78 

o.os 0.12 . 0.66 

0.009 0.02. Oo45 

0.21 
.. \ 

* Units as defined in ExPerimental Section.. This U11.it is not the sa.Yile as that 
defined by He1ssba.ch !.t !1,.(1956) • since very different conditions of incu- · 
bation t11th HuDP t.;ere ew.ployed 1n the assay. 
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a specif'ie carl,oxydinmv.tase activity or 1.54 l,lnits/mg, but actiVities up tQ 

2.58 units/rag have be:.en obtained in subsequent similar purifications. Th.:ts . ~ . . 

activity remained constant over a period or several months \1hen the enzyoo 

waa stored as a precipitate in 50% S1'\S. 

The eluate from th& first Sephadex 0-200 ool~~ or a different isolation 

rro.-n· that sho\'m 1n 'Fig. · -4 was alao Mseyed. for phosphoriboisomerose and . ~ . . . ' . . ' . . . 

"isorMrasd.;;.kinasett activities~· The I'CSI.llts of toose· :i..llSflY$ a.t'e sho-.m in !i'ig. 5. 

~'hile 80!ne. phoaphoribOiscme-rase and pnosphoribul~ld.nase activity 11:l:!S eluted 

with the ca:t'"boxydiamutase, the two fol'"rller en~a reached their peak specifi_o 

act1Yit1es· at fractions 180 a11d 190 respeot1Yely ~ wh~m no c~oxydismutaae 

activity could be detected., The elution of ph6sphor1bo1someras~'i and isomerase-
. '' 

kinase actiVities !'rom the seeond Sephadex C't-200 column 1n this· experiment Wa$ 

similar to .that shom{1.'1. Fig. 5, except that r1one of:either activity 1~at'l de-
• • ft • • • ' 

.. 
tected until !'raction:.l50 had been eluted.. 'Ihe_rlla.Xirrurn specific aet1Vit.iea of 

. -
both enzymes again occurt'ad at about fractions 180-190. '· 

The purified earboxydistnutase from the peak fractions . or the second 

Sephadex G-200 column was assayed for isorr.erase.ldnase activity for 6 hra at 

25° in order to obtain enough raclioa.ct.ivity to count. The equi.valont of 1 unit 

of kina.'3e-1sorerase activity ;.ras detected per 20.000. un1t5. or earboxyd:tmnutase 

activity. 

Properties of CarbO'Sldizmutase.-The. se<U:~ntation coefficient of carboxy­

dismutase wa.o; p:ro;")Qrtional· to the concentration or the enzyme. A plot of liS . . . 

versus concentration ·~'las U6ed for the extrapolation to zero conc<?.ntrntion, and ·, . 
. . . . . 

. . 
a value or 11.56 was obtained· for .S0 under· the eond1t1ool emplpyed. Correction.S· 

.. 
. for temperature • viscosity and density • to the . standard a tate fY1Ve ·so 20 \'-' = lA. 57. . . ·. .. . » . . 
'rhe · constant k 1n the equation ... s~ IS = l + l<c \<Jas found to· have a value of 

t ~· • ~ 
1 ' ' 

0.091 (S • sedirnentation coefficient a.t concentration o 1n grams per 100 ml. 
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The di.f.f'U..'i-1on coefficient of. carboxydismutase also varied l1nee.rly vzi th 

concentration and extrapolation. or a plot of D versus c ~~ve D0 = 1.77 X 10-7 

c..;a /see.. Corrections for .temperature, viscos1 ty and dens1 ty, to the standard 

state .save·oP20 w = 2.93 x lo-7 cm2/sec. · ~e partial specific volume. of C?Jr-
' . . 

boxydismutase, as. determined from rreasurements of the dens:tt;ies of enzyme 

·solutions and .solvent, ·~as 0•730 ml/g. 

The rr.salecul:e.r t-teight or carboxydismuta.sei. a.s detennined by Archibald's 

method was 56o.ooo;!: 6o,ooo. Another· value or the moleoul.ar·weight, 559,000. 

wa.-:J obtained using the equatio."l. t4. = RTS/D(l-'Vp) where R 1G the gas constant. 

T is the a.'bsolute te!l\ryerature,. V is the partial specific volume, and p is the 

density or the enzyme solution. The most accurate determ~atlon or the mole­

cular weight was obtained from a sedLTentat1on equilibrium ~xperiment. A 

plot of' the lr£a:M.thm or protein .concentration versus the square or the ·dist.a.."lce 

from the eent~ ~!' rotation (~2) clerlved !'rom this qxperllrent is aho1-:n 1n Fig. 6. · 

T1w molecular weight derlv~d from these data was 515,000!. 10,000. The slight 

heterogeneity or the preparation or earboxyd1smutaee is indicated by the depa:r-

ture from linearity of tho loe e versus x2 plot at high values of ,?-, ;i_ .• e. j 

near the bottom o~ the centrifuge eell. This heterogeneity. \-tas eon!'lrmed when 

the ~nzyme t<llas subjected to electrophoresis on polyacrylamide gel at pH 7 .9. 

., 
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.D-. ¥Jma.U band of QOntaminant which eontitined l~a3, tht.n 1)$ or the total f':txed. 

N:l.zrosin eolou:t? wt.lll> obaet"Jed to move approximately. hal!' e5 rnst tOYJar<;ls 

tlie rmode as dld. the tr~'l.i.'l. protein bend. 

Electron micro!.~phs or th& purified ~nz.vme indic.a,ted that the molecule "' ,. ·- . , 

th~ protein h~,d tieetl .shadOWf.ta with Nlch!'~lEI-~t $!'l.o~1 that tnlmY of the particles 

had a depM~~td.on 1t1 the eWfntre or· the ur>tw-.noo f&ae. Th.ts .findin!~ wns CD't1-

f'lrmed. by ~r reS$olut1on piotl.U'(.'i$ (magnification racto:r Lteo#ooo x) using 
. . 

modiutt~ ph()t:sphotunP,~tate (pli 7 .6) 1n the rwga.tive ~ta1n1ng t~cilnique. ALT¢st 

ev¢1":'/ .Pax'tiel~· hr ... d a.o \~;teet;ron df.)ns~ centre, !.e. • ·the~ vms a bole or­

dei:!l->ezs1on in the r:'l'Olecule which could pe }'>e'.n~trated by th~ phaspnckun~tat~. . 
. . . ' . . . 

S.o:.oo narticle::J · bad an eleotron dense line aero.s11 thf!'m instead or too hole. 
~ . . . . . . 

. Sa':le · ot the ~hysic~l prope1"'ties d~lHn"1b~d Mt)VC are pt-enented :tn 

.. Table II!,.. toget~r witb values obtained PY . otl\Cfl worh~r:s for ~fraction· I 
.. 

proteinu and. protoehloropnyll holoc.~. 

•', . 

.-~ ... ' ; 

·,, 

_;.. 

,·. 

' ' 

-•.i 

• ! 

' 

. ' 
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Sediment.:it ion 
co~at'i"icient 
(Sv-edhergs) 

-1J';>-

sw t2D # 17" 9-l~J. sa 
134?0 11!<1 16.2 ... 16.6b. 

·(!lo 18. t·c 
,,)~0 !;ill • '· ··:> 

~ . .m:l7d 
.:::;oose-rv~d · ., 

s ""l8e w,.2o ·· -
~~o ·lilt 18 s·7f 
''t~~~20 ·. · ..•. 

t l . ,., ' _·t • ·r·• ••'-• ,...,. .. - '&il~at(.wd ····ni' M •••'*'_, •• Ml"frl:Wi p11 f • 

Diffusion .. 
· c(oef'7rtci~r;t -~· ·, · · 

::dO. cm•~>e:ee . · . . . . . 

· D0_ . ·~ 2 60~2 75.b 
14 20. • • 
. ' . 

UCRL-11859 . 

l?rotochlorophyll 
Holcx~:l"~ne 

'Jt;':a: . ..... 

rP c= 2 1h. 
. \~ 20 ·• . 
' . ·'. 

'•'. 

____ ......,......,_...;.;....... ____ ~-----------------..... -"'----· ... 
. P~rtia.l ep!:.~if1c · · .·. * o.69 
volume (nW'!f:) 

!!tOlecular 
,tie1gbt 

; 6001 000 · (~atimate)1 

, 375 ,ooo~i ~, 

· :: .· pi{ 7• 2 · : . tOt'iU!"J~ 
anoa,ea 

Mobi.lity·on. 
el~ntrophosesis 
at stated p.H .. · · · · 

Pert1ola 
d1mena1ons · 
(from.alac­
tron rn:i.cro­
graph.s) 

r .. 
.'·· 

. 100 A 2:00 ~ k 

... 

·pa ·r. 7 to\:~rdn ·a."looed 

PEL6.9. " lJ . ~ 

.1oo_f( ~cc t.k 
"'. 1oo A r 

600,000 i 50 g oooh: •. '. 
• • u~ ' 

/ .. 

.... ··~ 

100 ... 110 ji h . 
'' 

•,. 

a~ <ttfm:raan .et al~(l953); b, tyttleton (1956) J c, K\tpke (1962); · _..J 

d, Wetssb&Oh e£"·!:1..{1956); e, Pon (1960); f~ present study» ~. Smith·. 
and Kupk:e (1950> 1 n, Boa.rd.man (l.96?.a); 1, S~n.t~r gl_.f£..,.(1952); 
J, Sm.1th (1960); J~j; Park ~md Por\ (1961). · · 

• Moleculaz- -rzeif~ht.s calculated assw-11ing; \'1 • o. 75 ml/g. 
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. . 
· ~T<ir:¥1 bloak1ng ~ents et,roh f'..S p-ohloroiY.~t"Cv.ril:>0nzoat¢ a"ld 1odcaoeto/ntd,e 

(!"!$;fl~'tQn ~ !!• (1957), and it h~S b®en. arJ.O\ltn r-ecently th~tt ·ft SUlff'l:f{~cyl 

gr.-.>up is prob-ahl..V an e~a.ent~l pt:u"t of the a.oti.ve :site of the enzyrra (Rabin 
.. 

and 1U'O'im 11 l964a a"ld l964h; TrO'..m. and Rab.in, 1961~). It 'rl~ not surpr•1e1r'l~ 

theretm:~ that re.dw::ed glutathione ,:r;t'Qteeted th0 em-.ynt1.a activity d1.~ring .· 
' 

purif.le$tiont ~l'\'<$jum!.1bly by i$i.bit1on ot' the oxidation of the easru.lt1al 
- ' . . 

Gulf.hydlzyl i~P en the ~neytr.;-e,. That e,y3te:1n~-.~-~jas nQt a.t;le to aet in a 

si.tttil<».r manmr mu"l:y tJ~ relaW to ita~ hitr.hetr' t--educt1.on votentutl. (('.nlvin, 195i~a) ~ 
. . 

. . 

~kins it l.et.u! t-eadily ox1di~~ than th~ ~$ae:1tial et~Y~ m.1lfhydcyl group. 

1't~ protet1t.ion. · thOU!!fl small» af'fordect th~· ~l~~~ by 1.0 !1, .sucroile ie in 

~~mant \dth the !'$sult~ or. Hej.tfusu -~ &· (195?) ·\<tho toond. that polyhy ... · 

dl'O~.y eOOlpt,unds in aenel"Ul sto..bilit&d ct!;tbt>t:lge _leat p1-v.>t~ina. '.t'ha stahll:1zat1on 

of C$x>\~oxyd1smut;ru.>e by tlw non-1o.'11¢ detel."'gent Triton >:: .... 100 'ifJSY be a related. 

pheno-.l;.eno.\'l. Ca:t"~f.'loxydiwr<~Jtasfl: 1a ev.idently a very hJdX'O"j)hilie protein~ ?..s .is 

also e'f1dent :rrail 1ts veey hi~ eolubil! ty in aqu~oue n.olventB ( $Olut:tons co.n ... 

tain1n~~ up to 2.00 mg/mJ. have been obt~tned in the pre$ent 1nve$t1gation). · ·nxts 

hydr<.?phil.ieity MWt b~ due 1n pru."t t:o th~ large number of chtli')i'(td e,~mt~~5 1~he 

enz9Jne ca'!.'Ti~s; ita nAObil1ty on eleetrophol-esi$ at pH 7 .. 7 (Heissb;;v:h et D.l., (1956) . . . . ...,...... ~....... . 

1s renwrkable oonsiderin€ 1te high mol4'l>ewx• we1,!f:.ht. This hi.~&h cty~rg~e ms.y 

accoun~ for the drrurat.io effeot wl:l1eh the i()n1c d.~terrr.~~nt sodium dode~yl st.tl­

fata has 1;1pon th~ eneytin;, contra.stillf,r; sh.:"ll}"llly ·with tha.t or the non-1on:tc 

·' ·<letts~~rit Tl."iton _x ... lOO. peaet:1vat1on ·oy aod:1J.m1 C!o<:leeyl aulfate is irr~:~::diate _·. 

· a.nGi ·1rrevfZroible. !.tlter1:.ct1on ot cbar~ct Bpec:i.es on tM detert!ent and eneym~ . 

could l(tt!\4 to <1121rup~.1on or the tel."tita..'"'J struct~ ·and int~eed ea.l•box;,rdismutase~ 
. . . . . 

i.a bro1oo:n do~'.O into. $\.U?...;u..~its with sedtruentat1on co~'fticients of np:prox:tmatel~t 
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1.1We.~tir~tlona (Tl"'lm.o l96li) • 

~er.1r~ntG td.tb the foul:" p~a1ble 5-h.lt$ or. the c_.at1.on:t Nu+ ~d NHJi + · 

and the anions S014• i:md Cl- indicat~ that the MiOlliC oontent Of the 3Et~tg 

.. . 1: 

' ' 
~. 

I.. ' 

ion!l oaused an Q.pp::r.rent *M~tivation of tl~. e~ymte, '<~h1ch* hO'i'rever-1 ·wn.~ not 

~tatne!la~ and too lon~term ~rpult wa~ perm.rment deactivation• Fh~<Jphmte 

bu.ffer at pH 7•6 had a similat- eff~ct to sulf'nte; Wets~sbn<::t:..,~t.;. .§11• (.1956) '~:\.."­

porte-d both phospn.ate and arsen(tt.e to be inhlb1torn of o~wr)OX,'fdim:rn.:ttt.se. On 

th$ basis of' these limitet~ ;regultstd,:11; ·~~;;"}$ t.he.t divalent tln10ns are able 
';·.· .. 

.,. 

to ltlhib.it and protect the enzyme* W11ere~ the tr.ooovalent a.nion Cl- causes 

deaeti vatlol'h S~ah a result is not w.1.thout :f)l~.ceda'1t; London ~t a1.(1962) . ' ' ............. ~ . 

t~l that prosta,tic acid pri.)spbataae w~~. proteeted by sul.f~l;te .:tons l:lLw.lnst 
_··. ,,. 

th<~naaJ. denaturation, -whi!}~eae the i¢na Cl'"'' t Brt"" and CNS ... accelera~ed the 
. - . <. . 

process. In.~:thlt:ton of enz~m.c actiVity by inor~z,mia ·:lniom£ is :o~3o !'airly 
. ' 

o~on .. fol"' ~i~:il~. tra."'lSaldolal3e .in inhi~ited by. ·inorga."l.:lez ·p.ho.~phate (f;t{;n.$1-

gnore £llt &• (1960). In all ttwse ca!~e$• 1t j.$ p:O$Sible tho.t the r:>.nions er.ie 

ab~ to inhibit emVor protect the eneyme by vit'tue or their.. be1n!1; a.imtlra-" in 

~tl,.U::tum snd,/or c.~g~ di:!l.trlbut1on to the mUbs1Jrote~ whieh.t in the C<'l.ae$ · 
.. , . 

cit~d> 13 M OX'!~tmio phospllat~. · Protection of en:eymen by 8tlbst:rate$ ~sub~ 
-~- ~ . 

strate Bnal¢&\AC!l ha.s often be~n re~orted (e.g., Delol, and Xing:, 19~3; Bt;.rtotl,; . ·•·· 

1951). As previ()Usly su~r~te<l {Do~r gi !k(l95tt t.yttleton and Ts'o• l95S; .·-.' 
. ·. ~· 

Pa.rk 1md Pan, 1961) tmd l'..lso stl"'r.lt.W .1nd1cated b~; results to be discusged 

later, no.called ttf'ract1cn I protein" !s a crude fo~ of <.Un~oxydismtlta..");:: • 

. ,. 
. di~ruta.."le as synon:~nnoius. Such tttterr:.pts have ~h1ays been ecmplicated by the 

; ., t 

.·.,·· 

· .. 
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t~r.tdenay ·of th& enzyme to bintJ other ·;~U:b.ti!tt~ncen to itself' to var;ing de;~~-ees. '­

Among the subztE~ot;!e ~14hioh have at t;;om;.~ time been con~51d~red to he intezX'$.1 · 
. . . . . . 

parts of''tr~et1on. l proteinn ~ eu.-i!;in ~in<! a r)hospbat~'le (Nil<irr.an and J3,·:mner~ · 

ever, Wa1~EJoaClh .. it &~ (1956) wet~ able to obta:tn a pr.eparatlon of ca:rbc~ydis-.. . . . . . . 

. m1..1ta~e "'1h1¢h .did not c6nta:tn at.tX.in. or nucleic neld end ·which had no other 

em::yw.u! aet1V1t.;t hut. that ·.Of cs.r>Joxydls!r.,Jt£lse. . More recently • Va~ Noort ru'ld · · · 
' , r ... ,- ,., 

. . . 

-~ ·, 

rabbit .intioody, tttraetion ! protein" which centattWd carbo7!yd1swu.trt~.e activity· 

bUt not pb.OOphOl:i.bOiSOi':~r.;me Or ph(.~$phoribUlokinaz~ S-Cti.Vity. ·1Ihe p!'eSent·· 

. \fOrk support$ theee 1"ir~dlnr;a a.l'ld further:noN; eho•~ that tile en!j-mes phoophoribo-
- . J·. . 

. . 

· taee 'by care.fu).. ammo.niwJt sttlftt~e rraet1onatioo and cor-.pletel;,t $epnmted- tly . 
' . 

r~peated get filtt;atl(.."ll on Sepnade.x G-200.,_ 'l'his la.tter techniq1.te \~as employed. 

by 'Mendiola and ~~~a (1964) fort.~ Purification o~ «f.raotion I protein" 
. .~ . . 

phosphoriboisO..~rane a!ld l~l'lospboribulok~e :tf .• the:; had b~en ~eparated fr¢rll·. ~ · 
. . .. ":·· . ,. . ' 

earboxydisrnut~e. . ·· .· ·, < :~-'.: ·.-. : t' ·-.~- :::-:· ,. 

'nw position at tt~ftch pbo:llphr.Jriboisomera.Ge.:~nd·pho~phoribuloldnruae we~~· . :.:: .. · · 
·.'-' '; 

eluted fr'om the S~f;h~lileX 0-200 OOlt.lrM indicates that thes$: eneytoou~ have mole-'. 
' ' . ~ . . '·- . . ' ' : ' ,, ' 

eular We1i:t;!~ta O..~.ler'. than· 200 ,OoiJ,. which t$ n<;nnaU.v thOUil;ht to be the. ' : ''-

exelttei;on J,flmtt to~ this pro:"ticul~.r Sephadex. ·: $lnce ttle molecular woiff,ht ~r ·. 
·':::" .·: . .. . .· . ':. ' ,., ·.... . . . . · ... : : : 

cP..rbo~ydts.mu~e~~ i$ much :f.!,l"'e&ter. th.ru't 2!00;000.11; is ~xoluC!-ed t't"'m $ephl1l.de:k: ': < '\..' -.. ; 
·) . ·,· .·: .t:·.: 

G-200, but it neve>rthelesr-; t'<ilt~ded $1~'MV>ibat ::·01'1: th-e. ¢cilum C~'lreQ. td .. th a, . •· .-,. 
tl"~ter1al eontatnill~t nuele1e · ao1d 'vih,teh .eome~. th.rouE;i~ with the rront.· Tl:u~ _.,· .. · 

... · .... ,.. 

. , .. · 
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retm"dat1on or cwboxydism>..l!t~~le· illust h~ due· t<;> ~jJeclf'io physical inttJracti.on . 

bet\1een the (tn£.yure and the oolu,-·nn. materl,•~l. Thist.N1!1.y t1e y.et at'ltJthe-r ~nif'cs .... 

tation or the hytlrophyll.c natur-~ of carboxydism~-ttese, ·r.e~:.nllting in interactj~on 

\ilth tbe polyhydr>cxy cor.;\,f)Outld dextr-an. 

'.!'he purity of the- cart>oxytUarnuta.oe prep~ b,Y· the methOrJ denct'ibed rlfP.~a 
. . 

very h1gn. ·The sllg."lt <ieptWture l~r<>n~ ltneari ty of the piot of loft o verrtus i.'2 ... 
in a sedlmentat1on equ:iJ.ibriurfl ex;;;..eril'!l$lt WM ·oo 1nd.ic.nt1on or the pre~nce :tn 

the snraolfJ or a etr!all e;t.r:lCUnt or a. conta.-nin..·mt or higher molecular W3.iL;;ht. 

Th1a find1ng; was contm'li:ld by e.lectrophol~sis on polyacrylrutdd~ B~l where ~ · 

w~l$ht) oontam1n.:mt was detected. "fl'li.s conta:''!rl.nant· l'fllil.Y.\iell bo p9lymoro:.tsed 

carboxydisrnutase which WM enCOUt1te.l"ed · 1n p~paration or th~ enzy:;-.. ~ lthich had 

heen.·ettfr'ed u.nr..le.r non-opt:.iJr£11 conditions ·for extended: periods.· 

Too physiMJ.: pror>~,t>tiea or carl.>.ox,y<J:tsmutase ~·very sinrl.i!ltr to tho$e of 

ff:t"x"a,ction I ·prouei111' -as TPJl'Y be .seen 1n Table. III. The ~'!ed1mentation coetfi.cif':nt$ 

' : ,' ~ ' . 

are v:lrtua1~ identical. Th0 Pr'O';>erly cot."reeted o1ffus1on cooffici~ntf (2.6Q..; 

2. 75 ;.;, 10 ... 7 CI~2/~ec) of the "fraction ! protetnif prepa~ 'bY· T"'~tttleton (1956) ' · · 

compRre.s well ld.th that deten'!'.11tlet:.\ fQr p~iried e~~oX"JdisJmxtrise (2.93 x :irt·7. 
. . 

e.r:? /sec). The values determined by vle1sebach ~ !¢.• (1956) and l'on (1960) · 

·\'iere not co~cted to the .sta.OOarcl state~ .Probably the ~st rellr.ble ~n.olecuL'ir .· 

'~i~i.ght o,r Hfraction I pr'Qt(:inn; dete.rm'tned by Lyttletotl (193$). Wt\$ calcula.te4 .,,. '. 
. ,. . .. - .·'.: 

. for an. o.13su.med partial st~eltie Vf)lwi4 or O• 75 ml/g* 
' 

'. · .. 

,1"'\ •• ro~ 'carbo:t.;nUt?n)utaae '(.0~73 mi/g) 1~ us~d 1~. the ealeula~~on, .the roolecular 

·weight Obtained (550,000...574.000) Comp$re$ .well with that determined tot part;;_·., 

fled cP..rbozydie.mutaae (5151000 .± io,oQO). 'rh~ ~alues .<>'otatned by S1ne-~r ~ !£!/. 

(l952} an<i ~!eise~ach ~ !!· (l056) w~r~ statel;1 by the ~~Jthort:. to be estimt-~.ters4l 

~.nd that t>.btniood by l$~®'n~ ~. !!.· (1953) ';,~ !l~tel"il'l.!ned tor material eontaintnz. 

11.2% nuo.'lei~ ;ao1d. · . In o.ll c~e \l:herEt .i.t was .i;-"lve.t3t1{01tecl for both urr.o.ct!on J: 
.. ... :-. 
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tO't.tB.:tXL11 the anod~ in th~ pH r¥te 6.9·~"7 .C). 
'' 

Both Ufra,ctiC';ll'l !: p:rote,inU and 
·." 

., 
· Qe.rboxyd1.smutaae 'ti'"EU,"f: .stated by ~nost of the authors eite<1 under Table :rn: ·to 

bG Ul1Zt$.d;tle celOif pH· 6 j both be1n!J} precipitated ard irl:-ev~i·slbly denatl.t'l;~t.h j : ~ . ~ 

' '• " 

Electron .trJ.crogru.pht~ of both "fi"action I rJ~rotein" . and. a crude prepa,~.ation of· · · · :, · ; 

e~rqox_vdi:smutase sbow~cl particles 100 x 200 ~. 1~ eaah prepnr~tion whteh were • · · · . ·, . . ' 

. . . I . . ·: 

·:tn~it.~titli]Ui.Sllable froin eaQh other. (V'..r..r~ and Pon; 1961). Th(~ prv~r.~nration. r,)ppearn:~ J-. 
' to contt'l.1.ri ~1im1lar ~.rti~iem with ~ av~ra.~e dlia;wter. of .. lOO '··· .. ·.: 

' ' 

The ~-<We· evidanoe t . 1n conjunction· with the r~port~d f1rid1ng ths.t ·mat.er.tal 

.• p.rep~'!'ed ·as ''fraction I. pr-otein'* sho~r4ed ea..··•boxyd!smutase activity (l.~yttleton 
'.. . . . . - . 

. . . . .· 
I. •. ,. 

and T'so~ 1958; Pal~k and Pon, 196.1; VM Noor•t. J.mt'i ~Jlldr1iEtn; 196~),. stronf£1Y 

: ~' 

'·. \ '.· 

. '·. 

indicates that ca..""bo_eyd1smutase m1~1 urraotioi.:. i protein" are identical~· Cer-

. . ta~v the ()!>vi~;.as ch.~""actariet1a or ."fraction I protein" -i .. e .. g: lta ·.bt~h mole...; .. · 

culro:" lc~eit~ht tl,.))(l ecneeej,u~nt hi,r.h sedirrente.t.ion coefficient- :tTl duo to e91~bol-:y"'!'. ' 

Mzrr11tasg •. JITl';J oth~r enzynv::ltio ·activity pftllscmt in ;,fraction r proteir1" l<ti.'it.llct 
' . ' ' ' J, . ' ' ' 

.. \ ,_.· ; 

··appear to be du~ ·to t:lb~o~pt.ion on carbo~r~1smutaae of the en2:ymss ·1rivolv~d··· , 

'F.urthet> ¢V,$.denoe to SUpport this hypothen~.$· ~~· l"eCOntiy repOr-t(;~ by T:r¢vm'at'!d 
. . ! •. • .• •. ' . ' 

?t~1n (1964) It who. found that the ~\l1Va.lent(,4eitJ;ht of ClWbOX:!d13rnuta$e Or\ the 

'OllSi$ oi ~he Sl.llf.hyctrYl .ttr~up a~ the ~etive ··~ite' of the enzyme wa~ 267 ~ooo • 
. ·· .. · . 

. There P..re thus two act.:i.ve site-a ~r moleettle of 51~3';000 :molecular w·(:tttt:i·lt~: It .~.$ 
. ;,i, 

still poo$11>1¢1 thOUJ;~. not l!i(ei,y on the' oa~1e of. the prterJ€anf evid~~ca, th:;t 'a < . 
,. .. . . . 

. ~ :' .. ;. . •' ... 

J.rirq.e protein molecule ~.x..iats in th¢. i)lttnt t'o ~fhieh .th~. V&:-iOUS en~.ymcs of tiie 
. . ' . . .. · ' 

' ... ~--' . 

tna.t the la.."'t1:e protein molecule 1-a carbox.,vdisr:"llltaae and that tt.te othe;r .enzyme~ 

; . . ' 

. ce~ne bound~ as did nunn a:nd nucleic acid, d'l)r1.n; the 1nolat1on p:roc~en. 

' 

Th0 s:Uni:J..artt1e$. or the physical prope.rtie~~ .of eattboxycti;smut.a$o rmd tho\3~~ : . 

,;' 
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.. .., .. ~:/t··· ... 

of protQ(}hlo:r:•cpl'Jyll holoefwo-::re aro al.'SG'> mt.r:Dd.~ (~ee T~ble III);. Th~ most 

;JUrifi~d ~n.--epa:rot.ions ot eact1 have virtually 1denttcal. sed.1.rnentat:ton ccx~!'fi~ 

. c1ents., diff!J.$100 CC~.fficients., :part1.al apeeif:te VOlU."!'WS .and molecular weit-:ht-;t~ 
. .. 

Although the stability o1' th'~ il<Jlochrol~ to pH ehar[;J;'J$ has n<)t been stuuie!l 

e:x.terlt~1 vely,. a l;toph111~¢d preparation or the protein :ts· .only :$OlUble ·wove · 1;, 

pH: 6.0 (belo·~ which earhOX:fd.isl:lUf:;ase 1s denatured). Electron m.tero~hs r".J:' 

. ea>.rbo~tdi~nutaee .and protoal:'llorop!\111 holoe.hrol11.i!i! $N 1ndisti.n~1shable f:t'Ott'i . 

. . ·. · each ()thev •. Both show part_icle·s with ·r..ole$ or dep~®s1o.'l"ls in t'be cente-n> of·. • 

the molecule$ it pa.rt1ovlarly evid&tlt Ol"l negatlV0- atn.1ning;. With GOO.lt.un phospho­

ttmg:(ltQ.te • and tbe ftta.rtiole dim:msi<:ms oota.1md from th~ m1 ~rogptlz=~1S are tho. 
' -

erur.~. · f..notheio p.rope7ty r''ported by !~oatvJ~ (196<a) for too ;holoob:r~ io · 
. . 

al$o ~<Jn 'by c~.rboxydiunutttse. · After t'reer.in£: r;.nd thawing a solution Qf th~~ 

·holocn:ronw; the single sehlier~n peak o6rres9ondin!l to 183 ill! s-pllt; into 3 · 
. .. . 

~~SJ<$ eorre$p6ncli.!J'lg to 18S, 263, and 32:3. · A !itirnila~ ·splitting of the s:tnsle · 

echJJ.eren peru<. into l.8s. 26S ~ ~.ttd 323 pe~~~ \>.1i4"J obeeM,ed · :tn one p~~mra"'ation of · 

esrb.oY.yd1er!'.utaee ~h1ch had b~r:n exposed to so~ne t~"lknOwn f.c-tet6r not ncmli:llly 

encou'ntere4 in' isole.tic)n cr storii.(o;e of t.ne enzyme. In this ease the phenor~non 

wa.~ denr..n:stratedt by electron tn1c~soopy • to be d:J.e to· El-ffitre~t;.ion .tnto dirri~ra ·. · ·· 
. . . . 

t..nd tr~~. a con<tlus.ion aleo reached by Bear¢~- (l962a) for protochloror.rwt! . 
. · •. ' 

' . . . . 

In report~$· the it.lolation ot · protoehlo~phyll. hoiOO.~ro~, e.oaraman 
(l962a) point¢d out the_· similarity ·or tne h.olochreme to nrraet1on ! protein" 

and' oon!'!nned th'l.t the two tJUbsta.nces v-.re 1nd:1.tttlnWJ1Sht1ble i..t1 the ultra.oentri- ~ 
) 

I fuge. Tho- p~sent !'1nrl1ng3• in eonrmnin.~ the ident1t;.t or urraation! proteln" 
. ' . . 

and earbo;-cyaisiDutase, ·and t;;s.k.Gn .in. conJunction t-tith-.the: 9tr1k1n~?; sin.lilarit.tes. .J · 

in physical prv,ertiez betwtlen earooxydi$mutase·Md bolochr'Ol~,· make it.lil<cly 

. that oarbox-tdismutase ·. ma.!tes up the p.rotein moiety or protoohlor<Y;J:~;vll holochl:>air~. 

Th13 18 not W1l:tl<el1 .1n vum or th<» ab!llty • alre-nay dioeu.sse<l# of ~rl)t..,X.Vdt$-

·.,. 
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.frl.tere~t that the amotmt ot aotive pl-otochiorcp~rll per protein nJolecule 

varies COllSid'l~abl;J ~m one Pr¢Sl~ill"'ation of .?~01;oehlor.~phyll holochrome 

to another a."ld also C1urin5 the isolation p~eess.-!.~Oar"~totAll1,(l962a)~ In. 

·· · ad<iiti(.)n• it hrui ~~o .ahown ttla.t all of the aettve pl"'to¢hlol"'phyll in the 

holochrorne p1-.epflrat1on::; is probably ~ot bourul· to the proteiri in the s~.>~-ne. 
. . . . . 

way (Smith !iiDd CoO':nher,. 1960;. BoardlU@.n,. l962b) ~ Ultraviolet lig-,.~t converts 
. . . 

. only 30% of the tranr;ro~'Uab,le protochlorophyli to chlorophyll ril. tho 

· I'e'Ill<rlnder ·ia convel"ted by vi::sibl~ lig.~t (!l.t¢IJJOd ll'.nrl Cooffiber~ 1959) .... Th?t>e 
. . . 

t~'IQ p1ecee, of.' .evidence do not eupport. the h;rpothes.iG that' protoehlorophy11 

. il3 bound to a aite i~pec1!'1cally des1/Uled rox- this pi11"pOse 1n the p.lant; 
. ·,: . . 

and 1t seems that the b1nctt.ng of prot,ochlo~->Ophyll to too protct1n may be 

fortuitous_. pos:sibly occurd.n;;; <lurin1:r;. the; isolation procedure. :taolation 
' . . . 

o:r a Pl'Otochloropbyll holooh:rorM prepo.ration which sho·(~ed oovbo:.c:rdinmuta"?-e 

activity \'rould shed eo..11.-.a1demble light on this- question. and wol."i( is pro­

c~din~~ alon~ the~e-lines. 

. . . . 
'., ~ 

· .... ~ '· 
. . ··, --: .. 

.·. 

· .. 
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' .... . . ··· 
·::.. '. ~ ! 't ' . . • . ' . . . . . 

·.:. · • .-.,',~ ... FJ..ffr· .. ~·. Line\-teaveli<-!Ju:rlc plot for. the inhibition of. C.$rbo.xyd1w.tita3e by t:i.-r!i'r.On:ft~ :·.~:. · 
":.• '. . .. . . . ... 

~ .: /· ·. : .' ' .. 
:\ .· · : ··; .. . . sulfat~.. ·V = i:ilaet1on, velocity ( !A\'fiOles. Qf. 'C fixed per m~ pr-otein per .;~.-·; 
:":, 
... ,._ 

... ,,. 
' . '. ~ :-::. I : I 

'~ • J ,• 

. . .. ; . •• o.o2 !!! ('N!{4).2 so14 ; o, 0~1 fi. (Nl:!:
4
> 2 so4 ~.< ..... · · ···_· ·.;:.• . 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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