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An essentially homog;,aneoua pmpmation or c&rbowéismtm has b@en Ol
tamcﬁ from 51654 naeh 1eave5 by ammoniui aulfate fractionamcn and mrea.ted
el f’iltmcim on Seph&ﬁ@x 6»200. The enzyme was stabi nzed during ‘che» puri-
ficat&on bg the ;pmaenca of au.lfata I.om at a czoncu,n‘cmtion of U. l M or N
greater, which mversibly J,nhibits Ats cutalytic activitv. Chlor 5de mm at |
similar cmc@ntmtian caumd no :lmibibion, hut imvemibly d:eactivated t"xe

| engyme over a mriod ef several da\ys. 'I‘he moleecular welght of carbexmimmtase

was detnmineﬁ to be’ )15 000 by ﬁ@dimntatlon equilibrium. Its s\“dmntauicn

. co\.i‘f’icimt (‘%‘,_, 20) wes 18 57 Svedbergﬁ. ‘.Z‘hese and otmr phﬁical ;nrowrtie's
- corzmspond closely wi.t;"x ‘those of so—callad .f.‘racts.on I pr'etein preennt in
 many plants, anﬂi also with thosae of the pr'o!;eln nolety or mrotochlompnyll
- holoehrome obtalned from scma etiolated plamta. 1% is concluded that f‘ractic:n I

pros,e,n 13 cruce carboxyuiamtasm whieh .y also mk@ up the. proteln molety .
of protoct ﬂax'ophvll holoc.h"ome. The purtﬁed enr:ma showed ne simirimmt
p‘qo phoriboisomarme ox' phosphoribuloklrme mtivitiess, theae enzm;s bein@;
reauily sepa"ated from caz'baxydismtma by t;he pmcedm'e emgloyed. _
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L or much inwatigauon and spaculation (Calvin, 195%' Hux'witz et al., 1956a; .

lysing the carboxylation of RuDP

1

“2m . UCRL-11859
TRTRODUCTION |

The 1solaticn'ffom‘chloraila of a cali;freéegxtract'capablé of cata~
1 to give POA was first reported by Quayle
et al. (1954). Soon afterwards, an enzyme, ﬁdw-named carvoxydismitase or ..
RuD?P carboxylase, was isolated from spinach by Weissbach et al. (1956),
and indeg@,aently by Jakoby et al. (1956). The enzyme was purified about
10~fold from the crude extracts by Weissbach gt l. It behaved a5 an almost
honogeneous protein on ultiacentrifugabién.and-electrbphorésis,_and was
estimated to have a molecular welght of about 3007000, Its sedimentation

coefficient was 17 Svedvberg units under the conditions uéed.
The similarity of these pnysical proparties to tho e of an anparently :

homo&eneaus soluble protein obtain&d from many hibher plantﬁ and known as

?fraction I praéein" (Wildman and Bonner, 1947) was noted by Dornarrgg,ggg
(1957). Subsequant'workera (Lyttleton and T'so, l§58; Park and Pen,'léﬁl)
confirmed this observation and demonstrated that carboxvdismutase activity
wa3 assoclated with "fraction I protein”, Hore recently a highly nuri“iedr"v
protéin»protochlorophyll complex was isolated from etiolated leaves (Roan ~f ;5 L
man, 19523) which had very similer physical progeféies to those of fractionil:f f*
protein and carboxydisﬂutas It therefore bécaﬁé of interéat to ﬂntérminet o
the whysical oroperties of highly purifiad carboxydismubase in order to test
ite possible identity with fraction I protein and also the protein maiety of '
protochloropﬁyll holochroma, S '

The mechanism of action of carboxydismutase has also been the subfect

Pon, 1960; Pon et al., 1963; Akoyunoglou and Calvin, 1963). Pn?yme purifieé; 7'jg

fbbreviations used are: FuDP, rimee—l,Swdiphosohate, POA, 3-phospn¢f1«,vcer'1¢'f |
acld; R«5«P, riboge-S-phosphate; Ru-5-P, ribulose-S-phosphate; ATP, adencsine~
5'~trlph0%phate EDTA, ethylenedlaninetetrazcetic acid; G2, reduced glutathioﬁe,

'S43, satursted ammonliss sulfatc {70 g/loo ml oviginal volume &t 0°J. .



- |
by the methoda described in this paper was used in more recent studies in |
which the mechsnism wes z:artially elucldated (Rabin and Twm, 13644 ﬁabin
and Trown, 1954b3 Trown and Rabin, 1064), - '

For investigation of 1ts physical properties and thé rﬁéchanmfn of 1té

action, 8 large quantity of very pure, active and, if nosaible, stable one

Zyme was required. 'I’he isclation procadura of \s’eisab&ch 2t al, was unmﬂ table

bacm;aevit was lengthy and low-yielding. An improved procedure wes therefo;c'e

Carboxydismutase has been shown' to be located mainly in the chloroplasts

- of spinach (Heber et al., 1963), :md at 'leas'c 90%" of the 'carboxydiﬂmtase S

’_aetiviw of chloroplasts was pmviougly shcwn to be Maﬁci’,&t@d with t‘m

colourless supernatant protein obtain#d by high speed centrii‘u;ratim of soni-—
cated or lysed chlomv:lasts (Parit and Pon, 1961). An extract of 1y:sed chloro-

- plasts was therefore used as the starting material for the 3.':«olation mtheer
. than a whole~leaf homogenate which containg mmy more impurities ("on, 1350,
N - Pon gt zl., _1963). ‘This communication describes -the subsequent purification

of the enzyme (by armoniunm sulfate fractionation and repeated gel filtration
under apecial conditions) and the detemnination of soms of its physical pro-
perties. o | | | B B
- EXPERTMENTAL PROCEDURES

Materiab Materdals ,—-nzyme g;r&«e ammondum sult‘ate waxs pummsed from Gallaré—

. Schleainger Chemteal Corp., Ne o3 At @ave a nagative maction in the dithizonm ‘

test for metal contaminants., Tris burz‘ers at the desired pH were prepamd ’

" from Trizma (Siga Chemical Co., 5t. Louls, Mo.) and_ reagent grade hydmo.hloric

acld or sulfuric acid. They were prepared as stock solutlons (total tris, = |

1,0 1) and freed from heavy-metal Lon contmnmté“és deseribed by Rabin and |
men (1964a), The water and dlalysis tubing used 1n the Investlgations were

freed of heavy-mtal 1on contam.,.ﬂan‘cs by etandard pmcedums (ﬁuj:as and Vlotz,



o } the acid«:stable radiaactivity produced in the maction b@t»:een RuDP and Ziaﬁlhco

el ) ) B

1956; Thiers » 1957), and polyethylene apparatus was used wh@révé‘r; *;mséibleg |

BuDP was ‘)uremsed from Calbiochem, Los linggelos s Calif., am the Ba salt,
It was stated to contain 261 RuDP and was either used without puri!’icauim 4n
some of the earlier work or was puriﬁ'ied a3 described by Rabin et al, (1958), i
' 'or- by continuous e,lectrogvhom 13 in pyridine &cet“te buf‘f'@r (0.25 M in pyri-
dine, pH 5.0) using a Beckman Splngo ¥odel CP continuous flow paper electro-
pﬁor*ésis cell (meh, 1964), Where r‘ecmzsary, the Ba salt of RuD" was ccnvnrt@c:
to the Na salt as previously described (Rabin and Trown, 1964a), i

Re5-F was purchased from Calblochem, Los Angeles, Callf, as the Ba salt, "
It was stated to be 98.3% pure, and was cqn?erted to the Na salt (0.1.1) as
followsz- 10 mg were suspended in water (7"30 pl) at d° , then Nazl 30y (0.1 My v
250 y1) was added. The mixture was left at 0° for 15 min and then centrifuged
to remove the precipitated BaSOy, | | o |

ATP was purchesed from Pabst Laboratortes, vﬁlwaukee, vfis., Sep‘:adex r;‘-zoo '
from Pharmacla, Upp:sala, Sweden, and ’i‘ri on ’{-.100 from ?chme and Hans, Phila~

‘delphla, Par. All other chemicals used were reag;ent grade.

Protein Determination,--Dry weight maaumments on salt-i‘reee; hi@h’ly-purified
carboxydismitase showsd that a solutlon of the enzyme contalning 0,71 mg/ml
h'? an optleal density of 1.00 (1 em 'path) at 280 mu. Protein céndentmtions_ .
ware detemu.ned throughout, usm.g, thia relationzshin. B |

r:nz*mva Asoavs.--Carboxydiamutase activity m,s detemﬁned by maqurment of

3
as described by Pabin and Trown (196%). : Approximtely 5 »z of pmtein were

used in each assay. A urdt of carboxvaiomtase mctivity is defined a3 the o
gmount that will £ix 1 vmole of carbon in 10 min under the assay conditions L_x:aed;‘ Y
. Thosphoribolsomerase &c‘tivity WAS mmasured b:y the g;mceﬁura of Axelrod |

' and Jang (1954), in which Ru~5~P produced fz'cm P52 is determined by the

cysteine-corbazole ‘aest-. The modification described by Hurwitz et al, (1956b)
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E wa.ts evmloye&

_were determined hv an mssay using, R-5-P, ’JaH

. ¥
s

The combtned activit:ieea oi’ phosphox'iboiaomrasa and nhasphoribulokmme

1“(:03 and TP a8 sumtmtee in the

presence of‘ an excess of car?:o:q*diumtme._ "‘he total aczd»at:ablm rhdioaci:ivit; )

R preswnt after the reacti on was t,ak@n to be pmporctonal to thn RuDP - produced ,
by the two enzymes being assayed. A typical incuba‘cion mixture ccnmnma the o
o " jfoucmim carrpmmts 1n a total volum of 250 ul' ’bris-c"xloride hwrmx-, pH s.o, _,

30 WM 5‘”#?(112, LT 3 2*4&:‘1“093, 25 uC/w"I, 3 ; R«-’S—? le25 iy ATP, 5 uM; 150- o
| mcrase»-hnaae mixt\zre s approximtely 10 pgy pumfied carboxydmmtuse s 10 ug.
The mixture was incubated a‘c. 25° for 10 min and then acetio acid (6 N, 50 wl)

| was added o m'o": the carboxydismutase maction. Aliqx.ots (25 ul) were Dleted ’

on aluminum plmc’wts for radioactivity courtinr;.. For pwparaticns with mr'y
low activitles, lon'*er incubation m"iods (up to 6 hr) were employed. A unit ;;!;,_i

of "ismmseikime" activity 1s defined as th) : as:mount of the conipined mzvméﬂ

P hosnhor:x.bctsmmme and phwphoribulu;dnaw muired to pmc:,uce 1 umole o;"
| FuDP 1n 10 rmin under the condttions desertbed above, Tt i3 assunsd that all -

of the RulP pmduc:ed by the :Laommsenkinzxse mixtmm is comerted to ?"'x b,,r

' the excess aa“moxyd,.snmmse. The camcxyc.igmta.;e used 1n the assay was 8 -

highly purified preparation with 5-“Sizﬂii‘icmt i’sommse-kina.,e activity, et

‘[ olation of C’»xrbovzydismme. 1. ?mpsrption of the Chloronlast ~-x‘cmr’tw~_ )

Chloroplasts were isolated by differential cmtrimgation t‘m’m 10 kg, of spina.ch

vleaves u@ing' a phosphate bui‘f@md isotonie sucrozse solutim (p}l 7 1) a3 des c'c"f bﬂci . 

by Park and Fon (1961).‘ The chlcroplasta were. }gsed with tris-—sulfate buffer Lo
(0.002 M, pH 7.4) and subs"quently mmved by centrifumtim at QO 000 xg f'or L
10 min, The msulting, su;:ematant (the "calomplast ex‘cract") uau xmde 00% SA3 - 8
by the addition of g0lid ammonium sulfatm (the pJ belng ma_intainea at approx 7 '5

by the addition of & cmcentrateﬁ solution oi‘ amnim) and left ovemi«:ht at o° B



| containing tris-sulfate bulffer, ammonium sulfate, G:;H ancl "ED'I'A 8s phova, Tne "

a . -bém
G' s 3',5.

2. aﬂt‘i aml Pn.ciritmicn of the Chlamnlaat ""xtracv.-»—l.‘he m.mrial

‘pmcipmx.ted a‘c 907 SA3 &ma the chlorenl&st extract was collected by cons '

trimgatlon at 40,000 x & for 15 min and then m—dmolw-d in mm-emlrata .

L | buffm' (0, 01 M, oil 7,11). The ":}.nal va}.ume of the aolut:ion was 90 ml, and
| the concnnt"ation of a:mrronim :mlz'a'cca s 88 d@temmea by conductivity r«eaaum—-

3 msnts, was 27.8% BAS. The ccncantﬂatim of protein in the solwion Wwas

28 wg/ml. Solid a.mmnium sul{'ate was then added to the. aolution vo chtain
censecu‘cively 30, 35, 40, 45, 50, 60 and T0% %‘%. M‘ter each nddi*icm the

solution was stirred at 2° for at’ least 1 hr and was thm c@ntrif’umd at

' 140,000 x g for 10 min to collect the pmci%mte which had formed. Each

r;mcipimted ﬁ'raetion was m«-mssalved in tri s—«ulfate buffer (C.01.M, v 7. 6) »

and dialysed a'rainst the same m"fer at 0° ovemimt, by the method Nf HoGw=

~ pelhorn (1961).

3. Gel Fﬂltmtion on uem&dex G-zﬁo..--at‘ter mmvnl of the fines by

draoantation, Sephadex G~200 vas equilibrated wit:h a soluticn containing tx’is- o

- gulfate bhuffer, 0 1M, pi Ted; ammonium *ulfat 0. 2 M C‘S‘i, 0.001 ¥5' EDT&,
| Na salt, pH 7. 4, 0,001 M. A gel column llls x 11.7 em was nmpared f’ron thi* :'_ »

I material and cooled to 2°, at which tempemturo all ‘subsequent; ogem’cs.ons wem

segquent purdfication. . The other hali‘ was dialy.«.ed overnight against a solu’cion

dialyaed s;olution (7. 5 ml co'xtaining 580 m promin) was applled to the top

- of' the wphadax ﬁ,el bed (much was nrotecz;ed by a dlse of.‘ ﬁ.lter p&ner) thwwh

a ;zlass canillw tube 23 suggested by Pomt.h (1‘3653). lution of the colum

was acn.,.@veri Mth the seme tris—sulf‘ate but‘fer/ammium sulfate/GSH/EDTA

- mixture :iescribed ghove. After Maw of the colum effluent by optical

ci@hsity and enzymic activity mcasurements, fractions contailning material with

| .. performed. The 35-40% 5AS and 40-U55 5A3 cuts i‘mm the fractional precwitaﬁm
were eomdined and divided 1nto two parta, one cf which was retained for aub- S

P
\ :
Y
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' ghe hihh%t carboxydismtase c.aw.vlty were conb ned. %e‘ﬁbﬁ.itibﬁ wan _coz}; S
ﬂ centmt@d by pmcipitatim with amonmm aulfa‘ce folloaeci by cent *f‘*;x,;@ga?;iqn' '

v cznd re~-golution of the pmcipmate in tris-bufi‘er (0 1 Ma pH 7 l&). - After
 dialysis azainst mm of th@ aolution used m ez‘fluent of the Plrst colmn, ;,
“the enzyme golution was *’e-.ap;:.ied to -an 1dent5.cal o@}:}h?dé‘x .v-EOO column to

' that &lmaoer deacribe"}. m golum was ehzted ina gimllar menner and i‘mctio:is

eontaining the higbest apew.i‘ic. carboxydi smutase activi‘cy were again ¢or rfbinéd,' -

E Cemmx 7di.>rmt&se wa:.: :st;omu until use as a suspensicn in 50% SAS, at 2°.

?f‘feets of V‘»r’ious Comou xdq Uron the Stabl litv of' Carooxvdismtase.-u

B "“be cempounds  listed b@lcr« 'a»e”e added at i,he: st&ted concen’cmtions to solutions
| of partially pur'ificd cmﬁoxydio,smtaae ( 35«40% SAS cut) in ‘*ris-chluriie bulfer
* (O 001 i, pH 7.6) cmt.«inlng EDTA (Na 3511;, 0.001 ! :_‘{, pH 7.13). T e aolutions

o ! wers si:‘er*ed a.t 0° | Aliquots Were withdra\m at various ti*ncs émcl asws;ed i'or- .

carboxyclismu;a.;e_ activlt_y. Ihe comomxds c:tudiﬁd werm Gan 0 001 M3

'soﬁiu'm ascorbate, 0.001 M3 cysteine, 0.001 r’- sucm.,e, l. M O 5 My 0u25 M3
 Triton ¥-100, 0. 05%, 0.02%, 0.01%; sochum d@decyl suhate, 0.001 M3 sodlum
' chloriﬁe, 0. 25 M 0. 083 M3 amonimn sul;.ate, 04 25 M, 0, 083 M3 armontum chlor'iae,'

O 25 M3 audmm sulmte, O 2‘5 ] &nd potaqesiam phosp‘mte huff.‘er ai, pi’ '{.L, R

0.2 M, 0.05 M, and 0.01 ?vl. In the case of‘ tre inor anic salm, a sample was

withdrewn Trom each solguion betﬁeen 1:8 and 96 hr* a!‘ter t:‘ze si:art and d’ial:,mcc“ .

ovemn;gat ‘against tris-chlorid& bufi(‘uw 0 001 M at O° 'T"ne next day s the _
malyaed and undialyzsed solutiom wepe' aseaved at the same time I‘or cm*aoxv-— :
dismutase activity. |

Inh*bitmn of Cmoxydisnutaue by Sulfat» ‘and Phc%nhate.-—'l’he tota}.

. fixation of 0, bj c:m:oaydizswta»e in 10 "xin at ?5° was measure 1 ab six S

| dif?‘c.ren‘c concentrat;:!.ons of RuDP in the ab ence emd nn,sence of (a) &momm

sulfate, 0 02 Mo (b) azmcniwn sulmte, 0.1 M, (c) ﬁctmgium phogp»mte buffer,



- -8~ o |
pH ﬁéa 0.08 M, e.‘!.!‘(i (&) pa’caasium phasg;}mté bui‘f@r; 0 Cli ??? It ma' aésumd .
that the values for .the toz.al fixation of O O were :::m*aortional o the
initial rates of raact:ion under the various conditions, o |

Ultracent ri‘m;al fnplysis of Purified f‘ar“soxydmmtwe.«;edimantat*on

i fcoef‘ficientzs of purified cemboxydiswtase at various concentm’cionss of protein j,

ranging from 1 me/ml to 10 mge/ml were determined 1n a solution cont;mnﬁ.ng

ammoniuz sulfate, 0.1 M tris-sulfate buf‘fer, 0,01 fwa, P 7 .lt, and Eu”ﬁ., O, OGJ. M,

at 4,75° 4n o Beckman upix‘co Model B Ultmcf*ntrimi,e. Diffusion coefficients

of carboxydiamy ta.ae were dete ained in the seme solvent, at. 4,75° and at rm‘ceirx g

: _concen*‘r&uions within t"xe same range by use of a synthﬁtic boundary cell in

the ultracezﬂtviﬁzm. ‘me Rs.yleirf mtf»rf’erer"e optical system was employed
~and the ﬁata. were ce:rwuted by the method of mngsmrth (1952) |
The R’OI”G!JL:.I‘ welight of c...r*.)mwdiamtase was’ detemlned by the r"etnod of
Archibald. ( 192&7) . at a protem concevztmtion of 7.3 ng/ml in the solvert
already deucmbed. Data were obtained fxom the Bchliemn patterns and cwlcu—-
lations mde as éescribeu by ”*zz*enber;;, (1957) . A more . m:c\,\r'at:‘a value of t}‘m
meleeular welght was obt&ined i‘rcm a sedinentatﬂ.cn equilibrium experiment at:
2035 rpm and h,75° with a solution of carboxymsmtase { 3 97 mfz/ml) in the

solvent m%cribed c.bove.

Hiscellonoous e T f“iae partial smciric volwm of carbomdiezmtase wes |
- caleulated fm'a the dénsities oi‘ solutions of the enzym at xnown concﬁntrations
and of the 3clvent._ Densities were meaaumd using,, 3 Ga,,r-mmsac 5 m densi’cy
) bottle at 25° & 0.05° ?amu‘ied carbawdismtase was.: subjected to electro-
horesis on 2.5% (final cona.) polyacrwwna.de gal at pi 7.9. Protein bands =
 were detected by stalning the g,el colums with Nigrosin in 5% acetic acid,
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' _wtabilmat.ion or cmaor diamitasd, (a) 0r~'anic cmmmfz.m ."r(y

with par—amll,r purified carbox;disrmtasa shoved that, of a nu:*sber of organic

'comomxdss tested, cmly G:ﬁi, 0. 0 i‘f% sucmec and "‘ritf.m X—,'LGD '%t: a cmcentmtion

of o ,05% ymte»cted the enzyms awamst de activs.tion to my si{:nifioant extnm:. '
. The results of these e?perm:mts are summarized in Table I. Althour*"x valueN

: of 'rmmin:‘mg c«,cwviby are only miven for one tm- { 160 hm),, aqus s:em

parf GA’.‘mﬁ‘d af;r)roxim,.tely avery 24 hm Iy and Lﬂdichtgnd a 3tea@y tl‘e"‘id 3057"‘”\1"3

tha final values &iven fm ’,rabls-. I. The variation 1n the activ.at,r mmininsa ,‘

'e

in the contm.x 301%40110 vc.,z'imd com.m ablv between thn various exmri,wﬂpt e

l

?

:. "‘be cs ucsn of this vavim:ion is unin el The ionic d»ter ne, smium dow—‘cyl L :
| sulfate, em&l&t&ly de"t“oyezi the carbmq;éismtaae in lesss L*xzm 1 min in c::mn

trast with the stabilie:lng‘ efrect sy own. vy ‘the ncn-imic deter '?e'xt friton X-100,.

- b) ‘nor*s*mic composzi .--The cm;mrable efi‘ect*x uvaon the stabili_ty o*“

cér’boxydismm@e ot‘ sodiun chloride, sodlun sulfate, asmoniun chloride , tnd.
aasbmim ulf‘ate at a concentmtion of 0 asu are. sumaz’ized :m I‘lg. 1.

Sodium .mlfata am’:‘; amrond.um sulfate had sinilar effects m thm: they irhi"oi‘ced

. carboxydismubase appr'oxmataly Bog i:z*.ediately upon additzim to uhe enzyme

.aelut.y.on. "m:s inhibitim was maintmned with tzine but eould be comletely

- reversed by dlalysts with restoration oi‘ e%s@ntmw all the initial activity.

In cont mst, **zxz:oniwn chloriue and s@dium chloride ¢aused an appavent acti- -

vation of about 257 above that of the contml solution immediately upon thelr
e addition to the enzyme aolutions. However, thia activation was not maintained
| since thc activity decreased wit*; tri,:ze and could not be mcmrered by dielvrsis.

: ‘_ Potaasium g;acophate bufi‘cr at pli 7 6 pmtected c&r‘ao«:ydismta.»c activity in a

' similar manner €0 »odium and m'moniwn sulmﬁes, except t}mt only 80% of‘ th@

Initial activlty was x-ecovered ai‘ter 120 hm on ramval of the phosg!’qa‘{;e by
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% initial activity

S rem&.ni% alter - L - remaining after.
Compound added ~ - . | 160 hrs - Compound added : 160 hrs
© GSH, 0,001 _‘ B . %5 - Triton X-100, 0.05% e
Sodiun Ascordate, 0,001 ¥ 70 Triton X-100, 0.01% o
| \ ] 'rrs.éon-x-mo; 0. o'aeg'_- R
Cyé’céine, 0,001 Koo 1 3odium dodecyl sulfate,l o 4
| L e 0,001 1 - 0 |
Control = no addltic'j;ns? R S Control - no additiqm’- - b
N - | Sucx‘bﬁe, 1.0 | : 60
| | Sucrose, 0.5 4 T
,suémse,:om; M ks
Control = no addi‘s:lcns: 4o

© # No loss of activity duriné first 72 hrs , '
F10 carboxydismtaae activit:y remained af‘t:er 1 min

% initlal activity o



o P B e e 1

C 4

_ e ~11~ | | | o
dlalysis. Phoapnate also inhibited curbomvdiﬁnutaqe actlvitg 'aﬁ zero time,

Jolutionb containiny 0. Ol, G 05, ard Go 2 ¥ potassium pho%phate at %h‘7,a o

"had regsectively 80, 40, and Sﬁ of the cantrol eolutian act Vith

Inhibition of ("arnoxvdis’nut& 32y, Sulfste and Phosphabe w-e Plgures 2 and

3 show thﬂ Linewaavevmaurk plots for the inhlbition of carboxvdiumutp ) bg
sulfate and phcspzaxe respe tivcly, e&ch ab two différenb concentrations.‘

Purification of,Carboxydksmutas@.n-The results of the fractionation of

the 90§ SAS-precipitate from the chloroplast extract are swmarized in
Table II. Hore than 75% of the total protein was precipitated in the range
35857 SA3 where the highest specific carboxydiérmta“e activity wéé-also

C found, A 603 1ncrease in the apecific c&rboxydiamutaae activity was achieved

during the fraetionauion. The hi&h@mt kinase—isowerase activity was found in

‘the 40-50% SAS renge. The ratio of carboxydismutase to kinaseaisomgrase

aetivities decreased-with inereasing ammonium'%ulfate concenﬁrations from <

value oz 6.5 to 1 in the 30% 3AS cut to 0. &5 to 1 in the aupernatant fr@n

 the 60% 583 pracipitatian.

. The elutinn o? carboxydismutage from the first of the two columnq of

» uephﬁdex a-?oo used 1s shown 1n Pig. 4, Material with an ultrmvloleb absorption

maximum au 260 m was separateﬁ from carboxydimmxtase and was eluted both be-

'fore the main prctein peak and also after it in a lqnb "tail" (not shown in

 Tig. 4). The agecific carboxyaismutase activity for ﬁractions 75-100 was

constant at 1.26 units/m@, but values up to 2 15 units/mm,have been Outainad 71

in subsequeut aimilar purificaticas. Fractions 75~100 were combined concen—

trated, and then aaplied to the second Sephadex G-200 column as dcxcrihnd in if”"
" the Experimental Section. The elution pattern of the seeond colunn was uimilar:'

'to that of the first except thaz the firs* peak was very small and there was

almost no "tail. :%aterial.rrcm tne‘peak rract&ons of the second column had
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;o TADLE II

Q D'?BO units vpﬁclfic Carboyy- Specif ic "Kinase~ v Carbexvﬁismutﬁ 10/

- recovered . Mmax  dlsmitase setivity Isomerase® activity kinose-isomerase

& SAS (% total) (mv) - (unibe/mg)® (units/mg) ratio

30 B0 260 - 7.0,13 . 6.02 6

35 77 T e23 . 006 0 3.8

o sk 216 081 I %~ B R

b5 © 2L.6 o o L20 | ;] 'n_fi; | 0.36“7.-_; 33

0 59 28 035 - oM5 - 0.78

60 : 2.8 2715 : 0.08 -_nl,v f 012 '.{;"'f' '0;66
N - . S -
natant

from
€05 8AS 3.6 273 .. 0,009 o 0.02. 0.5

Chloro- | | |
plast ' S R _ ST o |
Exeract 269 o7& 35
‘;f
.,/‘f

. ~ ® Units as defined in'Fxﬁerimental Section. Thia unit is nct the $ame as thau

defined by Weissbach et al.(1956), since very different conditiona of incu-
-bation wlth kuD” weyre employea in the 338, B




™
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a snecific carooxydi%mvtase activity of 1.54 units/ﬁg, but actlvities up to

.58 units/M§ have bcen 0btaincd in subseguent aimilar purificat;ons. This
activity reﬂainsd constant over a gericd of s»veral moqths when the enZVme
was stored as a preeipitate in 50% b;“. _ o ‘

| Tne eluate from the first Sephadex G-200 colwm of @ aifferent 1sowion
from that shaun in Flg. 4 was alao asqayed for phosphorﬂboiscmarane ang.
"isameraseakinase" activities. The results of these assays are shown in ?ig. Se

While some phosphoribolscrerase and'phosphoribulokinasa activity wes eluted

. with the ca:boxydiamutase, vh@ two formey enzywas reachcﬁ thoir peak Fnecific

: activities at fractions 180 end 130 reupact;velg, where no carboyvdiqmutaqe :

activitv could be detectad. Thm elution of. phcsﬂhcriboinomerase and isomerasce

“_i kinaze aativitieu Lrom tne second. Ssnba&ex G~200 column 1n this. experimpnt vias

 stmilar to that shown 1n I’i;z; 5, except that none of ielther activity was de-

tected until fraction 150 had been elutad. The mayimum apeclfic ac*ivifi@; of f'
both onzymae again occurrad at about fractions 180—100.

The purified carbcxyéiamutase from the pea& rractions of the smcoqd

| Sephadex G«?OO column was assayed for iwomerase*kinase activity for 6 hras at

| 25° in order to obtain encugh ragioactivity to count., The equivalent of 1 unit

of kinase-lsomerase actiﬁity-was'detected per 2Q,Ooovunit5 of carboxydismutase

_act;vit;.

Prcaerties ol Carbcxydiamutase.-The sedihentation coefficient of carboxy~A

dismutase was propgrtionallto the conCentratien qf the enzyme. A plot of 1/3

- versus concentraticn wasluged‘for the extrapolation to zerc:concentration, and f;

8 value oflll 56 wag cbtained-fbr'so undef'the éonﬁitioha éwnlpyed. Correctioﬁ§:

.- for temperature, . viscogity and aensity, tm the atandard gtate gave ‘s 20, VI= 1? 57.
'v'The constant k 1n the equation SO/S .1 + ke was fbund to have a value of

Lo, 091 ( . sedLnentationAcogf:icient at}cancentraticn ) in @rams per 100 ml, -



~ of such & solution showed the presence of monomers, dimers and trimers in

' fcure from linearity of the log ¢ versus x° plot at high values of X2, fac.,

| | e UCRL-11859
and 5° = the velue of S at finfmi te dmmn) A solution <>f' corboxydismitas
(7.3 mg/ml) was i‘mzexi _and ﬁzaea*ezed before exmining; it for aedmmation |
characberismgés._‘ After such treatment three distinct sc‘nlie ren. pasks were

visible with sedimentation coefTicients of 183, 263, and 3,28. ‘The areas under - |

. the schlieren peaks were in the rat_ioss 6;2_:1 m:specti‘vely.' Flectron mcmmphs

¢

approximately the same ratlo, The trivers consisted of monomers arranged in

8, Vline&r fashion.

The diffusion coelfidlent of carboxydismutase 2lso varied lmeérly wtth

concentration and extrapolation of a plot of D versus C gave ol 177 % 10“7

Ny e/sec, Corrections for temperature, v&.zscsssity and density, to the standard

state nge 9020 w " 2,93 x 1077 e /sec. The partial specific volwne of care

hoxydismutese, a3 detemined from masummenta of the denstties of enzyme

- uolutions and solvent s was 0. 730 ml/g.

”he mclecul(,r wai&zt of @arboxydismtesz., as uetorninad by ﬁrchibam'f‘
method was 560,000 + 60,000. Another value of the molecular weight, 559,000,

wasg obtained using the equation M = RTS/D(1-¥p) where R is the gas ‘caﬁstant,

>T- 1s the absolute temperature, ¥ is the ,pax'tiai specillc voium, and p is the.

aensitv of 'che enzvmé solution, The most accurate determination o? tﬁe mole~-

cular weig)at sms obt&ineci from a sedtaenta den equilibrium emerinwht. A

_plot of the lng.arithm ef ;:rotej.n concentration vemus the aquare of the dlstance

from the centm of' rot:ation (xz) derived f‘rcm this exper.‘zmnt is shown in Pige 6. :

© The molecular weight derived from these date was 5 s,ooo % 10,000, The slight

hetmma,eneity of 'ciu pmparatmn oi' carboxydismtaae ,.s Indicated by tho de-par-.

Vo
near the bottom qf‘ the centri;‘ug;e cell.' This hetemgenﬁity' was confiméc‘z when

the enzyme was subjected to electrophoresis on polyacrylanide gel at pH 7.9.
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9 amall mmi of mntmmm’c wﬁieh cerztai:m leas, thm 58 of the toml i“lm'i
*Iimsm c@lotm Wi decweﬁ to move apﬁmxim'—afely nalf as fast tcmr.mm
the mvdzz Bs did the main protein ban&._

lecmo*x micw%wms Qi‘ the purm‘ieci enzym ,mdieateﬁ th"&i; the mlwu}.e

48 compact and non-Linears ’»ﬁcra&:mam at 80,000 x xmgnimcation in wh Leh

] pmﬁem x?d been madmwm wi:z,h rsxcmaam showed maf, many of the particles
had & ﬁepm«mim i the centre Qf' t‘m. ux\tur*rzed i’ma. "‘Ms x’inui*m was con-

firmed by his;ﬁxer w.mlutim g&ictzumea (m:;nlf‘icatim factor &90,000 x) using

' mc&mm phcsspmtum,stam (pH 7.6} in the negative sstainma technmue. Mmsst

eva p'articlo b c’i an @lee‘amn danse c@ntzm $ i.ee, thew .«mﬁs & hole or }

degamssim in. the: mlecule w‘uch could r::e r;matrata& by tha phcmﬁo{:unmtm

Jome nmiclﬁg had zm elec%mﬁ. deme .l ne across them 1mtem of the hole.
- Bome of the mhyqice.,l pmp«emies uamritws above &re 'ﬁmﬂf’nﬁ“d in

Tanle TII, together with values obtained hy mmr workers f’cr Weraction T

;;m'cem" m@i mmtochlcmrml}. h@lac,mm
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Property

TABLE 11X

Q&rbax;ﬁiaau*aﬂa

Protochlorophyll -

Holoehrome

Sedimentation
coefliclent
(Svedbarys)

» tio . : r

- N . . {ﬁ
Sobserved =17

: o
SE,LO = 189

20

W ,{.’Q ,'-

= 15.3~16.2%

i Di€?uwion '
’ ca@f”icig
(x107 o' /bec)

O SR
_m«;»:,zﬁ = %‘6‘;’“2'?5

3 ! . a
bez@rved ® 557
£
9 ervgd = 1. 6 -
W 0 = 2,937

.'Dg’m“&-?.

ff;i,j?artial speeifie
0 volume {ml/g)

.uzﬁfb;SS 173 

T

0.73"

T Molecular

Cowelgt

5 f wo«:z

g 599 soa (estinate)i‘ﬂ

375,@9@3

:) 0”

300,000 (estinats)d
515,000 3;_:,10,009'?

v Mobility on

&b stated pif

elentrophosesis ,4f

tew&l"\iﬂ
. anode®

CpHTLTE

R pH GG T

n o

ety mo o n f

Perticle .
C Gimensions
~ {from eleg~ |
Lron microe

oo o xZondk

w100 R T

550'gfk -

- praphs)
ﬁﬁfefencass ‘a. Fgﬁm&n et al {1953); b, Lyttl&ton (1356), e, Kup{e (1952),

3, Snitn (19603

4, Welssbech ot 2l1.(1956); @, Pon (1980); €, present study; o
and Kuske (195093 b, Boerdman (1963a)3 i, Singer gt gl. (1@;2};
k, Park and Pon {1961),

¥ Moleoular welghts calowlabed essunng 9 = 0475 ml/ge

% semple aontatned 11,2

7 maeloic anlid,

..‘\,;_i

400,000-700,0004.
600,000 + 50,000

otards o qodnﬁ P Q.V tcw~wﬂs anoﬂc

R,
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C@rbm‘;dmmtwa acm\rfnw has long. Mﬁn ko m b inh mite.s% by gulfe

N hydryl blogking awn% gueh 89 4 chlarwm*wmbmxmat amd &QJG“L“Qt&W.\V

(Mayaudon et al. (195?), m;% At has bam ahown wwqtly that a sulfhyd r’yl
group 15 gpmt:«&bly an wa@mml '"m*t: of the active site of the enzyre (s%m.,m
and Trown, 1.{36%. and 196ku; Trown and Ra..b.in, 1964). It was not surprising
tharefore that mdtméﬁ glutathione -v*;m‘cée@m@d the enzy.:ia activity r“u.:r:’m :

pumﬂcatim, ;;msm 31y by im*bi»icn ar um cmmmm“ of the fa%entml

sl ﬁ*syaryl group on the enzyues That cystet WAB mt ami@ to gﬁet irx

simllan manner My e related to it higher re sduction notential (Calvin,, 1‘3,;?»:1) ’

- making it lean readily oxidized thaih the easer n:!. emvmm 1ehydrgl grouns

The pmteemmn,'thouégz smell 5 afff,ox'ded the mw,m@ by 1‘0 1 suerose ig in

 agreement with the rasults of Heltfuss et al. ( 195 f?) who found thab polyhy~

droxy compounds in g&mmﬁ. mamlima cabbw@ leal protel -tm, The stabill Na*'io*a
f eamemdismmwa@ by the r*omionic deter g:em; Triton X-100 way be a mmtwd

whmwwncm. Gﬂr‘hﬁ}@j&l«ﬁfm}t&uﬁ 18 @videm:ly B *m*y hvdro;,ahﬂ:ic pmt@in s 23 ia

- algo widen" m,: its very mg;n mlgbili*y fm anueous solvents ( «‘SOAA tlons mr:-

taining up to PDG g/l nave im&z obtained in tm- pmﬁem: metigqtim). Tnlg
hmmphil ic:&t;y mast ba ﬁue in pzm: L0 the 1&!‘;33 mmbeer of cz’am@m mﬂm 1hm

| enzyme carries; 1ts mobd, 3.1ty on elwctmpnomsis at p’l 7.7 (‘tﬁaibsbac‘) et "*10 (lf?

15 remsrikable ccmmexwg 1te mm: moleculdy migym. This hi {’h chzamm may

6}

accouniz Lo the—: drwmtia erfecc which th@ mmc datem«ent saodim dmﬁeu;l ml—»» ‘

i‘am hm upon the enzywﬁ, wntmsﬁmy amxvnlg with that of t:he mm-icnm :

e dmmrfmne Tr-imn X«lOO. Deactivatwn by mdim daciacyl gulfate de irm,diaue

and &rrwamiblr::. mt@mctim of chax*g@ci speeles on the detergent and enmws "

condd lead to dism*s’cmn of tzm tertiery *;%mvcum and indaed earboxydisnutase p

3 i3 bm:rm down mcc $Lb«‘imit$ a!i’ﬁh sedizentatlon cmff:’.c:ienﬁs of apnmxmemw '
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two 5 by sodium rﬁcﬁd@ayi sulm‘aé at the concentretion used In the prasent
inva*atlrga‘bwnﬁ {Trewn, 1964), o | o N ‘.
o mpariz'mta with the four possible aﬁlts of the catzcm m aml \m;’
and the anionsg a% and C1™ indicated tmﬁ the snionie sontent of the salts
' v_'azmtmll t‘aeir & ‘ect on 1:?3&2' mwym. ’:E%.ulfaﬁe icm ‘yaversihly inhibit e.am». x o
vboxy 14 smubane @.nd aﬁ.w "smt@c‘* 1% Q:g,ainst ﬁenéﬁivafim; In cmtmm , e}*iaﬁﬁz -'
iong cfme& an app meni, mtivat:im of bhe m&m?, which, howevcr, was not -
"  o o mm%m.‘imd,, and the kmmtem Egle ult; WA mmment dmacmvaticn. F%xo&zpha{:e
o pulfer at oif 7.6 hed 8 simller effect to :aulmt\.; Wel :,so&ch,e?; als (1856) r‘e-u
ported both phosphate and arsenste to b@ ir»h:i“# tors of nwum;?dismﬁase. on

the basls of these liwﬁtaei results,

1‘.. '3 il .b.at aiys.lent anlons ave able
50 inhibit and probect the ensyme, wmme,s Lm monovalent anion cr- ,sz%es
.deéati\%a‘ciaﬁu Smh a msul‘” 4s not without m"ﬂcmmt* mmien et al. (‘L‘;‘( 2) |
| found that mmsta@ic acld pha alsab%e wWas wrotecyed by 3'111;,,?% ions afe‘?nst E
thersed dﬁnatm"at:,on, whereas the lons e, o™ m*ci f‘% mwla ahed the
process, Irmb,:tion of enzf:m zetivity by imm:mm nia..ss ia also fmrly
| common ~for me;*@, tmmald@laaﬂ ¥4 m’fub" tod bv inorrmnﬁc p*mmmﬁ:e (ﬁfm 3% =
) grore gt az (196 B)- In all these cages, £t ﬁ,a mss&bm thot t’z@ enlons ave
" able to inhibit and/er proect ‘the enzyme by vﬁrtue of their being simtler in
o stricture and/or cmmm dmtmmmm tw the substmtv " w’uch, in the CaRes
' eited, i3 an cwanie phes &mﬁa»: Promctien of enz;sm.m tzy substrotes em subw :, "
o strate analog me:fs h&ﬁ af‘ben tm«e:n mrxcmezd (a.b., Delow and mmr', 19433 B sumon , .

1951, as previsusly suggested (%mr st az.ms? Lyttleton and Ts'o, 1958; 4

Pexk and Fon, .1961) and also &tm:.’afg}y #mxﬁama !w rmult:s m he di:ecu%eci

I "  - later, so-called "fracticn I gxwt:ein“ is a cmcie mm oﬁ‘ cammq,rdmmmg |
. We mpy therefore mg;m‘a attenpbe to g)uri(‘y ufmemm T W.'otem“ anc. cﬂra;):fgm o

o dizamtme 88 BYRONYmOUS. Such mwmm haye glmys hean cmmucaﬁm by mw .

7
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i tem"emy of t T3 enzym to bl,nd et:hcx:- wmsstzmcezx tm it%lf to vaw'ﬁzw {i@ﬁ ‘eaa:em

- Pevong tﬁa 'sub.stzmces mvich hqwe st f;ﬁm« “imee b@m vemmwm Lo bé mmr‘ml

' .parts of "fmct:mn I csrc»t@m“ are gukin and a ph%p}*\ateme (Mlﬁ'&m and ﬁm%ra o
- 1947), nw.:l@ic nc ( g;nmx et: al., 1961; Mend} em md ﬁmmwa, 1968y, -Ti:«?c:w-—
'ewr, »{emrmm éﬁ 2l {1956) wera :,mlﬂ to ehta;tn a prepam ﬁm of c“wé:eomr 15m 5
~mtase which eam riot conwin wxm or nucle»lc acid anfi which had no ether
erszymde aczi:ﬁ.vi‘a*,r but that. of c&ﬁa@xguisae;twse. : ‘?c:re mecmtly » Van ”«?mx't: rum
Wildman (196-4) were 8180 Mble 50 premm, by pmc‘pitabien with rpeeifm _
: ’rabbit am:iheé{v;, “f‘metmn I protelin® wm.ch mntain@d mx*bcaxgﬁhmtzem actiwkity' f

but nob p’msvahm*immommm or pwv:horiculwmasa acthw. ‘The present -

st:m}c supRorts these f&%& and furthcemam aﬁom bhatz ttzo: m.wwg n%amgp‘mmbo» .

izomerase and ﬁhosmmrmulm{imae TRy be’s mmmnv amamted from cm'noxvm:,m_ "
- tase by careful amanim ulmte z‘r&ctimaﬁim and camletmlg «sm&mteﬂ by |
r@n@&md get Z‘tlt;raticm on oepnadwx Q-ZDO. "’ais lattar tec’micsue Wae mﬁlcww

by Mmmiem zmﬁ mmwza (1961%) for the mriricatian of *fracti ton 1’ protein”

vfrcm r* ce Mave@, %mt th&zw mtuers mssayezd the c::‘lwr\ eluent for cat:ﬂyaem

L of the sequence of reae-timw RS r? * Pus ;,m o gaz)p - p{;a ug,g_n@ a rad 5.0“1("" iw '_,

e:»ubsf,mte (me) in the fiwxl sst@q;a,, an& Lhmmfom ,muw not; have c‘iet‘enteﬁ
phesphoridoises wmﬁe rm& Imw:mariouloﬂnaae 1} tn»v hz,_d been ammter& ﬁ '

car%mxvmumtaa

The m%itwn at v«zhieh ;:ahoarmmmismras@:mdli;phofspmribulckinasa wm

eluted from the -aepmdex (-200. cotuma mi’iicatm tmt these enzymes have molm
= culsr *wmg;!ut-.m v".aller them 209,000, whicb m mrmlly thoumt to be tha ‘
\ | cl\wim 11mt wv ?:.niﬁs mrticul 3 ?@pnader. nce the molecular egaimht of’
‘ carb%ﬂm amutam ia macn gmamr tlum 200,0@0 it ;'Ls e‘xclu@’ef’* f’z‘cm we*\m@ex ;..
c»-zoo, but i?; nevartmlem mmrdea’x someing 5 orz t:im e«:alum cmwma swhbty B

| zmtmrial s:antainm«g nueleic m:u, m&cﬂ c(mms t;zmuéh with the front, ’F‘xe



: x«might c;bt&med (5’50,&00—-57& OOO) compares well *ﬁth that detprmmeﬁ Lor mm«-' 4‘.
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retardation of c.‘"&z‘mox:;m smaase pust be due to &fmrﬁf’ie physicsl interaction:

‘ bebween the enzyme nd the wlm*'l mte:v’«al. This ua:«zy te gm; anothey anf‘m'-

tation c}f the ‘sywa;mylic nauw&‘ of ca;maxgui ,srmem y vesulting in interzcti

with the pelyhydroxy cr:famwxd cextran.

The purity of the cmwyﬂismmﬂe pmnw 'lby-'t"»ia meiméd described '?m‘%'

- very ‘hi;gh. The sl:s".b}'-s departure {rom 'i.‘.,mm‘cy c:t‘ thea plot w"‘ log ¢ var’fsw x‘? '-\,.- '

in & sedimentation e::quiim:riwa em#rim@rt ww an méimtim of the preser*ce in

the ssrple of 2 swall amcunt of o contaminant of ‘u ther mlesular walgh bt.

Thig . Pinding ms congirmed Ly eleetm%re.;m on ;selvacrylamim 51;91 w"zere 8-
very small smount of vlmf:r waving {4 .a. s 1«32;35 cmr"eﬂ o mf‘ higher.r lncular |

wed ght) conteminant Wi detected. This cmu,fmw_xt Ay, d""ll e pelyme tsed

caz‘%sowﬁism&ase wihieh ww em..ounmre 'm pw-g mticm ef‘ the &ﬂ:&j“‘ whieh *~m "
Been stored unds m—ap*‘iml cmditims i‘cw emtmuied Wm.oda. .

The gxwmml. pm;urtiea of c&moxydismumse :wm very aim l;m. tm those of .
”fmat:icm I proein” -as may be seen 1n ”’"-“—**1@ BZII‘ ?he sedimentation coef‘fic"’ z—mm

0*“ i:&ﬂe two substances, m.r‘ciculaﬂy ‘ctmse of ths nore p}.rifi@d premmumm, .

'» ,am vﬂr‘smlly *cﬁ@miwl. - The properly corrected éi*msicu aoeﬁ'f'icient‘ (P,J}«

2.75% % 107 o o /aec:) of the “fraction I prot@m“ pmmmd by Y«@fﬂ"tlctzm (1955)

 compares well with t‘iz‘a‘c determined fer ;’urif.a@ﬁ cmwxydimu'cme (2,93 x 3.}0"7, o
: c,mz see). The va.lues uutemine& by Welssbach ot ale {19 6) and Pon (1960)

were not camatm to the vswnﬁam st‘m:e. ?mbamly the most mn abla zmlewmt_

welght of "fruction 1 pmt:t_in” wzmmmed by Lyt;tletm (1‘3::5}, was é&lcula‘ ‘

for an asgumed partial df}gﬁc.ific vzu.mx of 0, 7'5 "xl/;b. 1P the value cm @r'mi,.ef‘ P

fopr carmxyﬁ szmt%e (0.;”% ml/;;,,} iu ussed m nhc ealculation, the molecular

g
*‘ieﬁ camcmyéismtam (‘*1);000 + 10,000). '“he valms obt;,.ined by Singer m {.11.

(1952} and Welsebach gt al. (1956) were t:atea z;;; the suthors to be es»tmmm,

and t’z&» mbms,neﬁ by La,ggmm et al. (19'«3) was £ t@m‘med sf‘or mame”im conminirw o

31.23 nualaic; za.czm, An aldl cases w}a@. 11: wm mvmmgmed fer %m:n "fmctim ?, _
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: 's;mtein”’ ami c&rb@xyuims.zuade s the direction of elec“mphomtic nobiLity was

‘towrr&-; t:he anode in the :325 mnm 6oBwT e ‘“mth *‘f’mct}:cm ;e;womm*f gm;‘}. |

'*wmwmmwmmwmwmmmmmMMWmMmm%vaw

vb@ unsteble below pH. 6 boﬁh mmw pmci,ai’(,ated md 1rmvw"ﬂblv denmtumd. ', 3
?*lesumn miemy:mﬁv;s of both ”f‘mct pmtnin" and o erde ‘preparation oi‘ i
garbox 'vcm.smmge showed gm?mclem 100 % 200 2 in each, pmmmtim wideh were g

- finmﬂtimguishable from eagh other, (%r}c and Pen, 1961). | “h@ prey Mmtmn ameﬂx'g ‘, o
f_"?:cs centain “,mlar pt,rticlm vitia eJ‘t. avamage aﬁmmtw oi‘ 100 3. '

"’h@ ahwa eviﬁence, in cm,,}un\.tion mm ‘c 18 mpar‘:e& finding:f L z@t materi ial

:' ., . :;zmpa‘ma as "i‘mcuicm I z»m‘h@m” ‘*?*om& carhox;éicmtmn activi‘:y (Lgttle**m

S and T’w, 1958; Park and Pon, 29613 v “%o@rt; mcz »rimmg 1@54} .s.nmﬂn._y B

SRS mﬁiaﬁt% that carbem*&*vmmﬁe v ”fm"tii‘m I Pm"g"inﬂ areg ldentieals Cer-

e difsmtasm J‘my oth&r t.mymtie act*vﬂ W wmsent :i.n “i‘rmtim pmm *‘a." w su‘.‘a

hﬂy tﬁa u:sbmmze emwact;ermtic of “fmcf'im I a,‘;:-o“s:n:m"’ aim., its m::n s “'e'«’;_- o

cula:e* w@igmf: t:md cnnfsecgwnt mzm sed:!.rrmtm;im cmfficiermn is due to m“bo}"'-» o

Cappear to be due to ao»omtwn on carbumdimuuta@e of the en"y*m 1nvolv-*~\d. .
- ’ifurmer oV denc@ na Bup mrt; thi,za hy;ﬁuthems waﬁ “eaently “eg)ortm by *f‘mm m

’%&him (19614), mc fwund t;nat the emival&nt we*mm cf cwbo:w&lccmutam on m

'73--b3a1$ of the mu*fhgdryl froup at the aetive %¢t@ or the enzyme v 2f7,eno. s

There are t,muz tuo act:ive-) @ites per rqolmmzle of’ 515 ,:)QQ molocular wel srm:. 5 ,Q{t. 3« o

E tha%; 'che lfmge ‘pmuem m.necuic is carh c*x,mismtasm and t-mz t‘m other @nzv-ﬂes"j_i

[

Costay posﬁible, thouﬁh not lﬁxely on the ba,xw of the prasaﬁt eviﬂenee, th@t qff"f_*
- lamfz mmtse‘m mlecule exist in the Qmm; tm whicb the varioum @m.yrna of tha :

carbon eycle s ihcluﬁin earbw:.ydmmm.:w 24 a*’e attmhecx. It :semm more Mkelv

o are efwhmr bound to it in :&M@; kind of organised structure i the plant ot m-'."ff_x-"

- cme ?‘oqnﬁ, a5 d:m auxin w‘*ﬁ mcleic acid, durin thm i‘sclamon DrOCRse

The shﬁl&rities of thm phystcal pmpe“‘aie ef carbexydlamutaem and thése 1.



-22- S UCRL-11859

, of protccmlmmgégll ‘w e*mm are alze. :s*cmjcin;: ( e Table III). The tost
Afled mkmmm‘cicsm of each have v,wtu'all; 1 dami cal seri&wnwtﬁ on. coefile-
Celents, Affusion ccefﬁaimm, mx'tml ap&cif’ic volummsa zmd molecular wel g ts, :
Al‘t:inoug;n the ztability of the wlocnmmﬁ to pil ﬂharma h&a not heen swﬁie_x.}.
: exteméiﬁelv s B lyoﬁh'ilim preparation of ‘me wm tein 4s- enly seluble abom : R} |
| pH 6.0 (beloar which: cm'-hox rdlamtnse 1s c"@m‘cum&) mmmn rﬁ,cmfgmpw c:f

: cmamq;diﬂmmam um pz'otcaehmmmyll Qloehmma mm mdwt:immi“\hhb}ﬂ i‘m*ﬁ |

| each other.  Both show par;icla with hnles or denresqicms in the centers of‘

o the mlc‘anuiés,' pa,rtzicularlyh evident on negatd ve e;cmm.mg wit;’m sodiim yhoe:p‘m—-
| mng uate, and the mwticle tiim*naians oatmned fL 'c*ue mcmwgz;ns ore the
. 2852 émtb&r pmmrtv r@vwm;efi by iéfsaxvjw ( 196?&) I‘or tm:. ‘holochroms is .

lno ghove by' earbcrgai&mwm. - Al'ter W?lﬂf s:m’x th'win'r : so},utwn of t}

halechmm, tr:e B0 ;e aaﬁlierén pmk a&msgmﬁmﬁ to 83 m epiit 1%;@ 3.

’ peaks ecmmanéz,% to 185, 263, m 323, a s lar splitting of the : mggln
scm.iarm peak into 1&;, 36513 h,rm 323 pe&kz& waa obsemmd 1n ono pmparamm af
ﬂ&f‘t’ﬁﬂ;{dunﬂdmﬁ‘" zs'm.ch h&e:l bmm exmsed to i Lm!mawn f’mtor not mﬂmllv c
' cncountmmd in' ;S.s.alotwa er si:omge e»f ym enzme. Zn t‘liﬁ case the gbmcme“an
CWRS c‘iemmﬁrﬁted, vy electv-m ﬂ.icmﬂ.cﬁp; » to ?36: due to- am;r*eyﬁtior; into f,iirnmm
end trim”s s 2 cems.mim a_lzao machaﬁ by Baardmn (1962&) for ;wmtocnlcmzﬂy.}.l. o
holoohrome | B

In mvzm*mgg the iwmuﬁ.on nf‘ ;:mtoahlommvn holoahm"m, Roardman
(1962&) poluted out the smil'xmty of the holoc‘xxme to “fraction I z*mtein“ s
| ami‘ confirmed th:\t the Lwo- mumwmces e indhbtnmimesme :Ln tm ul &c:esnvi-.‘;
mge‘ "":m zare“ent firding«":a s in ceni‘im‘msg; the idemity of “i’ra.cticm T prote }u""’ -
and c&rbcxyﬁimuta&e. snd bak@n in aenjumtion wit:h tne strikmm simlwz.c

in phwical ;:mwmiax bebwesn edrbexvmsmtme and mmcﬁmw, mm 1t 18 aly
that carbeoxydismutase mm.?,» up the protein .mmeztzyv of mmtacme,mg:éayxl Emlccm_xm@;.v |

Thig 1s not unlikely in view of the sblllity, already discussed ,‘ of oarborydise
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"“aaa to Mn ei: Vx* subﬁs%:an%s 0 hmelf. In t*@i&s éwmezi}i‘m'it ig of

| mmx'»ﬁst that %%e: am@unt of a.ctive rsmtccmompwll per z:mte in mleﬂulé
" varies cmsidmrwlg fre:m one prxz;mmim of pmmchl@m*:*zyml halochmma
u'tc ano’chap amd alscz ﬁun&ng the J..-mﬁluti@"’l nmce% ,;-- E%car&mn-i 1}-&:2:1}‘ In. _
@:xdﬁi‘“iﬁn., !.t: ha:s tzéén#h@%d thnt. e.ll of the acmvea ;amtnehlomh"n in the |
h@loc‘m mmamtmm is probably not eund te -the. g:;m»e..n ;in_ the mme’. ' | _
7&&; (m 5! mnd Coo.nbnn, ..950' :aoamf}am, 1)62b)‘ Uitmvm}.et 1igh1' com&rtsl' o
,'anly 30,) of t*ae tramf’ormblﬁ pmtmmlomwyll 6 chlomof~yll 03 the o
- remzinder ia converted by ‘vi.zs-b le light (Axiﬂoﬁ anfi (‘oowmrs lQSQ)v 'ﬁ'wi%é':--' |
. u .t'-:o pleces, of eviﬂmcm ﬁo not VUK‘}}OPL tm “‘g;?ot*wsm th&t mr*otoc‘xlomr\hyll

: _‘if:»; bound to a site @nair‘ical Vs &esimed f‘cr' ‘m_s purpose :S.n the ﬁlmt,

and it sepms thao the hiﬂﬁiﬁ}w oi‘ xzmtfochla *mq"ll o t‘m pmtein iR Y be

.fc\rtuitaus, pes.&"blg Qccuwinf c’lurixw the . isolatio*z p":)cedum. -ac:la‘cim '
of a ;zmtacnlompqyll Imlmwom pmpswatim which hoy «;ec‘i earbo wdismumve

4 &c;.iviw waula &hed cnm'zmerahlm 11,541!' on th,.z*; que"tion, and w raz ig m—- :

co«mdmg »lcrw ;,he)sa line;z,
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: M L.ff‘ecm of &:”m&* R aulf&te ammwm aﬁlm*i:de 5 sodium aulmtfa and
sodium chl:mim on tm« st:wili y r:mi act‘&viw of camo.qui RS . |
Ay 0.25 i "W , 503 0,0.25 } mu c1; 4, Gw.;» 1 Ha 8 3y s 025 Z:’I. |

‘,,Fiy 2, Line wa.veﬂ-’juﬂc glet for' the rmm.mm c:!" c&r‘baxydimm 2 ”w £ mni; 0

sulfate. -.v o macmcm velaci‘w (mﬁol@& c»f C fix@d p{ar mg; pmr@in per
10 min), 5= concr&r%tmtion of ‘?um? (o “p m s ne 2 "m"onium oi ifnte;

p‘losn‘mtea muf‘i r, p"z ? 6. V o maction velac* tg (umolna g f‘:lxead per m_

;:«rotem per 10 miu) s D= mncentra‘ci.on o Ru:?b (;r,t"a). a, no mes;p’mt

a, 0 Ol 5 ;ﬂass,mat@, A, 0.08 # p‘woz«na&te.

"'Fi; o by Fractianaticn of cumoxye.imxt e on um%mﬂex G-200 calum (zm x 14 7 cm)

‘ e, G0 &t 266 mu,u, UaDeo avy 380 mx, a, carbow&iammse mtivitj
[(mm/ml) x 10“‘6] R ’ ’

o ; ‘, iji@.} 5 Elutim of pmspnox*iboimmeraae and y:hc:aphorit:ulokmme frm {’,'mhm@x o
o - (~200 colwvm (lil! * 5, 7 em)d 4, pnoap}«or*bomme‘ BRES Oy "kimf-e-i.:o%m o"
(.sea quperimnml s“ctim); lins* withou’c points 0.0, at 280 m,l.

Rl 5, ’\s,xctima of protein cc.nc@ns,mtim (¢} 'md ﬁistmce ;f.‘rom cent“e of rct ti.'ézif?_v |

(x) in a ﬂﬁdi'ﬂ“aﬁmmm egul librﬁ.im experimnm. with purlfi@d carboxydise e

C o e mtéme (3.@7 ms/’ﬂ.) in 0.1 ?vt (M“) 80, 0.01 %“* tris e-ulf’zte burfer

PR 7 4, Q.O"L 8 W‘D’my 'f"‘he: rotor was ovemoe“%ed at 3397 rpm for 8 b

amd then run &t 209; rgm untm eanuilibmufq was aﬁtained. ":m data

L ma Rt e it

o mm thaimti from a p&mbaﬁ;'aph of the R&yle.xsgh intcrfawnea nai:t;em

tmen 120 hps a.rmr reaehm@“ 2“95 rpms  The rotcr tenmmtum was ll.?b"( -



. ‘ -28- : ' UCRL&11859
R "", ' ‘ .
120 — o
10 s
> . } y ' i
= o ’ R
> L T
=~8 ’ L A EEE ¢ T
A §?<’D . ! . / a i
e % /{45 ‘
. B2 DIALYSIS\- S
=z Ny - : '
N v 7
o8 o,
S r 2,00
ok 7
‘D% é}v/ I
e VA .
=l MY B
2p— ) , . i N ‘ .
4 —A—

1 1 | L . |

| 1 { ﬂy:_

30 40 .50, 60 70

. TIME OF STORAGE (HRS)

80

90 100 1o

MU.32792A ..

R
i




.. UCRL-11859

. -:2'9‘-'- o

FYY

P

1
48

42
x10°3 (moles:per liter)

] 1
30. 36

24

e
6

[*]

o
. ”

- A_.._.c_.,s o1 /uioud Bui/pa

_
jo] “O
& L=

x:..o mm_oE.&vw .

.

54

18

2

Ty

MU-32795A

1
S

-6

F_ig. 2

1

o
2]

[o}

-

)

.—c._S.O_,\c_,oﬁo‘.n oE\nmxt o) mo_.ocimv w s

: ___4_ :

]
&

1
e

54

42

48

36 %%

24

=]

x 10°3 (moles per liter)

d
S
(Fig. 3

MU.32793A




o
N
{

dp) ALIAILOV 3SVLAWS

—

-]

G gy

e

s 8 g
i l )

L) ’ -

- | . ) £

,!—@ -‘%‘ .,* .\9

:‘.l 1
1O

SRR G

o—

6o

20

Lo

IGAXOSHYD

20 130 140

60 70 _' 80 90 100

50

MU-32797

Fig. 4

mr



. AL T
AR [N

.

v ¥
o o |
- o3

L

(lwg) 'ON NOILOVYS

D

o
D

G01+0E

'

. B ] | b
- . o) o o P
{ “ . KINASE-ISOMERASE ACTIVITY (units /mg) . | |
S ]
' 6_$8n-iﬁH:’>n" S e “Vi“;. | | '




(VSBSNIEH N1)

9

ol

- oot

] ort

N . (g
. - ’ - - -
. w.-\ -.

1962 -4 2 . ‘ 9 811 T . , . 4 . .

. . N . (3%D) X R ., - - o
0s ¥ 8y w9y S . sv . e o

i . ! T 1 L . I Lt .

e o : g0 | o

-
(o] o
@ . X

L= - s
z | . S i
m . . . ,.
m . i . . . -
[2] - b J
m ) .



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.






