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The catalytically active oligomeric form of the larger subunit, Am, obtained 
from spinach leaf ribuloee-1,Wiphosphate carboxylaee by pretreatment with 
p-mercuribenzoate at pH 7.5 followed by incubation at pH 9.0, was free of 
the smaller subunit based on C-terminal amino aoid anelyeee. Valine was 
the predominant C-terminus of the Am preparations, the release of tyroeine 
being negligibly small [cf. Sugiyama and Akazewa, Bioohemietry 9 (1970) 44993. 
The pH optimum of the rib&lose-l,%diphosphate carborylaee reaction by Am wae 
about 0.5, in comparison to the native enzyme which showed an al&line pH 
optimum only in the abeence of IQ*+. The substrate saturation curve of the 
catalytic eubunit with reepeot to bicarbonate followed the Eichaelie-Menten 
equation, as contrasted to the anomalous reaction kinetics of the native 
rib&lose-1,5-diphoephate oarboxylase molecule reported previously. These 
overall results indicate that the alloeterio properties of epinach ribulose- 
1,5-diphoephete oarboxylaee are possibly conveyed by a unique structural 
conformation that requires the presence of the emaller aubunlt in aeeooiation 
with the larger catalytic subunit component of the enzyme molecule. 

Our previous erperimente demonstrated that ribuloee-1,5-diphoephate 

(RuDP) oarboxylase ieolated from spinach leaf and Chromatium is oompoeed of 

non-identioal subunits, the intact noleoule having the compositional formula, 

A,,+& (1, 2, 3). Our current study showed that the epinech enzyme molecule 

can dissociate into eight multiple subunit8 designated a8 A,,,, Am-1 . . . A m-7 ’ 

and mono- and dimeric forma of the amall subunit (3 and B2) upon initial 

treatment with p-merouribenzoate (PMB) at pH 7.5 and subsequent incubation at 

PH 9.0 (4). It wga found that the dissociated molecular epeaies Am retains 

the carboxylase activity in the absence of the smaller sutmn.it upon incubation 

with excess p-xaercaptoethanol which removes PHB, the activity was about 1% 
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of the native enzyme. The molecular weight determinations of the dissociated 

subunits revealed that probably eight pairs of the two kinds of subunits 

make up the symmetrical enzyme molecule represented as ASBS (cf. 5, 5, 6). 

kvidence that the catalytically active larger subunit i6 not oontaminated by 

the smiler subunit was based on the sodium dodecyl sulfate-polyacrylamide 

gel electrophoreeia, by which the presence of contaminating small subunits 

was not detectable. The sensitivity limit of this particular technique, 

however, would not allow us to completely eliminate a possibility that the 

residual enzyme activity detected might be attributable to i) low levels of 

contaminated native enzyme or structurally altered uative enzyme or ii) the 

presence of the smaller subunits as contaminants. That the A,z preparations 

are free of the smaller subuuit was verified by C-terminal amino acids 

analysis, the results of which constitute this communication. 

Materials and Methods 

The experimental details of purifying RuDP carboxylase from spinach leaf 

and the chemical modification of SH-groupa of the enzyme molecule with PKB 

for the complete dissociation into two types of subunits were reported pre- 

viously (4). The basic procedure of preparing the catalytic subunit, Am, is 

as follows: sufficient PMB (2.5 I. 10%) in 0.05 M Tris-HCl buffer (pE 7.5) 

was added to an enzyme preparation so that the molar ratio of PMB to SH- 

residues in the enzyme protein was 2; the mixture was allowed to etand at 250 

for 30 min. The preparation was then passed through a small column of 

Sephadex G-25 (fine) previously equilibrated with 0.025 W Tris-HCl buffer 

(pH 9.0) to remove the excess mercurial; the eluate was imubated for 3 hr 

at 250. The modified enzyme protein was then applied to a column of Sephadex 

G-200 preequilibrated with 0.025 a Tris-EC1 buffer (pH 9.0). Aliquots of the 

fraotious were assayed for the RUMP carboxylase activities. The enzymically 

active fractious were couueutrated in a oollodion membrane bag to approxi- 

mately 0.2 c&l. The preparation va6 then paseed through a colum of 

Sephadex G-25, preequilibrated with 0.025 1! Tris-HCl buffer at pH 7.5, aad 
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Fig. 1. Time ooume of oerboxypeptidese hydrolyeie of MtiYe RuDP 
08dlOlyl8&3e (A) 8Ild 08t8lytiC 8llbUit $I (B). 

Bosie experimental procedure8 were those previously described (1, 3). 
The reaction mixture of the proteolytic digeetion contained 3.8 mg of 
n8fiYe enzyme (about 0.06 pmole) or 0.8 mg of prepentione (about 0.02 
pmole), 20 &mole6 of N-ethylmorpholine acetate ? pH 8.5). 3.6 pg (A) or 
0.7 @g (B) of DFP-C8rbo~eptid88e A dieaolved in l@ (U/V) LiCl 8ld 0.005 
ml of toluene in 8 tot81 volume of 1 ml. Inoubstion w88 cerried out at 37”. 

eluates incubated for 3 br at 250 with 8 large 8x0888 of e-mera8ptoethmml. 

The fin81 preperation free of ~-merc8ptoeth8nol and PMB which w88 obtained 

by p8ssage through 8 column of Sephsdex G-25 (fine), preYiouely equilibrsted 

with 0.05 M Tria-HGl buffer et pH 8.5, ~08 azmlyeed for the C-ter0dn81 8mino 

acids 8nd it8 activity re8e88yed. 

The lpethode of proteolytic digeetion of intact native enzyme and puri- 

fied Am preporation wing Dl+aerboxypeptidaee A (Worthington, Freehold, 

N. J.) were deecribed previously (1, 3). The enzymic l@rolyeie w88 stopped 

et various rezction intervals by heating the reaotion mixture in 8 boiling 

water bath. After evaporating the hydroly88te to dryneee, the maple MB 

taken up with 0.2 M N8-citrPte buffer (pE 2.2) end transferred to 8 Nihon 

Denshi Model JLC !iAH eutozmtic amino acid enelyzer equipped with 8 high 

sensitivity attachment and 10 mm light peth cell. 

The enzyme 8888~ w8a carried out using the method reported by Murai and 

Aakazewe (8). The compositiona of the resotion mixture utilized are dee- 

cribed in the respective figure legends. Following inoubstion the amount of 
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14 CO2 fixed in aliquote of the reaotion mixture was measured uoing a Paokard 

Tri-Carb node1 3320 liquid eointillation counter. 

Results and Diacuesion 

The complete dieeocietion of the epineoh leaf RuDP carboxylaee molecule 

into two types of subunits was accompliehed by the technique deeoribed in 

Materiela and Methods. From the band patter- on the sodium dodecyl sulfete- 

polyacrylamide gel electrophoreeia it was substantiated that each of large 

and amall eubunite comprise monomeric subunits A and B, reepectively (4). 

The mean speoifio enzyme activity of the catalytic mabunit Am preparations 

was 36 mpmolee CO2 fixed/mg protein/min (pH 8.5), which is about 12$ of the 

intact native enzyme aaaayed at pH 7.0. 

The native enzyme preparation was digested with DFP-carbo~eptidaae A. 

The time-sequence aaelyeie of C-tezxninal amino aoide (Fig. 1, A) shows that 

both valine and tyrorrine are released which is consistent with our previous 

experimental data baeed on the 'H-labeling method and carboxypeptidaee 

hydrolyaie (1). The release of tyrosine, reaching approximately 0.9 equiva- 

lent per mol subunit B within 15 hour digestion, was faeter than that of 

valine, reaching maximum at about 0.6 equivalent per mole subunit A. The 

reason for the incomplete release of the two C-termini ia not clear, but it 

will be recalled that in our previous study the proteolytic digestion was 

carried out using the dissociated subunits prepered from the carbowethy- 

leted enzyme samples. Be lees than a mg of the catalytic subunit pre- 

paration was available, the determination of the C-terminus of Am ~8s 

carried out ueing the amino acid analyzer with 10 mm light path cell and 

at the maximum eenaitivity. The resolution was excellent and highly re- 

producible (Fig. 1, B), revealing that valine ia the dominant amino acid 

released during a 24-hour digestion period. From the molecular weight of 

A m, 4.0 x 105 (4), it was calculated that about 0.7 equivalent of valine is 

released. Under the experimental condition0 presently employed, one can 

easily detect as little 810 0.6 nmole tyroaiae. However, a peak corres- 

845 



Vol. 54, No. 3, 1973 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

0 ” a ’ 1 ” ZO zs a0 as 9.0 
PH 

10 25 a0 85 90 
PH 

1 

z” Km:2OmM I/s 
” 

e 

IO 20 30 40 
NoHC03 ( mM) 

Fig. 2. CptiUlml pH of RuRP oerboxylsee reaction o8tely8ed by native enzyme 
(A) and catalytic eubunit Am (B) with or without Mg2+. 

The optimal pR for rmtive enzyme and enzymically active 8ubunit 
fractions b, seperoted by Sephedex G-200 gel filtration were determined in 
the presence or 8baerICe of Mg2+. The reaction mixture conteined the 
fol wing components (Mzoles): Tris-RCl of varioue pR, 100; RuDP, 0.7; 
R8R%O 3, 25 (2 pCi for A, and 20 pCi for B); MgCl2, 5; and approximately 
lo-20 pg of the enzyme preperation in 8 tot81 volume of 0.5 ml. Incubation 
was carried out at 250 for 10 min. 

Fig. 3. Bicarbonate dependence of RuDP carboxylese reection cetalyeed by 
c8ta1ytic m&unit Am. 

The enZyPriC8lly active eubunit fractions 
+. 

were eeparated by Sephadex 
G-200 gel filtration. The reaction mixture con eined ((Imolea)r Tris-BCl 
(pH f3.5), 100; RuDP, 0.7; rJpH14C03 (25 RM, 20 @i) 8t the indic8ted final 
concentrations; MgC12, 5; end 20 8g of enzyme protein in 8 tot81 volume of 
0.5 ml.. The enzyme reaction ~8s darted by adding RuRP to the 8868y 
mixture which was preincubated et 25O for 10 min, ead incubation continued 
for fl min. The Km value of 20 I@¶ w80 oelculated from the double reCipr0081 
plot enalysie (inset). 

pending to tyroeine uaa found to be negligibly srpll, uarble to estimate its 

content. We thus conclude that the Am preparation free of the sm8ller eub- 

unit can exhibit the RuDP oerboxylese activity in the eblsenoe of the smaller 

aubunit. 

It ie known that RuDP carboxylaae from spinach leaf (9, 10) 8B well a8 

from Chlorells ellipeoidee (11) and Chromatium (7, 12) exhibits 8 shift in 

the optimum pH toward 8 neutral or acidio from an alkaline side upon the 

2+ addition of Mg to the osaay mixture. Aa 8howIl in Fig. 2, the pH optimum 

of the enzymically aotive fractiona oeparated by Sephadex G-200 gel oolumn 

in the presenae (10-s) or ebeenoe of Mg2+ MB about 8.5 (B), in comp8rison 

to the native enzyme which ahowed an allcrrline pH optimum only in the abrenoe 
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of Mg2' (A). The 8b8enoe of the shift in the optimum pH of the enzyme re- 

action by the catalytic subunit euggeats a role for the soeller subunit is 

to modulate the Mg2'-effect of the enzyme reaction. A similar phenomenon was 

obeerved in the alkaline diesociated RuDP oarboxylaee from ChrorDatium (7). 

The bicarbonate sahr8tion curve of the Am preparation W8s found to follow the 

Michaelia-Menten equation, Km value calculated by the double reciprocal plot 

analysis being 20 mM (Fig. 3). This is sharply contracted to the 8nOlpelOUa 

ma&ion kinetics of the intact RuDP cerboxylaee from either apihach or m8ize 

le8vee with respect to bicarbonate (or C02) concentrations (8, 9, 10, 13, 14). 

Our allied investigation (7) concerning the catalytic nature of the 

larger subunit, Am, prepared from the photosynthetic bacterium, Chroaretium, 

together with result8 here indicate th8t the allosteric properties of RuDP 

carboxylase are conveyed by 8 unique stNCtuMI1 conformation that requirea 

the presence of the smaller submit. 
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