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1. Introduction 

Ribulose 1 $bisphosphate carboxylase 

(EC 4.1 .1.39) is an oligomeric protein, with mol. wt 
-550 000, made up of large subunits (L) with mol. 
wt 55 000 and small subunits (S) with mol. wt 

-13 000 [ 1,2]. There is reasonable chemical and 
physical evidence for the presence of 8 large subunits 

in the molecule [ 2-41 but unequivocal experimental 

evidence for the number of small subunits is lacking. 
X-ray diffraction and electron microscopy of form I 

crystals of the enzyme from tobacco indicated that 

each subunit must be present in a multiple of 4 copies 
but, because of the low molecular weight of the small 
subunit and the spread of molecular weights estimated 

for the enzyme (475 000-600 000 [l]), it was not 
possible to distinguish between molecules of stoi- 
chiometry LsSs, Ls& or L8S16 [4]. The stoichiom- 
etry LsSIZ was eliminated when form II crystals of 
the tobacco enzyme where shown to possess D4 (422) 
symmetry [5]. However, when arguments about pos- 
sible self-assembly mechanisms are excluded, the 

crystal structure does not yet allow an unequivocal 
determination of the subunit stoichiometry, although 

the crystal density of form III crystals supports the 
stoichiometry LsSs [6]. 

In the absence of any reliable chemical data on the 
number of small subunits in the protein, we have used 
the amidination method in [7] to determine the 
subunit stoichiometry of tobacco ribulose bisphos- 
phate carboxylase. The results indicate the presence 
of equal numbers of large and small subunits in the 
protein and support a stoichiometry of LsSs. 
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2. Materials and methods 

2.1. Protein 
Crystalline (form I) ribulose 1,5-bisphosphate 

carboxylase was prepared from young tobacco leaves 

by the method in [8], as modified [9]. The protein 
was recrystallised 3 times. For the isolation of sub- 

units, the protein (50 mg) was dissolved in 2 ml 25 mM 

Tris-HCl (pH 7.8), 0.5 mM EDTA, 5% sodium dodec- 
ylsulphate (SDS), 100 mM 2-mercaptoethanol and 
heated at 100°C for 2 min. The subunits were sepa- 

rated by gel filtration on a 95 X 2.35 cm column of 
Sephadex G-200 in 25 mM Tris-HCl (pH 7.8), 
0.5 mM EDTA, 0.5% (w/v) SDS, dialysed against 

0.5% (w/v) NH4HC03 for 72 h and lyophilised. 

2.2. Amino acid analysis 
Subunits (0.2 mg) were dissolved in 1 .O ml 6 M HCl 

and 10 /..d2-mercaptoethanol and hydrolysed for 24, 

48 and 72 h at 105°C in sealed evacuated tubes. 

Hydrolysates were analysed on a Rank Hilger Chroma- 
spek amino acid analyser coupled with a Digico micro 
16 V computer. Tryptophan content was determined 

by UV spectroscopy of subunits dissolved in 0.1 M 
NaOH [9]. Cysteine content was determined by 

titration with 5,5’-dithiobis (2-nitrobenzoic acid) in 
the presence of 8 M urea [ 111. 

2.3. Amidination 
The enzyme was amidinated by methyl [ 1 -14C]- 

acetimidate following [7] as modified [ 111. Freeze- 
dried protein (0.5 mg) was treated with 10 pmol 
methylacetimidate in 0.1 ml 0.2 M sodium borate 
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buffer (pH 10.0) containing 6 M guanidine-HCl, 

2 mM EDTA and 0.01% (w/v) sodium azide, and the 
reaction allowed to proceed for 4 h at 20°C. Samples 
were dialysed against 20 mM sodium phosphate buffer 

(pH 7.0) containing 2 mM EDTA, 0.1% (w/v) SDS 

and 0.01% (w/v) sodium azide, lyophilised and ana- 

lysed by SDS-polyacrylamide gel electrophoresis [7]. 
Radioactivity in the subunits bands was determined 

as in [7]. 

3. Results and discussion 

The determination of subunit ratios in a protein 

by the amidination method requires a knowledge of 
the content of lysine residues in the subunits. The 

published amino acid analyses of the subunits of the 

tobacco enzyme show some variation [9,12,13] so a 

full ammo acid analysis was carried out on subunits 
separated by gel filtration on SDS-Sephadex G-200. 
SDS-Polyacrylamide gel electrophoresis indicated 
that the subunit preparations were not contaminated 

with other polypeptides (fig.lA). The results of the 
amino acid analyses are shown in table 1. The lysine 

contents of the large and small subunits were 23.8 

and 9.3 residues per subunit, respectively. 
Amidination was carried out on two separate 

preparations of the enzyme crystallised from 

extracts of tobacco leaves as in [8]. SDS-Polyacryl- 
amide gel electrophoresis of the crystalline protein is 

shown in fig.lB. The preparations contained in addi- 

tion to the large subunit (M, = 55 000) and small sub- 
unit (M, = 13 000) a staining band with a mobility 

equivalent to a polypeptide of mol. wt 110 000. This 
has been identified as a dimer of the large subunit 
[ 14,151 and radioactivity incorporated into this band 

was included with the radioactivity in the large sub- 
unit band. The large subunit dimer accounted for 
-7% of the radioactivity incorporated into the large 
subunit. The results of the amidination experiments 
are presented in table 2. The mean ratio of radio- 
activity in the two subunits (L:S) was 2.58 f 0.13, 
which gives a subunit stoichiometry (L:S) of 
1 .OO + 0.01, calculated from the value of 2.56 for the 
molar ratio of lysine residues in the large and small 
subunits. 

Our experiments clearly establish the presence of 

equal numbers of large and small subunits in the 
structure of ribulose bisphosphate carboxylase. This 
stoichiometry eliminates the subunit composition 

238 

LsSre that was not excluded by the X-ray diffraction 

studies. A structure with the composition LsSs is 
therefore the only one that can satisfy the crystal 

structure data and the results from the amidination 
experiments. 

A B 

s L 

Fig.1. SDS-polyacrylamide gel electrophoresis of ribulose 
1,5-bisphosphate carboxylase and its separated subunits. (A) 
Large (L) and small (S) subunits separated by gel filtration on 
SDS-Sephadex G-200. (B) Crystalline ribulose l,S-bisphos- 
phate carboxylase. The very faint band migrating more slowly 
than the large subunit dimer is an aggregation state of the 
large subunit that forms on storage. It was not present in 
freshly prepared enzyme or large subunit. 
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Table 1 
Amino acid composition of subunits of tobacco ribulose l,$bisphosphate 

carboxylase 

Large subunit SmaB subunit 

Asp 
Thr 
Ser 
Glu 
Pro 
GJY 
Ala 
Val 
Met 
Ile 
Leu 
Tyr 
Phe 
His 
Lys 
Arg 
cys 
Trp 

mol % residues/subunit mol % residues/subunit 

9.68 41.0 9.17 10.4 
7.16 34.7 5.21 6.0 
3.70 18.0 4.89 5.6 
9.31 45.3 14.09 16.1 
3.93 19.1 5.44 6.2 

11.46 55.8 8.58 9.8 
10.05 48.8 5.35 6.1 

7.92 38.5 6.70 7.6 
1.69 8.2 1.43 1.6 
3.33 16.2 3.24 3.7 
9.10 44.2 9.33 10.6 
3.67 17.8 8.61 9.8 
4.39 21.3 4.23 4.8 
3.37 16.4 2.48 2.8 
4.91 23.8 8.17 9.3 
6.31 30.6 3.07 3.5 

- 9.0 - 3.0 
- 7.2 - 4.0 

Table 2 
Subunit stoichiometry of tobacco ribulose l,S-bisphosphate 

carboxylase 

Protein 
sample 

[ 14C]Acetimidate Iabelling Stoichiometry 
(dpm) L:S L:S 

I 2.52 i 0.12 (4) 0.98 * 0.02 
II 2.62 f 0.12 (6) 1.02 f 0.02 
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