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Abstract—The amino acid sequence of the small subunit of ribulose-1,5-bisphosphate carboxylase from pea consists of a
single polypeptide chain of 123 residues with a calculated MW of ca 14480. The N-terminus was ‘ragged’ and both
methionine and glutamine were determined in residue position 1. No heterogeneity was found even though two
isofocussing variants were observed. The amino acid sequence confirms the nucleic acid sequence of cDNA of mRNA

determined independently.

INTRODUCTION

Ribulose-1,5-bisphosphate carboxylase (EC 4.1.1.39) is a
CO,-fixing enzyme of chloroplasts which consists of eight
similar large (LSU)and eight similar small (SSU) subunits.
The pea SSU is encoded in the nuclear genome and
synthesized in the cytoplasm as a larger molecule; about 50
residues are lost after passage through the chloroplast
envelope before the subunits are assembled into the
enzyme [1,2]. Analysis by electrofocussing reveals that the
pea small subunit contains two charge variants.

Bedbrook er al.[3] have determined the nucleic acid
sequence of cDNA encoding the pea SSU. The present
work, carried out independently, in which the amino acid
sequence of the mature SSU has been determined directly,
confirms the nucleic acid sequence determined by these
authors. The results suggest that the pea SSU molecule
charge-variants do not represent the products of different
structural genes.

The complete amino acid sequence (Fig. 1) was
determined, there being 123 residues, giving a calculated
MW from the amino acid sequence of 14480. The N-
terminus was found to be ‘ragged’, i.e. both methionine and
glutamine were determined in residue position 1. In most
preparations, the yield of methionine at the N-terminus
equalled the yield of valine in position 2/3, suggesting that
protein molecules lacking methionine at the N-terminus,
i.e. those having glutamine instead, had probably become
blocked by cyclization.

The major problem encountered in attempting to
determine the amino acid sequence was the insolubility of
the SSU after using sodium dodecyl sulphate to separate
the large and small subunits. This problem was overcome
by dissociating the protein into subunits by using the
maleylation reaction [4] whereby the lysine residues were
derivatized.

RESULTS AND DISCUSSION

The CNBr fragments were ordered by their N- and C-
terminal amino acids thus: X1 had the same N-terminus as
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the intact SSU and homoserine at its C-terminus, the latter
residue shown to be present by digestion with
carboxypeptidase A. The second fragment was identified
by the presence of homoserine at the C-terminus and
tryptophan at the N-terminus, and the third fragment has
the same C-terminal residue, tyrosine, as the intact protein.

The amino acid sequence is presented in Fig. 1. All the
enzymes used (see legend, Fig. 1) showed their expected
specificities apartfrom thefollowing results. A complete set
of tryptic peptides was obtained and their sequence
determined. However, trypsin cleaved the maleylated SSU
poorly between residues 35 and 36 presumably because of
the presence of the derivatized lysine residue at position 36.
A complete set of peptides produced by the protease from
Staphylococcus was not separated, but the sequence of
seven Staphylococcus peptides provided much of the
confirmatory overlapping sequence. This enzyme also
gave an unexpected cleavage at position 52/53 which
resulted in peptide S6/7. Chymotrypsin gave many
peptides of which C3 and C4 were used to confirm that part
of the amino acid sequence given by T3, T4 and TS. All of
the tryptic peptide sequences were overlapped with
peptides obtained from staphylococcal or chymotryptic
digests, or by automatic sequence analysis.

No heterogeneity was observed during the deter-
mination of the amino acid sequence and the occurrence
of two isoelectric focussing variants may be due to the
removal of the N-terminal methionine from a proportion
of molecules; the glutamine residue so exposed could then
cyclize, and thus lose a positive charge. A similar
explanation has been put forward to account for the
occurrence of two charge variants of SSU in spinach [5],
but in tobacco the occurrence of such variants has been
attributed to different structural genes [6]. The amino acid
sequenceisin complete agreement with the DNA sequence
which was obtained completely independently [3].

Lastly, it is of interest to note that the pea amino acid
sequence contains an amino acid triplet (positions 68—70)
which is absent from the spinach molecule [5]. This triplet
contains a methionine residue which gives rise to an extra
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Fig. 1. Amino acid sequence of small subunit. X1, X2 and X3 represent the CNBr fragments. * indicates homoserine
was identified as the derivative from CNBr cleavage. S, T and C represent peptides obtained by a protease from
Staphylococcus [8 ], tryptic {11 Jand chymotryptic [11 ] digestion, respectively, of carboxymethylated and maleylated
protein. Peptides are numbered on the basis of their order within the complete sequence. De-maleylated tryptic
peptidesaredesignated by DT, e.g. T2DT1 isthe first sub-peptide of demaleylated tryptic peptide T2. Arrows —, —, —
represent automatic sequencing, manual Edman degradation and carboxypeptidase A and B digestion, respectively
(see ref. [10] for methods). Residues that were unambiguously identified are indicated with solid arrows. Others (e.g.
weaker spot) with broken arrows.

fragment on cyanogen bromide cleavage. Otherwise, the
pea and spinach molecules show considerable homology;
89 residues are the same in both species. Such homology is
not unexpected since SSU from pea can assemble with LSU
from spinach to form a protein with the same
electrophoretic mobility as the native spinach enzyme. [7]

EXPERIMENTAL

Ribulose-1,5-bisphosphate carboxylase was purified from
young leaves of Pisum sativum (cv Feltham First) by a method
based on that of Covey and Taylor[9]. After carboxy-
methylation [10], the protein was maleylated [4] and the large
and small subunits were separated by chromatography on
Sephadex G-75 equilibrated in 50mM NH,HCO; [11]. The
fractions containing SSU were lyophilized.

Twenty-five N-terminal residues (Fig. 1) were determined by
analysing 5 mg of SSU using a Beckman automatic sequencer with
the fast protein QUADROL programme 122974. The SSU was
cleaved chemically with cyanogen bromide [12] and the resulting
fragments, X1-X3, were separated on a column of Sephadex G-
75[11].

Separate enzymic digests (see Fig. 1) were performed on the
intact SSU and theresulting peptides separated by Sephadex G-75
(superfine grade) column chromatography, followed, where
necessary in order to obtain pure peptides, by paper
electrophoresis at pH 6.5 [11]. Tryptic peptides T1, T2 and T4
after separation were de-maleylated [13] to expose the amino
group of lysine and then sub-digested with trypsin again. These
peptides were purified on a column of Bio Gel P-4 [14] and by
paper electrophoresis at pH 6.5 [11]. The observed mobilities of
the peptides from enzymic digests were in agreement with those
calculated from the proposed sequence (data not shown).
Tryptophan-containing peptides were also identified by positive
staining with Ehrlich’s reagent [11].

N-Terminal residues were determined by the dansyl Edman
method [15] and pure peptides were sequenced by the
4-N,N-dimethylaminoazobenzene-4'-isothiocyanate (DABTIC)
method [16]. C-Terminal amino acids were sequenced by using
either carboxypeptides A [11] or B[17].
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Amino acid sequence of the SSU of ribulose-1,5-bisphosphate carboxylase
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NOTE ADDED IN PROOF

Martin (personal communication) has re-investigated the
tryptic peptide commencing at position 66 and has found that
there is no difference between spinach and pea; i.e. the omission of
a tri-peptide from spinach was an error.



