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Polypeptides of spinach chloroplast envelopes were separated by electrophoresis in an SDS-polyacrylamide 
gradient gel. At least 37 polypeptides were resolved; nine were prominent. Two (M, 54000 and 16000) were 
also found in the stroma fraction and identified by peptide mapping and isoelectric focusing in the second 
dimension as the large and small subunits of ribulose-1,5bisphosphate carboxylase. Proteins of the 
chloroplast envelope were also separated by isoelectric focusing. An adaptation of a previous method (Ames, 
G.F.L. and Nikaido, K. (1976) Biochemistry 15, 616-623), using solubilization in SDS and isoelectric 
focusing in the presence of a high concentration of Nonidet P-40, gave the best separation and resolved the 
envelope membranes into at least 21 proteins. The major band (PI 6.85) contained both subunits of the 
carboxylase and at least two additional polypeptides which corresponded to the prominent bands found in 
SDS gel electrophoresis of chloroplast envelopes. 

Introduction 

The two membranes that comprise the chloro- 
plast envelope support a great variety of physio- 
logical functions that are sustained by the nature, 
amount and organization of the biochemical con- 
stituents [l- 151. Although the lipid and pigment 
composition of the envelope has been studied in 
detail [12], the function and organization of these 
components within the two membranes are not 
known. Surprisingly, the envelope contains little 
protein per unit mass compared to thylakoid mem- 
branes [ 121. Electrophoretic patterns on SDS-poly- 
acrylamide gels [4,5,9,10,12,13,16-231 show a series 

Abbreviation: Tricine, N-tris(hydroxymethyl)methylglycine. 

of high molecular weight bands (M, > 60 000) and 
four prominent polypeptides. The 29000 Da poly- 
peptide has been demonstrated to be the phos- 
phate translocator [20,21]. The 12 000- 14000 Da 
polypeptide was identified as the small subunit of 
ribulose-1,5_bisphosphate carboxylase [ 161 with 
anti-ribulose- 1,5_bisphosphate carboxylase serum 
[22,23]. The identity of the 52000 Da polypeptide 
as the large subunit of ribulose- 1,5-bisphosphate 
carboxylase, however, is controversial [ 16,22,23]. 
The isoelectric points of the proteins of chloroplast 
envelopes have not yet been reported, probably 
due to the difficulty of solubilizing the hydro- 
phobic envelope proteins in nonionic detergents. 

The aim of this investigation is first to obtain 
reproducible polypeptide separations of spinach 
chloroplast envelopes by SDS-polyacrylamide gel 
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Polypeptides of spinach chloroplast envelopes were separated by electrophoresis in an SDS-polyacrylamide 
gradient gel. At least 37 polypeptides were resolved; nine were prominent. Two (M r 54000 and 16000) were 
also found in the stroma fraction and identified by peptide mapping and isoelectric focusing in the second 
dimension as the large and small subunits of ribulose-l,5-bisphosphate carboxylase. Proteins of the 
chloroplast envelope were also separated by isoelectric focusing. An adaptation of a previous method (Ames, 
G.F.L. and Nikaido, K. (1976) Biochemistry 15, 616-623), using solubilization in SDS and isoelectric 
focusing in the presence of a high concentration of Nonidet P-40, gave the best separation and resolved the 
envelope membranes into at least 21 proteins. The major band (pl 6.85) contained both subunits of the 
carboxylase and at least two additional polypeptides which corresponded to the prominent bands found in 
SDS gel electrophoresis of chloroplast envelopes. 

Introduction 

The two membranes that comprise the chloro- 
plast envelope support a great variety of physio- 
logical functions that are sustained by the nature, 
amount and organization of the biochemical con- 
stituents [1-15]. Although the lipid and pigment 
composition of the envelope has been studied in 
detail [12], the function and organization of these 
components within the two membranes are not 
known. Surprisingly, the envelope contains little 
protein per unit mass compared to thylakoid mem- 
branes [ 12]. Electrophoretic patterns on SDS-poly- 
acrylamide gels [4,5,9,10,12,13,16-23] show a series 

Abbreviation: Tricine, N-tris(hydroxymethyl)methylglycine. 
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of high molecular weight bands (M r > 60 000) and 
four prominent polypeptides. The 29 000 Da poly- 
peptide has been demonstrated to be the phos- 
phate translocator [20,21 ]. The 12 000-14 000 Da 
polypeptide was identified as the small subunit of 
ribulose-l,5-bisphosphate carboxylase [16] with 
anti-ribulose-l,5-bisphosphate carboxylase serum 
[22,23]. The identity of the 52 000 Da polypeptide 
as the large subunit of ribulose-l,5-bisphosphate 
carboxylase, however, is controversial [16,22,23]. 
The isoelectric points of the proteins of chloroplast 
envelopes have not yet been reported, probably 
due to the difficulty of solubilizing the hydro- 
phobic envelope proteins in nonionic detergents. 

The aim of this investigation is first to obtain 
reproducible polypeptide separations of spinach 
chloroplast envelopes by SDS-polyacrylamide gel 


