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Figure 2. Circular dichroism spectra of holo-a-
lactalbumin and apo-a-lactalbumin in the aromatic and
far-u.v. regions at 25°C. The c.d. spectra were scanned
16 times at the scan rate of 20 nm/min using a 0-25 s time
constant with a Jasco J-500, and the spectra were
averaged. For calculation of the mean residue ellipticity,
0. the mean residue weight was taken at 115 for both the
proteins. (a) c.d. spectra in the aromatic region were
measured at protein concentrations of 076 mg/ml for
both holo-a-lactalbumin and apo-a-lactalbumin, using a
cell with a 10 mm light-path length. The same samples as
those for calorimetry were diluted with dialysis buffer.
The solutions were at pH 77 for holo-protein and at
pH 7:6 for apo-protein. (b) c.d. spectra in the far-u.v.
region were measured at protein concentrations of
041 mg/ml for holo-a-lactalbumin and 0-49 mg/ml for
apo-a-lactalbumin, using a cell with a I mm path length.
The same samples as those for calorimetry were diluted
with dialysis buffer. The solutions were at pH 75 for holo-
protein and at pH 7-6 for apo-protein.
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Fig. 4 Refolding kinetics in cytochrome ¢ at 10 °C, monitored by
the fluorescence of a single tryptophan residue (Trp 59). The datad
were -ullected on a Hi-Tech stopped-flow apparatus, using a
deuterium lamp for excitation at 280 nm and observation of the
fluorescence emission at 350 nm. As in the pulse labelling experi-
ments (Fig.1), cytochrome ¢ was unfolded in 4.2 M. GuHCI,
pH 6.0, and refolded at. pH 6.2 in the presence of 0.7 M GuliCl.
The final protein concentration was 5 % 10~ M. Under these condi-
tions, unfolding was fully reversible. The kinetic data are presented
on the same logarithmic timescale used in Fig. 3. The solid curve
was obtained by nonlinear least-squares fitting of three exponential
phases, resulting in the indicated time constants and amf litudes.
The individual phases are displayed separately with dashed lines.
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Refolding System

Spame :7"’_ ~;"_":"'.-\" T . PR A fml oonc.
Substrate protein 200 pg/mi
Sodium phosphate buffer, pH 7.5 100 mM
Glutathione 0.2 mM
Reduced glutathione 2 mM
PDI 20 pg/ml

Results
Reduced RNase - Scrabled RNase
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Table 1 Chaperone proteins and their known functions in the cell.

Subcellular
location

The hsp 70
family
Cytosol

Mitochondria

Endoplasmic
reticulum

The ksp60
family
Cytosol

Mitochondrial

matrix

Chloroplasts

The hsp90
Cytosol

Organism

E. coli

Yeast

Mammals
Yeast

Yeast

E. coll

Fungi,
mammals

Plants

E. coll

Mammals

Compenent

Ssal—-4p

hsc70
Sscip
Kar2p

BiP, Grp78 -

hsp10
Rubisco
subunit
binding
preteln

hsp90

Subunit
M, (kDa)

69

69-72

70
78

70

58
10
58-64

10
61 (a-chain)

60 (B-chain)

17

Known femctions

Co-operation with the heat shock
proteins DneJ and GrpE in A DNA
replication; activation of RepA for
binding to orfP1. DNA (86-—-88);
dissociation of protein aggregates
(90)

Stabilization of precursor proteins
for translocation into ER and
mitochondria (38, 71); binding to
nascent polypeptides (72)
Uncoating of clathrin-coated
vesicles (91)

Membrane translocation, folding of
imported proteins (73, 75)

Protein translocation into the ER;
assembly within the ER (31);
retention of misfolded proteins
(29, 79)

Folding of monomeric and muiti-
subunit proteins (102, 103, 109—
113, 116, 118)

Folding and assembly of newly
imported proteins (75, 101)

Folding and assembly of rubisco
and probably of other proteins
imported into chloroptasts (151)

Stabilization of precursor proteins
for export across the cytoplasmic
membrane (45, 127)

Stabilization of steroid hormone
receptors in a conformation
competent to bind hormone (139);
association with pp60** before its
phosphorylation (134); facilitation
of refolding by preventing
aggregation (143)
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