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(Molecular chaperones and protein denaturation, aggregation, and disaggregation)
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(Masasuke Yoshida)
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[ Summary ]

Proteins are subjected to conformational transitions in cells.
Among them, unfolded state is located at the central position
where the paths are crossed to folding into native structure,
transport to organella, secretion to outside, formation of
aggregates, and so on.

Aggregates are troublesome to the cell in general. There are three
kinds of aggregates. Good aggregates can be rescued to the
native protein by aid of molecular chaperones. Manageable
aggregates cannot restore the native structure but can be
digested by proteases.

Difficult aggregates have some ordered structures, are resistant
to protease digestion and are accumulated in the cell which
sometime cause cell death. | introduce here our recent
experiments on how to molecular chaperones rescue good
aggregates and how difficult aggregates grow.
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Protein aggregate, prion, amyloid, chaperone, Hsp,
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Fig.1 Three kinds of aggregates that can be generated in the cells. "Good
aggregate” is the aggregate that can be resolubilized by aid of
molecular chaperones. “Manageable aggregate” is digested by
proteases. "Difficult aggregate” is not amorphous aggregate but has
some ordered structure, likely B sheets. It is resistant to protease
digestion and detergent solubulization.
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Fig.2-A Effect of the Dnak(J J-GrpE set and ClpB on aggregation of lactate
dehydrogenase (LDH). LDH,biotinylated for detection, was
incubates in the presence of indicated components at 73 O for 30
min.The solutions were centrifuged,and supernatant (sup) and
precipitate (ppt) were analyzed by polyacrylamide gel
electrophoresis in the presence of sodium dodecylsulfate.
Electrophoresed proteins were blotted to the membrane, and
biotinylated LDH was detected by alkaline phosphatase-conjugated
streptavidin. KJ, E,and B represent DnaK 0 J comlex, GrpE and
ClpB, respectively. All of the chaperones were isolated from
Thermus thermophilus.
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Fig.2-B Effect of order of additions of the DnaK[ J-GrpE set and ClpB on
the recovery of LDH activity. The order of addition of chaperones
are indicated. For all experiments, ATP (3 mmol/l) was added from
the beginning of the 73 0O incubation. The LDH activities at 0 min
(brank bars) and 60 min (black bars) after temperature shift to 55
0 were measured.
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Fig.3 Fibers grown from green-Sup35NM in the presence of preformed
red-Sup35NM fibers. Integrated fluorescent images of the Sup35NM
fibers. TMR-labeled (red) Sup35NM (30 pmol/l) in 8 mol/l guanidine
HCI was diluted 200-fold into Buffer A. After incubation for 10 h,
30 umol/l of OG-labeled (green) Sup35NM in 6 mol/l guanidine HCI
was diluted 200-fold into the reaction mixture and incubated for
another 10 h. Red and green images
were recorded separately,and the colored images were subsequently
merged.
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Fig.4 Two models of Sup35 prion-fiber growth. Model 1, a model for the
unidirectional growth of prion fibers. Critical conversion occurs after
the monomer associates to the fiber. Model 2, a model for the
bidirectional growth. Critical conversion occurs in a monomer before
association to a fiber.
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