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Abstract — Enzymes in organic media afford many advantages such as chiral synthesis and resolution, modification of
fats and oils and production of biodegradable polymers. However, the nature of solvents influences the activity and sta-
bility of enzymes, and the presence of organic solvents always constitute a risk of enzyme inactivation. Heat-shock pro-
tein Hsp90, one of the molecular chaperone, was applied for understanding of enzyme inactivation and for increasing of
enzyme stability in water-miscible organic solvent. Hsp90 showed stabilization effect on HRP in the 30 % of DMSO, in
the 30% and 50% of dioxane. Hsp90 also showed reactivation effect on the inactivated HRP by water-miscible organic
solvent such as dioxane and DMSO. In addition, structural analysis using fluorescence spectrophotometry and circular
dichroism showed that exposure of HRP in water-miscible organic solvent caused appreciable conformational changes
and enzyme inactivation, and the unfolded HRP by water-miscible organic solvent was refolded by Hsp90.
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Fig. 1. Relative activity of HRP in 30%, 50% (v/v) DMSO and buffer
at pH 7.0, 25 °C. HRP was incubated at 25 °C waterbath with
shaking at 150 rpm. HRP concentration was 0.1 mg/ml. @:
buffer, H: 30% DMSO, A: 50% DMSO.
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Fig. 2. Fluorescence of Hsp90 in 30%, 50%, 90% concentration (v/v)
of DMSO. @: 90% DMSO, B: 50% DMSO, a: 30% DMSO.
Hsp90 was excited at 295 nm. (a) Fluorescence intensity of Hsp90
in DMSO. (b) Fluorescence emission maximum wavelength of
Hsp90 in DMSO.
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Fig. 3. Effect of Hsp90 on HRP stability in 30% (v/v) DMSO at 10 °C
with shaking at 150 rpm. @: HRP + Hsp90, a: HRP only.
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Fig. 4. Effect of Hsp90 on HRP stability in 30%, 50 % (v/v) dioxane at
25 °C with shaking at 150 rpm. A: HRP with Hsp90 in 30 %
dioxane,®: HRP without Hsp90 in 30% dioxane, A: HRP
with Hsp90 in 50% dioxane, O: HRP without Hsp90 in 50 %
dioxane (v/v).
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Fig. 5. Reactivation of HRP in DMSO: The symbols represent the
HRP inactivated in each concentration of DMSO. Reactiva-
tion by Hsp90 is marked as solid line and reactivation without
HRP marked as dashed line. @: buffer, B: inactivated at 50 %
DMSO/reactivated by Hsp90, [1: reactivated without Hsp90,
A: 70 % DMSO with Hsp90, A: 70 % DMSO without Hsp90,
@: 90% DMSO with Hsp90, <: 90% DMSO without Hsp90.
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Fig. 6. Spectra of fluorescence change of HRP. (-): initial fluores-
cence of inactivated HRP+Hsp90, (--): fluorescence of inacti-
vated HRP+Hsp90 after one-day of incubation, (——): initial
fluorescence of HRP in buffer, (-): fluorescence of HRP in
buffer after one-day of incubation, (---): initial fluorescence of
inactivated HRP without Hsp90, (—-—): fluorescence of HRP
without Hsp90 after one-day incubation. HRP concentration
is 0.01 mg/ml; molar ratio of HRP:Hsp90=1:1; HRP was inac-
tivated by stocked at 90% DMSO for one day. HRP was incu-
bated at 25 °C with shaking at 145 rpm.
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Fig. 7. Far-UV CD spectra of HRP. (-): spectra of HRP in buffer, (-):
spectra of reactivated HRP by Hsp90, (--): spectra of inacti-
vated HRP without Hsp90. HRP concentration was 0.2 mg/ml.
HRP was incubated with Hsp90 for 24 hours with shaking at
145 rpm at 25 °C. Molar ratio of HRP: Hsp90 is about 5:1.
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