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The starch-binding domain (SBD) of glucoamylase from Aspergillus niger consists of 110 amino acid residues.
There is one disulfide bond, between Cys3 and Cys98. This article summarizes the thermodynamic and kinetic effects
of the disulfide bond on the stability and structure of SBD as determined by calorimetric and spectroscopic studies of
wild-type SBD and two disulfide-deficient mutants. Deletion of the disulfide bond did not change the native-state
structure or the binding ability of SBD with B-cyclodextrin, a substrate analog. Rather, the disulfide bond stabilized the
protein mainly by reducing the entropy of the unfolded state. In addition, the disulfide bond prevented SBD from forming
a native-like and kinetically-trapped intermediate state. This possibly misfolded intermediate state was formed when the
disulfide-deficient mutants were rapidly cooled from a high temperature, and had a long half-life of 11 h at 5 °C. The
binding parameters of the native and intermediate states with 3-cyclodextrin were essentially the same.
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Fig.1 Structure of the starch-binding domain of A. niger
glucoamylase. The Cys3-Cys98 disulfide bond is indicated by an
arrow. Two B-cyclodextrin molecules are shown as stick models.
This figure was drawn using PyMOL and Protein Data Bank file
1ACO.
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Table 1 Thermodynamic parameters for the binding of B-
Cyclodextrin with three forms of SBD as determined using
ITC at 25 °C, pH7."»

Protein® n°  KoJuM  AH/KJ mol! TAS%/kJ mol™!
WT 1.8 213 -58.5 -31.8
GG 1.8 20.7 -55.2 -28.5
SS 1.8 204 -56.5 -29.7

AWT: Wild type, GG: Cys3Gly/Cys98Gly, SS:

Cys3Ser/Cys98Ser.

® The number of B-CD molecules bound to each protein.
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Fig.2 DSC traces of the wild type (WT) starch-binding domain
(A, B) and two disulfide-deficient mutants, GG (C, D) and SS (E,
F). B, D, and F are rescans of A, C, and E, respectively, after rapid
cooling. Observed at pH 7.1

Table2 Thermodynamic Parameters for the Thermal Unfolding
of the Wild-Type and two Mutant Forms of SBD at pH7.'>

Protein  ©12/°C?*  Ahea/J g7'% Acp/J K 'g™'® AHyw/kJ mol™'¢

WT  52.7+0.1  26.8+2.1 0.21+0.10 457
GG 43.1£0.1 27.8+14 0.40+0.10 474
SS 438402 27.2+1.3 0.35+0.17 477

2 Temperature at which the unfolding is half completed.

b Specific calorimetric enthalpy of unfolding.

¢ Difference in heat capacity between the native and unfolded
states at 71/2.

4 The van't Hoff enthalpy of unfolding.
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Fig.3 Temperature dependence of the standard Gibbs energy
change AG® for the unfolding of wild type (WT) and the disulfide-
deficient mutants GG and SS, as evaluated by DSC. pH 7.!7
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Fig.4 Ultraviolet CD spectra of the GG mutant protein at 5 °C
(bold lines, native state), 65 °C (unfolded state), and 5 °C after
rapid cooling from 65 °C (thin lines; intermediate state).!”
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Fig.5 Thermal unfolding of the GG mutant protein monitored by
the change in ellipticity at 227 nm, [0],,, as the temperature was

27
increased. Observed at pH7.'7
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Fig.6 Guanidine-hydrochloride (GuHCIl) concentration depend-
ence of the ratio of the native (folded) state wild type (WT) and
GG proteins as evaluated by changes in ellipticity at 227 nm.'®
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Fig.7 'H-NMR spectra of GG at 5 °C (upper spectra; native
state) and at 5°C after rapid cooling from 65 °C (lower spectra;
intermediate state). Observed at pH 7.1
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Fig.8  Upper figure: Changes in the 'H-'N HSQC spectra of

the backbone-amide proton of Alal7 during the transition from
the intermediate state (I) to the native state (N) of GG. Lower
figure: Time courses of the peak-signal amplitude of I and N.
Observed at 5 °C for 40 hours after rapid cooling from 65 °C.'9
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Fig.9 Aromatic residues in the solvent-exposed hydrophobic
cluster whose packing characteristics differ between the native
and the intermediate states.'®
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Fig.10 Isothermal titration calorimetry of the binding of B-CD
with the intermediate state of GG, observed at 5 °C after rapid
temperature decrease from 65 °C (see Table III). pH 7. 10
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Table 3 Thermodynamic parameters for the binding of B-
Cyclodextrin with GG at 5 °C and pH7.!”

AH TAS?

State no KMy ol kT mol?!
Native 2.07 4.22 -42.0 -13.4
Intermediate *  1.69 8.61 -42.4 -154

2 The protein solution was kept at 65 °C for Imin in the ITC
cell, rapidly cooled to 5 °C, and then titrated with f3-
cyclodextrin.
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