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Figure 1. Extracted gliadins are monomers and soluble in water. (A) The extract obtained from dough prepared with 0.51 M
NaCl after third washing with distilled water was centrifuged at 100,000 x g for 1 h at 4 °C. The extract (T), precipitate (P), and
supernatant (S) obtained after centrifugation were all subjected to SDS-PAGE under reducing conditions. (B) Ultracentrifugation
analysis of the extract obtained from the dough prepared with 0.51 M NaCl after washing with third distilled water. Data were
plotted as the natural log of the absorbance at 280 nm versus the radius®. Molecular masses (30,000~35,000) were calculated
from the slope of the plotted line (0.181) as described under "Experimental Procedures."
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Figure 2. Effects of salts on the aggregation of water-soluble gliadin. (A, C) Effects of sodium salts of chloride (circle), iodine
(square), bromine (rhomboid), and acetate (triangle). (B, D) Effects of chloride salts of sodium (circle), ammonium (triangle),
lithium (square), and potassium (rhomboid). Salt was added to gliadin solution at concentrations of 0-50 mM (A, B) or 0-
1,000 mM (C, D). Data are expressed as the percent of the absorbance (0.613) obtained by the addition of 50 mM NaCl. The
results are shown as the mean = SEM for three experiments.

- 234 -



A

PAGE reducing non-reducing
Dough -NaCl +NaCl -NaCl +NaCl
DSP (12)| - | + | - | + | -+ -]+
w 1 ™ ™ kD
2 —150
=
=l 100
= B ey — 75
65 kDI ———
— i Se— — 50
e — L 57
11 LI
B \ : - 25
— 20

-
L8]
(%]
I
[4]]
[+:]
~l
(=]

PAGE reducing non-reducing
Dough -NaCl +NaCl -NaCl +NaCl
psean| - |+ |- | + |- | +| -+
W | . — L]
2 m -
= | s b - 150
HIEIE 100
X — — 3 — 75
65 kDI s & s [+
) s — 50
[ gp——g—
LI TEE
| WeE
— ; : B
e - 20
N _ i
1 2 3 4 5 6 7 8
PAGE reducing non-reducing
Dough -NaCl +NaCl -NaCl +NaCl
osTe| - |+ |-+ [-[+][-]+
: Ll Ll
?Ll: 2 H —150
: vt 100
z C7s
65 kDI»-{ = - = e
— 50
TN
- e
- — 20
— — . e |

Figure 3. Effects of NaCl on the cross-linking of gluten proteins. Dough prepared without (lanes 1, 2, 5, and 6) or with 0.51M
NaCl (lanes 3, 4, 7, and 8) was treated without (lanes 1, 3, 5, and 7) or with 2.5 mM DSP (12.0) (A, lanes 2, 4, 6, and 8), 2.5
mM DSG (7.7) (B, lanes 2, 4, 6, and 8), or 2.5mM DST (6.4) (C, lanes 2, 4, 6, and 8). The treated dough (0.357 mg) was
subjected to SDS-PAGE under reducing (lanes 1 - 4) or non-reducing conditions (lanes 5 - 8).
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Figure 4. Analysis of gluten proteins from dough prepared with 0.51 M NaCl by SE-HPLC. SE-HPLC profiles for proteins
solubilized with SDS buffer in the presence (A, C) or absence (E, G) of B-mercaptoethanol from dough after cross-linking
with (C, G) or without (A, E) DST. Shown on the right (B, D, F, H) are the results for the SDS-PAGE of the fractions obtained

from the chromatogram shown on the left.
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Figure 5. Dough prepared without (lanes 1-3) or with (lanes 4
-6) 0.51 M NaCl were treated with 2.5 mM DST (6.4). After
treatment, dough proteins were solubilized in SDS sample
buffer containing B-mercaptoethanol. The SDS-insoluble
proteins were separated from the soluble proteins (lanes 1 and
4) by ultracentrifugation and treated with sodium meta
-periodate (SMP) (lanes 2 and 5) or untreated (lanes 3 and 6).
Each sample was subjected to SDS-PAGE under reducing

conditions.
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Functions of Sodium Chloride in the Formation of Gliadin-Aggregate in Dough
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Summary

The addition of NaCl to wheat dough increases the strength, elasticity and stability of dough, and decreases the
its viscosity. These rheological changes are assumed to be due to changes in the interactions between gluten
proteins. However, the details of the mechanisms underlying the interactions of NaCl with these proteins
remained unknown. Previously, we found that the yield of gluten from dough supplemented with NaCl was much
lower than that from dough without NaCl. Gluten proteins were extracted with distilled water from dough
prepared in the presence of NaCl. We characterized the extracted proteins to be o/B-gliadin or y-gliadin by
N-terminal amino acid sequencing. Gliadins are thought to have extremely low solubility in water and neutral
buffers. Hence, most studies on extracted gliadins have been performed in alcohol-water mixtures and acidic
solutions. However, it is unclear whether alcohol- or acid-solubilized gliadins have the same properties as those in
dough. The proteins extracted into water from the dough prepared using a NaCl solution are predicted to have
properties similar to those in dough containing NaCl. In this study, we showed that the extracted gliadins were
soluble monomers in distilled water by analytical ultracentrifugation. Extracted proteins were aggregated by the
addition of NaCl at concentrations greater than 10 mM. The aggregation of gliadins was induced by various salts,
but the effects were salt species-dependent. Therefore, gliadin aggregation may be induced by the interaction of a
certain ion with the specific amino acid residues of a given protein, but not by an increase in ionic strength. Since
there was little difference in aggregation among chloride salts and large differences among sodium salts, it is
presumed that the interactions of anions with specific amino acid residues may be necessary for aggregation. The
changes in protein-protein interactions induced by NaCl in the dough were clearly indicated by the cross-linking
experiments. In particular, DST (6.4), with a spacer arm of 6.4 A, cross-linked gluten proteins in dough only in
the presence of NaCl, suggesting that the distances between the amino groups were shortened to less than 6.4 A by
NaCl. Most kinds of gluten proteins are cross-linked to macro-polymers that are insoluble in SDS. Therefore, a
model is proposed in which the interactions of gliadins and glutenins are altered by NaCl, co-aggregating into
protein complexes via intermolecular hydrogen bonds and/or ionic bonds. The formation of protein complexes
may cause changes in the rheological properties of dough induced by NaCl, such as dough stability and optimal

dough development.
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