Reoxidation Behavior of Wheat and Rye Glutelin Subunits
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The ability of HMW and LMW sbunits of wheat glutelin to form a subunits of wheat glutelin (HMW-REK) yielded slightly higher cfitzes
polymeric gluten network by intermolecular disulfide bonds ipaasible  of polymeric proteins than did the HMW subunits of rye (HMW-DAN).
for the unique rheological properties and baking quality of wHeagh. Reoxidation with KIQ proceeded much faster than with KBré&nd led
Because the mechanism of gluten formation is not fufigerstood, the to lower proportions of polymerized proteins for HMW-REK and HMW-
reoxidation behavior of HMW and LMW subunits of wheat glutelin and DAN. Obviously, more intra- and fewer intermolecular disulfid@ds were
HMW subunits of rye glutelin was studied. The subunits were isolatedormed by reoxidation with Kl@ compared with KBr@ In contrast,
from wheat flour cv. Rektor (REK) and from rye flour cv. Danko (DAN) LMW-REK was reoxidized with KI@ to higher amounts of polymeric
with a selective extraction and precipitation method. For reoxidation, difaggregates, which indicated that LMW subunits formed intermolecular
ferent oxidants (KBr@and KIQy), protein concentrations (0.5, 1.0, and disulfide bonds with both KiQand KBrQ. Independent of the protein type
2.0%), solvent compositions, pH values (2.0 and 8.0), and reaction timesd the oxidant used for reoxidation, more inter- and fewer intramolecular
(0-360 min) were compared. The characterization of reoxidized productisulfide bonds were formed when the protein concentration was increased.
was achieved by the determination of the thiol content with the Ellman’Single subunits 5, 7, and 10 were isolated from HMW-REK by preparative
reagent, and of thi, distribution by gel-permeation chromatography. The acid-PAGE and were reoxidized with KByGor 360 min. TheM,
results demonstrated that both HMW and LMW subunits could be slowlgistribution indicated that-type subunit 5 had a greater tendency to form
reoxidized with KBrQ to polymers withM, up to several millions. Yield polymers thax-type subunit 7. Thg-type subunit 10 was characterized
andM, distribution of polymers were dependent both on the protein conby a lower proportion of polymers after reoxidation thetype subunits
centration and on the molar ratio of oxidants to thiol groups. The HMWb and 7.

HMW subunits of wheat glutelin are assumed to play akey role  The solvent was removed by filtration and the flour was dried over-
in the formation of gluten aggregates, and numerous studies have  night at rt. Different procedures (Marchylo et al 1989, Melas et al
demonstrated the importance of both structure and quantity of HMW 1994) were tested and optimized for the selective extraction and
subunits for dough rheology and breadmaking quality of wheat precipitation of HMW and LMW subunits. The purest fractions of
cultivars (Weegels et al 1996). LMW subunits also are integrated wheat were obtained when defatted flour (24 g) was extracted three
into gluten aggregates and are important for dough and gluten times with 60% (v/v) ethanol (600 mL) at rt for 30 min. Subse-
properties (Wieser et a 1994b). Neither HMW and LMW subunits ~ quently, the residue was extracted twice with 50% (v/v) 2-propanol
occur in flour and gluten as monomers but are polymerized by containing 80 v Tris-HCI (pH 8.0; 120 mL) and 1.0% (w/v)
means of intermolecular disulfide bonds (Shewry and Tatham 1997, dithioerythritol (DTE) for 30 min at 60°C under nitrogen. After cen-
Muller and Wieser 1997). For a better understanding of the mechaifugation (5 min, 20°C, 40,000 ¢), supernatants were combined
nism of gluten formation, it is of interest to investigate the reoxiand HMW subunits were precipitated by the addition of acetone to
dation behavior of different types of glutelin subunits. Reoxidatiora final concentration of 40% (v/v). Supernatant (LMW subunits) and
studies have already been described for HMW subunits of wheptecipitate (HMW subunits) were dialyzed against nitrogen-saturated
glutelin (Schropp et al 1995, Szabo et al 1995, Candlerl&94l). 0.0IM acetic acid and freeze-dried. The HMW subunits of rye
Previous experiments demonstrated that the reoxidation of HMW/lutelin were obtained according to the method described by Kipp
subunits with KBrQ and oxygen proceeded much slower thanet al (1996), whereby flour was directly extracted with 50% 1-propa-
with KIO; and led to higher proportions of polymerized proteinsnol containing 1% (w/v) DTE, and the HMW subunits were preci-
(Schropp et al 1995). Obviously, more intermolecular and fewepitated by giving a final concentration of 60% 1-propanol.
intramolecular disulfide bonds were formed by oxidation with KBrO  Amino acid compositions of HMW and LMW subunits were
and oxygen compared with KiOThe present work deals with analyzed after acid hydrolysisMBHCI, 110°C, 24 hr) using a Bio-
reoxidation of the total LMW subunit fraction and single HMW tronic amino acid analyzer LC-5001. The protein content of HMW
subunits of wheat, as well as with the total HMW subunit fractiorand LMW subunits was determined according to the Dumas method
of rye. The latter subunits are homologous to wheat HMW subunitdN x 5.7) using a protein-nitrogen analyzer (Leco FP-328). SDS-
(Kipp et al 1996) but are not involved in the formation of a glutenPAGE was performed according to Krause et al (1988). Thiol
like material. For comparison and for the demonstration of repragroups were quantified with Ellman’s reagent ®&fhiobis-[2-

ducibility, the HMW subunits of wheat were included again. nitrobenzoic acid]) (Ellman 1959) using a calibration curve estab-
lished with reduced glutathione. The procedure used was described
MATERIALSAND METHODS by Schropp et al (1995). Concentrations of HMW and LMW sub-

units in the isolated fractions were determined by RP-HPLC according
I solation and Char acterization of HMW and LMW Subunits to Wieser et al (1998).
Kernels of the wheat cultivar Rektor (REK) and of the rye cultivar

Danko (DAN) were milled to flours using a laboratorl gBraben- Reoxidation of HMW and L MW Subunits

der Quadrumat Jr). Flours were sieved through a 0.2-mm SIEVE Glutelin subunits (18 mg of protein) were dissolved in 0.1%

and 500 g of flour was defatted twice with light petroleum (40_(v/v) trifluoroacetic acid (TFA) (1.8 mL, pH 2.0). After stirring for

60°C boiling range; 2 L) for 30 min at room temperatea20¢C). 1 hr at rt, 25uL (for HMW subunits) and 4QuL (for LMW

subunits) of KBrQ solution (1.8 mg KBr@1 mL of 0.1% TFA)

1Deutsche Forschungsanstalt fiir Lebensmittelchemie and Kurt-Hess-Institut fi¥ere added, representing a molar ratio of KBt@Cys of 0.625;
Mehl- und EiweiRforschung Lichtenbergstrasse 4, D-85748 Garching, Germanyhe mixture was stirred for another 6 hr. After 5, 15, 30, 60, 120,

E-mail: H.Wieser@Lrz.tum.de 180, 240, 300, and 360 min, 1A0- aliquots were taken and
o immediately mixed with 0.1% TFA (3460L), 50% 1-propanol and
Publ . C-2000-1201-02R.
© 2005 American Assodiation of Cereal Chenmists, Inc. NaKHPQ, (0.0, pH 8.0, 1 mL) and Ellman’s reagent (39.6 mg
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of DTNB/10 mL of NaKHPO, [0.5M, pH 7.0], 0.5 mL). The  and Branlard 1991, Morel 1994). Single HMW bands were cut out
samples were alowed to stand over 30 min at rt; then they were  of the gel and the gel strips were extracted with 50% (v/v) 1-
centrifuged (10 min, 3,000 g; 20°C) and measured at 412 nm propanol. The suspension was centrifuged (15 min, 7§028°C),
against a blank. In additional assays, the molar ratio of KB¥O and the supernatants were filtered through a A@m5membrane,
Cys (1.25, 62.5) and the type of solvenM(Gurea + 0.5% dialyzed against nitrogen-saturated 0/Oacetic acid and freeze-
[vivtriethylamine + 0.0M Tris-HCI, pH 8.0) were modified (Schropp

et al 1995). The reoxidation with KiOwas performed using

molar ratios of KIQ to Cys of 0.0625 and 0.25. 14077 (weight-% ) Cys

Reoxidation Before Gel-Per meation Chromatography

Glutelin subunits (25 mg of protein) were dissolved in 0.1% 1-20
(v/v) TFA (2.5 mL). After stirring for 1 hr at rt, 5aL (for HMW
subunits) and 8@L (for LMW subunits) of KBrQ solution (1.8
mg of KBrOy/1 mL of 0.1% TFA) or 10QiL (HMW subunits) and 100
160 L (LMW subunits) of KIQ solution (1.2 mg of KIQ1 mL
of 0.1% TFA) were added to obtain a molar ratio of oxidant to
Cys of 0.25. For assays with a molar ratio of 0.5, the amounts ¢ 9807
oxidizing agents were duplicated. After 5, 15, 30, 60 120, 180
240, 300, and 360 min, 2%0- aliquots were taken for derivatiza-
tion with 4-vinylpyridine and subsequent gel-permeation chroma: 6.607
tography (GPC) analysis. The derivatization of cysteine residue
was performed with a 10-fold molar excess of 4-vinylpyridine in
125 mM Tris-HCI (pH 8.4) containing 1.5% (w/v) SDS at rt for 2 0407
hr (Schropp et al 1995).

I solation and Reoxidation of Single HMW Subunits 0207
Defatted flour of REK was extracted with 50% (v/v) 1-propanol
containing 50 vl DTE, and the HMW subunits were precipitated
by addition of 1-propanol to a final concentration of 60% (v/v)
following the procedure of Marchylo et al (1989).
The precipitated subunits were dissolved in a solvent containin_ t(min}) .
6M urea, 25 v acetic acid, 30% (v/v) glycerine, and 0.5% (W/V) £, 1 ine content of LMW Rektor (1% protein) reoxidized with
DTE, and incubated for 15 min at 60°C. Samples (L were dif?erenﬂ’;ﬁﬂsifﬁB?gjo Cys (A §k0?62(5' p,_l? 2_ &' C)J ?12(15 Eﬁ 20
separated by acid-PAGE using a 10.5% acrylamide gel (Khelifig = 62.5, pH 2.0; A = 0.625, pH 8.0) depending on reoxidation time.

. o L A— .
01530 60 120 180 240 300 360

TABLE I
Proportions (%) of Fractions Obtained by Gel-Per meation Chromatography After Reoxidation
of HMW and LMW Subunitswith KBrO5 at pH 2.0

Time (min)
Conditions? Fraction 0 5 30 180 360
Assay 1 | 0.0 0.0 0.7 2.4 2.7
I 104 134 17.2 24.3 29.9
11 86.2 84.8 79.4 70.9 64.0
v 3.3 18 2.7 2.4 34
Assay 2 | 0.0 0.0 24 39 4.7
I 8.3 10.3 21.4 36.8 46.2
11 84.0 80.7 63.6 49.8 43.9
v 1.7 9.0 12.6 9.5 52
Assay 3 | 0.0 0.0 0.0 3.6 4.0
I 0.0 0.0 12.7 40.0 438
11 7.8 16.3 23.0 135 13.9
v 92.2 83.7 64.3 429 38.3
Assay 4 | 0.0 0.0 1.3 4.3 4.4
I 0.0 0.0 24.2 434 449
11 74 257 25.1 155 155
v 92.6 74.3 494 36.8 35.2
Assay 5 | 0.0 2.2 3.2 4.5 5.0
I 0.0 14.3 35.9 56.1 57.3
11 8.7 17.3 11.0 6.5 9.4
v 91.3 66.2 499 329 28.3
Assay 6 | 0.0 0.0 4.2 49 4.8
I 25 10.0 30.0 42.3 46.2
11 20.1 34.9 27.8 21.0 19.3
v 77.4 55.1 38.0 318 29.7
Assay 7 | 15 2.0 2.6 2.3 2.8
I} 26.0 28.7 344 455 422
11 58.0 56.0 519 43.2 455
I\ 14.5 13.7 11.1 9.0 9.5

a Assay 1 = 0.5% HMW-Rektor (REK) KBrOj3 (0.25); assay 2 = 1% HMW-REK KBrO; (0.25); assay 3 = 0.5% LMW-REK KBrO; (0.25); assay 4 = 1% LMW-
REK KBrO; (0.25); assay 5 = 1% LMW-REK KBrO; (0.5); assay 6 = HMW/LMW-REK KBrOj; (0.25); assay 7 = HMW-Danko KBrO; (0.25) [numbers in
parentheses molar ratio of oxidant to cysteine content].
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dried. The purified HMW subunits (6 mg) were mixed with 2.5% Nagel); main column = aqua-OH-50-8 (300 x 7.7 mm; Machery-
(w/v) NaBH, solution (400 pL) to reduce disulfide bonds which Nagel) (separation range for proteii: = 2 x 16 — 100 x 106);
possibly were formed during extraction. The reduction was performed elution solvent = 62.5 M Tris HCI (pH 7.0) containing 1.5%
at 50°C for 60 min. Nonconsumed NaBttas destroyed by the (w/v) SDS; flow rate = 0.6 mL/min; detection = UV absorbance at
addition of 1.01 HCI (200 uL). Reoxidation with KBr@Q (molar 220 nm.

ratio, 0.25) was performed as described above. Because of limited amounts of proteins available for reoxidation,
only single experiments were performed. The comparison of results
GPC with a previous study on the reoxidation behavior of HMW-REK

The samples were filtered through a Op#B-membrane. GPC (Schropp et al 1995) indicated a good reproducibility of the
conditions were precolumn = aqua-OH-8-P (50 x 7.7 mm; Machendistribution into monomeric and polymeric fractions. Reproduci-

{ weight-% ) Cys

1 L) L) T 1 i ¥ T ’ T
5 15 30 60 120 180 240 300 360
t{min)

Fig. 2. Cysteine content of HMW Danko (1% protein) reoxidized with KBrO; (® = molar ratio to Cys 0.5, pH 2.0) and with KIO; (O = molar ratio to
Cys 0.25, pH 2.0) and of HMW Rektor (1% protein) reoxidized with KBrO; (A = molar ratio to Cys 0.625, pH 2.0) depending on reoxidation time.

TABLE 11
Proportions (%) of Fractions Obtained by Gel-Per meation Chromatography After Reoxidation
of HMW and LMW Subunitswith K103 at pH 2.0

Time (min)
Conditions? Fraction 0 5 30 180 360
Assay 8 | 0.0 4.0 34 33 34
I 17.8 40.1 41.8 39.9 39.9
11 77.1 519 50.6 52.4 52.1
v 51 4.0 42 4.4 4.6
Assay 9 | 0.0 49 5.0 49 5.0
I 10.3 24 41.7 25 25
11 79.2 45.2 452 45.4 45.4
v 10.5 75 8.1 7.2 7.1
Assay 10 | 0.0 3.9 4.2 5.2 5.6
I 0.0 125 46.1 53.6 58.2
11 8.0 14.3 12.6 9.9 8.4
v 92.0 39.3 37.1 31.3 27.8
Assay 11 | 0.0 6.6 8.6 10.3 9.9
I 0.0 55.5 62.1 61.0 67.2
11 7.3 10.9 8.0 9.6 7.3
v 92.7 27.0 21.3 19.1 15.6
Assay 12 | 0.0 6.4 84 9.9 104
I 0.0 67.9 68.3 71.6 69.3
11 55 57 6.0 4.3 4.8
v 94.5 20.0 17.3 14.2 155
Assay 13 | 0.0 4.2 4.1 5.4 6.2
I 74 434 42.6 457 48.8
11 325 28.7 28.0 23.6 22.7
v 60.1 23.7 25.3 25.3 22.3
Assay 14 | 0.0 2.2 2.7 2.1 1.9
Il 21.3 38.4 39.0 36.2 35.8
11 67.3 49.2 475 49.5 51.0
I\ 11.4 10.2 10.8 12.2 11.3

a Assay 8 = 1% HMW-Rektor (REK) K105 (0.25); assay 9 = 2% HMW-REK KIO; (0.25); assay 10 = 0.5% LMW-REK K103 (0.25); assay 11 = 1% LMW-REK
K105 (0.25); assay 12 = 2% LMW-REK KI1O; (0.25); assay 13 = 1% HMW/LMW-REK K105 (0.25); assay 14 = 1% HMW-Danko KIOj3 (0.25) [numbersin
parentheses molar ratio of oxidant to cysteine content].
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bility was also demonstrated by different assays with nonreoxidized
LMW-REK (0 min, Tables | and I1). However, when HMW-REK
or HMW-DAN, were analyzed before reoxidation was started (0O
min), reproducibility was poor. Obviously, slight oxidation took
place during storage of the freeze-dried proteins, and results were
influenced by the storage time.

RESULTSAND DISCUSSION

I solation and Char acterization of HMW and LMW Subunits

For the preparation of total HMW and LMW glutelin subunits
of wheat cv. Rektor (HMW-REK and LMW-REK), the procedure
of Melas et a (1994) was optimized so that both fractions could
be obtained with relatively high purity and yield, as evaluated by
SDS-PAGE and RP-HPLC. The quantification by RP-HPLC (Wieser
et a 1998) indicated a purity of 80 and 88% for HMW-REK and
LMW-REK, respectively. HMW glutelin subunits of rye cv. Danko
(HMW-DAN) were isolated as previously described (Kipp et a
1996). The yields of HMW-REK (1.0% by flour weight), HMW-
DAN (0.32%), and LMW-REK (2.3%) were in agreement with
the yields obtained previoudly (Schropp et al 1995, Kipp et a 1996,
Wieser et d 1998). The protein contents were 88.0, 82.8, and 85.5%
for HMW-REK, HMW-DAN, and LMW-REK, respectively.

The thiol contents of HMW-REK, HMW-DAN, and LMW-REK

with data from the literature (Melas et al 1994, Schropp £9@b,

Kipp et al 1996). For HMW-DAN, amino acid analysis showed a
considerable difference compared with the determination with Ell-
man’s reagent. The large degree of polymerization of the preparation
(Table I, assay 7; Table Il, assay 14) might be an explanation.

Reoxidation of Fractionswith KBrO;

The effect of variations in protein concentrations (0.5, 1.0, and
2.0%), amounts of oxidant (0.625—62.5 molar ratio of KBr®
Cys), pH values (2.0 and 8.0), and reaction times (0—360 min) on
the reoxidation of glutelin subunits with KBgQvas studied. In
agreement with Schropp et al (1995), thiol groups of HMW-REK
were completely oxidized within 5 min when high amounts of
KBrO; (62.5) were added, and the decrease of thiol groups was
slower with lower amounts. The kinetics of reoxidation were inde-
pendent of pH and protein concentration (results not shown). LMW-
REK behaved similarly to HMW-REK with regard to the oxidation
with KBrO; (Fig. 1): the decrease of thiol content was dependent
on the oxidant concentration, and most significant changes occurred
within the first 3 hr. The only difference with HMW-REK was
that the thiol content of LMW-REK decreased faster and to a
larger extent during the total period of oxidation in a urea-containing
buffer at pH 8.0 than in 0.1% TFA (pH 2.0) without urea (Fig. 1).
The reoxidation curves of HMW-DAN (Fig. 2) were comparable

determined with Ellman’s reagent corresponded to 1.12, 1.02, and 1.31&6those of HMW-REK, except that there was a faster decrease of
cysteine by weight, respectively. Cys contents determined by aminbiol groups, even when HMW-DAN was oxidized with a slightly
acid analysis were 1.09, 1.40, and 2.19% for HMW-REK, LMW-lower concentration of KBrQmolar ratio of KBrQ to Cys of 0.5
REK, and HMW-DAN, respectively, and were in good agreemeninstead of 0.625).

Avon. A
220 I
Ao -
03l 220
111
° omin o 1/| 360 min
]
0.1
IV v
] IT I
01 0
10 15 min 10 15 min
Ao, B v
0.2 0 min A0 -
360 min
1
0.1 0.041
i v
! 1
0._
04
10 15 ;nin 1b 1I5 min

Fig. 3. Gel-permeation chromatography of A, HMW Rektor (1% protein)
reoxidized with KBrO; (molar ratio to Cys 0.25, pH 2.0); B, LMW
Rektor (1% protein) reoxidized with KIO; (molar ratio to Cys 0.25, pH
2.0) for reaction times at 0 and 360 min.

TABLE I
Proportions (%) of Fractions Obtained by Gel-Per meation
Chromatogr aphy After Reoxidation (360 min) of Single
HMW Subunits of cv. Rektor with KBrO; (0.25)2

Fractions
Subunit | 1] 111
5 39 415 54.6
7 35 23.3 73.2
10 29 10.3 86.8

a Molar ratio of oxidant to cysteine content 0.25.

1.40 1 ( weight - % ) Cys

1.20

1.00

cet—9— . * * .
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Fig. 4. Cysteine content of LMW Rektor (1% protein) reoxidized with
KIO; (® = molar ratio to Cys 0.25, pH 2.0; O = molar ratio to Cys
0.0625, pH 2.0) depending on reoxidation time.
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The M, distribution of reoxidized proteins was determined by Isolation and Reoxidation of Single HMW Subunits of Wheat
GPC after derivatization of thiol groups with 4-vinylpyridine. The Three, four, or five HMW subunits are usually present in culti-
elution profiles were divided into four fractions (Fig. 3, I-1V). In vars of bread wheat. According to differences in the primary struc-
reoxidized HMW subunits, fraction Ill contained monomeric proteinsture, they can be grouped inkoandy-type subunits (Shewry et al
and fractions Il and | polymeric proteins (Fig. 3A). The monomeric1992). With the exception of subunit 5, which has an additional Cys
LMW subunits occurred in fraction IV, and the corresponding oligotesidue at the beginning of the repetitive domaitype subunits
meric and polymeric proteins in fractions I to 1l (Fig. 3B). The contain three Cys residues in the N-terminal domain and one Cys
relative proportions of these fractions for different oxidationdi-  residue in the C-terminal domain (Koéhler et al 1993, Shewry and
tions are shown in Table I. In agreement with Schropp e©8bjl = Tatham 1997). Thg-type subunits contain five Cys residues in
fraction 11l of HMW-REK decreased during oxidation with KBfO the N-terminal domain, one residue in the repetitive domain, and
(0.25), predominantly in favor of fraction Il (assay 1 and 2). A higheone residue in the C-terminal domain. Dhgype HMW subunits
protein concentration (1% in assay 2 instead of 0.5% in assay lhad a strong effect on the strength of dough and gluteny-gme
led to larger amounts of high-molecular aggregates, which wergubunits had a weak effect (Wieser et al 1994a,b). One reason
located in fraction | and II. could be the greater tendency ofype subunits to form inter-

The monomeric fraction IV of LMW-REK also decreased duringmolecular disulfide bonds (Shani et al 1992).
oxidation (assay 3). Initially, only oligomers of fraction Ill were To study the reoxidation behavior of single HMW subunits,
formed. Later on, fraction Ill decreased, while fraction Il becamesubunits 5, 7, and 10 were initially isolated from HMW-REK by
the major fraction. As with HMW-REK, higher protein concentrationsRP-HPLC. However, GPC analysis indicated only monomers present
of LMW-REK (assay 4) led to larger amounts of the polymericafter reoxidation with KBr@ Obviously, the conformation of the sub-
fractions I-lll and lower amounts of the monomeric fraction IV. units was completely changed by RP-HPLC, such that intermolecular
The same effect was observed with an increased ratio of ¥#rO disulfide bonds could not be formed. Therefore, acid-PAGE was
Cys (assay 5). Remarkably, this effect of protein concentratioophosen as a more gentle separation method (Khelifi et al 1991,
was far less pronounced with LMW subunits than with HMWMorel 1994). The proteins were extracted from the gel, dialyzed,
subunits. The oxidation of a mixture of HMW-REK and LMW-REK and freeze-dried. Major subunits 5, 7, and 10 were reoxidized with
at a ratio of 1:2.5 (as it occurred approximately in REK flour),KBrO; (at a KBrQ to Cys ratio of 0.25) and studied by GPC.
reflects very well the oxidation behavior of the separate fractions The proportions of the monomeric fraction Il and the polymeric
(assay 6). fractions | and Il are presented in Table lll. Remarkably, reoxi-

Already, at the beginning of the oxidation (0 min), fractions | anddation of single subunits with KBgQdid not produce the same
Il of HMW-DAN contained considerably more protein (assay 7)high proportion of polymeric proteins as was produced by reoxi-
than those of HMW-REK (assay 2). At the end (360 min), HMW-dized HMW-REK (assay 2, 50.9%). This reflected very well the
DAN contained slightly fewer polymeric proteins (fractions | + II) results of Szabo et al (1995), who showed that the oxidation of

than HMW-REK. mixtures ofx- andy-type subunits was significantly faster than
homopolymerization of eithe¢ or y-type subunits and resulted in
Reoxidation of Fractionswith KIO; a distribution richer in larger polymers. Théype subunit 5 showed

In contrast to the slow but continuous reoxidation with KBrO a much greater tendency to form intermolecular disulfide bonds
a complete oxidation of the thiol groups of HMW-REK within 5 (fraction | + II: 45.4%) thamx-type subunit 7 (I + 1I: 26.8%). This
min was observed with KI{XSchropp et al 1995). was also reported by Szabo et al (1995), who found that subunit 5
Identical results were obtained with HMW-REK and HMW- formed larger polymers than 7 by oxidation with KBrGhe
DAN in the present study. When LMW-REK (1%) was oxidizeddifferences could be explained by different secondary structures
at a KIG; to Cys ratio of 0.25, the thiol groups were also totallyand different positions of Cys residues within the N-terminal
oxidized within 5 min (Fig. 4). Even at a low ratio of K@ domain of both subunits (Kéhler et al 1997) and by the additional
Cys of 0.0625, the content of thiol groups decreased vergys residue at the beginning of the repetitive domain of subunit 5.
quickly and remained constant after the oxidant was consumethus, the ability of Cys residues in subunit 5 to form intermolecular
(after 15 min). disulfide bond may be increased. Tyx&y/pe subunit 10 revealed
The proportions of the different GPC fractions are summarizethe lowest tendency to form polymeric products (fraction | + I,
in Table 1l. All changes took place within the first 5 min of reoxi- 13.2%). This result is in agreement with the conclusion of Shani
dation of HMW-REK with KIQ (assay 8 and 9). Compared with et al (1992) that Cys residues in the repetitive and C-terminal
the oxidation with KBrQ@ (assay 2), oxidized HMW-REK (assay 8) domains ofy-type subunits tend to form an intramolecular disul-
contained more monomeric (fraction IlI) and fewer polymericfide bond that may reduce the ability to polymerize.
proteins (fractions I-l), suggesting that formation of intramolecular
disulfide bonds was favored by KJOThe same was observed CONCLUSIONS
with HMW-DAN (assays 7 and 14). However, large amounts of
polymerized proteins (fractions I-Ill) were obtained with LMW- The determination of thiol groups and the separation by GPC
REK (assays 10, 11, and 12). both demonstrated that HMW-REK, HMW-DAN, and LMW-REK
Apparently, many more intermolecular disulfide bonds werewere reoxidized much faster by KJ@an by KBrQ. The reoxi-
formed during the fast oxidation with KiQcompared with the dation behavior of HMW-REK and HMW-DAN was similar, and
slow oxidation with KBrQ and compared with the KK small differences were not sufficient to explain why rye doughs do
oxidation of HMW-REK. Remarkably, the oxidation behavior of not form a gluten network like wheat dough. Both HMW-REK and
the mixture of HMW and LMW-REK (1:2.5) with KiQ)(assay 13) HMW-DAN produced more polymeric proteins during oxidation
was only slightly different from that with KBrO(assay 6). The with KBrO; than with KIGQ. The most remarkable result, however,
effect of protein concentration was comparable with the effeclvas that LMW-REK formed very high amounts of polymeric pro-
observed with KBr@ oxidation, in that increasing the concen- teins when oxidized with KI© Independent of the oxidant used,
tration of both HMW-REK (assays 8 and 9) and LMW-REK (assay$igher protein concentrations led to larger amounts of polymeric
10 and 11) led to larger amounts of polymeric proteins. proteins. Reoxidation of single HMW subunits of REK with KBrO
Reoxidation of 2% LMW-REK (assay 12) did not show theand determination of thé, distribution by GPC, indicated that
expected large increase of polymeric proteins compared with 1%pe HMW subunits form higher amounts of polymers thdype
(assay 11) because proteins were not completely soluble in thdMW subunits. The:-type subunit 5 has a greater tendency to form
concentration. polymeric proteins thar-type subunit 7.
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