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The kinetics of the hydrolysis of gluten, glutenin and gliadin by pepsin was studied by
following the reaction of the hydrolysate with ninhydrin and by SDS-gel electro-
phoresis. Glutenin was more rapidly hydrolysed than native molecules of gliadin and
produced components of different size. The first stage of hydrolysis of gliadin resulted
in the formation of fragments mainly in the range 25 000 and 10 000 daltons whereas
polypeptides generated from glutenin had subunits of molecular weight (MW) in the
range 65 000, 30 000 and 10 000. Further hydrolysis resulted in the formation of
subunits of MW around 24 000 and 14 000 for glutenin and gliadin respectively. The
final stage of hydrolysis produced a quantity of peptides of MW under 10 000 and a
small quantity of free amino acids. No obvious differences in the molecular weights of
the polypeptides released were found when the enzyme to gliadin ratio was varied.
Components obtained from glutenin and gliadin were further characterised after gel
filtration on Sephadex G50. Large polypeptides derived from both gliadin and
glutenin contained large amounts of proline and glutamate. Surface hydrophobicity of
derived components were different, and inferior to, those of the reduced glutenin and
native gliadin. Reduction of disulphide bonds of digested polypeptides of glutenin
showed the existence of peptides branched by interchain disulphide bonds. Peptic
cleavage sites were probably located differently in glutenin and gliadin molecules.
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1. Introduction

Enzymic hydrolysis of proteins scems to be a valuable method for the preparation of polypeptides
and peptides with new functional and biological properties." > Hydrolysates as well as dietary protein
have been shown to be of interest as a source of N in chemically-defined elemental diets.3
Enzymic hydrolysis of wheat protein has been used to investigate flour quality in relation to its
physical properties,’ both in order to characterise free amino acids contents for nutritional experi-
ments,>® and to gain a better knowledge of the structure of gliadin and glutenin®!2 or at least to
compare partial amino acid sequences of wheat proteins with those of other cereals.> Other studies
concerning enzymic digestions of gluten concentrated on isolating active peptides which may be toxic
in coeliac disease.!*"® Because of reports linking wheat gluten digestion with mental disorders!”1
purified peptides from peptic digests of wheat gluten were tested for opioid-like activity.1> % Few
reports are concerned with the precise description of components produced by enzymic hydrolysis of
wheat proteins and modification of these proteins in order to obtain new functional properties.
Among proteinases, porcine pepsin is known to have a broad side chain specificity? and to
produce large polypeptides from wheat proteins.!2 2 In order to gain a better understanding of the
different components resulting from the peptic digestion of wheat proteins, their two main fractions,
glutenin and gliadin, were digested by pepsin under controlled conditions and the resulting compon-
ents were analysed by different techniques. The results obtained would give some information on
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how to prepare polypeptides and peptides possessing various functional characteristics according to
their molecular weights, amino acid composition and hydrophobicity.

2. Experimental
2.1. Preparation of wheat protein fractions

Partially defatted gluten of common wheat Triticum aestivum (cv. Capitole) was prepared according
to Popineau.? Crude gliadin was extracted from gluten by solubilisation in a water—dioxane solvent
(40:60 by vol). Crude gliadin and glutenin (the undissolved material) were directly freeze-dried.

The purified gliadin fraction was prepared by large-scale gel filtration on Ultrogel Aca 34 (column
diam. 10 cm, height 77 cm, sample size 5 g) equilibrated with 0.1 m acetic acid, 2 M urea, 0.05 M KCI,
pH 3.3 at a flow rate of 300 ml h~! (Figure 1). Excluded peak 1 accounted for 38.8% of the total
protein representing soluble glutenins. Peak 2 consisted of gliadin and accounted for 47.1% of
recovered proteins. The fractions corresponding to this peak were pooled and constituted purified
gliadin. Peak 3 containing albumins and globulins and non-protein components was discarded. The
entire gliadin fraction was dialysed against distilled water and freeze-dried.

The protein content (Nx5.7) of the defatted gluten, the purified gliadin and the crude glutenin
were 82.3, 93.1 and 70.1% of dry matter respectively.

For peptic digestion, protein fractions (750 mg) were dispersed in 21 ml 0.1 m acetic acid adjusted
to pH 2 with 1 M HCl. Crystalline porcine pepsin (2000 FIP g~': Merck) was added in the
enzyme/substrate ratios: 1/20, 1/33,1/50, 1/100 or 1/1000 and the enzymic digestion carried out at
20°C. Samples (0.5 ml) were taken from the reaction batch at controlled times and mixed with 25 ml
0.05 M phosphate buffer pH 7.2 for the ninhydrin reaction of 1 ml tris buffer pH 7.5 (0.01 M tris
containing 1.6% SDS, 1% 2-mercapto ethanol) for electrophoresis analysis. For analysis by gel
filtration, the reaction was stopped by adjusting the hydrolysate to pH 7.2 with concentrated
ammonia.

2.2. Chromatographic techniques

Gel filtration experiments were performed on a Sephadex G50 column (85%2.5 cm) equilibrated
with 0.05 M ammonium acetate pH 7.2 Hydrolysate sample (10 ml) was centrifuged at pH 7.2 to
remove undisolved material before it was applied to the column. Column flow rate was 25 ml h™".
Fractions were detected simultaneously at 280 nm and 220 nm, pooled, concentrated in vacuo and
freeze-dried.

Reversed phase high-performance liquid chromatography (RP-h.p.l.c.) was performed using a
Kontron h.p.l.c. 600 system monitored by a series 200 programmer. Hydrolysates were fractionated
on a Spherisorb S5 ODS C18 (12.5 cmx4.9 mm i.d.) supplied by Kontron. An acetonitrile-water
gradient (buffer A: 0.05% (by vol) trifluoroacetic acid (TFA); buffer B: 0.05% (by vol) TFA, 75%
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(by vol) acetonitrile; pH 2.5) was used for the elution of peptides from the RP column. Solvent B
concentration was increased from 0 to 100% in 60 min (1.25% B min~!) at a flow rate of 1 ml min~!.
Samples were dissolved in buffer A (concentration 5 mg ml~*) except for the native glutenin which
was reduced by 5% (by vol) 2-mercaptoethanol in 8 m urea, tris 0.05 M buffer, pH 7.6, before being
loaded on to the column. Proteins were detected at 214 nm with a Kontron Uvikon 730 LC detector
using 0.5 absorbance units full scale.

2.3. Analytical methods

For the ninhydrin reaction, 1 mi of hydrolysate was mixed with 1 ml of ninhydrin reagent in a reaction
bath at 100°C for 30 min. After cooling and centrifuging, 10 ml ethanol-water solution (50:50, by vol)
was added. Absorbance was recorded at 570 nm. Leucine was used as a standard and the results
expressed as leucine equivalents.

SDS-polyacrylamide gel electrophoresis (SDS-PAGE) was performed as described by Tome et
al.* but with a polyacrylamide gradient of 13-26% obtained by two solutions containing 13 g
acrylamide plus 345 mg of NN’ methylene bisacrylamide and 26 g acrylamide plus 690 mg of NN’
methylene bisacrylamide each in 100 ml of 0.5 M tris buffer PH 6.8 respectively.

Densitometric patterns were recorded on a Vernon recording densitometer.

Amino acid analyses were made on a Kontron Liquimat III amino acid analyser after sample
hydrolysis (1 mg ml) in vacuo by 6 v HCI at 110°C for 24 h. Sulphur amino acids were determined
after performic acid oxidation to methionine sulphone and cysteic acid.” Tryptophan was not
determined.

3. Results
3.1. Kinetics of hydrolysis

The amount of free amino groups produced from gluten, glutenin and gliadin during peptic hydro-
lysis determined by reaction with ninhydrin are shown in Figure 2. Before hydrolysis gluten and
glutenin fractions were only slightly soluble in hydrolysis buffer; a few seconds after addition of
pepsin, they were readily solubilised indicating that peptic hydrolysis disrupted gluten and glutenin
aggregates almost immediately generating molecules soluble at acid pH. More total amino groups
were released by glutenin than by gliadin, but with all samples, the digestion reached half completion
in about 40 min and appeared to be almost complete after 200 min. Increasing the pepsin to gluten
ratio increased the total amount of free amino groups released (Figure 3).

SDS-PAGE patterns of purified gliadin peptic hydrolysates at various reaction times showed four
major fractions A, B, C, D (Figure 4), the different composition of which can be seen from the
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Figure 3. Influence of the concentration in pepsin [enzyme/ substrate=(R) 1/100, (%) 1/50, (F) 1/33 and (W) 1/20] on the
amount of free amino groups produced from gluten. 7=20°C, pH 2.
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Figure 4. SDS-PAGE pattern of gliadin fraction for various time intervals. a, No enzyme control; b, 1 min; c, 3 min; d, 6min;e,
10 min; f, 15 min; g, 40 min; h, 60 min; 1, 120 min; j, 260 min; k, 380 min; 1,24 h. Hydrolysis was done at pH2 and T'= 20°C with an
enzyme to substrate ratio of 1/33.
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Figure 5. Variation with time of the different fractions resulting from an peptic hydrolysis of gliadin according to different
enzyme (o substrate ratios: (#), 1/33; (A), 1/100 and ( A}, 1/1000. Fraction A, native gliadin; fraction B, polypeptides in the
range 28 000-18 000; fraction C, polypeptides in the range 17 500-12000; fraction D, peptides <12 000. Hydrolysis was done at
pH=2 and 7=20°C.

densitometric patterns for various enzyme/substrate ratios (Figure 5). Increasing the enzyme to
gliadin ratio increased the speed of the disappearance native gliadins (fraction A) but not the
qualitative aspects of the electrophoretic pattern. Fraction B, which consisted mainly of peptides of
MW in the range 28 000-20 000, reached a maximum between 15-45 min depending on the enzyme
concentration. These components disappeared upon prolonged hydrolysates and resulted in pep-
tides in the MW range 17 500-12 000 (fraction C) and lower than 9700 (fraction D).

SDS-PAGE patterns of glutenin peptic hydrolysates for various reaction times were more com-
plex than those from gliadin (Figure 6), polypeptides appearing in the range 68000-65000, 34000
23 000 and 15000-9000. Further hydrolysis produced subunits of molecular weights near 24 000, and
after 320 min components with MW=>15 000 completely disappeared.

3.2. Fractionation of hydrolysates

Peptic hydrolysis of purified gliadin and crude glutenin was carried out for 2 h at 20°C with an
enzyme/substrate ratio of 1/33, and the hydrolysates were chromatographed by gel filtration on
Sephadex G350 column (Figure 7). Detection at 280 nm showed the presence of two major peaks for
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Figure 6. SDS-PAGE pattern of the glutenin fraction for various time intervals. a, non enzyme control; b, 1 min; ¢, 3 min; d, 6
min; ¢, 10 min; f, 25 min; g, 40 min; h, 60 min; i, 120 min; j, 260 min; k, 380 min; 1,24 h. Hydrolysis was done at pH 2 and T=20°C
with an enzyme to substrate ratio of 1/33.

gliadin hydrolysates (fraction 1 and 2) but only one for glutenin (fraction 1); however detection at
220 nm showed that both digests contained substances being continually eluted. These eluates were
divided into six fractions which were then electrophoresed (SDS-PAGE) (Figures 8 and 9) and
analysed for amino acid content (Table 1). The quantities of polypeptides recovered in each fraction,
calculated from their amino acid contents, and their molecular weights obtained by gel filtration and
SDS-PAGE are summarised in Table 2.

Fraction 1 of the gliadin hydrolysate comprised large polypeptides in the range 28 000-12 000
characterised by high contents of glutamate, proline and phenylalanine and smaller amounts of
aspartate, sulphur containing amino acids, alanine, valine, isoleucine and leucine, compared to
native gliadins. The relatively homogeneous fraction 2, which represented 41.5% of the total digest,
consisted of components in the MW range 12 000-9000. Fractions 3 and 4 which presented apparent
MW in the ranges 7500-2700 and 27001400 respectively on Sephadex G50, seemed similar to those
in fraction 2 by SDS-PAGE but were weakly stained. Fraction 5 contained small peptides with MW
under 1000 and fraction 6 (with an elution volume equal to the total volume of the Sephadex G50
column) is characteristic of components interacting with the gel. Fractions 5 and 6 did not react with
the stain used after SDS-PAGE. From the amino acid analysis, fraction 3 was characterised by a high
proline content; fractions 4 and 5 had compositions very different to that of gliadin.

With glutenin digests, the non-reduced fraction 1 showed large polypeptides with MW between
25 000 and 45 000 not found in native glutenin, moreover only one band had a MW <20 000. When
the S—S bonds of fraction 1 were reduced many subunits <20 000 and some <14 000, were observed,
only one band over 30 000 remaining. The amino acid composition of fraction 1 did not differ largely
from the undigested protein but there were increased contents of glutamate and proline and a slight
decrease in the amount of methionine and cysteine. The non-reduced fraction2, characterised by the
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Figure 9. SDS-PAGE of (a) non reduced and (b) reduced fractions of glutenin obtained after gel filtration on Sephadex G50.
Glu: native glutenin.

presence of two bands of approximately 15 000 produces many peptides of MW <15 000 (Figures 9a
and 9b); after reduction only one band around 15 000 remained. The reduced and non-reduced
fractions 3 and 4 possessed similar characteristics and fraction 5 stained only weakly.

Analysis by RP-h.p.1.c. of the six fractions from both the gliadin and glutenin digests separated by
gel filtration on Sephadex G50 (Figure 10) showed the complexity of the fractions, even those which
did not stain well. All fractions were soluble in TFA (0.05% (by vol) solution pH 2.5) except the
native glutenin which was reduced before injection. According to their retention time on the C18
column no gliadin peptide displayed a surface hydrophobicity higher than that of native gliadin and
as the MW of the peptides decreased, retention time also decreased. Furthermore, the peptide
patterns appeared more complex, covering a larger range of hydrophobicities. The same pattern was
observed with glutenin digest fractions. Fractions of a given molecular weight displayed the same
range of hydrophobicity as the corresponding gliadin digest fraction, except for the first one eluted
from Sephadex G50. This fraction, comprising the largest peptides was more heterogeneous in
glutenin digests but less so in gliadin digests. Glutenin digest fraction 1 was composed of two groups
of peptides, the first was eluted between 26.5 and 38.5% acetonitrile, and corresponded to the range
of surface hydrophobicity of peptides contained in gliadin digest fraction 1. The second group was
eluted between 38.5% and 54% acetonitrile, and corresponded, as far as surface hydrophobicity was
concerned, to the less hydrophobic glutenin subunits or native gliadin. But in contrast to native
glutenin these peptides were readily soluble in 0.05% (by vol) TFA.

4, Discussion

The amount of free amino groups produced from gluten and its components, glutenin and gliadin,
during peptic hydrolysis confirmed previous results that wheat proteins possessed peptic sensitive
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Table 1. Amino acid composition (as residues %o) of the different fractions after a gel filtration on Sephadex-G50-of-an=peptic
digest (2 h, E/S=1/33, t=20°C) of glutenin and gliadin.

Fraction 1 Fraction 2 Fraction 3 Fraction 4 Fraction 5
Gliadin
Asp 27 17 25 21 39 99
Thr 16 27 15 9 12 27
Ser 42 33 37 50 59 60
Glu 427 455 453 462 408 273
Pro 149 230 144 170 76 80
Gly 16 17 11 25 41 64
Ala 20 12 13 15 27 38
1Cys 28 12 28 10 31 29
Val 37 16 33 36 42 33
Met 17 4 14 5 30 7
lle 36 16 34 22 57 56
Leu 70 39 63 61 100 85
Tyr 20 28 23 9 33
Phe 46 84 54 55 14 26
Lys 5 7 7 5 14 30
His 21 15 19 15 15
Arg 23 16 22 16 28 60
Glutenin
Asp 48 16 41 54 77 87
Thr 31 23 23 25 37 31
Ser 52 54 49 52 58 47
Glu 328 419 346 302 227 139
Pro 112 133 123 105 60 6
Gly 40 50 33 47 52 55
Ala 31 17 26 42 56 48
1ACys 27 23 25 1 3 9
Val 41 30 50 53 62 51
Met 22 16 14 13 9 18
Ile 34 25 39 38 56 60
Leu 69 56 78 78 95 62
Tyr 31 34 26 30 28 132
Phe 45 43 38 52 52 118
Lys 25 10 16 30 38 33
His 22 22 25 22 26 33
Arg 42 29 48 46 64 71

“Fraction 6 (representating 0.1% of the total digest) was not analysed.

bonds.* ¢ Digestion was rapid with a five-fold increase of free amino groups in 2 h with gluten. When
the enzyme to substrate ratio was increased free amino groups increased but in lower proportions.

Variation of the pepsin/gliadin ratio did not modify the nature of the peptides produced but
altered the kinetics of the digestion process that took place sequentially. When the enzyme concen-
tration was lowered to 1/1000 or 1/100 the appearance of fraction D was considerably retarded
although fraction A was extensively degraded and fractions B and C had increased. Our interpreta-

Table 2. Weight distribution of polypeptides and peptides separated by gel filtration on Sephadex G50 of peptic digests of
glutenin and gliadin (E/S=1/33, 2 h at =20°C) according to yield calculated from amino acid analysis

Fraction
1 2 3 4 5 6
Apparent range 18000 7500 2700 Interaction
of MW (daltons) 18000 — — — <1400 with gel
7500 2700 1400
Gliadin yield (%) 20.8 41.5 31.0 4.4 22 0.1

Glutenin yield (%) 25.7 21.2 29.6 2.2 1.2 0.1




1232

gliadin

!
Native l|
|

<
TN
//

Fraction
|
i‘».
| i
| I
! h
| ‘
l I :
L A
L:.I‘LJ\ ,,,,, 4 N
A Fraction
l\
1
l«' s ,\\
W - '.\///
Fraction

I S — —

Time (min)

Reduced
glutenin

Fraction

| L Fraction
2

Fraction
J|

\ fr
& g
-]. Fraction
..J'rl
.
& J
?'. A
~ N

B (%)

10 3 50
Time {min)

P. Masson et al.

Figure 10. H.p.l.c. separations of
peptic fractions from gliadin and
glutenin fractions on an ODS reversed
phase C18 column, after gel filtration on
Sephadex G50 column.



Peptic hydrolysis of gluten, glutenin and gliadin 1233

tion is that, during the first stage of hydrolysis gliadin proteins were cleaved essentially in two
families of fragments: one of about 25 000 (fraction B) and the other of approximatively 15 000
(fraction C). However the largest increase of fraction C corresponded to a decrease of fraction B,
suggesting that fraction C also contained some degradation products of fraction B. Lastly, fraction D
corresponded to the small peptides coming from various hydrolysis steps of the other fractions.

Large polypeptides with MW in the range 28 000-20 000 produced in the first stage can constitute
up to 45% of gliadin digest after 45 min. They were characterised by high contents of glutamate,
proline and phenylalanine. Although this fraction was composed of peptides coming from several
gliadin components, its composition was related to the amino acid sequence of the a/f type gliadins
taken as reference proteins.? Their sequence can be divided in domains, one of them (domain IT)
being characterised by a sequence repetition with high proline and glutamate contents whereas other
domains contained lower amounts of proline.? So it is probable that large peptides are derived from
native gliadins by cleavage of the polypeptides chain in its —COOH terminal region because of
proline enrichment and decreased cysteine content. Moreover a lower cysteine content suggests that
cleavage occurred near the cys—cys doublet (156-157). Cleavage at this site would generate a large
peptide of MW 20 000 and a smaller one around 13 000.

The results here show that peptic hydrolysis of glutenin produced firstly large polypeptides in the
range 68 000—65 000 and 34 000-23 000, which were rich in glutamate and proline, and were soluble
in the different non-denaturing solvents used. Their formation was accompanied by a rapid
solubilisation of samples and a decrease of the viscosity probably due to cleavage in interchain
disulphide bond regions.®!® This hypothesis, which disagrees with other published results,? was
strengthened in the present study by the observed presence of peptides containing interchain
disulphide bonds.

The second stage of hydrolysis was characterised by the appearance of components of MW around
15 000 for gliadin and 24 000 for glutenin and having amino acid compositions similar to those of the
native proteins. Some of the subunits derived from glutenin were also S-S branched peptides.

The final stage of hydrolysis produced peptides of MW<10 000. Degradation of these small
peptides cannot be described with precision because of the complexity of the mixture. They could
represent an important part, nearly 50%, of the digest in the case of prolonged hydrolysis. The free
amino acids were present in low concentration and accounted for less than 1.2% and 3.2% for gliadin
and glutenin digests respectively. Average molecular weights of 1150 daltons for glutenin peptides
and 1990 for gliadin peptides were calculated after complete hydrolysis of the sample.*®

Glutenin and gliadin digests fractions were composed of polypeptides differing in molecular
weight, amino acid composition, surface hydrophobicity and structure. These results confirmed
previous observations of differences in polypeptide size.™® This might be due either to differences in
amino sequences of gliadin and glutenin, or in protein conformation. These results showed that
differences of site location, structure and conformation could explain differences in hydrolysis and of
peptide characteristics previously described.'®12 Production of large peptides in the early stage of
gliadin digestion suggests that most of peptic cleavage sites were not accessible in the native
molecule. Conversely the initial digestion of glutenin leads to a rapid decrease of the molecular
weight of components. Moreover, according to the kinetics data, glutenin was hydrolysed more
rapidly than gliadin. After 10 min (enzyme/ substrate=1/33) intact glutenin subunits had totally
disappeared, whereas up to 20% of native gliadins were still present. Thus hydrolysis sites were
probably more accessible to enzyme attack in glutenin than in native gliadin. These results can be
related to viscosimetric studies that showed that at pH 2.9-9.01in 0.1 M acetic acid a gliadin molecule
retained a certain degree of compactness although a part of the molecule was probably expanded.
Conversely if the structure of glutenin in those conditions is of that proposed by Tatham et al.?” these
macromolecules could be more accessible to peptic digestion.

It has been previously reported'2 2 that pepsin-sensitive bonds are principally located in terminal
regions of polypeptide chains. Those findings were confirmed here with gliadins at the first stage of
digestion where results indicated that only a part of —COOH terminal region was cleaved.
Modification of SDS-PAGE pattern of glutenins after reduction (Figure 9) indicated the presence of
the disulphide branched polypeptides in the hydrolysate. As it has been shown that most cysteine
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residues are located very near the —COOH and —NH2 terminal ends of chains, 2 peptic cleavage
might not occur in the very terminal region of subunits because S-S reduction of branched peptides
leads to a decrease of their MW from 40 000 to 20 000.

As the complexity of native protein samples and of peptidic patterns hindered definite conclusions
about the sequential appearance of peptides and location of hydrolysis sites, and also renders
peptide purification difficult for biochemical and functional characterisation, studies are in progress
on highly purified gliadin components.
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