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Antimicrobial Activity of Gluten Hydrolysate with Asp. saitoi Protease
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Abstract

This study was carried out to investigate whether peptide produced from wheat protein by enzyme hydrolysis
can be used as a natural antimicrobial agent. Antimicrobial peptide was obtained from wheat protein hydrolyzed
by 7 of protease. The produced antimicrobial peptide was purified through ultrafiltration, membrane filtration
and HPLC, and molecular weight and amino acid sequence of the purified antimicrobial peptide were determined.
Among hydrolysate produced from wheat protein by 7 of protease, antimicrobial activity was observed for the
peptide obtained from Asp. saito protease. The Asp. saito protease did produce antimicrobial hydrolysate showing
the highest antimicrobial activity at reaction condition of 37°C and pH 6.0, but not at reaction condition above
50°C. Wheat protein hydrolysate was fractionated by membrane filtration and showed antimicrobial activity
between molecular weight 1,000~3,000. The antimicrobial activity fraction obtained by membrane filtration was
separated through HPLC and showed antimicrobial activity in the peak of retention time 31.1 ~31.8 min. We
could convince this hydrolysate as heat-stable peptide since antimicrobial activity was maintained after treated
with heat for 15 min at 121°C. Molecular weight of antimicrobial peptide identified by MALDI-mass was 1,633.
Amino acid sequence of antimicrobial peptide was cysteine, glycine, prolin, prolin, prolin, valine, valine, alanine,
alanine and arginine.
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Table 1. Operating conditions of HPLC for the purification
of antimicrobial activity of the hydrolysate in the wheat
gluten protein treated with protease

47

Table 3. Antimicrobial effect of hydrolysates of wheat glu-
ten slurry treated with various protease adjusted with pH
6.7

Instrument Hewlett Packard 1100 Series
Detector Diode Array Detector 220 nm, 280 nm
Column Vydac Cjg (10X 300 mm)

Mobile phase Solvent A) 100.0% 10 mM phosphate
buffer (pH 7.0)

Solvent B) 0 % ACN

1.0 mL/min

100 pL

Flow rate
Injection volume

Table 2. Linear gradient condition of HPLC for analysis of
antimicrobial peptide of the hydrolysates in the wheat gluten
treated with protease

Time (min) Solv. AV (%) Solv. BY (%)
0.0 95.0 5.0
10.0 95.0 50
50.0 50.0 50.0
l”Solv. A: 10 mM phosphate buffer (pH 7.0).
PSolv. B: acetonitrile.
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Plate incubation at 37°C

Enzyme source

ECY EH SA SF BS ST
Trypsin 2 - - - -
Asp. saitoi protease + + A ++
Pepsin - - - - - -

o -~Chymotrypsin

Streptomyces griseus
protease

Bromelain

Bacillus lichenifomis
protease

PEC = Escherichia coli ATCC 10536, EH = Escherichia coli O157:
H7 ATCC 43894, SA = Staphylococcus aureus ATCC 6633, SF
= Streptococcus faecalis ATCC 13301, BS = Bacillus subtilis
ATCC 11778, ST = Salmonella typhimurium ATCC 14028.
Do negative activity, +: weak activity (10~ 12 mm), ++: strong
activity (12~14 mm), +++: very strong activity (>15 mm).

Table 4. Antimicrobial effect of hydrolysates of wheat glu-
ten slurry treated with various protease adjusted with pH
35

Plate incubation at 37°C

Enzyme source

EC” EH SA SF BS ST
Trypsin -2 - - - - -
Asp. saitoi protease + LA S
Pepsin + + + + +

+ ++

o-Chymotrypsin

Streptomyces griseus
protease

Bromelaine

Bacillus lichenifomis

protease

VEC = Escherichia coli ATCC 10536, EH = Escherichia coli O157:
H7 ATCC 43894, SA = Staphylococcus aureus ATCC 6633, SF
= Streptococcus faecalis ATCC 13301, BS = Bacillus subtilis
ATCC 11778, ST = Salmonella typhimurium ATCC 14028.
-! negative activity, +: weak activity (10~12 mm), ++: strong
activity (12~14 mm), +++: very strong activity (>15 mm).
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Table 5. Effects of pH on the production of antimicrobial
peptide of wheat gluten treated with protease at 37°C
(Dia. of inhibiting zone: mm)

pH
3 4 5 6 7

Staphylococcus aureus 11 14 16 19 17
ATCC 6633

Escherichia coli 10 11 19 21 18
ATCC 10536

Strain

Table 6. Effect of temperature on the production of antimi-
crobial substance of wheat gluten treated with protease in

pH 6.7 (Dia. of inhibiting zone: mm)
] Temperature (°C)
Strain
37 45 50 55
Staphylococcus aureus 23 18 14 -
ATCC 6633
Escherichia coli 21 17 13 -
ATCC 10536

Cold - oAl

DH (%)

0 3 [} 9 12 24
Hydrolysis time (hr)

Fig. 1. Degree of hydrolysis of wheat gluten treated with
Asp. saitoi protease at 37°C in pH 6.7.

Table 7. Effect of incubation time on antimicrobial activity
of the hydrolysate of wheat gluten treated with Asp. saitoi
protease at 37°C in pH 6.7 (Dia. of inhibiting zone: mm)

Incubation time at 37°C
3h 6h 9h 12h 24h

Staphylococcus aureus 10 16 19 21 22
ATCC 6633

Escherichia coli 11 18 19 20 22
ATCC 10536

Strain
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7l glutenol] Asp. saitoi protease= 28 A7) 7R E
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Ultrafiltration fractionation : &4 7t5E8) £ 44
Bz} oh-g- -2}k 10,000 3,000 1,000 cut-off membrane 2.
o} F}she] deixl o A9] FFBRAL 54T Be Fig. 2%

Escherichia coli Q15THT
ATCC 43894

Fig. 2. Antimicrobial activity of fractionating wheat gluten
hydrolysates by ultrafiltration against Eschericia coli O157:
H7 ATCC 43894.
*A: supernatant of wheat gluten hydrolysate.
B: filtrate of wheat gluten hydrolysate by 10,000 molecular
weight membrane.
C: filtrate of wheat gluten hydrolysate by 3,000 molecular weight
membrane.
D: filtrate of wheat gluten hydrolysate by 1,000 molecular weight
membrane.
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Fig. 3. Sephadex G-~25 chromatogram of the wheat gluten
hydrolysate by Asp. saitoi protease.

0 72 87 159

Table 8. Antimicrobial activity of the hydrolysate of wheat

gluten isolated from Sephadex G-25 against Staphlylococcus

aureus ATCC 1320
Fraction No.

F1
F2

Clear zone size on plate (mm)

11
15
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Fig. 4. High performance liquid chromatram of the wheat gluten hydrolysate by membrane filter (molecular weight cut—off 3,000).
The elution was monitored at 220 nm. Each fraction obtained was tested for antimicrobial activity against Sta. aureus by an agar diffusion

method.
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Fig. 5. Mass spectrum of the antimicrobial peptide obtained wheat gluten treated with Asp. saitoi protease.
The peptide fragment was collected in high performance liquid chromatography fraction.
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Table 9. Heat stability of the antimicrobial peptide of wheat
gluten hydrolysate (Dia. of inhibiting zone: mm)

Heating treatment

Strain Control 80°C  100C  121°C
10 min 10 min 15 min
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Escherichia coli 20 21 21 22
ATCC 10536
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