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Antimicrobial activity of protein hydrolysate by protease

Jeong-Hyeon Joo + Sang-Duk Yi - Jeong-ok Lee + Man-Jin Oh* - KC Rhee'

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 by protease of 7 species. 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
protease of 7 species, antimicrobial activity was observed for the peptide obtained from Asp. saito
protease. The Asp. saito protease did production 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. Since after wheat protein protease hydrolysate was heated during 15
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min at 121°C, antimicrobial activity was maintained, we could be conviction as heat-stable peptide.
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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1) 2 Aol oluten, Aspergillus saitol protease
(EC 34.2318), pepsin(porcine stomach, EC
34.231), trypsin(porcine pancreas, EC 34.21.41),
a-chymotrypsin(bovine pancreas, EC 34.21.1),
stem, EC  342232),
Strypomyces griseus protease, Bacillus lichenifomis
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Table 1. Operating conditions of HPLC for the
purification of antimicrobial activity of
the hydrolysate in the soybean protein

treated with protease.

Instrument Hewlett Packard 1100 Series
Detector Diode Array Detector 220nm, 280nm
Column Vydac Ci5(10x300mm)

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

Solvent B) 0 % ACN
Flow rate 1.0 ml/min

Injection volume 100 u

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

Time (min) Solv. A (%)  Solv. B (%)
0.0 95.0 5.0
10.0 95.0 5.0
50.0 50.0 50.0

6) &4 peptide®] mass 7%

Gluten &4 7MHrEslES HPLCE #3735t
z} B8 E9] mass spectrume applied biosystem
MALDI-TDF, STR Voyager model, Matrix : a
-cyanohydroxy cinnamic acid, reflactor mode,
accelerating voltage : 25,000 ¢ A0z 43}

Atk

7) 31+ peptide?] ofrliat ME 4

Gluten®] &4 7}-Ea|ES HPLCE &35}
S SAS e = peak B89 ofvAt 4
<M E Hewlitt Packard G 1000A automated

protein sequencer, automated Edman chemistry®l]

>

- 81 -



A liquid peptide samples 2% TFAZ loading3d}

o method 35 Wy o2 B35y

8) 34 Peptided] & $HAHA

FHBAE e T %5_— EZHE
3000 olats #Iste] LAE 2 3 o3 80T
oA 108, 100TCAA 10, 121 T4 158 g4

IR

Gluten®l trypsine BIE3$ 65 proteases 7}

Table 3. Antimicrobial effect of hydrolysates of
wheat gluten slurry treated with

various protease adjusted with pH 6.7.

Enzyme source plate incubation at 37C
EC EH SA SF BS ST
Trypsin - - - - -
Asp. saitol protease + 4+ttt A+t
Pepsin - - - - - -

a-Chymotrypsin - - - - - -

Streptomyces griseus
protease

Bromelain - - - - - -

Bacillus lichenifomis
protease

" EC=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

T negative activity, + : weak activity(10~12mm),
++ : strong activity(12~14mm), +++ very
strong activity (>15mm).

+ o+ o+ - -

Table 4. Antimicrobial effect of hydrolysates of
wheat gluten slurry treated with

various protease adjusted with pH 3.5.

plate incubation at 37°C

Enzyme source

EC EH SA SF BS ST
Trypsin - - - - -
Asp, saitol protease + o+ 4t e
Pepsin + o+ o+ o+ o+ o+
a-chymotrypsin + - 4+ -+ 4+

Streptomyces griseus
protease - T T T
Bromelaine - - - - - -

Bacillus lichenifomis
protease

" EC=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

T negative activity, + : weak activity(10~12mm),
++4+ : strong activity(12~14mm), +++ very
strong activity (>15mm).
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Gluten dEo] Asp, saitol proteaseE 7F5}ed]
pH 4-87A] A3 the 37T, 6A17F FBHH-S A
A Qoix JtrRAEY] FHEAES Sta aureus,

E. coliell tiéte] A9 A= oot 23th

Table 5. Effects of pH on the production of

antimicrobial peptide of soybean protein

treated with protease at 37°C. (Dia. of
inhibiting zone : mm)
Strain pH
3 4 5 6 7

Staphylococcus aureus ATCC 6633 11 14 16 19 17
Escherichia coli ATCC 10536 10 11 19 21 18

92 Sta. aureusdll 8t 19mm, E. coliel
st 2lmmE YERN ST

9 gluten HENO| Asp. saitol proteaseE 715}
Z

o pH 672 4% ths 28 25 mE A4
R ES] SgadS S48 A= Table 6
I 73kt

Table 6. Effect of temperature on the production
of antimicrobial substance of wheat
gluten treated with protease in pH 6.7.
(Dia. of inhibiting zone : mm)

Temperature(C)

37 45 50 55

Staphylococcus aureus ATCC 6633 23 18 14 -
FEscherichia coli ATCC 10536 21 17 13 -

Strain
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Table 7. Antimicrobial activity of wheat gluten
treated with Asp. saitoi protease at 37C

in pH 6.7. (Dia. of inhibiting zone : mm)

Incubation time at

Strain 37C

3h 6h Sh 12h 24h

Staphylococcus aureus ATCC 6633 10 16 19 21 22
Escherichia coli ATCC 10536 11 18 19 20 22

0 3 6 9 12 24
hydiolysis time()
Fig. 1. Degree of hydrolysis of wheat gluten

treated with Asp. saitoi protease at 37C
in pH 6.7.

3. @+t peptide®] £z % A

2 glutenoll Asp, saitol protease® 2HEA1Z1 7F
FEslEe] g4 EAS e, gAs] st
ultrafiltration #38, gel &3}, HPLCE &g 43}
= bt 2tk

1) Ultrafiltration fractionation

a0 Vel RS BAF 10,000
3,000, 1,000 cut-off membrane©.Z &j3}ste] Aoj
7 Qe FFEAdE S A= Fig 29 2
Atk

Fig. 2014 B wpeb 7ol £k 1,0000)7d2]
YA FordAdel AN 1,0000]8l M= &t
o] UehA] e FoR Hol FakEF 1,000-

Escherichia coli O157:HT
ATCC 43894

- —

Fig. 2. Antimicrobial activity of fractionating
wheat gluten hydrolysates by ultrafiltration
against E. coli O157:H7 ATCC 438%4.

A supernatant of soybean protein hydrolysate

B : filtrate of soybean protein hydrolysate by 10,000

molecular weight membrane

C : filtrate of soybean protein hydrolysate by 3,000

molecular weight membrane

D : filtrate of soybean protein hydrolysate by 1,000

molecular weight membrane.
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Fig. 3. Sephadex G-25 chromatogram of the wheat gluten hydrolysate by Asp. saitol protease.
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Fig. 4. High performance liquid chromatogram of the wheat gluten hydrolysate by membrane filter
(molecular weight cut-off 3,000). The elution was monitored at 220nm, Each fractions obtained

were tested for antimicrobial activity against Sta. aureus by an agar diffusion method.
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Voyager Spec #1=>AdvBC(32,0.5,0.1)=>NF0.7=>RSM10000[BP = 1633.0, 16458]

1633.0373

1.6E+4
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10 1080.5661 | 2188.2195 2444.4043
Y i g 1 . ) £ o
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Mass (m/z)
Voyager Spec #1=>AdvBC(32,0.5,0.1)=>NF0.7=>RSM10000{BP = 1633.0, 16458]
100 1633.0373 1.6E44
90 1634.0340
80
» 70
g &
2 %7 Jossei20 1635.0338
=
307 [1047.6168
20
1302.8268 1636.0055
1048.6139 1363.8291
10 1159.6839
M ! ‘ N k 1663.0041
1029.0 1227.2 14254 1623.6 1821.8 20200
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Voyager Spec #1=>AdvBC(32,0.5,0.1)=>NF0.7=>RSM10000[BP = 1633.0, 16458]
100 21882195 o738
90
80
7
G s0
g s0
. -
30
20
10 "
[ Pkt {5 o
1950 2107 95

Mass (m/z)

spot 57 G15
DA\..\07150214_0001.dat
Acquired: 18:11:00, July 15, 2002

Fig. 5. Mass spectrum of the antimicrobial peptide obtained wheat gluten treated with Asp. saitol

protease. The peptide fragment was collected in high performance liquid chromatography

fraction.

2) Gel filtration
4 7 TaESY 3t =45 Sephadex-G
252 o3}sted 3 miA #F kAL 220nm, 280nmell
AN FEEE A8t 7

7}
ethylene glycol 6,000 F%3le] AL =
o)
A

o= ultrafitration membranedl] ®ste] T-&A
o7 HFo] ojgr] uio] A5 AFoM=

membrane filterE ©]£-3sfo] #&33ATh

3) High performance liquid chromatography
& MERHES BAF 3000 cutoff
membrane filter2 o 3sle] Aoz oJole] HPLC
chromatogram+ Fig. 49} Z2¢tem oz AH=
Wt BT ool FFLE FYIHAE

Table 8. Antimicrobial activity of peaks isolated
from Sephadex G-25 against Sta.
aureus ATCC 1320.

. Clear zone size
Fraction No.
on plate(mm)

F1 11
F2 15
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Cluten® &7 7leia)&2] HPLC fEES
refention time 1~3% ZHALE whgate] £
e g 48 34s A retention time
31.1-31.8min°llA] /o] vEpsiTh

4. 3+ peptide] obv| it A=A

Aol = £3 HPLC Rt 31.31%1 peakE
MALDI-TDF, STR Voyager® mass spectrum<
=43 A= Fig 59 2uth

JI9ellA K= upel o] 3t peptide®] A
< 16330322 SAEAE 2 AHoNA Lol
A 529 AL Dionysius 5(20)¢] Bl
lactoferrin®] A& 3,195, 2,673, 58511t} F %o H
Pellegrinj(ZZ) O] B8 lactoglubulin® trypsin 7}

TadlE ’J peptideRth= & Zo|dth &

EJ. Ppie peptlde«l ohulicAt AF +#AE HP
G1000 A automated protein sequenceE
A= Figbd 7Fo] 10719 ofvlicate] 2
o}

mol' _1{}1' m{

ks
Fol 9

HN-C-G-P-P-P-V-V-A-A-R-COOH

Fig. 6. Amino acid sequence of the antimicrobial
peptide obtained from the digestion of
wheat gluten by Asp. saitoi protease.
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- st

Table 9. Heat stability of the antimicrobial
peptide of soybean protein hydrolysate.

(Dia. of inhibiting zone : mm)

Heating treatment

g BT 00T 21T
"M 0min 10min 15min

Strain

Staphylococcus aureus ATCC
6633

FEscherichia coli ATCC 10636 20 21 21 2

19 20 19 20

7 g gavkeEs & o AMEE
peptide®] #2893} HAFHFA R o] g7ts
AL AES] 8t A8S st © v
of 759 waAlrEsass HEAA ALE
MrRslEe  gHEAES SAS dejds,
membrane filtration, CE ol&std 3+t4
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THE SAT A v 2k 8 g g 7
Z3 Tk
&S Asp. saito proteaseS AHEAIA Lol
peptide ¥ro] &S YERAUTE Asp. saito
protease= 37T, pH 6.0014 Z-EA171 9o &
T48Ao] 714 =9kom, 50T o)AM= %L/\gg
UERA] Tk RavkeE

membrane filtration®l] ¢Jste] A4 1,000~3,000

of| A &Aool YeRtE Membrane filtration®

Zo) wd FAERE HEAA A
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2 dojd g igs HPLCE #est A3
retention time 31.1~31.8 minollA A
C

A1,
Agre e cysteine, glycine, prolin,
prolin, prolin, valine, valine, alanine, alanine,

arginine 9] <A1 T
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