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Reduction of Allergenicity of Wheat Flour by Enzyme Hydrolysis
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‘SaengGreen R&D Institute
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Gluten was extracted from domestic wheat flour using UTH buffer (4 M urea in 0.1 M Tris-HC], pH 8.6) and
validated by SDS-PAGE analysis for production of wheat flour products with reduced gluten content.. Anti-
gluten polyclonal antibody was made by administering extracted gluten fraction on animal model. Anti-gluten
serum titer of extracted gluten fraction was evaluated by ELISA, and that of antibody titer according to
administration period. Anti-gluten sera were used for ELISA and immunoblot analysis before and after
hydrolysis of gluten fraction at optimal pH and temperature condition for each protease. Gluten fraction
separated by SDS-PAGE showed several bands covering 75 to 10 kDa, in which anti-gluten sera were 25, 34, and
45 kDa. Enzyme hydrolysis of gluten fraction revealed protein band sizes to be lower than 15 kDa. Content of
protease from bovine pancreas (b.p. protease) for gluten hydrolysis was estimated as 1mg in 10 mL gluten

fraction extracted for 4 hr.
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FH AF deEAe] 542 884 glycoproteins B4
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B o2 AMEE el wlg ofE e A olths).
, TR AU A3, FYLS MY, &1, 7574,
FES} e L2 "gte] @il H

. 2ol 2J3t ML FY Aol URE AH HF
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Yog WIET QE gluten fractiond E23HE T} MouseS
o] g-3ted Ee]E gluten fractiong AT Tt FAHFL A
25125 gluten fraction 4714 E4AZ He|sle] #zbg &
AE ©]83t gluten fraction®] YA A sl N3 Bsst
A AEE AANSHT

ez % UE

Mz

2 Ayl AMSE HWRE 5EATH FEAGAA B
& e 67T T F@E, &, 2B, 99, £a%, F
738) F HYAF7eIA AWHA Fo] Itk dHd F
e AH83%S™ Buhler Test Mill(Buhler Bros., Inc.,
Uzwill, Switzerland)2 AACC@BYEol 28t 60% AEEZ A
Hate] —70°Ce] Age F AJEE ARSI

Gluten, &2 F3ifgs @ 71} A2 Sigma AE-L AME
st om Exl marker, membrane @ 7Y% TP Ao
Bio-rad AE& ARSI TH

S & A AR 58-S SLCUJapan)Ate] AEUHE
719} HriHa 2 -$-8979,100 AgsittE ERE =
ddY mouse(=Holl W)W ATF2, Japan, 1963) 457%H-S ARR-3}
Atk

71F gluten-fractione| F&

9 whlgo] TR gluten 35S PBS(pH 7.2, 140 mM
NaCl, 25mM KCl, 8mM NaHPO, - 12H,0, I mM KH,PO,),
70% alcohol, UTH buffer'"(4M Urea/pH 8.6, 0.1 M Tris-HCl
buffen® ZHzte] F&-8v) 100 mLoll F4Y 58 Hol 4gq
Al 3087} stiming3t F 108 B9 QAE(1,300X g)skd A
TAE Fseh o9} 2o e’ Z4zte] sampled FHTE
FA% § PBSE FA8td Al5=2 ARSI A7EA] 20009
=R =

CHHE M

2% AL Bradford method(12)9] 27§ Bio-Rad®]
Protein Assay(13)2 #3912, ¥FE2E BSA(bovine serum
albuminyg ARE3IGATE ©E YRS AJE 20uLlol] 1:49) 1)
E2 3|3 dye reagent | mLE Y& F & Egsle] Ao
A HA SED WA 3 500 nmollA FREE E2ssT &
Y 9% 32 BSA EF FHE o)gsld vy e
A=

Sodium dodesylsulfate-polyacrylamide gel electrophoresis
(SDS-PAGE)

SDS-PAGET= 15% separating gel3} 4% stacking gel& ©]-&
3}3TH(14). Bradford method® A 2E AEE 5] 59 sam-
ple buffer(l M Tris-HCL: pH 6.8, 50% glycerol, 10% SDS, 2-
mercaptoethanol, 1% bromophenol blue)2} 1: I(vVE & £
B =AM 58T 9 /M8 H lane B 1pgd gluten
fraction& AME-8}ZATE

A719F2 100 voltollA 2X7F AlgEi e A7gs 3,
gel2- CBB staining solution(1.0g Coomassie Brilliant Blue R-
250, 450 mL methanol, 450mL H,0, 100mL glacial acetic
acid)2 G433 Coomassie destaining solution(100 mL metha-
nol, 100mL glacial acetic acid, 800 mL. HO)2 W3] &

ddY mouse (Four week old)

|

- 1st stage —— standstil] —e- 2nd stage —

Time (wk) pre- 1 2 3 4 5 1 2 3 4 5
immune

Bled (once/wk) 1 t 1 1 i 1 1 1 1 i *

Fig. 1. The schemes of animal experimental schedule.

T Ax BAsS
EA4% marker2+%  Precision Protein Standard(Prestained
broad range, Bio-rad, CAYE A5} T}

Gluten fraction0f] CHEF SHEA XM=t

UTH buffer® F&(11)3 gluten fraction® PBSE FA] s}
dgel A3t

47% % ddY mouse(SLC, Japan)E A HEE(9,10)2 AML-3}
o] gluten fraction® Z7 STt AT FodollE vpex 3
nE) g AMElgom Zh uhe-2olA] 18] 200 pL(l mgmLy¥ 1
o 33 B3 ThFg. 1).

NEL w5 18] 5577 AU oz NPIAL, 457709 F
A71& T oA U FE9 gluten fractionS Fojsle] uf
T 13 557 FHHE AYEAt. ANY schedule Fig. 1
o Yetier F27l= BFFHE 3K e 7|7 44
gich s AL FHL Halsie] Ao ARgslr] AR
—80°CellA] B3} T},

Enzyme linked immunosorbent assay(ELISA)

96-well plate(Costar, NY)S] wellell #F X7} 50 ug/mlLe]
HES PBSE 3N AIRE 7} 100uly EF3IT 4°CoA
16A17F coatingdtAT}. o] coating® plateE 0.05% Tween20
o 3% PBSE 33 A3 ¥ 1% BSA7} EFH PBS/
Tween20& ARE-31e] 1: 10092 3]43} primary antibody(mouse
anti-gluten serum)E 100 uLA 718152 37°CollA] 2417F wh&A|A
o} 0.05% Tween20°] X3 PBSZ 33 A& £ 1,0004 3
A7 secondary anti-IgE  antibody(goat anti-mouse IgE;
KOMA biotech, Korea), 10,0008] 312471 secondary anti-IgG
antibody (goat anti-mouse IgG; Calbiochem, CA)E ¥ 37°C
A 1A1ZE WREAIATE 0.05% Tween20°] £3¥ PBSE 33|
A3 % o-phenylenediamine®} citrate-phosphate buffer(pH 5.0,
0.05M citric acid/monohydrate, 0.1 M sodium phosphate/diba-
sic/12-hydrate)& 2;52 E£¢¢ &9 H,0,8 0003% FE&
H7kst Zh wellell 100uL® 23 ghAolA] 308 2-MA) AT
2M HSO,& H713td W-3-& AAAZ] ¥ ELISA reader
(Microlog system, Biolog, CAYS ©]-23}] 490 nmol|A] &3 =
£ FAsich

Western blot

SDS-PAGE®! ¢Js #2]® T A& nitrocellulose membrane
(Bio-rad, CA)ll electrotransferd} ™ 3% BSA”7} ¥&%¥ PBSZ
A2l A blockings A3 TH(14). Primary antibody(mouse
anti-gluten serum)= 0.5% BSA7} ¥3¥ PBSE 1:500 843}
o AZA 2417 ¥EGAIZIZ PBS U CR 33 AFH F
1: 100022 3]4A]Z] secondary antibody(goat anti-mouse IgE,
IgGE Wil d204 1A7F wkSAIZT). PBS S0 & 33] 4
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2 §- develop solution(l mL chloronaphthol solution, 10 mL
methanol, 50 mL PBS, 30uL H,0,)% %] 30% § AA sl
Y g AEsiadch

Sax2|0f| 28 gluten fraction2] &3l

A7HE eluten-fraction 5% *HolA] Adwst 73} o] S7F
Y 5g2 UTH buffer 100mLel] Fo] 307 stlmngf’]r -
1,300} goll A 1037 fl4litel sl Aol s FHslaih el
< IdAF sl z+ 549 FF 2NN | mgmL Fro]
gluten fraction 10 mLel| 1 mge] &4E H7isle] #HEH 2k
A 0, 4, 8, 244 7F FF WA F PBSIAM £ it

o] uf AME¥ FEAE bromelain(EC 34.224, Sigma, MO),
papain(EC 3.4.22.2, Sigma. MO), ficin(EC 3.4.23, Sigma, MO),
protease from bovine pancreas(b.p. protease, Sigma, MO)°|t}.,

Eaye Zhzke] A x| wet 4sidey o2 =742 o
&3 7l Bromelain: pH 4.5, 45°C, papain: pH 6.2, 30°C,
ficin; pH 7.0, 37°C, bp. protease; pH 7.5, 37°C(15.16)°]t}.
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fractionol] %310} o] F gliadin?} glutenin®] F& A F-olc}. o]
£ WIREE B3 3 5T o 7kg 4o 2e3% F
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i o] E?}E 2oz BuE3T cks). 2 &z, 9 g
27) 7128 7% 39 AFoR wEskd dio|u vy
‘?JO?’ILE‘“ a—amylase inhibitor(20-25 kDa)7} 8. &l =21
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w9 ojed ey whEe] sjahA Lz Ed ufg- E3Fsr] o
ol ?.“H’ﬂ'zl = g Eaakzrt welA A %4 el
Gluten®] 3§ #2452 blmdmol °F 30-40 kDa(18)°]13L glute-
nin HPLC 23 20712] peak7} VFER} |72 HMW(high
molecular weight), MMW(middle molecular weight), LMW
(low molecular weigh)ZWF 31920052 2o LMWe]
allergenic peptide origin(AAB35353, NCBI)°] Bl lojgic)

$ EHECM AT UrkFe Fgflo=M whgshs o
2L gluten fraction2 T4 dHs A ﬂiﬂ1 B AT &
24 AgskE 918l 914 gluten fraction®] F=EE g8l o2
G Aske] gluten fraction #2lel #§H3E buffers 214 &)
gt = A3= Fig. 20 Jepiich

Fig. 2043 % £oul& PBS(lane A), ethanol(lane B).
UTH buffer(lane C and D)y AH&-3l912™ SDS-PAGES &8t
o] gluten fraction A ;‘”“\'E" Hlawste] AAIsket. zhke] 3
Z gufoll &&¥ AL UE pattenS WERZILH o] F
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Fig. 2. SDS-PAGE analysis of extracted gluten-fraction using
various solvents.

The extracted molecular patterns were analysed in 15% of separating
gel. The solvents were used PBS (lane A), ethanol (lane B) and UTH
buffer (lane C and D). Lane D was presented gluten-fraction from
Sigma as a standard. The position of marker standard is lane M and
molecular masses (in kDa) are indicated to the right of lane M.
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Frakebgdeh, BEFF SigmaollA] U gluensk s AR pattern
S vehfdch ¥ PBSE AlE-sle FE% A S (Ianc A)
25kDa o|&}ell A band7} ERHA] ‘egs&gr:; ethanol 2 323}
7d9-(lane B)= 25kDa ©]’d2] band7} YERFA] 9o} gluten
fractionol] EFHEE whjdo] &5 Hul¥A] @2 2o #
i) wEa] 2 A3 s 971490 cluten fraction?] THH
el E2]7} UTH bufferol loﬂ o|FolAEE Rl olF
R Aol UTH buffercll ofaf 23 22413t gluten 83 A
stk

%-‘r‘ =0{0f| 2J5f A€l gluten fractione| EEH
Aol = whul akgle] ulgk A Aol HowkE- &

_‘L—- T]"]'Oq gluten fraction2 1 mg/mL2] FXx2 200 ul® b
Foll 33 7 Fodsled & gluen ¥AHS AUh Al ant-
gluten IgE 242 9|8lo] ELISAE #Alslsien 1 AiE
Fig. 3¢l vehf2dch
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Fig. 3. The ELISA analysis of polyclonal antibody against
extracted gluten fraction.

Production of antibodies by mice, ddY was oral immunized (@:
mouse |, Il : mouse 2, A : mouse 3) with isolated gluten fraction
from domestic flour. The mice blood was gathered from ocular vein
on once a week. The ELISA titer shown anti-gluten IgE value in
sera. The serum from oral immunized mice was used as a primary
antibody and secondary antibody was used anti-mouse IgE.

Aldhs ZeR o] ¥AHE g A AR
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Mouse= ©]-8-%F gluten fraction®] 74-- Fofeof ol AAlxl
87} gluten fractiond Q4dhe s ##Hs17] 913Hd
western blotZ 4] 8} thFig. 4).

Fig. 4o vrelet v} o] A4 Fof7)7to] 73algtel] uwhi}
gluten ¥-&o) EIhel hZ F anti-gluten o] Q14)8k= W
=8 A7 o Iststage A F 2 2 o] Foll A2 HH
A 847} gluten fractiond ¢12)8Hs 4w A JERE
tl. e]Z12 Fig. 4°1*] panel B2] gluten fraction®] CBB stain-
ingoll Al vrebd EAEE Ae] QlAsh= Aleg & 4 QUrh

Igkol gk western blot»l e ““‘Jﬁ._r anti-gluten 1gG€]

western blot2 24890 anti-gluten 1gES} V] S:8t B9
Aiks veERl Tk o e ).

Fig. 33} 42| ELISAE} western blote] d9 AE Fitslo
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2 g0z s wm ggERss A - AU 9
24 gluenoll S8l AAE SHPL PR g A5
of Fa Aelol ol8k YUY AUBT wAshzv| AHgssict

Gluten fraction®| &£ E-SH

H AFoMs 28] 7Feg M AEolA FEF o &
sl J&A 37HA, pdpmn(EC 3.4.222). ficin(EC 3.4.22.3). brome-
lain(EC 34.22.4)9}F 2:¢] #gollA] fefle &9 28 &4 171
], b.p. protease, ’:1'4'5‘}&1 A3l H8-3lct ol YA
TellA collagenase”} gluten -&lloll 71 Hovbrh= B AL21)
7} ot o] wf ARE-E collagenase”t 2155 w1 Clostrid-
iumZo| A B2l fde]7] wlFel 4% H7IE ALEE)e ¥
gatA] H37) wj{itelch

Gluten fraction® z} &2 #HF pHe} 25(15.16)0041 0, 4,
8, 24417k A2lslich o] W glueene] Fa W BEE ¥
gluten A E o]-&35la] ELISAS 2AI$ ZAAE Fig. 5A° o
Eliglct.

Zh g4 Aol s Lozl whyA &91S- coatingdle] gluten
fraction®l] 2]3ll A8/ %¥l anti-gluten E3H 3} ELISAS AA8I%C
z} JAae] A7) A7k Atel] uhE ELISA valuet™= bromelain®}

Panel A Panel B
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: 100
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Fig. 4. Characterization of polyclonal antibody against gluten
fraction.

Western blot analysis shown lane A (5th week of Ist stage) and B
(5th week of 2nd stage) against polyclonal antibody of oral
immunized gluten. The detection was carried out with secondary
anti- mouse IgE antibody. Lane C is CBB staining of gluten fraction
from wheat flour. The position of marker standard are indicated to
the between A and B panel.

ficin> 4A]7FELTE 8A1ZF Z2]ol A 74313l eY bp. protease®]
Aol 40 8AE AEelA R Ba EellEE Vel
k. Hgel AMEEl §4 F bp. proteases #2]F A9}
bromelain, papain, ficing #2]§F -2} Fs87F $5435kch
o]Z1& gluten fraction®] o{&] &A4E bp. proteaseol] ]sl 7}
gdon ARAst B 2L AL E£E bp. protease’t
thE endopeptidase(22)°l] W]sted #4do] A YRt Z1& &

3} A8-8 ERN = wypsing chymotrypsing: 2§18 o | a2
2 AEe] 9)7] wjitolely AzbECH RE &4 Hlv 84
7k o|F A2l WislE wolA] gton, 24417 w3 E A
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- o]F 7t WSl Agow AN 7 A GuEEA w7t
2 Azol| AgslA] e Ao wWEa gA|7F wlkgma)
A3 A== AAFTH

Tanabe 5-2-(11) bromelainel] 2] 3] ¥k-&-o] #As}E 15

b out ‘?J.O‘-’l b.p. protease?| -8l 2 o] 7!—*0 e 5= e L}f:]
W AFe] Azjel vinEn} HEIE 2 AP FEA Y
A2 g4 APs= 3’.—}"‘:!’3}9«1’2_1 a4 ¥ gluen
glo R AlMgsie] W du=7] #2e] & gluten A ol
ZAEE "o g st .
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—

ro o X L ool

24 X2|E gluten fraction] SDS-PAGE pattern

ELISA value?] #3l= ‘56lo] gluten fraction®] &gldo] -
= Sivhs Zlo] #R1=|Uck. zbzbe] & bromelain(lane B),
papain(lane C), ficin(lane D), bp. protease(lane E)= #| ] ¥
gluten fraction®] A o] A R2}3} patterns Yoln 7] 2|5}
separating gelS 18% % 43l 4813w 1 SDS-PAGE
A2HE Fig. 5Bell vhehfi it

45kDa 23} 37, 35kDa Z12]3 25kDa F-2ollM iz
bandZ Holtl gluten fraction(lane C. Fig. 2)s= &2 Fi 15
kDa °]ale] #]4&-zka}el vkl 2 band7} E91%]121CE Bromelain
=} pdp‘u ne 2 #Z]g lane B, C& band7} #E-7ARskE Zle s
Holu] Fixe] Mot vlisled ELISA value's S WEbge
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Fig. 5. ELISA and SDS-PAGE analysis for enzyme digested gluten fraction.

The whole gluten fraction protein was introduced fragmentation with four different endopeptidase, bromelain (pH 4.5, 45°C, panel a: @, panel
B: lane B), papain (pH 6.2, 30°C, panel A: X, panel: lane C), ficin (pH 7.0, 37°C, panel A: A, panel B: lane D), and protease from bovine
pancreas (b.p. protease, pH 7.5, 37°C, panel A:ll , panel B: lane E). Enzymes were added 1 mg in 10 mL of gluten fraction solution at optimal
condition for each enzyme. ELISA value represented anti-gluten IgE (panel A) and SDS-PAGE (15% separate gel) was used (panel B). In panel

B. lane A is gluten fraction before enzyme digestion.

U bp. proteased] H]&le] £ 50|tk Bp. protease #
23 lane Ex= 25kDa ¢ band7} 3|v|shA| Helu &
lane} H]323led 15kDa ©]3lollM ik band7} AEALEHgE 2o g
Uepdtl, Bp. protease 2|2 gluten fraction®] 10kDa ©]3}2]
242 peptide® -3 ol Wl qUA ARSI} o|FAHASES
AlALaH Tt

Bovine pancreas 22| protease®| &3l 5%

47HF] T F gluten fraction®] Fa#o] 931 anti-gluten
gA|ote] whgolM® A A8t =g A YEeR bp.
proteaseol] tisld] &4 FH7igkel wl2 R 722 HESG
(Fig. 6).

Gluten fraction 10mLel| 1, 2, 3mge| 42 74z} H7jgS
gelsidt. z2u Hrigel wE Rl 58 A Aolzt
YA efirt. o] A2 RE HA: I mg/10mLe] TRl FE
g gluten fraction w3 &35 Jepd Zog #risigc}. o]
Aib= 7R 10g9 1 g2] bromelain(1030 units/mg)- % 7}a}
o 37°CellA 4AI7E 7H RAlE Ee] YUY ARsiE Hae
Tanabe®] A-7-(11)2} vlagch & Aol AR bp. protease
= mge 7.3 unit Tanabe®] A5-l4] A&3H bromelaink.t} S
2 it FEe B8 22 448 JepY =3 A9
HoZ scale-up® Al 53 R GelA A== FRINENAN F
%% bromelainkth 4] FAellA] F+Z% bp. protease”} AHE-
o ¥elg AFE Aozt Azt

2 o

Aol o3l chila Rajz g Lo A du=A5E A
T3] $ig 71 dEA F7EA gluten fractionS FF
sl TE AHE Fdled A AFE gluenol] thE A A
42 4535191k Gluten fraction® UTH buffer® 238}o] 10-
50kDa Alele] Ez}gkelA] oz] wi=r) ERlE RES dgle
o] °F 25kDa, 34 kDa 123 45kDa 22 W=7} F=Q35}4
Vel 2e]a, A Fo2 F5E gluenol] i A=

ELISA%} western blot®] &1-8H3)] ¥H3-2- 21A]5lo] anti-gluten
IgG, IgEE NIt =3 77 Fole] Ko A7k Zajol] o
2t A7k st

2% gluten fraction bromelain, papain, ficin —Z2]5. b.p.
protease Z} &Ae] HA pHe} 2o 7k ®8liSte] gluten
fraction®] =7 AHSE Aot £4 #8) F gluen
fraction®] #3413} X anti-gluten A )3 ELISAS 4
Al ZESTE. 2 23 bromelain, papain, ficin2] 753
t} bp. proteaseS #H]§ 7397} ELISA valueE ZA| A3
Zit}. ©]7Z1& gluten fraction®] bp protease #Ax 7[=-afo] 2]
&l Ad% FA7F 214 8k= amino acid 4] (epitope)°] w3l =]
82 yvepd oo} vlxuto & bp. protease?] H-3)FH2
1 mg, 2mg, 3mg10mLE H7VFE delsid HES A7 A
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