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M. Kanamor! and M. KawasaTa: Studies on egg protein (IV)

New flavoprotein of egg white.

H E WH25% Ly Flavoprotein ## 0.8
%O T, %o flavin #4533 free riboflavin ¢
HLHT LRI,

BU[ flavoprotein i3 ovomucoid fraction FA1ic i
WU CH(ET S 2 & 28 L7z, ovomucoid fraction
vx pulp Rk CMC column chromatography K ¢f ele-
ctrophoresis I XTI~V O 5 R0 SR 5 2 & %
B L7z,

M. B. Rhodes 5 plate test %ol L7255
DRFFO T TET ovomucoid @ antitryptic activity %
W& L <, ovomucoid 5 JKS5F 5 % antitryptic acti-

vity % component I, II, III, o 3RIEEAICDH

9, component III 23 LDFEEIRFITH 5 T & pidbohs
% LIAlFIZ IV, V component (i} antitryptic acti-
vity 23R 07,

ovomucoid @ antitryptic activity 13#uzstL T
ANR YD Z5ET 90° 20 43D AL E#EIC 4R %
B x4, 100° 553 0#Legic XOTXDEMIT 3L I
137 N el

ovomucoid 585D 5 % IV, V, component &
free riboflavin X MEA L7 OO E L
Flavoprotein Th % Z &pibinb, Zhicd L s
# 51X Flavomucoid K, X Ky 3% L7,

e A A A e . SN P A e

# B
Bit9dz free riboflavin, FMN, FAD 23R4t
LLUTHET L SR TE Y, o flavo-

protein ¥ ironbinding protein T2 % conalbumin
& free riboflavin 23S LA2bDTHDH E, J.A.
Bain & H.F. Deutsch® {2 X > TI0M48E {4 X,

HEB LA U RS R H. Forsythe & J.F. Foster®
K¥ H.R. Mahler & Dorothee G. Elove® iz &
DHEEINTWE2, EEY 51319574 conalbumin
DT HINEANCTELET % free riboflavin 5 con-
albumin ' ovalbumin & 35543 ovomucoid
REL ERBRICHAL T, REROF LW flavo-
protein ZJEIR LINFADFIRIEM L LTHET S T
L aFERLEE L,

—Jj ovomucoid ¥, WZIKENVIZEH L 25 L.G.
Longsworth et al®, H. Lineweaver & C. W. Mur-
ray®, H.F. Deutsch et al?, M., Jutisz et al®, M.
Bier et al” /g iz X b IS HYE ST D, ovo-
mucoid ¥ pH 4~5 I"/2=0.01 o %f|"FCiR4IkE)
ﬁﬂﬁifsmﬁﬁﬁucﬂﬂ‘{UMNUW&JﬁJﬁVJ

Rﬁ”fﬂi?fﬁ?gﬁ*ﬁ%?ﬁf%ﬁz

;Mbm&umg,mMQmema

B BEATDHL Z E0WESHh, 205 RSEAY
DOEBRAIIZNEN pH 4.41, 4.28, 4. 17, 4.01,
3.83 THHZ LML TVD

BHE 513 ovomucoid D D 5 RFEER, flHD
free riboflavin LiEAT H8ENEET 200, Hix
XD 5 LORERFEADZM free riboflavin & &5
AL T flavoprotein ZJERKL TV 2D L,
DfC ovomucoid @ ,-> antitryptic activity & o
L\ flavoprotein & ORGE A FHMICHIZE L 720 T,
R o e @ET 5.

RRBRBUICER

(I) SREQ Flavoprotein )5} )

99F ovomucoid & purification iZ}3 Robert C.
Warner & 1. Weber, L. Hesselvik'”, L.G. Longs-
worth et al®, H. Lineweaver et al®, H.F.
Deutsch” L, OBBOGERD S, 20 S LEBHEMC
BYELC, ovomucoid %82, Mholko
BT MR VEAIC riboflavin A% ovomucoid Z»
SRS % 72 flavoprotein %% ovomucoid fraction

QI3 RN
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Table 1.

Egg white
—blend.

—H,0 2 Vol.
—(NH4)2804 0.5 Sat.

|
Filt.

|
Ppt. (globulin fraction)

—0.5M H,SO,. pH 4.6

1*over night.

—
Filt.

—pH 7.0
—(NH,),S0; 2.6M

1
Ppt. (ovalbumin fraction)

|
Filt.
]—(NH4)2504 3.0M

! |
Ppt. Filt.

—H,0
—dialysis

—pH 3.0
—(NH,)SO, 0.8M

| I
Ppt. Filt.—

(conalbumin fraction)
ovalbumin

|
Ppt.
—H,0
—dialysis
—pH 3.0
—(NH,),S0, 0.8M

1
Filt.

Ppt. ovalbumin

(NI‘I4)QSO4 Sat.

|
Filt. (no protein)

I
Filt.

|
Ppt. crude flavoprotein (A)

Pth. (denaturated ovalbumin, conalbumip

|—90° 5 mins fraction)
‘—7 e

| |

Filt. Ppt. (denaturated ovalbumin,
_dialysis conalbumin fraction)
—77°C 5 mins
| |
Ppt. Filt.
(denaturated ovalbumin, i—lyophilize

conalbumin fraction)

Flavoprotein (B)

XTI ovomucoid ##3% Robert C. Warner
& I. Weber a3 L7z Table 1 [C&RLICE
S OYUE 7 JFIET flavoprotein ZfiEL 7z,

(II) HRE Flavoprotein DE#IK C. M.C. [TX

3HS5 46007 b5 74 RUBTXBAH

X XTI LR B OB C AR L 7Rk
MR CCM.C. 2L T, Table 1 WFR L7 Fla-
voprotein (A) fraction A * (B) fraction > column
chromatography %R OEFHTITOI.

B, x—7 mfbE D.S. =0.2 o@gHEik C. M. C.
5g % pH 4.0 I'/2=0. 025 acetate buffer -C 2 [T} |-
5} bufferize L 7:#% column (2x20cm) 1ZFJ—~27%
5 LS icike, ikl 500mg 2 U buffer T [05i&
PiL T o ivi column ITW ¥, Pl UKL

o buffer T-HUERT 5. i pH 4.4, 4.6, 4.8,
5.0, 5.3 @ I'/2=0. 025 acetate buffer }z¢* pH 8.0
I'/2=0. 025 phosphate buffer ¢ 3ml/min D H®E
TR L, 280mp o optical density ZHIEL T
%7 column chromatography ¥ Fig.1, Fig. 2 i
RIS THS.

Fig. 1, Fig. 2 7»5b2>% < Flavoprotein (A)
fraction Kt (B) fraction 3jkic I~ VI @ 6 k7
HE SRS T Y, INAMLERRYEIC X 2T ova-
lbumin, conalbumin fraction ‘Cd % VI fraction
VIEPEER & UCREETLIR Uk S, REBIC flavo-
protein Jfi{l XL Tb < T LR bz,

Flavoprotein (B) fraction 3 Iz [ ILER Bt 2
SO L, MEHEIR CCMLC. IS XDy v~ Mgy
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Fig. 1 CMC Column Chromatogram of Flavoprotein [A)
0.3 pH4.4 pH4.6 plid.8 pl15.0 5 PIB3
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Fig. 2 CMC Column Chromatogram of Flavoprotein [B)

ZEIZ LD I~V D5 RS EL1) 5% % flavoprotein pH 4.4, 4.6, 4.8, 5.0 I'/2=0.025 acetate buffer
0> apoprotein ZRIRMCIIRES D 2 LodliRz, WL TR LS LI L IV, VORGT 5)% 7
flavoprotein ¢ apoprotein & —JG# x S5 EENT &b D, cOPBHEENEE )5 ovomucoid
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THoHZ ENHRINT.

iz o I~V f53TdH% flavoprotein @ apo-
protein % I'/2=0. 01, pH 4. 6 acetate buffer, I'/2=
0.01, pH 4.6 acetate buffer, I'/2=0.1, pH 8.0
phosphate buffer ¢ 10°C, fBAIAfL 3~5 Volt/cm
CTERIRXE R T oL T A, I'/2=0.01, pH 4.6 ace-
tate buffer TykE L7234 5 components 7> 5K %
Z eI S, MR C.M.C. Column chroma-
tography O#ER L &L —H LA BE LN/, ¥
I'/2=0.1 pH 8.0 phosphate buffer <T@ L 7-5&
12id 3 components SR IN TV LEERDBHL
hiz, FOBRAEETE, SRS IFEGEERY
RS AT D700, A% BB A EDIR S AR
FCKEIZ T AT EHC L v T E B EE SIS,

W, FEH BHMTOT X & paper chromatography
K208 spectrophotometry OFTEE R 5, Hi L\ Fla-
voprotein @ yellow color | free riboflavin Tdb
% Z L KR flavoprotein ¢ apoprotein »> ovomu-
coid BHEIIE L #HEE L1205, Lo ERER»LE
2 THr L\ Flavoprotein ¢ apoprotein (3 ovomu-
coid BRAHICHAET BT LN BOLNDLDIYT, <
@ ovomucoid D&/ I~V component A3 Eh
il %1 riboflavin LIGRMTKEET DO, WITL
DEFERITEE D H 034G G LT flavoprotein % JENR
LTWAHDNAETHLDT, ZD ovomucoid &
S3EE & riboflavin & O SEER Tz,

(III) Ovomucoid L EH & free riboflavin &

DFEEE

flavoprotein ¢ apoprotein & #f7E X411 % ovomu-
coid DEMRE s free riboflavin (AT 508
7% free riboflavin T X 58D MBI free
riboflavin Z5¥AZ ovomucoid O &R EE A TE T
5 LI X HBMMEDOMER L/ DTTHE, WO EIK
SEEIC4E D free riboflavin % pH 8.0 phos-
phate buffer OEFEE T THEGIEHK WKBEHZ
2 A2 TEDH & ITDWTHEA riboflavin B 2 jE
B4 555 Xo7T, ovomucoid &AkSTHEMEH & free
riboflavin & DFEARRMOEALEALRIZL T A,
ovomucoid ZRIEE O L 1L 1L ZRSEEE
riboflavin & OFEFREII RV 25, IV ROY V ER
53 1% ovomucoid D TFR% 27,000 & LT,
FhAEHEE 1mol X 1mol DHIETHEALTWSHZ
RIS SYINeY el

#t->C, flavoprotein ¢> apoprotein &#52x Hiv7:
ovomucoid #URHE;1 1, 11, I, 1V, V components
DS IV U V component D773 flavoprotein
@ apoprotein Th % Z B HEARIN/ADT, ZDIV

Bro) V component & riboflavin & m&54 L 7z flavo-
protein T L CHEE 5% flavomucoid K, KOt K,
tmAali.

4 Z o Flavomucoid K; K'Y Ky @ apoprotein
X free riboflavin DAtz FMN, FAD & 3&546
HHEEZLOTWDH T LDz,

PR 1E total riboflavin'® & LT 4.497/g @
riboflavin &4 L, £® 5 b FAD 13#964% D 2. 44
r/€, FMN 13393 %® 0.14 y/g, free riboflovin 33
3% o 1.91y/g &5 Tk b, O riboflavin @
S7EHSIFEHRCIt flavoprotein ¢ apoprotein
free riboflavin LIS FMN i FAD & 4840
T Flavoprotein #JERR L T\ % Z & A3 MMRHEE X
AT, BRBLBIAHIC{E{cT % flavoprotein (X4 D
fid e & LC free riboflavin, FMN Rt FAD 28
EZZLNLOITHLR, EESOFETHEL T/
7= flavomucoid K; K¢t K, 13 {al#1 3, free riboflavin
L ¥4 U7z Flavoprotein Tdh-o7z,

(IV] ovomucoid FiBRZE R antitryptic acti-
vity & Flavomucoid K, BRUF K, &+DOBHR
22T

19534F Bier, Terminells, Duke, Gibbs & Nord®
51X ovomucoid % electroconvection method 2 X
DT 3.83, 4.01, 4.17, 4.28, 4.41 TN %
FUAFAI L C, 5 components #f, FDEEICLONWT
antitryptic activity #¥H~7- L 2%, REEHOME
DT ~8EDE/EIMEA»H O/ T HEFKEL
2%, ZEZ 513 ovomucoid X5 #i#eR C. M.C. co-
lumn C4rE L T 7 5 components 2\ T, 1
50# 3 % antitryptic activity > HIEH# L, Bf&
T Flavomucoid K; K; & antitryptic activity = o
BARR AT D7 I FICid L TIAIC X o CER %
fiore.

Antitryptic activity o JIELE

ovomucoid O KRS IEE )5 antitryptic
activity JjE¥k & L THEK»HLHWHRTW5 An-
son'¥ 50 CCLCOOH ZRREEHM &L LTHEMT 5T
Y ER Lo, M.B. Rhodes, R.M. Hill
& R.E. Feeney'® 5@ spot plate test R L7
ROFHETWEL 7.

I L LT (1) trypsin (Merck #:84, EHE 5.7
%), (v) #EiZ 13 p-toluene sulfonyl arginine methyl
ester, (Y buffer {Z1x 0.015M tris (hydroxymethyl)
amino methane pH 8.0, &) fg/R3K&E LT 0.002%
phenol red # i 7z,

5 S AERTE (1x5cm) 12 0.2 ml substrate
buffer indicator mixture (0. 02M p-toluenesulfonyl’
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Fig. 3 Trypsin Activity Assay.

TOo—

60 ()

( Trypsin 0.1ml.
JO. 02M p-toluene sulfonyl arginine l
) methyl ester 0.2 ml
10.015M tris buffer pH 8.0 : :
[0. 002% phenol red

temp. 37°C

arginine methyl ester, 0. 015M tris buffer pH 8.0,
0.002% phenol red) #inx, ¥z 0.01~0.1ml o
trypsin inhibitor (20~2007) Z¥RINL T 37°C <&l
BEPHI 8 Ld 572 2 SHRE# trypsin 0. 02 ml
BEINT % LFARHCEHE L, IHREOR O Eac L
BT 5 ETCOREZET S,

AWRZ A TIRIN trypsin 52 8 2 1025 % TR s
2 510G L 7-&5 942 Fig. 3 o chot-

RITIB 2 BT 3 2 & & 7 < WEZ25ME) L < 4 7-
crude flavoprotein @ (§i% 2. 6MAIRI~5EEkXT)
LXh FHRE 2.6M ff1~3. OM RIFIXSTC 5 5
b fraction N OWi%E 3. OMAZHI~5EX 7D ¢ frac-
tion iZ531}, ¢ fraction % ¥z 70°C 135}, 70°C 20
53, 90°C 1053 DEMLEE U CREEE 2 BrE L TE D
NLHRIGEENZh d, e, f fraction L1, =0 a~
S O fraction IZoWT FROWEETHD anti-
tryptic activity Z3{~7- =% Fig. 4 ofmsgER
NESN7,

Fig. 4 DR Sb 50, Bk 2.6M ffi~
3.0M fafiX43Td % b fraction 31X+ LT conal-
bumin & ovalbumin EEBATHDEDTHER, &

(sec) f

700

0
0 20 40 60 80 100 (»
Flavoprotein—>
Fig. 4 Antitryptic Activity of Flavoprotein
Fraction.

a : (NH,.S0, 2. 6 mol~fraction,

b : (NH):SO, 2.6 mol~3. 0 mol fraction,

¢ : (NH,),SO, 3. 0 mol~fraction,

d : b fraction 70°C 13 mins,

e : b fraction 70°C 20 mins,

f : b fraction 90°C 10 mins,

trypsin 17.1y, temp. 37°C
@ fraction 2344 & antitryptic activity (133
SNIsv. WL, RIET S0 ovomucoid 7=
{#7>75 trypsin inhibitor HOoTW5,
VKIS ovomucoid TH D, e conalbumin,
ovalbumin %% A Ty %%, TR » #4175 antitryptic
activity Z2H 352 L0342 » 5%, ¢ fraction
ZRICEMLIE L C1872 d, e, f % fraction |3 L -
X 0, BfE T %5 conalbumin, ovalbumin PIZW Tk
BrE SN 572 antitryptic actirity |3JERIC 7 < 75
DT EH b0, WL 75 51T & activ-
ity B < 75 DRERDMG BRI 100° 5430 insin
BETRUL R ORI 90°C 1053 D iyl sngs o 15 1
DRUETT 22 LnBD R,

#->T antitryptic actirity »#E%7 Uiz ovomu-
coid DISNDOFMBE FIFRS: 723 0 ISR o A 1Z
90°C 2053 FThd 5. R AN OB o % 1
TT% riboflavin |3 L&D LT Flavoprotein %
UTHIEL, #BXh, flavoprotein DAL DT DIz
/3 antitryptic activity OOIE T 2 ¥ X TR O JIEL
B BD THEITH S Z Lavbiotz, % 90°C 2053
EUF OIBSLFETIx ovomucoid 13ZHEL 752 & 2t

¢ fraction
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FOWE D H—IGHEES VD,

RN X D antitryptic activity @ 5%
e Ch %L, JENENI LD ovomucoid PIAD
THEE ORI D X D05 £ 1o0HE & LTH,
ovomucoid ¢ trypsin inhibitor DOAMKBL O antitryp-
tic activity ZiRTHEVEASHIIILIWBUET WL L
QT D o B E b, {lZ v iz ovomucoid
B ORE & 2 Kl 3 L RV HERRFSE
peptide & 703 antitryptic activity L gl BAGRYS

% ¥ o b, Thd trypsin inhibitor &%
DM D, fraction ZMIEVLIRIC X
coid OEHED T MBT L0 TIPS 59 & b
EEXNLDITH DL, AV B L < BEIRE
ETLETHD

WiciiEn Table 1 1IC3IRL7: Flavoprotein (B)
fraction Z#huek C.M.C. T column chromato-
graphy UT{do%&Xsy, WL Fig 2 O I~VI %
component {22\ T antitryptic activity ZREL
7= 2z % Fig. 5 WORT I SHRMG DI

Fig. 5 0T bW S pH 4.6 TS
% 1II fraction 2z antitryptic activity At <,
T pH 44 THEIND 1. II. fraction MU}
pH 4.8 m,aax;}w IV fraction OMICFEINIET L,
pH 5.0 Tytixh % Vo fraction FrX pH 5.3 T

xi% VI fraction (}JHM&FEW’F o THEEPR
i‘ii N AX4srCc¥E LT ovalbumin, conalbumin %
2r¥s fraction TH %) IFA Y antitryptic activity

%4 ovomu-

sec

300F

200}
g
-

o ////

é// — o ®
= -9 —

=TT - - ------ -~ ~7~ PH53 D) -

0 : . . : —
0 10 20 30 40 50 60 70

pg of Protein—>

Fig. 5 Antitryptic Activity of Each Fraction
(unheated)
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Fig. 6 Antitryptic Activity of Each Fraction
(heated)

IR I ol

iz Flavoprotein (B) fraction Z INEILEE L T
{8 54 7- Flavoprotein (A) fraction % @EHEIR C. M.
C. column chromatography L T{3/z Fig. 3 iR
L7 I~VI % component 12 oW C antitryptic ac-
tivity Z3U5E L 7-f5 i Fig. 6 WRLEBVTHD,
Fig. 5 *AUX51c pH 4.4, 4 6, 4.8 TExhIth
wmiixhs LI, I component DHIESIEHL T
we.

Wiz Fig. 3 TEShiz V component AHra<
¥ 2% & Fig. 7 om< 1V, V, VI % component
5, KiESFo V component T IV R

e
w

pil13 plis0 v pH53

-—>

7,002 Acetate buffer

e
Do

Density (at 280mg)—

e
foory

Optical

0

0 10 20 30 40 50 60 70 80
Tube Number—>

Fig. 7 CMC Recolumn chromatogram of
Component V.
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U8 VI component THLOTHILN, o 5% VI
component I JIEJLENZ X > THIF T 2R3 CH b,
antitryptic activity 1348877072, % L Fig. 5 }%
O Fig. 6 {TRL72f1<, IV component Zifik»
antitryptic activity 3% % 40 &34uE, Fig. 7 ©
f35h 7z IV component % antitryptic activity
MBHLETH DA, FHIZIEL CHIUTEIIETH o
7o, ZOT b pH 4.8 THHIENS IV compo-
nent DENIEITLCWL0REET L 250 pH
4.6 THEHEN D 1T component MD7-3T, gk
Fig. 3 ‘Cf#5N 72 IV component %4 v N e?
VAR D @ 11 component % {3A Ty 7z, Pl
R»>5 IV component 2 yx—IJ antitryptic activity
BV O EWES D2 KD,

b EBEER 5, Flavoprotein (ovomucoid
fraction Z#&%5 L ) % fraction H1 antitryptic ac-
tivity ([CBBRO B B 1, 1T Kot TT jRATE T,
D5 L I RIFHEEAS antitryptic activity YEf o
FERTTHLHZ ENHERIN, WEELIHL LFK
R4 L 7- Flavomncoid K; & ¢* K, I3 ovomucoid
? ,> antitryptic activity IR TCH DT 2%
Fdi-. Blb ovomucoid Rro S5t I, 1T Kok I
IRFFEE 2> trypsin inhibitor ¢ IV KX V RIS
Flavomucoid K; K* K, & UTHifHo Flavo-
protein L L TW5H T & dibino7z,

2 £ x M
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Summary

1 The new flavoproteins have been obtained
from egg white and yield of this protein was 0. 8%
of whole egg white protein and it recognized that
flavin moiety of this flavoprotein is free riboflavin.

2 It is confirmed by its physico-chemical pro-
perties, that the new flavorotein is concentrated
in the ovomucoid fraction.

3 By means of fibrous C. M. C. column chroma-
tography, and electrophoresis, it has been confir-
med that the ovomucoid fraction is consist of five
components,

4 Antitryptic activities of ovomucoid fraction
have been determined by the authors method
which modified the spot plate test of M. B. Rhodes
et al, it is found that antitryptic activities have

been existed in the component I, II and III, and
component III protein is main component of anti-
tryptic activity of ovomucoid while component IV
and V have no activity.

5 The antitryptic activity of ovomucoid is not
effected by heat treatment at 90°C for 20 minutes
but by the treatment at 100°C for 5 minutes, its
activity has been reduced to 3/4 of original acti-
vity.

6 The authors recognized that the newly found
flavoprotein of egg white is composed of IV and
V component of ovomucoid and free riboflavin.
The authors named these two kinds of new flav-

oproteins as flavomucoid K; and K, respectively.



