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1. HZEM

HIE. AROFTEASN TV SEMOE TELEMICERENT bOREL, LIEL
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EEBELIL, THETIMAED Y F—hH B IIEFORR EF L LK HESEET
HBHTL b= F UL ELFERICEERESED I LITRIIL, ThbDF 7 ERE
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TEWEARY P T AERERETDLIICRD L EBELCER Y, ‘

F I AREE ST T, ¥V Y ESTF~OSEHEOBEAL, &y BEOREHER
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B, H57 hwrFre LTRWE, #72 b= F 2 id. Sephacryl S-100 % KT8 8200 (2 &
BB B O NI 5T 4=k o T EDFEESFENL 15,000kDa TH D Z E ARSI,
— | MBS SRS TFIA REETAEEREL LTE~ Y v FH LD B — I T —E5HEY
% B ACBUSERY D> 5 AT L. RI-1530 detector £ HPLC AT A (JASCC #HEHZAWT 7226 9
EDRAMEST L., B FE 1,400kDa DF a7k 2B LT,
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o MR, BARBERRO L0 TN ERA N, ELT FY YA BEILT Y
AB IO L~ 7R T 7 T, ER BRI TR OREHRE AV e, TOMORED,
BRI ERU LD b D& AV iz,

2.2 #EHE
AROERICIE. 2ROV T I TEAVWE, Thbb, RENRS T AREREE LT
KBRS (Escherichia coli IFO 3301) %. ElfFEMLS T AGHE L LT BAT NUKRE
Staphylococcus aureus IF0 12732) #HEEE & L CHV I, .

238 RV BE-SREESEOHR

BIEY VF—s CUF. YUY F—a L8 HHIVIIIERRA LT (UTF, vAEF
L) LHS Y hwrFrbANIF YR AL EE NS AKICEME, REEERL.
FOERYFKE . 60°C T, FAHEE 65%H 5L 79% CRAEDRR A »Far— 3L
T HURIBEOWBYET I ) L EEOBETRMONR=NVEE OB TAA 7 — FRISZE
T AR HEEEEREGSEDIILICLo T AV E-SEERES AR L Figl),

CHaOH CH0H
0, o )
OH o oH «
OH . OH|
0 Dry heating 0
|
CH; CHa0H | ! CHZ0H |
N o *o : o, co N, CHZO: He o OH o
on oppo_Con opp O Kon ogHOH o m-(cpe-Gn —= n o ﬂo@o OH 0 c, — NH—=(@Hp)e=CH
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Polysaccharide Protein Lysozyme-polysaccharide conjugate

(galactomannan)

Fig. 1. Scheme of the formation of Maillard-type protein-polysaccharide conjugate. Polysaccharide was
covalently attached to protein by heating of a dried powder of protein-polysaccharide mixture, under a
controlled condition of 60°C and 65% or 79% relative humidity, through a naturally occurring Maillard
reaction between the e-amino groups in protein and the reducing-end carbonyl residue in polysaccharide.
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BRI SR L DA GTER AR T B 7-DIT, SDS-R Y T 7 UAT I RTVER
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RANEGLER -8k A 20ul 7754 L, 1%SDS & bV RA—27 U L Uig@EHE (pH 8.8)
BT 15 nA © 3 BEIBSIKE L7z, sKkE# . 21— M3 E o8y BHRAITIE Coonassie
‘Brilliant Blue G-250 % . ¥ELa|71% 0.5% Periodic acid-Fuchsin ZFhFh AN Y,
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T RRAEF U ONTIL 60°C, ABHBEE 65% T 1AMO A v Fa~—v 3 Uit koT, ¥
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—va vtk oT, EAEPDROICHB ENT, Fig2 (LYY F—b—HT77 b~V T8
Sk, RAEFY—HF7 b= F U EAED SIS-RY T2 YT I FINVERIKBIRE R
L, AEVAR7BEEb Y hu—LEREEGHETICBNT, SEHEE FT1 R
FHZLIREoT, VAV EREBIUEREOVThOBEICBNTH, RIES VLD
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wE S L OERMITIC T m— Ry FREBE L (Fig2), 29 LT, &3 H & LRI
LRI EESEE L. BAFEL TV ENERSNE, VY F—ABLUEREFL L&
XvmIAD s DESEEHICBV T L RECHEERRONE,

Fig. 2. SDS-polyacrylamide gel electrophoretic patterns of the purified lysozyme-galactomannnan
conjugate (4, B) and phosvitin-galactomannan conjugate (C, D) stained for protein (4, C) and
carbohydrate (B, D). Arrows indicate the position of the boundary between staking (upper) and
separating (lower) gels. (Lane 1) Molecular weight marker; (lane 2) native protein; (lane 3) protein-
polysaccharide conjugate.

3.2 2WHLOFARBRICL D VY F—LABLURREF v OREDROEL
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DHZ 7 b= T VBAEKBIOXvr IV VESEDOBEREMIT, Mcrococcus
Iysodeikticus Sk e BH & LA TRZN 9% L 100% T 5 4%, ABITH LTI,

VY F—b=HTI b T UEAEOERY Y F—h—Fvn Ik CEARC S, 50
WCREDRBBNZ LRSI (Fig.3 4 & B),

—J. BAEF UL, REHORET S KBER LORET FURBAOVTHICK LTHHE
 BESEAFE L, ThE. RAEFURMOERA 4 UF L— MERREL, lRETO&BE
NS o AL, MEERAERMETS Y Ltk ab0LEL LN, TOREEMIL. ¥ns
v OEAERBEIZE > Tk, S AERESN RS2, HT 7 b=t oBEeHE
FBRICE o TELRE L, RAEFU—H T hvr T BAKE, KIBERLUEET I
WERBE OWVT IS LT H 50°C, 20 DA F 2 _—3 3 A2 Ko T 10%cells/ml DOHEAE A
DETEERSETNEZLRRENE (Fig.3 C& D, LD XSk, HEKHRICEDRE
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Fig. 3. Antimicrobial effect of lysozyme-galactomannan conjugates (4, B) and phosvitin-
galactomannan conjugate (C, D) against Escherichia coli TFO 3301 (4, C) and Staphylococcus
aureus IFO 12732 (B, D). Microorganisms were harvested from the culture medium and washed
three times by centrifugation and resuspended in 50mM potassium phosphate buffer(pH 7.0).
Washed preparation of microorganisms were diluted with 50 mM potassium buffer (pH 7.0) to
give the concentration of 10° cells/ml by using a hematometer. Protein or protein-polysaccharide
conjugate were added to the cell suspensions to give a final protein concentration of 0.05%. Five
milliliters of sample-cell mixture suspensions were incubated at 50 °C in a waterbath equipped
with a Lab-thermo Shaker (Advantec' Co.) at 90 rpm to provide constant temperature and cell
suspension. After a given heating time, the heated suspension was immediately added to a sterile
test tube immersed in an ice-bath. After cooling to room temperature, decimal dilutions were
subsequently carried out in physiological saline solution adjusted to pH 7.2. A 100 micro liter
portion was spread over MacConkey agar plate for . coli and over Mannit-salt agar plate for S.
aureus. Colonies were counted after incubation for 24 h at 37 °C. Data shown were from a
representative experiment repeated triple with similar results. (@) Native protein; () Protein-
xyloglucan conjugate; (O) Protein-galactomannan conjugate.

334UV E-SEEHESRONEMRICRETELT L LOEE
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— 3 v LIROAFROMBELXHEIR L, Figd D 4 & BiX, VY F—2BIQI VT
— ASHEEEAEICOVTO, CL Dit, RAEFURBLIUER TV SEERAEICOVNTO,
Eim, AL ClE. KBEICOWTD, BE Did, BAET FUKEILOWTOT—F¥Th 3,
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1,000mg/L CH ¥ 7= < BEDRITTERL o, THhICH LT, SHERL OBAETIE, H
Sy kv b L DEA DR I Y DEA BTV T bIREAE < 725 LRI
BT A EE AR BN, BET N URECHT 5 REHRICOV T bREOEARR bR,
. RAEFACONTH. REBOLOOEA, 100/l E TORRE S TIIRENRILH
¥ 575, 1,000mg/L TIXZ ORHEITEFRD L, LxL, VY F—20HE LRERICSHEE
B L. HEEENEL 251N T, RENRIHMT 2EEAR LN, ZOBRKRE, RE
S RREIETBRAETF VAT kv A ROERRICE TEEICT Shi,
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Fig. 4. Synergistic effect of NaCl on the bactericidal actions of lysozyme-polysaccharide
" conjugates (A, B) and phosvitin-polysaccharide conjugate (C, D) against Escherichia coli
IFO 3301 (A, C) and Staphylococcus aureus IFO 12732 (B, D), when the tested bacteria
were incubated at 50 °C for 10 min. Other procedure was exactly the same as that of the
figure legend in Fig. 3. Data shown in figure were the representative data obtained from
two separate experiments run in triplex. (@) Native protein; (O) protein-galactomannan

conjugate; (<) protein-xyloglucan conjugate.
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HOREEERL TS, LT P VADT =T, Fig 4 2ofE LEbBOTH D,
Hlh= 7 %L T ALV T, ERENE 2o THREND ) Y F— LORBEICHT 58
EOR AR TE T LR dotr, —F, VY F—A—HT7 b UBAERBIT YT
A=kl AN VEARORBEICRT REDHRIT, EEv /XU AOEFICLSTEL
QEE o7, = OEMIL, BET FUKEOHAIT OV THERINTE, FRAEF /20 TH,
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HEHO DO T, 1,000ng/L DRET, BEPHROETOROBR NN, F\ET P U4
DBED L 512 100mg/L DBAITHNTHRSHBE 1T L THAedof, BNV T ADEE
WKONWTh, b~ 7Ry b L RRRERSREPF LN,

Pz rink, EEOXESROSENRER L LT, By s>Elkvs7 2T
AL R U T ATHD D LTRSS RE, | T

Table 1. Synergistic effect of NaCl, MgClz and CaCl2 on antimicrobial action of lysozyme,
phosvitin and their conjugates with glactomannan or xyloglucan

NaCl (mg/L) MgCL (mg/L) ~ CaClz (mg/L)

0 | 10 | 100 [1000| O 10 | 100 | 1000| O 10 | 100 | 1000

LZ -0.32 |-0.33 |-0.05 | 0.00 |-0.32 |-0.41 [-0.58 {-0.73 {-0.32 |-0.40 |-0.63 |-0.83

LZ-GM |-1.92 |-1.95{-2.05 |-2.26 |-1.92 [-2.36 |-2.50 |-3.14 [-1.92 [-2.44 |-2.70 |-3.41

LZ-XG |-0.75 |-0.76 |-0.90 |-0.95 ;0.75 -1.05 |-1.33 |-1.24 {-0.75 {-1.14 |-1.50 |-1.49

E. coli
Phos -1.451-1.451-1.70 |-1.53 |-1.45 {-1.51 {-1.65 |-1.63 |-1.45 |-1.43 |{-1.57 |-1.60

Phos-GM|-4.17 |-4.21 {-4.30 |-4.41 |-4.17 |-4.30 {-4.40 |-4.50 {-4.17 |-4.20 |-4.50 |-4.66

Phos-XG|-1.65 |-1.73 |-1.82 |-1.80 {-1.65 |-1.80 |-1.92 |-2.33 |-1.65 |-1.45 {-2.07 |-2.51

Lz -0.55 -0.53 |-1.41 |-0.05 |-0.55 |-0.63 [-0.77 |-0.81 |-0.55 |-0.55 |-0.80 |-0.81

LZ-GM |[-2.75 |-2.78 -2.94 (-3.05 |-2.75 |-3.31 |-3.53 |-3.98 |-2.75 |-3.32 |-3.63 |-4.03

LZ-XG |-1.21{-1.20 |-1.18 |-1.16 |-1.21 [-1.35 |-1.49 |-1.51 |-1.21 |-1.25 |-1.53 |-1.55

S. aureus
Phos -0.92 |-1.91 |-1.22 |-0.87 {-0.92 |-0.95 |-1.15 {-1.20 {-0.92 |-1.02 {-1.13 |-1.27

Phos-GM|-2.47 |-2.79 |-3.40 {-4.17 |-2.47 {-3.04{-3.53 [-4.33 [-2.47 |-3.11 |-3.54 {-4.32

Phos-XG|-1.15 |-1.26 |-1.53 |-1.55 |-1.15 |-1.47 |-1.75 |-1.78 |-1.15 |-1.56 |-1.71 |-1.85

Data show the log survival ratio when the tested strains were incubated at 50°C for 10min. LZ,
lysozyme; LZ-GM, lysozyme-galactomannan conjugate; LZ-XG, lysozyme-xyloglucan conjugate; Phos,
phosvitin, Phos-GM, phosvitin-galactomannan conjugate; Phos-XG, phosvitin-xyloglucan conjugate.
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FEERE Fig. 5 IR LK, U Y F—ABLURAEF Y DWTIIZONT bREMHDEE T,
1. 16%DEMEREE (0. MBELT N Y 7 2) FTT, AHERELET Lic, Lo L, SHEEME
HL7e b OTH. = ha—AK (20mM Ay 77—, pi 7.4) OHELEERL, mikiEE
HERF LT 2 Z 3R b MC ST,

—319—



>

2.0

»
o

10t

[
-
[

_ N

Ll 1 L1y (IS A | 1

) B T T I} 1

0 5 10 6 5 10 0o 5 10 0 5 10
STANDING TIME (min)

Fig. 5. Emulsifying properties of lysozyme-galactomannan conjugates (4, B) and phosvitin-
galactomannan conjugate (C, D) in 20 mM sodium phosphate buffer (4, C) and in the same buffer
containing 0.2M NaCl (B, D). (O) Native protein; (@) protein-galactomannan conjugate; (L) .
protein-xyloglucan conjugate.

TURBIDITY (OD500nm)

(=]

4. =

UV F— AE LU R EF Y ORENENEERENC L o THE LA T =25 & LT,
FEQIE A TR R B AETE HEOTRHEWER X OMEE O FE T TR ERFEEEDHRIEZZ LN 5,
AEBRE RS, MEMEOIEEET, EEORFICL > TEY FAREL L, VS F—A
_SEEEA D BT A BT —SEEEEARIC L o T, MRSEEING 2D REL
BREE 5D CIERVN LIRS, ThbDF v B SHERAERIC L 2T 7 A
PEARE O RIBA T Sh AT % Fig. 6 (TR LT,

Protein-polysaccharide conjugate Cell surface of Gram-negative bacteria

Fig. 6. A scheme for lethal effect of lysozyme-polysaccharide conjugate against
Gram-negative bacteria.
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UV F— AIMBDOMBEDCER 2T XTF R U 7 ED N-acetylmuramic acid &
N-acetylglucosamine & DD B (I-)FEEEZMASFEL . MREELRET 5 Z LI k- THEK
RETEANTNWS, 7T LRUEDONTF RS Y DUk, 7T ABHEREIC N TENICEND
b b, TOEBITY BRY Y v BT A FAPS) 72 L & EDBUKESMECED R T 5
D, TNEBNY X =L o T T ARMERIE) Y F—AEEZTTESNTHE, LL—F
T, AN FRMBAEBST AR oa— VBT N v A SUULARBET N UA HBWIE
Triton X-100 D X 5 2 REEMRIOERICL > TF 7 AEEEOIMNELFIELT 2 Z LB TS
LENTWE, UV F—hDBERELLLDLES 2 LR, BERERAEERERE 5252 LM
TENE, UV F—LOREANNS MTAE— BT Z2ICRD7EAS, 25 LTEED
17T AEHEER L T ABER B IER T 2 I e SRS RE L Y V' F — A DBRITA
L Y, SEHEOIEFR-EAICL > THONEEELY V' F — Ak, £ORAZRFATERE & 4R
BICREONIMBR b L XL OMBERICEL T/ T AEMREEZRET b0 L RIS,
—F. RAEFUOHEDRICONTIE, BEELEF T TCIARAETF IILBEEHRBR SR A
¥ L— MR, BEASEBRONRNIE ¥ Eio, FAEFUIERERICE ST, 20
REEEEAE B LA ESE, AEDRZERIEIZLEREL TS Y,

AWFFERER T, SHEESEAINE ) YV F— -SSR RB LR R EF - REA K
DNTIUCONT D, REREIZBVT, ThHOFEZRIIZERIET TR, BORMRE
WL TR S NABEMICH B Z ENALMNI o7, Ziud, BEEEETIZBNTHIND
DM Y 7 B-SHEEEA NP RERROBERFEEL T LTINS Z & LERICEFLTY
Bh0DEEZBND, ELITHTT RV UL LB T ADOLEFICL > THEDEITRE
ST Z LW TIE, ZH b OEEOTEIMC L » THREBEOMIRENES, BERETTHRE
REAEORMIEHIERIC L - TREDERA L Lzl LRI,

5. S OFE

ARFFE T, Pk S v E-SEEEARORESRIC T TREORE LR, £0
R YV F— A — SEEEAERE LOVRA BTV — SEEEA RO VT IIZ O T O
ko TRBERSLIOEAY R YBREOWTHICH LT REDRNERIND Z & B8RS i,
ASEIOHEEOER T, HBOFEEIT, BT M) va, B~/ xS T ABIOELA LYY
A0 3FEE, MEIREEIE. &ET1,000mg/L ETThot, SHOMEL LTk, HOfEE L IRE
| DIEE T THRE L THE,

F AERWEFERALEREZFERE NI VB ST A IR DY,
LW EERTHIRML, BEEL, HELSERTOBESFRMERICENTEY . HREDL
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Summary

Maillard-type protein—polyséccharide conjugate has been proposed to be useful as a safe
functional biopolymer, since it was demonstrated that a neoglycoprotein can be prepared by
binding of the free amino groups in the protein to the reducing-end carbonyl group in the
polysaccharide through a controlled heating system without any chemical reagents. In this
paper, enhanced antimicrobial activities of food protein-polysaccharide conjugates by the
addition of salts, are discussed.

Lysozyme and phosvitin were covalently linked with galactomannan (average
molecular weight of 15,000) or xyloglucan (average molecular weight of 1,400) through a
controlled dry-heating at 60°C in 65% or 79% relative humidity. The surface functionaﬁty of
lysozyme was remarkably improved by the covalently binding of polysaccharide chains, as
well as phosvitin. A significant improvement in the emulsifying properties of lysozyme and
phosvitin was observed in the galactomannan conjugates. The emulsifying activity and
emulsion stability were stable in a high salt condition. An interesting finding was that the
improved amphiphilicity provided the egg proteiﬁs with a novel antimicrobial activity against
a typical Gram-negative Escherichia coli and a typical Gram-positive Staphylococcus aureus.
Especially, galactomannan conjugates showed much more strong bactericidal effects on the
both Gram-negative and Geam-positive bacteria, compared to xyloglucan conjugates. At the
NaCl coexisting system, the antimicrobial activity of lysozyme-glactomannan conjugate
increased with increasing the salt concentration, while that of the native protein was
drastically reduced in the 100 mg/L NaCl system. The similar trend was observed in the
phosvitin-galactomannan system. On the pother hand, the promising phenomenon was
demonstrated in the coexisting system with MgCl, and CaCl, for both
lysozyme-glactomannan and phosvitin-galactomannan conjugates. The synergistic effect of
salts on the antimicrobial actions of the conjugates was CaCl, > MgCl, > NaCl .

The conjugates of hen egg proteiné with galactomannan can be used as a natural
antibiotics with excellent surface functionality, because those were prepared by naturally

occurring Maillard reaction.
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