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BEROZRLUDORMDOSRAYICHET HE L AT AICEBEOBLNEE> T
BY., RAYBROAEEMEORRESE TN TS, AU YF—ARBAES VS
BO#H 4% 5%, MEMEREON-FEFILASIVBEN-FEFILINIAYIL DB
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FgnEREhTINS,

EELRCNETICBNFTETY VF —ACERHBEPT I FE KEREeT 2L
SARBMERICH L THRERERTIEERVELEY , £ BEFIFHFETC
SRANIC S BEOBKET I /BEBATS LSS LARMEICHL THRERERT S
EEBELES TV, ESHICHRE. UUF—LEMBICLYBREEEREIETS.
MEMEERY. FSABRERETTES S SLABMRICH L THOREERAERT %
ROWELES Y, 2O &E, BT YYF— AZMBEMES HEER LPT <
Y. ZTORBAEFASEAEZILEFTRLTIVE, LHAL, COBHERY YV F
—LAEEZEOBRAFIRT 3184, BRRTREBENSFEELTVIEANZL\OT. B
EHETTEOREFRAEZERARE ZEMNUETH S,

ERAETIE. COBRERY VF—AOREEEICRIFTNCIOBES LTHEH
DIRIVFRMELTHMSNTWS S YL VHBOMBICDWTHIRAN,

2. ARAE
2.1 RER#HH

UVF—AXHANS 5 AFERELEXBEENRSHRO bOEFERLE, UY
F—LDEBEE LUTL 2 DMicrococcus lysodeikticusE R W=, TbA in— kK
Aba—23> (BHI) . BEEXBLURT b UEMhIIDifcottBlDHDER N,
MEEEDMEICE A U7 Escherichia coli IFO 3301 (E. coli Kiz) .
Staphylococcus aureus IFQ 14462 (S. aureus), Bacillus cereus. Bacillus
subtilis. Salmonella enteritidis XU\ Pseudomonas aeruginosa [FRKIRAFMLE
YRR OBDER N,

2.2 Y J%—A@ﬂ&“ﬁ
UJyF—Azxi1o mM VY EEFEEIKR (pH 6.0) BIC0. 1%BETHEBEL. CchiERH U
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IO EEEEMLler' Y OFETUET S EICL UKD,

2.4 BREMONE

Micrococcus lysodeikticus@ﬁiﬁ%@%@%ﬁfﬁ (170 wmg/ml, pH 6.2 50 mM U
ESEER) 1.9 ml (2100 w1 OVYF—ABREMA T, BRELLE REBEDOE
E%660 nm TillE L7,

2.5 HEEDOME

BEEEABHT B ICIEE L., 37CT—MRIEL DBHELZHDZE. BHI T :
100 (IR, =5(0A675 DENL.OCHAZETH2EBEIRERLSIERLEL. Chze!
ml &Y. 4,000 rpm TLORRIELAEE L. LB ZRELE. HIBORL v F20.65%
RT R B (pH 7.4) BICA67S OfEHS.002(12/5 L3 ICBF L. 1 mlOMEE
BEL T P UG ICERLUE Tl OUY F—ABREEERES Uk, 6. &Y Y
Fe NEEEIL200 ng/mERBES L, NaCl BLUTYUD Y HUYF—LBRTIIC
FREOEEICRDSEDICERLE, COESERENCTUREIEEL. €030 1l &
2020, 855 CERLAEDBOEER F— MEhICHEMULZ, J0=—TEMERM (CFU)
$37°CTUBBEE U AEXR S — oo —8hoEHLE, RRE YTy b
TIFL., R TmE/=Y OCFULSE (BEME) TRRLE.

3. BRBLUEE
3.1 UYF—AORBEERICRIETNROLE

Y F—ADHEYE. BEEEESLUEREICRIFITMRAOFEEFg. UIRLE,
U F— AOREM ICRIFTMSpHOEE LT/ L B, pHeBLU7TTHE LIS
E. coli IEMUTEWSREERETLUE (Fig. 18) . RINAY VF LRSS LEE
BTHS E. coli LR LTHREIERERSAVDT, MBAICESTE. coli [CHT D
REMASRELEbDEEZ SN, UYF—ABE (0.1%, pH 6.0)EISCETRE
EFEZTNET S E. BREE (BEGIE) [380CTHLEFSHIET LM, DR
ECRERENETREOONLM o/ (Fig. 1B) . U JF—LEAMBBREICHID
594 S ABMES. aureus ICH L TREIERAERLUE, E. coli [TMUTIESECET
RN D, UV TF— A%CTMRT S EBOREEAZRLUE (Fig. 1CR
) . cOkdlc. UYF—AZNAICLYBHERSED L. SILBMREAICHLT
LRENERT LB CEMASMICo ., T, COMBEREEREECH
POSTRETEIHDEEZL., ThEHLz/80 MU, LIEBORRICEHLUL,
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Fig. 1. Heating pH effect on anti-E. coli activity (A), and heating temperature dependence of enzymatic activity, proiein solubility
(B) and anti Staphylococcal and anti E. coli activity (C) of lysozyme. (A) Lysozyme was heated at 80°C for 20 min at different
pH before testing the antimicrobial activity against E. coli k12 for 1 h at 37°C. NLz and HLz represent native and heated
lysozyme, respectively. (B) Loss of enzyme activity (dark circle) and protein solubility (triangle) of lysozyme as a function of
heating temperature at pH 6.0 for 20 min. (C) Antimicrobial activity against S. aureus and E. coli K12 of lysozyme as a function
of heating temperature at pH 6.0 for 20 min. Arrows indicate the optimal heating pH (black arrow) and heating temperature in
terms of producing the most potent dual bactericidal lysozyme (open arrow) retaining high solubility and appreciable enzymatic
activity (stippled arrow). CFU, colony forming units determined on nutrient agar plates. Lysozyme obtained under heating
conditions indicated by arrows (80°C / pH 6.0 for 20 min) was selected as the most promising antimicrobial derivatives and thus
referred to as HLz80/6 in the following experiments.
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Fig. 2. Effect of HLz80/6 concentration on viability of Gram-positive S. aureus (left
panel) and Gram-negative E. coli k12 (right panel). Bacteria were incubated with the
indicated concentration of native (NLz) or the partially unfolded (HLz80/6) lysozyme
for 1 h at 35°C in buffered peptone broth (pH 7.4). CFU values were obtained on
nutrient agar plates after incubation of the plates for 24 h at 37°C.

S. aureus BETE. coli oM TAMBEMEICRIFTHLz/80 BEDTEDERZE
Fig. 2ICRUL =, &5 LBBMES. aureus [T T SHREFRABHLZ/80 DABFKEMEY
VF—A Nz ) FYUBNZEETRL, 600ug/mDHLZ/80 TS. aureus ZFRE LI,
4S5 AEMEE. coli T3 L TIH200u g/mlDHLZ/80 THE L7,

Table I. Antimicrobial Activity of Native and HL80/6 Lysozymes against Different
Bacterial Strains.

Bacteria 0125 028 05 0125 025 05
Gram-Positive (CFU/mL)
Staphylococcus aureus 300 200 <20 <20 <20 <20
Bacillus cereus <20 <20 <20 <20 <20 <20
Bacillus subtilis <20 <20 <20 <20 <20 <20
Gram-Negative (CFU/mL)
Escherichia coli >107 >107 >107 103 102 <20
Salmonella enteritidis 107 =107 >107 104 500 <20

Pseudomonas aeruginosa 105 104 104 104 103 102

Initial CFU : 107 CFU / mL Incubation: 35°C, 2 h
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Fig. 3. Effect of different salts on the antimicrobial activity of HLz80/6. Antimicrobial activity of HLz80/6 and NLz
was assayed with NaCl (left panels), CaCl, (middle panels), and MgCl,(right panels) against S. aureus (upper panels)

and E. coli (bottom panels). Bacteria was incubated in buffered peptone broth (pH7.4) containing various
concentrations of the respective salt, with 200 g / mL NLz or HLz80/6 at 35°C for 24 h.
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1345 ABRMBIE. coli BLUSalmonella enteritidis MU TILBEERZRS Mo
7=. LM L. NLz® Pseudomonas aeruginosa IZ¥ L TILFB\REMSERL /. HLz80/6
Fohd 3IBOSSARMEICHU THEBERERLEMS. £ DHEN (I Pseudomonas
aeruginosa TR®HL Y, BEICLZBETOERMR SN,

S. aureus BETE. coli IZ¥T BHLz80/6 DHEERICRIZTEOREEZIED
#ENaCL. CaCl, BLUMCLZRNTHAT, NaCllES. aureus HLTIF10 ppnETD TR
MT. E. coli o3 L TIEX100 ppnETORMTHEERAELLRHOHIA. 1000 ppm
0.1%) OFRMTIBEEREBELE (Fig. 3) o CaCl, BEUMCL, TIMDFEEIL.
NaCLRIND B E & USEETH o=, B. subtilis 3 LUPseudomonas aeruginosa IZ%%
+BNLz BEUHIZ80/6 DIEEICRIFTHEL 1 $ETONaCL FIMTIIRD > 7285,
B. cereus [ZF L TIE 1%DNaCl FIMTHASMICHEMRBH o7 (Fig. 4) » T,
Salmonella enteritidis ¥ L TI30.1%DNaCLRMTHLz80/6 DFEERAEE SNz,
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Fig. 4. Effect of increasing NaCl concentration on the antimicrobial activity of HLz80/6
ang NLz against two different strains, Bacillus subtilis and Bacillus cereus of

~ Gram-positive (left panels) and two different strains, Salmonella enteritidis and
Pseudomonas aeruginosa of Gram-negative (right panels) bacteria. Bacteria were incubated
with 200 g / mL protein at 35°C for 24 h in buffered peptone broth (pH 7.4) containing
the indicated NaCl concentration.
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Fig. 5. Effect of increasing NaCl concenfration on the antimicrobial activity of HLz80/6
and NLz and synergy with glycine against §. aureus (right) and E. coli (lefi). Bacteria were
incubated with 200 pg/mL protein at 35°C for 24 h in buffered peptone broth (pH 7.4)
containing different NaCl concentrations alone (open symbols) or with fixed concentration
(0.4 %) of glycine (closed symbols). Arrows indicate NaCl concenfration at which
bactericidal effect of HLz80/6 was abolished.

HLz80/6 DFEERAICH L TNaCLOBMEHNRS R SNAEOT, 4 UL RO S
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E. coli [TX LTI30.5% NaCl THREWRMED 575 (Fig. 5 KH) . 5[,
NaCl RBEME LV RMEEZANT, UL VBEOREEE~I-, Fig. 61cFT &
DS, INaCLSTFIET D&, S, aureus (THF L TNLz, HLz80/6& & ICHIEIMEA T = A L\
M. 1.65DT U RRINTHLZ80/60 BREER AT S Nz, F/=. E. coli [ZHLT
(. 0.5% NaCl HSTFTET B & HLz80/6 b MBI ERE ML, 0. 1%Ll LD VL ViR
MTHREERANEOONS LS5 (Fig. 7) « cDESIZ. FULUNEETS
& LUBWWaCl BETHU VF— ASRENRETRT Z EMBS Mo,
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Fig. 6. Antimicrobial synergism of glycine with HLz80/6 against §. aureus in
overcoming the inhibitory effect of salt. Bacteria were incubated with 200 g / mL
protein at 35°C for 24 h in buffered peptone broth (pH 7.4) containing the indicated
glycine concentration in the absence (left) or presence (right) of 1 % NaCl.
Horizontal dashed line indicate the initial viability.
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Fig. 7. Antimicrobial synergism of glycine with HLz80/6 against E. coli in
overcoming the inhibitory effect of salt. Bacteria were incubated with 200 pg / mL
protein at 35°C for 24 h in buffered peptone broth (pH 7.4) containing the indicated
glycine concentration in the absence (left) or presence (right) of 0.5 % NaCl.
Horizontal dashed line indicate the initial viability.
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Bacterial Membrane
Y .

Fig. 8. Schematic representation of how the partial unfolding circumvent the inhibitory effect of
salt on the antimicrobial action of lysozyme. The symbols + and — denote the positive and
negative charge, respectively. H indicate the hydrophobic region of either unfolded lysozyme,
HLz80/6 (dotted dark ball) or the lipid bilayer membranes. Cl- and Na* represents salt ions.
Black and white arrows denote the hydrophobic and electrostatic interactions, respectively.The
strength of interactions between lysozyme and bacterial surface are indicated by the sickness of
the arrow. The partially unfolded lysozyme (HLz80/6) has high molecular flexibility with
increased net positive charges and showed 10-fold increase in surface hydrophobicity (Ibrahim et
al.,1996 a & b). The increased hydrophobicity and positive charges of HLz80/6 overcome the
repression effect of salt ions by indirectly enhancing hydrophobic interaction between the
molecule and lipid bilayer. This salt tolerance will not occur with the native lysozyme (NLz).
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Summary

There is a great interest among consumers in using natural antimicrobial systems for assuring food
safety against undesirable microorganisms. These demands encourages exploitation of naturally
occurring antimicrobials. Hen egg-white lysozyme is a good candidate to control pathogenic bacteria.
However, the limited antimicrobial activity of lysozyme to certain Gram-positive bacteria restricts its
implication in formulated food and drug systems. We have attempted several protein modification
and genetic engineering approaches to render lysozyme active in killing Gram-negative bacteria.
Recently, we found that the controlled thermal denaturation converts lysozyme into a potent
bactericidal molecule against Gram-negative and -positive bacteria, regardless of its residual
enzymatic activity. The most potent bactericidal lysozyme was produced by heating at 80°C for 20
min at pH 6.0 (HLz80/6) retaining 54 % of the enzyme activity. The antimicrobial mechanism of
HLz80/6 was found to operate through enhanced interaction to the bacterial membranes and
subsequent permeabilization.

The present study was undertaken to determine the effect of NaCl, a frequent food ingredient
regarded as antimicrobial inhibitor to lysozyme action, on the novel bactericidal activity of HLz80/6
and to verify possible antimicrobial synergism with glycine. HLz80/6 showed remarkably stronger
bactericidal activity than the native (NLz) lysozyme against both Gram-positive S. aureus and Gram-
negative E. coli at any salt (NaCl, CaCly, and MgCl) concentration up to 0.1 %, suggesting its
potential use in food and drug systems which requires moderate ionic balance. A similar promising
trend was observed by testing the bactericidal effect of HLz80/6 against other bacterial strains such
as Salmonella enteritidis, Pseudomonas aeruginosa, Bacillus subtilis, and Bacillus cereus. Addition
of 0.5 % and 0.1 % NaCl concentration suppressed the bactericidal activity of HLz80/6 against .
aureus and E. coli, respectively. However, glycine at 0.4 % concentration exhibited good
antimicrobial synergy with HLz80/6 and thus shifted the suppressive dose of NaCl to 1 % and 0.5 %
against S. aureus and E. coli, respectively. Further increase in glycine concentration up to 1.6 %
favorably synergized with HLz80/6, but not NLz, against both strains even in the presence of the
inhibitory high doses of NaCl, suggesting a greater opportunity for application of HL80/6 with
glycine in formulated food systems. Thus, the results introduce an interesting finding that partial
denaturation of lysozyme can induce its antimicrobial specificity to include the food-borne Gram-
negative pathogens and heralded faécinating opportunities for application of HL80/6 with glycine in
formulated food systems. Considering the defects in flavor and taste caused by the addition of

potentiator like glycine, HL80/6 greatly reduced the minimal bacteriostatic concentration of glycine,
while glycine potentiated the bactericidal action of HL80/6 to circumvent the inhibitory effects of salt.
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