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ABSTRACT KEYWORDS
Theaim of the research to determine the effect of thermal modification to Hen egg white lysozyme;
Improve the antibacterial spectrum of hen egg white lysozyme (HEWL) Thermal modified;

particularly in gram-negative bacteria. The method used isthe experiment
with compl etely randomized design (CRD) that treatment 40° C, 45°C, and
50°C for 20 minutes and control each was repeated 3 times. Observed
variablesincludelysozyme activity, lysozymerecovery and specific activity
of lysozyme on M.lysodeikticus and E. coli, MIC and molecular weight
protein fractions. The results showed that the thermal modification with
different temperature treatment gave significant effect (P <0.05) toincrease
the antibacterial spectrum of egg white lysozyme. Treatment temperature
of 50° C for 20 minutes on the hen egg white lysozyme extract yield is
12.92% the highest inhibition against gram-negative bacteria (E. Coli)

Lysozyme activity.

with aconcentration of 1.18 mg/ ml.
© 2014 Trade ScienceInc. - INDIA

INTRODUCTION

Lysozymeisasafefood preservativeingredient.
Lysozymeisused for food preservation because of its
ability asan antibacterid™.

The main lysozymeisfound in hen egg white
and can be made on acommercial scale as prepa-
rations containing biological activity!®. Egg produc-
tionintheworldisvery large, reaching 61.111 mil-
lion tons'Y. So that the egg white lysozyme pro-
ductionisvery potential to be developed onanin-
dustrial scale.

Lysozyme has antibacterial activity bondsthat hy-
drolyze -1, 4 of the homopolymer of N-

acetylglucosamine (Glc Nac) and GLC heteropolimer
muramik acid N-Acetyl-Nac, agram-positive bacte-
rid cdl lysg'. Limited antimicrobid activity of lysozyme
againgt gram-positivestrains, but so far many microor-
ganismsthat contaminatefoodsof anima origin caused
by gram-negative bacteria

Heat treatment (thermal) could | ead to changes
in the molecular conformation of lysozyme, which
gave rise to the surface hydrophobic groups
lysozyme. These changes can increase the ability of
lysozymeto stick to the gram-negative bacterial li-
popolysaccharide*y. Modification is expected to
enhance the antibacterial spectrum of lysozyme
against gram-negative bacteria.
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MATERIALSAND METHODS

Material

Themateriasused in thisstudy include: Hen Egg
White 1 year old, 1 N acetic acid (Merck), NaCl
(Merck), KCL (Merck), NH,CI (Merck), Buffer Phos-
phate (Na,HPO, 0.1N ) (Merck), Silica(SiO2) (PT.
Panadia Corporation Indonesia), distilled water, 30%
bis-acrylamide (Merck), 1M HCl pH 6.8 (Merck), 1M
tris HCL pH 8.8 (Merck), aquabidest, 10% APS
(Merck), 10% SDS (Merck), TEMED (Merck), R-
250 Coomasieblue (Merck), methanol (Merck), dis-
tilled water, glacial aceticacid (Merck), 50% glycerol
(Merck), 1% Bromophenol blue (Merck), culture of
bacteria: Micrococcus lysodeikticus (Sigma), E-coli
(Laboratory of Microbiology, Faculty of Medicine, UB)
and phosphate buffer (pH 6.24) of NaH_PO, (Merck)
andNa,HPO, (Merck), Peptone (Oxoid), NB (Oxoid),
NA (Oxoid), Vegetable Peptone Broth (Oxoid) and
Vegetable Peptone Agar (Oxoid). 0.1 mg / mL
Lysozyme (SigmaChemicd), 95% ethanol (Merck) and
85% phosphoric acid (H,PO,) (Merck).

| nstrumental

Thelnstrumentsusedinthisstudy include: Erlenm-
eyer (Pyrex) measuring glass (Pyrex) beaker glass
(Pyrex), stirrer (Pyrex), pipettes (Pyrex), petridish
(Pyrex), test tubes (Pyrex), aluminum foil, whatman
paper no.1, andlitical balance (Mettler PM 200 Swit-
zerland), Vortex (Janke 43480), refrigerated
(Panasonic), 3.5 cm magnetic stirrer (Labinco), Re-
frigerated Micro 22 R centrifuge (Hettich), and pH
meter CG 818T (Schoot Gerite), Water bath type digi-
tal J.26, SDS-PAGE (Bio-Rad Mini Protean 3),
Eppendorf, micropippet 10ul - 1000 mL (Hamilton sy-
ringe), bluetip, yellow tip, cuvette, UV-2100 spectro-
photometer (Unico), nano drop spectrophotometer
(ND-1000).

Methodeof HEWL extraction

HEWL extraction isdone by preparing 20 ml of
hen eggwhiteand 1 N acetic acid was added to adjust
thepH level of treetment appropriate. Then added some
salt type and concentration of appropriate treatment
for 3timesthevolumeof egg whitesand distirer for 15
minutes. Silica(Si02) added asmuch as0.851 gand
distirer for 10 minutes then add in 20 ml phosphate

buffer (NaH,PO,) and distirer for 5 minutes. Thenleft
overnight at 4 ° C, after which distirer for 5 minutes.
Speed centrifugewith 6000 rpmat 4 ° C for 20 min,
then the supernatant wastaken for anaysis*4.

M ethod of HEWL modification

Thermd modificationisdoneby preparing didtilled
water into awater bath and then set thetemperatureon
thedigital display with the treatment temperature 40°
C, 45° C and 50° C and control, each of which was
repeated 3 times. Samplesweretaken asmuch as5ml
and put inwater bath for 20 minutes. samplesto cool-
ing at the room then analyzed*4.

M ethod of deter mining lysozymeactivity

M.lysodeikticusand E.coli suspension by mixing
thebacterid suspensonintothe0.067 M Phosfat Buffer
(pH 6,24). Thentaken as2.98 ml andinserted into the
cuvette, and the absorbance in the spectrophotometer
with awavel ength of 450 nm (A 450) to read numbers
from0.6t0 0.7 onthedisplay device. The suspension
has been measured as 2.98 ml wastaken and put into
thecuvette, then add 20ul lysozyme sample extract and
mixed it flat, then dispektrof otometer with absorbance
wavelength of 450 nm (A 450). Number that appears
onthedisplay deviceisrecorded at 0 seconds, 30 sec-
onds, 60 seconds, 90 seconds and 120 seconds. De-
creasein absorbance at 450 nmwave ength (DA 450)
of 0.001/ minrecorded as 1 unit of enzyme activity
withunitsunits/ ml, calculated by theformula: Lysozyme
activity (U/ ml) = (SlopeA.450/min) / 0.001/ min x
0.02ml)®.

Method of determining specific activity of
lysozyme
Lysozyme Specificactivity wascd culated by divid-
ingtheprotein content of thesample: Lysozyme Specific
Activity (U/mg)=(U/ml)/(mgprotein/ ml)®.
M ethod of deter mining lysozymerecovery
Lysozymerecovery isdefined astheamount of en-
zymelysozyme obtai ned after the extraction process?:

activity of lysozymeafter Extraction
lysozyme activity befor eextraction

M ethod of determiningMIC

MIC of M.lysodei cticusand E.coli isdetermined
with contact method™.,

Lysozymerecovery (%)=
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Method of deter mining molecular weight protein
fraction

500 S —

Molecular weight fraction of lysozymeproteinex- 490 i//n\\« ?:IL“&TEOO
tractswas determined by SDS-PAGE!". 200 \E\ e Ufmny
Data analysis o0 o recovery (%)

Data were analyzed by analysis of variance 100 - Z?T;liiﬁ:;‘._i“‘“
(ANOQVA), if thereisadifference between thetreat- * e (x10.000
ment are LSD (Least Significant Difference) and  © et v PRS0
Duncan’s Multiple Range Test (UJBD)1*9. Datacal cu- Control 40C  45C  50¢C

lationsperformed with Excel 2007 Microssoft program,
and dataanalysis performed using SPSSversion 16.0.

RESULT AND DISCUSSION

Effect of HEWL thermal modification on
M.lysodeikticus

Resultsof andysisof variance showed that HEWL
modified by thermal treatment temperature of 40° C,
45° C and 50° C for 20 minutes and the controls not
significant defferent (P> 0.05) on the activity of
lysozyme, lysozyme recovery and specific activity of
lysozyme on M.lysodei kticusgram positif bacteria. The
mean resultsareshown in TABLE 1 and thedifference
presentedin Figure 1.

TABLE 1 and Figure 1 show that the means of
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Figure1: Comparison of mean effect of thermal modification
on lysozymeactivity, recovery lysozyme, specific activity of
lysozyme on M.lysodeikticus.
treatment amounting 4,728,947.55 U / mg and de-
creaseswithincreasing temperature treatment.
Thermd modification onlysozymeoligomerscause
50-70% and more than 40% dimer enzyme molecule.
Lysozyme heat denaturation can lead to decreased ac-
tivity of lysozymeagainst gram-positive bacteriabut
improveitsactivity against gram-negative bacterid349.

MIC of HEWL thermal modification on
M.lysodeikticus

Inhibition of M.lysodei kticusgrestest obtained from
40° Ctreatment. Thisiscons stent with previousvari-
ableactivity of lysozyme, lysozymerecovery and spe-
cific activity of lysozymethat showed similar results.

TABLE 1: Mean effect of thermal modification on lysozymeactivity, recovery lysozyme, lysozyme specific activitieson

M.lysodeikticus.

Means
Treatments Lysozyme Activity Lysozyme Specific Activity of Protein
(U/menit) Recovery (%) L ysozyme (U/mg) (mg/ml)
Control 45504688,16% 85,02 4084801,45" 11,14Y
40°C 52680475,76° 83,47 4728947,55" 11,14"
45°C 41737646,92° 66,13 3746646,94" 11,14"
50°C 28723013,02* 45,51' 2578367,42" 11,14"

Description: The same subscript in the same column indicates no significant difference (P> 0.05); Different subscriptsin the

same row are not defined as the difference

lysozyme activity, lysozymerecovery and specific ac-
tivity of lysozymeon M.lysodeikticuswill decreasewith
increasing temperaturetreatment athough the decrease
wasnot sgnificantly different (P>.05). Highest average
activity of lysozyme obtained from 400C treatment
amounting 52,680,475.76 U / min. There was ade-
crease of 19% lysozymerecovery at 450C tempera-
turerisetowards 500C. Highest average specific ac-
tivity of lysozyme was a so obtained from the 400C

Resultsof thedetermination of minimuminhibitory con-
centration (MIC) of lysozymeextractsarepresentedin
TABLE 2.

TABLE 2 showsthat theinhibition of lysozymeex-
tractstherma modification will increasewiththe addi-
tion of concentration. Minimum inhibitory concentra-
tion (MIC) of HEWL on M.lysodeikticus 40° C tem-
peraturetrestment is1.18 mg/ ml to produceinhibition
percentage of 92.64%€. showed that 0.5 mg / ml
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TABLE 2: MIC of HEWL thermal modification on M.lysodeikcticus

The number of Colonies

Ecxtract Culture of Vagetable End Ecxtract' (Cfu/ml) Inhibition
Treatment - Concentration o
Volume(ml)  bacteria(ml)  pepton (ml) Volume (ml) (mg/ml) Early 24hours (%)
contact

0,2 1 38 5 0,12 48x 10° 1,6 x 10* 66,56

05 1 35 5 0,29 2,1x10° TBUD TBUD

40°C 1 1 3 5 0,59 39x 10* 6,9x 10° 82,08
15 1 25 5 0,88 3,3x 10° 48x 10° 85,38

2 1 2 5 1,18 2,7x10* 2,0x 10 92,64*

Description. * : MIC, TBUD : not determined

concentration of lysozyme modified thermal extract
could inhibit 32% of gram-positive bacteria
M.lysodeicticus. Increased surface hydrophobicity
propertiesof |ysozyme associ ated with conformationa
changesthat play aroleinincreasing theantimicrobia
activity of lysozymewhich hasbeen modified®. If the
residual lysisof lysozymereacted with phenolic ade-
hydes, fenild dehid, thelysozyme molecule undergoesa
conformationa change and increased antimicrobia ac-
tivity againgt both gram-positive and gram-negetive bac-
terid?.

Effect of HEWL thermal modification on E.coli

Based on the analysis of variance is known that
HEWL modified by thermal treatment temperature of
400C, 450C and 500C for 20 minutes and the control
effectishighly significant different (P<0.01) theactivity
of lysozyme, lysozymerecovery and specific activity of
lysozyme on gram-negative bacteriaE.coli. Themean
results are shown in TABLE 3 and the comparison
reratanyapresentedin Figure 2.

Based on TABLE 3 and Figure 2 isknown that the
meansactivity of lysozyme, lysozymerecovery and spe-
cificactivity of lysozymeon E.coli will increasewith
increas ng temperauretrestment. Highest meansrecov-

ery of lysozymeactivity and specificactivity of lysozyme
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Figure2: Comparison of mean effect of ther mal modification
on lysozymeactivity, recovery lysozyme, specificactivity of
lysozymeon E.coli.

obtained from the 50 ° C temperature treatment
amounted to 502,927,624.92 U/min, and 469.22 %
45,146,106.37 U/mg. Lysozyme oligomersinteraction
with thecell membrane of gram-negativebacteriare-
sulting in increased surface hydrophobicity of
lysozyme®. Increased surface hydrophobicity of egg
white protein sol ution occurs abovethetemperature of
500C!*,

Increased activity of lysozyme on gram-negative
bacteriaisal so suspected dueto theincreasein tem-
perature dueto polymeraselysozymé®. Other research
daesthat therma modification of thelysozymecanform

TABLE 3: Mean effect of thermal modification on lysozymeactivity, recovery lysozyme, lysozyme specific activitieson

E.coli.
Means

Treatments Lysozyme L ysozyme Specific Activity Protein
Activity (U/menit) Recovery (%) of Lysozyme (U/mg) (mg/ml)

Contral 107182907,27% 100,00" 9621445,89" 11,14"
40°C 389827113,63° 363,70 34993457,24" 11,14Y

45°C 326171705,94% 304,31 29279327,28" 11,14"

50°C 502927624,92" 469,22° 45146106,37™ 11,14"

Description: Different subscript letters in the same column indicate significantly different (P <0.01); Subscript different
figuresin the same column indicate significantly different (P <0.05); Different subscriptsin the same row are not defined as the

difference
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27.2% of thetotal polymer, monomer 72.2% 27.2%
dimer andtrimer 0% whichisirreversible

MIC of HEWL ther mal modification on E.coli

Based onthetest inhibition of E.coli isknown that
the 500C temperaturetreatment producesthe greatest
percentage of inhibition. Previoushighest averagevari-
ableactivity of lysozyme, lysozymerecovery and spe-
cificactivity of lysozymewas also obtained from the
treatment temperature of 500C. Results of the deter-
mination of minimuminhibitory concentration (MIC) of
lysozymeextractsarepresented in TABLE 4.

Based on TABLE 4 generadly knownthat inhibition
test resultslysozyme modified therma extract against

—=> RegUlOr Peper

the samewith protein bandsthat appeared on the pre-
vioustreatment of the type and concentration of pro-
teinfractionsgaram. Profil therma modification canbe
seeninFigure3.

Figure 3 showsthat there are 3 protein fraction
having a molecular weight of 78.5 kDa, 54.8 kDa
and atarget protein with amolecular weight of 14.6
kDa. The emergence of non lysozyme protein poly-
mer formsasaresult of lysozyme”. Extraction tech-
niquewith silica(Si02), which modified thethermal
not causeloss of protein lysozyme. Lysozyme mol-
ecule consists of four disulfidebonds(S- S), which
iIswhy lysozymeisstableat high temperatures, along
with thesix-part helix[®,

TABLE 4: MIC of HEWL ther mal modification on E.coli

The number of

Ecxtract Culture_of Vagetable End Ecxtract_ Colonies (Cfu/ml) I nhibition
Treatment  Volume Bacteria Pepton Volume Concentration SAhoUr'S (%)
(ml) (ml) (ml) (ml) (mg/ml) Early contact
02 1 38 5 0,12 28x10° 2,7x10° 5,11
05 1 35 5 0,29 30x10° 28x10° 7,14
50°C 1 1 3 5 0,59 30x10° 29x10° 7,76
15 1 25 5 0,88 31x10° 28x10° 9,72
2 1 2 5 1,18 31x10° 2,7x10° 12,92
Desctiption : no one reached > 90% inhibition
E. coli has not yet reached the MIC (< 90%). Per- 1 2 3 4 M
centageinhibition of E. coli will behigher withincress-
ing concentration of lysozymeextracts. Highest inhibi- L
tion results obtained from extracts of lysozyme treat- :__ Ez g:
ment 500C temperaturewith aconcentration of 1.18 T ap— <«  70k0a
mg/ ml isequal to 12.92%.

Antimicrobial activity of lysozyme can be con- 4 50kDa
verted into active against gram-negative bacteria By B B o
through genetic hydrophobic peptide C terminal to -  iba
lysozyme'®. Bakteriolitic lysozyme activity against
gram-negative bacteriathrough the destruction of the = e
function of the phosphate groups of phospholipidswith
lipopolysaccharidein the outer membrane of gram- —
negative bacteria®. Theresearchresultsprovethat  14sx0a 43 <« 10k

egg whitelysozymetherma modification canincrease
the antibacterial spectrum mainly on gram-negative
bacteriaE.coli.

Protein fraction profilesof HEWL thermal modi-
fied
Based on the calculation of molecular weight is

known that thedifferent temperature treatment did not
causedifferencesin protein bandswereobtained. Itis

M = Marker, 1 = treatment 0°C, 2 = treatment 40°C, 3 =
treatment 45°C, 4 = treatment 50°C

Figure3: Proteinfraction profilesof HEWL thermal modified

CONCLUSION

Thermal modificationwith different temperature
treatment gave significant effect (P <0.05) toincrease
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the antibacteria spectrum of egg whitelysozyme. Trest-
ment temperature of 50° C for 20 minutes onthe egg
whitelysozymeextract yid dis 12.92%thehighest inhi-
bition against gram-negative bacteriaE.coli withacon-
centration of 1.18 mg/ ml.
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