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Development of an ELISA for Quantifying Lysozyme in Hen
Egg White
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An indirect enzyme-linked immunosorbent assay (ELISA) by inhibition was developed for quantifying
lysozyme in hen egg white (HEW), a protein of value in not only the food and pharmaceutical industries
but also for poultry research. Various experimental conditions (coating, antibodies dilutions, samples
dilutions, preparations, blocking agents, and incubation times) were assayed to optimize this assay
to the quantification of HEW in egg white samples. HEW samples were diluted 1:3000 to avoid matrix
effects, possibly resulting from lysozyme interaction with other egg white proteins. Assay linearity for
lysozyme ranged from 0.38 to 4.8 ug/mL, with intra- and interassay variations of 6.8% and 7.6%,
respectively, and the lower detection limit was 0.264 ug/mL. We found that lysozyme concentrations
in albumen from eggs laid by a hen cohort ranged from 2.2 to 4.5 mg/mL, thus underlining interhen
variability. Overall, these data present an ELISA assay that is simple, quick, sensitive, accurate, and
has been specifically designed to determine lysozyme concentrations in egg white samples.
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INTRODUCTION Finally, enzymatic activity of lysozyme reflects only partly its

Lysozyme (EC 3.2.1.17) is a ubiquitous enzyme present in a antibacterial properties as it also shows cationic antimicrobial
wide range of biological fluids and tissues within animal and peptides/domains within its structure, enlarging its antibacterial
plant kingdoms 1—2). It has and still receives attention as a SPECtrum to Gram-negative bacteri& 17). Therefore, other
model protein for structural, physicochemical, crystallographic, methods for Iysozyme_ quant|f_|cat|on based on the protein itself
enzymatic, immunological, and evolutionary studiak {t is have peen reported in the_llterature. They included eleptro-
well-known for its antibacterial properties but also exhibits Phoretic {8), chromatographicl®—21), and immunoenzymatic
antiviral, antitumor, and immune modulatory activities-). methods £2-27). The ELISA technique is particularly promis-
Its safety makes it a food preservative of choice as well as an N9 Pecause of its high sensitivity, high specificity and conven-

active substance included in pharmaceutical preparatibas ( €"Ce, especially for analysis of large number of samples, and
9). Almost all commercial manufactured lysozyme is extracted It IS SUTPrising that none of the immunoassays have been applied

from a convenient biological source, the hen egg white (HEW) @nd adjusted to direct quantification of lysozyme in hen egg
in which it is relatively abundant (3.4% of total proteins) and Whité, despite its potential value for egg products industries and
easily accessiblel0). HEW lysozyme is a key factor of the pogltry researchers. Ther.efore,.we present the optimization and
egg natural defense system against bacterial aggressipn ( validation of an enzyme-linked immunosorbent assay (ELISA)

and one of our objectives is to explore the possibility of dedicated to the quantification of lysozyme in hen egg white

enhancing such defenses via genetic selection and, therefore2nd using commercial antibodies exclusively.

to study interhen variability of HEW lysozyme content. This

approach requires a quantification method that is adequatelyMATERIALS AND METHODS

sensitive, specific, accurate, reproducible, and convenient for ] ) )
processing hundreds of samples. Several methods have been Chemicals and Materials. HEW lysozyme was obtained from
developed for the quantification of lysozyme content. Some Ovonor (Annezin-ls-Bethune, France). Bovine serum albumin, oval-

assavs relied on the lvsozvme Ivtic action adainst the cell wall bumin, ovotransferrin, ovomucoid, ovoinhibitor, riboflavin binding
Y ysozy y 9 protein, normal rabbit serum (NRS), PBS (phosphate-buffered saline:

of M'CrO_COCCl_JS, Iysodelktlcg§(12, 13), but evaluations of 0.01 M phosphate buffer, 0.0027 M potassium chloride, 0.137 M
enzymatic activity need a strict control of temperature, pH, and sodium chioride, pH 7.4), and the OPB-ghenylenediamine) Sigma
ionic strength and are time-consuming. Furthermore, the pres-fFast kit were provided by Sigma-Aldrich (Saint-Quentin Fallavier,
ence of interfering substances or more simply lysozyme France). Purified rabbit polyclonal anti-chicken lysozyme antibody (10
denaturation can lead to inaccuracies in quantificatibd). ( mg/mL) and donkey anti-rabbit 1gG horseradish peroxidase-linked
whole antibody (1 mL stock solution diluted at 1/5000 as recommended

* Corresponding author. Tel:-33-2-47-42-78-43. Fax:+33-2-47-42- by the manufacturer for detection of IgG down to 300 pg) were obtained
77-78. E-mail: nys@tours.inra.fr. from Biodesign (Saco, ME; ref. K59172R) and Amersham Bioscience
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(Orsay, France; ref. NA 934), respectively. Blotting grade blocker nonfat and OPD incubation times from 5 to 35 min were also tested. Finally,
dry milk, EIA grade reagent gelatin, Tween 20, and SIPAGE indirect ELISA by competition and indirect ELISA by inhibition were
molecular weight standards were from Bio-Rad (Marnes-La-Coquette, assessed to define the optimal combination of the previous conditions
France). All other inorganic chemicals were of reagent grade or for quantifying lysozyme in egg white samples, and the interest of
chemically pure. Flat-bottom 96-well polystyrene microtiter plates (F96 preincubating lysozyme solution (standard and samples) in glass tubes
certified Maxisorp) were purchased from Nalge Nunc International with one equal volume of AB1 to promote AB1-free lysozyme binding

(Rochester, NY). was evaluated.

Preparation of Egg White Samples.Eggs of 100 38-week old ELISA Validation. Linearity limits (i.e. the assay working range)
Isabrown hens belonging to different families of the same pedigree and detection limits (DL) were estimated from 10 lysozyme curves
line were collected during a 1-week period and stored &€4The obtained from different assays and from different samples. DL was

following week, five eggs per hen were broken and the albumen defined as the lowest lysozyme concentration outside the range of two
collected. This albumen was pooled and homogenized for 1 min at standard deviations over background. Different egg white dilutions
8000 rpm using an Ultra-Turrax T25 (IKA, Staufen, Germany). This corresponding to the linear part of the egg white curve were prepared
mixture was divided in aliquots and stored -aR0 °C until further (2:3000, 1:4000, and 1:5000) and analyzed by ELISA to determine
analysis. the accuracy of the assay. Lysozyme concentrations in diluted samples

SDS-PAGE, Western Blotting, and Protein Concentration. were plotted against egg white dilutions, and a linear regression was
Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS performed to assess parallelism. Diluted egg white samples were
PAGE) was performed according to r28 using a 12.5% resolving fortified with different lysozyme amounts (from 0.05 tqugy/mL) for
gel and a 4% stacking gel. Purified lysozyme and one egg white samplerecovery studies. Recoveries were estimated by considering both added
were diluted in sample buffer (62.5 mM Tris HCI pH 6.8, 10% glycerol, and total lysozyme concentration® @nd R) and were calculated as
2% SDS, 0.005% bromophenol blue and B¥nercaptoethanol), heated ~ follows
4 min at 95°C, and loaded onto the gel. After migration, proteins were
stained with Coomassie Brilliant Blue R250 or electroblotted onto a R (%) = (L, — Lgy)/L, x 100 R, (%) = L/(Lgy, + L) x 100
0.45 um nitrocellulose membrane in 25 mM Tris, 192 mM glycine,
20% methanol, pH 8.3. For western blotting analysis, membranes were
first soaked for 30 min in TBS (20 mM Tris HCI, 0.5 M NaCl, pH
7.5) and blocked fol h in TTBS (TBS plus 0.05% Tween 20)
containing 5% nonfat dry milk. They were then washedx(® min)
in TTBS, before incubation (2 h) with rabbit polyclonal anti-chicken
lysozyme antibody diluted 1:10 000 in 1% BSATBS (TTBS plus
1% bovine serum albumin). After washing in TTBS x115 min and
3 x 5 min), membranes were then incubatedXd with donkey anti-
rabbit IgG horseradish peroxidase-linked antibody diluted 1:75 000 in
1% BSA-TTBS. They were washed in TTBS as previously described
with two additional 5 min washes in TBS. Immunoreactive bands were
then revealed by the enhanced chemiluminescence method+ECL
(Amersham Biosciences, Orsay, France).

Concentrations of egg white total proteins were measured according
to ref 29 using the Uptima Coo Protein Assay Kit (Interchim,
Montlugon, France). The standard was one egg white sample, the protein
concentration of which was previously determined using the Kjeldahl
method 80).

Initial Indirect ELISA Procedure. Incubations were performed at
room temperature (3822 °C) on a rotating microplate shaker Titramax
100 (Heidolph Instruments, Cinnaminson, NJ). Microplates were
washed four times with PBS between every step of the assay(1/00
well except after blocking: 20@L/well). Reactant volumes were 50
uL/well, except for the blocking solution (20@L/well). Microplates
were initially coated fo 2 h with HEW lysozyme in PBS and then
nonspecific sites were blockedrfb h using 3% BSA in PBS. Polyclonal
rabbit anti-chicken lysozyme antibody (AB1) and donkey anti-rabbit
IgG horseradish peroxidase-linked antibody GAB 1% BSA-TPBS
(1% BSA—-PBS plus 0.05% Tween 20) were sequentially added and
incubated for 2 h. The substrate (OPD at 0.4 mg/mL in 0.05 M
phosphate-citrate buffer containing 0.4 mg/mL urea hydrogen perox-
ide) for peroxidase was placed in the wells for 20 min. The reaction
was stopped by the additiorf @ M H,SO,. Absorbance was read at
490 nm using a microplate reader Argus 300 (PerkinElmer, Courta-
boeuf, France).

ELISA Optimization. Checkerboard titrations (CBT) were per- RESULTS AND DISCUSSION
formed to determine the optimal lysozyme concentration for coating  Control of Lysozyme Purity and Antibody Specificity.
(5—0.000 08g/mL in PBS) under various incubation conditions (from  pyrity of the commercial lysozyme and anti-HEWL specificity
15 min to 3 h atoom temperature or overnight at@, with or without were assessed by SBBAGE and western blot. A protein band
agitation). Optimal dilutions for AB(1:50 to 1:204 800) and AB(L: o 14 3 kDa corresponding to chicken lysozyme was clearly
625 to 1:40 000) were tested at various incubation times (from 30 min identified in both egg white and also in protein standard solution

to 2 h). For each pair of AB-AB; dilutions, the ratio between ted. si | . £ th tei ;
absorbance for ABand absorbance for normal rabbit serum (NRS) as expected, since lysozyme IS one or the proteins composing

was calculated (binding ratio: BR). Four different blocking buffers the protein markerKigure 1).

(1% BSA—PBS, 1% nonfat dry milk (NFDM}PBS, 1% gelatinPBS, A minor protein band of 18 kDa was also detected after
0.2% Tween 26-PBS) were screened. The antibody dilution buffers SDS-PAGE when a large amount of standard lysozyme was
were identical with the notable addition of Tween 20 (0.05% final), loaded (5Q:g). This band was immunodetected in both deposits

whereLgw is the lysozyme concentration measured in diluted egg
white, L, is the concentration of lysozyme added in diluted egg white,
and L, is the total concentration of lysozyme measured in fortified
diluted egg white.

Specificity was estimated using calibration curves prepared (1) in
egg white ultrafiltrate (5000 Da cutoff) devoid of larger proteins and
(2) in the same ultrafiltrate supplemented with several protein com-
ponents of egg white at the commonly encountered concentrations in
this fluid (10): ovalbumin (54 mg/mL), ovotransferrin (12 mg/mL),
ovomucoid (11 mg/mL), ovoinhibitor (1.5 mg/mL), and riboflavin
binding protein (0.8 mg/mL). Each lysozyme solution was diluted in
1% gelatin-TPBS, along with the added egg white proteins when
present.

Reproducibility was estimated using 10 replicates performed for
several dilutions of three different egg white samples and for several
lysozyme concentrations. Intra-assay variation was determined with
standard lysozyme using six replicates of the standard curve on the
same microplate. Intra-assay variation was also determined for egg white
samples using an optimized dilution of one egg white with five
replicates/dilution. The assay was repeated five times. Interassay
variation was estimated on 10 and 20 different assays in triplicate
performed on different days by the same operator for the standard curve
and the same egg white sample, respectively.

Statistics. Fitting of the curves and statistical analyses were
performed with the GraphPad Prism software (version 3.02 for
Windows, GraphPad software, San Diego, CA). Linearity in the median
part of standard (lysozyme) and experimental (albumen) curves was
estimated by a linear regression and then the identity between slopes
was checked with covariance analysis (ANCOVA). A two-way variance
analysis (ANOVA) completed by a Bonferroni test for comparisons of
means was performed for the comparisons between usual and experi-
mental standard curves used for the estimation of specificity t-Tést
was used to analyze the difference in recovery relative to 100%.
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Figure 1. SDS—-PAGE and western blotting for assessing standard lysozyme purity and AB; specificity. Lane 1, molecular weight markers; lanes 2 and
3, 7.5 and 35 ug of hen egg white (HEW); lanes 4 and 5, 10 and 50 ug of HEW lysozyme.

Table 1. Summary of Characteristics of the Optimized Indirect ELISA by Inhibition

reaction volume

washing volume

buffer

buffer

lysozyme concn
incubation

buffer

AB; 2 final dilution

egg white dilution
lysozyme concn for standard curve
preincubation (in tubes)
incubation (on microplate)
buffer

AB, dilution

incubation

buffer

OPD concn

incubation

H>S04 concn

wavelength

volume/well
washing
coating

inhibition

AB;

reaction and color development

reaction measurement

50 uL

100 uL

PBS,pH 7.4

PBS,pH 7.4

0.02 ug/mL

2 h, room temp (18-22 °C), agitation

1% gelatin, 0.05% Tween 20 in PBS, pH 7.4
1:1300

1:3000

0.08 to 12 ug/mL

overnight, 37 °C, agitation

1.5 h, room temp (18-22 °C), agitation

1% gelatin, 0.05% Tween 20 in PBS, pH 7.4
1:5000

2 h, room temp (18-22 °C), agitation

0.05 M phosphate—citrate with 0.4 mg/mL urea hydrogen peroxide
0.4 mg/mL

30 min, room temp (18-22 °C), agitation

@ Antigen—AB; mixture made by addition of one volume of egg white sample or standard lysozyme to the same volume of AB; at 1:650 (final AB; dilution: 1:1300).

of standard solution, but also in egg white (3§) and among
the molecular weight markers. This minor protein could ;|
correspond to avidin, which is composed of four 15.6-kDa
subunits 81). Avidin and lysozyme are difficult to separate by 2+
conventional chromatographic methods, mainly because of their
close basic isoelectric point (10 and 10.7, respectivé$)32).
Therefore, the commercial lysozyme preparation could have =
been contaminated with avidin. Likewise, the antibody could

have been raised against avidin-contaminated lysozyme, leading 5 |
to the detection of this minor protein after western blotting.

K154
I

—4—5.00000
——1.66667
—4—0.55556
——0.18519
—®—0.06173
—0—0.02058
—>*—0.00686
—4—0.00229
—€—0.00076
—4—0.00025
—%—0.00008

Another candidate for contamination could be a minor glyco- 0

sylated form of egg white lysozyme with an apparent molecular 10

mass of 18 kDa, as reported by Trudel et 8B)(

ELISA Optimization. Table 1 summarizes the characteristics
and the different steps of the optimized ELISA for quantification
of lysozyme in egg white. We have first optimized lysozyme
concentration for microplate coating and A&nd AB; dilutions

10000 100000 1000000

AB; dilution

100 1000

Figure 2.  AB; titration curves for coating lysozyme concentrations ranging
from 5 to 0.000 08 ug/mL. AB; dilution was 1:5000. Incubation times for
coating and antibody reactions were 2 h.

taking into account the specific conditions needed for an ELISA ~ The coating of lysozyme concentrations ranging from 5 to
by competition or inhibitiong4, 35). An AB, dilution of 1:5000 0.000 08«g/mL combined with AB1 dilutions ranging from 1:50
was initially selected, since a 1:2000 dilution induced a strong to 1:204 800 revealed that the ABtration curve with a plateau
background signal. This dilution was confirmed after optimizing region reaching a maximum absorbance of 2 and a low
AB; dilution and lysozyme coating, because the ratio between background corresponded to a coating lysozyme concentration
absorbance for ABand that of normal rabbit serum was high of 0.02ug/mL (Figure 2). The AB; titration curve was fitted
(not maximal) but avoided that the related Aiiration curves with the sigmoid doseresponse (variable slope) modEldure

had absorbance higher than 2. 3), and the optimal AB dilution, which corresponded to the
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Figure 3. Determination of optimal AB; dilution for indirect ELISA by
competition or inhibition. The ABj titration curve obtained with a coating
lysozyme concentration of 0.02 xg/mL and an AB; dilution of 1:5000 was
fitted with the sigmoid dose—response (variable slope) model. The optimal
AB; dilution (1:1300) is related to an absorbance (A) corresponding to
70% of the maximal one. Incubation times for coating and antibody
reactions were 2 h. Anin (Minimal absorbance), Anax (Maximal absorbnce),
Iso (50% of inhibition).
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Figure 4. T Standard lysozyme (L) and egg white (EW) curves obtained
with indirect ELISA by inhibition. Curves (n = 3 for L, n = 2 for EW)
were fitted with the sigmoid dose—response (variable slope) model. To
achieve comparison between curves, lysozyme concentrations were
converted into dilutions (1:71 to 1:33674) on the basis of an initial arbitrary
concentration of 1000 u«g/mL. Egg white dilutions ranged from 1:100 to
1:47 143. Coating lysozyme concentration was 0.02 ug/mL; final AB;
dilution in the mixture was 1:1300 and AB, dilution was 1:5000. Incubation
times were 2 h for coating, overnight at 37 °C under agitation

(preincubation) followed by 1.5 h on the microplate at room temperature

dilution leading to 70% of the maximal signal as described for the antigen—AB; mixture, and 2 h for AB,. / %min (minimal percentage
previously 84), was determined: 1:1300. of inhibition), | %max (Maximal percentage of inhibition), ko (50% of

We then tested different blocking agents, both for an eventual ihibition).
blocking step and for the antibody dilution solution. We have
considered that an additional blocking step to the protocol was
not necessary, since under our conditions, the presence of th
blocking agent in the antibody dilution buffer was sulfficient to
obtain a good signal/background ratio for most of the tested
conditions. Among the four different agents tested (1% BSA
PBS, 1% nonfat dry milk (NFDM}PBS, 1% gelatirPBS,
0.2% Tween 26-PBS), BSA and gelatin were the best blocking
agents for the antibody dilution buffer. Both have been used in
several immunoassays for quantifying HEW lysozyme in
different food matrices25, 27). As BSA and lysozyme could
interact due to their opposite charges at the working buffer pH

of 7.4 (pl of 10.7 and 5.5 for lysozyme and BSA, respectively), working range was from 0.3& 0.07 to 4.8+ 1.4ug/mL. The

as described by Steiner et 86, we selected gelatin to avoid detection limit, which is defined as the lowest lysozyme

interference with t_he assay. Thus, subseque_nt optimization S‘te‘)s’concentration outside the range of two standard deviations over
were performed in the absence of a blocking step, using 1%

. o S background, was 0.264 0.086ug/mL. Linearity limits were
gﬂﬁggﬁgﬁngs gr']lgtgn bugffr for a}ntlbodles, lysozyme also calculated for six different egg white samples. All the curves
] ] e ) 9g white samples. ) ) shared a common linear interval between dilutions of 1:2800
Different incubation times were tested for coating, antibody 5,4 1:5000 (data not shown), corresponding to lysozyme
reactions, and OPD reaction, and the optimized times of ¢oncentrations of 1.18 and 0.68/mL in the case of an initial
incubation are shown .mn'able 1. If considered more practlcal theoretical lysozyme concentration of 3.4 mg/mil0y,
by the operators, coating could be performed overnight*at 4 Accuracy.The parallelism of the assay was assessed for egg
under static conditions. white sample dilutions falling within the working range. It was
When testing indirect competitive ELISA for lysozyme acceptablerf = 0.9667), though variability was high for sample
quantification, no consistent sigmoid curve was obtained and diluted 1:5000 (data not shown).
the maximal percentage of competition }odid not exceed Specificity. The specificity of the ELISA was evaluated by
20% whatever the conditions (data not shown). This could result tywo complementary approaches, either by altering the lysozyme
from a difference in lysozyme conformation and/or accessibility concentration in the egg white and looking at lysozyme recovery
of epitopes to AB due to denaturation when interacting with  or by looking at the effect of adding various major egg white
plastic surfaces3{7). To favor AB; binding to the free antigen, proteins on the lysozyme standard curve.
we performed an inhibition assay in which sample or standard  Recaery StudiesThis approach was settled upon to analyze
solution and AB were premixed and preincubated before being the impact of any interaction between lysozyme and other egg
deposited onto the coated microplate, as recommended bywhite proteins (matrix effect)Rigure 4). Egg white sample
Crowther et al. 84) and Harlow et al. 35). After testing various diluted 1:3000 to 1:5000 was fortified with different lysozyme
temperatures and times of incubation, an increase in the assayamounts in such a way that total lysozyme concentration fell
sensitivity was observed when preincubation of the antigen within the linear part of the standard curve. Recoveries were
AB1 mixture took place overnight (18 h) at 37C under  estimated by considering both added and total lysozyme
agitation. concentrationsR andR)) to limit the effect of high variability
When testing egg white dilutions, sigmoid curves were in lysozyme levels measured in basal and supplemented egg
obtained for dilutions greater than 1:100. For dilutions lower white samples. The best recoveries were obtained for egg white

than 1:100 and lysozyme concentrations greater thapgZ0
mL, we noticed a high-dose “hook effect” which is characterized

y a decrease in assay response at high antigen concentration.
This phenomenon is a well-known artifact attributable to
cooperative interactions occurring generally in sandwich im-
munoassays3g, 39). In our case, it could be explained by the
presence of an excess of free antigens preventing fAdn
binding through steric hindrance. An identity between slopes
of linear parts of egg white and standard curves was observed
and is presented iRigure 3.

ELISA Validation. Linearity and Sensitity. From calibra-

tion curve shown irFigure 3, we determined that the assay
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Table 2. Recovery Test with Different Dilutions of Hen Egg White ~ Effect of major egg white proteins: to estimate possible
(HEW) Fortified with Several Concentrations of Lysozyme (lys.) interference with the most abundant egg white proteins, standard
(n=3)? curves were obtained from a lysozyme solution prepared in egg
HEW heoretica § eoretical | white filtrate initially enriched or not with the main albumen
diion  addedfye] TSl R0 oillye] recovered RS proteins, at concentrations that were representative of those
(llys.)) (ugiml) ~ (ug/ml) (% =SD) (ug/mL) [lys] (ug/mL) (% = SD) naturally present in egg white (ovalbumin, ovotransferrin,
1 0868 87+9 1751 1619  92%5 ovomucoid, ovoinhibitor, riboflavin binding protein). No sig-
0.75 0672 90+9 1501 1423 95%4 ifi i i
3000 05 0455 227 1351 1200 9reit nificant effect was observed on the _S|gm0|d shape of t_he curves,
(0.751ugiml) 025 0304 121+12 1001 1055  105+3 nor between slopes and ordinate intercepts of. the linear parts
8'(1)5 8883 88 toﬁﬂ 8231 8232 g?tg of the curves (data not shown). Thus, no matrix effect due to
. . +0° . X + S g : :
1 0670 67413 1603 1273 798 the egg white f||trat¢ or to the added egg white proteins was
0.75 0758 101+14 1353 1361 1018 detected. As a matrix effect was previously observed for egg
4000 0.5 0.344 692 1103 0947 861 white dilutions lesser than 1:3000, i.e. falling into the dilution
(0603 ugiml)  0.25 0220 88+38 0853 0823  96%11 . Lo
01 0091 91+47 0703 0694  99+7 range performed to obtain a calibration curve from the lysozyme
0.05 0000 00° 0.653 0476 73%5 solution supplemented with albumen proteins (from 1:34 to
b5 oS Bl T T ke 1:170 000), it is likely that the added proteindespite their
5000 0.5 0253 51+3  0.994 0747 75+ acidic d—did not interact with lysozyme to an extent sufficient
(0494 pgimt) 025 0166 666 0744 0660  89+2 to impair its binding with AB. Therefore, it is possible that
01 0076 76+34 0594 0570  96+6 . . : :
005 0000 0+0° 0544 0371  68+8 matrix effects arose mainly from interaction between lysozyme
and another egg white protein, ovomucin. This protelrd(p—
aMeasured lysozyme concentrations for each HEW dilution are noted in brackets. 5) represents 1.5% of egg white total protein and is Iar_geily
Coating lysozyme concentration was 0.02 ug/mL; final AB; dilution in the mixture responsible for the gel structure of the albumen. Its association
was 1:1300 and AB; dilution was 1:5000. Incubation times were 2 h for coating, with lysozyme was previously reported and was partially
overnight at 37°C under agitation (preincubation) followed by 1.5 h on the microplate attributed to electrostatic interaction$2( 43). However, as it
at room temperature for the antigen—AB; mixture and 2 h for AB,. ® R and Rk: is difficult to obtain pure and soluble ovomucin, we could not
recovery/added lysozyme concentration and recovery/total lysozyme concentration, verify the effect of this protein in our assay.
respectively. ¢value significantly different from 100% (P < 0.05), as estimated by o - . . .
the ttest Reproducibility Precision profiles were obtained for different

lysozyme concentrations and egg white dilutions. Variability
increased at lower lysozyme concentrations, while remaining
Iac:ceptable £10%) within the working linear range (data not
shown). The same trend was observed with different egg white
samples, with coefficient of variation (CV) exceeding 10%
between dilutions 1:3000 and 1:5000. Considering the previous
results (egg white linear working range, recovery studies) an
egg white dilution of 1:3000 was considered as the most suitable

when trying to quantify one of its constituent proteins, especially for.the alsszla)y. Cboncerning the ;tanldal;d c%rve-fitting piarameters
lysozyme, which possesses a highly bagicTe initial pH of (m|n|m.a absor ancemin; maximal absorbanceémay; Ope,
egg white (7.6), as well as that of our ELISA buffers (7.4), is andlso; Figure 2), all CV values were below 10% for intra-

intermediate to the basid pf lysozyme and theIpof most of assay variation, whereas day-to-day variability was larger,
egg white proteins, e.g. ovalbumin, 4.5; ovotransferrin, 6.1; ©SPecially forAmax andlso, but did not exceed 15%. Intra- and

ovomucoid, 4.1; ovoinhibitor, 5.1; ovomucin, 4:5 (10), thus interass_ay variations for the lysozyme concentration in the same
promoting electrostatic interactiondd-42). As a result, some €99 White sample were 2.334 0.159 mg/mL (CV of 6.8%)
epitopes may be masked and inaccessible to Bnsequently; ~ and 2.791£ 0.211 mg/mL (CV of 7.6%), respectively. Some
AB; binds preferentially to immobilized lysozyme, despite the pf these variations could be attributed to the variability inherent
presence of NaCl (0.137 M) in the buffer, which is known for I the standard curve.

its ability to decrease such interactions. The only way to avoid ~ Variability of Lysozyme Level in Albumen from Eggs
such interference is to dilute the sample while remaining within Laid by a Hen Cohort. To assess the ELISA for routine
the assay linear working range. This objective was attained in analysis, we estimated the variability of lysozyme level in
our assay at egg white dilutions around 1:3000. High sensitivity albumen of eggs laid by 97 hens of the same pedigree line.
was a prerequisite to deal with such dilution, avoiding matrix The concentration of egg white proteins and lysozyFigyre
effects. In our case, with a detection limit of 264 ng/mL, the 5) followed a normal distribution, as estimated with the
sensitivity of the ELISA was acceptable and suitable for the Kolmogorov-Smirnov test. Total protein concentrations ranged
measurement of lysozyme in egg white. A higher sensitivity from 99.5 to 131.4 mg/mL of egg white, corresponding to an
would have required dilution of egg white to a level at which average level of 10.9 wt % of whole albumen. Lysozyme
it would have been difficult to obtain good reproducibility (e.g., concentrations ranged approximatively from 2.2 to 4.4 mg/mL
egg white dilution of about 1:1,000,000 for a-10 ng/mL (experimental mean, 3.080 mg/mL) and from 2 to 4% (experi-
working range). Such high sensitivity was also obtained in mental mean, 2.723%) of total egg white proteins. All these
several ELISA, which have been developed to quantify HEW values are similar to those usually reported for hen egg white,
lysozyme in food matrix Z4, 25, 27) or human lysozyme in i.e. total proteins, 11 wt % of whole albume#d]; lysozyme,
biological fluids @2, 26), milieu where the lysozyme can be 3.4% of total proteins10). The interhen variability of lysozyme
present at very low concentration. However, to date, no ELISA levels has been previously describdé)( Values obtained were
assay has been optimized for investigating lysozyme in egg higher than the present study and ranged from 3.5 to 5.8 mg/
white samples where matrix effects can be particularly strong mL. These discrepancies may be inherent to the assay meth-
assuming the high viscosity of this milieu. odology like turbidimetric method, which can be affected by

diluted 1:3000 and 1:4000réble 2). Low or no recovery of
added lysozyme was obtained for concentrations lower or equal
to 0.1ug/mL. On the other hand, total recovery was acceptable,
whatever the added lysozyme. Low recoveries were observed
when egg white, diluted 1:1000 or 1:2000, was reinforced with
lysozyme in the range of 0.65L ug/mL (results not shown).
This emphasizes the problem of matrix effects in egg white
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20+ mean (+ SD): 1134 mg/ml +7.6 for providing eggs and prgparing egg whi.te samples during the
CV:6.7% hen cohort study and Jodichel for measuring lysozyme levels
15 median: 113 mg/ml in these Samples_

Normality test: P>0.10
n=97 (triplicate)

LITERATURE CITED

Number of hens
$

(1) Beintema, J. J.; Terwisscha van Scheltinga, A. C. Plant lysozymes.
EXS1996 75, 75—-86.
(2) Prager, E. M.; Jole P. Animal lysozymes c and g: An

100 103 106 109 112 115 118 121 124 127 130 overview.EXS1996 75, 9—31.
Total proteins (mg/ml) (3) Jolles, P.; Jolls, J. What is new in lysozyme research? Always
a model system, today as yesterdipl. Cell. Biochem1984
20 g@ﬂgigsg): 3.080 mg/ml +0.427 63(2), 165-189. . .
Modion: 3 866 mg/ml (4) Sava, G.; Benetti, A.; Ceschia, V.; Pacor, S. Lysozyme and
2 Normal'ity.test: P>0.10 cancer: Role of exogenous lysozyme as anticancer agent
2 159 n=97 (triplicate) (review). Anticancer Res1989 9(3), 583-591.
S (5) Sava, G. Pharmacological aspects and therapeutic applications
g 104 of lysozymes EXS1996 75, 433-449.
£ (6) Lee-Huang, S.; Huang, P. L.; Sun, Y.; Huang, P. L.; Kung, H.-
z 5 F.; Blithe, D. L.; Chen, H.-C. Lysozyme and RNases as anti-
HIV components ing-core preparations of human chorionic
] ] gonadotropinProc. Natl. Acad. Sci. U.S.AL999 96, 2678—
2.0 222426283032 34 3.6 3.8 40 42 44 2681. _ _
Lysozyme (mg/ml) (7) Proctor, V. A.; Cunningham, F. E. The chemistry of lysozyme
and its use as a food preservative and a pharmaceu@&st
mean (= SD): 2.723 % = 0386 Crit. Rev. Food Sci. Nutr1988 26(4), 359-95.
CV: 142 % (8) Cunningham, F. E.; Proctor, V. A.; Goetsch, S. J. Egg-white
207 N median: 2.684 % lysozyme as a food preservative: An overviélorlds Poult.

Normality test: P>0.10 Sci. J 1991, 47, 141—-163.

n=97 (triplicate) (9) Johnson, E. A. Egg white lysozyme as a preservative for use in
foods. INEgg Uses and Processing Technologies; Nevebgp-
ments Sim, J. S., Nakai, S., Eds.; CAB International: Oxon,
UK, 1994; pp 177191.

(10) Stevens, L. Egg white proteinrSomp. Biochem. Physidl991,
1008 1-9.

(11) Stevens, L. Egg proteins: What are their functioBs® Prog.
1996 79(1), 65-87.

(12) Boasson, E. H. On the bacteriolysis by lysozythdmmunol.

Number of hens

20 22 24 26 28 3.0 32 34 36 38 40

Lysozyme (%)

. istributi f | . . ) / f 1938 34, 281—-293.
Figure 5 Distribution of (a) total prot_em concentratolons (in mg mL_ 0 (13) Gorin, G.: Wang, S.-F.; Papapavlou, L. Assay of lysozyme by
egg white) and (b, ¢) lysozyme levels (in mg/mL and % of total proteins) its Iytic action onM. lysodeikticuzcells. Anal. Biochem1971,
in egg white from eggs (5 eggs/hen) laid by 97 38-week old Isabrown 39, 113-127.
hens. Normality of the distribution was assessed by performing the (14) Grossowicz, N.; Ariel, M. Methods for determination of lysozyme
Kolmogorov—Smirmnov test: distribution was considered normal for P > activity. Methods Biochem. Anal983 29, 435-446.
0.10. Assay parameters were as previously optimized. (15) Ibrahim, H. R. On the novel catalytically independent antimi-

crobial function of hen egg-white lysozyme: A conformation-
dependent activityNahrung 1998 42, 187—193.

many factors 14) and/or genetic characteristics of the studied =P " )
Dtring, K.; Porsch, P.; Mahn, A.; Brinkmann, O.; Gieffers, W.

. . 6)
hens (White Leghorns hens versus Isabrown hens in our study). @ Ch e T y
The first study has been carried out 50 years ago and since then Igg;il%néénjig%m'crOb'C'dal activity of lysozyme&BS Lett

selection of laying hens has more than double the yearly egg (17) Ibrahim, H. R.; Matsuzaki, T.; Aoki, T. Genetic evidence that

production, resulting in a specialized line with more homoge- antibacterial activity of lysozyme is independent of its catalytic

neous genetic background. However, the comparison of egg function. FEBS Lett 2001, 506, 27—32.

quality of modern lines to old types reveals a limited change in  (18) Weth, F.; Schroeder, T.; Buxtorf, U. P. Determination of

egg composition46). lysozyme content in eggs and egg products using SDS-gel
From these results, we conclude that this optimized ELISA, electrophoresisZ. Lebensm. Unters. Forscth988 187, 541—

described inTable 1, is sufficiently linear, sensitive, specific, 545.

accurate, reproducible, and convenient for quantifying lysozyme (19) Galyean, R. D; Cotterill, O. J. lon-exchange chromatographic
as low as 0.26.g/mL in hen egg white, especially when many determination of lysozyme in egg whité&. Food Sci1981, 46,

1827-1828.
samples have to be analyzed. (20) Thapon, J.-L.; BruleG. Dosage du lysozyme dans le blanc d’'ceuf

par chromatographie liquide haute performar®e. Aliments
ACKNOWLEDGMENT 1982 2, 251—260.
(21) Liao, Y. H.; Brown, M. B.; Martin, G. P. Turbidimetric and

This work was supported by funding received from the European HPLC assays for the determination of formulated lysozyme

Community for the project Egg Defense (QI__RT-20017016_QG). activity. J. Pharm. Pharmaco2001 53(4), 549-554.

The authors are grateful to Professor M. T. Hincke for his critical (22) Francina, A.; Cloppet, H.; Guinet, R.; Rossi, M.; Guyotat, D.;
and constructive reading of the manuscript. The authors also Gentilhomme, O.; Richard, M. A rapid and sensitive noncom-
thank the ISA society and the Department of Food Technology petitive avidin-biotin immuno-enzymatic assay for lysozyme.

from the Ecole Nationale Supeure d’Agronomie de Rennes J. Immunol. Methods1986 87, 267-272.



ELISA for Quantifying Lysozyme in Hen Egg White

(23) Thonar, E. J.-M. A; Feist, S. B.; Fassbender, K.; Lenz, M. E.;
Matijevitch, B. L.; Kuettner, K. E. Quantification of hen egg
white lysozyme in cartilage by an enzyme-linked immunosorbent
assay.Connect. Tissue Re$988 17, 181-198.

(24) Rauch, P.; Hochel, I.; ¥aJ. Sandwich enzyme immunoassay
of hen egg lysozyme in foods. Food Sci.199Q 55(1), 103-
105.

(25) Yoshida, A.; Takagaki, Y.; Nishimune, T. Enzyme immunoassay
for hen egg white lysozyme used as a food additizeAssoc.
Off. Anal. Chem1991, 74(3), 502-505.

(26) Taylor, D. C.; Cripps, A. W.; Clancy, R. L. Measurement of
lysozyme by an enzyme-linked immunosorbent as3aymmu-
nol. Methods1992 146, 55-61.

(27) Rauch, P.; Poplstein, M.; Hochel, |.; Fukal, L.; Ferri, E,;
Abagnato, C. A.; Girotti, S.; Roda, A. Enhanced chemilumines-
cent sandwich enzyme immunoassay for hen egg lysozyme.
Biolumin. Chemilumin1995 10, 35—40.

(28) Laemmli, U. K. Cleavage of structural proteins during the
assembly of the head of bacteriophage T™ature 197Q
227(259), 680-685.

(29) Bradford, M. M. A rapid and sensitive method for the quantitation
of microgram quantities of protein utilizing the principle of
protein—dye binding.Anal. Biochem1976 72, 248-254.

(30) Bradstreet, R. BThe Kjeldahl method for organic nitrogen
Academic Press: New York, 1965.

(31) Green, N. M. Avidin. Adv. Protein Chem1975 29, 85-133.

(32) Awade A. C.; Efstathiou, T. Comparison of three liquid
chromatographic methods for egg-white protein analy$is.
Chromatogr. B1999 723 69-74.

(33) Trudel, J.; Asselin, A. Detection of a glycosylated form of hen
egg white lysozymeBiochem. Cell. Bial1995 73, 307—309.

(34) Crowther, J. RMethods in Molecular Biology: The ELISA
guidebook Walker, J. M., Ed.; Humana Press: Totowa, NJ,
2001; 149, p 209211.

(35) Harlow, E.; Lane, DAntibodies: A Laboratory ManualCold
Spring Harbor Laboratory: New York, 1988; p 726.

J. Agric. Food Chem., Vol. 53, No. 7, 2005 2385

(36) Steiner, R. F. Reversible association processes of globular
proteins. Il. Electrostatic complexes of plasma albumin and
lysozyme.Arch. Biochem. Biophyd4953 47, 56—75.

(37) Pesce, A. J.; Michael, J. G. Artifacts and limitations of enzyme
immunoassayJ. Immunol. Methods1992 150 111-119.

(38) Fernando, S. A.; Wilson, G. S. Studies of the ‘hook’ effect in
the one-step sandwich immunoassdy.lmmunol. Methods
19923 151(1—-2), 47-66.

(39) Fernando, S. A.; Wilson, G. S. Multiple epitope interactions in
the two-step sandwich immunoassal. Immunol. Methods
1992h 151(1-2), 67-86.

(40) Ehrenpreis, S.; Warner, R. C. The interaction of conalbumin and
lysozyme.Arch. Biochem. Biophy4956 61, 38—50.

(41) Cunningham, F. E.; Lineweaver, H. Inactivation of lysozyme
by native ovalbuminPoult. Sci 1967, 46, 1471-1477.

(42) Kato, A.; Imoto, T.; Yagishita, K. The binding groups in
ovomucin-lysozyme interactionAgric. Biol. Chem 1975 39,
541-544.

(43) Cotterill, O. J.; Winter, A. R. Egg white lysozyme. 3. The effect
of pH on the lysozyme-ovomucin interactidhoult. Sci 1955
34, 679-686.

(44) Vadehra, D. V.; Nath, K. R. Eggs as a source of proteiRC
Crit. Rev. Food Technol1973 4, 193-309.

(45) Wilcox, F. H., Jr.; Cole, R. K. Studies on the lysozyme
concentration in the egg white of the domestic foRault. Sci
1954 33(2), 392-397.

(46) Tharrington, J. B.; Gurtis, P. A.; Jones F. T.; Anderson, K. E.
Comparison of physical quality and composition of eggs from
historic strains of single comb white leghorns chickePsult.
Sci. 1999 79, 1666-1670.

Received for review August 3, 2004. Revised manuscript received
December 23, 2004. Accepted January 5, 2005.

JF0486920



