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Abstract. Embden goose (GEWL) and Barbary duck (DEWL) egg white lysozymes possess different amino acid 
sequences corresponding to the g-type and c-type, respectively. GEWL was shown to be a better immunogen than 
DEWL in both rabbits and mice. The antigenicity of the two lysozymes was tested using different techniques (i.e. 
indirect ELISA, inhibition tests and immunoabsorption experiments). Injection of either GEWL or DEWL into 
rabbits and mice induced both specific antibodies and cross-reacting antibodies. Moreover, anti-GEWL antibodies, 
in contrast to anti-DEWL antibodies, did not cross-react with hen egg white lysozyme (HEWL), a c-type lysozyme. 
While the structure of GEWL was not modified after binding to plastic, DEWL was denaturated, but it did keep some 
native epitopes. It was concluded that g-type and c-type lysozymes, which have different amino acid sequences, exhibit 
strong common antigenic properties. 
Key words. Bird lysozymes; immunogenicity; antigenicity; ELISA. 

Lysozyme (E.C. 3.2.1.17) is an enzyme found in various 
tissues and secretions, which hydrolyses 1,4-/~ linkages 
between N-acetylmuramic acid and N-acetyl-D-glu- 
cosamine in the bacterial cell wall. Lysozyme has been 
extensively used as a model system in a large number 
of studies 18 of protein sequence determinations 17'18, 
X-ray crystallography 6'z2, mechanisms of enzyme ac- 
tion 6, molecular evolution 18,19, and immunology 4, 5. 
Lysozymes have been found not only in mammals, birds, 
fishes and invertebrates but also in bacteriophages, bac- 
teria, fungi and plants 18. These lysozymes belong to dif- 
ferent enzyme families and in many instances are quite 
different structurally. 
The type of lysozymes found in hen egg white (c-type, 
molecular mass: 14.5 kD), whose sequence and proper- 
ties are well-known, has been found to be present in the 
egg white of only two orders of birds, the Galliforms and 
the Anseriforms 23. In contrast, the lysozyme which was 
originally found in goose egg white (g-type, molecular 
mass: 21 kD)8, 9 has been detected in a large number of 
avian orders 23. The taxonomic distribution of g-type 
lysozyme is thus broader than that of c-type lysozyme. 
Schoentgen et al. 24 found only slight amino acid se- 
quence homology between g-type and c-type lysozymes, 

which was localized around the active site of the en- 
zymes. However, a partial common domain structure for 
both types of lysozymes has been determined by crystal- 
lography 12. 

The immunological properties of hen egg white lysozyme 
(HEWL) have been studied by many workers 3, 4,16, 2o. 
The c-type lysozyme contains several major immunolog- 
ically-active regions around the disulphide bridges, and 
in such regions particular amino acid residues (such 
as Arg 68) have a stronger impact than others on 
the antigenic reactivity 4,15. Anti-HEWL polyclonal 
serum 15,16, 20 has been shown to cross-react with differ- 
ent c-type lysozymes (i.e. duck, quail, turkey...) which 
had been differentiated by monoclonal antibod- 
ies 13, 25 26. However, it has been reported that antibodies 
directed against the c-type HEWL do not cross-react 
with the g-type lysozyme, and vice versa, either in a 
microcomplement fixation procedure or in immunodiffu- 
sion tests 2, 3. 
It has been shown that when enzyme-linked immunosor- 
bent assay (ELISA) tests are used to investigate cross-re- 
actions between proteins, the results may vary because 
some proteins are denatured by binding to the plastic. 
In this study we were able to demonstrate a strong anti- 
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genic cross-reactivity between goose (g-type) and duck 
(c-type) lysozymes in rabbits and mice, using ELISA 
techniques. 

Materials and methods 
Hen egg white lysozyme (HEWL) was purchased from 
SIGMA (St. Louis, USA). Goose egg white lysozyme 
(GEWL) was purified by Danioux and Joll~s as previous- 
ly described 9. 
Duck egg white lysozymes (DEWL) II  and II114 were 
purified together from duck eggs (Cairina moschata also 
called Barbary). Duck egg whites diluted in water at the 
ratio of 1/3 (v:v) were adjusted to pH 6 with 10% citric 
acid in the presence of 0.02% sodium azide and were 
agitated overnight at 4~ (Thapon, personal communi- 
cation). After filtration through Whatmann paper (2V), 
50 ml of the supernatant, adjusted to pH 5.5, was further 
purified at room temperature by chromatography on a 
CMB52 (SERVA) gel column (12 ml) equilibrated in a 
10mM ammonium acetate buffer at pH 5.5. The 
lysozyme bound to the resin was washed with the same 
buffer, then eluted with 200 ml of an ammonium acetate 
buffer gradient from 10 mM up to I M at pH 5.5. The 
flow rate of the column was 1 ml/min leading to two 
peaks at 0.25 M and 0.7 M, respectively. The second 
peak contained 30 mg of pure DEWL, as shown by SDS- 
PAGE analysis (12%) in the presence of fl-mercapto- 
ethanol, followed by silver staining 21. A single band (at 
14.5 kD) was identified by immunoblotting with a mono- 
clonal antibody directed against HEWL which is known 
to cross-react with DEWL (generously donated by Dr 
S. Smith-Gill). 

Immunization. Six-month-old, female, white New- 
Zealand rabbits were given an intradermal injection of 
100 gg of either GEWL or DEWL in complete Freund's 
adjuvant (CFA), and the sera were harvested 15 days 
later. The rabbits received 4 intradermal boosts, each of 
100 gg of antigen, in incomplete Freund's adjuvant (IFA) 
at monthly intervals, and sera were collected 5, 10 and 15 
days after each boost. Pooled sera were stored at 4 ~ 
after addition of 0.02 % sodium azide. A similar immu- 
nization was performed on three-month-old, female, 
Balb/c mice with 25 gg of antigen, and sera were collect- 
ed 10 days after each boost. For each antigen, 2 rabbits 
and 5 mice were used. 

Indirect enzyme linked immunosorbent assay (indirect 
ELISA). The solid-phase assay using antigen bound to a 
solid support was an ELISA modified from that of Eng- 
vall and Perlmann 11. All reagents were used at a volume 
of 100 gl/well except for the substrate, which was used at 
200 txl/we|l. Plastic wells (maxi sorp, n ~ 4-42404 Nunc) 
were coated with 3 gg/ml of antigen (protein concentra- 
tion assayed with Protein Assay Reagent [Pierce, USA]) 
in 0.05 M carbonate buffer at pH 9.6 for 2 h at 37 ~ or 
overnight at 4 ~ Coated plates were then washed with 
phosphate-buffered saline (PBS) containing 0.05% 

Tween 20. A 5% fat-free milk solution in carbonate 
buffer was then added to each well and left for one hour 
at 37 ~ After 5 washes, the plates were incubated with 
either anti-GEWL or anti-DEWL serum at different di- 
lutions in PBS, for 2 h at 37 ~ or overnight at 4 ~ The 
plates were washed again and then incubated with an 
anti-species (mouse or rabbit as appropriate) IgG cou- 
pled to horse radish peroxidase (1/3000 in PBS, BIO- 
RAD) for one hour at 37~ Plates were washed 10 times 
before incubation with a freshly-prepared substrate solu- 
tion containing 100gl of azino-ethyl-benzthiazolin- 
sulphonate (stock solution 100mg/4.5 ml water) and 
20 gl of 35 % hydrogen peroxide in 20 ml of 0.05 M cit- 
rate buffer at pH 4. The plates were read at 405 nm after 
20 min at 37 ~ For each assay, controls for non-specific 
binding of anti-lysozyme antibodies and enzyme-labelled 
antibodies were included. 
An indirect ELISA test was performed with different 
concentrations of antigen (37 ng/ml to 3 gg/ml) and then 
serum dilutions were chosen as the maximum of ab- 
sorbance obtained for 3 gg/ml of homologous antigen. 

ELISA inhibition tests. Inhibition was performed by pre- 
incubating various concentrations of either GEWL, 
DEWL or HEWL with the quantity of antibodies which 
in the indirect ELISA test exhibited 50 % activity. After 
2 h at 37 ~ this mixture was incubated in plates coated 
with 3 lxg/ml of GEWL or DEWL and the assay was 
completed as described above. 

Preparation of the immunosorbent. Five ml of goose egg 
white (containing about 1 mg/ml of lysozyme) was fixed 
with 400 gl of 25 % glutaraldehyde 27. This produced a 
gel which was passed through a syringe with needles of 
decreasing diameter from 1.2 to 0.3 mm and was then 
saturated with 0.1 M glycine. The gel was washed in PBS 
until the absorbance at 280 nm was almost zero, and was 
then washed with a 1 M glycine-HC1 buffer at pH 2.8. It 
was then washed in a 1 M K-dihydrogen-phosphate so- 
lution before regeneration with PBS. The gel was washed 
in 10 ml of each solution (PBS, glycine/HC1 buffer, K 
HEPO4) containing 0.01% sodium azide then centrifuged 
for 30 min at 1500 x g. The entire procedure was per- 
formed at 3 - 5  ~ 
Five mg of purified DEWL was bound to 5 ml of a 
preactivated gel (ACA 22, SERVA). Absorbance at 
280 nm showed that 4 mg of DEWL was bound to the 
gel, which was introduced into a column and treated as 
above. 

Preparation of affinity-purified antibodies. On GEWL gel: 
One ml of each rabbit anti-lysozyme serum was diluted 
ten times in PBS then mixed with the gel overnight at 
4 ~ under agitation. After centrifugation for 15 rain at 
3000 x g at 4~ the supernatant was harvested. The 
bound immunoglobulins (Ig) were eluted by 10 ml of the 
glycine buffer and immediately neutralised with crys- 
tallised Tris and then dialysed against cold PBS. The 
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serum was passed 4 times through the gel after it had 
been regenerated and then the antibodies were tested in 
an ELISA test. 

On DEWL gel: One ml of each rabbit anti-lys'ozyme 
serum was applied on the DEWL column, equilibrated in 
PBS, and then a continuous flow (1 ml/min) was imposed 
overnight at 4 ~ The unbound proteins were harvested 
before the washing of the gel with PBS, then the Ig were 
eluted in glycine/HC1 buffer and treated as described 
above. The column was regenerated with the K H2PO4 
solution, then equilibrated in PBS. 

Results 
Immunogenicity of GEWL and DEWL. Rabbit and 
mouse sera before immunization were free of anti- 
lysozyme antibodies. By an indirect ELISA test, GEWL 
was found to induce slightly higher antibody titres to 
homologous antigen (1/250000) than to DEWL (1/ 
50 000) (table). In rabbit anti-GEWL serum, antibodies 
cross-reacting with DEWL appeared after the second 
boost. No antibodies bound to HEWL. In rabbit anti- 
DEWL serum, antibodies cross-reacting with GEWL ap- 
peared after the first boost. This serum cross-reacted 
strongly with HEWL. Early antisera were more specific 
than the hyperimmune sera. 

Antigenieity of GEWL and DEWL. By indirect ELISA 
tests, rabbit anti-GEWL serum (fig. 1 a) cross-reacted 
with DEWL at 1 or 3 ~tl/ml but not with HEWL. Rabbit 
anti-DEWL serum (fig. 1 b) had a slight cross-reaction 
with GEWL at i or 3 gg/ml and had a strong cross-reac- 
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Figure 1. Antigen concentration curves. Checkerboard titrations of hy- 
perimmune rabbit sera (a anti-GEWL 1/10000 and b anti-DEWL 1/ 
3000) against different concentrations of lysozyme (goose: O; duck: 
A and hen: I~) as tested by indirect ELISA. 

Immunogenicity of goose (GEWL) and duck (DEWL) lysozymes. Immu- 
nogenic properties of four different sera were tested by indirect ELISA. 
Antigens were coated as a 3 gg/ml solution (goose egg white lysozyme: 
GEWL; duck egg white lysozyme: DEWL and hen egg white lysozyme: 
HEWL). 
Dilutions are given for O.D. = 0.5 after subtraction of background. 

Sera Antigens coated on plastic plates 
GEWL DEWL HEWL 

Anti-GEWL 
Rabbit serum 

Non-immune serum 
Primary injection 1/1000 
First boost 1/3000 
Second boost 1/100000 1/3000 
Hyperimmune serum 1/250000 1/50000 

Mouse serum 
Non-immune serum 
Primary injection 1/3000 
First boost 1/20000 
Second boost 1/20 000 
Hyperimmune serum 1/20000 1]3000 

Anti-DEWL 
Rabbit serum 

Non-immune serum 
Primary injection 1/300 
First boost 1/10000 1/50000 
Hyperimmune serum 1/10000 1/50000 

Mouse serum 
Non-immune serum 
Primary injection 1/100 1/1000 
First boost 1/400 1/4000 
Hyperimmune serum 1/1000 1/6000 

< 11100 

1/300 
1/5o0o0 
1/5o0o0 

l/IOOO 
1/1000 
1/1000 

tion with HEWL. For further experiments, 3 gg/ml of 
antigen were used. 
I125 labelled goose and duck lysozymes bound identically 
to the plastic plate, and antigenic properties were not 
modified (i.e. as detected by radioactivity measurements 
and by indirect ELISA; data not shown). 
By inhibition test, rabbit anti-GEWL serum, as tested on 
GEWL coated plates, was 100% inhibited by GEWL 
and 25% inhibited by DEWL in solution; there was no 
inhibition by HEWL (fig. 2a). Thus 100 % of these anti- 
bodies bound both GEWL in solution and GEWL coat- 
ed on plastic. This serum contained at least 25 % anti- 
bodies cross-reacting with native DEWL. The same 
serum, as tested on a DEWL-coated plate, exhibited 
100% inhibition with a very small amount of GEWL 
while the same inhibition required a larger amount of 
DEWL (fig. 2 b). A high concentration of HEWL was 
required to inhibit only 60 % of anti-GEWL rabbit anti- 
bodies tested on DEWL. Thus, most antibodies seemed 
to be specific for GEWL and only a small proportion 
could bind both goose (g - type )and  duck (c-type) 
lysozymes in solution. Similar results were obtained with 
mouse anti-GEWL serum but cross-reacting antibodies 
recognized both DEWL and HEWL (data not shown). In 
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Figure 2. Specificity of rabbit anti-goose lysozyme serum as measured by 
inhibition tests. Percentage inhibition was checked with three lysozymes 
in solution (goose: O; duck: A and hen: D) at different concentrations 
as measured by indirect ELISA. Antigens were coated as a 3 gg/ml solu- 
tion (a on goose lysozyme and b on duck lysozyme). 

Figure 3. Specificity of rabbit anti-duck lysozyme serum as measured by 
inhibition tests. Percentage inhibition was checked with three lysozymes 
in solution (ie goose: O; duck: iX and hen: D) at different concentra- 
tions as measured by indirect ELISA. Antigens were coated as a 3 ~g/ml 
solution (a on duck lysozyme and b on goose lysozyme). 

the rabbit serum raised against DEWL, only 50 % of the 
antibodies which bound DEWL when coated on plastic 
were able to bind DEWL in solution (fig. 3a). Thus, 
DEWL was mostly denatured by its binding to the plas- 
tic. In addition, a population of antibodies does exist 
which bind DEWL only in solution and not on plastic 
(see below). 100% inhibition of the binding of anti- 
DEWL antibodies to plastic-bound GEWL was obtained 
with either GEWL or DEWL, but only 50 % inhibition 
was reached with a high concentration of HEWL 
(fig. 3 b). Thus, there were antibodies which recognized 
DEWL and GEWL but not HEWL. Mouse anti-DEWL 
serum exhibited similar properties (data not shown). 
In immuno-absorption experiments, when the rabbit anti- 
GEWL serum applied on a homologous column (i.e. 
GEWL) all activity both against GEWL and against 
DEWL was fully absorbed (fig. 4 a), as tested by indirect 
ELISA. Vice versa, all recovered specific immunoglobu- 
lins (Ig) (no antibody reactivity was recovered from the 
rinsing passing-through serum) bound both GEWL a n d  
DEWL but not HEWL in indirect ELISA (fig. 5 a). 

The same rabbit anti-GEWL serum applied on a het- 
erologous column (i.e. DEWL) kept about 1/3 of its reac- 
tivity against both GEWL and DEWL (fig. 4b) Ig recov- 
ered from the DEWL column also showed a strong 
cross-reactivity with DEWL (fig. 5 b) with a slight cross- 
reactivity with HEWL. 
The rabbit anti-DEWL serum kept some reactivity 
against DEWL after immunoabsorption on the ho- 
mologous column (i.e. DEWL) (fig. 4c) while antibodies 
binding to GEWL were fully removed. Recovered Ig 
were fully active against DEWL (fig. 5 c) and HEWL and 
cross-reacted with GEWL. Thus, there are common na- 
tive epitopes on goose and duck lysozymes. 
The same anti-serum when absorbed on GEWL, kept 
about 1/3 of its reactivity on DEWL (fig. 4 d), while puri- 
fied Ig bound poorly (fig. 5 d) on either DEWL, GEWL 
or HEWL. 

Discussion 
Up until the present time immuno-cross-reactivity has 
been shown among tysozymes belonging to the c- 
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Figure 4. Specificity of rabbit anti-lysozyme sera after immuno-absorp- 
tion. Rabbit anti-lysozyme sera were studied by indirect ELISA tests 
before (open symbols) and after immunoabsorption (closed symbols). 
Antigens were coated as a 3 pg/ml solution (ie goose (�9 or duck (A) or 
hen ([-1) lysozyme), a rabbit anti-goose lysozyme serum was applied on 

a goose lysozyme column; b rabbit anti-goose lysozyme serum was ap- 
plied on a duck lysozyme column; c rabbit anti-duck lysozyme serum 
was applied on a duck lysozyme column; d rabbit anti-duck lysozyme 
serum was applied on a goose lysozyme column. 
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type 15.16, 2 0  but antibodies raised against HEWL have 
been found not to cross-react with the g-type lysozyme, 
and vice versa, in either immunodiffusion tests or micro- 
complement fixation 3. These results have been support- 
ed by marked differences in the amino acid sequences of 
the two types of lysozyme 18. However, the three-dimen- 
sional structures of both g-type and c-type lysozymes, as 
studied by crystallography 12, do exhibit some similari- 
ties in certain domains. 
The results of this study support the idea that common 
epitopes do exist on goose and duck egg white lysozymes, 
even though the two proteins possess many different im- 
munogenic and antigenic properties: 1) GEWL was 
found to be more immunogenic than DEWL (table). This 
may be due to immune tolerance caused by the presence 
ofa  c-typelysozymeinmammals. 2) Rabbit anti-GEWL 
serum cross-reacted strongly with DEWL, whereas rab- 
bit anti-DEWL serum cross-reacted only slightly with 
GEWL (figs I a and 1 b): this observation might be due 
to a higher affinity of anti-GEWL antibodies compared 
to that of anti-DEWL. 
From these results, it can be concluded that epitopes 
present on GEWL, which were potent immunogens, were 
present on DEWL but absent from HEWL (figs I a, 2 a, 
4 a and 5 a). On the other hand, antibodies from rabbit 
anti-DEWL serum recognized GEWL (figs 4 b -d ,  5 b). A 
strong cross-reactivity of anti-DEWL sera was found 
with HEWL (table). 

It has been shown that during protein binding to plastic, 
changes in the protein conformation occur, leading to a 
loss of some epitopes l'7,l~ Altschuh et al. a ob- 
served that a viral peptide from tobacco mosaic virus did 
not bind monoclonal antibodies which were nevertheless 
able to capture this antigen in sandwich ELISA. Djavani- 
Ohaniance et al. lo described one monoclonal antibody 
which was able to inhibit tryptophan synthase activity 
although it was unable to bind this enzyme in an indirect 
ELISA test. Ovalbumin lost 90 % of its native epitopes 
by binding to plastic, when tested with 9 monoclonal 
antibodies, but these were, however, able to capture the 
native antigen ao. Thus, depending upon the immuno- 
chemical test used, some epitopes may or may not be 
identified by the same antibodies 28. 
GEWL was unaffected by binding to the plastic, as 
shown by a 100% inhibition of anti-GEWL antibodies 
by GEWL in solution (fig. 2a) and a 100 % recovery of 
antibody activity in Ig absorbed on a GEWL column 
(fig. 5 a). In contrast, when DEWL bound to plastic it 
acquired neoepitopes which were absent from the native 
form, as is shown by only 50 % inhibition of anti-DEWL 
antibodies by DEWL in solution (fig. 3 a), and also by 
immuno-absorption (fig. 4c). Ig specific for the native 
form of DEWL (fig. 5 c) identified DEWL on plastic, 
showing that some native epitopes were still present. 
The results reported by Arnheim and Steller a, showing 
that no immunological cross-reaction occurred between 
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the two types of  lysozyme, might  be due either to the test 
used being insensi t ive or to the i m m u n i z a t i o n  procedures  
they employed,  which was different f rom ours  (they im- 
munized  an imals  with H E W L  ins tead o f  D E W L ) .  The  
use of  m o n o c l o n a l  an t ibodies  m a y  resolve this point .  
The work  repor ted  in the present  paper  shows that  some 
c o m m o n  epitopes do exist on  G E W L  a n d  D E W L .  The 
cross-reactivity be tween the two lysozymes is likely to be 
due to con fo rma t iona l  similarities 28, since only  a 

slight sequence homology  has been fo u n d  on  these 
molecules 24. The existence of  con fo rma t iona l  similarities 

is suppor ted  by  crystal lographic  observa t ions  showing 
some c o m m o n  d o m a i n  s tructures  be tween g-type and  
c-type lysozymes, despite the fact tha t  the a m i n o  acid 
sequences are a lmost  ent irely different.  
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Variation in regulation of aflatoxin biosynthesis among isolates of Aspergillus flavus 
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Abstract. Two new phenotypes  of  Aspergillusflavus which exhibit  novel  pa t te rns  of  af la toxin  p roduc t i on  have been 
identif ied and  characterized. In  one of  the new var iants  o f  A.f lavus,  aflatoxin is made  in the absence of  ca rbohydra te  
and  concomi t an t ly  with growth,  wi thou t  a lag period. A second var ian t  did no t  p roduce  af la toxin  in  the presence or 
absence of  carbohydra te .  Chemical  mutagenes is  o f  this nonaf la tox igenic  s t ra in resulted in  m u t a n t  strains which 
p roduced  af la toxin  on  ca rbohydra t e -con ta in ing  media.  The af la toxin p roduc t i on  pa t t e rn  observed in  these m u t a n t s  
resembled the typical p roduc t ion  scheme, with a lag per iod th rough  log phase growth.  
Key words. Afla tox in ;  Aspergillusflavus; Aspergillusparasitieus; secondary  me tabo l i sm;  genetic regula t ion ;  nu t r i t ion-  
al regulat ion.  

The af latoxins are a group  of  polyket ide secondary  
metabol i tes  p roduced  by the f i l amentous  fungi  Asper- 
gillus f lavus and  A. parasiticus. These c o m p o u n d s  are 
toxic and  carcinogenic  an d  f requent ly  con tamina t e  food 

and  feed commodit ies .  Previous invest igat ions  on  the 
regula t ion  of  af la toxin  p roduc t i on  have focused on  nut r i -  
t ional  factors tha t  enhanced  or suppressed af la toxin 
biosynthesis  1-4.  Media  con ta in ing  cer ta in  carbohy-  


