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Previous research has shown that the trans-
fer of mercury (Hg) and selenium (Se) from
the diet into eggs of chickens was influenced
by both the level and the chemical form of
Hg and Se in the diet (1-4). Interactions
between dietary Hg and Se also have been
observed whereby amounts of Hg or Se de-
posited in eggs were changed (1, 2, 5-7).
When Hg was given to chickens in the form
of methyl Hg, 80 to 94% of the total egg Hg
was deposited in the white (2, 5, 6) and
seemed to be associated primarily with the
egg-white protein, ovalbumin (5). In contrast,
Se was deposited mainly in egg yolks of
chickens fed Se (3, 4), but the manner in
which it was bound in egg yolk or white was
not determined.

Although it has been shown that dietary Se
increased Hg deposition in eggs, and vice
versa, the influence of dietary Se and Hg on
the distribution of Hg and Se among egg-
white proteins has not been described. The
research reported herein was conducted to
determine the effects of dietary Hg and Se on
the distribution of Hg and Se in egg-yolk and
egg-white components and on the preferential
binding of Hg and Se to specific proteins of
egg white of chickens.

Materials and methods. Each of two exper-
iments involved 16 White Leghorn laying
hens that were individually caged and main-
tained on a practical diet (6). Four hens were
assigned to each of the four dietary treat-
ments, which consisted of the following com-
binations of Hg (as CH3;HgCl) and Se (as
Na;SeOs) in ppm: 0-0, 20-0, 0-8, and 20-8.
After 3 days on the treatments, the adminis-
tration of oral doses of **Hg and "Se was
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started and eggs were collected daily. The
practical diet contained approximately 0.03
ppm of Hg and 0.25 ppm Se by previous
analysis (6).

In experiment 1, all hens received six daily
doses of 3 uCi CH3;**HgCl (New England
Nuclear, 3.0 mCi/mg = 1.0 ug/hen daily)
and 4 pCi "Se as selenious acid (83.0 mCi/
mg = 0.048 ug/hen daily) each, administered
by oral capsule. Dietary treatments were
given to each group over a 20-day test period,
and feed consumption was recorded daily.
Eggs were collected and cooked in boiling
water. The yolk and whites were separated
and were homogenized individually. One-
gram samples of white and of yolk were
counted for *Hg and "°Se radioactivity by
using a Nuclear-Chicago gamma counter
Model 1426 equipped with a Nal (thallium-
activated) crystal.

Experiment 2 was designed to determine
the distribution of **Hg and °Se in egg-white
proteins. Each hen received a daily oral dose
of 6 uCi CH3**HgCl (1.3 mCi/mg = 4.6 pg/
hen daily) and 6 uCi Na;”SeOs (85.6 mCi/
mg = 0.070 ug/hen daily) for 2 days. All eggs
were collected, the raw egg whites were sep-
arated from the yolks, and samples of raw
egg whites were assayed for *Hg and ™Se
activity. The egg whites from eggs represent-
ing the third day after the start of the oral
dose, contained the highest radioactivity, and
were fractionated.

Egg-white proteins were fractionated (8, 9)
by column chromatography with carboxy-
methyl cellulose (7 meq/g, Sigma Chemical
Co.). The column measured 2.0 X 42 or 1.6
% 80 c¢cm, and the flow rate was 40 ml/hr. A
gradient elution method was employed (8),
with HAc-NH,OH (0.1 M with respect to
acetate) buffer system from pH 4.0 to 10.0.
The absorbance of the effluent at 280 nm was
monitored by a spectrophotometer equipped
with a flow-through cell and recorder. The 7-
ml fractions were collected and counted for
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*%Hg and "Se as previously described. The
fractions corresponding to the protein peaks
were pooled and concentrated.

The protein fractions were identified by
electrophoresis on 7% acrylamide (Bio-Rad)
according to the procedure described by
Smith (10). Tris-glycine, pH 8.3, buffer was
used, and 3 mA/tube was applied. Electro-
phoresis time was 1 hr and 45 min. The gels
were stained with Coomassie brilliant blue
G-250 (0.25% w/v in 3.5% HCIO,) (11). The
purified standards consisted of ovalbumin,
conalbumin, egg globulins, and ovomucoid
(Sigma Chemical Co.).

Total selenium content of the egg-white
proteins was determined by the fluorometric
method according to Olson ef al. (12). Total
mercury determinations in the egg-white pro-
teins were performed by the atomic absorp-
tion spectrophotometric method, “cold va-
por” technique (13) with the following mod-
ifications: (i) Acid digestion was done with
H2SO,~HNO; (5:1) at 85°C for 2 hr. (ii)
Reducing mixture consisted of 53.2 g SnCl,,
30.0 g hydroxylamine- HCI, 10.0 g NaCl, and
100 ml H>SO4 diluted to 1 liter with distilled
H;0. A Perkin-Elmer atomic absorption
spectrophotometer, Model 460, with a mer-
cury hollow-cathode lamp and recorder
(Model 165) was used. Protein determination
of egg-white fractions was done by the Lowry
method (14).

Results. Most of the **Hg found in eggs
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produced by chickens during the 20-day test
period of experiment 1 was present in the egg
white (Table I). This was true irrespective of
dietary levels of Hg or Se. The 8 ppm dietary
Se significantly increased the **Hg content
of egg white, seemingly at the expense of
“Hg in the egg yolk. Levels of dietary Hg
did not influence **Hg in egg white, and no
interaction was observed between Hg and Se
for **Hg in white or yolks. Hg at 20 ppm
significantly increased °Se in egg white and
reduced "Se content of the yolk. Dietary Se
reduced "Se in both the egg white and egg
yolk. A significant interaction between die-
tary Hg and Se was observed for "°Se in the
egg white. In this instance, dietary Hg in-
creased "°Se in egg white markedly when fed
alone, but had little influence on °Se in egg
white when fed to chickens together with Se.

The egg-white proteins from egg whites in
experiment 2, possessing the highest radio-
activity were fractionated (Fig. 1) to reduce
counting error. Fractions were identified by
gel electrophoresis, and *Hg and "Se activ-
ities of each protein fraction were determined.
More than 98% of the **Hg in egg white was
associated with the ovalbumin (Table II).
Highest concentrations of total Hg per milli-
gram of protein were also observed in oval-
bumin when 20 ppm were fed to chickens,
however, Hg was most concentrated in the
globulin fraction when Hg was not added to
the diet.

TABLE L INFLUENCE OF DIETARY METHYL MERCURY AND SELENIUM ON **Hg AND "Se DEPOSITION IN EGGs,
EXPERIMENT 1

Percentage of **Hg and "Se dose”

White Yolk Whole egg

Dietary - I~ ”
Hg-Se (ppm)" 2UJHg 5Ge 203Hg BGe Hg Se
0-0 58.82 5.93 9.01 29.97 67.83 35.90
0-8 65.96 6.02 7.99 7.96 73.95 13.98
20-0 59.04 13.09 12.24 24.78 71.28 37.87
20-8 63.68 8.98 9.52 4.96 73.20 13.94
SEM® 3.06 0.24 0.93 0.78 2.65 0.72

Components of variance?

Hg NS* 0.01 0.05 0.01 NS NS
Se 0.05 0.05 0.05 0.05 NS 0.01
Hg X Se NS 0.05 NS NS NS NS

“ Averages of four hens per ration treatment including approximately all eggs produced in 20 days.
® Daily feed intake averaged 108 g/hen and was not affected by dietary treatment.

¢ Standard error of the mean.

< Indicates independent or interaction effects of dietary Hg and (or) Se level.
¢ Indicates no significant effects (NS) or the level of probability of statistically significant differences.
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F1G. 1. Fractionation of egg white on carboxymethyl cellulose. Column measured 1.6 X 80 cm. Eluting buffer
was 0.1 M HAc-NH,OH (pH 4-10). Flow rate was 40 ml/hr, and fraction size was 7 ml. Letters on the peaks

correspond to the proteins: ovomucoid (M), ovalbumin (A

). globulin (G), conalbumin (C), and lysozyme (L).

TABLE Il. DISTRIBUTION OF ""’Hg AND STABLE Hg AMONG PROTEIN FRACTIONS OF EGG WHITE,
EXPERIMENT 2

Percentage of total” in

Total Hg in egg white

egg white
Dietary Hg- Protein
Se (ppm) Protein fraction i Hg! Stable Hg (ng/mg)" White (ug)
0-0 Ovalbumin 99.0 66.3 04 1.48
Globulin ND“ 237 2.1 0.53
Conalbumin 1.0 10.0 0.2 0.22
0-8 Ovalbumin 99.6 70.8 5.9 13.53
Globulin 0.4 16.1 23.0 1.37
Conalbumin ND 13.1 2.4 1.39
20-0 Ovalbumin 100 97.9 215.0 385.0
Globulin ND 1.4 75.0 4.75
Conalbumin ND 0.7 7.0 3.04
20-8 Ovalbumin 98.2 98.9 135.8 241.0
Globulin 1.8 0.6 17.0 1.44
Conalbumin ND Q0.5 5.6 1.40
Standard error of mean
Ovalbumin 1.8 5.6 25.4 60
Globulin 0.8 1.8 17.6 1.0
Conalbumin — 1.0 2.5

“ Averages of three or four hens per dietary treatment.
® Small amounts of *”Hg were observed occasionally in

the ovomucoid fraction. These values are not included.

“ There were no treatment effects on protein content of egg whites. The average protein content of ovalbumin,
globulin, and conalbumin fractions were 1765, 94, 308 mg per egg white, respectively.

“ Not detectable.

The inclusion of 20 ppm Hg in the diet did
not change the distribution of *”’Hg among
egg-white proteins. Added dietary Hg, how-
ever, significantly increased the proportion
and concentration of total Hg in the proteins
of egg whites and especially in ovalbumin.
The proportion of total egg white Hg in oval-
bumin exceeded 97%. This increase was not
affected by the addition of dietary Se. Even
though the total Hg concentration was in-

creased in the ovalbumin by 20 ppm dietary
Hg, the proportions of total egg-white Hg in
the globulin and conalbumin were reduced.

The largest percentage of "Se dose was
detected in the globulin and conalbumin frac-
tions of egg white (Table III), and this distri-
bution was not changed significantly when
dietary Hg was given to chickens (Table IV).
The pattern of distribution of total Se was
somewhat different. Most of the Se was as-
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sociated with ovalbumin. This was due, as
was the case with total Hg, to the large
amount of ovalbumin present in egg white
together with a moderate concentration of Se
in this protein fraction. The highest concen-
tration of total Se was found in globulin,
especially when 8 ppm Se were fed to chick-
ens. Dietary Hg levels did not significantly
affect stable Se concentrations nor Se distri-
bution among egg-white proteins, but 8 ppm
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dietary Se increased stable Se in the three
protein fractions. The magnitude of increases
was most notable in the globulin fraction.
Discussion. The observation that higher
concentrations of *’Hg were deposited in egg
whites than in yolks agrees with previous
reports (2, 5, 6). Our data also showed that
dietary levels of Hg and Se influenced depo-
sition of **Hg in eggs. The 20 ppm Hg in-
creased “”Hg in yolks while 8 ppm Se en-

TABLE III. DISTRIBUTION OF "°Se AND STABLE Se AMONG PROTEIN FRACTIONS OF EGG WHITE, EXPERIMENT 2

Percentage of total” in

Total Se in egg white

egg white
Dietary Hg- Protein
Se (ppm) Protein fraction »Se” Stable Se (ng/mg)* White (1g)
0-0 Ovalbumin ND“ 86.0 3.5 6.28
Globulin 52.9 5.8 5.6 0.34
Conalbumin 45.8 8.2 1.5 0.58
0-8 Ovalbumin ND 459 4.2 7.23
Globulin 73.2 41.7 91.2 6.62
Conalbumin 244 12.4 7.5 1.90
20-0 Ovalbumin 12.8 76.7 2.9 473
Globulin 66.2 12.5 8.8 0.74
Conalbumin 21.0 10.8 23 0.63
20-8 Ovalbumin ND 46.7 5.5 10.73
Globulin 74.2 40.1 93.0 9.16
Conalbumin 18.5 13.2 6.9 2.25
Standard error of mean

Ovalbumin — 0.2 0.4 3.8

Globulin 37 0.2 7.3 1.8

Conalbumin 34 0.1 0.6 0.8

“ Averages of three or four hens per dietary treatment.

*Se was detected in small and variable amounts in the lysozyme fraction. The values constitute the remaining

fraction of *Se not shown.
9 See corresponding footnotes, Table II.

TABLE 1V. THE COMPONENTS OF VARIANCE SHOWING THE INDEPENDENT AND INTERACTION EFFECTS OF
Dierary Hg AND Se oN Hg AnD Se IN EGG WHITE PROTEINS, EXPERIMENT 2

Percentage of to-
tal in egg white

Total Hg in egg
white

Percentage of to-

Total Hg in egg
tal in egg white

white

Components Stable Protein White Stable Protein White
of variance Hg  Hg (ng/mg) (ug) Se Se (ng/mg)  (1g)
Ovalbumin
Hg NS« 0.05 0.01 0.01 NS NS NS NS
Se NS NS NS NS NS 0.01 0.01 0.01
Hg X Se NS NS NS NS NS NS NS NS
Globulin
Hg NS 0.05 0.05 0.01 NS NS NS NS
Se NS NS 0.05 0.05 0.05 0.01 0.01 0.01
Hg X Se NS NS 0.05 NS NS NS NS NS
Conalbumin
Hg NS 0.05 0.05 NS NS NS NS NS
Se NS NS NS NS 0.05 NS 0.01 0.01
Hg X Se NS NS NS NS NS NS NS NS

“ NS indicates no significant effect; the numerical values indicate level of probability for significant independent

or interaction effects (P < 0.05 or P < 0.01).
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hanced **Hg deposition in whites. These ef-
fects of Hg and Se were most evident when
each was fed to chickens separately. Se in the
diet did not change the pattern of binding of
"3Hg to proteins. Nearly all ***Hg was asso-
ciated with ovalbumin, as suggested previ-
ously (5). This was true irrespective of dietary
Hg levels. However, Se increased **Hg dep-
osition in egg white but, in doing so, did not
diminish the preferential binding of **Hg to
ovalbumin.

Dietary Se produced different patterns for
deposition of ®Hg in experiment 1 and total
Hg in egg white in experiment 2. Whereas Se
increased **Hg in egg whites in experiment
1, total Hg in egg-white proteins produced by
hens fed 20 ppm Hg was reduced by Se in
experiment 2. This discrepancy may be re-
lated to the fact that two separate experiments
were involved and that the egg samples of
each experiment represented different sam-
pling times. The **Hg data in experiment 1
were obtained on all eggs produced during a
20-day period, and the total Hg data in ex-
periment 2 were derived from egg whites
produced on the third day of a similarly
designed experiment. The discrepancy, re-
gardless of origin, does not change the pri-
mary observations that **Hg and total Hg
were associated almost entirely with ovalbu-
min, and dietary Se altered the pattern of Hg
distribution among egg-white proteins only
to a minor extent.

More "*Se was deposited in egg yolk than
in egg white. This finding agrees with Lat-
shaw’s (3, 4) observations with various forms
of Se in the feed provided to laying hens. The
inclusion of 8 ppm Se in the diet markedly
reduced "*Se found in the eggs. This may
have been due to the decreased absorption of
Se associated with feeding 8 ppm Se, a
“dilution-effect” of unlabeled Se on Se de-
posited in eggs, or both.

Dietary Hg modified "Se deposition in
eggs, and more °Se was found in egg white
and less in egg yolk than was observed when
no Hg was added to the diet. Fractionation
of egg-white proteins showed that, when no
Hg or Se was added to the diet, >Se was
found primarily in the globulin and conal-
bumin fractions. The inclusion of Hg and (or)
Se in the diet slightly increased the proportion
of ™Se associated with globulin at the expense
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of ”Se bound to conalbumin.

In general, the pattern of total Se concen-
tration in egg-white proteins was similar to
that of Se. The percentage distribution of
total Se among proteins of egg white, how-
ever, was different. Whereas °Se was found
almost exclusively in globulin or conalbumin
fractions, total Se was found in all three
proteins of egg white. The total Se concentra-
tion was relatively low in ovalbumin, but,
since ovalbumin constituted a large portion
of the egg-white protein, a very large propor-
tion of total Se in egg white was associated
with this protein. The concentration of total
Se in the globulin fraction was increased
markedly by 8 ppm dietary Se while that of
total Se in ovalbumin was changed only
slightly. Consequently, the proportion of egg-
white "Se in globulin increased, and that in
ovalbumin decreased for this treatment
group.

These data illustrate that egg-white globu-
lin has a definite affinity for Se, especially
when a large amount of Se enters the meta-
bolic pathways. Similarly, ovalbumin has an
affinity for Hg, and this becomes most ob-
vious when large quantities of Hg are metab-
olized. This relatively independent binding
affinity of Hg and Se seems to explain the
virtual absence of interaction effects between
the two elements with respect to distribution
among egg-white proteins, even though die-
tary Se level altered Hg content of egg white
and vice versa.

Summary. Methylmercuric chloride (Hg)
at 20 ppm and sodium selenite (Se¢) at 8 ppm
were fed, separately and in combination, to
laying hens. Oral doses of CH;**HgCl and
H,"Se0; also were given to all hens. The
concentration of ?Hg and "Se in egg white
and egg yolk, and the distribution of the
radioisotopes among proteins of egg white,
were determined. The highest concentrations
of *®Hg were observed in egg white. The 8
ppm of dietary Se significantly increased the
concentrations of *3Hg in egg white when
compared with a diet containing no added
Se. At the same time, the addition of Se to
the diet reduced *’Hg in the egg yolk. "’Se
was found primarily in egg yolk, but 20 ppm
dietary Hg significantly decreased "Se in the
egg yolk and increased it in the egg whites. A
significant Hg X Se interaction was observed
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for deposition of Se in egg white. When
dietary Hg was fed separately from dietary
Se, "Se deposition was increased in the egg
whites.

More than 97% of the total **Hg in egg
white was associated with ovalbumin. Simi-
larly, total Hg was found in greatest quanti-
ties in ovalbumin, irrespective of the addition
of dietary Hg or Se. The largest proportion
of total "*Se dose and the highest concentra-
tion of total Se per unit of protein occurred
in globulin, especially when 8 ppm Se were
fed. The data illustrate preferential binding
of Hg by ovalbumin and of Se by globulin as
compared with other major proteins of egg
white.
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