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Little is known of the mechanism for the
intestinal absorption of zinc. However, a
number of studies have shown some fairly
specific biological antagonisms between zinc
and certain other cations (1-5). In previous
experiments (6, 7), we found that zinc inter-
fered with the intestinal absorption of copper
and, conversely, copper interfered with the
intestinal absorption of zinc. In either case,
the interference was observed only when the
two cations were administered together and
implied that the elements were competing for
a common absorption pathway. These obser-
vations, plus reports in the literature concern-
ing metal-binding proteins for several ele-
ments (8-11), provided the impetus for the
work reported here on the isolation and par-
tia]l purification of zinc-binding substances
from the intestinal mucosa of rats.

Materials and Methods. Animals. Male
rats were of the Sprague-Dawley strain;
were housed in stainless steel cages, and were
fed a stock diet! containing approximately
50 ppm of zinc, They weighted between 250
and 400 g and were fasted overnight prior to
the experiments.

Preparation of the mucosal supernatant,
Rats were killed by decapitation and the
small intestine was removed. After the con-
tents had been removed by flushing with cold
0.9% saline, the intestine was split longitu-
dinally and the mucosal tissue was scraped off
with a microscope slide. This tissue was
weighed and homogenized in 4 vol of 0.005
M Tris—-HCI, pH 7.2, in a Potter-Elvejhem

1 Big Red Dog Chow, Agway, Inc., Syracuse, New
York. Trade names and company names are included
for the benefit of the reader and do not imply
any endosement or preferential treatment of the
product listed by the U.S. Department of Agricul-
ture.

homogenizer. The homogenate was centri-
fuged for 30 min at 45,000g; the precipitate
was discarded, and the 45,000g (45,000¢)
supernatant was saved for further fractiona-
tion.

557Zn* labeling of the 45,000g supernatant.
This supernatant was labeled in two different
ways. One method was to give %Zn to rats
by stomach tube, kill them at a predeter-
mined time, and prepare a supernatant from
the in vivo labeled mucosa. In the second
method, the 45,000g supernatant was pre-
pared first and the %Zn was added to the
supernatant in vitro. Specific details of each
experiment will be presented in conjunction
with results of that experiment.

Gel filtration of the 45,000g supernatant.
The supernatant was first fractionated with
ammonium sulfate, and the fractions precipi-
tating between 45 and 809 saturation were
subjected to gel filtration through columns of
Sephadex G-100.2 The 45-80% nprecipitates
were dissolved in 5 ml of 0.005 M Tris—HCI,
pH 7.2, and put on a 2.5 X 40-cm column of
Sephadex G-100 equilibrated with the same
buffer. Three-ml {fractions were collected and
counted, and absorbance at 280 my was de-
termined. The Sephadex columns were cali-
brated for molecular weight estimation with
bovine serum albumin, hemoglobin, and pan-
creatic ribonuclease.

Electrophoresis. The peak radioactive frac-
tions from the Sephadex columns were com-
bined and lyophilized. Subsequently, the lyo-
philized samples were taken up in distilled
water and subjected to disc electrophoresis on
acrylamide gel. The gel columns consisted of

2 Union Carbide Corporation, Tuxedo, New York.
3 Pharmacia Fine Chemicals, Inc., Piscataway, New
Jersey.
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l-cm diameter by 12-cm long columns of
5% gel topped by a l-cm layer of a 3%
“stacking” gel. A marker dye (bromothymol
blue) and sufficient sucrose to increase the
density of the sample so that it could be
layered onto the gel were added to each sam-
ple. The buffer chambers contained 0.06 M
Tris-boric acid buffer, pH 9.1, and 250 V
were applied until the marker dye had mi-
grated to within 0.5 cm of the end of the gel
column, The gels were removed from the
glass tubes and stained for 2 to 3 min in a
1% solution of amido black; unbound dye
was removed with a destaining solution of
acetic acid:methanol:water (2:7:11).

Results and Discussion. Fractionation of in
vivo labeled supernatant. Three rats were
given 1 ml each of a 0.001 M zinc solution
containing 7.5 uCi of ®Zn. After 2 hr, the
rats were sacrificed, and homogenates of in-
testinal mucosa were prepared and frac-
tionated as previously described. The results
are presented in Fig. 1.

Three major peaks of radioactivity were
observed. Peak 1 eluted with the void volume
of the column, and represents materials hav-
ing molecular weights in excess of the exclu-
sion limit of Sephadex G-100 (ca. 150,000).
Peak 2 generally eluted between tubes 50
and 55. This corresponds to the elution pat-
tern of pancreatic ribonuclease and indicates
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Fic. 1. Fractionation of ®Zn bound in vivo. The
supernatant fraction of the musosal homogenate was
fractionated with ammonium sulfate, and the
fraction precipitating between 45 and 80% saturation
was applied to a 235 X 40-cm column of
Sephadex G-100; 3-ml fractions were collected.

295

60

o ~ o

EN
O
N
(fw082) ALISNIA IVIILHO

(o)

n
Q
w

N

COUNTS/MINUTE (THOUSANDS)

e mBem wB g bin o

o] 20 €0 80

G,
FRACTION
Fic. 2. Fractionation of ®Zn bound in vitro. The
supernatant fraction of the mucosal homogenate was
fractionated with ammonium sulfate, and the
fraction precipitating between 45 and 80% saturation
was appiled to a 2.5 X 40-cm column of
Sephadex G-100. Sample size was 5§ ml, and 3-ml
fractions were collected.

a molecular weight of the order of 12,500.
Peak 3 occurred late in the elution pattern
and corresponds to unbound **Zn.

Fractionation of in vitro labeled superna-
tant. Three rats were sacrificed and a 45,000¢
supernatant was prepared from the mucosal
homogenate. Then, 1 ml of 0.001 M zinc
solution containing 7.5 uCi of %Zn was added
to this supernatant. After stirring for 15
min, the supernatant was fractionated as de-
scribed previously. The results are given in
Fig. 2.

The elution pattern was essentially the
same as that obtained with the iz vivo la-
beled preparations. One major difference was
that the radioactivity of the fractions was
somewhat higher in the in vitro preparations
than in the in vivo preparations; this is not
surprising since the %Zn was added directly
to the supernatant rather than being given by
stomach tube. A second quantitative differ-
ence was that the peak of unbound %Zn was
relatively larger in the én vitro preparations.
Again, this is not surprising in view of the
difference in the two labeling techniques.

Qualitatively, the elution patterns were
quite similar, regardless of how the %Zn was
added. This indicates that, for the most part,
the zinc is complexed or chelated rather than
being incorporated into the molecules at the
time of synthesis. This is further indicated by
the fact that 8Zn dissociates during electro-



296

phoresis and migrates to the cathode.

Electrophoresis. Fractions from each %Zn
peak were pooled and lyophilized. The lyo-
philized samples were reconstituted with a
minimum amount of distilled water and elec-
trophoresed. No attempt was made to quanti-
tate either the protein bands or the %5Zn since
the ®Zn dissociated from the complexes dur-
ing electrophoresis. Thus, after electrophore-
sis, there were a number of protein bands on
the gels, but none of them contained any
65Zn. The electrophoresis patterns are
presented to indicate the number of proteins
in each of the Sephadex peaks. Figure 3 is a
typical illustration of the patterns that were
obtained.

Peak 1 contained several proteins (at least
11 bands were visible), but since the %Zn
had dissociated, it was not possible to tell
which, if any, of the bands were originally
labeled. Peak 2 was somewhat less complex in
that it yielded only 3 bands; two rather
narrow, fast moving bands, and a third rather
diffuse band which migrated considerably
slower than bovine serum albumin. In some
experiments, a fourth band was observed

PEAK 1 PEAK 2
« «
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F1e. 3. Acrylamide disc gel electrophoresis of “Zn
labeled material from Sephadex G-100 columns.
Origin was at top (cathode) end of column. Arrows
indicate the distance that bovine serum albumin
migrated in this system.
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which migrated just ahead of the large band
in Fig. 3. Peak 3 fractions were also electro-
phoresed, but did not yield any visible pro-
tein bands.

The specific activity of the material that
eluted from the Sephadex columns at Peak 2
was considerably higher than that of Peak 1.
When expressed as cpm/ODggp, the most ac-
tive fractions from Peak 2 yielded values 4 to
5 times higher than the most active fractions
from Peak 1.

There is no evidence at present to indicate
whether any of these compounds are involved
in any way in zinc absorption. Of the metal-
binding proteins that have been described
previously (8-11), the calcium-binding pro-
tein is the only one for which there is good
evidence linking it to a transport function.

The material in the second Sephadex peak
of our experiments has an apparent molecular
weight between 10,000 and 15,000. This is
somewhat smaller than the 25,000 reported
for calcium-binding proteins (12), but about
the same magnitude as that reported for the
copper-binding protein (9). The copper-
binding protein is also capable of binding
either zinc or cadmium, and the major differ-
ences between our results and Starcher’s (9)
are the relative sizes of Peaks 1 and 2 from
the Sephadex columns. In his preparation,
practically all of the ®Cu and most of the
65Zn was bound to a low-molecular weight
material corresponding to Peak 2. In our ex-
periments, the first peak accounted for much
more of the total radioactivity, even though
it was of somewhat lower specific activity. It
is not possible to tell at present whether these
differences are due to technique or species
differences.

Summary. Approximately 609% of the %Zn
in labeled homogenates of rat intestinal mu-
cosa was recovered in a 45,000g supernatant,
and about 50% of the counts in this superna-
tant could be recovered in a 45-809, ammo-
nium sulfate precipitate. The bound ®7Zn in
the ammonium sulfate precipitate could be
resolved into two peaks by gel filtration on
Sephadex G-100. The first radioactive frac-
tion consisted of substances having molecular
weights of 150,000 or more, and the second
tion consisted of substances having molecular
weights in the range of 10 to 15,000. Electro-
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phoresis of the material from the first
Sephadex peak always yielded 10 or more
visible protein bands; whereas material from
the second peak yielded either 3 or 4 visible
bands. It was not possible to determine
which, if any, of the protein bands were origi-
nally labeled, as the ®Zn dissociated during
electrophoresis and migrated to the cathode.
To date, there is no evidence to link any of
these compounds with intestinal absorption of
zinc.
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