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Abstract

The pancreas is an important organ in the maintenance of zine homeostasis. The pancrealic tissue used
in this study was obtained from rats fed varying levels of dietary Ca and phylate [ollowed by intraperitoneal
B Tn injection. The objective of this study was 1o determine the molecular size and distribution of compounds
thal may represent zinc-binding complexes in pancreatic tissue homogenates. The supernatant of the ho—
mogenized pancreatic tissue was separated usmg a Sephadex G-75 column with Tris buffer al pll 8.1. All
subfractions were assayed for zinc, protein and ° Zn aclivity. The elution of subfractions from pancreatic
tissue homogenates showed a promivent peak corresponding to the high molecular weight protein standard
(>66kd). A small molecular weigth protein{<6.5kd), that was absorbed at 280nm, was also present; prominenily
in low Ca group, however not much as in high Ca group. These small compounds may combine weakly with
zinc in pancreatic tissue and serve as zinc-binding ligands in pancreatic/biliary fluid. In the duodenum, these
ligands dissociate zinc into an ionic formn which becomes vulnerable to phytate complexation.
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INTRODUCTION

Most of the endogenous zinc is secreted from the
exocrine pancreas, and then enters into the duodemmm
where it can be combined with other zine ligands. This
endogenous zinc should be reahsorbed to maintain zine
homeostasis. Since the pancreas is the main source for
the endogenous zine secretion, it is an important organ
in zine homeastasis. The pancreas maintains higher zinc
concentrations than other tissues, which also suggests
an imperlant metabolic role for zinc(l). Injected radio-
active “Zn accumulates in relatively high concentrations
in the pancreas, and the excretion of a major part of the
mjected radioactive ®7n was via the pancreatic secretion

-5). During periods of zic deficiency, pancreatic zinc
concentration is decreased and pancreatic concentration
of zinc has increased during zinc excess, which implies
the exocrine function of the pancreas in zinc absorption/
reabsorption(6-8).

Zinc secretion from the pancreas is closely associated
with the exocrine secretion of proteins{4). Low-molecular
weight ligands were reported previously in pancreatic
secretions(9-12) and both pancreas and liver(13-15). Ob-
erleas{16) suggested that there are two zinc pools in the
pancreas, depending on the status of zinc-binding fo the
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ligands; one, a stable pocl In which zing is bound with
zinc—dependent enzymes and other large molecular weight
ligands. Zinc in the stable zinc pool which is lightly bo-
und. is not affected by phytate and is always excreted
in the feces. The zinc in the labile pool is dissociated in
the duodenum and is subject to complexation with phy -
tate and other ligands but must be largely reabsorbed
to sustain zinc homeostasis. The identification of the
zinc-binding ligands in the labile poal would help to
understand the mechanism of zinc homeostasis.

Ca and phytate have been regarded as the antagenists
far zinc absorplion/reabsorption. [t would be alss helpful
to clarify whether the various levels of Ca and phytate,
which can decrease the zinc absorption, affects on the size
and the amount of Zn-binding Lgands in pancreatic tissue
for the zinc secretion. The objective of this study was to
identify the molecular size and distribution of zinc-hindimg
ligands in rats fed different Ca and phytate level diets.

MATERIALS AND METHODS

Experimental design, animal care and diets

The two variables in the present study were two lev-
els of phytate(0 and 4.7g/kg as sodium phytate for non—
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Tahle 1. Experimental diets composition

Tngredient Low Ca Low Ca High Ca phytate High Ca
phytate non-phytate (g/kg diet) non-phytate
Glucose” 565.3 670 645.3 850
Vegetable oil 40 40 40 40
Fat-soluble Vit premix” 10 10 10 10
Cellulose 30 30 30 30
Casein 200 200 200 200
Mineral premixs) 30 30 30 30
Calcium carbonate 0 0 20 20
Trace element premix” 10 10 ¢ 10
B-commplex premix” 10 10 10 10
Na phytate 47 0 47 0

YAny substitutions were made at the expense of glucose

“Fat-soluble vitamin premix(g/kg diet): Vitamin A acetate, 0.00069; Vitamin D, 0,0000075: Menadione, 1; Alpha tocopherol
acetate, 3; Butylate hydroxy anisole{antioxidant), 10; Vagetable oil, 985.3

Mineral premix(g/kg diet): Caleium carbonate, 210; Calcium phosphate(2 waters). 330; Magnesium oxide, 15; Potassium
chloride, 10; Sodium chloride, 30; Ferrous sulfate(7 waters), 4; Potassium acid phosphate, 120; Manganese carbonate, 2:
Cupric sulfate(5 waters), 0.8; Potassium iodate, 0.1; Sodium fluoride, 0.4 Glucose, 277.7

“Trace element premix(g/kg diet): Sodium molyhdate(2 waters), 0.00126; Chromium Il acetate(1 water), 2.4; Sodium selenite(5

_waters), 0.0167; Glucose, 397.5

”)B—complex vitamin premix(g/ke diet): Thiamine HC], 1.6: Riboflavin, 1.6 Nicotime acid, 17.32; Pyridoxine HCL, 1.5; Calcium
pantothenate, 4; Biotin, 0.02; Folic acid, 0.5 Cyanocobalamin{0.1% in manitel), 5.0: DI.-Methiciune, 200; Choline hitartrate,

300; Glucose, 458.36

phytate and phytate group) and two levels of calcium(8
and 16g/kg as calcium carhonate for low Ca and high Ca
group), Diet compaosition is shown in Tahble 1. A random-
ized complete block design with a 2X 2 factorial arran-
gement of treatments was used, which gave four exper-
imental dietary groups; low Ca and phytate, low Ca and
non-phytate, high Ca and phytate group, and high Ca and
non-phytate group.

Each twenty four male Sprague-Dawley rats(Harlan
Sprague-Dawley, Inc., Indianapelis, IN) were Zn-depleted
by feeding the phytate containing diet in each low or
high Ca dietary group for 4 weeks. After 4 weeks of body
zinc depletion, just before being reassigned into each
dietary group, all of rats in low or high Ca group were
injected with 100Ci of radicactive “Zn(ZnCls, Dupont.
Boston, MA) in 0.001M HCI diluted with saline. Radio-
active ®Zn was given hy intraperitonesl injection to label
the endogenous zinc which would be reabsorbed. Each
tweleve rats, after then, were reassigned by weight into
each phytate or non—phytate group within each low Ca
or high Ca group. The experimental diets were fed for
2 weeks. The diets were supplied in aluminum feed cups
and distilled water was supplied ad-libitum from palyethi-
ylene water bottles with butyl rubber{neoprene} stoppers,

Collection of pancreatic tissue

The average body weight of the rats at the time of

surgery was 341 X7z, Al the end of experimental period,
rats were anesthelized with a mixture of Ketaset{Keta-
mine HCl, Aveco Co. Inc. Fort Dodge, IA) and Xylzine
{1ml/kg body weight), or Na Pentobarbital{40mg/kg body
weight, 10mg/ml}. The rat abdomen was rinsed with 0.8%
saline and a mid-line incision was made to expose the
pancreas. The pancreas was removed and rinsed with
saline, The pancrealic tissues from 4 rats were pooled and
homogenized at 1°C with 2.5vel.{w/v) of 0.01mal/ L Tris/
HC1 huffer(pH 8.1). Homogenates were centrifuged im-
mediately at 2500~2600rpm for 15 minutes, The cyto-
plasmic supematants were removed and frozen for further
analysis.

Sephadex G-75 gel chromatography

Sephadex G-75(Pharmacia Fine Chemicals, Inc., Pis-
cataway, N]) gel chromatography(17) was used for iden-
tification of the moelcular size of Zn-binding protein in
pancreatic tissue homogenates.

Sephadesx G-75 parlicle diameter, 40-120um; water re-
gain, 751X 0.5ml/g dry Sephadex; bed volume, 12~15ml/g
dry Sephadex; fractionation range for peptides and glo-
bular protemns, 3,000~70,000 and for dextrans, 1,000~
50,000} was allowed to swell in excess 0.01M Tris/HCI
huffered saline solution{pH 8.1). The gel was left to stand
for 24 hours at room temperature or 3 hours on hoiling
water bath. To prevent of the bacterial and fungal gr-
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owth, 0.02% sodium azide in the 0.01M Tris/HC] buffer
was eluted through the column when not in use.

A Zml aliquot of each pooled sample of from the su-
pernatant of the homogenized pancrealic tissue was used
[or gel filtration. For use of Sephadex G-75 gel chroma-
tography, the previous paper showed in detail(13). The
flow rate was about 60ml/hr. Fractions{3.0ml) was coi-
lected in the polyethylene tubes on the fraction collector
sce Inc.. Retriever 11, Lincoln, NE). The void valume
and the fotal volume of the colummn were 82.5ml and
255.3ml, respectively, All columns were equilibrated with
0.01mol/T. Tris/HClipH 7.9--8.2) io maintain the onginal
pH of pancreatic tissue, pH 8.2,

The column{Z.5cm * 52cm, Konles Coporate, Vineland,
NI} was calibrated with appropriate protem standards;
albumin{66kd}, carbome anhydrase(29kd}, cytocyrome C
{12.4kd), and aprotininéG.okd)(Sigma Chemical Co., St
Louis, MO). The concentration of each of the four standard
proteins was lmg/ml. The void volume of the column was
determined with hlue dextran(2,000kd}{Sigma Chemical
Co., 5t. Louis, MO), Standard calibraiion curve for the
standard proteins is shown in Fig. 1.

Fraction measurement

Ultraviolet—absorbing material, representing the pro-

Ve/Vo Moalecular weight(daltons)

Aprotinin 2.0l 6500
Cytochrome C 197 12400
Carbome anhydrase 1.62 29000
Albumin 1.33 66000

100000

Moal. Wt (Log scale)

t + 1000
133 162 157 25
Alburnin Carboriz Cylochrome G Agratirn
Anhydrase
Ve/Vo

Fig. 1. Calibration Curve obtained with four standard
proteins as run on Sephadex G-75 column (2.5cm
X 52cm).{(Ve: elution volume, Vo: void volume)

tein compound in each fraction from the ge! chromato—
graphy column, was moritored at 280mm with a UV-visible
recording spectrophotometer{Moedel UV-269, Shimadzu,
Kvoto, Japan). Zinc concentration was analyzed with a
flame atomic absorplion spectrophotomer(Model 5000,
Perkin Elmer, Norwalk, CT). The accuracy of the atomic
absomtion analysis was venfied by using the National
Institute of Standards and Technologv(NIST) peach lea-
ves slandard{Standard Reference Material 1547). The
analyzed zinc value found for the standard peach leaves,
179U Zn/g, sample compared with standard 18.3ug Zn/g
sample reported by NIST which gave the recovery rate,
97.8%. For ¥Zn radioactivity lor measurement of the
endogenous zinc, an Aulo Y-Scintillation Counter{Paclard
Instrument Co., Meriden, CT) was used.

RESULTS AND DISCUSSION

Pancreatic tissue homogenates from animals fed the
four different diets showed almost identical elution pat—
terns in protein and zing distribution. Total zinc was el-
uted near the void volume associaled with large molec—
ular weight proteins(>66kd). Less prominent zinc peaks
were associated with the small molecular weight proleins
(6.5kd) through for the four dietary groups. Small zinc
peak for the Zn-containing enzyme, carboxypeptidase A
or B. also appeared near the large molecular weight pro-
tein{29kd). The profile of the radioactive ™Zn showed
scatiered profile without distinct peals due to the weak
radioactivity.

Two prominent zine peaks were present beyond the
elution volume of 6.5kd standard protein{Fig. 2), The
efution curve of the pancreatic cytosol showed the most
praminent zinc peaks were associated with the small mo-
lecular weight ligands less than 8.5kd. The broad and less
promirent zinc peaks appeared near the void volume,
which was the large molecular(>66ld) weight compounds.
Between the void volume and the eluhon velume of apro—
tinin(G.5kd), near the elution volume of carhonic anhydrase
(29kd). several zinc peaks appeared. These zinc pesks
might be the elution of the zinc-binding enzymes. such
carboxypeptidases(34 ~35kd) which is secreted from the
pancreas,

Most of the zinc was associated with the large mo-
lecular weight ligands in this dietary group. One promin-
ent radioactive *7n peak corresponded with the large mo—
lecular weight protein. Both of the analyzed zinc peaks
and racioactive “Zn peaks were eluted with the void vol-
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Fig. 2. Elution of the supernatant from rat pancreatic

tissue of low Ca, phytale dietary group on Se-
phadex G-75 column.
Sample size: 2.0ml. fraction velume 3.0ml, buffer:
0.01M Tris/HCI, pH &1, {low rate: 60ml/h. Vo! Veid
volume, Ve Elution volume of alburmn{66kd), carbonic
anhydrase(29kd), and aprotimni8.okd).

ume at the same large molecular weight compound in
the elution profile. One broad zinc peak was shown just
behind the veid volume. Part of that zinc peak might be
related to carboxypeplidase A or B of which the molecular
weight is 34~ 35 kd. The less prominent zinc peaks were
eltex] in the area of elulion volume of 6.5kd standard pro~
tein(Fig, 3).

The eluticn of the pancreatic tissue homogenate from
this dietary group showed that most of the zinc was as~
seciated with the Jarge molecular weight ligands which
were eluted near the void volume, presumably, a molecular
weight more than 66kd(Fig. 4). Secondly prominent zine
peaks followed beyond the void veolume. These peaks
might be the zinc-hinding enzymes elution area. A very
tiny zinc peak was eluted near the elution volume of 6.5kd
standard protein, The amount of eluted zine was the high~
est in this dietary group among the four dietary groups,
probably due to the Ca and phytate effect on the zinc se~-
cretion from pancreas.

The elution of the pancreatic tissue homogenate in
this dietary group showed almost identical pattern with
that af high Ca, phytate group. The elution of the pan-
creatic lissue homogenate in this dhetary group showed
most of the zinc was associated with the large molecular
weight ligands which were eluted near the void volume

(Fig. 3). The second zinc peaks which were considered
as the elution of the Zn-hinding enzymes, appeared just
followed the elution of large molecular weight compound.
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Fig. 3. Elution of the supernatant from rat pancrealic

tissue of low Ca, non-phytate dietary group on
Sephadex G-75 column.
Sample size: 2 0ml, fraction volume: 3.0ml, buller:
0016 Tris/HCL, pH 8.1, {low rate: 60mlh. Voo Void
volume, Ve: Elution volume of alburmn(56kd), car-
bonic anhydrase(29kd), and aprotinin(6.5kd).
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Fig. 4. Elution of the supernalant from rat pancrecatic

tissue of high Ca, phytate dietary group on Se-
phadex G-75 cojumn.
Sample size. 20ml, fraction volume: 3.0ml, buller:
0.01M Tris/HCI, pH 8.1, Oow rate: 60ml/h. Vo: Void
volume, Ve: Elution volume of albumini{f8kd), car-
bonic anhydrase(20kd), and aprotinin(6.5kd).
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These second peaks were much less prominent and bro—
ader ones comparing Lo those of the high Ca, phytate group
(Fig. 4). A very small zinc peak was eluted near the elution
volume of 6.5kd standard protein.

The elution pattern of rat panereatic tissue in the pres-
ent study showed that more prominent zinc peaks ap-
peared near the large molecular weight protein{<66kd),
comparing to the elution profile of pancreatic/hiliary fluid
in which more zinc was associated with the small mo-
lecular weight ligands(<6.5kd}12).

In both low and lugh Ca groups, more zinc was eluted
in phylate-containing group. Low Ca, phytate gronp show-
ed higher zinc elution peaks(Fig. 2), comparing to low
Ca, non-phytate group(Fig. 3), which implies more zinc
occured with the presence of phyvtate intake. High Ca,
phytate group also showed higher and bigger zinc elu—
tion peaks(Fig. 4), comparing Lo those of high Ca. non-
phyvtate group(Fig. 51 however. the difference was not
thal big as much as il was in low Ca group. Among [our
dietary groups, the highest and the most promment zinc
peaks appeared in the high Ca, phytate group in which
zine was synergistically complexed to phytate wilth the
presence of the high Ca level in the digestive tract{Fig.
4). Depending on the Ca level, low Ca groups showed more
scattered zinc elution peaks(Fig. 2. 3). while high Ca group
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Fig. 5. Elution of the supernatant from rat pancreatic

tissue of high Ca, non-phytate dietary group on
Sephadex G-75 column.
Sample size: 2.0ml, fraction volume: 3.0ml, buffer:
0.0IM Trs/HCL, pH 8.1, flow rate: 60ml/h. Vo! Void
volume, Ve. Elution volume of albunmin{66kd), carbonic
anhydrase(29kd), and aprotinin{6.5kd).

showed more prominent zinc peaks(Fig. 4, 5). Further
study would be needed [or the effect of phytate. Ca -
take on the pancrealic zinc secrelicn; pattern, contents,
volume, etc.

On the elution of ®Zn-labeled endogenous zine, due
o the weak radioactivity, prominent zinc peaks were not
shown through the four dietary groups except that low
Ca, non-phytate group showed one ®7n peak just beyond
the large molecular weight protein(>66kd) where B7n
peak was almost coupled with the peaks of the fotal zine
elution peak{not shown). In the present sludy, rats were
Zn-depleted for four weeks with phytate-containing diet.
Therefore, it might be considered that there are small
molecular weight zinc-binding peptdes which are less
{han 6.5kd, and large molecular weight zinc~binding lig—
ands more than 66kd, mainly, in ral pancreatic tissue, The
results agree with previous reports on zinc-hinding lig-
ands in pancreatic tissue supernatant and pancrealic Thid.
Cikrt et al.(9) reported that zinc has been found to occur
especially in two fractions in rats pancreatic lissue, one
with low molecular weight and ancther with high molec—
ular weight. Casey et al.{10), on the other hands, reported
that a low molecular weight zinc binding ligand was pre—
senl in duodenal secretions in which most components
come from the pancreatic secretions in AE(Acrodermalitis
Enteropathica) patients and from healthy adults. Bremner
et al.(13) fractionated the lissue supernatant on Sephadex,
(G-75 with the 0.01mol/L Tris-acetate huffer, pl{ 8.2 and
reported that a low molecular weight{about 12kd) zinc-
hinding protein might be synthesized in response to an
increase in pancretic zinc content. Kincaid et al.(14} re-
ported that the elution profile of the soluble fraction of
both the pancreas and liver of calves revealed a 10kd mol-
ecular-weight protein associated with the elevated zinc.
Alexander et al.(15) 1solated the low-maolecular weight
zinc-binding complex from homogenized pancreas and
reported zinc was mainly bound to low molecular weight
compounds eluted, corresponding to the zing-glitathione
complexes in rat bile injected with ©ZnCly.

Since most of large molecular weight of Zn-binding
higands, including Zn-—containing enzymes, are tightly
combined with zinc as a stable zinc peol type, il wouldn’t
be dissociated easily. However, small molecular weight
Zn-ligands in labile zinc pocol are much easier to be dis—
sociated in pancreatic secretion. Therefore, the small mo—
lecular weight zinc-binding ligands may assist in the re-
gulation of zinc homeostasis through the secretion with
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zinc into the duodenum. The ligands which is under pH
8.2 in pancreatic secretion may dissociate zinc in the du-
odenum where pH is about 6. The dissociated zinc is easily
complexed with the phytate in that upper gastrointestinal
tract where zinc-phytate complesing can be the maximum
under the condition of pH 6.0. It 15 suggested that the
alfinily of zinc to the zinc-hinding ligands is interfered
by phytate which decreases the dietary and endogenous
zinc absorption(16).

In this study of pancreatic tissue homoegenates, the dis—
tribution of zinc-hinding ligands in the subfractions were
associated with prominently high molecular weight pro—
teins{<66kd) and small molecular weight conmpounds(6.5
kd) through the various levels of Ca and phytate. The
presence of small molecular weight compounds associated
wilh zine in pancreatic tissue homogenates may serve
as ligands for the secretion of endogensus zinc to the pan—
creas and further more into the duodenum. In the duode-
num, these ligands dissociate zinc to malke it vulnerable
to phytate complexation. It would be the next research
topic to identify these small molecular weight Zn-ligands
more specifically.
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