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Aspects of iron metabolism in a freshwater mussel
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Estimations of the total iron content of tissues of Elliptin confirm that this anima] cencentrates iron.
Buring starvation, tissue mass decreases more than totzl iron and an apparent incresse in iron content
resuits. Moest iron is contained in the viscera and mantic, whife muscular tissue containg least,

59Fe injected into the visceral mass was rapidly translocated to the gills and menile where much of it

accummulated in tissue that acted as a ‘kidnev

of accumulation’. The %Fe did not become fuily incor-

porated into the physiological iron pool in 10 davs, nor wes it repidly excreted. There is litte metabolic

turnover of elemental iron. .
This tron store is much greater than peeded in

known enzyme systems. It may indicate hyperactivity

of an uptake mechanism or the Jack of an adequate excretory mechznism.

Intraduction
The bivalve molluscs have long been known

as accumulators of various elements (Vinogra--

dov 1953).

Dubuisson and van Heuverswyn (3931) made
a chemical and histochemical study of iron and
manganese in the gills of the freshwater mussel
Anodonta cygnea, and reported the presence of
distinct granules containing these elements, The
review by Bunting (1949} of techniques for iron
histochemistry indicates that their methods may
not have been adequate. Bowen (1949}, working
on various North American species, did not
confirm all of their observations, although it is
true that the giils of freshwater mussels are rich
In iron. Bowen analyzed small numbers of indi-
viduals from a variety of localities, and noted
considerable individual variation in his samples.
Some of this was probably caused by the use of
freshly collected animals. For Mytifus edulis
Hobden (1967) showed that undigested food,
which required at least 2 days for total elimina-
tion, could produce exceptionally high readings.
The same study also showed that the iron stores
of Mytilus decreased steadily under conditions
of starvation until a stable level {permanent
store} was reached. The present study was in-
tznded to extend work done on the freshwater
unionids and on Mysilus, particularly to check
on the existence of a permanent store in 2
unionid and to try to obtain information on its
metzbolic turnover. Atfempis at iron histo-
chemistry by use of the methods recommended

)

by Bunting (1949) had proved relatively fruitess -

1Present address: Algonquin College, 200 Less Avenue,
Ottawa 1, Qntario.

with Afyedlus so autoradiography was used as an
alternative technigue (Hobden 19695).

Methods

The species used was Elliptic complonata (Solander),
from the Ottawa River. Dr. A. H. Clarke of the Nationa]
Museum of Natural Sciences, Otawa, kindly made the
initiz] identification.

Dissection of Specimens

First the shell valves were pegesd open and the fluid
allowed to drain from the mantie cavitv, The adductor
muscles were carefully cut with a stainless steel scalpel
and one valve was removed. All other dissection was
done with non-ferrous instnuments. The whole of the
s0f1 tssue of each animal was divided into mantle, plus
palps; gills; digestive gland, including stomach; viweral
mass, including most of the intestine and gonad and
some foot muscle; foot (venotral part only); adductor
muscles; and the pericardial complex, including heart,
part of the rectum, and much of the renal orean. Biood
was allowed to drajn into the large petd dish used for
dissection and then collected. This resulted in a certain
amount of dilution as well as contamination by tissue
debris but gave much better recoveries than other teche
niques. No blood was collected for the purely chemical
studiss after it was established {hat uncontaminzted
blood contained only a few micrograms of iron per
animal. Each tissue sampie (other than blood) was
blottad dry with filter paper and weighed in a tared
digestion flask,

Tron was estimated colorimetrically with 1:10 phen-
anthroline after the method of Sande!l { 1950), following
digestion of the tissues by mixed nimwic and sulfuric
acids,

Radivactive iron, 3Fe, was obtzined as 5FeCl; in
hydrochiotic acid from Atomic Enersy of Canada Ltd.
Solutinns for injection were prepered in neutal citrate
bufier with the addition of nzctive iron and 2n BPProXi-
mately equivalent amount of éilute sodium hydroxide to
neutralize the acid in the stock solution. These solutions.
were prepared as required and used immediately. One-
to thres-microcurie quantities of #Fe (specific activity
about [ peurdefug) were then injected directly into the
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visceral mass ons of the experimental anirs’s vsing
a 1 or 2 in X 24 gaves needle {oserted via the antero.
ventrad region of the foot muscle, 10 minimize Jezkage as
the needle was rawn, Gentle handling of the animals
aliowed the needie to be inserted between the vaives in
most cises before the shell was tightly closed.

The total activity in 122 tissue samples was cornied in
a singlechannel »ell-tvpe crystal scintillation sysoem set
to accept both of the *¥Fz gamma rays. For each tissue a
specific activity value w235 caleulated in terms of counts
per minute per microgrem of iron. The same calouistion
was maile for the whole znimal using the totals of counts
per minute and iron comiznt for each tissue. Then alf
tissue resuits were expressed in terms of multiples of this

whele animal vadue s specific activity ratios. A = to of
one indicates that the Ussue contains equal fractions of

the total radicactive end total non-radioactive iron,
Deviations from a v of one indicate the rofative
excess or deficlency of reéicactive iron in the tissve.

Autorodiography

Tissues were fixed in neutral 109, formalin {Bunting
1949), wax-embedded, sectioned at 10 p, and coatzd with
coliodion. Kodak NTB 3 nuclear emulsion was zrniied
by the dippinz method {Gude 1968). After exposure of
3-35 days, 4 min development in 50%, Kodak 1.19
developer at 6-10°C gzve satisfactory resuits without
excessive background. Some of the autoradicezaphs
were staimed with hematoxyiin and eosin before thev
were cleared and rounted.
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Results
Whole Fissues
Tabie I compares the iron content of mussels

caught 1-3 weeks exriizr with that of mussels -

kept inoan aguarium supplied only with rup-
pme izp waer for 6 mmonths. In these animals
the foss in mass of soft tizsue is proportionally
much greater than loss of fron, resulting in an
increase in actual jrom content.

The experiments with ¥Fe wsually used ani-

)

mals 1hat were caught [-6 weeks before, Table
I} shows the specuie zciivity ratios found in
these animals for two intervals after injection.
The samples were pooled in this manner when
it was found indvddual variation obscured
other rends,

Tre values chanee during the first 2 days
after ijection. The radivactivity may take up
to 1 day to disaprear from the blood. After day
2 the paitern chans=s only slowly If at all. The
overall pattern of radioactive iron distribution
can be obtained by combining these results with
Table I The giils coniain a relatively high pro-
poriion of the radicactivity,

TABLE T

Comparizon of total iron confent of recently collectad

and starved roussels (values

as jg/s) (r = 9-11 for all samnies)

“Fresh™

Teved for difference
Tissoe mean + st dev. {(p<)
Adductors 0.03
Foot —
Gils 0,310
Mantle 0.03
Visceral mass and
pericardial complex 0.001
~ Digestive fiand 0.01
Whole agiral G.10

TABLE 11

Specific aotivity ratios (tissue sp. ectivity fwhale animal sp. aCtivity) after injection

of 39Fe into mussels (7 = 29-34 for all samples)

Time after injection

Sigrificarcs
6t h Z—10 davs level for difference
Tissue (mean + st. error) (mean -= s1. error)

Adductor muscles 0.71+0.11 G e

Blood 11,92+ 2.61 1 el

Mamie 1.10::0.07 H [

Digestive gland 0.51:+0.05 0.56--0.07

Visceral mass 0.65+0.07 O.50G-0.07

Foot 0.574+0.18 0.38-0.07 —_
Gills 1.8240.14 1.97-0,17 —_—
Pericardial complex 0.88+0.5% 1.09+0.038 .05
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Figs. 1 and 2. Autoradiograpls of tissues of Elliptio Killed 4 days after the injection of #Fe. All counzer-
stained with hrernatoxylin and eosin. Fig. 1. The mantle showing radicactivity in the coniunctive tissve.
{100 ). F1a. 22 Horizontal section near the base of a gill showing radioactivity in a dense tissue with-
in the lamellae. (100 ). Fic. 26, High power of the iron-zccumulating tissue in the base of the gill. (300 X3,
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Other experiments indicated that the injected
irom is excreted very slowly if @t all.

Autoradiographs

Three series of autoradiccraphs were pre-
pared from pzirs of anim that had heen
injected with 3 ucuries of *¥Fe, 2t 1, 4, or 11
days before. Four bastc ussuess were examined:
the mantle, g@ills, digestive ¢
mass. There was littie obvious difierence m TFe
distribution in ail the animzis exemined
mantie contained activity within iis spongy cen-
tral {conjunctive) ussue but not in the epithelia
nor in the muscle of the distzl pornon (Fig. 1
Activity was greatest in the proximal {dorsal)
part of the manile with 2 gradual decrease io-
wards the disial edge. In sectons which included
some periostracum it, too, coniained activiy,

In the gills, almost 21 of the scmvity wes con-
fined to a dense pigmented tissue thet penetrates
the lamellae at their base (Fig. 2). It may not be
renal organ ussue zs such but in gross disseciion
it is easily associated with it (se2 discussion).
Activity was also obsenved In some gl fie-
ments, associzied with the skeletz]l rods, and
also on the walls of some blood sinuses.

gills and manile. There was activity in the owvier
faver of mantie-hke tissue covening the organs,
but not in the epfihelium szt Th
activity In tissues deep benezth
‘epithelia, and sometimes in some
females,

The digestive gland also contzined relatvely

the imtzsunal
of the ove of

-fittle radioactive iron. The clanduiar cells lining

the tubule walls seemed o be slighidy active.

Deep beneath the stomach epithelium there was -

more activiity. The most active tissue wes the
amorphous renal organ UsSUe SeTl i SOM2 SSC-
tions.

Discussion and Conelusions
The chemical estimations confirm that there

is little or no iron loss during starveron. Ia this’

example of extreme starvation the animals have
depleted their general food reserves much more
than their iron reserves. The iron content of
Elliptio is some three dmes that of AMyilus
(Hobden 1867).

The results with 3Fe show that the injected
iron is translocated by the blood stream, znd
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fzirly rapidly removed from it by certain tissues,
particularly parts of the conjunciive tissue of the
mantie and the interlamellzr tissue of the gills.
Iz both cases the cells seem to be a specizl type
of pigmented cell, rather than the normal cells
of the tissue. From their brownish color and
ability to act as a “kidney of accumulation™
wese celld are comparable to the pericardial
organs of other bivalves (see Franc 1960; Martin
and Harrison 15686).

Pericardial gland tissue does occur in the
mantle of some bivalves (White 1942) but hes
zpparently not been reporied within the gils.
Vwhite also states tha: the pericardial gland in
Eltiptio dilatata is in the mantle anterior and
dorsal to the pericardium, well removed from
the gills. Both Bowen (194%) and Harrison
{1960) have observed a tissue at the base of the
gills in different North American species, in-
cluding an 4dnedonia, but neither has named it
Harmson reported that the ussae did not accu-
mulate iron added to the aguarivm water. The
ussue in the gills could be just a differentiated
region of the true renal orgen, while that in the
mzntle is more likely pericardial gland, al-
though it is much more extensive than normal
pericardial gland tissue.

The deviation of the specific activity ratios
from one indicates that the iron has not com-
pletely mixed into a metabolic pool. Probably
the animals normally contzln iron in at least
two physiological pools in different tissues: a
store in what seems to be a primarily excretory
tissue in gills and mantle, and another pool in
the digestive gland and other viscera which may
have more physiological value. To these can
probably be added the excess of iron accumu-
iated by the digestive gland during active feeding
and which is readily lost on starvation (Hobden
1967).

The whole picture is of little active turnover
of elemental iron as is also found in Mytilus
{Hobden 1969¢). There must be turnover for cell
renewal but this can involve iron in combined
form. The amounts in known enzvmes such as
cviochromes (Kawai 19618) or catalase (Marks
and Fox 1934; Hobden 1970) are only tiny
fractions of the total iron; Kawai {1961a) has
reported an “enterochrome” in the gut of a
uantonid, This might account for some more of
the irom,
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Bowen (1549), considering manganess, has
speculated that most of the store of such ele-
megts is in a “non-metabolised” form. The
organism only requires the element in trace
amounts but these exceed the environmental
concentration. The possession of an uptake
systern would be a definite selective advantage.
Within limits there is no selective disadvantage
if this mechanism is hypereffective. The surplus
is stored. The stored form may be “insoluble”
{Seah and Hobden 1969) but it could still provide
the essential trace element in an emergency. A
partial alternative to this explanation is that
some of every narurally occurring element must
enter the animal with its food, If no adequate
excretory mechapism exists, as in the bivalve
molluscs the element will accumulate, probably
m a bound or insoluble form.
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