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We have followed the differentiation of transverse (T) tubules and of
the associations between sarcoplasmic reticulum (SR) and either the plas
malemma (peripheral couplings) or the T tubules (dyads) in postnatal rat
ventricular myocytes using electron microscopy. Dyads and peripheral co
uplings are collectively called Ca?* Release Units (CRUs) because they a
re the sites at which Ca?* is released from the SR. Profiles of T tubules,
caveolae and dyads are mostly at the cell edge in early postnatal days
and are found with increased frequency in the cell interior during the fir
st two postnatal weeks. Using ferritinto trace continuity of T tubules lu
men with the extracellular space, we find that some of T tubules (betwee
n ~6 and 25%), either singly or within dyads, lack ferritin in their lume
n. The percentage of tubules that do not contain ferritin decreases slightl
y during postnatal differentiation and is not very different at the cells’
edges and interior. We propose that T tubules form as invaginations of t
he plasmalemma that penetrate inward driven by accrual of membrane lipi
ds and specific proteins. This occurs by a dual mechanism: either by the
independent flow of SR and T tubule proteins into the two separate me

mbranes or by the fusion of preformed vesicle tandems into the dyads.



Most of the CRUs (~86%) are constituted by peripheral couplings and fer
ritin containing dyads, thus constituting CRUs in which Ca®* release fro
m the SR is initiated by a membrane depolarization. In the remaining CR
Us, activation of Ca®" release must be dependent on some other mechanis

ms.
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Purkinje (P)-fibres are cardiac myocytes that are specialized for fast
conduction of the electrical signal. P-fibres are usually defined as having
the following identifying features: lack of T tubules; frequent lateral ce
Il junctions; deep indentations at the intercalated discs level; the CX40 i
soforms of gap junction proteins and, in large mammals, paucity of myof
ibrils and abundance of glycogen. We have examined the ultrastructure of
P-fibres in free running P-strands from right and left ventricles of smal
I (mouse and rat) intermediate (rabbit) and large (dog) size mammals foc
using on presence and distribution of the T tubules. In contrast with pre
vious studies, we find that P-fibres do have T tubules which form norma
I dyadic associations with the sarcoplasmic reticulum and that the freque
ncy of tubules varies with the size of the animal. Profiles of T tubules
and dyads are present over short segments of individual P-cells flanked
by totally T tubule-free segments. It is thought that lack of T tubules in

P-cells is necessary to reduce capacitance and thus accelerate action pot



ential spread. This may not be as important in a small heart.
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Pacific bluefin tuna are active teleost fish with a high capacity for h

eat conservation and endothermy. They have a high metabolism and hence

the myocardium must be capable of sustaining elevated levels of cardiac

output over a wide range of temperatures. To examine the way that the

myocardial cells of bluefin tuna respond to their unique cardiac physiol

ogy, we have studied the ultrastructure of the internal membrane system

and mitochondria of atrial and ventricular myocytes by the use of light a

nd electron microscopy. Our results reveal that cardiomyocytes of juvenil

e bluefin tuna posses a relatively high content of sarcoplasmatic reticulu

m (SR), together with a large volume of mitochondria within the two (co

mpact and spongy) ventricular compartments and in the atrial myocardium.

The mitochondria structure and distribution in bluefin tuna myocardium

follow specific metabolic zonation resulting in a higher volume and lowe

r cristae density in the compact ventricular layer than in atrium and spo

ngy layer. The presence of junctional SR profiles as well as an extensiv

e network of free SR within cells may ensure a rapid delivery of Ca?* t

o the myofibrils. This, in conjunction with the transarcolemmal Ca®" entr

y, might contribute to a faster excitation- contraction- relaxation cycle a

nd thus enhance cardiac performances, cardiac outputs and the maintenanc



e of excitability at low temperatures. We propose that the mitochondria c
onfiguration together with the developed SR ultrastructure of bluefin tuna
s myocardium, are important evolutionary steps for maintenance of high

heart rates and endothermy in this teleost fish.
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