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SUMMARY

1. The distribution of the heparin-neutralizing factor (platelet factor 4,
PF4) in subcellular organelles of blood platelets of rabbits and man was
investigated.

2. In both species the organelles storing 5-hydroxytryptamine (5-HT
storage organelles) contained only trivial amounts of PF4.

3. In contrast, the content ofPF4 was highest in the subcellular fractions
rich in a-granules.

4. In conclusion, PF4 is probably localized in the a-granules and there.-
fore the platelets contain at least two types of organelles (5-HT organelles
and a-granules) capable of releasing their contents in response to the
same stimuli, such as exposure to collagen, thrombin, etc.

INTRODUCTION

Both rabbit and human blood platelets contain a heparin-neutralizing
factor (platelet factor 4, PF4) (Thomas, Niewiarowski & Ream, 1970).
Human PF4 has been characterized in some detail and found to consist
of a basic protein of a molecular weight of about 30,000 which is attached
to a proteoglycan carrier composed of a protein or polypeptide core and
four chondroitin sulphateA residues (Barber, Kiser-Glanzmann, Jakabova'
& Liischer, 1972; Kiser-Glanzmann, Jakibova' & Liischer, 1972, 1972/73).
PF4 is released from platelets whenever they are stimulated by agents
such as collagen, thrombin, adenosine-5'-diphosphate (ADP) (in the
presence of fibrinogen), or certain biogenic amines (Niewiarowski, Pop-
lawski, Lipinski & Farbiszewski, 1968; Thomas et al. 1970; Youssef &
Barkhan, 1968). This release reaction is a highly specific and fast process
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which, under physiological conditions, accompanies the so-called second
phase aggregation of the platelets (Mills, Robb & Roberts, 1968). There
is general agreement that the released materials derive from storage
organelles (Holmsen, Day & Stormorken, 1969); besides PF4 they include
5-hydroxytryptamine (5-HT), adrenaline, histamine (from rabbit platelets
only), adenosine nucleotides (ADP and adenosine-5'-triphosphate (ATP)),
fibrinogen, albumin, another platelet-specific protein (Hagen, 1975),
,f-thromboglobulin (Moore, Pepper & Cash, 1975) as well as Ca2+ and K+
ions. The 5-HT and adenine nucleotide storage organelles have been
identified with the 'dense bodies' (Da Prada, Pletscher, Tranzer &
Knuchel, 1967; Tranzer, Da Prada & Pletscher, 1966), a particularly
prominent electron-dense particle. Since PF4 is released simultaneously
with 5-HT and nucleotides, it seemed reasonable to assume that it was
also contained in the dense bodies. Support for this view seemed to come
from observations made by Aborg & Uvnas (1971) indicating the presence
of mucopolysaccharides in the storage organelles of rat platelets, a state-
ment which, however, is barely compatible with more recent results (Da
Prada, von Berlepsch & Pletscher, 1972a).

In recent years, new evidence has become available which points
strongly to the possibility that PF4 was localized in a storage organelle
different from the dense bodies (LUscher & Kaser-Glanzmann, 1975).
Furthermore, PF4 release was found normal in storage pool disease
(Walsh & Gagnatelli, 1974; Weiss & Rogers, 1973), a condition which is
characterized by a pronounced deficiency of the typical 5-HT storage
organelle and, accordingly, an impaired release of 5-HT and adenine
nucleotides.

In order to clarify the localization of PF4, the distribution of this factor
as well as that of5-HT in electron microscopically characterized subcellular
fractions of rabbit and human platelets has been investigated. Preliminary
results have been communicated as a discussion remark by Liischer (1976).

METHODS

Human and rabbit blood platelets were isolated as previously described from
blood containing 1/10 vol. ethylene diamine-tetra-acetate. After ultrasonication,
the homogenate was submitted to ultracentrifugation in a continuous density
gradient of UrografinB (Schering, Berlin) (Da Prada & Pletscher, 1968; Da Prada
et al. 1972a). The gradient was then divided into eight fractions (fractions I, II,
20 ml.; III-VII, 5 ml.; VIII, 25 ml.) plus a thin layer localized at the bottom of the
centrifuge tube (bottom layer, fraction IX). Fractions I-VIII were diluted with
cold 0-9% NaCl (1:1, v/v) and centrifuged at 130,000 g for 30 min. Factor 4, 5-HT
(rabbits) and proteins were determined in the sedimented material as well as in the
bottom layer according to previously described methods (Bogdalski, Pletscher,
Brodie & -Udenfriend, 1956; KAser-Glanzmann et al. 1972/73; Lowry, Rosebrough,
Farr & Randall, 1951). In addition, the particulate matter of all the platelet fractions
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(including fraction IX) was double-fixed with glutaraldehyde and osmium tetroxide,
embedded in Epon, and ultrathin sections, counterstained with uranyl acetate and
lead citrate, were examined in a Philips electron microscope (EM 300).

RESULTS

Electron microscopy
Rabbit platelet. Whole rabbit platelets showed the typical ultrastruc-

tural features described by Tranzer et al. (1966), namely (a) highly
electron-dense organelles (5-HT organelles) limited by a single membrane
with an average diameter of 180 nm; (b) less electron-dense spherical or
somewhat elongated organelles with an average diameter of 300 nm
(previously identified as a-granules by Schulz, 1960) which were more
numerous, and (c) mitochondria as well as glycogen particles (P1. 1 a).
The platelet subcellular fractions I and II were mainly composed of

microsomal elements while fraction III was richest in mitochondria.
None of these three fractions contained ac-granul4or 5-HT organelles.
Fractions IV and V consisted mostly of unidentified, moderately electron-
dense organelles (possibly lysosomes) and some ac-granules (fraction V);
fractions VI, VII (P1. 1 b) and VIII were rich in c-granules, but conta-
minated with a few mitochondria. Finally, the bottom layer (fraction IX)
was very rich in highly dense, osmiophilic 5-HT organelles, but also
contained some electron-lucent vesicles (empty 5-HT organelles?) (P1. 1 c).
In fractions IV-VIII, 5-HT organelles were only rarely observed.
Human platelets. These showed ultrastructural features similar to those

of rabbits, although there were fewer 5-HT organelles containing highly
electron-dense cores (P1. 2a) (Da Prada, Tranzer & Pletscher, 1972b).
The subcellular fractions revealed the following composition. Fractions I
and II mainly consisted of microsomal elements. Fractions m and IV
also contained microsomes, but in addition a-granules. Fractions V
(P1. 2b), VI and VII consisted mostly of ac-granules, but were slightly
contaminated with mitochondria and glycogen particles. Fraction VIII
was richest in mitochondria, but also showed unidentified, moderately
electron-dense organelles and some ac-granules. The bottom layer (fraction
IX) was less homogeneous than that of rabbit platelets. However, in
agreement with earlier findings it contained numerous organelles with a
highly electron-dense osmiophilic core surrounded by a single membrane.
They had a spherical or ellipsoidal shape and their diameter was similar
to that of the 5-HT organelles of rabbit platelets (P1. 2 c). These organelles
have been previously identified as the storage sites for 5-HT (Da Prada
et al. 1972b). Fractions I-VIII rarely contained 5-HT organelles.
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Distribution studies
5-Hydroxytryptamine. As found earlier (Da Prada et al. 1967; Da Prada

& Pletscher, 1968), the fraction of rabbit platelets showing the highest
concentration (per mg protein) and total content of 5-HT was that of the
5-HT organelles (fraction IX). All the other fractions contained con-
siderably less of the amine (Text-fig. 1). Human platelets also exhibited a
10-100 times higher 5-HT concentration in the bottom layer than in the
other subcellular fractions (Da Prada et al. 1972b). However, owing to a
poor recovery of the 5-HT organelles, the total amount of 5-HT found in
the bottom fraction was approximately 1504 only of that present in all
particulate fractions together (Da Prada et al. 1972b).
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Text-flg. 1. Subcellular distribution of 5-hydroxytryptamine (5-HT) and
heparin-neutralizing factor (PF4) in blood platelets of rabbits. The roman
numbersVindicate the various subcellular factions; fraction IX is the
bottom layer consisting of virtually pure 5-HT organelles.
Text-fig. 2. Subcellular distribution of heparin-neutralizing factor (PF4) in
blood platelets of man. The roman numbers indicate the various sub.
cellular fractions.

Platelet factor 4. In platelets of rabbits, the concentration as well as the
total amount of PF4 was highest in the fractions richest in cc-granules
(fractions VI-VIT). The other fractions, especially the bottom layer,
consisting of the pure 5-H organelles, contained relatively little of this
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factor (Text-fig. 1). In human platelets the concentration of PF4, in
contrast to that of 5-HT, was also very low in the bottom layer. Regarding
the other fractions, PF4 showed a more equal distribution than in rabbits,
although its concentration appeared to be higher in the fractions con-
taining a-granules (III-VII) (Text-fig. 2).

DISCUSSION

Because of the subcellular distribution studies in rabbit platelets, a
major localization of PF4 in the 5-HT storage organelles is unlikely. Thus,
these organelles which were isolated in a virtually pure form with a fair
percentage of recovery (about 50%) (Da Prada et al. 1972b) contained at
most very small amounts of PF4. However, the preferential accumulation
of the latter in the subcellular fractions (VI-VIII) richest in a-granules
indicates that PF4 is mainly located in these organelles.
The findings in human platelets are less clear since the recovery of the

5-HT organelles was low and since the subcellular distribution of PF4 was
more uniform than in rabbit platelets. Nevertheless, in human platelets
the situation seemed to be essentially similar to that in rabbit platelets.
In fact, the concentration (per mg protein) of PF4 in the fraction with
the highest concentration of 5-HT organelles (bottom layer) was virtually
zero, whereas it appeared to be greatest in those fractions containing a
relatively high number of a-granules (fractions III-VII). Therefore,
these results together with those obtained in rabbits indicate that in
human platelets, contrary to previous opinion (Day, Stormorken &
Holmsen, 1973), PF4 is probably not located in the 5-HT organelles, but
rather in a distinct, second type of storage organelle, i.e. the a-granules.
A partial redistribution of PF4 during the homogenization and fractiona-

tion procedure cannot be excluded. However, the virtually complete
absence of PF4 in the bottom layer containing the 5-HT organelles (which
showed a well preserved ultrastructure) is unlikely to be due to a leakage
of PF4 during the experimental procedure. On the other hand, the small
amount of PF4 activity in the lightest fractions of the gradient (Text-figs.
1 and 2) may be due to non-specific adsorption to microsomes of PF4
originating from broken storage organelles. Since these fractions include
fragments of the plasma membrane, the possibility must also be con-
sidered that this activity corresponds to the membrane-bound PF4-like
material described by O'Brien, Finch & Clark (1970). However, this
represents only a small part of the total heparin-neutralizing activity.
The question arises whether still other types of secretary organelles are

present in platelets. Preliminary experiments indicate that the organelle-
bound fibrinogen of human platelets follows the same distribution as
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does PF4. Thus, it appears most likely that fibrinogen is also contained in
a-granules. Other releasable components, such as the thrombin-sensitive
protein (Hagen, 1975), fi-thromboglobulin (Moore et al. 1975), and
albumin, are possibly present in these organelles. Thus, the a-granule
may turn out to be the storage site of the platelet for releasable high
molecular weight substances, whereas the 5-HT organelle (which contains
very little soluble protein; Da Prada & Pletscher, 1975) stores primarily
low molecular weight materials such as biogenic amines, adenine nucleo-
tides, and bivalent metal ions.
Very recent findings with human platelets (Broekman, Handin &

Cohen, 1975) are in partial agreement with the present results. Thus PF4
and fibrinogen were concentrated in the subcellular fractions previously
shown to contain a-granules. However, no pure fraction of 5-HT organelles
has been obtained.
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EXPLANATION OF PLATES

PLATE 1

Ultrastructural features of rabbit whole platelets (a) and of subcellular fractions
rich in a-granules (b) and 5-HT organelles (c). a: note the presence of highly electron-
dense 5-HT organelles (-*), a granules (N*-), some mitochondria (m) and numerous
glycogen particles (g). b: ultrastructural aspect of fraction VII. Numerous a-granules
(O.), some mitochondria (m) and rare 5-HT organelles (-+) are observed. c: ultra-
structural aspect of fraction IX. This is a virtually pure fraction of 5-HT organelles
containing highly electron-dense cores (-+) and some electron translucent vesicles.
Bar = 1 jsm; magnification: x 22,000.

PLATE 2

Ultrastructural features of human whole platelets (a) and of subcellular fractions
rich in a-granules (b) and 5HT organelles (c). a: note the presence of a single highly
electron dense 5-HT organelle (-4) in one platelet profile, several a-granules (1* ),
some mitochondria (m) and numerous glycogen particles (g). b: ultrastructural
aspect of fraction V. Numerous a-granules (N*-) are observed together with glycogen
particles (g) and occasional mitochondria (m). c: ultrastructural aspect of fraction
IX. This fraction contains several 5-HT organelles (-4), but is highly contaminated
with a-granules and other unidentified structures. Bar = 1 Aim; magnification:
x 22,000.
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