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ABSTRACT 

Morphological and physiological data indicate that the pineal 

gland is active in synthesis and secretion of proteinaceous neurochem

ical (s) which may be relevant to disorders of metabolism, fertility and 

maturation. This investigation sought to characterize specific proteins 

present in acidic extracts of the pineal gland by comparison to other 

brain regions. Tissue preparation techniques and application to ultra-

thin polyacrylamide gels for isoelectric focusing (PAG-IEF) were opti

mized using frozen bovine pineal glands. Rat tissues were then used for 

the comparison of specific brain regions by this technique. Intravenous 

perfusion with saline in vivo improved protein separation and sample 

clarity. PAG-IEF was not sensitive enough for adequate comparisons of 

proteins in different brain regions. Two-dimensional gel electropho

resis (2DE) of perfused rat brain tissues revealed protein spots which 

were apparently unique to the pineal gland. Further, certain signifi

cant components of this diencephalic structure were seen to be shared 

only with the posterior pituitary and not with the anterior pituitary, 

hypothalamus or cerebral cortex. 
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INTRODUCTION 

The Pineal Gland 

General History 

The epiphysis cerebri or pineal gland is a parenchymatous struc

ture located in the caudal epithalamus above the thin diencephalic 

tegmentum which separates it from the aqueduct of Sylvius. This gland 

may be concerned primarily with the synchronization of central functions 

and changes in environmental conditions, as determined variably by the 

biotype (Vivien-Roels and Pevet, 1983; Arendt, 1985). The rhythmic 

activities of the pineal gland, which occur in a circadian and circannual 

manner (especially in seasonal breeders), are thought to be driven by the 

suprachiasmatic nucleus of the hypothalamus, an endogenous pacemaker or 

biological clock. In modern mammals the pineal gland secretes sub

stances which influence the development and coordination of the repro

ductive system (Reiter, 1975, 1978; Quay, 1984), regulate pituitary 

hormone release, and alter feedback mechanisms at hypothalamic or pitui

tary levels. 

The mammalian pineal gland contains numerous biologically active 

secretory substances including biogenic amines and peptides. Of the 

biogenic amines norepinephrine (NE), serotonin (5-HT), histamine, mela

tonin (MEL) and related indoleamines, dopamine and octopamine are well 

known (Reichlin, 1981). Having received much investigative effort, MEL 

has emerged as the major hormone of the pineal (Cardinal!, 1984). In 

contrast to the biogenic amines, the specificity and physiological 

1 
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significance of most of the pineal peptides are controversial and their 

isolation and identification have been difficult to achieve. Benson and 

Ebels (1981) support the view that the pineal specific peptides are 

veritably produced in pinealocytes and may hold functional importance 

comparable to that of MEL and related indoles. An alternate school of 

thought endorses the idea that these peptidic constituents are produced 

elsewhere, with subsequent (selective) uptake and concentration at the 

site of the pineal (Pevet et al., 1981). Most studies to date suggest a 

hypothalamic site of action for putative pineal peptidergic antigonado-

tropic compounds (Benson and Ebels, 1981). For example, isolated pineal 

substances such as oxytocin (OT), arginine vasotocin (AVT) or arginine 

vasopressin (AVP) have been seen to increase or reduce directly the 

apparent gonadotropin-releasing activity of the hypothalamus jin vitro. 

Evolutionary Considerations 

Evolutionarily, the pineal organ has been an integral part of 

photoneuroendocrine systems, apparently existing in certain Silurian and 

Devonian vertebrates, ancestors of recent fishes, amphibians and lacer-

tilians (Romer, 1966; Quay, 1979). In the course of phylogeny, the 

pineal complex has changed gradually from a predominantly photoreceptive 

organ into a gland dependent on photic information conducted via the 

retina and sympathetic nervous system. Phylogenetically, intermediate 

forms exist between typical photoreceptor cells, rudimentary photore

ceptor cells (RPC) and the pinealocyte. These may be characterized 

evolutionarily by 1) tl.a gradual rudimentation and subsequent disappear

ance of the photoreceptor role in RPC and pinealocytes, 2) a functional 
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rearrangement of cellular organelles, and 3) a structural and functional 

transformation of the inner cellular pole from an area primarily 

involved in neurotransmission into a polar vascular contact. The para-

pineal organ (parietal eye) of some lower vertebrate taxa may resemble 

the pineal in its differentiation (Oksche, 1965). In some species these 

structures (parapineal and pineal) fuse during development, thus 

obscuring the anatomical situation in the adult. RPC and pinealocytes 

demonstrate the loss of photoreceptor-related structures and primary 

(sensory) neural connections with the brain (Collin and Oksche, 1981). 

Interstitial cells among the pinealocytes may be closely related to the 

astrocytic macroglia cell line (Higley et al., 1984). 

In modern mammals the pineal arises embryologically as an evagi-

nation of the diencephalic tectum with the lumen of this hollow primordia 

open to the third ventricle (Collin and Oksche, 1981). The ependymal 

cells (usually ciliated, cuboidal epithelium) lining the diencephalic 

roof give rise to the pineal and other circumventricular (periventri

cular) organs. Pinealocytes are specialized and truly secretory, based 

on their ultrastructure and cord-like arrangement upon a basement mem

brane in close relationship to an interstitial space (Collin and Oksche, 

1981; Reichler, 1981). In agreement with ultrastructural data, the 

pinealocyte has been considered by some to be a 'paraneuron,' based on 

its possession of mechanisms for amine precursor uptake and decarboxy

lation (APUD) (Pearse, 1969; Ueck and Wake, 1977). Accordingly, cells 

in this category would produce neurotransmitters or related substances, 

proteins or peptidic hormonal substances for neurosecretion in response 

to neural input from postganglionic sympathetic fibers (Fujita, 1976). 



4 

Innervation in Non-mammalian Species 

The derivatives of pineal and parapineal primordia are character

ized by different patterns of neural projections to the brain in various 

animal species. Studies in the rainbow trout (Hafeez and Zerihun, 

1974), utilizing a cobalt iontophoresis technique, showed extensive 

pineal efferent branches to sensorimotor areas of the brain including 

the parapineal organ, lateral habenular nucleus, pretectal area, dien

cephalic and mesencephalic ventricular grey, dorsomedial and dorsolat

eral thalamus, nucleus of Darkschewitsch, dorsal tegmentum and possibly 

cells of the medial longitudinal fasciculus and preoptic areas. Effer

ent fibers have also been observed to be connected to the lateral habe

nular ganglion via the posterior and habenular commissures of amphibians 

and reptiles (Ueck, 1979). This system may be homologous to the auto

nomic sympathetic system that innervates the pineal organs of birds and 

mammals (Semm et al., 1981). Both the pineal and parapineal organs 

consist mainly of: 1) functioning photoreceptors or photoreceptor-like 

cells, 2) ependymal elements, and 3) nerve cells. Evidence that these 

nervous pathways of the pineal complex control the neuroendocrine func

tions within the gland itself is lacking in these vertebrate forms 

(Collin and Oksche, 1981). These pathways, however, may be responsible 

for phototactic reactions involving reticulomotor systems of the 

tegmentum. 

Innervation in Modern Mammals 

The pineal organ of higher mammals is known to receive photic 

information from the retino-hypothalamic projections to the 
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suprachiasmatic nucleus, with possible additional components (although 

not as yet identified) from the upper and lower brainstem (Korf and 

Moller, 1984a). Preganglionic sympathetic neurons of the interomedio-

lateral cell column (of the spinal cord) transmit neural signals to 

postganglionic soma located in the superior cervical ganglia. 

Postganglionic noradrenergic neurons from the superior cervical 

ganglia are excitatory at beta-adrenergic receptors on pinealocyte plasma 

membranes and are crucial to the regulation of pineal function. Central 

pinealopetal (intrapineal) neurons are of similar ultrastructure between 

species (reviewed in Karasek, 1983) with the exception of the ferret 

which uniquely has a 'pineal ganglion' in the caudal region of the gland 

(David et al., 1973). Ueck (1979) reviewed three types of nerve endings 

as distinguishable ultrastructurally, with all three often present in 

the same nerve bundles. These pinealopetal elements may form different 

types of terminals, most of which display free-ending terminals either 

in the perivascular space or among pinealocytes. Only a few of these 

nerve fibers establish a direct "synapse-like" connection with the 

pinealocyte (Korf and Moller, 1984a). As reviewed by these authors 

immunocytochemical studies reveal the presence of peptidergic nerve 

terminals within the pineal gland. These nerves have been observed to 

contain AVP, OT, neurophysin I (NPI), neurophysin II (NPII) and vasoac

tive intestinal peptide, and may be involved in the formation and/or 

release of non-indolic pineal agents such as peptides and pterins (Korf 

and Moller, 1984a). 

Although knowledge remains fragmentary, acetylcholine has been 

shown to influence the electrical activity of the mammalian pinealocyte, 
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additionally verified by ultrastructural cholinergic characteristics of 

certain terminals. Moore (1978) has suggested that information to the 

pineal from the suprachiasmatic nucleus (SCN) arrives from the superior 

cervical ganglion via a complex neuronal chain of pre- and post-gang-

1 ionic fibers accounting for generation of the clrcadian rhythm of 

pineal indole metabolism (Rusak and Zucker, 1979). Thus, the lateral 

habenular nucleus and the paraventricular nucleus, both directly 

connected to the pineal organ, receive afferent inputs from the SCN and 

limbic system connections. Yet another source of central nervous input 

to the pineal, although obscure, may be from the magnocellular nuclei in 

the hypothalamus (HT) (Schneider et al., 1981). Pinealopetal neurons in 

the lateral geniculate body and in the intracommissural nucleus may be 

involved in transmission of short-term photic stimuli to the pineal 

gland. Korf and Moller (1984b) stress the demonstration of direct 

connections between the central nervous system and pineal organs in 

mammals as conforming to the general morphologic pattern (Bauplan) of 

the epithalamic region. 

Parasympathetic nerves are said to reach the pineal from the 

superficial petrosal nerve via the conarii nerves and synapse for the 

most part with intramural parasympathetic nerve cell soma. The functions 

of these are as yet unknown (Kappers, 1978; Vollrath, 1981). 

Neural processes from pinealocytes have been recently identified 

extending to the region of the posterior commissure and habenular nuclei 

(Korf et al., 1986). Their results indicate that pineal-to-brain connec

tions exist in the mammal and that these allow for direct communication 

with specific brain regions. 
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Blood Supply 

Blood supply to the pineal gland is by small arteriolar branches 

from the posterior choroidal arteries which are branches of the poste

rior cerebral artery. Electron microscopic observations favor the view 

that capillary endothelial cells within the pineal are encompassed by 

stromal connective tissue and are active in exchange mechanisms allowing 

secreted molecules to enter easily into the circulation. Karasek 

(1983) reports variations of capillary ultrastructure between mammalian 

species with endothelium being non-fenestrated in some and frequently 

fenestrated in others (the rat, mouse and Djungarian hamster included). 

The capillaries in all species are surrounded by a perivascular space 

outlined by two basal laminae, one facing the endothelium and the other 

which lies adjacent to the parenchyma and is pierced by pinealocyte 

processes (in the aforementioned species). The numerous capillaries and 

venules or sinusoidal capillary plexuses drain into larger venules which 

course subcapsularly before passing into adjacent meningeal tissues to 

larger veins (Great Vein of Galen) or dural venus sinuses (von Bartheld 

and Moll, 1954). Rates of blood flow to the pineal have been shown to 

equal that of the pituitary and to be exceeded only by that of the 

kidney (Goldman & Wurtman, 1964). The abundant blood flow, proximity of 

pineal polar processes to perivascular spaces and permeability of vascu

lar endothelium within the pineal gland is evidence for its endocrine 

function. 
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Pinealocytes 

The major pineal tissue divisions of neuroectodermal parenchymal 

lobules, mesodermal stromal connective tissue and capsule occur through

out mammals (Quay, 1965). The basal region of the organ consists of a 

higher percentage of myelinated fibers (off the habenular and posterior 

commissures) than does the apical. A subcapsular cortical zone has 

greater relative content of neuroglial cells and stromal elements with 

less pinealocyte content than the deeper (medullary) zone. Overall, 

however, pinealocytes are the predominate cell type. Like neuronal 

cells, these cells often have two or more cellular (cytoplasmic) pro

cesses, numerous subsurface cytoplasmic cisterns, microtubules, vesicles 

of various descriptions, organelles for active oxidative metabolism and 

protein synthesis and at least portions of structures usually associated 

with synaptic contacts in central nervous or retinal tissue (Quay, 

1974). Synapse-like intercellular communication between pinealocytes is 

indicated by the presence of cytoplasmic vesicular aggregations near the 

plasmalemma or "synaptic" ribbons (vesicle-crowned rodlets). Junctional 

contacts such as macula adherens or desmosomes are more frequent and 

Implicate a more structural function (Karasek, 1983). 

Evidence for pinealocyte secretory activity and the nature of 

its secretory precursors is best demonstrated within the large terminals 

of the perivascular cytoplasmic processes containing vesicles and secre

tory granules. Well-developed rough endoplasmic reticulum and free 

ribosomes in the perikarya of pinealocytes indicates active protein 

synthesis in all species observed. The ultrastructure of the terminal 
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pedicles and pinealocytes resembles that of axonal endings of peptider

gic neurons in at least these four criteria (Collin and Oksche, 1981), 

as defined by Palade (1975): 1) intracellular capacities for essential 

steps in protein synthesis, 2) contact of the processes with the basal 

lamina of the pineal epithelium or glandular parenchyma, 3) cellulofugal 

migration of dense-cored vesicles (DCV), and 4) an accumulation of DCV 

and presence of clusters of electron-lucent small vesicles in the termi

nals. Although differences exist between some mammalian species as to 

fine structure, general ultrastructural features of pinealocytes are 

similar in all mammals (Karasek, 1983). 

Secretory granules or DCV have been found in cells of the recep

tor line of all groups of vertebrates studied. They demonstrate three 

components: 1) A conspicuous dense core, 2) a clear halo surrounding the 

granular core, and 3) a limiting membrane. Applications of proteases 

(i.e., pronase, pepsin) to thin sections led Collin (1979) to conclude 

that the dense core of DCV is proteinaceous in nature in reptiles, birds 

and mammals. Dense-cored vesicles originate from Golgi saccules and are 

found in the perikarya as well as in the processes of the pinealocyte. 

Pevet (1979) suggests the presence or absence of a large number 

of DCV is directly related to their physiological function. An increase 

in DCV was observed in the hamster by Clabough (1971) and Sheridan 

(1975) relating to an increase of pineal antigonadotropic activity. In 

contrast, other studies have suggested a decrease in DCV number as being 

a direct correlate of the increase of pineal antigonadotropic activity 

(Benson and Krasovich, 1977). Dense-core vesicles are also seen to 

increase in number with a generalized increase in intracellular RER 
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containing flocculent material in adult rats as compared with young 

animals (Calvo and Boya, 1984). In seasonally breeding mammals of 

temperate-polar regions, DCV tend to be rare, yet cyclic in their 

numbers. 

The DCV within pinealocytes of rodents are generally believed 

to contain secretory substances (Ito and Matsushima, 1968; Pellegrino de 

Iraldi, 1969; Matsushima and Reiter, 1975; Benson and Krasovich, 1977; 

Matsushima et al., 1977, 1981), the content of which fluctuates under 

various conditions (Romijn, 1973; Upson et al., 1976; Upson and Benson, 

1977; Matsushima and Morisawa, 1978). A relationship seems evident that 

mammalian species with the largest number of DCV are tropical/equatorial 

with little need for circannual synchronization due to the lack of 

photoperiodic change. The pinealocytes of two species (golden mole and 

Malaysian rat) from equatorial and tropical regions are characterized by 

a large amount of DCV similar to what is seen in pinealocytes of labora

tory hamsters and mice. Notably, these latter species tend to be con

stantly sexually active. The situation in non-mammalian vertebrates is 

even more complex (Pevet, 1981b; Pevet and Yadav, 1980). 

Laboratory rats maintained under diurnal lighting conditions 

demonstrate a clrcadlan rhythm in numbers of plnealocyte DCV and protein 

content (Quay, 1974). In particular, the number of DCV was reported to 

show a diurnal change, increasing gradually during the light period to 

attain a maximum at the onset of darkness (Benson and Krasovich, 1977; 

Matsushima et al., 1977). In contrast, the numerous plnealocyte DCV 

were reported not to exhibit a diurnal change in the golden hamster 
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(Sheridan, 1975) or in the Chinese hamster (Matsushima, Morisawa and 

Mukai, 1981); these investigators interpreted these results as evidence 

for an absence of a NE rhythm in the pineals of these species. A later 

study by Krasovich and Benson (1982) showed a highly significant DCV 

rhythm of low amplitude in pinealocytes of male golden hamsters placed 

under short photoperiod. Ultrastructural observations of pinealocytes 

suggest that exogenously administered MEL or 5-HT, reaching the pineal 

via the general circulation, influences pineal secretory processes 

involved in protein synthesis (Pevet, 1981). Apparent release of DCV 

during the dark phase was inhibited by reserpine, while MEL treatment 

resulted in partial reversal of this effect (Benson and Ebels, 1981). 

Parachlorophenylalanine, an inhibitor of 5-HT synthesis, had no effect 

on the circadian rhythms (Krasovich and Benson, 1979) yet increased the 

relative amount of a pineal-specific protein (Merritt and Sulkowski, 

1969). 

A culmination of results (including work with hamsters by Kraso

vich and Benson, 1980) suggest overall that the synthesis and packaging 

of pineal secretory product in DCV occurs during the photoperiod at a 

rate greater than the rate of secretion. Thus, an increased accumula

tion occurs at this time as reflected by a visible increase in DCV 

number. When NE is released during the scotoperiod, the DCV are appar

ently released or the secretory product is changed into another form for 

secretion, as evidenced by a decrease in DCV number. Synthesis of 

granulated vesicles in pinealocytes may be stimulated by norepinephrine 

(NE) in vitro (Karasek, 1974; Romijn and Gelsema, 1976). In both rat 
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and mouse, testosterone significantly increases the number of DCV in 

cultured pineal cells, but only in a NE-free medium (Haldar-Misra and 

Pevet, 1983). 

Neurosecretory-like and ependymal-like secretory processes in 

mammalian pinealocytes suggest independent intracellular functions. If 

they are closely related, perhaps they are transitional in the process 

of the formation of DCV. According to Karasek (1983) the neurosecretory-

like process is characterized by the formation of DCV by the Golgi 

apparatus (Oksche et al., 1971; Collin, 1979). Ependymal secretion is 

essentially characterized by the production of vacuoles in cisternae of 

the rough endoplasmic reticulum (RER) (without apparent intervention of 

the Golgi complex) with contents of these vacuoles being released directly 

into the pericapillary space or third ventricle (Pevet, 1981b). Neuro

secretory-like and ependymal secretory processes vary in their ratios 

among species, developmental stages and changes in environmental condi

tions. Inverse changes in both these secretory processes have been 

found in rat pinealocytes during the last days of pregnancy (Karasek et 

al., 1982b) and following hypophysectomy or prolactin (PRL) administra

tion (Karasek et al., 1982a). In addition, it was observed that PRL 

administration stimulates the ependymal-like secretory process in the 

pinealocytes of mice with hereditary hypopituitarism, with no apparent 

influence on neurosecretory-like processes (Karasek et al., 1983). 

Observations of stimulated rat pinealocytes (Karasek et al., 1976; 

Karasek 1981) suggested direct release into extracellular space of the 

flocculent material present in vacuoles. These data prompted Karasek 

(1983) to state that neurosecretory-like and ependymal-like secretory 
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processes represent ultratructural correlates of two different modes of 

pineal secretion in the mammalian pinealocyte. The abundance of clear 

vesicles also represents a component of the active pineal secretory 

process (Romijn, 1973; Romijn et al., 1976; Welsh et al., 1979; Karasek, 

1981). This morphological organization, coupled with a highly developed 

vascular supply, supports the idea that a proteinaceous neurochemical(s) 

is (are) synthesized and released into the blood-vascular system. 

Indoleaminergic synthesis probably occurs in the smooth endo

plasmic reticulum (SER) of the pinealocyte (Romijn, 1973; Pevet, 1981a). 

Compounds such as melatonin may be present in free form or bound within 

the cytoplasm and not be visualized by present methods (Kappers, 1978; 

Reiter, 1981; Karasek and Reiter, 1982). Autoradiographic and other 

studies suggest that intrapineal serotonin (5-HT) coexists with protein

aceous compounds in DCV of mammalian pinealocytes (Collin, 1979; Lu and 

Lin, 1979). A relatively small portion of pineal 5-HT may be directly 

involved in the synthesis of MEL, however; serotonin may act to influ

ence the formation and storage of proteinaceous secretory products in 

the pineal. Collin (1979) suggests that these cells could release 

peptidergic hormones by a mechanism in which 5-HT would change membrane 

permeability. A functional interrelationship has been shown between 

calcitonin and 5-HT in thyroid cell DCV. By analogy, pinealocyte DCV 

could contain a specific complex peptidergic neurohormone to which a 

portion of the indoleaminergic pool may be bound. Such a hypothetical 

indole-protein-complex has been isolated from the reproductive tract, 

pineal gland and other organs (van der Horst et al., 1980). Similarly, 

serotonin may be linked with a protein in the pinealocyte for release 
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into the circulation, or may be implicated in a process of synthesis and 

storage as seen in some endocrine cells, APUD cells or paraneurons 

(Pevet, 1981b). Recent evidence also suggest that 5-HT may be secreted 

in free form as a major pineal secretory product (Walker et al., 1986). 

Pineal Proteins and Peptides 

Pineal contents of soluble proteins can be either synthesized 

within pineal tissue, or synthesized elsewhere in the body to be subse

quently taken up in part by the pineal, presumably primarily or entirely 

from the bloodstream (Quay, 1981). Pineal glial cells consisting of 

astrocytes and oligodendrocytes, are thought to synthesize (a) pineal 

product(s), perhaps a carrier protein (Welsh and Reiter, 1978). Pineal 

protein synthesis has been determined ̂ n vitro showing uptake of radio

labeled amino acids into protein fractions. Pineal protein synthesis 

has been shown in the rat to undergo circadian rhythms and to be modu

lated by gonadal hormone levels, norepinephrine release, and certain 

physiological conditions (Wurtman et al., 1969; Nir et al., 1971; Cardi

nal! et al., 1974, 1976; Nagle et al., 1975; Mizobe and Kurokawa, 1978; 

Morrissey and Lovenberg, 1978). However, these findings have not yet 

been correlated with the synthesis and secretion of structurally identi

fied proteins. 

Frequently investigated categories of biological activities 

identified in mammalian pineal peptide fractions include: 1) antigonado-

tropic (Benson et al., 1971, 1972; Ebels et al., 1973; Damian et al., 

1978; Orts et al., 1980); 2) antidiuretic (Konig and Meyer, 1967, 1971); 
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3) lipolytic and melanotrophic (Rudraan et al., 1971, 1973). Antigonado-

tropic pineal peptide studies suggest that, in addition to arginine 

vasotocin (AVT), there may be both large (greater than 10,000 M.W.) and 

small (less than 1000 M.W.) pineal peptides possessing such activity 

(Benson, 1977; Ota et al., 1977; Orts et al., 1978). Other peptides 

that have been identified (or indicated) in pineal tissue, but which 

have not been quantitated as yet, include: (porcine) lysine vasotocin 

(Pavel, 1965); nerve growth factor (NGF) (Levi-Montalcini and Angeletti, 

1968); somatostatin (Webb et al., 1982); delta-sleep inducing peptide 

(DSIP) (Kastin et al., 1978); prolactin-releasing and release-inhibiting 

factors (Blask et al., 1976; Chang et al., 1979); S-100 protein and 

glial fibrillary acidic protein (GFA) (Moller et al., 1978; Kuwano, 

1983; Higley et al., 1984; Girod and Durand, 1985); motilin-like 

(immunoreactlvity) (Shimosegawa, 1984); vasoactive intestinal polypep

tide (VIP) (Moller et al., 1985); renin-like peptide (Haulica et al., 

1975); neuron-specific enolase (NSE) (Kuwano, 1983); and thyrotropin 

releasing hormone (Wilbur et al., 1976; Jackson et al., 1977). Prelim

inary studies have suggested that many of these pineal constituents are 

primarily within ependymal, glial, oligodendrocyte or neuronal cells 

lying within or at the base of the gland. 

Nonapeptides and Neuroepiphysins 
(Neurohypophysial-1 ike Hormones in the Pineal Gland) 

An excellent recent discussion of controversial findings regar

ding AVT and the pineal gland is well reviewed by Vaughan (1984, pp. 45-

60) and also by Nieuwenhuis (1984). Earlier reports may have been 

mislead by cross-reactivity of antibodies (Pevet et al., 1980; Pevet, 
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1981; Geelen et al., 1981) or, perhaps more importantly, by samplings 

taken at the wrong time of year (Joseph, 1976; Dogterum et al., 1979, 

1980; Fernstrom et al., 1980). Although circadian changes of pineal 

constituents and functions are well-established, there is virtually no 

evidence available regarding the consistency of these changes when 

studied over long time periods (Vollrath et al., 1981). A study by 

Prechel et al. (1983) emphasized the importance of using a protease 

inhibitor in coordination with rapid processing to prevent enzymatic 

degradation. They concluded that a 250-fold circannual rhythmicity of 

pineal AVT exists in the rat, with maximal levels attained in August and 

undetectable levels for the remainder of the year. Similar evidence was 

previously found for the tortoise, Testudo hermanni Gmelin (Vivien-Roels 

et al., 1979) and was recently determined in the hamster (Prechel et 

al., 1984). Pavel et al. (1973, 1977), who observed AVT release into 

culture media, made the statement that this nonapeptide is the only 

structurally identified peptide shown to be synthesized by the pineal 

gland. 

Benson et al. (1976) localized neurohypophysial hormone (vaso-

tocic) activity to the pineal stalk of bovine pineals. Extrahypotha-

lamic AVP- and OT-containing fibers have been found to extend via the 

subcommissural organ or habenular commissure into the pineal stalk and 

terminate in the anterior of the organ (Buijs and Pevet, 1980). In 

addition, a specific projection tract from the paraventricular nucleus 

(HT) to the pineal was described in the guinea pig (Korf and Wagner, 

1980). Circannual peptidergic correlations were analyzed in the insec

tivorous hedgehog, Erinaceus europaeus. by Nurnberger and Korf (1981). 
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As with AVT, intrapineal fibers containing AVP and OT varied with the 

functional status of the animal such that hibernating animals demon

strated an increase in OT staining (positive for Gomori or immuno-

staining), whereas nonhibernating or arousing winter animals had more 

AVP-staining material. No staining of AVP or OT was seen in the summer 

months. These documentations of dramatic circannual cyclicities of the 

neurohormones illustrate the difficulties in their detection, and may 

reflect a complex biochemistry at the levels of prohormone synthesis, 

neurophysin binding (influencing binding reactivities) and/or potentials 

for storage and structural modifications. In support of the presence of 

AVP and OT in the pineal are documentations of these neurohypophysial 

nonapeptides (Fernstrom et al., 1980; Fisher and Fernstrom, 1981) and 

affiliated neurophysin characterizations (Reinharz et al., 1974 and 

1977). There appears to be an intricate triad of interaction between 

parameters of the hypothalamus, pineal and posterior pituitary, many 

aspects of which are yet to be defined and lie beyond the scope of this 

review. 

Neurophysins (NP) are cysteine-rich intragranular proteins that 

are associated with neurohormones (Reinharz et al., 1981). They are 

known or believed to function in: hormonal stabilization within DCV 

during intra-axonal transport; prevention of hormone leakage across the 

DCV membrane; prevention of disulfide interchange; and/or protection of 

hormones from proteolytic digestion (Breslow, 1979). Using highly spe

cific antisera raised against bovine NPI and NP1I, Reinharz et al. 

(1974; 1975; 1977) demonstrated their presence in pineal tissue (12.75 

and 0.275 pg/mg, respectively). In addition to the neurophysins, AVP 
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and OT were identified for which the former are presumed to be carriers 

(Pevet et al., 1978; Fernstrora et al., 1980; Dogterum et al., 1979, 

1980; Reinharz et al., 1981). Reinharz and associates (1978, 1985) have 

described physical similarities between pituitary and pineal NP in their 

corresponding gel-filtration elution volumes, antigenic properties, 

electrophoretic mobilities, and peptide mapping. Also, minor differ

ences listed in their purification methods include the failure of pineal 

NP-neurohormone complex to precipitate in 10% sodium chloride and a 

lower affinity for agarose-bound AVP by the pineal NPI than pituitary 

NP. 

Neurophysins and nonapeptide neurohormones are known to be syn

thesized in the supraoptic and paraventricular nuclei with three path

ways for their neurosecretion. A primary route is via the supraoptico

hypophysial tract to the posterior lobe of the pituitary (North et al., 

1977) for secretion into the circulation. A secondary pathway extends 

to the external zone of the median eminence for secretion into hypo

physial portal blood. Finally, these materials may be directly secreted 

into the cerebrospinal fluid (third ventricle) (Robinson and Zimmerman, 

1973; Parry and Livett, 1973). Isolation and characterization studies 

of OT-NP and AVP-NP from the supraoptic nucleus demonstrate that they 

are synthesized from two separate macromolecular precursors which Rus

sell et al. (1980) designated as propressophysin and prooxyphysin. 

Another study by Lauber et al. (1981) suggests that "coenorphin", a 

80,000 m.w. common precursor in the hypothalamo-neurohypophysial tract, 

also contains corticotropin and beta-endorphin sequences. 
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.Both NP and neurohormones were found to be present in all parts 

of the pineal gland, with ratios of OT/AVP often being similar to the 

ratio of NPI/NPII (Reinharz et al., 1981). Noteborn et al. (1986) have 

verified the existence of a biologically active peptide sequence diffent 

from that of AVP, AVT and OT and with Pro-Arg-Gly (N^) at the carboxyl-

terminal. Benson et al. (1976) and Larsen et al. (1982) had previously 

found neurohormone-like activity in bovine pineal extracts which differed 

from AVT/AVP and with chromatographic properties similar to OT. Since 

AVP, OT and their respective NPs have been confirmed in the retinae 

of bovine, rat and human, and are transported to this site from hypotha

lamic nerve fibers, Gauquelin et al. (1983) suggest that the same mech

anism could be occurring in the pineal. As mentioned earlier, Bruijs 

and Pevet (1980) demonstrated that extrahypothalamic fibers containing 

AVP and OT originate from the magnocellular nuclei and reach the subcom

missural organ, pineal stalk and anterior region of the pineal gland. 

Luteinizing hormone-releasing hormone (LH-RH) 
and Isoforms in the Pineal Gland 

LH-RH has been measured by radioimmunoassay in ovine, bovine and 

rat pineals and found to be either up to 20 times higher than in the HT 

(White, 1973) or 10-20 times lower (Millar et al., 1981). The descre-

pancies have been explainable by physical and experimental conditions. 

Separate derivatives of LH-RH from the HT and pineal were shown to be 

different by high voltage electrophoresis and thin layer chromatography. 

Application of specific antisera for different regions of the molecule 

suggested structural variance in the region of Ser-Gly . In addition, 

the chemical structure and biologic activity of these two forms were 
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shown to be distinctly different. Previous investigations agreed with 

this study (Duraiswanii et al., 1976; Gradwell et al., 1976; Carson et 

al., 1977). Seasonal variations in the content of immunoreactive LH-RH 

in rat pineals have been recorded but would not in itself account for 

these differences (Joseph, 1976). It is hypothesized that specific 

changes in LH-RH immunoreactivity and biogenicity may be due to an amino 

acid substitution or to a post-translational modification such as methyl-

ation of His-2, phosphorylation or glycosylation of Ser-4, or hydroxy1-

ation of Pro-9, but specifics have not been ascertained (Millar et al., 

1981). Concentration of tritiated LH-RH by the pineal suggests that 

this molecule is not synthesized jbn situ but is perhaps sequestered and 

modified in the gland (Redding, 1973). The pineal may convert the mole

cule to an isoform for purposes of storage or specific receptor-binding 

and/or utilization in feedback dynamics. 

King et al. (1985) determined the hypothalamic LH-RH decapeptide 

to exist in different structural and morphological moieties depending 

upon intraneuronal events including biosynthesis from a prohormone, 

post-translational modification and storage. Comparisons of the subcel

lular distributions of these moieties within LH-RH neurons illustrate 

differences in the dynamics of processing and suggest the following: 1) 

'mature' hormone is associated with granules which are present in all 

LH-RH neuronal regions (perikarya, processes and neurovascular termi

nals); 2) a larger molecular weight species is found in association with 

the organelles involved in protein sythesis (RER and Golgi apparatus). 

This latter prohormonal moiety may be the nascent form of the peptide in 

which the decapeptide is extended from both ends. These investigations 
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were based upon the use of antlsera capable of detecting the fully 

processed ('mature') hormone as well as extended decapeptide sequences. 

Molecular Isoforms of Pituitary Hormones 

In addition to LH-RH, molecular isoforms have been identified 

for pituitary follicle-stimulating hormone (FSH) by Chappel et al. (1983 

& 1985). Structural variations in prolactin (PRL; Ishikawa et al., 

1985) and alpha-melanocyte stimulating hormone (a-MSH; Swaab & Fisser, 

1977; Pevet and Swaab, 1979) have also been reported. Immunocyto-

chemically assessed structural variations have been observed to be 

comprised of additions (or deletions) of groups at reactive sites, 

including one or more of the following: carbohydrate, carboxyl, amine, 

acetyl, alcohol, lipid or other subunit. Different isoforms demonstrate 

significant variations in receptor binding, immunoreactivity and biolo

gical activity. 

Discrepancies between biologic (target organ response; serum 

half-life) and immunologic (receptor binding) activity of gonadotropins 

have been recorded under various endocrine and aging states (Diebel et 

al., 1973; Marut et al., 1981; Chappel et al., 1983 & 1985; Liu and 

Jackson, 1979; Ulloa-Aguirre et al., 1984). The rate of release and/or 

tissue receptor content and specificity changes dramatically for certain 

reproductive hormones during the onset of puberty. This has lead to 

presumptions that the changing endocrine environment and associated 

feedback systems affect the type of gonadotropin released from pituitary 

(or other) sites in the developing animal. Biologic-immunologic ratio 
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changes in gonadotropic activity have been recorded within the hypothal

amus, pituitary or in serum, seemingly as a result of- a change in the 

relative amounts of gonadotropic isoforms (Wakabayashi, 1977; Robertson 

et al., 1982; Chappel et al., 1983 & 1985). 

As early as 1965, Jones et al. compared pituitary extracts by 

disc electrophoresis and found a broader band of putative PRL in female 

rat pituitaries than in male, suggesting the existence of a sexual 

polymorphism in this hormone. It was this same year that Lewis and 

Cheever found that deamidation at high pH causes heterogeneity of PRL. 

Other studies have supported this finding (Catt and Moffat, 1967; Ellis 

el al., 1969; Ireiri et al., 1972; Suh and Frantz, 1974). Niall (1981) 

proposed several possible molecular species of PRL from analogous corre

lations with the known structural relationships of GH. Other authors 

have discussed synthesis and release control mechanisms for these two 

very similar somatomammotropins (Lewis and Cheever, 1965; MacLeod and 

Abad, 1968; Ireiri et al., 1971). A two-chain PRL variant was found in 

rats (Mittra, 1980a, 1980b) and in mice (Sinha and Gilligan, 1984); the 

latter workers conclude that the size heterogeneity of PRL is possibly 

related to its biosynthetic state. Ishikawa et al. (1985) describes 

three types of PRL molecular species by immunoreactivity. Species A, 

with subspecies of pi 5.0 and 5.25, was seen to change simultaneously 

during the estrous cycle; this species is presumably a complete and 

secretory type of PRL and is probably stored in the secretory granules. 

Species B, with subspecies of pi 5.45, 5.6-5.7, 6.0 and 6.3, was not 

always observed and is thus thought to represent PRL in the process of 

biosynthesis. The third, Species C, with subspecies of pi 3.8 (in 
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orchldectomized rats) and 4.1 (In ovariectomized rats), was found only 

in very small amounts In Intact animals. One week following gonadec-

tomy, the amounts of PRL in this highly acidic area increased signifi

cantly. Administration of estrogen increased serum and pituitary levels 

of PRL (Catt and Moffet, 1967; MacLeod et al., 1969; Maurer and Gorski, 

1977). Estrogen also stimulates PRL secretion iji vitro, an effect 

thought to occur directly at the level of gene transcription (Vician et 

al., 1979; Maurer, 1982a, 1982b; Shull and Gorski, 1984). 

Significant shifts in the isoelectric focusing (IEF) profiles of 

FSH moeities are reported in maturing rats of both sexes (Chappel et 

al., 1983). Other studies have been documented similar changes in LH-RH 

(Araki et al., 1975; Bourgignon and Franchimont, 1984). These obser

vations lend further support for the occurrence of co- and post-transla-

tional events during molecular processing. The number and binding 

kinetics of hormones to receptors may be regulated by feedback controls. 

For example, in the case of the peripubertal male rat the rate of 

production and secretion of FSH form(s) with increased biologic activity 

may affect the responsiveness of steroidogenic cells to LH, thereby 

bringing about increased secretion of androgenic hormones (Chappel et 

al., 1985). 

In perspective, the application of IEF and the identification of 

isoforms may indeed shed light upon many controversies remaining about 

pineal neuropeptidic hormones and their variations seen in iraraunoreac-

tivity studies. This exciting field is deserving of further investi

gation and promises to provide a better understanding of intracellular 

protein compartmentalizations. 
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Protein Characterization by Isoelectric Focusing 
and Two-dimensional Gel Electrophoresis. 

Polyacrylamide gel Isoelectric focusing (PAG-IEF) is capable of 

separating a mixture of proteins and polypeptides on the basis of net 

molecular charge equilibria, or isoionic points (pi). This technique 

provides a relatively simple, economical and rapid way of viewing groups 

of proteins of a certain pi which are focused within a pH range under 

conditions of high voltage. This method is useful in viewing quanti

tative changes in (or families of) proteins with specific pi's, although 

a focused band may consist of several constituents with different mole

cular weights. 

Ultrathin PAG-IEF may still be the choice over two-dimensional 

gel electrophoresis (2DE) for the detection of qualitative changes in 

proteins since it is a faster and less expensive procedure (Klose, 

1984). This method may be used, for example, in the detection of 

hemoglobin species (as in the diagnosis of sickle cell anemia) or hor

mone isoform screening (Chappel et al., 1983, 1985). However, quantita

tive changes in enzyme patterns cannot be readily recognized with PAG-

IEF, especially in the presence of multiple protein species. 

Two-dimensional gel electrophoresis, first popularized by O'Far-

rell (1975), is a high resolution technique for the separation of thou

sands of proteins. Detection resolution for individual components is 

as small as 0.001% (and now less) of the total cellular protein. Two-

dimensional electrophoresis can be applied in studies of the genetic 

variability in various specific gene classes. This procedure has made 
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many recent technological advances and is approaching automation and 

better standardization In the future. Various laboratories use differ

ent conditions and sample preparation procedures, based primarily on the 

work of N.G. Anderson (1978) and N.L. Anderson (1978). 

The 2DE system combines the techniques of isoelectric focusing 

(IEF) in the presence of urea, as the first dimension, and slab gel 

electrophoresis under denaturing conditions using sodium dodecyl sulfate 

(SDS) in the second dimension. Basic proteins are not well separated in 

the IEF/SDS system due to basic regional gradient instability in the 

presence of urea. To minimize streaking by these products, non-equilib

rium pH gradient electrophoresis (NEPHGE) allows samples to be applied 

to the acidic side of the gel with a resulting voltage X time product 

which is less than that obtained with IEF (O'Farrell et al., 1977). The 

pH gradient thus does not reach full equilibrium and proteins are sepa

rated by charge yet not fully equilibrated, as with IEF. 

Strategic advantages offered by 2DE include: 1) proteins can be 

studied for each cell type, tissue or organism relevant to a question or 

problem, 2) a large number and broad spectrum of different proteins can 

be analysed in each biological system (i.e., representatives of genes 

specific to the system under investigation), and 3) both quantitative 

and qualitative protein changes may be revealed. There are limitations 

to this procedure which should not be overlooked. Even the best of 2DE 

patterns cannot reveal all proteins of a certain cell type or tissue; 

a majority are revealed at best. Additionally, a 2DE pattern may not 

represent all different protein classes (enzymes, hormones, antibodies, 



26 

receptors; glycoproteins, phosphoproteins; mitochondrial, chromosomal, 

etc.) although the color-staining technique employed in the present 

study (Sammons et al., 1984) has potentially improved upon this ability. 

Finally, due to dissociation, phosphorylation, reduction or other pro

cess reaction the pattern seen may be distortion of the natural propor

tion of proteins in a cell type (see Discussion). 



STATEMENT OF THE PROBLEM 

The morphological organization and highly developed vascular 

supply of the pineal gland supports the idea that it synthesizes and 

releases (a) proteinaceous neurochemical(s) into the blood-vascular 

system. However, characterization of these compounds by pi, molecular 

weights, regional specificities and implications of function has been 

difficult. This investigation was inspired by recent improvements in 

electrophoretic techniques used for the separation of proteins. The 

goal was to verify the existence of and further characterize pineal-

specific proteins. This required optimization of tissue preparation and 

employed the use of two state-of-the-art methods for protein separation, 

viz., ultrathin polyacrylamide gel isoelectric focusing (PAG-IEF) and 

two-dimensional gel electrophoresis (2DE) with silver color staining. 
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METHODS 

Tissue Preparation 

Bovine pineal glands (Pel-Freez) were stored at -85°C, thawed in 

normal saline (0.9%) and dissected free of fascia and vasculature. 0.2 

M acetic acid or other solvents were added in a ratio of 12 glands per 

1.0 ml and tissues were homogenized with a Tekmar Tissumizer at medium 

setting, for approximately 30-40 seconds. These were subsequently soni

cated using a Kontes Micro-sonicator Cell Disrupter at low to medium 

setting for up to 30 seconds. The sonicate was centrifuged at 12000 X g 

for 20 minutes; aliquots of supernates were distributed for further 

solubilization and dilution. Some aliquots were lyophilized and resus-

pended for application on 3.0 M urea polyacrylamide gel. Samples, 

either wet or dried, were stored prior to electrophoresis at -85°C. 

Vascular Perfusion and Tissue Collection 

Male Sprague-Dawley rats (250-300 g) were housed prior to use in 

animal facilities under standard photoperiods (14L:10D). Laboratory 

chow and water were available ad libitum. Non-perfused animals were 

sacrificed by rapid decapitation. For vascular perfusions, rats were 

anesthetized with an over-dose of Innovar (0.3 mg/kg, injected intramus

cularly). Upon complete anesthesia, each animal was positioned on its 

dorsum in a dissecting pan and its forelegs taped laterally. The abdo

men was opened with incisions placed medially and transversely (caudal 

to the thorax) and separate hemostats were clamped to the xyphoid pro

28 
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cess and to the large descending vessels (including the descending 

aorta), immediately below the diaphragm. Two parasagittal cuts were 

rapidly made alongside the sternum which was pulled rostrally to expose 

the thoracic cavity. The right atrium was snipped to allow for venous 

drainage while saline (room-temperature) was perfused into the apex of 

the left ventricle. An excess of approximately 50.0 ml was rapidly 

perfused (with eventual maximum distension of the cardium), maintaining 

vascular flush of hematologic contents. When the capillaries of the 

forepaw toes, ears and retinas had cleared (from pink to white) the body 

was decapitated and the brain rapidly removed. 

The pineal and other brain regions were carefully dissected, 

weighed and placed into 0.5 or 1.0 ml polyethylene Biovial centrifuge 

tubes containing ice-cold 0.2 M acetic acid at ratios of 10.0 jul/mg for 

pineal and posterior pituitary and 10.0 /il/3.0 mg for all other tissues. 

Samples were sonicated (at minimal setting and time required for disrup

tion of specific tissue) and centrifuged (12000 X g for 20 minutes). 

All supernates were transferred to new 0.5 ml Biovials for pineal and 

posterior pituitaries, whereas only a 50-100 pi aliquot was saved from 

other tissues. All samples were frozen, lyophilized to dryness and 

stored at -85°C. Sephadex gel chromatography required that the superna

tant fraction be transferred onto the equilibrated column immediately 

following sample centrifugation (see technique described below). 

Polyacrylamide Gel Isoelectric Focusing (PAG-IEF) 

Polyacrylamide gels (PAG) for isoelectric focusing (IEF) were 

prepared with natural pH gradients (Bier, et al., 1979). The gels were 
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10 cm X 20 cm X 0.4 mm with 5.4 % acrylamide, 0.2 % bis-acrylamide 

crosslinker, 5.1 % (weight/volume) Ampholine (LKB), and 3.0 M urea. All 

gels were cast on PAG Gel Bond. Catholyte and anolyte were 0.1 M sodium 

hydroxide (NaOH) and 0.1 M phosphoric acid (H PO ), respectively, unless 
3 4 

otherwise specified. 

Lyophilized tissue samples were dissolved in 3.0 M urea (25.0 pi 

for the original 50.0 fil volume), and 20.0 /il aliquots were applied to 

the gel using standard application wicks. Ideal wick placement was 

determined and is indicated for each run. However, usual placement for 

pH 3.5-10.0 gels was at one third the distance from the anode to the 

cathode of prefocused natural pH gradient gels. Sample wicks were 

removed after 1.0 hr, the voltage was then increased to a maximum of 

1200 V (no greater than 9 W per gel), and maintained for 3.0 hrs. 

Afterwards, the gels were stained overnight in Coomassie blue, according 

to Blakesley and Boezi (1977). 

Two-dimensional Gel Electrophoresis (2DE) 

In preparation for two-dimensional electrophoresis (2DE), per

fused rat tissues were prepared as described. Four pineals (PN) and 

posterior pituitaries (PP) were homogenized separately in 40 jil 0.1 M 

acetic acid, centrifuged (12000 X g for 20 minutes) and all supernates 

transferred to new tubes. Anterior pituitary (AP), cortex (CTX) and 

hypothalamus (HT) were homogenized in 10 ̂ 1 0.1 M acetic acid/3.0 mg 

tissue weight, with 100 jul supernatant transferred following centrifu-

gation. All samples were lyophilized. 
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Dried sample pellets were resuspended In 50 pi of 'iso-urea' mix 

(Anderson, N.G., 1978) consisting of the following: 9.0 M Urea, 4% NP-40 

(detergent), 2% Ampholine (3-10 pH) and 2% mercaptoethanol. A 15.0 pi 

aliquot of each tissue extract was loaded onto the 1.5 mm tube, first 

dimension gels. In the case of freeze-dried fractions derived from 

Sephadex chromatography, protein content was estimated by tissue weight 

and dilutions. 

Second dimension sodium dodecyl sulfate (SDS) gel electropho

resis procedures were performed primarily as described by N.L. Anderson 

et al. (1978). The proteins on the PAG were stained with the silver-

based color developing system (Sammons et al., 1981) as modified in the 

instructions provided with GELCODE silver stain (Health Products, Inc.) 

(Schoenle et al., 1984). 

Sephadex Gel Chromat ography 

Sephadex G-50 Fine was hydrated and equilibrated in 0.2 M acetic 

acid overnight at room temperature, then maintained at 4°C. The glass 

column (pyrex graduated 10.0 ml pipet, #7085) was fitted with a glass 

bead at the tip, the gel poured (8.0 mm X 27.0 cm) and the column 

equilibrated by eluent flow overnight. Dextran blue 2000 was applied 

and fractions were collected per 10 drops at a rate of 14.1 sec/drop. 

The elution volume was determined to be 4.2 ml and tubes were read at 

350 nm, visible wavelength (see Fig. 10). 

The supernatant fraction from the sonicated tissue sample (10 

glands/120 /il 0.2 M acetic acid) was loaded onto the column head and the 

flow of 0.2 M acetic acid adjusted to one drop per 18.5 seconds. Each 
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fraction was comprised of 10 drops. Elution profiles were monitored with 

ultraviolet absorbance at 254 and 280 nm, with fractions collected 

according to peaks and then pooled, frozen, lyophilized and stored at 

-85°C. 



EXPERIMENTAL PROCEDURES AND RESULTS 

Section I: Use of Polyacrylamide Gel Isoelectric Focusing (PAG-IEF) 
for the Comparison of Brain tissue Regions. 

Recent advances in the sensitivity of ultrathin PAG-IEF suggested 

its usefulness in characterizing unique protein bands for brain regions 

of interest, specifically the pineal gland. 

Experiment 1: Optimization of Tissue Sample Application Techniques for 
PAG-IEF 

This experiment was carried out in order to optimize brain 

tissue application to ultrathin PAG-IEF gels. Figure 1 illustrates a 

PAG-IEF separation using a variety of sample preparations. These 

results indicated that the 3.0 M urea extraction used for Sample 6 

gave preferred protein banding. Lanes 1 and 2 are slightly overloaded 

but with broad band distribution. Samples 3 and 5 did not resolubilize 

well. All samples (except 6) showed drift. Placement of the sample 

wick in Sample 7' (as indicated by arrows) near the cathode was not seen 

to improve band distribution. The pH gradient profile of standards (st) 

for this run demonstrated a low slope but good distribution (Figure 1A). 

Experiment 2: Optimization of Tissue Extract Concentrations for Appli
cation to PAG for IEF and Comparisons of Rat Brain Regions 

Different concentrations of total proteins and/or other compo

nents required that optimum dilutions be determined for each brain 

region. For fresh rat brain regions, these concentrations were found to 

be 10.0 pi 0.1 M acetic acid per mg tissue for pineal (PN) and pituitary 
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Figure 1. Optimization of sample application techniques for polyacryl 
amide gel isoelectric focusing (PAG-IEF). Broad pi (3.5-10.0), 3.0 M 
urea PAG-IEF of bovine pineal glands supernate under conditions of var 
ious solubilization agents: 1: deionized distilled water; 2: dithio-
threitol (0.005 M); 3: ethylene glycol (10%); 4: Ampholine (1% of pH 
3.5-10.0); 5: Chapso (0.01 M); 6: urea (3.0 M). Lane 7: 3.0 M urea 
extraction of bovine pineal glands. Lane 7': same sample as lane 7 
with wick placed near cathode. Sample wich application indicated 
between arrows ( ). st = broad range pi standards (A). 

= standards used to derive pH gradient profile. 
See 'Methods' for electrophoretic conditions. 
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Figure 1. Optimization of sample application techniques for 
polyacrylamide gel isoelectric focusing (PAG-IEF). 
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fe pH Gradient Profile (via pi Markers) 

9.0 
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PH 
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3.5 

K* 

r= .9952 «j 
I* 

b=1.379 H. 

•G 
. F . 

• C 

•B 

2 3 4 5 6 
Distance from Cathode (cm) 

A amyloglucosidase (pI-3.50) 
B soybean trypsin inhibitor (pI-4.55) 
C B -lactoglobulin A (pI-5.20) 

D bovine carbonic anhydrase B (pI-5.85) 
E human carbonic anhydrase B (pI-6.55) 
F myoglobin-acidic band (pI-6.85) 
Gmyoglobin-basic band (pI-7.35) 

H lentil lectin-acidic band (pl-8.15) 
I lentil lectin-middle band (pI-8.45) 

J lentil lectin-basic band (pI-8.65) 
K trypsinogen (pI-9.30) 
L glucose oxidase (pl-4.15) - Fig. A, only. 

Figure 1A. Broad range pi standards and gradient profile. 



Figure 2. Comparison of rat brain regions by broad pi (3.5-10.0), 
3.0 M urea PAG-IEF separation. 1: pineal (PN), 2: pituitary (PT); 
10 ul/mg tissue supernate concentration. 3: cerebellum (CBLM), 
4: hypothalamus (HT), 5: cortex (CTX), 6: basal ganglia (BG), 7: 
brainstem (BS); 10 ul/3 mg tissue sunernate concentration. 
Sample wicks placed between arrows (^4) > as Indicated on gel. 
st = broad range pi standards, as defined in Figure 1A. 

s standards .used to derive pH grandient profile (A). 
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Figure 2. Comparison of rat brain regions by PAG-IEF. 
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(PT). Concentrations of 10.0 pi per 3.0 mg tissue were used for cere

bellum (CBLM), hypothalamus (HT), cortex (CTX), basal ganglia (BG) and 

brainstem (BS). Following sonication and centrifugation, supernatant 

fractions were transferred to new tubes: 100.0 pi from CBLM, CTX, BG 

and BS, and 50.0 pi from PT and HT. Dried samples were resuspended in 

50.0 pi and 25.0 jil 3.0 M urea for CBLM/CTX/BG/BS and PT/HT, respec

tively, and 20 pi aliquots applied to the gel. All supernatant frac

tions from PN samples were transferred for lyophilization and taken up 

in 25.0 pi 3.0 M urea. Neurophysin standard (NP) was run simultaneously 

to indicate its location on these gels under these conditions. For a 

key to the standards (st), see Figure 1. 

The pineal gland (PN) and entire pituitary (PT) were applied at 

one third the wet weight of other tissues due to a higher total protein 

content. The PT uniquely demonstrates a concentrated band at approxi

mately pi 6.4 (between standards E and D). The PN extract (lane it 1) 

resembles banding patterns and distributions for the PT sample in the 

basic pH range (<pH 7.0). In the acidic region of the gel (3.5-7.0 pH) 

the PN is not visibly different from the other brain regions shown 

(lanes 3-7), although acidic proteins around 5.2 pH are abundant and 

poorly focused. The NP standard, although slightly overloaded on this 

gel, demonstrated a pi of approximately 4.0. 

Experiment 3: Improvement of PAG-IEF of Rat Brain Tissue Regions by 
Intravenous Perfusion 

The presence of blood in tissue may obscure the identification 

of tissue-specific proteins/polypeptides and affect the separation of 

tissue components. The objective of this experiment was to compare the 



Figure 3. Improvement of PAG-IEF of rat brain tissue regions by 
intravenous perfusion. Broad pi (3.5-10.0), 3.0 M urea PAG-IEF 
separation of perfused and not-perfused rat brain regions. 
pH gradient profile shown (A) (symbols defined in Figure 1A). 
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Figure 3. Improvement of PAG-IEF of rat brain tissue regions by intravenous perfusion. 
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PAG-IEF separation patterns of brain tissues from perfused rats with 

results from non-perfused brains. 

Normal saline (0.9%) was perfused intravenously into anesthe

tized rats (see Methods). Brain regions were collected, processed and 

compared as shown in Figure 2. Serum (SE) was diluted (30.0 jul/100.0 ul 

0.2 M acetic acid), lyophilized and taken up in 50 /il 3.0 M urea for 

application (20.0 ;ul) onto gel. Pineals were pooled from both groups, 

although rinsed in saline when collected from the non-perfused animals. 

Intravenous perfusion vivo allows for the elimination of many 

extraneous proteins from these tissue samples, as shown in Figure 3. 

Unfortunately, the concentration of total protein applied to the gel was 

not adjusted for in these perfused samples; consequently slight under

loading was observed by comparison with the nonperfused tissues. Pineal 

samples were also under-loaded in this run. The serum sample (SE) is 

seen to be too highly concentrated run but demonstrates a predominance 

of acidic proteins. 

Experiment 4: Low pi Range PAG-IEF of Perfused Rat Brain Regions 

In Figure 3, several acidic proteins were observed. To further 

separate bands in this region, a lower pi range Ampholine (3.5-5.0) was 

used. Perfused rat brain regions were prepared as described and run on 

a pH gradient of 3.5-5.0, using 1.0 M sodium hydroxide and 1.0 M sul

furic acid as catholyte and anolyte, respectively. The amounts of 

protein loaded onto the gel represent pineals and posterior pituitaries 

from five rats (1.0 mg/10.0 fil) and 50.0 /ul of the supernatant fraction 

from 3.0 mg/10.0 jil homogenate for other tissues. Conditions of pre-



Figure 4< Low pi range PAG-IEF of perfused rat brain regions. Low 
pi (3.5-5.0), 3.0 M urea PAG-IEF separation of perfused rat brain 
regions: PP( posterior pituitary); AP (anterior pituitary); NPI 
(neurophysin I); NPII (neurophysin II); LH (luteinizing hormone). 
pH gradient profile shown (A) (symbols defined in Figure 1A). 
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Figure 4. Low pi range PAG-IEF of perfused rat brain regions. 
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focus, sample application and volt-hours were the same as described for 

previous gels (see Methods). 

By broadening the acidic range of the PAG, few protein bands may 

be seen for any brain tissue region, especially below pH 3.85 (see 

Figure 4). However, distinct and concentrated bands are visible between 

pH 4.0-4.3 for the PP. Standards for NPI, NPII and luteinizing hormone 

(LH) demonstrate derivational pi's of 4.07, 4.45 and 4.35-4.4, respec

tively. Multiple banding with these products suggests possible charge 

isomers or sequential reactivities with this medium and specified condi

tions . 

Summary of Results in Section I 

Optimal results with the PAG-IEF technique required use of 3.0 M 

urea for gel preparation and sample application. Similarly, intravenous 

perfusion was seen to clarify protein band definition, enhancing of 

tissue comparisons. The pineal gland extract demonstrated proteins of 

acidic pi resembling the pattern for the neurophysin standards. LH 

standard was also determined to have an acidic pi and did not focus 

clearly due to its glycoprotein characteristics. Comparison of PP 

tissue extract with standards on low pi PAG-IEF seems to indicate a 

large amount of neurophysin 1-like protein banding present in this 

tissue. This is an expected finding. 

Section II: Separation of Perfused Rat Brain Tissue Extracts by 
Two-Dimensional Gel Electrophoresis (2DE) 

Since specific variations in protein components between the 

pineal gland and other brain regions were not detected by PAG-IEF, the 
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use of high resolution 2DE gels coupled with silver staining was indi

cated. 

Experiment 5: 2DE Mapping of Perfused Rat Brain Regions 

Perfused rat brain region extracts were prepared by the tech

niques developed in earlier experiments and analyzed by 2DE (as des

cribed in Methods). All comparisons of gels and conclusions regarding 

spot identification were derived by non-computerized visual analogies. 

Molecular weight standards were run with each second dimension gel and 

are shown in Figures 5-7 (for key to symbols see Table 1). 

Initial observations of 2DE gels for perfused rat brain regions 

indicated dramatic variations in spot patterns. Figures 5, 6, 7, 8 and 

9 show results for the PN, PP, AP, HT and CTX, respectively. Especially 

noticeable was the small molecular weight, acidic group of proteins in 

the PN, some of which are seen to be present in the PP but which are not 

visible in other brain regions. These are labeled as N' in Figures 5 

and 6. 

Experiment 6: Sephadex Chromatography of Perfused Rat Brain Tissue 
Extracts 

To further purify the pineal specific peptides, extracts were 

subjected to gel filtration on Sephadex G-50 (Figure 10). Sephadex G-50 

was prepared as recommended by the manufacturer (see Methods). The 

column was equilibrated and eluted with 0.2 M acetic acid. Fractions 

were collected as depicted in Figure 10 and subjected to 2DE. 

As demonstrated by 2DE (Figure 11), prior fractionation of the 

N'-labeled proteins by Sephadex chromatography proved to be 



Table 1. Key to symbols for figures 5-9, 11-14. 

Spot PN PP AP HT CTX 

A + + + + + 

B + + + + + 

C + + + + + 

D + + + + + 

E + + + • + + 

F + + + + + 

G + + + + + 

H + + + + + 

I + + + + + 

J + + - - -

K + + - - -

L' - + + + -

M' - + + + -

N' + + - - -

0 - - + - -

P - - + - -

Q - - + - -

*x + - - - -

V 

W 

Y 

Z 

17.5 kilodaltons-i 

29.0 

40.0 

81.0 

•Molecular weight 
standards (Figures 5-7) 

' indicates a constellation of spots grouped together by 
position, characteristics and color. 

* indicate potentially pineal-specific spot(s). 

Each gel is acidic (pH 3.5) to basic (approximately pH 8.5) 
from left to right, across abclssa. 



Figure 5. 2DE mapping of perfused rat pineal gland, entire gel (A) 
and close-up (B). 



Figure 6. 2DE mapping of perfused rat posterior pituitary, entire 
gel (A) and close-up (B). 
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Figure 7. 2DE mapping of perfused rat anterior pituitary (close-up). 
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Figure 8. 2DE mapping of perfused rat hypothalamus. 
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Figure 9. 2DE mapping of perfused rat cerebral cortex. 
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Figure 10. Sephadex G-50 fractionation of perfused rat pineal glands. 
Diagram of 0.2 M acetic acid elution profiles at ultraviolet wavelengths 
(280 and 254) for tissue supernate (10 glands/120 /il 0.2 M acetic acid). 
Fractions =10 drops at 1 drop/18.5 seconds. 
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Figure 11. 2DE of Sephadex G-50 separation fractions of perfused rat 
pineal glands. Fractions refer to elution profile of Figure 10. . 
Fraction F-i (A), #9-14; fraction F-2 (B), #15-20; fraction F-3 (C), 
#21-34. Total protein applied to gel varies for each. 
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unsatisfactory. This protein family was identified in all the eluent 

fractions and appears to have been retarded on the solid phase. 

Section III: 2DE of Protein Standards for Tissue Comparison 

Purified proteins of known molecular weight were run under 2DG 

conditions identical to those for the pineal gland extract (see Figure 

5) in order to determine the x, y coordinate positions of these proteins 

and to make comparisons with those protein spots from the pineal and 

other tissues. 

Experiment 7: 2DE of Neurophysin Standards 

Standards for neurophysins I and II (Sigma) were solubilized in 

deionized distilled water and run separately by 2DE, as previously 

described. Both were seen to be highly acidic and to stain brown with a 

yellow 'halo' (Figure 12A, B). The second dimension electrophoresis 

does not appear to have been run to equilibrium, however, since these 

proteins are localized very close to the sample front. Consequently, 

molecular weights could not be determined from these runs and the values 

supplied by the distributor are estimated to be approximately 10,000 

daltons for both NPI and NPII. Variation between lot numbers and in 

impurity binding prevent an accurate mass to be given. Correlating 

these spots by position and color to those obtained from tissue samples, 

large spots resembling the NPII standard (Figure 12B) may be seen in the 

PP preparation (Figure 6A & B, spots J & K) with small amounts being 

indicated in the PN (see Fig. 12C, spots J & K). It appears that in the 

PP NPI and NPII might be merged together in one spot (labeled 'K'in 

Figure 6). 
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Figure 12.. .2DE of neurophysin I (A) and II (B) standards and comparison 
to 2DE gel of pineal gland (C), (same gel as seen in Figure 5A). 
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Experiment 8: 2DE of Follicle Stimulating Hormone (FSH) and Luteinizing 
Hormone (LH) 

Purified LH and FSH standards were run separately under identi

cal 2DE conditions in order to coordinate their position on tissue gels 

(Figs. 5-9). 

Figure 13 shows 2DE of rat LH and FSH protein standards. Mul

tiple molecular weight and ionic forms are shown for LH in Figure 13A. 

Impurities are dark brown-black and dispersed. FSH is stained as a 

large red-brown spot, broadly dispersed at the lower left border of the 

gel. This glycoprotein is known to have acidic pi and would predictably 

be dispersed when observed in tissue extracts. The red-brown tissue-

derived spot around 'Q' in Figure 7 (AP) most closely resembles FSH upon 

comparison to Figure 13B. Both of these rat tissue standards indicate 

pi and molecular weights lower than those listed in Table 1 for humans. 

From these data, it is difficult to ascertain whether these compounds 

are present in other tissue preparations. The possibility exists that 

spot 'P' in the AP (Figure 7) may represent LH since staining and 

electrophoretic characteristics seem similar to those seen in Figure 

13A. 

Experiment 9: 2DE of Growth Hormone (6H) and Prolactin (PRL) 

Figure 14 illustrates separate identical runs for GH (A) and PRL 

(B). Both are similar in molecular weight and electrophoretic character

istics. Protein subunits and isoforms are evident for each. Despite 

these similarities, a dramatic difference can be seen in their staining 

coloration. In Figure 7, spots with similar characteristics to GH and 

PRL in 2DE gels of AP are indicated as '0' and 'P', respectively. 



Figure 13. 2DE of luteinizing hormone (LH) (A) and follicle stimu
lating hormone (FSH) (B) standards. White arrows indicate major 
component. Broken arrows indicate possible major molecular weight 
isoforms. 



Figure 14. 2DE of growth hormone (GH) (A) and prolactin (PRL) (B) 
standards. White arrows indicate major protein component. Broken 
arrows indicate possible molecular weight and isoionic forms. 



DISCUSSION 

The presence of brain region-specific proteins reflects the 

selective genetic expression of the highly differentiated cell types 

within the encephalon (Moore, 1973; Zomzely-Neurath and Walker, 1980). 

Technological refinements allowing for the characterization and isola

tion of cellular proteins will inevitably enhance our knowledge of 

specific processes and perhaps finite functions defined to a region or 

particular cell type. The pineal gland is a unique structure which may 

play a role in cancer prevention or cure through the release of factors 

which stimulate the Immune defense systems (Tapp, 1981; Hill, 1986), the 

regulation of fertility (Binkley, 1981; Lynch & Wurtman, 1981), psycho

logical stabilization by means of catecholaminergic control mechanisms 

(Armstrong et al., 1981; Wetterburg, 1981), and disorders of growth, 

puberty and/or maturation processes (Lehrer, 1985; Reyes, 1982; Webb et 

al., 1982). The factors responsible for these actions are presumably 

peptides, some of which may be synthesized within the pineal itself 

(Quay, 1981). 

Tissue-specific Proteins and the Pineal Gland 

The pineal gland has been shown to have a high capacity for 

uptake of a number of naturally occurring small peptides and their 

analogues. Uptake occurs by means of tanycyte-like sampling of the 

cerebrospinal fluid and by passage and/or active transport of blood 

constituents through the highly permeable and often fenestrated capil

59 
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lary walls. Pineal uptake In vivo of radiolabeled peptides has been 

described for thyrotropin releasing hormone (TRH) (Dupont et al., 1972), 

luteinizing hormone-releasing hormone (LH-RH) (Dupont et al., 1974), 

alpha-melanocyte stimulating hormone (oj-MSH) (Dupont et al., 1975; Kas-

tin et al., 1976), MSH-release inhibiting factor (Redding et al., 1973; 

Dupont et al., 1975), somatostatin (Nair and Colwell, 1975) and methi

onine-enkephalin (Kastin et al., 1976). 

Neuronal transport activities may also contribute to a tissue's 

protein content. Somatically produced proteins may be delivered by 

anterograde axoplasmic transport to nerve terminals for release and 

post-terminal uptake (McClure and Theiler, 1980). Direct interaction 

between neurons and their peripheral target tissues may also occur by 

retrograde axonal transport (Hendry, 1980). Any protein, and perhaps 

any molecule, present in the region of nerve terminals may be taken up 

by a continuous pinocytotic process. In this manner, neurons, and 

pinealocytes as putative paraneurons, may sample their environment and 

receive information which could subsequently influence their function. 

Biphasic transport of products by pinealocytes may thereby be instru

mental in defining the chemical content of the pineal at different 

points in circadian and/or circannual cycles. 

The present study employed the use of two relatively new techni

ques for protein separation. New evidence has been found for regionally 

specific tissue protein content within the pineal and other brain re

gions. Further use of these techniques is indicated and the extent of 

their application is limited only by the investigator's resources. 
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Use of PAG-IEF for Brain Tissue Comparison 

To further investigate the possible existence of pineal-specific 

polypeptides in dilute acetic acid extracts, isoelectric focusing using 

ultrathin PAG with 3.0 M urea was initially employed in this study. 

Indications for its application were multifaceted and included its 

facility, reproducibility, requirement for small amounts of tissue, and 

its relatively low cost. Use of PAG-IEF allows for comparisons of 

multiple (tissue) samples on one gel. Several lightly-staining and 

possibly specific bands in the acidic region were evident for the pineal 

upon comparison with the other regions studied (Figs. 3 and 4). Pun and 

Lombrozo (1964) compared rat brain regional extracts using PAG micro

electrophoresis and found low molecular weight pineal-specific compo

nents. The silver-staining technique they described, however, tends to 

be less specific for protein than the Coomassie method used here. The 

pineal specific protein(s) identified in their study may have reflected 

the lipo- or glyco-proteins which were seen to persist in the Sephadex 

fractions in the present study (Figs. 5 & 11) and which compromised the 

clarity of the acidic bands evident in the PAG-IEFs (Figs. 2 & 3). 

The conditions used for PAG-IEF were manipulated for maximal 

protein separation. Optimal catholyte and anolyte solutions were deter

mined to be 0.1 M sodium hydroxide and 0.1 M phosphoric acid (Figs. 1-

3); 1.0 M solutions of each of the above were also tested, as well as 

0.04 M aspartate, at the anode (data not shown). The latter compound 

was analyzed on the recommendation of the manufacturer of the standards. 

Extracts derived from initial homogenization using 0.1 M acetic acid did 

not appear to vary significantly from those extracted in 0.2 M acetic 
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acid. However, to avoid excessive salt deposition on the gels, tissue 

extractions were performed using the lower concentration of acid. 

Prior to the gel separation shown in Figure 4., an identical run 

had been made (not shown) using 40% less tissue and with sample wicks 

being placed at one-third the distance from the anode to cathode. Light 

banding and poor distribution of standards resulted under these condi

tions. Placement of samples in the acidic (less than pH 3.0) region of 

the gel appeared to denature most proteins present. Improvement in the 

migration of standards and their banding was seen for a subsequent run 

(Fig. 4), but the actual number of bands visible within tissues was not 

dramatically increased. 

As evident in Section I, comparisons between brain regions were 

inconclusive regarding specific differences in proteins as determined by 

PAG-IEF. Although refined staining methods and experimental conditions 

were employed in this technique, its limitations persist, since numerous 

proteins possess the same pi regardless of their molecular weight. 

Therefore, a specific band, as visualized on a gel, represents a number 

of components having the same or similar isoionic properties. Although 

densitometer readings may be helpful in defining relationships between 

sample bandings, this technique was not used since further separation of 

proteins was indicated before qualitative comparison of these tissues 

could,be made. 

Comparison of Brain Tissue Proteins by 2DE 

Most evident in the 2DE gel of rat pineal tissue was the large 

grouping or constellation of glyco- or lipo-proteins (N') at 14.5-22.5 Kd 
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molecular weight. This pattern demonstrates charge or mass hetero

geneity (focus dispersion) similar to that seen with both prolactin and 

growth hormone (Figure 14); however, the latter is not present in the 

PP. The resemblance of the PN tissue protein pattern to that of the PP 

may imply similar neuronal connections, transport between these struc

tures and/or other functional relationships perhaps arising from their 

similar embryonic origins. Alternatively, these similarities in tissue 

contents may only strengthen the belief that the PN selectively and 

actively accumulates specific proteins secreted from other sources for 

storage or biochemical manipulation. This hypothesis could be examined 

further by studies in which the uptake and incorporation of radiolabeled 

precursors demonstrate whether product synthesis occurs within the PN 

itself. 

Evidence for the existence of pineal-specific proteins was 

obtained by a visual inventory of 2DE gels with respect to 1) their 

correlation with molecular weight standards and compounds of known pi, 

2) the quality and Intensity of staining by color silver methods and 3) 

their x, y spot coordinates. Electrophoretic patterns in the acidic and 

17-40 Kd molecular weight range of these gels were emphasized in these 

comparisons. Few spots (as indicated) appear to be truly pineal-spe

cific in relationship to other brain regions observed. Those labeled 

(X) demonstrate a basic pi range and molecular weights of 12 and 13.7 

Kd. A large yellow-staining unique protein is seen at approximately 

20.3 m.w. and in basic pH. It should be pointed out, however, that 

specific compounds may be present in amounts too small to be detected by 
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this method, thus requiring larger scale preparation and purification 

techniques. 

Sephadex chromatography was employed with the intention of sepa

rating these smaller constituents from the majority of larger ones. The 

identification of similar compounds by 2DE in all Sephadex fractions 

under these conditions indicated a tendency to adhere to the column and 

tailing. Lipo- or glycophilic moieties might be expected to be thus 

retarded. Successful elimination of large constituents (e.g., 30 Kd and 

greater) would allow for the remaining smaller polypeptides to be fur

ther divided into groupings by electrical charge (pi) using available 

recirculating or free-flow electrophoretic devices. The use of ultra-

centrifugation to fractionate cellular organelles and protein components 

for 2DE analysis may also reveal further anatomical and physiological 

specificities as well as provide for initial separation of various 

organelie-specific proteins. 

Another possible explanation for the poor Sephadex chromato

graphy seen in Figure 2 is that smaller polypeptides may have been bound 

to larger "carrier" proteins, thereby being eluted with large molecular 

weight fractions. Under conditions required for 2DE, various proteo

lytic treatments (such as SDS and mercaptoethanol) produced a separation 

of polypeptide subunits. Successive carbamylation, cyanation or maley-

lation of certain reactive proteins causes a horizontal smudging or 

'training' along the pH axis. These complex reactions may affect SDS 

electrophoretic mobility and retardation coefficients, bringing about 

the smudged appearance in the final product (Anderson & Hickman, 1979). 

Conditions of temperature and chemical gradations within the gel itself 
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influence the accuracy of the data on protein mobility vs. charge in a 

two-dimensional system. Differences can be seen in spot migration and 

focusing patterns between the gels illustrated in Figures 5-9. These 

factors further emphasize the individuality of each gel and the impor

tance of establishing 'landmark' spots when comparing runs. By the 

present gel staining technique, standardization of a protein by color is 

profoundly beneficial in defining and quantitating spots from different 

samples. 

Any given spot on a 2DE gel can only be identified and charac

terized relative to standard compounds or others that are known by their 

prevalence, shape characteristics or, importantly, by color. Discrimi

nation by spot color is indicated as a third dimension for characteri

zation of 2DE gels since the staining technique employed reflects a 

protein's binding properties by color variations of black, blue, red and 

yellow (Vincent et al., 1981; Sammons et al., 1984). Linear regression 

may be applied to molecular weight standards, when present in the gel, 

estimating of the mass of an unknown spot. Present methods for pi 

standardization are reviewed by Anderson & Hickman (1979). 

Computer-enhanced comparisons of gels by the Biolmage System has 

great potential in helping to determine the presence of tissue-specific 

proteins. By adjusting for sensitivity, the computer may select spots 

on the basis of density and spot size and use these 'landmark' spots for 

inter-sample comparison. Unfortunately, present software limitations 

prevent applications of color contrast with this system and yellow and 

dispersed red spots are not detected. Computer-enhanced comparisons 

will be most applicable in future studies when treatment groups, species 
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variations or other experimental manipulations are compared. At this 

time, present gels are recorded for future reference. 

Acidic conditions, which are inherent in the 2DG method, affect 

molecular configurations and thereby alter a protein's endogenous reac

tivity (e.g., mobility), pi or continuity (breaking into subunits). The 

configurational form of a protein extracted from the living cell may be 

significantly altered by the electrophoretic and staining processes. 

Protein acidification alone may catalyze a variety of changes in mole

cular configuration or cause denaturatlon. For these and other reasons, 

detection of hormonal isoforms (as previously described) may be better 

accomplished by PAG-IEF since its conditions minimize the dramatic 

denaturatlons or other protein configurational changes associated with 

the 2DE procedure. The segregationally distinct banding seen in Figure 

4 for the pineal and posterior pituitary may have, in itself, demon

strated the regional specificity of protein species to these tissues. 

However, validation was reinforced through 2DE specificity. 

The data derived indicate the presence of NP in the PN based 

upon standards and tissue (PP) gel comparisons (Figure 12C). Morphology 

indicates a common hypothalamic (paraventricular nuclei) origin for 

neurophysin neuronal transport to both the PN and PP. However, it is 

unknown at present whether these proteins may as well be endogenous to 

the PN. Neurophysin presence may verify the existence of neurohormones 

(OT and AVT) in the latter but, again, their site of origin would remain 

to be determined. 

Inventory of other specific proteins using standards collation 

is unfortunately not as straightforward as with the neurophysins. The 
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Table 2. Properties of some proteins of interest. 

Compound m.w. (Kdaltons) pi Subunlts Comments 

Growth hormone 

Prolactin 

Luteinizing hormone 

Follicle stimulating 

hormone 

a Thytropin stimulating 
hormone 

A Nerve growth factor 

a S-100 protein 
a 14-3-2 protein 
a Neuron-specific enolase 
A Glial fibrillary acidic 

protein 

A OTHERS (m.w. too small for detection by present 2DE method): 

Nonapeptides: delta-sleep inducing peptide, arginine vasopressin and. 
arginine vasotocin (molecular weights of 1000 daltons or less). 

Motilin: 22 a.a.; 2698 d. 

Vasoactive intestinal peptide: 28 a.a.; 3326 d.; PRL release factor (PRF). 

Substance P: 1348 d.; 374.0 + 24 ng/wet wt. in (H) pineal. 

t- aminobutyric acid (GABA): nonprotein a.a.; 103 d.; PRL inhibiting 
factor (PIF). 

Somatostatin: 14 a.a.; 1638 d.; 0.14-0.5 ng/mg protein in (R) pineal. 

<K- melanocyte stimulating hormone: 13 a.a.; 163-380 ng/g wet wt. 

Luteinizing hormone releasing hormone: 10 a.a.; 1182 d.; 112.0 ng/mg dry wt. 

A = acidic """" , 

H-4 B&iSSI . KKa . LW-S-oh 
T.p" 
Ptttltcli* 

H-P—m 1 . 'tsW-\-0H 

/Jfr-Basic structural properties of human GH 
and ovine PRL. Shaded portions represent 

recognizable, possibly replicating sequences 

Lines above bars represent position of 

disulfide bridges (Niall et al.f 1971). 

47(R, B) 

22(H) 

23(B) 

32(H) 

32(H) 

32(H) 

26-26.5* 

24* 

50* 

78* 

46-49(H) 
41-50(B) 
51 (R) 

A(B) 

5.7(B) 

4.6(0) 

7.5(P) 

4.5*. 

A* 

4-5.8* 

5.0* 

A* 

5.0* 

5.7-5.8* 

191 a.a.(H)• 

198 a.a.(H)J 

f89 & 115 a.a. 

+89 & 115 a.a. 

f89 & 112 a.a.J 

2 @ 55Kd 

n to 
c u •H 13 O to U 3 

L O W  
u C.M o «H u m >> I i-4 t n O f-H 

B " bovine-derived 

H = human-derived. 

0 « ovine-derived 

P •» porcine-derived 

R •» rat-derived 

* • unknown derivation 

A s present in pineal 
f « identical sequences 
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gonadotropic hormones LH and FSH are very similar in structure, as 

indicated in Table 2. However, except for the AP (Figure 7) it is 

difficult to determine whether these hormones are present in the other 

tissues observed in this study based on standards run in Figure 13* The 

standards appear to disperse broadly on the gel, perhaps demonstrating 

isoforms and/or subunit breakdown and the concentrations in the tissue 

extracts may be too low for visualization. Possible tissue-derived 

glycoproteins are indicated by 'P' (LH?) and 'Q' (FSH?) in the AP 

(Figure 7). From these data it is difficult to correlate GH and PRL 

standards (Figure 14A, B) to tissue extracts without verification by 

the use of antibodies or other methods. A close estimation of tissue-

extracted GH may be demonstrated by spot '0' in Figure 7. 

Table 2 lists proteins of interest that are within the molecular 

weight and pi range of this study. Note that most listings are from 

species other than the rat and therefore lack direct applicability, but 

they are included for comparison. Protein hormone standards used for 

2DE in Figures 13 and 14 were obtained from NIH for use in radioimmuno

assay. It would appear from the impurities present that much cross-

reactivity might be expected under conditions of antigen-antibody forma

tion. The potential thus exists for misinterpretation of results due to 

a high degree of reactive binding to non-target components, as discussed 

in the study by Pevet et al. (1981). 

Other proteins listed in Table 2 are common neurocellular sub-

stltuents which may prove to be of interest as biological markers for 

2DE or in functional responses within the pineal gland. The possibility 
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that NSE and 14-3-2 proteins are closely related or even the same mole

cule is presently being considered, since cross-reactivity to antigens 

occurs with each (Zomzely-Neurath & Walker, 1980). Neurofilament pro

tein, tubulin and GFA are neuronal proteins having similar molecular 

weights, amino acid compositions and immunogenic specificities (Chiu et 

al., 1980). These proteins have provided information regarding the 

morphology, evolutionary and developmental origins of the supportive 

(glial) cell types in the pineal gland (Higley, 1984). NSE is known to 

be affected under conditions which modify the noradrenergic and dopamin

ergic systems. The 2DE gel technique will allow an examination of the 

effects of pineal manipulations upon this interesting protein. 

Conclusions from this Investigation are as follows: 1) separa

tion of tissue proteins by PAG-IEF and 2DE were improved by intravenous 

perfusion in vivo, 2) isoelectric focusing was not adequate in itself to 

reveal specific pineal proteins, 3) 2DE revealed the presence of unique 

proteins in the pineal, some of which were also seen in the PP, 4) 

Sephadex chromatography prior to 2DE revealed proteins which may contain 

carbohydrate or lipid moities, and 5) neurophysins were identified in 

the PP and found in low concentration within the PN. 

Some implications can be derived from these observations. Per

fusion of tissues in vivo minimizes interference by serum constituents. 

In addition, retention chromatography or molecular sieve filtrations may 

eliminate large or abundant but unwanted protein types. Further separa

tion techniques which might be applied prior to 2DE include: 1) parti

tioning of cellular components for protein characterization within an 

ultrastructural compartment (stored and/or structure-bound), 2) tissue 
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culture to isolate a cell-type under controlled conditions, 3) immuno-

affinity chromatography, 4) preparative HPLC, 5) radiolabeling of syn

thetic precursors, and/or 6) IE fractionation, as mentioned. 

Continued technological advancement is anticipated and will 

undoubtedly aid in the identification and isolation of pineal compounds. 

These advances promise to expand our understanding of the function of 

pineal products and to provide.an explanation for the presence of other 

components. 
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