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/SEndorphin: A member of the pro-opiomelanocortin 
peptide family 

PEndorphin is a member of the pro-opio- 
melanocortin (POMCt) family of peptides which 
also includes adrenocorticotropin (ACTH,_39), 
@-melanocyte stimulating hormone (a-MSH) and 
/3-lipotropin (/3-LPH) (see Fig. 1). These peptides 
are synthesized primarily in the intermediate and 
anterior pituitary and brain [l-3] from a common 
precursor, POMC, by proteolytic cleavage at paired 
basic residues in a sequential manner [2]. POMC, a 
31,000 molecular weight glycoprotein, is first cleaved 
between ACTH and @-LPH to yield a 21-23 kDa 
ACTH (N-POMC + ACTHljL)) and @LPH (Fig. 
1). /3-LPH is, in turn, cleaved to yield y-LPH and 
@-endorphin,_3,, while the 21-23 kDa ACTH is 
cleaved to form a 16 kDa glycopeptide (N-POMC) 
and ACTH,_j, (Fig. 1). In some tissues, ACTH,_39 
is further processed to (u-MSH and the 16 kDa 
glycopeptide is processed to yield the joining 
peptide, y-MSH and N-POMC,.49. PEndorphin,_3, 
is the opioid active form of the peptide [4,5]. 
However, in some cells, P-endorphin,_3, undergoes 
a-N-acetylation and/or truncation to yield acetylated 
and non-acetylated forms of ,f3-endorphin,_2T and /3- 
endorphin,_2h (Fig. 2) which are opioid inactive [4]. 
In addition a dipeptide, Gly-Gln (Gly-Glu, in 
humans), is liberated from the cleavage at the LysZR- 
Lys29 residues of /3-endorphin,_3, (see Fig. 1). In 
brain, small amounts of y-endorphin (Bendor- 
phin,_,,) and cu-endorphin (/3-endorphin,_,& have 
been found. Although both (Y- and y-endorphin 
retain opioid activity, and produce distinct 
behavioral effects thought to be mediated by a sep- 
arate class of non-opioid receptors specific for these 
peptides [6,7], they may represent degradation prod- 
ucts. In this commentary, the regulation and enzy- 
mology of POMC processing will be discussed with 
specific emphasis on Bendorphin biosynthesis. 
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t Abbreviitionk POMC, pro~opiomelanocortin; 
ACTH, adrenocorticotropin; MSH, melanocyte stimu- 
lating hormone; LPH, lipotropin; PCE, pro-opiome- 
lanocortin converting enzyme; CPH. carboxypeptidase H; 
OMAT, opiomelanotropin acetyltransferase; PHM, pep- 
tidylglycine whydroxylating monooxygenase; PAL, pep- 
tidyl-cu-hydroxyglycine cu-amidating lysate; and PAM, 
peptidylglycine cu-amidating monooxygenase. 

Enzymology of POMC and P-endorphin processing 

POMC, like other pro-hormones and pro-neuro- 
peptides, is biologically inactive, and it is processed 
at paired basic residues to yield various active pep- 
tides (Fig. 1). Several enzyme candidates have been 
described which can process POMC at paired basic 
residues. The first enzyme shown to cleave 
intact POMC correctly is proopiomelano- 
cortin converting enzyme (PCE), purified from 
bovine pituitary intermediate lobe secretory 
granules [S, 91, the site of POMC processing 
[lo]. PCE is a 70 kDa glycoprotein, and is char- 
acterized as a Ca2+-activated, aspartic protease, 
with an acidic pH optimum [8,9,11]. PCE has been 
shown to cleave at the Lys-Arg and Arg-Lys paired 
basic residue sites of POMC, as indicated in Fig. 1. 
While PCE generates @-endorphin,_3, from PLPH, 
it does not cleave the Ly~2~-Lys?~ pair to yield /3- 
endorphin,_2, or fi-endorphin,_zh. To date, no 
enzyme has been found that specifically cleaves this 
site to yield truncated forms of /!I-endorphin. 

Recently, two other paired basic residue-specific 
enzymes, PC1 and PC2, have been reported. These 
enzymes were cloned from mouse pituitary and 
human insulinoma cells [ 12-151 using oligonucleotide 
probes designed from the cDNA sequence of KEX- 
2, the yeast paired basic residue-specific enzyme that 
processes pro-a-mating factor. By co-transfection of 
the cDNAs of PCl. PC2 and POMC into BSC 40 
cells (a monkey kidney cell line), AtT-20 cells (a 
mouse pituitary tumor cell line), and chromaffin 
cells, these enzymes were shown to process POMC 
at various paired basic residue sites as indicated in 
Fig. 1 but they did not cleave @-endorphin,_j, to yield 
shorter forms [16, 171. Characterization of the cDNA 
encoding PC1 and PC2 indicates that they are Cal+- 
activated, subtilisin-like serine proteases, similar to 
KEX2 but lacking the transmembrane domain, PC1 
and PC2 enzymes have been isolated from bovine 
chromaffin granules and anglerfish islet granules and 
identified by N-terminal sequencing [18, 191. These 
studies revealed a size of 66 kDa for bovine chro- 
maffin granule PC2 and two forms with a molecular 
weight of 57 and 65-67 kDa for anglerfish PC2 
[l&19]. 

PC2 has been expressed in Xenopus oocytes and 
the activity characterized using short fluorogenic 
peptide substrates [ZO]. The enzyme has a pH opti- 
mum of 5.5 and is poorly inhibited by the serine 
protease inhibitors phenylmethylsulfonyl fluoride 
and diisopropylfluorophosphate 1201. Recently, we 
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Fig. 1. Diagrammatic representation of bovine pro-opiomelanocortin. The cleavage sites denoted by 
single letter code and various processed products are indicated. The arrows indicate the sites cleaved 
by the three processing enzyme candidates pro-opiomelanocortin converting enzyme (PCE), PC2 and 
PC1 (see text). Abbreviations and symbols: POMC, pro-opiomelanocortin; LPH, lipotropin; MSH, 
melanocyte stimulating hormone; ACTH, adrenocorticotropin; JP, joining peptide; CLIP, corticotropin- 
like intermediate peptide; K, Lys; R, Arg, 0, O-linked glycosylation at Thr,,, and 0, N-linked 
glycosylation sites. The KKRR residues represent amino acids 16-18 in ACTH,.,, and the KK residues 

represent amino acids 28 and 29 in @endorphin,_s,. 

have reported a PCZlike enzyme activity in bovine 
intermediate lobe secretory granule membranes 
which cleaved POMC at paired basic residues to 
yield &endorphin at pH 6.0. However, this activity 
cleaved ACTH,_s9 at the tetrabasic residues only at 
neutral pHs [21]. The PCZlike activity appears to 
exhibit differences in pH optimum for different sub- 
strates. In addition to the PC2-like activity, there is 
a tetrabasic residue-specific enzyme activity with an 
acidic pH optimum, in bovine intermediate lobe 
secretory granules that can cleave ACTHI_s9 to 
ACTHr_,, [21]. ACTHr_r, is subsequently converted 
to (u-MSH (cu,N-acetyl ACTHr_,s NH*) by removal 
of the basic residues 15-17, followed by C-terminal 
amidation and N-terminal acetylation. This acidic 
ACTH converting enzyme activity is a Ca*+-acti- 
vated serine protease, distinct from PC2 [21]. 

Clearly, there are several enzymes which can pro- 
cess POMC at paired and tetrabasic residues. Since 
POMC processing may be initiated at the trans-Golgi 
network [22], which is less acidic (pH 6.0 to 7.0), 
and continues in the secretory granules which have 
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a more acidic internal pH (4 to 5.5) [lo, 23,241, 
multiple enzymes with different pH optima may have 
evolved for action at different intracellular sites to 
ensure the most efficient processing of POMC. 

Endoproteolytic processing of POMC at paired 
basic residues liberates peptides with C-terminal 
extended basic amino acids since these enzymes 
cleave primarily on the carboxyl side of the Lys-Arg 
pairs [8,20]. These basic residues are removed by 
a carboxypeptidase B-like enzyme, also known as 
carboxypeptidase E and carboxypeptidase H (CPH). 
CPH, found in secretory granules of various endo- 
crine tissues and in brain, has been purified from 
pituitary secretory granules and cloned [25,26]. This 
enzyme has a pH optimum of 5.5, is stimulated 
by Zn*+ and Co*+, and is distinct from pancreatic 
carboxypeptidase B [for a review see Ref. 271. In 
addition to the removal of the C-terminal basic resi- 
dues, CPH also cleaves the His?, from P-endorphin,_ 
27 to yield @-endorphin,_z, (Fig. 2) [28]. An amino- 
peptidase B-like enzyme that can remove specifically 
the N-terminal extended basic residudes from POMC 
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Fig. 2. Secondary processing of /I-endorphin. Abbreviations: PCE pro-opiomelanocortin converting 
enzyme; CPH, carboxypeptidasde H; and OMAT, opiomelanotropin acetyltransferase. 
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peptides has been found in bovine intermediate lobe 
secretory granules and characterized. This enzyme 
has a pH optimum of 6.0 and is stimulated by Co2+ 
and Zn2+ [29]. 

The POMC peptides, pendorphin and (u-MSH, 
also undergo N-terminal modification in some 
tissues. They exist in the a,N-acetylated and non- 
acetylated forms [30,31]. cw,N-Acetylation greatly 
affects the bioactivity of these peptides. LU-MSH, 
which is N-acetylated, has more potent melantropic 
activity than the des-acetyl form [32]. cu,N-Acety- 
lation of /3-endorphinlJl elminates the opiate activity 
of this peptide [4]. An acetyltransferase activity 
which can acetylate both ACTHr_r4 and pendorphin 
has been found in secretory granules of rat inter- 
mediate pituitary [33,34]. This enzyme activity, also 
referred to as opiomelanotropin acetyltransferase 
(OMAT) [33,34], has a pH optimum of 6.3 [34]. 

Some POMC-derived peptides, e.g. c~-MSH, y- 
MSH and joining peptide (see Fig. l), also undergo 
C-terminal amidation. These peptides end in glycine 
at the C-terminus [35]. The glycine is converted to 
an amide by a two-step reaction: 

X-Glyz X-cu-hydroxyglycine 3 

X-amide + glyoxylic acid 

where enzyme El is peptidylglycine cu-hydroxylating 
monooxygenase (PHM) and enzyme E2 is peptidyl- 
cu-hydroxyglycine cY-amidating lyase (PAL). It 
became evident that both these enzymes are syn- 
thesized from a common precursor known as pep- 
tidylglycine cr-amidating monooxygenase (PAM) 
when the cDNA of this latter enzyme was cloned 
[36,37]. The PHM catalytic domain is encoded in 
the N-terminal third of the molecule followed by an 
intragranular region. This is followed by the PAL 
catalytic domain, transmembrane domain and a cyto- 
plasmic tail. PHM activity requires molecular 
oxygen, Cu2+ and ascorbic acid as cofactors and has 
a pH optimum of 5-8 depending on the substrate 
[36]. PAL activity has a pH optimum of 5 and is 
resistant to thiol reagents and urea but is inhibited 
by ethyleneglycolbis(aminoethylether)tetra-acetate 
(EGTA). PAM activity has been found in a number 
of endocrine and neuronal tissues such as pituitary 
and the hypothalamus [37], and appears to be the 
enzyme responsible for the amidation of POMC- 
derived peptides. 

Tissue-specific processing of POMC and @endorphin 

POMC is processed differentially in the brain and 
the intermediate and anterior lobes of the pituitary. 
In the rat anterior pituitary, the major processed 
products are N-POMC1_74, joining peptide, 
ACTHI-39, and /3-Iipotropin (see Fig. 1) [2]. A small 
amount of /?-endorphin, primarily in the opioid 
active form (/I-endorphin,_,,), has also been found 
in the anterior pituitary [38]. In the intermediate 
pituitary, the major forms of POMC peptides are N- 
POMC ,A9, y-MSH, joining peptide, LU-MSH and 
/?-endorphin [2]. All the six forms of pendorphin pep- 
tides (Fig. 2) are present in the intermediate pituitary 
[38]. In contrast to anterior pituitary, /3-endorphinr_3, 
is a minor component (<loo%), while the (Y, N-acetyl 
forms of /5endorphin,_2, and /3-endorphin,_2-, pre- 

dominate [38]. This pattern of POMC processing in 
the two lobes of the pituitary of rats extends to other 
species as well [38]. In humans, which lack a pars 
intermedia, the major form ofpendorphin in the pitu- 
itary is the opioid active form, the acetylated forms 
being virtually absent. While some pendorphini_2, is 
present, /3-endorphini_26 and its acetyl derivative do 
not exist in the human pituitary, presumably because 
in this species the His2, is replaced by Tyr which is less 
susceptible to removal by carboxypeptidase H (CPH) 
P31. 

In the brain, the pattern of POMC processing 
is similar to the intermediate pituitary, The major 
peptides are N-POMCr+,, (u-MSH, joining peptide, 
des-acetyl (u-MSH and pendorphin [3]. The main 
concentration of &endorphin in the brain is in the 
hypothalamus where the cell bodies are confined 
to the arcuate nucleus, median eminence and the 
ventromedial border of the third ventricle [38]. From 
the hypothalamus, the axons of the POMC cell 
bodies extend dorsally and laterally with the 
terminals ending in the amygdala, colliculae and 
hippocampus. Fibers and terminals have also been 
observed in the periaqueductal grey region [38]. The 
predominant form of Bendorphin in the rat hypo- 
thalamus is the opioid active form, /3-endorphinr_3,. 
Similarly, /3-endorphin,_3, is the major form in the 
midbrain and the amygdala, although a significant 
amount of /3-endorphin,_zb is also present. These 
regions seem to have very little acetylated forms. In 
contrast, the hippocampus, colliculae and brain stem 
contain primarily cu,N-acetyl /3-endorphinr-z, and 
a,N-acetyl /5endorphin,_2b; the cu,N-acetyl Bendor- 
phin,_ji, its bioactive form, /3-endorphini_31, and the 
truncated forms are present to a lesser extent [38]. 

In the dorsal medulla, the site of the nucleus 
tractus solitarius POMC cell bodies, @-endor- 
phin,_3,, @endorphin,_2, and the acetylated forms of 
both these peptides are present. Approximately 65% 
of the total P-endorphin is acetylated, 50% of which 
is represented by cu,N-acetyl /l-endorphin,_2, [3,39- 
411. 

The pattern of distribution of /3-endorphin forms 
in the different brain regions is rather intriguing. In 
the hypothalamus where the POMC neuronal cell 
bodies and the short axonal projections are localized, 
the longer opioid active forms of Pendorphin are 
predominant, yet in the brain areas where the ter- 
minals of the more distal axonal projections of the 
same neurons are found, /I-endorphin exists pri- 
marily in the non-opioid, truncated and acetylated 
forms. It is possible that the existence of shorter, 
acetylated forms in the distal projections may be 
time dependent, reflecting the duration of their 
exposure to the specific processing enzymes, since 
continuous processing occurs within the secretory 
granules during axonal transport and storage [42]. 
However, the highly specific nature of the products 
formed in the different brain regions, and the mul- 
tiplicity of enzymes necessary for their formation 
suggest that distance from the site of biosynthesis 
(the cell body) is unlikely to account for the organ- 
ized distribution of the various forms of P-endorphin. 
Alternatively, there is a heterogenous population of 
POMC neurons in the hypothalamus, and only the 
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ones that make the shorter and acetylated forms of 
pendorphin project to the distal areas. 

Regulation of pendorphin biosynthesis 

BEndorphin biosynthesis appears to be regulated 
at the transcriptional [43,44] and post-translational 
level [45]. Treatment of rats with haloperidol, a 
dopamine antagonist which stimulates secretion of 
POMC peptides from the intermediate pituitary, 
resulted in up-regulation, whereas bromocryptine, 
which inhibits secretion, resulted in down-regulation 
of POMC mRNA and pendorphin biosynthesis [43- 
48]. The pattern of processing of /?-endorphin was 
also modulated. Haloperidol treatment increased 
the acetylated derivatives: cu,N-acetyl Bendor- 
phinl_z, and a,N-acetyl /3-endorphin,_3r, and to a 
much lesser extent cu,N-acetyl /?-endorphin,_z,, with 
no change in the level of the NH2 peptides [46,47]. 
However, bromocryptine treatment did not alter the 
pattern of pendorphin processing significantly 
(46,481. This is perhaps not surprising since in uiuo, 
biosynthesis and secretion of POMC peptides in the 
pars intermediate are under inhibitory control by 
dopamine [45,49, SO]. These results demonstrate 
that dopaminergic agents can regulate POMC 
biosynthesis and post-translational modification of 
fiendorphin in the intermediate lobe. Stress, and 
other physiological stimuli which affect dopamine 
secretion, have been shown to alter biosynthesis and 
processing of @-endorphin in the pars intermediate. 
For example, chronic stress followed by rest resulted 
in an increase in @endorphinl_j, and its acetylated 
form, while cu,N-acetyl /3-endorphinr_2, decreased 
relative to control [51]. Black and white background 
adaptation of the frog Xenopus laevis also resulted 
in differences in Pendorphin processing in pars 
intermedia. The predominant form in white adapted 
frogs was a,N-acetyl @-endorphinl_s, whereas in 
black adapted frogs there were approximately equal 
amounts of a,N-acetyl P-endorphin,_R and the longer 
acetylated forms [52]. 

BEndorphin levels and processing in the pars 
intermedia are also regulated by T-cell-specific fac- 
tors secreted in animals undergoing transplantation 
immunity [53]. Allografted rats showed a 3-fold 
increase in the level of /%endorphin immuno- 
reactivity as compared to normal and isografted rats. 
While in normal rats and rats with an isogenic skin 
graft the cr,N-acetyl forms of P-endorphinr-z7 and /3- 
endorphinl_re were the predominant peptides, rats 
after injection of a second allograft showed the pres- 
ence of primarily PendorphinlJl and cu,N-acetyl /3- 
endorphin,_31 in the pars intermedia. Injection of the 
T-cell factor, interleukin 2, to athymic rats gave a 
pattern of Pendorphin peptides mimicking that of 
the allografted rats. 

Concluding remarks 

As discussed in this review, much is now known 
about the mechanism of processing and the enzymes 
involved in the biosynthesis of various forms of /3- 
endorphin and other POMC-derived peptides. 
Moreover, it is also well documented that processing 
of POMC and p-endorphin is tissue-specific, and that 
the “steady state” pattern of Pendorphin processed 
products in a given tissue can be modulated under 

different physiological conditions. However, two 
important issues remain only partially resolved, 
although much insight has been gained recently. 
These are: (1) what are the mechanisms regulating 
the differential processing of POMC and @-endor- 
phin? and (2) what is the functional significance of 
the various products generated from the differential 
secondary processing of P-endorphin? 

The identification of the paired basic residue- 
specific processing enzymes has facilitated studies 
addressing the issue of the mechanisms regulating 
the differential processing of POMC. Several mech- 
anisms have been proposed and in some cases sup- 
ported by experimental data. 

(1) Tissue-specific “0”-linked glycosylation of 
POMC at a residue close to the cleavage site can 
influence the processing at that site. This proposal 
was based on the findings by Bennett’s group that 
N-POMC present in anterior pituitary was O-gly- 
cosylated at threonine4s (see Fig. l), whereas the 
cleaved product N-POMC,+ isolated from inter- 
mediate lobe was not 0-glycosylated [54]. In vitro 
experiments, incubating PCE with bovine N- 
POMC& which was either 0-glycosylated at the 
Thrls or lacking 0-glycosylation at this site provided 
evidence for this mechanism [55]. Non-O-gly- 
cosylated N-POMC was cleaved by PCE to yield N- 
POMC,+ and y-MSH, but fully 0-glycosylated N- 
POMCr-r7 was not. The O-linked glycosylation near 
the Arg,,-LysSO appears to have prevented cleavage 
of this site, probably by causing stearic hindrance to 
the enzyme. Thus, the differential O-linked gly- 
cosylatron of the Thrd5 of POMC in the anterior 
versus intermediate lobe provides a mechanism for 
the differential processing of POMC at the Arg,,- 
Lyss,, site in these two lobes. 

(2) The microenvironment (e.g. Ca:+ concen- 
tration, pH, and the enzyme to substrate ratio) within 
the intragranular compartment where processing 
occurs may vary in different tissues and thus influence 
the degree of processing of POMC by the enzymes. 
Studies have shown that the extent of processing /I?- 
LPH to /3-endorphin,_3, by PCE in vitro is influenced 
by the enzyme/substrate [9] and the Ca’+ con- 
centration [ll]. Possible differences in the intra- 
granular ratio of processing enzyme to substrate 
concentration and/or Ca2+ concentration in the 
intermediate and anterior lobe secretory granules 
may account for the differential amounts of P-endor- 
phin versus /3-LPH in these two tissues. Cation chan- 
nels which are regulated by Ca?+ and can act as 
cation transporters to alter intragranular Ca’+ have 
been found in pituitary secretory granules [.56]. Fur- 
thermore, although in a different opiate system, it 
has been shown that electrical stimulation, which can 
alter intragranular Ca’+. enhanced the processing of 
larger forms of met-enkephalin in guinea pig myen- 
teric plexus [57]. All these factors support the pro- 
posal that differences in the microenvironment may 
regulate the extent of processing of peptides from 
larger forms. 

(3) Expression of different enzymes for various 
post-translational modification events in a tissue- 
specific manner can provide another mechanism for 
tissue-specific differential processing. It is known 
that in the intermediate lobe, P-LPH is completely 
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processed to pendorphin, whereas in the anterior 
lobe, #3-LPH is the major product. This pattern of 
processing correlates well with the presence of much 
larger amounts of PC2 mRNA and presumably 
enzyme, which cleaves /3-LPH to /3-endorphin, in the 
intermediate than in the anterior lobe (see Fig. l), 
whereas PC1 (PC3) mRNA, encoding an enzyme 
which does not generate pendorphin from POMC, 
is about equally distributed in the two lobes [15,58]. 
Moreover, PC2 mRNA has also been shown to be 
coordinately regulated with POMC mRNA by a 
dopamine agonist and an antagonist in the inter- 
mediate lobe [58]. Another enzyme that is dif- 
ferentially distributed is the acidic ACTH converting 
enzyme which generates e-MSH. There appears to 
be greater amounts of this enzyme in the inter- 
mediate versus the anterior lobe, which synthesizes 
little or no (u-MSH [21]. Analysis of the activity of 
OMAT in the intermediate and anterior pituitary 
has also indicated selective expression of this enzyme 
primarily in the intermediate lobe [34]. Thus, the 
tissue-specific expression of OMAT in the inter- 
mediate lobe is consistent with the presence of ace- 
tylated forms of Pendorphin, only in this lobe, and 
not in the anterior lobe [38]. Processing enzyme 
studies suggest that the cleavage of the LysZs-Lyszg 
pair in p-endorphinl_sl to yield /3-endorphin1_z7 is 
carried out by a distinct yet unidentified enzyme. 
Once an enzyme specific for this cleavage is ident- 
ified, it will be possible to determine if it is present 
specifically in tissues which yield the truncated forms 
of @-endorphinl_31. 

Mechanisms for tissue-specific processing of 
POMC and P-endorphin proposed above are derived 
from studies on the anterior and intermediate lobe. It 
is likely that such mechanisms extend to the nervous 
system as well. One of the remaining tasks relating 
to Pendorphin biosynthesis is the identification of 
the enzyme responsible for the cleavage of LysZR- 
LysZp of /?-endorphin,_3, to yield /?-endorphinl_z7. 
Purification cloning and production of specific anti- 
bodies to the processing enzymes in the not too 
distant future will facilitate quantitative studies of 
the enzymes, and will lead to a better understanding 
of the enzymatic mechanisms underlying differential 
processing and modulation of @-endorphin biosyn- 
thesis at the post-translational level. 

The second issue concerns the functional sig- 
nificance of the differential secondary processing of 
p-endorphinl_31. Tissue-specific processing of POMC 
and the secondary processing of /%endorphinl_31 
allow the versatility of using a single gene to generate 
multiple products with different biological activities. 
Some of these products may potentiate the activity of 
another, e.g. /?-endorphin,_3, was found to enhance 
melantropic activity [59], whereas /%endorphin,_27 
antagonizes the opiate activity of /%endorphinl_3, 
with a potency five times greater than naloxone [60]. 
p-Endorphin,_z,, on the other hand. was inefficient 
in reversing analgesia 1601. Processing of b-endor- 
phinl_3, to /3-endorphin,_Z7 also yields a dipeptide, 
Gly30-Gln3,, which has been found in secretory gran- 
ules of the pars intermedia and brain stem where 
truncated forms of pendorphin predominate [38]. 
This dipeptide was shown to inhibit, in a dose-depen- 
dent manner, the firing of neurons located within 

the nucleus reticularis gigantocellaris and nucleus 
reticularis pontis caudalis of the brain stem reticular 
formation [61]. More recently, various forms of /% 
endorphin were tested for their ability to modify 
central cardioregulation in the rat caudal medulla 
[62], since this site is richly innervated by two dis- 
tinctive Pendorphin projections, one from cell 
bodies in the hypothalamus which produces primarily 
non-acetylated peptides and the other from the 
nucleus tractus solitarus which contains both des- 
acetyl and acetylated forms [39-41]. PEndorphin 
peptides were injected intracisternally and the mean 
arterial pressure was measured. P-Endorphinl_z, was 
found to be lo-fold more potent than @-endorphin,.. 
)I in lowering mean arterial pressure. However, /3- 
endorphinl_ze and the cu,N-acetyl forms of Bendor- 
phinl_3,, /3-endorphin,_z7 and @-endorphinl_zb, were 
inactive. The hypotensive effect of pendorphin,_ 
27 and /?-endorphin,_s, was blocked by naloxone, 
suggesting that both these peptides act through 
opioid receptors. 

Studies continue to elucidate the biological func- 
tion of truncated and cu-N-acetylated forms of @- 
endorphin. At present it would appear that while @- 
endorphinl_n has biological activity, @endor- 
phinl_zb is inactive in the functions tested. Removal 
of histidinez7 from /3-endorphin,_z7 may be an inac- 
tivating step. The function of a,N-acetylated forms 
of pendorphin is also poorly understood. It would 
be expected that these forms are not inactive; rather 
their biological function(s) is awaiting discovery. 

In conclusion, the processing of POMC to yield p 
endorphin,_3,, and the secondary processing of /?- 
endorphin1_3, (see Fig. 2) yield six endorphin pepti- 
des, the formation of which is region-specific and 
can be modified by physiological stimuli. The forms 
released by a given cell are probably designed for 
the action they have to perform in response to a 
specific stimulus. Understanding the regulation of 
tissue- and stimulus-specific processing of @endor- 
phinl_j,, the biological role of the various truncated 
and cr,N-acetylated forms of Pendorphin, and the 
interplay between the opioid active and antagonist 
forms of P-endorphin remains a major challenge for 
the future. 
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