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LIU, B AND J P H BURBACH Changes m vasopressm-converttng amlnopepttdase acttvtty tn the rat pmeal gland 
during summer Relationship to vasopressm contents PEPTIDES 9(6) 1235-1240, 1988--Vasopressln (VP)-convertmg 
amlnopeptldase (VP-AP) actlwty and VP contents were measured m smgle rat pineal glands dunng the summer of two 
successive years The peptldase activtty decreased slgntficantly m August The lowest activity (±SEM) of 0 18---0 02 
pmol hour -1 was recorded on August 14, compared to the basal actlwty of 0 25±0 01 pmol.hour -1 in July and September of 
1986 The change with slmdar percentage occurred m the same period of 1987 The specific act,wty of the enzyme m the 
crude homogenate, 15,000 g pellet and supernatant fract,on ol rat pineal glands, exhibited the same pattern of vanat~ons 
The decrease m pept,dase activity coincided with the previously reported dramatic rise in pineal VP content in early August 
which was confirmed m this series of experiments Another peptldase, the so-called y-endorphm generating endopeptldase 
(y-EGE) acUwty, and fl-endorphm-related peptldes m the pineal gland did not change m th,s period The results show that 
the vanat,ons of pineal VP contents and VP-AP act~vtty dunng summer are not general for other pept~des and pept,dases 
The comodence of opposite changes tn VP content and VP-AP actw,ty of the pineal gland may md,cate a role of the 
peptldase act~wty to regulate the VP content 

Vasopressm-convertlng ammopepttdase act~wty Pineal gland Summer Vasopressm content 

VASOPRESSIN (VP) has biological functions in the periph- 
ery and the central nervous system (9,11). In contrast to the 
periphery, central actions of VP are also exerted by frag- 
ments of VP (6, 9, 11). An amlnopeptidase activity with re- 
stricted specificity has been implicated in the formation of 
such active fragments (4,5). The functional role of this 
"VP-convertIng amlnopeptidase (VP-AP)" activity in the 
metabolism of VP, however, remains to be clarified. Both 
VP and VP-AP activity have been found in the rat pineal 
gland (7,16), an endocnne organ which is important in regu- 
lation of biological rhythms (1) Recent experiments in our 
laboratory mdlcated that a diurnal rhythm of VP-AP activity 
exists m the rat pineal gland which is inversely related to the 
pineal VP contents (15). The marked rise of pineal VP con- 
tents dunng summer (14) provides another physiological 
condition for evaluation of their relationship in the pineal 
gland. Therefore, VP-AP activity and VP contents were 
measured in the rat pineal gland dunng the period of summer 
in two successive years. The specificity of the changes was 

mvestlgated by comparison to another peptide system and its 
converting enzyme, i.e., fl-endorphln-related peptides and 
the so-called "y-endorphln-generatlng endopeptidase (y- 
EGE)," a Leu-Phe cleaving endopeptIdase which converts 
fl-endorphm into y-endorphln (12,13) The results indicate 
that VP-AP In the rat pineal gland may participate in the 
regulation of pineal VP contents. 

METHOD 

Materials 

Radioactive materials [aH-Phea]VP, 3H-Phe and 
[14C]formaldehyde were purchased from New England Nu- 
clear Company (Boston, MA) with the specLfiC activity of 
40 0 O/retool, 71 0 Cl/mmol and 53.0 mCi/mmol, respec- 
tively. Polystyrene beads (Amberllte XAD2) were from 
BDH chemicals (Poole, Dorset, UK). Synthetic peptides 
were prepared and provided by Dr. H. M. Greven and Dr. J 
W van Nispen (Organon International B . V ,  Oss, NL). 

1Requests for reprints should be addressed to J Peter H Burbach 
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FIG 1 VP-AP actlwty and VP levels m the rat pineal gland dunng the period of summer Pineal glands were collected on July 3, July 
30, August 6, August 14, August 26, September 10 of 1986 and on July 13, August 6, August 14, October 16 of 1987 VP-AP actlvmes and 
VP contents were deterinmed m individual glands (A) Total VP-AP actlwty per gland m the pellet fraction (1986) and homogenate 
(1987) (B) VP content per gland. The peptlde contents were not corrected for the recovery. Values are means±SEM. The number of 
ammals is indicated m the bar Statistical slgmficance (*p<0 05) was performed by analysis of variance (ANOVA) and the Newman- 
Keuls test 

[]25I]NaI was obtamed from the Radiochem]cal Centre, 
Amersham, UK. Bovine serum albumin (BSA) and human 
serum albumin (HSA) were from Sigma (St. Louis, MO). 
Dextran T-70 was from Pharmacm Fine Chemicals (Upp- 
sala, Sweden) and charcoal from Merck (Darmstadt, FRG). 
All other chemical reagents were reagent grade. 

Animals 

Male Wistar rats (140-170 g) were housed five per cage 
with food and water available ad hb under standard light 
(light on from 0600-2000 hr) and temperature (23°C) condi- 
tions. Ammals were gently handled for one week before sac- 
rifice. Groups of  rats were decapitated between 09(I)-1100 hr 
m July, August and September of  1986 and 1987. The pineal 
glands were quickly removed and frozen on dry ice within 
one minute after the decapitation and stored at -80°C. 

Assay of Peptidase Acnwttes 

For the measurement of  peptidase activities, single rat 
pineal glands were homogenized in 50 ttl of  20 mM Tris-HCl, 
pH 7.0 by a teflon-glass homogenizer. Another 50/~1 of  the 
buffer used to wash the homogenizer was combined. Parts of  
the homogenate were centrifuged at 15000×g for 30 min to 
obtain a membrane pellet and a supernatant. Pellets were 

resuspended m 50 gl  of  20 mM Tris-HCl, pH 7 0, by suction 
through a 100/~l syringe with a 16 gauge needle All proce- 
dures were performed at 0°C. Protein concentration of  each 
fraction was determined by the method of  Br~,~iford (3). 

VP-AP activity was determined in the homogenate, 
15,000 g pellet and supematant of  single pineal glands (incu- 
bation concentration from 0.05 to 0.5 rag protein/ml) as de- 
scribed previously (4,5). In this assay, 40/~l of  the enzyme 
preparation was incubated with 10/~l (104 dpm) of [SH-Phea]VP 
m 20 mM Tris-HCl, pH 7.0, at 37°C for 30 ram. To determine 
the y-EGE activity 10/~l of  the homogenates of  single pineal 
glands (incubation concentration from 0.I to 0.3 mg 
protein/ml) were incubated with 10 ~ dpm of a 14C-labelled 
pentapeptide Ac-Val-Thr-Leu-Phe-[ ~4C](CHa)zLys-NHCH3 
as the substrate in a total volume of  50 #l of  20 mM Tris-HCl, 
pH 8.5, at 37°C for 30 rain as described before (12). Both 
assays were performed under conditions of  linearity between 
enzyme concentration and substrate conversion. The 
enzymatic reactions were stopped by adding 50/~l acetic acid 
to a concentration of  1 M and boiling for 5 rain. Membranes 
were removed by centrifugation at 10,000xg for 10 rain 
Separations between substrate and product were performed 
on polystyrene minicolunms (Amberlite XAD-2) by stepwise 
elution with ethanol-water mixtures as described elsewhere 
(5,12). 
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TABLE 1 
SPECIFIC ACTIVITY OF VP-CONVERTING AMINOPEPTIDASE 

(pmol hour-l.mg protein -~) IN THE HOMOGENATE, 15,000 g PELLET AND 
SUPERNATANT FRACTIONS OF THE RAT PINEAL GLAND 

DURING THE SUMMER OF 1987 

July 15 August 7 August 14 October 12 

Homogenate 2 33 -+ 0 14 1 75 -+ 0 12" 1 70 _ 0 12" 2 18 _ 0 21 
Pellet 4 15-+ 034 339-+029 329_+042 4 13_+ 049 
Supernatant 2 60 -+ 0 34 2 34 _+ 0 33 1 90 -+ 0 30 2 33 _ 0 39 

Each group consisted of 10 animals *p<0 05 analyzed by ANOVA and the 
Newman-Keuls test 
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FIG 2 HPLC profile of VP-lmmunoreactlvity of the rat pineal 
gland Fifty rat pineal glands were collected in August Glands were 
extracted and analyzed by HPLC The gradient run linearly from 0 
to 90% of solvent B m 60 min at a flow rate of 2 ml/min Fractions of 
1 ml were collected m polystyrene tubes contmnlng 100 tzl of 0 1% 
BSA VP-unmunoreactwity of each fraction was determined by 
VP-RIA Before fraction 40 the VP-tmmunoreactivity was at the 
baseline level Values were not corrected by the recovery The elu- 
tions of marker pepttdes are indicated by arrows VT vasotocln 

Tissue Extraction and Radtotmmunoassays (RIA) 

Single rat pineal glands were extracted at 100°C in 1 N 
acetic acid (50 tzl/gland) for 10 min, then kept at 0°C for 10 
min and disrupted by somcatlon (30 sec/gland) The 
homogenates were centrifuged at 12,000xg at 4°C for 30 mm 
and the supernatants were dried m RIA tubes in vacuo at 
40°C in a Speed Vac Concentrator Dried samples were then 
dissolved in RIA buffers and assayed. 

For the measurement of VP-immunoreactivity, antibody 
WlE,  specific for the C-terminus of VP was used (17). The 
procedure of the RIA was performed as described before 
(5,17). The sensitivity of the assay was 0.5 fmol/tube (at 10% 
tracer displacement) and tracer displacement of 50% oc- 
curred at 8 fmol. Half of the pineal extracts was used for the 

measurement Intraassay variablhty was about 10%. Interas- 
say vanablhty was about 2(1%. 

B-Endorphln lmmunoreacUvlty was measured with 
antiserum B4. The sensitivity of the assay was 2.0 fmol/tube 
Both inter- and lntraassay vanabihties were about 10% 
Tracer displacement of 50% occurred at 60 pg. The assay 
procedure and antibody specificity has been described be- 
fore (2). 

Dilutions curves of the pineal extracts were parallel to the 
standard curves in both RIAs. All the data were processed 
on an IBM personal computer and analyzed by ANOVA and 
the Newman-Keuls test. 

High-Performance Liquid Chromatography (HPLC) 

VP-immunoreactlvlty and/3-endorphin-immunoreactivity 
of the rat pineal gland were analyzed by HPLC on a/xBon- 
dapak C18 column using a methanol-ammonium acetate 
solvent system (17). Solvent A was made of 10 mM am- 
monmm acetate, pH 4.15, solvent B was methanol contain- 
Ing 0.15% of acetic acid (v/v) Linear gradients were em- 
ployed for separations as indicated in the legends. The flow 
rate was 2 ml/mln and fractions of 1 ml were collected. Pep- 
tide lmmunoreactlVltles were determined m each fraction 
by RIAs 

RESULTS 

Measurements of pineal VP-AP activity were conducted 
in the pellet fractions of the glands collected in 1986, and in 
pellet, supernatant fractions and homogenates of the glands 
collected in 1987 The enzyme activity of July 1986 de- 
creased significantly at the beginning of August, reaching its 
lowest level on August 14, and then gradually increased to 
initial levels m September (Fig. 1A). No significant differ- 
ence of the activity was observed between the groups of July 
and September. The average value (-+SEM) of total pellet- 
associated activity per gland of the groups of July 3 and 
September 10 was 0.25-+0.01 pmol-hour -~ (n= 16) The value 
recorded on August 14 was 0.18-+0.02 pmol hour -~ (n=8). 
The enzyme activity in all groups of August was significantly 
lower than that in July 

This observation was reproduced in the summer of 1987. 
Total VP-AP activity in the homogenates of the pineal glands 
showed a similar variation. The enzyme activity was reduced 
significantly by 28% on August 14 as compared to the value 
of July (Fig 1A) These changes also occurred for the spe- 
cific activity of the enzyme in the homogenates, pellet and 
supernatant fractions (Table 1). The specific activities of 
VP-AP were reduced by 25%, 21% and 23%, respectively, on 



1238 LIU AND BURBACH 

// 

C 
0 

0 

E r- 

e 
0 

10 

i 

60 

40 

20 

41, 

40 60 

t ~  

2~ 

t ,  

41, 

7 

L 
r~ 

1 
/ /  

0 80 100 12( 

fractions 

FIG 3 HPLC profile of the/3-endorphm lmmunoreactlve substances of the rat pineal gland Fifty glands collected m July of 1987 
were extracted and analyzed by HPLC The gradient run hnearly from 0 to 90% of solvent B m 60 mm at a flow rate of 2 ml/nun. The 
elutmn positrons of marker peptldes are indicated by the arrows Fractmns of 1 ml were collected m polystyrene tubes containing 
100/~l of 0 1% BSA Parts of the fractmns were assayed for fl-endorphm immunoreactwlty Data were not corrected by the 
recovery 

O 
e -  

E 

40 

20 

si 
! 

8 8 

i i S 1 
400 

c 200 

0 8 8 8 
I I I 

July August September 

FIG 4 7-EGE activity and fl-endorphm lmmunoreactlwty m single 
rat pineal glands dunng the period of summer Pineal glands were 
collected on July 3, July 13, August 6, September l and September 
16 of 1986 (A) Total ~/-EGE actlvaty per gland (B) Content of 
/]-endorphm lmmunoreactwlty per gland Values are shown as 
mean-+SEM The number of ammals is indicated m the bars 

August 14 as compared to the average value of  July and 
October  StaUstlcal significance was only found for the 
homogenate. The protein contents in these different enzyme 
preparations, however,  did not show significant variation 
dunng this period. 

VP contents of the pineal gland were concomitantly 
measured in the same period. As reported before (14), the 
pineal VP contents rose rapidly at the beginning of  August 
and decreased again within the same month. All values for 
VP obtained m August of  1986 were significantly higher 
than those of  the groups of July and September.  This obser- 
vation was confirmed in 1987 (Fig. 1B). The value of 
47.6___6.7 pg/gland (n=4) measured on August 6 was signifi- 
cantly higher than the average value of  6.3+-2.0 pg/gland 
(n=7) measured in July and October. HPLC analysis of VP- 
lmmunoreactivity m August showed that the major peptide 
was VP (Fig. 2). In addition, about I0% of  N~-acetyl-VP in 
the total content of  VP-immunoreactivity and a small amount 
of  vasotocin-coelutmg substance (17) was detected. The 
highest content was measured on August 6 of  the two suc- 
cessive years. 

For  comparative purpose pineal levels of fl- 
endorphin-immunoreactivity and T-EGE activity were also 
measured. HPLC analysis of  this immunoreactivity showed 
the presence of  a-,  8- and 7-endorphin and thetr N ~- 
acetylated forms. Major forms resembled in HPLC the 
acetytated and nonacetylated forms of/3-endorphin-(1-27) 
(Fig. 3). Total  contents of  pineal ~ - e n ~  immunoreac- 
tivity did not change m the period between July and October  
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(Fig. 4B). T-EGE activity in rat pineal glands did not show 
significant variations during the period of summer (Fig. 4A). 
Measurement of T-EGE activity resulted in similar values 
with the samples collected on July 17, August 6 and Septem- 
ber 1 of 1986 

DISCUSSION 

The data show that variations of VP-AP actlwty and VP 
contents in rat pineal glands occur during summer they 
coincide in August and are in opposite dlrecttons. In August 
of two successive years, the peptidase actlwty decreased 
significantly, while VP levels dramatically increased No 
change occurred m another peptide system, Le ,  
/3-endorphin and T-EGE activity m this period 

Changes m pineal VP-AP activity occurred in both 15,000 
g pellet and supernatant fractmns of the pineal glands Previ- 
ously we have observed that VP-AP actlwty of brain tissue 
exists m a membrane-assocmted and soluble form and that 
the two forms have very similar properties (Burbach and 
Tan, unpubhshed). For these reasons we have also measured 
VP-AP activity in homogenates of the tissue collected m 
1987 The results indicated that VP-AP activity is generally 
lower m all fractions of the pineal gland in August. Whether 
this decrease is caused by a decrease in the total amount of 
the enzyme or Vmax, or an mcrease of Km value remains to 
be investigated 

VP-AP actiwty has been discovered in in vitro studies on the 
metabolism of VP. It appeared that the mare VP metabohtes 
were products of an aminopeptidase action on VP (4). Sev- 
eral of these VP metabohtes displayed biological activities m 
the central nervous system with higher potency than VP 
(6,10). The involvement of VP-AP in the metabohsm of en- 
dogenous VP in wvo has been indicated by the presence of 
similar VP metabohtes m brain extracts (8,20) VP-AP activ- 
ity ~s widely distributed m rat brain, including the p|neal 
gland (7). In previous experiments we observed that VP-AP 
activity in the pineal gland d~splayed a d|urual variatmn w~th 
a rapid, short-lasting rise of enzyme activity at the onset of 
hght. Simultaneously w~th this rise the content of VP de- 
creased (15). An inverse change of peptide and peptldase has 
also been described for the diurnal change m pineal levels of 
angiotensm II and angmtensin converting enzyme (19). The 

present study suggests further a possible causal relatlonshtp 
between the VP-AP activtty and VP contents in the rat pineal 
gland A marked rise of pineal VP contents which occur in 
early August has been reported before (14) In August of two 
successive years the dramatic rise of VP was accompanied 
by a stgnificant decrease of VP-AP activity Although the 
VPoAP activity may have a role to regulate the pineal VP 
content, it seems hkely that other factors, such as blosyn- 
thests, release and CSF level of VP, also contribute to the 
summer rise of pineal VP These factors wdl be mvestigated. 

Further arguments for a posstble role of VP-AP activity m 
the control of VP contents may come from measurement of 
VP metabohtes in the pineal gland However, the presently 
available methods lack as yet the required sensitivity to 
carry out such experiments, since VP metabolites have low 
crossreactlons with our VP antiserum WlE (17) 

The summer rise of pineal VP was confirmed here. HPLC 
analysis showed that the rise m lmmunoreactlwty was 
mainly due to VP but not N~-acetyl-VP recently discovered (16) 
or a vasotocin-coelutmg substance (17) Neither the rise in 
pineal VP contents nor the decrease m VP-AP actlvlty repre- 
sents a general phenomenon for peptldes and peptidase in 
the pineal gland. No change was observed m the fl-endorphln 
system of the gland The total /3-endorphln-immuno- 
reactivity as well as the y-EGE acUwty remained the same 
durmg the penod of summer Furthermore, HPLC analysis 
showed a variety of/3-endorphln-related peptldes and a high 
degree of acetylatlon to be present m the pmeal gland. 

Variations of the VP-AP activity and VP contents oc- 
curred in animals exposed to an environment of constant 
temperature, humidity and photoperlod It has been specu- 
lated that a~r-born factors may be revolved in this annual 
rhythm (18) The bmloglcal significance of the seasonal var- 
iations m the pineal VP system may be related to modulatmn 
of pmeal functmns. 
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