
control of reproduction (19) and carba- 
chol can alter pineal enzyme activity (3). 
A direct action of carbachol on the pineal 
gland appears unlikely because the ef- 
fects of carbachol on reproductive func- 
tion occurred concomitantly with an al- 
teration of the circadian rhythm of activi- 
ty, and the pineal gland does not play a 
major role in the regulation of the activi- 
ty rhythm (20). An alternative possibility 
is that carbachol-induced changes in 
SCN activity lead to an alteration in 
pineal function and, ultimately, gonadal 
activity. 

Although it has long been recognized 
that the photoperiod can influence sea- 
sonal reproductive cycles in animals, 
only now are some of the neural events 
that mediate the effects of light on repro- 
ductive activity being elucidated. Our 
results suggest that acetylcholine may 
play a key role in the mechanism by 
which a circadian clock is involved in 
photoperiodic time measurement. Our 
experimental approach, in which a dis- 
crete stimulus (for example, electrical or 
chemical) is presented at a specific circa- 
dian time to induce R photoperiodic re- 
sponse, may prove valuable in determin- 
ing the neurochemical and neurophysio- 
logical events that enable an organism to 
measure the seasonal change in day 
length. 
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Physalaemin: An Amphibian Tachykinin in 
Human Lung Small-Cell Carcinoma 

Abstract. Immunoreactivity to the amphibian peptide physalaemin was character- 
ized from extracts of a human lung small-cell carcinoma by immrinological, 
chemical, and pharmacological means. Tumor-related peptide cross-reacted with 
three antiserums to  physalaemin to yield 1.1 to  1.6 nanomoles per gram of t issue.  
Physalaemin and tumor peptide had similar retention times on high-performance 
liquid chromatography after chemical and enzymic modiJications that incl~ided pH 
changes, oxone oxidation, use of a hydrophilic ion-pairing reugent, and digestion 
with trypsin and pyroglutamate aminopeptidase. Both physalaemin and the tumor 
peptide produced a contractile response of isolated guinea pig ileum at threshold 
concentrations of approximately 100 to 150 picograms per milliliter. These datu 
suggest that small-cell carcinoma of the lung contains a physalaemin-like peptide 
that has structural and biological homology to its amphibian counterpart. 

Small-cell carcinoma of the lung 
(SCCL) exhibits heterogeneity among its 
constituent cells (I), which is reflected in 
its variable biochemical properties, ec- 
topic (inappropriate) production of pep- 
tide hormones (2, 3), and chromosomal 
abnormalities (4). Most notable among 
the hormones detected in extracts of 
SCCL and at elevated levels in the plas- 
ma of patients with this tumor were 
adrenocorticotropin (2, 3), prolactin, 
oxytocin ( 2 ) ,  calcitonin, and P-human 
chorionic gonadotropin (3). Immunore- 
activity to the amphibian peptide bombe- 

sin has been found in all SCCL's resect- 
ed from patients (5) or maintained as 
tumor-derived cell lines (6) or propagat- 
ed in nude mice (7). The immunoreactive 
substance appeared to have structural 
homology with the amphibian peptide (7) 
rather than with the larger bombesin-like 
peptides (8). Another amphibian peptide, 
physalaemin, was detected in SCCL by a 
radioimmunoassay and by immunohisto- 
chemistry (7). This group of related pep- 
tides (tachykinins) includes substance P 
and has potent pharmacological effects 
on extravascular smooth muscle, blood 

Table 1. Reverse-phase HPLC retention times of amphibian physalaemin and SCCL physal- 
aemin immunoreactivity. Values are given as means * standard deviation, with the number of 
separate experiments in parentheses; N.D.,  not determined. 

Retention time (minutes) 

Conditions Physalaemin Tumor immunoreactivity - 
Oxidized Reduced Oxidized Reduced 

- - - - - - 

HFBA, pH 2.3 27.2*0.8(3)  30 .2*0 .2 (7 )  27 .9*0 .6 (5 )  30 .5*0.4(5)  
plus trypsin 33.3* 33.0* 

Acetate, pH 4.2 29.5 32.8 * 0.1 (2) 29.5 t 0.1 (2) 32.7 rtr 0.1 (2) 
Phosphate, pH 7.0 N.D. 33.1 * 0.1 (2) 29.4 33.1 

*The tryptic fragment lacks a thio-containing residue and hence is neither oxidized nor reduced. 
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pressure, and exocrine glands (9). We 
have further examined the physico- 
chemical and pharmacological properties 
of tumor physalaemin immunoreactivity 
and now present evidence that a peptide 
in SCCL resembles the amphibian un- 
decapeptide (9). 

Human SCCL was propagated in nude 
mice and extracted as  described (7). 
Reextraction of the lyophilized extract in 
1.ON formic acid at 50' to 60°C yielded 
1 .  I to 1.6 nmole of tumor peptide per 
gram of tissue, which was 1000-fold high- 
er than that obtained by solubilization in 
dilute acetic acid (7). Three distinct anti- 
serums to physalaemin bound tumor ex- 
tracts and physalaemin in a parallel man- 
ner (10) (Fig. 1). These antiserums dif- 
fered in their cross-reactivity with other 
tachykinins (10) and in their recognition 
of mammalian physalaemin-like immu- 
noreactivity (PSLI) (Fig. 1). Tumor ex- 
tract and PSLI were equally recognized 
by antiserum PS-I, whereas antiserums 
PS-2 and PS-3 cross-reacted poorly with 

E x t r a c t  di lut ion 
1:1000 1:lOO 1:10 

I I I I 
PS- 1 

1 
10 100 1000 

Physalaemin (pg)  

PSLI (maximum extent, 1 percent and 4 
percent, respectively). The responses of 
the tumor extracts to  the antiserums 
used as  distinct molecular probes sug- 
gest that the tumor peptide contains an 
antigenic recognition site similar to  that 
of physalaemin, but different from that of 
PSLI. 

Tumor physalaemin immunoreactiv- 
ity was resolved by reverse-phase high- 
performance liquid chromatography 
(HPLC) (11) into two distinct peaks (Fig. 
2) regardless of the ionic composition or  
p H  of the mobile phase (Table 1). The 
peak of immunoreactivity occurred in a 
substance that eluted at 32.7 minutes at 
p H  4.2, coinciding with the retention 
time of synthetic physalaemin (Fig. 2b). 
Heptafluorobutyric acid (HFBA) (12) de- 
creased the retention time by approxi- 
mately 2.5 minutes (about one column 
volume) relative to acetate at  p H  4.2 
(Table 1). The retention time in acetate 
at p H  4.2 was the same as that in phos- 
phate at p H  7.0. This indicates the ab- 

sence of a histidine residue, since the 
imidazole ring, being charged under 
acidic conditions, is neutralized at p H  7, 
which would make the molecule more 
hydrophobic. Physalaemin lacks histi- 
dine residues (9). 

Chemoselective oxidation of the 
SCCL extract with 1.1M excess oxone 
for 2 minutes at P C  (13) increased the 
amount of immunoreactivity in the peak 
at 29.5 minutes, with a proportional de- 
crease in the one at 32.7 minutes (Fig. 
2c). This decrease in the retention time 
of tumor immunoreactivity corresponds 
to the appearance of oxidized physal- 
aemin at the same retention time (Fig. 2d 
and Table 1). 

The sulfoxide derivatives of peptides 
with an amidated COOH-terminal methi- 
onine residue elute earlier than the unox- 
idized peptide on HPLC (14). The action 
of pyroglutamate aminopeptidase (15) 
yielded extensive losses of immunoreac- 
tivity for both SCCL material and phy- 
salaemin, suggesting that our antiserum 

Retention time (minutes) 

Fig. 1 (left). Immunological cross-reactivity of SCCL (O), mammalian physalaemin-like 
immunoreactivity (PSLI) (A), and physalaemin (0) with physalaemin antiserums PS-1. PS-2, 
and PS-3. PSLI was the pooled substance of the peak area from a gel filtration column (10). The 
data points are averages from two to three separate experiments; PHY,  physalaemili. BIBo is the 
amount of labeled antigen bound by antibody in the presence of unlabeled peptide, divided by 
the total amount of antigen bound by antibody. Fig. 2 (right). Reverse-phase HPLC 
analyses of SCCL immunoreactivity and amphibian physalaemin at pH 4.2 as detailed in (11). (a  
and c) Untreated and oxone-treated tumor extract, respectively. (b and d) Synthetic physalae- 
min and the oxone-treated peptide, respectively. BOM(O) and BOM(H) represent the retention 
time of oxidized and reduced bombesin markers (T),  respectively. 
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PS-1 also recognizes the NH2-terminal 
residue of physalaemin. Physalaemin 
contains one trypsin-susceptible bond, 
between the lysine and phenylalanine 
residues (9); cleavage at this point gave 
an HPLC peak for a substance that elut- 
ed at 33.3 minutes (Table 1) and that 
coincided with the tumor peptide frag- 
ment. 

The immunoreactivity in the peaks of 
SCCL purified by HPLC was assessed 
for pharmacological action on the con- 
traction of isolated guinea pig ileum (16). 
The concentration required to elicit a 
near-threshold response was similar to  
that of the amphibian peptide (100 to 150 
pgiml); the tumor peptide and the am- 
phibian peptide were both more potent 
than histamine and were refractory to  
atropine and to the histamine blocker 
pyrilamine maleate. 

Our data demonstrate that the sub- 
stance with physalaemin immunoreactiv- 
ity found in SCCL extracts immunologi- 
cally, chemically, and pharmacologically 
resembles the undecapeptide originally 
purified from amphibian skin (9) and 
differs from PSLI identified in mammali- 
an tissue (10). The correspondence in the 
retention times of both the oxidized and 
unoxidized forms of tumor peptide and 
synthetic physalaemin suggests the ab- 
sence of any significant structural differ- 
ences between these peptides, since 
HPLC can resolve underivatized pep- 
tides that differ in the isomeric configura- 
tion of only one amino acid (17) and in 
their ionic and hydrophobic properties 
(12, 18). The common identity of numer- 
ous peptide hormones in evolutionary 
dissimilar organisms (19) also points to  
the stability, fidelity, and invariance of 
selected regions of the genetic code over 
time and the specificity of membrane 
receptors-for a t  least 300 million years 
in the case of the amphibian peptide 
physalaemin. 
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Vaginal Stimulation: An Important 

Determinant of Maternal Bonding in Sheep 

Abstract. The immediate induction of the full complement of maternal behavior in 
nonpregnant ewes primed with estrogen and progesterone has been obtained after 5 
minutes of vaginal-cervical stimulation. A similar period of such stimulation given to 
recently parturient ewes, after the development of selective bonding to their own 
lambs, reversed their rejection behavior of alien lambs and produced a state of 
plasticity in maternal behavior, such that ewes receiving vaginal stimulation would 
accept and adopt alien lambs. Thesejndings implicate vaginal-cervical stimulation 
as playing a role in the onset of maternal behavior. 

In a number of mammalian species, head butts, acceptance at  the udder), 
the onset of maternal behavior of non- they may not necessarily arise in the 
partur~ent  females depends to some ex- order observed at parturition. 
tent on ovarian hormones, particularly We now report on the immediate In- 
estrogen (1). In no species, however, is duction of the full complement of mater- 
the full complement of maternal behav- nal behavior in nonpregnant ewes treat- 
ior reproduced as  rapidly and reliably as  ed with progesterone and estradiol and 
it is after parturition. In 50 percent of stimulated vaginally for 5 minutes. We 
nonpregnant ewes, priming with proges- further report how vaginal stimulation 
terone and estrogens induces acceptance enhanced maternal care by parturient 
of alien newborn lambs (2), but this ewes of alien lambs presented to them 
acceptance is in general not immediate, about 1 hour after parturition, before 
requiring as long as 2 hours of exposure selective nursing of their own young was 
to the lamb. Moreover, the most deter- established. As selective behavior is es- 
minant criterion used in these studies tablished rapidly in sheep [after periods 
was acceptance of the lamb at the udder, of contact ranging from 30 t o  120 minutes 
Even when all the components of mater- (3)] ,  we also tested the effects of vaginal 
nal behavior are observed (licking, low- stimulation 2 to  3 hours after parturition 
pitched bleats, absence of aggressive and found that vaginal stimulation in- 
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