
180?, and so on. These angles were mea- 
sured to within 5? with an eyepiece pro- 
tractor in an inverted microscope. From 
these angles, an average cosine for a par- 
ticular population of eggs could be deter- 
mined. An average cosine of +1 would 
mean that all rhizoids grew directly to- 
ward the fiber; -1 would mean that all 
rhizoids grew directly away from the fi- 
ber; and 0 would indicate no orientation. 

Table 1 gives the average cosine as a 
function of the time between fertilization 
and placement of the cells near the fi- 
bers. If the eggs were placed near the fi- 
bers during the first 4 hours after fertil- 
ization, the average cosine was approxi- 
mately +0.45. After that, the polarizing 
effect of the ionophore-coated fibers 
seemed to decline. Control eggs placed 
near uncoated fibers had an average co- 
sine of almost zero. Similar experiments 
in which the potassium ionophore val- 
inomycin was used produced little or no 
polarization. The results with A23187 
were independent of pH from 8.1 to 6.5, 
and lowering the concentration of mag- 
nesium from 50 to 5 mM also had no ef- 
fect. 

The fraction of eggs that germinated 
was usually 10 to 20 percent smaller 
among eggs near the ionophore-coated 
fibers than among those farther away; 
however, in three cases, fewer than half 
of the eggs near the fibers germinated 
while all of the farther eggs germinated. 
In two of these cases, the average cosine 
was small but positive (+0.10, +0.16); 
in the third it was actually negative 
(-0.15). (These apparently aberrant 
cases are not included in the averages 
given in Table 1.) Another effect of prox- 
imity was that the morphology of rhi- 
zoids near the fibers was somewhat mod- 
ified; they tended to be broader and 
shorter than these farther away (Fig. 2). 

We examined the effect of A23187 on 
calcium influx in these eggs to verify that 
it was indeed acting as a calcium iono- 
phore. Using methods described in (7), 
we found that the addition of A23187 to a 
nominal calcium concentration (5M) 
doubled the calcium influx from 0.1 to 
0.2 pmole/cm2-sec. 

To investigate whether the efflux of 
protons rather than the influx of calcium 
ions was responsible for the polarization 
of the eggs, we grew eggs on a Ronchi 
ruling (Edmund Scientific), a piece of 
glass that has alternate transparent and 
opaque strips, each 50 Atm wide. The 
eggs were illuminated from beneath the 
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tion edge at 610 nm (Klinger Scientific, 
RG610). The intensity of the light reach- 
ing the cells was 1000 lm/m2. Many eggs 
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Table 1. Polarization of Pelvetia zygotes by 
ionophore-coated fibers. At least 70 eggs were 
used in the determination of the average co- 
sine in each experiment. Orientation measure- 
ments were made only of eggs whose bodies 
(the spherical portion excluding the rhizoidal 
outgrowth) were no farther than 100 ,um from 
the fiber. All of these experiments were done 
with eggs in darkness in 10 mM tris-buffered 
natural seawater (pH 8.1, 15?C). 

Experi- Tim. * 
Fiber ments (hours) Cosine 

(No.) 

A23187- 14 0-2 +0.45 ? 0.08 
coated 

10 2-4 +0.47 ? 0.19 
3 4-6 +0.31 ? 0.18 

Uncoated 4 0-2 -0.01 ? 0.01 
Valino- 7 0-2 +0.07 ? 0.12 

mycin- 
coated 

*Time between fertilization of eggs and placement of 
eggs near fibers. 

were approximately half illuminated by 
the red light. We reasoned that if a hy- 
drogen ion gradient were maintained in 
the cytoplasm of the half-illuminated 
cells, the illuminated sides would be 
more alkaline than the dark sides, since 
photosynthesizing chloroplasts continu- 
ously take up CO2. We observed that the 
zygotes were equally likely to germinate 
on either side. Of the 336 zygotes 
counted, 172 formed rhizoids on the 
shaded side and 164 on the illuminated 
side. These results are consistent with 
the finding that both unilateral red light 
and plane-polarized red light are inef- 
fective in polarizing the zygotes (8, 9). It 
seems unlikely, therefore, that the pola- 
rizing effects of the A23187 gradient are 
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The endogenous pituitary peptide f3- 
endorphin competes with morphine for 
the same binding sites in the brain (1). 
This peptide has the same amino acid se- 
quence as the last 31 amino acids in 
,8-lipotropin (61-91) and is an endog- 
enous, morphine-like analgesic (2). Am- 
nionic fluid has been shown (3) to con- 
tain a significant amount of /3-endorphin 
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mediated by a transcytoplasmic hydro- 
gen ion gradient. 

In summary, we have shown that pola- 
rizing fucoid eggs grown near an A23187- 
coated glass fiber tend to form their rhi- 
zoids on the sides near the fiber. These 
results are consistent with the idea that 
the formation of an intracellular calcium 
gradient is a necessary step in the polar- 
ization process. We anticipate that the 
method used in this study will be appli- 
cable to the study of polarity and tropism 
in other cellular systems. Indeed, it has 
recently been shown (10) that the spores 
of the common moss Funaria hygromet- 
rica respond to a gradient of A23187 by 
forming their rhizoids on the side of high- 
er concentration. 
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as judged by radioimmunoassay (RIA). 
Further, acid extracts of human placenta 
have been shown to contain (by RIA) 
both /3-endorphin and adrenocortico- 
tropic hormone (ACTH) as well as /3- 
lipotropin (4). Recently, evidence has 
been presented that there is in the pla- 
centa a common precursor of lipotropin 
and /3-endorphin with a number of mole- 
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Placental ,f-Endorphin-Like Peptides 

Abstract. Acid extracts of human placental tissue contain, by both radioimmuno- 
assay and radioreceptor assay, /3-endorphin-like material. Half of this material will 
not go through a 5000-dalton filter and on Sephadex G-200 has a molecular size 
between 25,000 and 50,000 daltons. Of the material going through a 5000-dalton 
ultrafilter, 80 percent is excluded on Sephadex G-25 and held back, very slightly, on 
Bio-Rad P6, indicating a molecular size of approximately 4500 to 4800 daltons. Thus, 
placenta appears to have macromolecular precursors from which a f/-endorphin-like 
material is released, with a size approximately 12 amino acids longer than that of the 
pituitary hormone. 
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cules weighing between 48,000 and 
36,000 daltons (5). 

Utilizing an RIA that was developed 
by the New England Nuclear Company 
with antiserums from rabbits prepared 
against synthetic human /3-endorphin 
(synthesized by the Peptide Division of 
the Beckman Company) and the radio- 
receptor assay (RRA) involving the dis- 
placement of tritiated naloxone from 
binding sites in the brain after extensive 
washing to eliminate contaminating pep- 
tidases (6), we have studied human pla- 
centa-derived 8/-endorphin molecules. 
The binding of [3H]naloxone to opiate re- 
ceptors in the rat brain homogenate was 
as stereospecific as levorphanol and was 
500 times more potent in displacing nal- 
oxone than its biologically inactive 
enantiomer dextrofan. The [3H]naloxone 
binding was also inhibited by naltrexone, 
a potent narcotic antagonist, and by syn- 
thetic /3-endorphin (Beckman). The 
crude placental extract required 4.4 mg/ 
ml to displace 50 percent of the 
[3H]naloxone. 

Because /3-endorphin is a peptide sub- 
ject to proteolysis, we extracted the hu- 
man placenta with dilute mineral acid 
(0.lM HCI, pH 1.8). This extract was 
clarified by centrifugation, quickly neu- 
tralized, and incubated at 70?C for 20 
minutes to denature both peptidases and 
proteases. We have shown that human 
placenta contains cathepsin D protease 
activity, maximally active at pH 3 and 
completely inhibited by pepstatin. The 
resulting clarified supernatant in turn 
was expressed through a 5000-dalton 
hollow-fiber Amicon ultrafilter and con- 
centrated over a 1000-dalton (UM-2) 
membrane filter. The retained material 
was assayed by RIA and RRA and then 
lyophilized. The salt-free preparation 
was then redissolved in elution buffer 
and subjected to molecular exclusion 
chromatography with Sephadex G-25. Of 
the total reactive material in three ex- 
tracts from three separate placentas, ap- 
proximately 60 percent of the RIA activi- 
ty passed through the 5000-dalton ultra- 
filter. Of the 40 percent of RIA- and 
RRA-active material that did not pass 
through this filter, about 85 percent was 
found by Sephadex G-200 exclusion 
chromatography to be between 25,000 
and 50,000 daltons, as has been sug- 
gested for placenta (5). 

The elution profile from Sephadex G- 
25 chromatography is indicated in Fig. 1, 
where RIA activity is compared with the 
280-nm absorbance of the column eluate 
and the elution volume of both 125I-la- 
beled synthetic pituitary endorphin (3400 
daltons) and bacitracin (1411 daltons), 
which were used as standards for molec- 
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ular size. The l25I-endorphin was a] 
chromatographed on a Sephadex G- 
column after being mixed with crude p 
cental extract. The elution volume w 
the same as that demonstrated by pu 
standard. 

Approximately 75 percent of the RI 
reactive /3-endorphin was found in t 
void or exclusion volume of Sephad 
G-25 (Fig. 1). This amount is significa 
ly larger than that of the standard 125I- 
beled /3-endorphin. About 20 percent 
the total RIA activity that could be e 
pressed through a 5000-dalton ultrafil 
was in a position between 8i-endorpi 
and bacitracin, with a molecular size 
approximately 2200 daltons. This cor 
sponds to y-endorphin in size; but 
endorphin, which is released from 
endorphin by the proteolytic activity 
cathepsin D and has the same sequen 
as the first 17 amino acids of /3-end( 
phin, does not cross-react with ar 
serum to 3-endorphin (7). 

After RIA, the /3-endorphin from t 
void volume was pooled, as was t 
RIA-identifiable material in the range 
2200 daltons. Samples from each p( 
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Fig. 1. Sephadex G-25 chromatographic < 
tion pattern and the profile of /3-endorphin 
munoreactivity. The acid extract of the 
man placenta which passed through a 5C 
dalton ultrafilter was chromatographed o 
column (2.5 by 90 cm) in 10 mM sodium a 
tate buffer, pH 4.3, and 0.15M NaCI. The 
sorbance at 280 nm (solid line, left ordinate 
compared with the immunoreactivity de 
mined by RIA (shaded areas, right ordina 
The exclusion volume (V0) was determil 
with bovine serum albumin (68,000 dalto 
and the column was standardized in addit 
by bacitracin (1411 daltons) and by 125I 
beled synthetic human /3-endorphin (3465 < 
tons). 

lso were tested for their ability to displace 
-25 radioactive naloxone from rat brain bind- 
la- ing sites. The results indicated that ap- 
vas proximately 80 percent of the total RIA 
ire activity that moved through the 5000-dal- 

ton filter was in the void volume and ap- 
[A- proximately 20 percent was held back 
the behind standard /3-endorphin. This dis- 
lex tribution and size was unaffected regard- 
nt- less of whether the pH of the chromato- 
-la- graphic columns was 7.5 or 4.5. The elu- 
of tion profile of this material was 

ex- developed on a Bio-Rad P6 column, 
ter which has an exclusion limit of 6000 dal- 
hin tons. The results indicate that this RIA- 
of determined /3-endorphin-like activity 

re- was held back on P6 but behind the void 
y- volume; that is, its molecular size was 
,f- slightly less than 5000 daltons. 
of Thus, by both RRA and RIA mineral 

ice acid extracts of human placenta from 
or- three patients undergoing natural child- 
iti- birth contained two /3-endorphin-like 

materials, most of which had approxi- 
the mately 12 more amino acids than the ma- 
the terial characteristically extracted from 
of the pituitary. The nature of the material 

ool of smaller molecular size is unclear, 
since, despite its size, it is unlikely to be 
(immunologically) y-endorphin. It may 
represent a peptidase degradation prod- 
uct of the larger precursor which still 
possesses both RRA and RIA activity 
despite its relatively small molecular 
size. Thus human placenta contains two 
/3-endorphin-like peptides, which differ 

E markedly in size from the classical pitui- 
- tary-derived hormone. Recently, it has 
? been shown from complementary RNA 
? sequence analyses of messenger RNA 
c for /3-lipotropin that its precursor has a 
X- much larger molecular size than 91 
0 amino acids (8) and perhaps the enzymes 
- which release placental /3-endorphin 
' from its macromolecular precursor hy- 

drolyzed the peptide bond at a position 
where the 5000-dalton hormone can be 
made. Finally, extracts of liver, lung, 
thymus, spleen, and kidney were shown 
by both RIA and RRA to be devoid of /3- 

endorphin activity. 
The physiological function and pos- 

sible clinical importance of placental 
lu- endorphins has yet to be determined, al- 

hu though they may occur as a natural anti- 
)0oo- dote for the pain and stress of parturi- 
n a tion. 
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Antiallergic Drug Cromolyn May Inhibit Histamine Secreti 

Regulating Phosphorylation of a Mast Cell Protein 

Abstract. Cromolyn inhibited histamine release from mast cells that was 
by a classic secretagogue and correspondingly increased incorporation 
active phosphate into a 78,000-dalton protein. These effects on histamine 
and on protein phosphorylation were rapid in onset and both showed tachyl 
Cromolyn may therefore act by altering the phosphorylation of a protein ini 
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the regulation of secretion. 

Mast cells have been increasingly used 
as a model system for analysis of the cel- 
lular mechanisms involved in secretion 
(1) because they secrete by exocytosis, a 
mechanism common to many secretory 
cells (2), and, like most secretory cells, 
seemingly use calcium as a mediator in 
stimulus-secretion coupling (3). In addi- 
tion, secretion by mast cells is of clinical 
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minute at 37?C as described in (10). The cells i 
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volume) sodium dodecyl sulfate (10), placed in b 
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(19). (B) Effect of cromolyn in various concentrations on the incorporation of radioact 
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same range of cromolyn concentrations. To measure mast cell secretion (o), approxin 
cells per milliliter were incubated simultaneously with 48/80 (1 ,ug/ml) and cromoly 
concentrations indicated) for 5 minutes at 37?C (20), and the histamine released war 
fluorometrically in duplicate portions (21). Results represent mean ? standard erro 
experiments. 
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evident that the action of cromolyn is not 
restricted to antigen-evoked secretion, 
for the drug can also potently inhibit, for 
example, mast cell secretion induced by 
the polyamine 48/80, the classic mast cell 
secretagogue (8). But further clues are 
sparse. Some authors (6) have speculat- 
ed that cromolyn may be a "membrane 
stabilizer" and others (9) have suggested 
that it may block calcium entry. Here we 
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