
The detection of bacterial luciferase in 
the luminous squid, Heteroteuthis ha- 
waiiensis, represents a controversial 
case in that another species in this genus 
(H. dispar) has been reported to lack 
symbiotic bacteria (14). Ultrastructural 
examination of the light organs ofH. ha- 
waiiensis has revealed bacterialike bod- 
ies 2 to 3 /m in diameter, yet typical bac- 
teroids were not seen (15). On the basis 
of both ultrastructural data and the in- 
ability to cultivate bacteria from the light 
organ, Dilly and Herring (14) suggested 
that bacteria were not present in the re- 
lated H. dispar; however, they did report 
the presence of large "bacterialike parti- 
cles." 

The bacterial origin of luminescence in 
pyrosomes has long been debated (3). 
However, on the basis of ultrastructural 
analyses of the light organs, it was pro- 
posed (16) that pyrosomes contain sym- 
biotic luminous bacteria. Our results 
support the idea that the light is of bacte- 
rial origin. The presence of intracellular 
symbionts, as proposed (16), would rep- 
resent yet another level of integration 
that the bacterial symbionts have under- 
gone (17). 

The luminous bacteria-marine animal 
symbioses represent a continuum of as- 
sociations, ranging frorh easily cultured, 
facultative, extracellular symbionts, to 
extracellular bacteroid symbionts, to in- 
tracellular bacteroid symbionts. This 
continuum may reflect a gradual in- 
tegration of the several hosts with the lu- 
minous bacteria and could provide a se- 
ries of model systems for the study of the 
evolution of symbiosis. The bacterial lu- 
ciferase assay is a valuable probe in 
these studies. 
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9. The substrates of the reaction are reduced flavin 

mononucleotide (FMNH2), oxygen, and one of 
several long-chain aliphatic aldehydes (RCHO). 
Oxygen oxidizes the other two substrates in a 
reaction that yields visible light with a maximum 
at - 490 nm. There is a long-lived enzyme-sub- 
strate intermediate that has a half-time of decay 
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on the order of seconds, and any excess FMNH2 
autooxidizes to FMN in milliseconds. Thus each 
enzyme molecule turns over only once during 
the assay, producing a characteristic kinetic pro- 
file (Fig. 1, inset) [K. H. Ne'alson, Methods En- 
zymol. 57, 153 (1978)]. 

10. Luciferase decay kinetics have been examined 
in extracts of several thousand luminous bacte- 
rial isolates independently identified by numeri- 
cal taxonomy. With no exceptions, members of 
the genus Photobacterium had fast decay kinet- 
ics and luminous Beneckea isolates had slow 
decay kinetics [E. G. Ruby, thesis, University 
of California, San Diego (1977)]. 

11. In some cases, extensive attempts were made to 
culture the bacteria using as many as 150 dif- 
ferent media. No luminous colonies were ever 
obtained. In every case some dark colonies did 
grow on the plates; these were tested for bacte- 
rial luciferase activity and all were negative. 

12. W. H. Hulet and G. Musil, Copeia 3, 506 (1968); 
K. Hansen and P. J. Herring, J. Zool. Proc. 
Zool. Soc. London 182, 103 (1977). 

13. Unpublished data cited in (2), p. 324. 
14. P. N. Dilly and P. J. Herring, J. Zool. Proc. 

Zool. Soc. London 186, 47 (1978). 
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ANAPP3. 

There is considerable evidence that 
many visceral organs of vertebrates are 
innervated by motor neurons, termed 
purinergic nerves by Burnstock (I), that 
use adenosine triphosphate (ATP) as a 
neurotransmitter. Many criteria to estab- 
lish ATP as a transmitter have been met 
(2). However, a specific pharmacological 
antagonist to ATP-induced responses 
(3), which would unequivocally demon- 
strate the existence of purinergic recep- 
tors (4), has not been available to satisfy 
the criterion that neurally released ATP 
is functionally important as a trans- 
mitter. One compound, 2,2'-pyridylisat- 
ogen, showed promise initially as a se- 
lective ATP antagonist (5). However, 
more recent evidence (6) indicates that 
pyridylisatogen has undesirable nonspe- 
cific effects. 

Arylazido aminopropionyl ATP (3'-0- 
{3-[N-(4-azido-2-nitrophenyl)amino]pro- 
pionyl}adenosine 5'-triphosphate), or 
ANAPP3, was shown to be a photoaffini- 
ty label of rabbit skeletal muscle myosin 
and F1-mitochondrial adenosinetriphos- 
phatases (7). Being a derivative of ATP, 
ANAPP3 is, without light activation, a 
substrate for these enzymes (7). Pho- 
toactivation with visible light induces a 
specific covalent attachment to the aden- 
osinetriphosphatase with a resultant de- 
crease in enzyme activity. We reasoned 
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uli [see (3, 7)[. Since luminous bacteria in cul- 
ture emit light continuously and those in the 
transparent pyrosome emit light only upon stim- 
ulation, the control of the bacterial light-emitting 
system may reside in the pyrosome host; the 
mechanism by which this mnight occur is unclear. 
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that the photoaffinity characteristics of 
ANAPP3 might be applied to intact tis- 
sues to study the interactions of adenine 
nucleotides with smooth muscle. 

Vasa deferentia from adult guinea pigs 
were placed in separate water-jacketed 
glass organ chambers (8). ANAPP3 was 
synthesized by the method of Jeng and 
co-workers (7). The effects of ANAPP3 
on concentration-response relationships 
were evaluated in "light" and "dark" 
experiments by the following protocols. 
In light experiments, one tissue of a pair 
was exposed, in the absence of light, to 
ANAPP:3 for 3 minutes. The ANAPP3 
caused an immediate, ATP-like con- 
traction (9), which quickly subsided. The 
tissue was then irradiated in the organ 
bath for 30 minutes with a tungsten-halo- 
gen projector lamp (model DVY, 650 W, 
3400 K) (7), the filament of which was 
approximately 10 cm from the tissue. In 
the presence, but not in the absence, of 
ANAPP3, irradiation induced a small 
sustained contraction, at times with cy- 
clic spontaneous contractions superim- 
posed. At the end of photoactivation, 
fresh bathing medium lacking ANAPP3 
was introduced. The remainder of the 
experiment was begun 4 minutes later 
and conducted in the dark. In dark ex- 
periments, one tissue of a pair was in- 
cubated in ANAPP3 for 33 minutes in the 
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Purinergic Receptors: Photoaffinity Analog of Adenosine 

Triphosphate Is a Specific Adenosine Triphosphate Antagonist 
Abstract. Arylazido aminopropionyl adenosine triphosphate (ANAPP), a pho- 

toaffinity label, antagonized specifically adenine nucleotide-induced contractions of 
the guinea pig vas deferens. Irradiation of tissues with visible light in the presence of 
ANA.PP3 resulted in an irreversible antagonism, which was. prevented when adeno- 
sine triphosphate was present. In the absence of light, the antagonism was reversible 
and may have resulted from an autoinhibition phenomenon. Responses to acetyl- 
choline, histamine, norepinephrine, and potassium chloride were not affected by 
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Consequently, the effects of 10-5M ATP ceptor apparently mediates responses S 
and 10-5M ANAPP3 on ATP concentra- elicited by ATP as well as those caused L 
tion-response relationships were com- by ADP and AMP. Thus, the adenine nu- 
pared using the dark experiment pro- cleotides may be considered specific L 
tocol. Figure IF shows that the presence agonists, the potency and efficacy of 1 
of ATP resulted in apparent autoinhibi- which are determined in part by the num- A 
tion: the ATP concentration-response ber of 5'-phosphates present (4). A 
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beling of the receptor would require us- 
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synthesis by plasma cells in the lamina 
propria,(5). Recently, secretory IgA was 
found in normal rat bile (6-8). Fisher et 
al. (7) showed that rat liver has an ex- 
traordinary capacity to remove polymer- 
ic IgA devoid of secretory component 
from portal blood and to secrete it into 
bile complexed to secretory component. 

To investigate the mrorphological 
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Table 1. Association of silver grains with organelles in the hepatocytes. Approximately 300 
grains were counted at each time. 

Distribution of grains 
(%) Organelle volume 

per unit volume 
OrIganelle ^I minute 30 minutes of hepatocyte 

after protein after protein (%) 
injection injection 

Plasma membrane 58 10 
Endocytic vesicles 7 26 1 
Smooth endoplasmic reticulum 14 35 8 
Rough endoplasmic reticulum 6 8 6 
Mitochondria 5 5 19 
Nucleus 3 3 8 
Golgi-rich area 1 1 3 
Lysosomes 1 3 < 1 
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mechanisms involved in the transport of 
IgA into bile, dimeric IgA was prepared 
from rat myelomas (7) and labeled with 
1251 to a specific activity of 0.1 xICi/4g. 
Purified labeled IgA (35 MCi) was inject- 
ed either alone or with horseradish per- 
oxidase (HRP) (10 nig per 100 g of body 
weight) directly into the portal veins of 
fasted male Sprague-Dawley rats weigh- 
ing 250 to 300 g. Horseradish peroxidase 
provides a useful non-receptor-mediated 
marker for endocytically derived vesi- 
cles (9, 10). One and 30 minutes after 
being injected, the livers were perfusion- 
fixed with glutaraldehyde and para- 
formaldehyde and then processed for 
light and electron microscopic autoradi- 
ography and diaminobenzidine cyto- 
chernistry to demonstrate HRP (9). To 
assess the secretion of IgA into bile, the 
common bile duct was cannulated with 
PE-10 tubing (Clay-Adams) and bile was 
collected at 10-minute intervals for 2 
hours. Radioactivity from the labeled 
IgA was determined by counting equal 
portions of bile with a gamma counter. 
The HRP in the bile was assessed by ob- 
serving the spectrophotometric change 
in absorbance due to oxidation of o-di- 
anisidine at 460 nm (11). The density of 
silver grains revealed by autoradiogra- 
phy was determined by using two half- 
distances for all associations (9, 12). 

One minute after injection of the pro- 
teins, electron microscopic autoradiog- 
raphy showed grains associated primari- 
ly with the sinusoidal plasma membranes 
of parenchymal cells (Fig. 1). Thirty min- 
utes after the injection, grains were ob- 
served over hepatic parenchymal cell 
cytoplasm but were concentrated over 
bile canalicular regions (Fig. 2). Quan- 
titative electron microscopic autoradiog- 
raphy showed grains associated with si- 
nusoidal hepatocyte plasma membranes 
and forming endocytic vesicles (58 per- 
cent), and with endocytic vesicles ap- 
proximately 1000 A in diameter within 
the cell (7 percent), as determined by 
their content of HRP 1 minute after the 
injection (Table 1). Grains were associa- 
ted, to a lesser extent, with other sub- 
cellular organelles in the hepatocytes 
(Table 1). After 30 minutes, the number 
of grains near hepatocyte plasma mem- 
branes declined to 10 percent, whereas 
those associated with HRP-containing 
endocytic vesicles 1000 A in diameter, 
now located in the interior of the cell, in- 
creased to 26 percent (Table 1). These 
grains and the associated vesicles were 
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those associated with HRP-containing 
endocytic vesicles 1000 A in diameter, 
now located in the interior of the cell, in- 
creased to 26 percent (Table 1). These 
grains and the associated vesicles were 
abundant around bile canaliculi, and ves- 
icles were occasionally observed fusing 
with the bile canalicular membrane. 
Grains associated with other organelles 
were also observed (Table 1). In the ab- 
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Evidence for a Vesicular Transport Mechanism in Hepatocytes 
for Biliary Secretion of Immunoglobulin A 

Abstract. Quantitative electron microscopic autoradiography and diaminobenzi- 
dine cytochemistry provide evidence for an uptake and vesicular transport mecha- 
nism for iodine-125-labeled immunoglobulin A fiom plasma to bile by hepatocytes in 
vivo. The data confirm the existence of a hepatobiliary pathway for secretion of 
immunoglobulin A into the intestine and are consistent with a vesicular transport 
mechanism for biliary proteins within liver parenchymal cells. 
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