
hibition by the antagonist, not on the 
intrinsic activity of the antagonist, from 
which these interpretations apparently 
(24) were drawn. This MSH release 
mechanism, in concert with the inhibi- 
tory neuronal input, may modulate fine 
adjustments in MSH secretion. A "dou- 
bly innervated secretory unit" (26), pro- 
posed for regulation of MSH release 
from the frog pituitary, is supported by 
both morphological (20) and electro- 
physiological (16, 26) evidence. Our 
results do not rule out the possibility 
that some cells possess only a-adrenergic 
receptors whereas others have only ,B 
receptors. The relation of adrenergic 
mechanisms of MSH release control 
to possible neurosecretory mechanisms 
(27) involving postulated hypothalamic 
factors inhibiting (28) and enhancing 
(29) MSH release is unclear. Evidence 
for the structure of these possible neu- 
rosecretory MSH releasing and inhibit- 

ing peptides remains equivocal (30). 
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Our measurements of the respiration 
of the rattail Coryphaenoides acrolepis 
and the hagfish Eptatretus deani at a 

depth of 1230 m in the San Diego 
Trough represent the first successful 

attempts to determine the metabolic 

activity in situ of individual deep-sea 
animals. Previous measurements in situ 
have shown that the metabolic activities 
of benthic commutnities and bacteria 
are significantly lower in the deep 
ocean than in shallow water (1). Our 

respiration measurements show that 

deep-sea fish respire at a significantly 
lower rate than comparable shallow- 
water forms. 

Both macrourids (rattails) and myx- 
iniids (hagfish) are common bentho- 

pelagic fishes in the deep seas of the 

world oceans. Macrourids are the most 
abundant group of deep-sea benthic 
fishes and are predominantly associ- 

ated with continental slopes (2). Cory- 

phaenoides acrolepis and Eptatretus 
deani are dominant fish species in the 

San Diego Trough, along with the 

sable fish Anoplopoina fimbria. 
The area of investigation during 

October 1973 was located 14 miles 

(26.2 km) off San Diego (32?34.75'N, 
117?29.00'W) at a depth of 1230 

m. Bottom water temperature was 
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3.5?C, and the dissolved oxygen con- 
centration was 0.71 ml/liter. Sediments 
were predominantly clay, and large 
amounts of fecal pellets were present. 

Our work was part of a detailed study 
of the benthos of the San Diego 
Trough, in which the remote under- 
water manipulator (RUM) was used. 
The RUM is a remote-controlled ve- 
hicle with a mechanical arm; it is low- 
ered to the seabed by a conducting 
cable and is monitored continuously 
with television cameras. On three suc- 
cessive lowerings we secured a fish trap 
respirometer to RUM. The respirom- 
eter consisted of a Plexiglas box (61 

by 30 by 30 cm). A spring-loaded 
door at one end was designed to be 

opened and closed with the RUM 

mechanical arm. A polarographic oxy- 
gen electrode (3) was inserted in the 

side of the trap and connected to an 

amplifier and continuous monitoring 

recorder which were housed in a glass 

sphere mounted on the side of the trap. 
The stirring motor and magnetic stir 

bar were mounted above the electrode 

to provide circulation both over the 

electrode and throughout the fish trap. 

Approximately 10 g of fresh bonito 

muscle tissue was enclosed in a wire- 

mesh box and anchored at the back of 
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Table 1. Respiration, weight, and length of Coryphaenoides acrolepis and Eptatretus deani. 

Respiration (milliliters of 

Wet Overall oxygen per hour) Measure- 

Fish weight length Per time 

(kg) (cm) Total kilogram (min) 
wet weight 

C. acrolepis 1.8 68 4.4 2.4 217 
E. deani 0.1 51 0.2 2.2 767 
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Respiration of Benthopelagic Fishes: 

In situ Measurements at 1230 Meters 

Abstract. The respiration rate in situ of two common benthopelagic fishes, 
Coryphaenoides acrolepis and Eptatretus deani, was monitored at 1230 meters in 
the San Diego Trough. The respiration rate of C. acrolepis was two orders of 
magnitude lower and that of E. deani was significantly lower (P < .05) than 
rates in comparable shallow-water species. 
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the respirometer to lure scavengers into 
the enclosure but to make the bait un- 
available for consumption. After the 
RUM was lowered to within 30 m of 
the bottom, the respirometer was opened 
and flushed to obtain characteristic bot- 
tom water and then closed. A control 
measurement of oxygen consumption by 
the enclosed water and bait was made 
for 1 hour; after this time the RUM 
was lowered to the seabed and the 
respirometer door was opened again 
for flushing and for attracting a fish. 
The control showed negligible uptake 
of oxygen. 

The first measurement was of Cory- 
phaenoides acrolepis which was attract- 
ed and enclosed within 8 minutes. Ex- 
cept for occasional bumping of the trap 
sides, the rattail behaved like unre- 
strained rattails, as observed by the 
RUM television. It displayed little in- 
terest in the bait after initial capture. 
Oxygen consumption was monitored on 
the bottom for 312 hours, after which 
the RUM was brought to the surface, 
and the weight and displacement vol- 
ume of the fish were measured (Table 
1). Increased respiration rates were 
correlated with relatively rapid move- 
ments at the beginning of the experi- 
ment. Dissolved oxygen concentration 
within the respirometer at the end of 
the experiment was 60 percent of the 
concentration of the surrounding sea- 
water. There was no evidence of respi- 
ration changes with time, suggesting 
regulatory patterns of metabolism in 
Coryphaenoides at least to 60 percent 
of ambient oxygen concentration. 

A subsequent lowering of the res- 
pirometer, following the procedure out- 
lined above, yielded a respiration mea- 
surement of a hagfish Eptratretus deani 
(Table 1). The hagfish was captured 
30 minutes after the respirometer door 
was opened. Upon entering the trap, 
the animal actively swam around and 
appeared excited by the bait. This 
period of excitement lasted 21 min- 
utes, and then the animal intermittently 
swam around the trap and settled to 
the bottom. No significant changes in 
respiration rate were noted during the 
13-hour recording period, which could 
be correlated with the intermittent pe- 
riods of activity. 

We compared our respiration mea- 
surements with rates of related shallow- 
water species. The macrourids are phy- 

the respirometer to lure scavengers into 
the enclosure but to make the bait un- 
available for consumption. After the 
RUM was lowered to within 30 m of 
the bottom, the respirometer was opened 
and flushed to obtain characteristic bot- 
tom water and then closed. A control 
measurement of oxygen consumption by 
the enclosed water and bait was made 
for 1 hour; after this time the RUM 
was lowered to the seabed and the 
respirometer door was opened again 
for flushing and for attracting a fish. 
The control showed negligible uptake 
of oxygen. 

The first measurement was of Cory- 
phaenoides acrolepis which was attract- 
ed and enclosed within 8 minutes. Ex- 
cept for occasional bumping of the trap 
sides, the rattail behaved like unre- 
strained rattails, as observed by the 
RUM television. It displayed little in- 
terest in the bait after initial capture. 
Oxygen consumption was monitored on 
the bottom for 312 hours, after which 
the RUM was brought to the surface, 
and the weight and displacement vol- 
ume of the fish were measured (Table 
1). Increased respiration rates were 
correlated with relatively rapid move- 
ments at the beginning of the experi- 
ment. Dissolved oxygen concentration 
within the respirometer at the end of 
the experiment was 60 percent of the 
concentration of the surrounding sea- 
water. There was no evidence of respi- 
ration changes with time, suggesting 
regulatory patterns of metabolism in 
Coryphaenoides at least to 60 percent 
of ambient oxygen concentration. 

A subsequent lowering of the res- 
pirometer, following the procedure out- 
lined above, yielded a respiration mea- 
surement of a hagfish Eptratretus deani 
(Table 1). The hagfish was captured 
30 minutes after the respirometer door 
was opened. Upon entering the trap, 
the animal actively swam around and 
appeared excited by the bait. This 
period of excitement lasted 21 min- 
utes, and then the animal intermittently 
swam around the trap and settled to 
the bottom. No significant changes in 
respiration rate were noted during the 
13-hour recording period, which could 
be correlated with the intermittent pe- 
riods of activity. 

We compared our respiration mea- 
surements with rates of related shallow- 
water species. The macrourids are phy- 
logenetically related to gadids which 
have shallow-water representatives such 
as the Atlantic cod (Gadus inorhua), 
which normally inhabits cold water. The 
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Table 2. Comparative respiration measure- 
ments of related shallow-water fishes of the 
same weight at comparable temperatures. 

Respiration 
(milliliters of Tem- 

oxygen per hour) per 
Species -- pet Per ture 

Total kilogram (?C) 
wet weight 

C. acrolepis 4.4 2.4 3.5 
Gadus 

morhua (4) 100.1 55.6 3.0 
E. deani 0.2 2.2 3.5 
E. stoutii (5) 0.9 9.4 4.0 
Petromyzon 

marinus (6) 7.6 75.5 5.0 
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respiration of Gadlus (4) is two orders 
of magnitude greater than that of Cory- 
phaenoides (Table 2). 

Shallow-water myxiniids include the 
hagfish Eptatretus stoutii and the lam- 
prey Petromyzon inarinus. Respiration 
of both of these species (5, 6), for 
similar size animals and at similar tem- 
peratures, are significantly greater (P 
< .05) than the respiration of Epta- 
tretus deani (Table 2). 

Comparisons with related shallow- 
water species revealed that the respira- 
tion rates of the macrourid Coryphae- 
noides acrolepis and the myxiniid Ep- 
tatretus deani are significantly lower. 
These findings are consistent with other 
in situ studies which have shown de- 
creased metabolic activity in the deep 
sea (1) and may be a synergistic func- 
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The present study was undertaken 
to determine the binding specificity of 
antibodies induced in guinea pigs by 
immunization with homologous myelin 
basic protein. Similar studies have been 
reported on other proteins of known 
sequence and structure, for example, 
ribonuclease (1) and lysozyme (2), 
but reports on the relation of structure 
to immunologic activity of myelin basic 
protein have dealt primarily with its 
encephalitogenic activity or its ability 
to induce delayed hypersensitivity re- 
actions in vitro and have not been di- 
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tion of food availability, pressure, and 
temperature. The respiration measure- 
ments of these fishes is an overestimate 
of their true respiration rate if it is 
true (as hypothesized) that these fishes 
may exist in a quiescent state until food 
is available (7). Even as an estimate of 
maximum respiration, our values show 
reduced rates of metabolic activity in 
deep-sea animals. 
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rected toward an analysis of antibody 
binding specificity. Binding of antibody 
to whole protein and to purified and 
chemically defined fragments was de- 
termined by radioimmunoassay (3). 
Two general immunization techniques 
were used, one induced antibody ac- 
companied by a disease-resistant state, 
and the other induced antibody corre- 
lated in time of appearance with dis- 
ease onset. 

Guinea pig myelin basic protein 
(GPBP) and the smaller of the two 
rat myelin basic proteins (rat S) were 
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Myelin Basic Protein: Location of 

Multiple Independent Antigenic Regions 

Abstract. Immunization of guinea pigs with homologous myelin basic protein 
induces antibodies that differ in their ability to bind specific peptide fragments of 
the protein. Antiserums with differing specificities made it possible to demon- 
strate at least three mutually exclusive antigenic sites in the protein molecule. 
One of these sites is located between residues 44 and 89, another between 90 and 
116, and the third between 117 and 170. 
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