
should be sufficiently accurate to find 
site C by a difference Fourier map. The 
strong peak at site C in Fig. Ic appears 
with the expected reduction in peak 
height (9). 

The heavy-atom parameters were re- 
fined to 6-A resolution in the (Okl) 
projection with all coordinates con- 
strained by P6222 symmetry. The least- 
squares procedure and isomorphous 
phase calculation were essentially as de- 
scribed by Dickerson et al. (10); a pro- 
gram by Adams et al. (11) was used. 
A single site of 49 electrons gave re- 
fined coordinates of x = .036, y = .476, 
and z = .091, with a combined form- 
temperature factor of 278. Since more 
than 80 percent of the cell volume is 
solvent, it is reassuring that the osmium 
binding site is within the region in- 
dicated by various molecular search 
studies to be occupied by tRNA mole- 
cules (4, 12). The R factor: 

E I AF(h) - 'IF .e'a(h) 

|AF(h) I 

was 0.69, which is unexpectedly high 
in view of the close correlation between 
the EA map of the (Okl) projection and 
the self-consistent interpretations of the 
various difference Patterson projections. 
The large residual may be due to sub- 
sidiary sites, because (i) certain peaks 
consistently recur in both the difference 
Fourier and Patterson projections, and 
(ii) there is only two-thirds occupancy 
of the primary site despite an overall 
stoichiometry of one osmium atom per 
tRNA molecule. Efforts to unambig- 
uously establish the positions of sub- 
sidiary sites have not been successful 
in projection, and their determination 
awaits the analysis of the three-dimen- 
sional data. 
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Brain and Body Temperatures in a Panting Lizard 

Abstractt Panting in Sauromalus obesus is effective enough to keep deep body 
temperature (Tc) and brain temperature (TB) below an ambient temperature of 
45?C for extended periods of time and has a greater cooling effect on the brain 
than on the remainder of the body. Six animals maintained Tc and TB 0.9?C 
(? 0.08 standard error) and 2.7?C (? 0.2 standard error) respectively lower than 
the ambient temperature of 45?C. It is possible that intracranial vascular shunts 
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play a role in cranial cooling during pani 

A number of investigators have 
pointed out the similarity between pant- 
ing in homeothermic animals and the 
ventilatory response of certain desert 
lizards to heat stress, with the implica- 
tion that the latter is a thermoregula- 
tory response (1). Crawford and Kampe 
(2) suggested that the increase in res- 
piratory ventilation could be due to the 
increase in oxygen consumption which 
occurs when the body temperature of 
a lizard is raised. They attempted to 
separate the respiratory response of the 
lizard Sauromalus obesus into its meta- 
bolic and possible thermoregulatory 
components. Although the respiratory 
pattern and evaporative cooling of 
Sauromalus at a body temperature of 
43.5?C was consistent with the panting 
hypothesis, the animals did not dissipate 
heat sufficiently to maintain body tem- 
perature below that of the environment 
(43?C). Crawford and Kampe (2) there- 
fore concluded that panting was of mar- 
ginal importance in the overall heat 
balance of the animal. 

It was necessary, in their experi- 
ments, to confine the animal in a double 
chamber which separated the head from 
the remainder of the body so that respi- 
ratory and cutaneous evaporation could 
be determined separately and simul- 
taneously. Since it is unclear wheth- 
er a seal separating the head from the 
remainder of the body interferes with 
respiration or gular flutter, it is desir- 
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able to determine whether Sauromalus, 
unencumbered by experimental appa- 
ratus, can maintain a body temperature 
less than that of the environment. Fur- 
thermore, the carotid arteries of Sauro- 
malus run so close to the surface that 
they are visible in the pharynx, and they 
enter the cranium from an area exposed 
to air movement, particularly during 
gular flutter. It is possible that during 
panting and gular flutter evaporation 
from this area cools the carotid blood 
as it enters the cranial cavity, serving 
primarily to cool the brain rather than 
the entire body. Experiments were 
therefore designed to measure brain and 
deep body temperature simultaneously. 

Animals (S. obesus) were anesthetized 
with tricaine methanesulfonate (MS- 
222; Ayerst), 400 mg/kg. A small hole, 
1 mm in diameter, was drilled through 
the skull 1 to 2 mm behind the pineal 
organ. Membranes surrounding the 
brain were not penetrated by this pro- 
cedure. The animals were allowed to 
recover overnight and appeared to be 
"normal" the following day. Brain ther- 
mocouples were prepared from 40- 
gauge copper and constantan wire. 
Thermocouples were passed through a 
0.5-cm2 Lucite plate, insulated and 
stiffened with a thin layer of dental 
acrylic, and implanted in unanesthetized 
lizards to a depth of about 0.5 cm. The 
position of the thermocouples, deter- 
mined at autopsy, was at the rostral 
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border of the hypothalamus. To deter- 
mine deep body temperature, thermo- 
couples were passed through the cloaca 
into the intestine to a depth of about 5 
cm. The animals were tethered to a 
wire frame which allowed free move- 
ment of the head and neck, and then 
placed in an incubator at 15?C. When 
temperature equilibrium was reached 
the animals were rapidly transferred to 
an incubator at 45?C and about 15 
percent relative humidity, and heating 
curves were continuously recorded with 
a Honeywell Multipoint recorder for 
2 to 8 hours. 

The experiment shown in Fig. 1 re- 
veals the time course of change in deep 
body temperature (Tc) and brain tem- 
perature (TB) relative to an ambient 
temperature (TA) of 45?C. Brain tem- 
perature increased more rapidly than 
body temperature (not shown in Fig. 1) 
until the animal began to pant at a 
brain temperature of about 39?C. After 
panting began, brain temperature lev- 
eled off and remained about 3?C below 
ambient during the 3.5-hour experi- 
ment. Deep body temperature, how- 
ever, continued to increase and sta- 
bilized at about 1?C below ambient 
after 2 hours of exposure. This pattern 
of heating was consistent in the six ani- 
mals tested. The mean temperature at 
which the heating curves crossed was 
39.6?C (? 1.11 S.E.) and occurred sev- 
eral minutes after the onset of panting. 
The animals maintained a mean tem- 
perature difference between TB and TA 
of 2.7?C (? 0.24 S.E.) and between Tc 
and TA of 0.9?C (? 0.08 S.E.). One 
experiment was allowed to continue for 
8 hours and the animal was successful 
in maintaining brain and deep body 
temperature about 3?C and 2?C be- 
low ambient, respectively. Furthermore, 
when the mouth of a panting lizard was 
taped shut Tg equilibrated with Te and 
together they approached TA. When the 
adhesive was removed the original tem- 
perature differences were reestablished. 
When animals were heated to 35?C, TB 
equilibrated with Tc at about 0.5?C 
above ambient temperature. 

Four animals were killed after heat- 
ing experiments with intraperitoneal in- 
jection of sodium pentobarbital, equil- 
ibrated at 15?C, and returned to the 
incubator at 45?C. The brain tempera- 
ture of dead animals increased more 
rapidly than deep body temperature, 
and the heating curves came to equi- 
librium about 0.25?C below ambient 
temperature (Fig. 2). Failure of TB and 
T, to equilibrate with TA can be attrib- 
uted to continued evaporation from 
the dead (nonmetabolizing) animal. 
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cooling. DeWitt (4), however, observed 
TBrain that when Dipsosaurus was placed in an 

air flow at 50?C and a velocity of about 
400 ft/min (120 m/min), body and hy- 

Alive pothalamic temperatures leveled off at 
3?C and 6?C, respectively, below air 
temperature. These temperature differ- 
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conditions brain and body temperatures emperature 
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To and TB Whether the brain-body temperature 
n the ani- differences observed in Sauromalus dur- 
o an incu- ing panting is coincident with intracra- 
B increased increased nial vascular shunts, as occurs in certain 

mammals, is not known. Heat could be 
transmitted by conduction through the 

panting in floor of the skull to the membranes cov- 

lental con- ering the roof of the buccal cavity, a 

keep TB distance of several millimeters. Heath 

'ended pe- (5) has shown that during basking the 
ely greater brain temperature (middle ear tempera- 
n on dgeep ture) of the horned lizard, Phrynosoma 

r ndeerip cornutum, increases faster than cloacal 

a, Dipso- temperature up to about 36?C, where 
I that cra- the head-body gradient disappeared. 
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ve an am- associated with eye-bulging, apparently 
and there- resulting from intracranial pressure 
han 0.1 0C. changes. Heath (6) suggests that during 
rature in- basking, because of its large surface-to- 

anial tem- volume ratio, the head heats faster than 
concluded the remainder of the body. Warm blood 
brain oc- from the cephalic venous sinuses flows 
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elaning internal carotid arteries. Heat transfer 
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osaurus is cool arterial blood assists in the devel- 

e in Temn- opment and maintenance of the head- 
mnals were body temperature gradient. Heath pro- 

poses that when body temperatures 
reach about 30?C contraction of the 
internal jugular constrictor muscles in- 

._.-. creases cephalic venous pressure which 
opens lateral shunts from the cephalic 
sinuses to the external jugular and ver- 
tebral veins. Elimination of counter- 
current heat exchange results in in- 
creased convective heat flow from head 

Dead to body, thus diminishing the gradient. 
If panting in Sauromalus cooled the 

carotid arterial blood, and if warm 
cephalic venous blood returned to the 

D 180 200 220 body primarily through the internal jug- 
ular veins countercurrent to the carotid 

emperature arteries, the cool arterial blood entering 
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ular were occluded, eliminating coun- 
tercurrent heat exchange, the cool carot- 
id blood would gain heat from the 
surrounding brain tissue rather than 
jugular venous blood, thus cooling the 
brain. Heath (6) associated internal 
jugular occlusion with increased cephal- 
ic venous pressure, eye-bulging, and 
diminished head-to-body temperature 
gradient. DeWitt (4) observed that when 
the head of Dipsosaurus was heated the 
eyes protruded. He suggested that Dipso- 
saurus employed the same mechanism 
as Phrynosoma for equalizing head and 
body temperatures. Constriction of the 
internal jugular muscle at eccritic tem- 
peratures may result in the disappear- 
ance of the head-to-body temperature 
gradient. However, its constriction dur- 
ing panting could result in reversal of 
the gradient, keeping the brain cool 
relative to the rest of the body. It is 
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Lymphoid cells from an animal im- 
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about the destruction of the tumor in 
vitro. This immune process is believed 
to be analogous to cell-mediated tumor 
regression in vivo (1, 2). In an attempt 
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Fig. 1. Lysis of "Cr-EL4 cells as a function 
of "'Cr-EL4 cell concentration. Lympho- 
cytes (1 X 106) from BALB/c mice im- 
munized with EL4 cells were mixed with 
the indicated concentrations of "Cr-EL4 
cells and incubated while rocked for 45 
minutes at 37?C. Control cultures con- 
tained normal BALB/c peritoneal lym- 
phocytes under the same conditions. Re- 
sults given were obtained by subtracting 
the means of triplicate control cultures 
from means of triplicate experimental 
cultures. Vertical bars indicate ranges. 
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possible, then, that the internal jugular 
constrictor muscle plays a more general 
thermoregulatory role in lizards than 
equalizing head and body temperatures. 
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to elucidate the cell mechanism in- 
volved in tumor rejection, we studied 
in vitro the destruction of tumor cells 
by lymphocytes that had been anatomi- 
cally associated with the rejection of an 
ascites tumor in vivo (3). We report 
that effector lymphocytes are not in- 
activated as a result of lytic contact 
with tumor cells but can recycle to in- 
teract with and destroy additional tumor 
cells. The rate of tumor cell destruc- 
tion depends upon the number of lym- 
phocyte-tumor cell interactions. 

Lymphoid cells were obtained from 
the peritoneal exudate of BALB/c mice 
11 days after an intraperitoneal injec- 
tion of 3 X 107 EL4 cells (4). The 
crude peritoneal exudate, consisting pri- 
marily of macrophages and small- and 
medium-sized lymphocytes, was passed 
through nylon wool columns to remove 
macrophages. The eluted nonadherent 
lymphoid cells (lymphocytes) were ex- 
tremely effective at destroying tumor 
cells in vitro (3). In the cytotoxicity 
measurements, unlabeled lymphocytes 
and EL4 cells labeled with sodium 
[51Cr]chromate (51Cr-EL4 cells) were 
incubated in 1-ml portions of medium 
containing 10 percent fetal calf serum 
(5). The mixtures were rocked (5 cycle/ 
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min) at 37?C, and then the amount of 
radioactivity released was measured (2, 
6). The number of lysed 51Cr-EL4 cells 
was determined by comparing the radio- 
activity released into culture super- 
natants with that obtained by freezing 
and thawing a known number of 5'Cr- 
EL4 cells. 

To determine whether tumor cell de- 
struction depended on the number of 
interactions between lymphocytes and 
tumor cells, and also to determine the 
subsequent fate of the lymphocytes, the 
number of tumor cells destroyed by a 
given number of lymphoid cells was 
measured. 

In the first set of experiments, a 
constant number of immune lympho- 
cytes was mixed with increasing num- 
bers of 51Cr-EL4 cells, and the num- 
ber of tumor cells lysed was determined. 
In a 45-minute incubation, the num- 
ber of 5lCr-EL4 cells lysed increased as 
a function of the initial concentration 
of tumor cells (Fig. 1). However, the 
number of lysed cells reached a plateau 
when the initial concentration of 51Cr- 
EL4 cells was 3 X 105 ml-1. The num- 
ber of 51Cr-ELA cells destroyed at this 
point (about 3 X 104) was the maxi- 
mum number that could be lysed with 
the time interval and cell concentra- 
tions used (7). This number, however, 
did not reflect the total lytic capacity 
of the lymphocytes, because longer in- 
cubation resulted in more killing (Fig. 
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Fig. 2. Killing capacity of lymphocytes 
from BALB/c mice immunized with EL4 
cells. Immune lymphocytes (1 X 105) 
were mixed with "Cr-EL4 cells (8 X 105) 
and incubated while rocked at 37?C for 
the times indicated. Results are means 
of quadruplicate cultures, and the ver- 
tical bars indicate ranges. The net num- 
ber of "Cr-EL4 cells lysed (C) was cal- 
culated by subtracting mean control values 
(0, 51Cr-EL4 cells) from mean experi- 
mental values (*, lymphocytes + 6Cr- 
EL4 cells). 
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Tumor Immunity in vitro: Destruction of a Mouse Ascites 
Tumor through a Cycling Pathway 

Abstract. Lymphocytes in peritoneal exudate from BALB/c mice immunized 
against ascites leukemia EL4 are uniquely efficient at destroying 51chromium- 
labeled EL4 cells in vitro. The lytic process depends upon the number' of lympho- 
cyte-tumor cell interactions. Effector lymphocytes are not inactivated as a result 
of lethal contact but can interact repeatedly with tumor cells. 
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