
then in 0.25M sucrose in deionized water 
made to 0.0018M with CaC1, (Ca-sucrose 
solution). The  ovaries were allowed to stand 
for 20 min in 5 volumes of the Ca-sucrose, 
drained and homogenized in a Waring 
Blendor at slow speed (35 v )  for 1 min in 4 
volumes of Ca-sucrose. Four drops of capry-
lic alcohol were added to break the very 
stiff foam. (ii) The homogenate was filtered 
through two, and then four layers of coarse 
cheesecloth (20 by 30 mesh). The filters were 
washed with Ca-sucrose, and the washings 
were added to the filtrate to make iO0 ml. 
The filtrate 'was centrifuged for 5 min at 150 
g in 100-mi Lusteraid centrifuge tubes. (iii) 
The supernatant was discarded or saved for 
the isolation of cytoplasmic fractions. and the 
precipitate was resuspended in Ca-sucrose and 
filtered through eight layers of 40- by 40-mesh 
cheesecloth. The  filtrate and washings were 
made up to 400-ml volume and centrifuged 
for 5 min a t  150 g. (iv) The supernatant was 
discarded, and the precipitate was resuspended 
in 400 ml of 0.34M sucrose in ion-free water 
and centrifuged for 5 min a t  150 g. The super- 
natant was discarded. and the precipitates were 
combined, made up to 100-ml volume with 
0.31M sucrose solution, and centrifuged for 5 
min at 150 g. (v )  The  supernatant was dis-
carded, and the precipitate made up to 15-ml 
~ o l u m e  with 0.34M sucrose, then the nucleoli 
were concentrated, and the final contaminants 
were removed as described by Vincent (6) .  
For nucleic acid and phosphorus studies, the 
sucrose was removed from the final pellet by 
two washes each in 70 percent, 95 percent, 
and absolute alcohol. The washed nucleoli 
were then vacuum dried and stored at - 20°C 
until used. All procedures were carried out at 
2" to 4°C. The average time for isolation wa.s 
2 hours. The  average yield has been about 1 
mg of dry nucleoli from 10 g (wet weight) of 
ovaries. 

6. W. S. Vincent. Proc. ~ V a t l .d c a d .  Sr i .  U.S.38. 

, , 
8. 	 In  the experinrents described here, the RNA, 

fraction averaged 1.9 percent of the total 
RNA of the nucleolus. 

9. 	 W. S. Vincent, I~r terx .Rau. Cytol. 4, 269 
( 1955). While this report was being prepared, 
essentially similar observations on the nuclei 
of rabbit liver were reuorted hv R. 1.osan and 
J. N. Davidson [Rioclr~,,~.et Riopliy~..;cfa 24, 
196 (1957) i. 

10. 	 These studie5 were s~~vvor ted  . . in r m t  hv AEC 
grant AT(30-1) 1343. 
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Homing in Bats 

Homing ability has been demonstrated 
in a variety of terrestrial vertebrates. Of 
the many theories advanced for explain- 
ing the sensory basis of this phenomenon, 
only sun compass orientation has sur-
vived critical experimentation (1  ) . The 
navigational problems of homing gen-
erally involve inore than compass orien- 
tation, however ( 2 ) .  Matthews (3) has 
proposed a compIete celestial navigation 
theory, based on vision, for certain birds, 
but others have questioned his interpre- 
tations (2, 4 ) .  Lindenlaub (5) has re-
cently demonstrated definite homing ten- 
dencies in mice in an apparatus which 
eliminated any possibility of visual or 
olfactory clues. 

A survey of the literature on homing 
in bats is given by Cockrum (6) .  Past 
work has consisted largely of displacing 
bats from a cave and then attempting to 
find them in the intricacies of the cave 

Table 1. Homing performance of displaced bats. 

Percentage that returned at speed 
Distance Number (mi/hr) indicated* 

(mi) released - - -..------.------------------

> 15 10-15 7-10 

Experiment A, 20-21 
3.4 
1.7 
3.5 

1.7 6.7 

Experiment B, 23-24 
2 12 
8 8 

4 
2 2 

Expeliment  C,  23-24 
Blindfolded 7.2 21.6 
Controls 12 32 

5-7 < 5 lost$ 

Oct. 
6.8 

13.8 
17.5 
8.3 

Oct. 
10 

6 

4 

Oct. 
21.6 

8 


" T h e  figures in the last two columns of experiment A and in the last three columns of experiment B 
were variously influenced by inequalities in the time that was available for returning before the termination 
of the experiment. Therefore, they should not be used in comparing the performances of the various dis- 
tance-groups. 
t Netting was ternrinated at dawn on the first night. Any animals that did not return on the first night 
were designated lost. 
t Of the 25 blindfolded hats that were released, 18 were recovered at the mine entrance, and, of these, 
eight had scratched the covering from one or both eyes. Figures in the table are based on the ten bats 
which were still blindfolded on their return, multiplied by a factor of 25/18 to render the figuree directly 
ccmparable with the return percentages of the other experinrents. 

some days, or even months, later. This 
technique has yielded little information 
on the homing speeds or the percentage 
of bats that returned. In 1954 Cockrum 
released 68 bats (Myotis velifer) 28 mi 
from a cave in Arizona and recaptured 
two of these as they left the cave the fol- 
lowing evening. On the assumption that 
these bats did not fly during the daytime, 
it appears that they must have traveled 
these 28 mi in something less than 4 
hours. 

During the fall of 1956 we performed 
a few simple homing experiments with 
bats which revealed a remarkably accu- 
rate navigational ability, even in blind- 
folded individuals ( 7 ) .  A total of 484 
bats were removed from their hibernat- 
ing roosts in an inactive lead mine in 
southwestern Wisconsin during the early 
liours of darkness on the nights of 20-21 
and 23-24 October and transported to 
the east to points at distances that varied 
bet~veen5 and 60 mi, for release. Dis- 
tinctive markings were painted on the 
wings of the animals for each release 
point, and the animals were grouped in 
carrying cages for transport; all had fully 
recovered from the torpor of hibernation 
before release. Recaptures were made in 
a modified Japanese mist net as the bats 
entered the mine, and the exact time of 
each arrival was noted. 

Homing performance was measured in 
terms of ( i )  the percentage of bats that 
returned to the mine during the same 
night, and (ii) the over-all homing speed 
of these returning animals, from the 
time of release to the time of entering 
the mine. Return records were obtained 
for all releases and percentages ranged 

from 6 percent in the 60-mi group to 72 
percent in one of the 5-mi groups (Table 
1 ) .  Homing speeds ranged up to 19 mi/ 
hr and exceeded 10 mi/hr in 14 cases. 
Light tail-winds favored most of these 
animals ( 8 ) , but the performance is re- 
garded as indicating a rapid orientation 
and a direct homeward course, since 
flight speeds for bats of this genus have 
been measured as only 10 to 11 mi/hr 
( 9 ) .  

Although vision is poorly developed in 
bats ( l o ) ,its demonstrated importance 
for distance orientation in other animals 
indicated that a blindfolding experiment 
should be performed. Accordingly, 25 
bats, blindfolded with eye caps of lamp- 
black in collodion, were released, to-
gether with 25 controls, at a point 5 mi 
east of the mine. Although some of the 
blindfolded animals had scatched away 
all or part of their masks before reaching 
home, others retained theirs, and the 
fact that they reached home as rapidly 
as the controls did demonstrated that 
obstruction of vision had no gross effect 
on homing performance (Table 1C) .  

Since bats are able to detect obstacles 
in their flight path by echolocatio11 ( l o ) ,  
it is interesting to speculate on the pos- 
sibility that they are aided by auditory 
mechanisms in distance orientation. Bats 
are also capable of learning landmarks 
and complex spatial patterns within a 
room by auditory means ( I 1 ), and it is 
possible that whole landscapes may be 
memorized. FIowever, evidence presented 
by Griffin (12) and Miihres (13) sug-
gests that the maximum effective dis-
tance of ccholocation for bats of this 
genus is less than 10 m, and it is difficult 
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to believe that an  animal I\-ith these sen- 
sory restrictio~ls could attain an  "audi-
tory familiarity" with an  area of 50 or 
60 miles' radius. 

Our  preli~ninary experiments thus in- 
dicate that bats possess a well-developed 
ability to orient ancl to home over long 
distances by sensory ineans other than 
vision. Audition has not been elirninatecl 
as a possible mechanism, but it appears 
to hold little promise of providing a com- 
plete ans.rver. Further studies are in prog- 
ress. 

H. C .  ~ I U E I - L E R  
J. T .  EXILEK,JR. 

Depa~.tnzent  of Zoology,  
C'niurl-sity of ll'isconsin, Mad;son 
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Ethylenediarninetetraacetate and 
Mitochondria1 Adenosine 
Triphosphatase Activity 

The  adenosine triphosphatase activity 
of isolated mitochondria is variable and 
is i~lflue~lcecl by many factors (1, 2 ) .  I'Vc 
have observed, as is sho~vn in Table 1 :  
( 3 ) ,  that the inclusion of ethylenedi-
aininetetraacetate in the sucrose used 
for tissue hoinoeenization results in u 


inarked changes in the adenosine triphos- 
phatase activity of mitochondria isolated 
from these hornogenates. 

Mitochondria were isolated from 
0.25A4 sucrose hoinogenates with and 
without ethylenedia~llin(~tctraacctate, 
0.01'44, pH 7.4 ( 4 ) .  After 10 rninutes' 
centrifugation at  600g,  the supernatant 
solution was centrifuged for 10 minutes 
at  	8500g to sediment the rnitocho~lclria. 
T h e  particles were then resuspended in 
sucrose of the same composition as that 
used for honiogenization ancl, after resedi- 
menting, were suspended in sucrose with- 
out ethylenediaininetetraacetate. All op- 
erations Ivere performed a t  Z°C. Adeno-

Table 1. :\denosine triphosphatase activity of mitochondria isloated from sucrose and 
sucrose-ethylenediaminetetraacetate (EDT.4) homogenates. .4denosine triphosphatase 
was measured at two enzyme concentrations ranging from 40 to 200 pg of protein N. 
Activities are expressed as micromoles of phosphate hydrolyzed per 10 minutes, per mil- 
ligram of mitochondria1 nitrogen at  room temperature. Average activity values are re- 
ported except for two cases where wide variation in the ratio, activity/enzyme concen-
tration, occurred. This may result from inhibition of the adenosine triphosphatase by 
accumulated adenosine diphosphate, for addition of the latter to the incubation mixture 
yields a marked inhibition of the adenosine triphosphatase (8) .  

Aged mitochondria Fresh mitochondria ( 3 0  min, 3 8 ' C )  
- - - . 	 - -Source 

of mito- EDTA Dinitro- Dinitro-
chondria added No phenol Xo phenol 

addition added addition added 
(2.5 x I O - ~ M )  ( 2 . 5  . 10-'M) 

p--. -- -- -. 	 -p~ 


Rat  liver 
1 - 0.6 9.6 6.3 9.0 

1 t 1.3 6.6 1.1 1.6 

2 - 0.3 12.2 6.9 

3 + 3.4 3.7 2.4* 

Rabbit heart 
1 - 10.1 21.9 5.2 6.3 

1 t 15.3 (33.0,  2 3 . 4 ) t  18.4 19.1 


-2 2.7 8.3 1.7 2.1 

3 i 8.7 (18.8,  1 0 . 3 ) t  7.7 11.5 

--~- - --	 -- ---- -- - . 

* Aged 2 hours a t  room temperature. ?Values were not averaged because of large variation in activity 
uith variation in the amount of mitochondria added. 

sine triphosphatase activity was meas-
ured using a 10-minute incubation a i  
room temperature in a volume of I in1 
containing, in micromoles, the follo~v-
ing : adenosine triphosphate (Pabst ) ,  8 ;  
RlgCl,, 4 ;  tris(hyclroxyrnethyl)arnino-
methane hydrochloride ( p H  7 . 4 ) ,  20; 
and sucrose, 176. Reactions Ivere initi-
ated by addition of mitochondria anti 
were terininated by addition of 0.02 1111 

of 70-percent perchloric acid. These so- 
lutions were irnmediately cooled to O°C. 
Inorganic phosphate was deterinined b!- 
the Fiske-Subbarow procedure (5) on an 
aliquot of the supernatant solution. 

I'Vhen ethyleneclia~llinetetraacetate is 
used, the supernatant solution from the 
mitochondria1 pellet is redder and the 
final ~llitochondrial sus~e~ l s ion  is more 
creain-colored than ~ v h e n  sucrose alone 
is used for homogenization. Differences 
in the adenosine triphosphatase activity 
are clearly evident even though the final 
~llitochonclrial pellet isolated by both 
procedures is suspended in sucrose I\-ith- 
out ethylenediaininetetraacetate. 

Ra t  liver initochonclria isolated from 
sucrosr-ethylrnediarninetetraacetate ho-
rnogenates have a higher initial adeno- 
sine triphosphatase activity and a lower 
"latent adenosine triphosphatase" ( I ) 
activity than do mitochondria isolated 
from sucrose alone. 

T h e  adenosine triphosphatase of rab- 
bit heart ~nitochondria isolated from 
sucrose decreases on aging, while that 
of heart mitochondria isolated from 
sucrose-ethylenediaminetetraacetate does 
not. Although the activity of aged prepa- 

rations rnay be increased sliglltly by ad- 
dition of dinitsophenol, the amount of 
phosphate released fro111 adenosine tri-
phosphate is belo~v that obtained ~v i th  
fresh preparations in the prcsence of cli- 
nitrophenol. 

These data sho~v  that isolation of mito- 
chondria in sucrose containing 0.01L24 
ethylenedia~llinetetraacctatf- alters the 
adenosine triphosphatase activity pat-
tern from that observed Lvirh initochon- 
clria isolated from sucrose alone ( 6 ) .On 
the other hand, we find that ethylenedi- 
aininetetraacetate yields hrart  rnuscle 
~nitochondrial suspr~lsio~ls a~vhich have 
uniformly rnore dependable oxidative 
capacity. This is in conformity svith re-
ports of other investigator.; (4,i ) ,who 
have noted an increased stability of rni- 
tochondria that have been isolated in the 
presence of ethyle~lecliaminetetraacetate. 

T h e  data presented here 5how t h t  
~narkecl variation of an  enzymic activity 
that can result froni a inodification conl- 
~nonly  einployecl in the isolation of rnito- 
chondria. I\'hile it is well known that the 
source of ~nitochondria and the nature 
of the isolation procedure may rnotlify 
the enzymatic spectrum of the plrticles, 
the effect of a small change in procedure 
rnay pass unrecognized in rnany instances. 
\$'hen the rate of adenosine triphosphate 
turnover is an  important factor, these 
changes may assuriie a primary signifi- 
cance. 

R. \V. \-ON KORFF* 
Department of Pediatrics, 
Variety Club Heart  Hospital, 
LTnii'ersity of A4innesota. d4inneapolis 
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