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Respiratory Studies on Mate-Killers ence between the two cultures, then, is the presence 

and Sensitives of Para~necium of mu particles in one strain and their absence in the 

aurelia, Variety 8 other. 
The paramecia cultures were grown in flasks on a 

Myron Levine* and Jed Lee Howard 
ceraph?l infusioi~ il~oculated ~ G t h  Aerobacter aero-
genes, according to the methods of Sonneborn ( 7 ) .

McCollum-Pratt Institzcte, Their cffective average growtli rate was less than one 
Johns Hopkins University, Baltimore, Marylnltd fission per day. I n  preparation for  examination, cul- 

When stocks 130, 131, and 138 are mated to the tures that had last beel; fed 2 days earlier were har- 

other stocks of variety 8, Paramecium aursliu, the ex- vested in a Berkefeld filter, were further concentrated 

conjugants descended from the other stocks die, but by low-speed centrifugation, and were washed several 

the members of the conjugating pairs descended from times in  exhausted autoclaved culture fluid or in ail 

these three stocks survive and produce norrnal prog- inorganic salt solution ( 5 ) ,  depending on which was 

eny. These three stocks are  called mate-killers; the used as the respiring medium. These concentrated 

others are called sensitives. Mate-killers are  distin- cultures were allowed to stand for  approximately 2 hr  

guished from sensitives by possessing visible Feulgen- in either of the two mediums, were washed again, 

positive cytoplasmic particles. These particles, called and were then ready f o r  determination of oxygen up- 

mu particles, seem to depend f o r  their maintenance take. This procedure reinoved the bacteria as a con-

and reproduction, though not for  thelr origin, on a tributing factor in the respiratory studies. 

nuclear gene ,V.Mate-killing is thus under the con- Oxygen consumption was measured with the War-

trol of both nuclear and cytoplasmic factors (1-3). burg respirometer. The number of animals exainined 

The genetics of mate-killers appears to parallel the per vessel in  dif'ferent experiments varied from 30,000 

genetics of killers in variety 4 (4).  I n  that case, too, to 150,000 in a total volume of 3.3 ml. Total respira- 
tion varied directly with the number of animals exthe trait  is controlled by the cooperative action of a 
amined. Population counts were made according tonudear  gene I< and visible cytoplasmic Feulgen-
Sonnebo1-n ( 7 ) .  All determinations were carried outpositive particles, kappa. However, the conditions fo r  
in duplicate. killing are  different. The killing action of mate-killers 

The data in Table I indicate that mate-killers and depends on prolonged and intimate physical contact 
of paramecia, and so f a r  this killing action has not sensitives respire a t  about the same rate. Siniilar re- 

been produced by fluids in  which the mate-killers have sults were obtained in the two respiring mediums. 

lived. With killers, such fluids are active in  killing Not only do mate-killers fail  to differ significantly 

because of the liberation of a poison, paramecin, by from sensitives in oxygen consumption, but prelimi- 

the killers, but contact during mating does h o t  'esult nary experiments indicate that the cytochrome system 
operates similarly in  both, since the oxygen consump- in death. 

Simonsen and Van Wagtendonk ( 5 ) ,  using the tion of mate-killers and sensitives was equally in- 

Cartesian diver technique, made a respiratory com- hibited in the presence of 0.001111 KCN. 

parison of kappa-killers and sensitives in variety 4. I f  the Warburg technique may be conlpared with 

They found that stock 51 killers respire a t  a rate 150 the Cartesian diver technique, these findings are in 

to 180 percent above that of sensitive animals of sharp contrast with those reported f o r  killers. Mu 

identical genic constitution. This fact, together with and kappa  particles do not seem to impose the same 
metabolic demands on paramecia. It is, however, pos- the lack of respiratory inhibition of killers by sodium 
sible that rnu particles may alter some other metabolic azide in concentrations that inhibit the respiration of 
system.sensitives, as well as  the low cytochrome oxidase ac- 

A possible morphological basis f o r  the metabolic tivity of killers, led these authors to  conclude that an 
oxidative pathway different from the normal cyto- Table 1. Rates of oxygen consumption of mate-killers 
chrome 'perates in the metabolisnl and sensiti.r-es of stock 138, mating typeXVI, variety 8. 
of killer paramecia. The Q,, is expresser1 in millimicroliters per animal per 

A respiratory comparison of stock 138 mate-killers hour. 
and sensitives of mating type XT'I was undertaken ' 
to see whether mu particles alter the metabolism of No. of 
mate-killers in a manner similar to that found f o r  Respiring eqer i - Mate-ki11er Q02 sensitive Qo2 

kappa particles. The sensitives used in these experi- ments mean 'S'E' mean 'S'E' 
ments (6) were derived from the mate-killers and -
are isogenic with them. Following prolonged rapid Exhausted 

culture fluid 11 0.280 0.027 0.260 rt 0.020growth a t  high temperature, mate-killers may lose mu salt
particles and be transformed into sensitives without solution 3 .3052 0.051 .266 _c 0.058 
any associated genic change (2, 5'). The only differ- 



differences between killers and inate-killers is sug-
gested by a recent demonstration by Preer et al. (8) 
that showed that a small proportion of the kappa par- 
ticles in  killers contains one or more refractile areas. 
These kappas are  called "brights," and they are the 
hearers of paramecin activity. Brights are  found only 
in animals that can produce paramecin, never in those 
unable to produce this toxin. Bright particles have 
never been found among the mu particles of mate-
k~llers  (8).  The increased metabolic activity of killers 
nlay be a direct consequence of the production of 
paramecin, and the site of this altered metabolic ac-
tivity may rest in  the bright kappa particles or in 
their influence on the nletabolism of the whole cell. 

I n  this connection, it would be of interest to  ex-
amine the respiratory activity of paramecia carrying 
a third type of particle that is neither involved in a 
toxic effect nor produces paramecin. This particle, 
caalled pi, was first discovered by Hanson (9) in ani- 
illals that  hiid once been killers and are in all prob- 
ability mutants of kappa particles. I f  the higher oxy- 
gen consumption of killer animals is indeed a conse-
quence of paramecin production and is correlated 
with the presence of brights, paramecia containing p i  
should respire a t  the same rate  as isogenic paramecia 
devoid of these particles. 
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Thermistor Electronic Thermometer 

Robert W. Woods 
College of Medical Evangelists, Lonra Lkda,  California 

Electronics is receiving increasing attention and 
finding many applications in  the tools of medical re- 
search. One of our problems in instrumentation led 
to 	a solution that should find application wherever 
research using small animals is in  progress. A re-
search worker in physiology needed to take a record 
of the rectal, subcutaneous, and skin-surface tempera- 
ture of experimental groups of six mice each and to 
observe the variation in these several temperatures 
over a period of time. 

The temperature-measuring units need (i) to re-
main in situ; (ii) to be able to be calibrated to  give 
comparable readings; (iii) to be fairly quick read- 
ing; (iv) to  be sensitive enough to measure to 1per-

cent; ( v )  to be small enough physically so that an 
animal as  small as a mouse does not experience in- 
superable discomfort; (vi) to be well insulated, both 
electrically and against moisture, and to give repro- 
ducible results. 

We tried both thermocouples and ther~nistors and 
settled for  the latter as being best suited to our re- 
quirements, using the W. E. No. 14B thermistor in a 
bridge circuit. The voltqge divider can be adjusted to  
give the same voltage across the bridge over the life 
of the battery. This voltage is  checked by the same 
vacuum-tube voltmeter that serves as  the temperature 
indicator by substituting a voltage divider in place 
of the thermistor bridge (Fig. 1 ) .  

The 19 thermistor bridges (one for  measuring the 
ambient temperature plus six sets of three for  the 
six animals being tested) are identical (Fig. 2) ,  each 
with a balancing control fo r  setting the minimum 
temperature reading (in our case, O°C) and a maxi- 
mum setting control (in our case, 50°C). 

This gives a %point adjustment of comparability 
between bridges. We have found this degree of com-
parability satisfactory, since the several ther~nistors 
that we are using track within the limits of experi- 
mental error. 

These 1 9  bridges and the voltage-check divider are 
connected to the switch points of a th~ee-bank 20- 
position rotary switch, making i t  possible to select 
and measure any temperature by a turn of the dial. 

It is necessary to match the sensitivity of the 

Fig. 1. Thermistor tltermometer. Bloclr diagram with sup-
ply and check-voltage source. 

Fig. 2. Thermistor bridge. Nineteen bridges are required 
in the complete instrument. 


