
at right angles, measured w i t h  calipers. 
From T a b l e  1 i t  is apparent tha t  t h e  

subcutaneous implantation o f  sarcoma-
37 fragments in to  inbred m a l e  albino 
m i c e  has resulted i n  a pronounced e f f e c t  
o n  their average liver catalase levels. 
From t h e  sixth day  a f ter  t u m o r  inocula- 
tion, t h e  enzyme content i n  t h e  controls 
was progressively reduced t o  a marked  
extent ,  whi le  t h e  growth o f  t h e  estab-
lished tumors  was steady and rapid. 
However,  this depression o f  liver cata-
lase was prevented, i n  large measure, b y  
t h e  oral administration o f  t h e  urinary 
fractions, and ,  at t h e  same t i m e ,  t h e  
qrowth o f  t h e  sarcoma-37 transplants was 
appreciably inhibited. 

Of  t h e  smaller acidic molecules ex-
tracted f r o m  t h e  urinary concentrate-, 
m a n y  would have b e e n  able t o  pass 
through the  dialysis membranes  as their 
sodium salts, whi le  proteins and similar 
large molecules would either have b e e n  
precipitated b y  t h e  additions o f  ethanol 
or else adsorbed u p o n  t h e  resultant pre- 
cipitates. I t  might  therefore b e  expected 
that  t h e  range o f  molecular weiqhts con- 
tained i n  t h e  extracts employed for  these 
initial investigations would b e  restricted 
t o  comparatively narrow limits, al though 
the! were undoubtedly chemically di-
verse i n  nature. 
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Water Taste in Phormia 

T h e  chemosensory hairs o n  the  label- 
l u m  o f  t h e  blowfly Phormia r ~ g i n a  have 
been  studied extensively. Behavior stud- 
ies indicate tha t  there are at least t w o  
modalities o f  sensation: acceptable and 
unacceptable ( I  ) . Anatomical investiga- 
tions have shown tha t  there are t w o  
neurons associated w i t h  the  receptor site 
at the  t ip  o f  t h e  hair ( 2 ) .Electrophysio-
logical techniques have  demonstrated 
tha t  t h e  t w o  neurons are di f ferential ly  
a f fec ted  b y  salt and salt-sugar mixtures 
i n  water solution ( 3 ) . Ef for t s  t o  record 
t h e  electric response t o  distilled water 
and t o  pure sugar solutions h a v e  b e e n  un-  
successful. T h e s e  responses m u s t  b e  
found i n  order t o  work ou t  a complete 
theory o f  chemoreception i n  Phormia. 

T h e  present method  o f  recording nerve 
discharges f r o m  single hairs make^ it pos-
sible t o  study the  response t o  distilled 

Fig. 1. ( A , 3) Response o f  a long hair t o  
distilled water. ( C )  Response o f  a long 
hair to 0.1M d-fructose. T h i s  hair had no 
response t o  distilled water :  ( D )  Response 
o f  a long hair t o  0.1M d-fructose. T h i s  
hair had a response t o  distilled water simi- 
lar to A. I n  all records the t ime marks are 
0.2 sec, and the voltage calibrations are 
200 yv. 

water and t o  Inany types o f  sugar and/or  
salt solutions ( 4 ) .Basically, this method  
is a ref inement o f  t h e  earlier techniques, 
i n  w h i c h  a 50-p glass capillary, filled 
w i t h  the  stimulating l iquid,  is brought 
in to  contact w i t h  t h e  t ip  o f  t h e  hair. A 
silver-silver chloride wire, i n  contact w i t h  
t h e  stimulating liquid and one input  lead 
o f  t h e  preamplifier, allows t h e  capillary 
t o  b e  used as t h e  recording electrode. 
T h e  ind i f feren t  electrode is a n  uninsu-
lated silver-silver chloride wire,  which  
is inserted into t h e  proximal end o f  t h e  
detached labe l lum o f  t h e  fly. 

Because o f  the  very h igh  resistance 
( a b o u t  1010o h m s )  o f  t h e  recording elec- 
trode w h e n  it is filled w i t h  distilled 
water,  a h igh  impedance ,  negative ca-
pacitance preamplifier, designed b y  Mac-  
Nichol and W a g n e r ,  was used ( 5 ) .T h e  
output  o f  this was fed  into a conventional 
direct-current ampli f ier  and oscilloscope 
for observation and photography. T h e  
response was occasionally recorded o n  
magnetic tape ,  w h i c h  was later played 
back and displayed o n  the  oscilloscope 
for photography. 

From behavior studies it is k n o w n  that  
distilled water will produce a positivc 
feeding reaction i n  a thirsty fly. T h e  
electric response t o  distilled-water stim- 
ulat ion consists o f  large and small i m -
pulres intermixed,  w i t h  a h igh  initial ratc 
o f  discharge, as is shown i n  Fig. 1A. 
Adaptation t o  a lower f r e q ~ l e n c y  is rapid 
and at a d i f f eren t  rate for each o f  t h e  
t w o  neurons, as can b e  seen f r o m  a c o m -  
parison o f  A and B i n  Fig. 1 .  T h e s e  are 
portions o f  t h e  same record, in w h i c h  30 
seconds have elapsed be tween  A and B. 
T h e  final frequency o f  t h e  small impulse 
m a y  become zero i n  m a n y  cases. T h i s  
response is similar t o  tha t  obtained f r o m  
a di lute salt-sugar solution. T h e  character 
o f  t h e  response is similar among hairs o f  

the  same type  o n  t h e  same labellum but  
varies f r o m  fly t o  fly. T h e s e  variations 
seem t o  b e  dependent  o n  the  age and 
nutritional state o f  t h e  fly. Experiments 
t o  explore this relationship are n o w  i n  
progress. Jl'ater-satiated flies m a y  havc 
little or n o  response t o  water-a single 
impulse every 5 or 10 seconds. 

T h e  response t o  a pure sugar solution 
m a y  show a discharge f r o m  only  one  
neuron or f r o m  t w o  neurons, as is shown 
i n  Fig. 1C and D .  I n  cases where only 
one  neuron discharges, there is little or 
n o  response t o  stimulation b y  distilled 
water alone. A t ~ v o - n e u r o n  response t o  
pure sugar solution is usually found i n  a 
hair ~ v h e r e  there is a vigorous water re- 
sponse. T h i s  suggests tha t  t h e  sugar st im- 
ulates only one  neuron and tha t  t h e  dis- 
charge o f  t h e  second neuron is f r o m  t h c  
stimulation b y  water.  I n  this w a y ,  t h e  re- 
sponse t o  any solution can b e  analyzed 
into ttvo parts: ( i )  t h e  response t o  water 
and ( i i )  the  response t o  t h e  solute. O f  
course, if t h e  hair has little or n o  re-
sponse t o  distilled water,  t h e n  its re-
sponse t o  a solution will b e  almost en-
tirely attributable t o  the  solute. T h c  
question o f  whether  or not  t h e  water 
stimulation sums linearly w i t h  that  o f  t h r  
solute is being investigated i n  detail for 
d i f f eren t  types o f  solutes. 
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Equilibria as Origin of 
Differences in Spectra of 
Chlorophyll in Different Solvents 

I n  the  studies o f  t h e  absorption spectra 
o f  solutions o f  chlorophylls f r o m  r o o m  
temperature t o  t h e  temperature o f  liquid 
nitrogen ( I  ), t h e  existence o f  several 
nlolecular species i n  equilibria becamc 
evident .  T h e s e  species were later ( 2 )  
identified as solvates. I t  was surmised 
that  t h e  chief  di f ferences i n  the  well-
k n o w n  spectra o f  a given chlorophyll 
f r o m  o n e  solvent t o  another at r o o m  t e m -  
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prraturr arosr fro111 tliffcrcnl rr1:rtivr 
amounts of solvates. 

This discussion is limited to chloro-
phyll b; chlorophyll a and some chloro- 
phyll derivatives had unmistakably the 
same behavior. In  Fig. 1 are given the 
absorption spectra of chlorophyll b in 
ethyl kther and in methanol atroom tem- 
perature (300°K) according to Harris 
and Zscheile (3).The inset at the upper 
right corner of Fig. 1 shows the change 
in its Soret band at about 4500 A with 
temperature at a greater dispersion of 
wavelengths. The solvent of chlorophyll 
b at room temperature (300°K) was 20 
percent propyl ether and 80 percent hex- 
ane. At the three lower temperatures, it 
consisted of 20 percent propyl ether, 40 
percent propane, and 40 percent pro-
pene. As may be seen, the spectrum of 
the chlorophyll in ether at room tem-

Fig. 1. Absorption spectra of chlorophyll 
b at room temperature. The thin-lined 
curve with maxima at shorter wavelengths 
represents a solution of chlorophyll in 
ethyl ether; the thick-lined curve gives 
the spectrum when the solvent is methanol. 
(Inset) Changes with temperature of the 
absorption spectra of chlorophyll b in so- 
lution. At 300°K, the solvent was 20 per- 
cent propyl ether and 80 percent hexane. 
At the three lower temDeratures. it was 20 
percent propyl ether, 40 percen; propane, 
and 40 percent propene. 

prraturc is very similar to that in the 
ethcr at 75OK. exccDt for a shift towal d 
longer wavelengths. ( I t  has been repeat- 
edly shown that the spectra of chloro-
phyll in ethyl ether and in propyl ether 
are indistinguishable, and likewise no 
change is produced by the substitution 
of hexane for propane and propene, 
which are gases at normal temperature 
and pressure.) The maxima shown at 
180°K represrnt the two solvates, prob- 
ably the monoetherate and the diether- 
ate. The latter has its maximum at a 
longer wavelength than does the former. 
Notice that, at the extremes of tempera- 
ture, the shape of the bands of these two 
solvates is roughly the same except for 
greater detail, chiefly a shoulder toward 
the long wavelength at the lowest tem- 
perature. I t  was the resemblance of the 
rather symmetrical shape of the com-
posite spectrum of the two coexisting 
solvates in ether at 180°K to the shape 
of the spectrum of chlorophyll in meth- 
anol at room temperature ~vhich sug- 
gested that, in this solvent also, two 
solvates were present in appreciable con- 
centrations. The presence of two maxima 
in the composite band at the lower tem- 
perature and their absence at the higher 
would be connected with the improved 
resolution usually achieved at lower tem- 
peratures. 

This interpretation is amply confirmed 
by the following observations. The left 
of the lower pairs of curves of Fig. 2 
gives the Soret band of chlorophyll b in 
pure propanol at room temperature. 
When the alcohol is diluted to 9 percent 
by volume with hydrocarbons, the spec- 
trum becomes that on the right side of 
the lower pair of Fig. 2. The character- 
istic shoulder about 150 A toward short 
wavelengths has appeared, and the main 
peak is now at  shorter wavelengths. This 
shoulder with its maximum has proved 
to be a criterion ( 2 )  that, predominantly, 
a single solvate of the chlorophyll is pres- 
ent. In Fig. 1 it is an etherate; here it 
is presumably a monoalcoholate. The 
left of the upper pair of curves of Fig. 2 
shows the spectrum of chlorophyll b in 
a solution 14 percent in propanol with 
the rest consisting of m e t h l y ~ ~ c l o ~ e n t a n c  
and methylcyclohexane in about equal 
proportion. The chlorophyll is here 
mostly in the form of a single solvate- 
that is, the shoulder toward shorter 
wavelengths is in evidence. When the 
temperature was lowered to 231°K, the 
Soret band of this solution took on re-
versibly the more symmetrical form at 
longer wavelengths depicted at the right 
side of this figure, which clearly is a 
composite of the Soret bands of the two 
alcoholates and is practically identical 
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CHLOROPHYLL b - R O O M  TEMPFRATURE CHLOROPHYLL 0-23IdK 

CHLOROPHYLL b -ROOM TEMPERATURE 

Fig. 2. (Bottom) Curves giving spectra of 
solutions of chlorophyll b at room tempera- 
ture, in 100 percent n-propanol at left, 
and in 9 percent n-propanol, 45.5 percent 
methyl cyclopentane, and 45.5 percent 
methyl cyclohexane at right. (Top) 
Curves giving spectra of solution of chloro- 
phyll b in 14 percent n-propanol, 43 per- 
cent methyl cyclopentane, and 43 percent 
methyl cyclohexane, at room temperature 
at left, and at 231°K at right. 

with the Soret band of chlorophyll b in 
pure alcohol at room temperature in 
shape and wavelength. As was to be ex- 
pected, the increased concentration of 
the higher solvate could be achieved 
either by a reduction in temperature or 
by an increase in concentration of the 
polar solvent at room temperature (4 ) .  
By means of these two variables, it was 
possible then, by starting with a given 
solvent at a given temperature, to bring 
about a match in the spectra which 
chlorophyll exhibited when it was in 
either of the pure solvc,nts at room tem- 
perature ( 5 ) .  
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