
able to recover the respective viruses I t  is found, however, that when Hick's 
from plants treated with gibberellic acid data are plotted (Fig. 1, broken curve), 
as readily as from untreated controls. the resulting function may be interpreted 
Further studies will be directed to ex- as passing through an optimal AV/V 
plain the mechanism of action of gib- value, rather than being a generally 
berellic acid in the reversal of virus- straight line of zero slope, which approxi- 
caused stunting. mate correspondence with Weber's law 

KARL M A R A ~ ~ O R O S L H  would require. Because of this interesting 
Rockefeller Institute for alternative interpretation, a partial repli- 
Medical Research, N e w  York ,  N . Y .  cation of Hick's experiment was under- 

taken.References and Notes 
Hick obtained thresholds for instan-1. 	 P. W. Brian and H. G. Henning, Plrysiol. Plan- 

tarurn 8, 669 (1955); B. 0. Phinney, Proc. taneous increments and decrements in 
Natl. Acad. Sci. U.S. 42. 185 (1956). velocity for a pip horizontally deflected 

2. L. V. Barton, Contrib. ' ~ o y c e  ~ h d n l p s o n  Inst. 
18, 311 (1956). 	 across the face of a cathode-ray tube. 

3. 	 K. Maramoroich. Plant Disease Rebtr .  39. 896 The total excursion of the pip seems to 
(1955). have been about 3.5 in., the velocity in- 4. 	 The  gibberellic acid was kindly supplied by 
Curt Leben, Agricultural Research Center, Eli crement (or decrement) being intro-
Lilly & Co., Greenfield, Ind. duced at the mid-point. For the replica- 

17 July 1957 tion, the total excursion of the pip (in 
inches) and the initial velocities of the 
pip (in inches per second) closely 
matched Hick's values ( 2 ) .  However, 

Weber's Law and the Difference since it nroved convenient to use a scone 

Threshold for the hood giving a viewing distance of 10 in., 

Velocity of a Seen Object the viewing distance was approximately 
one-half of the 21-in. distance used by 

Although a fairly extensive literature Hick. The chief consequences of this dif- 
exists concerning the visual perception ference in viewing distance were the yield 
of stimulus movement ( I ) ,only one ex- of a range of initial velocities higher than 
periment has been reported (2 )  which those of Hick whell velocity is measured 
deals directly with the measurement of in terms of visual angle per second and 
difference thresholds for the velocity of the doubling, approximately, of the total 
a seen object. According to that report: angular excursion of the pip. Since Hick 
"An approximate correspondence with found no marked difference between in- 
Weber's Latv was found. the divergence cremental and decremental thresholds, 
from it appearing, in general, as an in- it was decided to restrict this replication 
crease of the threshold at both ends of to incremental velocities only. 
the range of initial velocities. The Mean The remaining curves of Fig. 1 com- 
Threshold (0.5 probability of perception, pare the incremental data obtained in 
corrected for guessing) was, in favour- the present experiment with those of 
able conditions, about 12 per cent of the Hick. In the new data, each point is 
initial velocity. Whether the stimulus based on 300 values-30 judgments for 
was an increase or a decrease of velocity each of ten subjects; similar information 
made no marked difference." is not reported in the earlier work. The 

-
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Fig. 1. Difference thresholds for the velocity of a seen object as a function of initial 
velocity. The uppermost curve is for data gathered in the study here reported; the other 
curves were plotted from tables presented by Hick ( 2 ) .  

thresholds in the present study were de-
termined by average z-score computa-
tions (3) ;other methods were tried and 
yielded similar over-all functions. 

In general, the findings of the two ex- 
periments agree fairly well, showing that 
as initial velocity increases, AV/V at 
first decreases and then increases. Of in- 
terest is the fact that when the upper 
limit of initial velocities is extended, as 
in the present experiment, it becomes 
evident that if JVeber's law holds at all, 
it does so for a very small portion of the 
usable range only. It  may, indeed, be 
safe to conclude that the Weber fraction 
passes through a minimum in the 1-to-3- 
degrees-per-second region of the range 
of initial velocities. 

J. M. NOTTERMAN 
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Prznceton University, 
Princeton, Neze, Jersey 
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Evidence for an Accessory 
Pathway of Galactose 
Metabolism in Mammalian Liver 

Recent studies on the disease galacto- 
semia have revealed it to be the result 
of the congenital deficiency of a specific 
enzyme important in the conversion of 
ingested galactose to glucose derivatives 
( I ) .Normally, ingested galactose is first 
converted by means of adenosine triphos- 
phate and galactokinase to a-galactose-
1-phosphate (Gal-1-P), which can then 
be transformed to a-glucose-1-phosphate 
(G-1-P) through a series of reactions 
involving uridine diphosphate glucose 
(UDPG)  and uridine diphosphate ga-
lactose (UDPGal) .  Thus ( 2 ): 

Ga.l*-1-P + UDPG 
P-Gal transferase + 
t 

UDPGal* + G-I-P ( 1) 

UDPGal* 
UDPGal-4-epimerase 

t 
UDPG* ( 2 )  

UDPG* + PP 
UDPG pyrophosphorylase 

The asterisk traces the galactose moiety 
through its conversion to glucose-1-phos- 
phate. In  galactosemia, the enzyme cata- 
lyzing reaction 1 (P-Gal transferase) is 
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Table 1. Incorporation of C1'-labeled u-
galactose-1-phosphate into uridine nucleo- 
tide by partially purified (16-fold) rat 
liver enzyme. 

Amount 
incorpo-

Incubation rated 
(count/ 
min) 

Complete system 9,770 
Minus uridine triphosphate 550 
Plus pyrophosphate 

(5 ymole) 2,850 
Plus pyrophosphatase 11,100 
Heated enzyme 470 

missing and results in the accumulation 
of galactose-1-phosphate. However, in 
spite of this demonstrated enzymatic de- 
fect, there are several indications that 
some metabolism of galactose is possible 
and does, in fact, occur in this condition. 
Thus, on clinical grounds it has been ob- 
served repeatedly that, as patients with 
galactosemia increase in age, they appear 
to develop an increased ability to utilize 
ingested galactose (3). More recently, 
studies on a 24-year-old male with galac- 
tosemia have demonstrated that the in- 
fusion of galactose-I-C14 (together with 
oral menthol),, resulted in labeling of the 
isolated urinary menthol glucuronosidic 
acid ( 4 ) .From our lcnowledge of the role 
of the uridine nucleotides in glucurono- 
sidic acid formation (5) ,  it appeared 
that, in spite of the seemingly complete 
P-Gal transferase block, the ingested 
galactose was probably converted to uri- 
dine diphosphate galactose prior to the 
appearance of the label in the glucuroni- 
sidic acid. 

These clinical and laboratory findings 
suggested that there might exist an ad-
ditional pathway for the conversion of 
galactose-1-phosphate to uridine diphos- 
phate galactose other than that catalyzed 
by P-Gal transferase. It  seemed reason-
able to assume that uridine diphosphate 
galactose synthesis might occur by way 
of a pyrophosphorolytic reaction (anal-
ogous to reaction 3 )  as follows: 

Gal- I-P + UTP 
UDPGal pyrophosphorylase 

The existence of such a reaction in yeast 
had originally been suggested by Kalckar 
et al. ( 6 ) ,and more recently an enzyme 
catalyzing such a pyrophosphorolysis has 
been observed in plants ( 7 ) .  

IVe have now obtained evidence for 
the existence of such an enzyme system 
in mammalian liver. Rat, pigeon, and 
human liver were examined and found 
to contain enzvmatic activitv. The en-
zyme is called uridine diphosphate ga- 
lactose pyrophosphorylase, in conformity 
Lvith previous nomenclature. The enzyme 

4 OCTOBER 1957 

system was initially detected and stud- 
ied by demonstrating the formation of la- 
beled uridine diphosphate galactose from 
the incubation of uridine triphosphate 
( U T P )  with 1-C1"labeled galactose-
1-phosphate and various cell-free liver 
fractions. The 1-C14-labeled galactose-l- 
phosphate was prepared enzymatically 
from I-C14-galactose, adenosine triphos- 
phate, and yeast galactokinase (8 ) .The 
uridine diphosphate galactose formed as 
a result of the enzymatic reaction was 
identified by paper chromatography and 
autoradiography. I t  was found to migrate 
as a uridine diphosphate hexose in the 
neutral ammonium acetate-ethanol sys-
tem of Leloir ( 9 ) ,  and hydrolysis of 
this uridine nucleotide in 0.02N H,SO, 
yielded a sugar which was identified as 
galactose in two chromatographic sys-
tems [pyridine-ethyl acetate-water; and 
water-saturated phenol ( l o ) ] .  

By means of differential centrifuga-
tion ( I1) , the uridine disphosphate ga- 
lactose pyrophosphorylase activity has 
been found to be located in both the 
nuclear and cytoplasmic (soluble) com- 
partments of the liver cell. From the 
latter fraction as well as from extracts 
of liver acetone powder, the enzyme has 
now been ~urif ied more than 16-fold 
and shown to be free of nucleotides, glu- 
cose-1-phosphate, and glycogen. 

In Table 1 are depicted results from 
an experiment using this partially puri- 
fied enzyme. The complete system in-
cluded the enzyme (1.2 mg of protein), 
0.1 ymole of I -C14-galactose-1 -phos- 
phate (specific activity 500,000 count/ 
min pm) ,  2 bmole of uridine triphos-
phate, 5 ymole of MgCl,, and 20 ymole 
of 0.2M tris (hydroxymethyl) amino-
methane at pH 7.4 in a total volume of 
0.6 ml. After incubation for 30 minutes 
at 38OC, the mixture was deproteinized 
with 5-percent trichloroacetic acid. The 
nucleotides were then adsorbed and 
eluted from norite, as has been previ-
ously described (12) .  The radioactivity 
in the norite eluates shown in Table 1 
represents the incorporation of 1-C14-ga-
lactose-1-phosphate into uridine nucleo- 
tide. I t  will be noted that significant in- 
corporation of counts occurred only in 
the complete system and that pyrophos- 
phate inhibited, while inorganic pyro-
phosphatase stimulated, incorporation of 
the label. The reversibility of the reac-
tion has also been confirmed by studies 
with C-14-uridine diphosphate galactose. 

The findings presented indicate the 
existence in mammalian tissues of the 
enzyme uridine diphosphate galactose 
pyrophosphorylase, which provides an 
alternate route for both the utilization 
of galactose-1-phosphate and the synthe- 
sis of uridine diphosphate galactose. The 
enzyme has thus far been found in sig- 
nificant amounts only in the liver, where 
its activity is about one-sixth of that of 
P-Gal transferase (per gram of liver). 

Table 2. Activity of uridyl transferase 
and pyrophosphorylase enzymes in rat 
liver with respect to age of animal. (Re- 
sults are average of three sets of experi- 
ments and are expressed as millimicro-
moles of reactants converted per milligram 
of liver protein, per 20 min). 

UDPG UDPGal 
P-Gal pyro- pyro-
trans- phos- phos-

ferase* phory- phory-
laseY lase 

Fetalt 6 8 340 0.9 
Neonatal 

(1 day) 7.7 348 1.6 
Adult 

(60 days) 39.4 98 7.6 

* Determined by methods cited in ( I ) .  t The 
an~mals were aaclificed on 18th day of gestation; 
noln~algestation, 21 days 

Additional studies on the enzymatic ac-
tivity of the liver with respect to age are 
shown in Table 2. I t  will be observed 
that P-Gal transferase and uridine di-
phosphate galactose pyrophosphorylase 
activities are strikingly lower in fetal 
and neonatal rat liver than in the adult 
organ, while the reverse is true for the 
uridine diphosphate glucose pyrophos-
phorylase activity. In  preliminary studies 
on human liver. similar enzvme differ-
ences with age have been found. 

I t  is thus tempting to speculate that 
patients with galactosemia develop their 
most pronounced symptoms in infancy, 
because at this time they have both a 
pathological absence of P-Gal transferase 
and a physiologically feeble uridine di- 
phosphate galactose pyrophosphorylase. 
The subsequent increase in activity of 
the latter enzyme with age might then 
effectively explain the improved galac- 
tose metabolism which' occurs in these 
patients despite the continued lack of 
P-Gal transferase (13) .  
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Anisylacetone, Synthetic 
Attractant for Male Melon Fly 

Attractants have recentlv received in- 
creasing attention as an  effective means 
for combating insect pests. By baiting 
traps with specific attractants, it is pos- 
sible to discover an insect infestation a t  
an  early stage, and control measures may 
then be initiated immediately. Attract- 
ants in traps are also of use in delineat- 
ing the areas that must be treated and 
in following the progress of the control 
program. Certain attractants in combi- 
nation with a suitable insecticide may 
also be used to lure insects to their death. 

T h e  Agricultural Research Service has 
been conducting investigations on attrac- 
tants for fruit flies at its Honolulu and 
Rfcsico City laboratories for many years 
(1-3). Since November 1955 chemists 
at Beltsville have been synthesizing and 
supplying candidate chemicals for test- 
ing in these laboratories. Recently, as a 
result of these studies, it Lvas found that 
anisylacetone (formula Ib )  is an  effec-
tive attractant for the male melon fly 
(Dactcs cucurbitac Coq.) ( 4 ) .  

After more than 1000 compounds had 
been screened in Ilawaii, it was found 
that the male melon fly was attracted 
by a number of aromatic ketones. Ren- 
zylacetone (formula I a )  and anisylace- 
tone [formula Ib, 4- (p-methoxyphenyl) -
2-bula~lo~le)]were the most attractive 
compounds, but field tests indicated that 
the latter was superior. These pleasant- 
smelling compounds are prepared by 
condensing an aromatic aldehyde such 
as anisaldehyde with acetone and hydro- 
genating the product. Anisylacetone has 
been described by Sosa ( 5 ) ,and by Cben 
and Barthel ( 6 ) , who used it as an in- 
termediate in the preparation of pyreth- 
rinlike esters. 

Analogous compounds are not as at-
tractive as anisylacetone. Introduction of 

another methoxyl on the benzene ring 
gives a compound (formula I c )  which 
is no longer attractive to the melon fly 
but which is rather attractive to the ori- 
ental fruit fly (Dacus dorsalis Hendel).  
T h e  similarity of this compound to the 
outstanding attractant for the oriental 
fruit fly, methyl eugenol (formula 11) 
( 2 ) ,  is apparent. 

T h e  discovery and practical evalua-
tion of the attractiveness of anisylace-
tone were timely. T h e  compound Lvas 
put to use almost immediately in Cali- 
fornia to determine the extent of a pos- 
sible melon fly infestation. With the help 
of the attractant, the state and federai 
officials promptly undertook an  exten-
sive trapping program, and it became 
apparent that the single melon fly found 
was an  isolated specimen of unknolvn 
origin. 
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Diurnal Cycles and Learning 

in Earthworms 

Recent studies of learning in " earth-
worms ( I )  are important, not only for 
the data accumulated relative to a sci-
ence of comparative psychology, but also 
because they appear to have relevance to 
a general theory of behavior. Because of 
these considerations, as well as the gen- 
eral lack of basic behavioral studies con- 
cerned with this species, an attempt was 
made (2 )  to follolv up an  incidental ob- 
servation of a previous study (3) which 
had indicated that the diurnal cycle of 
the earthworm plays a significant role 

in the rate a t  which this organism ac-
quires a particular turning tendency in 
a T-maze. 

.211 early study by Baldwin ( 4 ) ,  in 
which observations were made of L,u~n- 
bricus terrcstris placed in dirt between 
two par-dlel glass plates 3/s in. aplr t ,  re- 
vealed that, in terms of cralvlirig move- 
ments, feeding, and ejection of waste 
products, earthworms have definite ac-
tivity cycles, ~v i th  the active period oc-
curring between 6 P.M. and 12 P.M. T h e  
present report attempts to extend these 
observations through study of the effect 
on learning of the earthworm activity 
cvcle. 

T h e  apparatus used in this study was 
a T-maze constructed by fastening pieces 
of Lucite to a sheet of ply~rood. T h e  
stem and crosspiece of the maze bvere 
each 25.4 cm long. 2 ", cm wide. and 2 
cm high; a Lucite cover was hinged in 
such a manner that each third of the 
runway could be opened independently. 
T h e  left arm (negative goal) was 10.1 
cm long and contained a 1-cm piece of 
2/0 sandpaper 8 cm from the choice- 
point, followed ~rnmediately by two cop- 
per bell wires 0.25 in. apart, through 
which a shoclr of 1 v could be adminis- 
tered. T h e  right arm (positive goal) v+as 
15.3 cm long and ended in a beaker con- 
taining moist earth and moss, ~vhich \\,as 
wrapped in paprr  in  order to provide a 
ddrk interior. 

One  group of six earthworms ( L . t p i -

restris) was given five trials per da, be-
tneen 8 P.W. and midnight, with the 
negative and positile reinforcement, 
until a criterion of seven consecutive cor- 
rect trials \\as achieved. T h e  same pro- 
cedure was utilized ~ i t h  a second group 
of six earth~torms, except that the train- 
ing was carried out betiveen 8 A.M. and 
noon. A trial was considered correct if 
the worm entered the beaker without 
being shocked. Between trials on succes- " 
sive days, the worms were kept in a re- 
frigerator. I t  should be noted that the 
conditions of the experimental room 
yielded no differential day-night cues to 
the two groups of worms. 

Stimulation was applied by a camel's- 
hair paint brush if the Lrorm remained 
motionless in the maze for 30 seconds. 
If, after 5 seconds of stimulation wit11 
the brush, the worm continued to re; 
main motionless, a flashlight was turned 
on and held vertically slightly behind the 
anterior end of the worm. In  all cases the 
lvorm began to move when the light Lras 
applied. 

T h e  mean number of trials to reach 
the criterion in the evening group was 
32 (standard deviation, 4.01);  the mean 
number of trials in the morning group 
was 45 (standard deviation, 5.27). A 
t-test shows that the evenine grolln 
achieved the learning criterion in signif- 
icantly ( P< 0.01) fewer trials than did 
the group run in the morning hours. T h e  
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