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DUNN, A. J. AND E. L. HOGAN. Brain gangliosides: increased incorporation of (1-3H}glueosamine during training. 
PHARMAC. BIOCHEM. BEHAV. 3(4) 605-612,  1975. - The incorporation of (1-3H)glucosamine into biochemical 
fractions of brain was studied in mice trained in a conditioned avoidance jump-up task, in mice yoked to the trained 
animals, and in undisturbed mice in their home cages. The (3H)glucosamine was injected subcutaneously 15 min before 
15 rain of training, and the mice killed after a total pulse time of one hour. There was a consistent and significant 
increase of about 21 percent of the incorporation of the 3H into the brain ganglioside fraction when trained mice were 
compared with quiet mice. This increase was not observed in any of the other chemical fractions studied, including the 
total chloroform-methanol-soluble compounds, the non-ganglioside lipids, and the chloroform-methanol-insoluble com- 
pounds (radioactivity principally in glycoprotein). Yoked mice showed an intermediate level of incorporation, exhib- 
iting only a 12 percent increase in the ganglioside fraction. When the individual ganglioside species were analyzed by 
thin-layer chromatography the changed incorporation was not specific for any ganglioside species. 

Gangliosides (3 H)Glucosamine Conditioned avoidance training Glycoproteins 

G A N G L I O S I D E S  are glycol ipids  con ta in ing  sialic acid and  
are s igni f icant ly  c o n c e n t r a t e d  in n e u r o n s  r a t h e r  t h a n  glia 
[ 2 , 12 ] .  Af te r  subcel lu lar  f r a c t i o n a t i o n  t hey  are f o u n d  in 
f rac t ions  r ich  in m e m b r a n e s ,  the  h ighes t  c o n c e n t r a t i o n  
be ing  in the  s y n a p t o s o m a l  and  mic rosoma l  f rac t ions  [11,  
20, 21,  2 2 ] .  There  is general  ag reemen t  t ha t  n e u r o n a l  
gangliosides are c o n c e n t r a t e d  at synapses  [ 6 ] .  Gangl io-  
sides are a p p a r e n t l y  i m p o r t a n t  in nerve  exc i t a t ion ,  re- 
s tor ing  exc i t ab i l i ty  in dep le ted  [1] and  neu ramin idase -  
t r ea ted  p repa ra t i ons  [23 ,24]  so t ha t  t hey  m a y  be  in- 
volved in synap t i c  c o n d u c t i o n .  Fo r  th is  r eason  ganglioside 
me tabo l i sm has r ecen t ly  been  s tud ied  in r e l a t ion  to  s t imu-  
la t ion  by  l ight  [ 3 ] ,  gross e n v i r o n m e n t a l  s t i m u l a t i on  [ 1 5 ] ,  
and  the  acqu i s i t ion  of  a behav iora l  task in rats  [ 9 ] .  In 
view of  these  cons ide ra t ions  we have s tud ied  the  incorpo-  
r a t ion  of  radioac t ive  g lucosamine  i n to  b ra in  gangliosides 
dur ing  c o n d i t i o n e d  avoidance  t ra in ing  of  mice.  Prel im- 
inary da ta  f rom these  s tudies  have previous ly  b e e n  re- 
po r t ed  [4 ] .  

g lucosamine  was purchased  f rom Amersham-Sear l e ,  Arling- 
t o n  Heights ,  Illinois. 

Mice were housed  in a c o m m u n i t y  cage un t i l  in jec t ion .  
Af te r  in j ec t ion  they  were indiv idual ly  caged. Twenty-f ive  
/ICi (3H)g lucosamine  in 25 /al was in jec ted  subcutane-  
ously  at the  back  of  the  neck .  In e x p e r i m e n t s  where  ani- 
mals were t ra ined ,  t r a in ing  c o m m e n c e d  15 min  a f te r  injec- 
t ion.  Af te r  15 rain o f  t r a in ing  the  mice were r e tu rned  to 
the i r  indiv idual  cages un t i l  sacrifice,  60 min  a f te r  injec. 
t ion .  

C o n d i t i o n e d  avoidance  t ra in ing  was p e r f o r m e d  in the  
j u m p b o x  appara tus  previously  descr ibed [ 2 5 ] .  In some 
expe r imen t s  an a u t o m a t e d  vers ion o f  this  b o x  was used in 
which  there  was a safe shelf  on  on ly  one  side o f  the  box .  
This  shelf  was cleared by  a p i s ton  so t ha t  mice  were n o t  
hand l ed  dur ing  t ra in ing  [5 ] .  Yoked  animals  received the  
same light,  b u z z e r  and  shocks  as the  t r a ined  an imals  b u t  
in an ad jacen t  c o m p a r t m e n t  of  the  appara tus .  Quie t  ani- 
mals were u n d i s t u r b e d  b e t w e e n  in j ec t ion  and  sacrifice. 

METHOD Biochemical Procedures 

Behavioral Procedures Mice were sacrif iced b y  decap i t a t i on  and  the  bra in  (less 
C 5 7 B 1 / 6 J  male mice 8 - 1 0  weeks old were o b t a i n e d  o l fac to ry  lobes)  excised and  i m m e d i a t e l y  homogen i zed .  

f rom Jackson  Labora to r i e s ,  Bar  Barbor ,  Maine.  D(1-3H)  Gangl iosides  were isola ted by  the  m e t h o d  of  Suzuki  [17 ] .  
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and NS 07457, U. S. National Science Foundation Grant GB 18551 and a grant from the Ciba-Geigy Corporation. 
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3present address: Department of Neurology, Medical College of South Carolina, Charleston, SC 29401. 
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The brain was homogenized in 8 ml of CHC13 :CH3OH 
(2:1, v/v) in an all-glass homogenizer with the pestle 
rotated at 300 rev/min. The homogenate was filtered 
through Whatman No. 1 filter paper into a 35 ml grad- 
uated conical tube with a ground glass stopper. The 
residue was rehomogenized in 4 ml of CHC13:CH3OH 
(1:2, v/v) containing 5% water, and filtered through the 
same filter paper into the same tube. The paper was then 
washed with 4 ml of chloroform to give a combined fil- 
trate containing CHC13:CH3OH approximately 2:1 (v/v). 
The volume of this Folch extract was measured and two 
0.2 ml aliquots taken for determination of radioactivity. 
Next, 0.2 volumes of 0.88% KCI were added and the mix- 
ture shaken and centrifuged at 1000 × g for 10 rain at 
room temperature. The upper phase was removed and the 
lower phase extracted in sequence with 2 ml of theo- 
retical upper phase containing KC1, and with 2 ml of the- 
oretical upper phase without KCI. The extracts were com- 
bined with the first upper phase, the total volume mea- 
sured, two 0.2 ml samples removed for determination of 
radioactivity, and the combined upper phase was dialyzed 
against 0.9% NaC1 for 24 hr (3 changes) and distilled 
water for 2 days. 

In some experiments the gangliosides were treated with 
enzymes to degrade contaminating nucleotide sugars [10]. 
To the dialysand were added one-ninth volume of 1M 
tris-citrate (pH 8.5), one thirty-second volume of 1M MgC12, 
and 5 /Jg each of alkaline phosphatase (Sigma, E. coli Type 
III) and phosphodiesterase (Sigma, Crotalus adamanteus 
Type II) per ml of dialysand. The mixture was incubated 
for 90 rain at 37 ° and then dialyzed overnight against two 
changes of distilled water. Provided that the gangliosides 
were dialyzed initially against saline, this procedure did not 
cause a substantial reduction in the radioactivity recovered, 
nor did it alter the results obtained. 

The dialysand was evaporated to dryness in a rotary 
evaporator in the presence of a small quantity of ammo- 
nium bicarbonate to prevent hydrolysis of sialic acid from 
the gangliosides. The gangliosides were redissolved in 1 ml 
of CHC13:CH3OH (2:1, v/v) and two aliquots each taken 
for determination of radioactivity and sialic acid content. 
The remainder was resolved into individual ganglioside 
species by thin-layer chromatography using silica gel G 
plates, (medium hard, thickness 250 microns: Analtech 
Inc.) eluted with CHC13:CH3OH:2.5 M NH4OH (60:38:8, 
v/v/v). A two-stage procedure was used, drying for 30 rain 
at 110 between runs. Gangliosides were detected under 
ultraviolet fight after spraying with ammoniacal Rhod- 
amine  ( 0 . 1 2 %  R h o d a m i n e  6G:CH3OH:concentrated 
NH4OH:Hz0, 1:50:35:14, v/v/v/v). No bands were de- 
tected with this spray that did not also stain with resorci- 
nol reagent [18]. Bands were identified by comparison 
with known standards, scraped off, and the gangliosides 
eluted. Half of this eluate was used for sialic acid deter- 
mination and half for determination of radioactivity. 

Ganglioside sialic acid was determined by the thio- 
barbituric acid assay of Warren [19] after hydrolysis with 
0.1M H2SO4 at 80 ° for 2 hr. Aliquots of total Folch 
extract, upper phase, and lower phase (minus interphase) 
were taken to dryness and counted with 0.5 ml of Solu- 
ene 100 (Packard Instrument Co.), and 10 ml of PPO in 
toluene (4 g/ l ) .  Gangliosides were taken to dryness, redis- 
solved in 1 ml water and counted after the addition of 10 
ml of Triton scintillator (Triton X-100:0.4% PPO in tolu- 
ene, 1:2 v/v). 

Radioactivity was determined in a Packard Model 3375 
scintillation counter, correcting for quench using the auto- 
matic external standard, comparing samples with Packard 
sealed standards. Computation was carried out on an IBM 
1130 computer. There was excellent agreement between 
the duplicate samples counted. 

The  res idue from the ganglioside extraction was 
scraped off the filter paper and dissolved in 5 ml of 0.3M 
NaOH. Samples of this dissolved residue were taken for 
determination of radioactivity and for protein assay by 
the Lowry method [13]. For some experiments the radio- 
activity in this solution precipitated by 5% trichloroacetic 
acid was determined by filtration on glass fiber filters 
(Whatman GF/C). The residue on the filter was solu- 
bilized with 0.5 ml of Soluene 100 for 8 hours at 60°C 
and counted with PPO scintillator. The trichloroacetic 
acid precipitation was also tested following incubation of 
the dissolved chloroform-methanol residue with 1M HCI 
at 80 ° for 2 hr. 

RESULTS 

The observed time course of the incorporation of  sub- 
c u t a n e o u s l y  injected (1-3H)glucosamine into various 
chemical fractions of mouse brain is shown in Fig. 1. Note 
that the greatest incorporation of  3H was into the chloro- 
form-methanol-insoluble fraction at all times studied. A 
part of this radioactivity was precipitated by 5% trichloro- 
acetic acid, the proportion increasing with incorporation 
time. The strong treatment (0.3M NaOH) needed to solu- 
bilize the residue prior to precipitation may have depressed 
these percentages. When the residue was subjected to mild 
treatment with hydrochloric acid prior to precipitation 
with trichloroacetic acid, very little radioactivity was pre- 
cipitated. This suggests that much of the radioactivity was 
in carbohydrate attached to protein as glycoprotein. 

The ganglioside fraction was the only one to show signif- 
icantly increased radioactivity after one hour, although 
there was a slight increase in the total radioactivity of the 
chloroform-methanol extract which includes the ganglio- 
sides. Incorporation of 3H into the non-ganglioside lipid 
fraction did not change appreciably after 1 hr. 

When the gangliosides were separated into subspecies by 
thin-layer chromatography the 3H from the (3H)glucosa- 
mine became incorporated into the different species at 
approximately the same rate (Fig. 2). Thus the percentage 
of radioactivity found in each ganglioside species was 
approximately the same at all times (Table 1). These data 
do not indicate specific precursor-product relationships 
among the various ganglioside species, and suggest that an 
earlier step in ganglioside synthesis was rate limiting. Never- 
theless, there was no apparent lag in the appearance of 3H 
in gangliosides. Clearly the direct precursors for ganglioside 
synthesis derived from glucosamine must be different from 
those used for glycoprotein biosynthesis. The precursors 
must also separate into the aqueous phase of the Folch 
extract or the chloroform-methanol-residue fraction since 
there is insufficient radioactivity in the lipid fraction to 
account for the subsequent increase in the gangliosides. 

A series of nine separate experiments was performed to 
determine whether or not conditioned avoidance training 

1- H)glucosamine into gan- affected the incorporation of ( 3 
gliosides and other chemical classes of mouse brain. In four 
of these experiments manual training was used as described 
by Zemp et al. [25] and in the remaining five experiments 
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FIG. 1. Time course of the incorporation of subcutaneously 
injected (1-3H) glucosamine into chemical fractions of the brains 
of quiet mice. Upper figure: e, ganglioside; o, chloroform-methanol 
residue; =, chloroform-methanol (Folch) extract; a, lipid 
(lower phase of extract). Lower figure: e, ganglioside specific 
radioactivity dpm/~tg sialic acid; o, chloroform-methanol residue 
specific radioactivity dpm/50 ~g protein; % percentage of residue 
precipitated by 5% trichloroacetic acid; =, percentage of residue 
precipitated by 5% trichloroacetic acid following hydrolysis with 
1M HC1 for 2 hr at 80°C. Bars indicated the range of values 
obtained for different mice. (The absence of bars indicates that 
the range is encompassed by the symbol.) Data were obtained 

from duplicate observations on two mice for each time point. 

an automated version of the apparatus was used [5].  All 
the trained mice learned the task in the 15 minute training 
session (approximately 3 0 - 3 5  trials). For the manual train- 
ing the mean number of shocks received by the trained (and 
yoked) mice was seven for a mean total of 21 sec of  shock. 
In the automated training a mean of 9 shocks was received 
per animal for a mean total of 45 sec of shock. The auto- 
mated task was more difficult by virtue of the smaller floor 
space in the apparatus and the presence of an escape shelf 
on only one side of the box (as opposed to four in the 
manual version). The biochemical results using either meth- 
od of training were indistinguishable and have been com- 
bined in the analysis of the data. 

The particular time parameters chosen for this experi- 
ment were designed to permit sufficient time before train- 
ing (15 rain) for uptake of precursor into the brain to occur 
equally in all groups of animals. It was presumed that any 
changes in ganglioside biosynthesis would be detected 

shortly after training had finished, and 30 min were allowed 
for such to appear. No other time parameters have yet been 
studied. 

Table 2 summarizes the data from one sample experi- 
ment while Table 3 shows a summary of the data from the 
nine experiments. The incorporation of 3H into the various 
fractions is expressed as a ratio comparing trained mice 
with quiet mice and trained mice with yoked mice. The 
incorporation of  radioactivity into the ganglioside fraction 
of trained mice was consistently higher than that of quiet 
mice. This was true in all experiments in which trained and 
quiet mice were run. It was statistically significant in three 
out of the nine experiments and was highly significant 
when the results of all the experiments were combined. The 
increased radioactivity in the ganglioside fraction was also 
observed when the specific radioactivity of  the gangliosides 
was computed, thus correcting for the slightly variable re- 
covery of this fraction. Significant changes were not seen in 
any other chemical fraction. The comparison of trained 
mice with yoked mice showed somewhat similar results. 
The only fraction to show a significant increase in the 
incorporation of  radioactivity was the ganglioside fraction, 
but this increase was much smaller and less significant than 
that observed in the trained/quiet comparison. The ganglio- 
side specific radioactivity change was not significant for 
trained versus yoked mice but data for this comparison 
were only available for three experiments. 

Analyses were performed to determine whether there 
was any relationship between the number of shocks re- 
ceived, the total seconds of shock or the acquisition rate 
and the radioactivity determined in gangliosides for each 
trained mouse. No relationships were observed. Thus the 
increased incorporation is apparently related to the training 
experience itself or to aspects not also experienced by 
yoked animals, 

The gangliosides extracted in these experiments were 
separated by thin-layer chromatography to determine 
whether the increased radioactivity with training was associ- 
ated with any particular ganglioside species. A summary of 
the analysis for the experiment of Table 2 is given in Table 
4. The most powerful comparison for the detection of such 
differences is that of the percentage distributions of radio- 
activity and sialic acid. While significant changes were 
detected in the radioactivity for the GDI A fraction on this 
particular experiment, this was not true of other experi- 
ments. An overall analysis of the results of all the experi- 
ments did not reveal consistent differences in any particular 
ganglioside species and the occasional significant results 
obtained were probably due to chance. 

DISCUSSION 

The time course of labelling of brain gangliosides with 
(1-3H)glucosamine is comparable to that previously ob- 
served with (UJ  4C)glucosamine [ 14] or (1-14C)glucos- 
amine [8].  In these latter cases also, no differential label- 
ling of the ganglioside species was observed. One must thus 
conclude that the processes of the interconversion of the 
ganglioside species are fast compared with earlier steps in 
the synthetic route from glucose or glucosamine. Radio- 
active glucosamine is incorporated into gangliosides both as 
the hexosamine of the oligosaccharide chain and as sialic 
acid. Maccionni e t  al. [14] have recently concluded from 
labelling studies with (6-3H)glucosamine, that no indepen- 
dent turnover of the sialic acid groups of rat brain gangli- 
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FIG. 2. Time course of the incorporation of (l>H)glucosamine into mouse brain gangliosides. Duplicate chromato- 
graphic separations were performed on two mice for each time point, v,  GM1; e, GD1A; A GD2; o, GDIB; m, GT1. The 

same experiment as in Fig. 1 and Table 1. 

TABLE 1 

PERCENTAGE DISTRIBUTION OF RADIOACTIVITY FROM (1-3H)GLUCOSAMINE IN 
GANGLIOSIDES 

Time ( h r )  

Ganglioside 1 2 4 6 12 24 Mean for All Times 

GM1 6.2 3.9 6.6 5.7 6.3 4.6 5.5 

GD1A 32.9 29.8 37.6 31.9 36.0 36.1 34.0 

GD2 14.4 12.6 13.4 10.7 13.9 14.8 13.3 

GD1B 12.7 12.0 10.7 9.4 12.1 11.0 11.3 

GT1 34.0 41.7 31.7 42.3 31.7 33.7 35.9 

The radioactivity of the gangliosides of the experiment of Figs. 1 and 2 expressed as a percentage 
of the total recovered from the thin-layer chromatography plate. Duplicate chromatographic separa- 
tions were performed on each of two mice for each time point. 
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TABLE 2 

INCORPORATION OF (I-3H)GLUCOSAMINE INTO CHEMICAL FRACTIONS OF MOUSE BRAIN 

Fraction 

Treatment C-M Soluble C-M Residue Lipid Gangliosides Gangliosides s.r. 

Trained 52.5 -+ 2.1 117 -+ 11 21.6 +- 1.1 1.95 -+ 0.18 77.8 -+ 3.0 

Yoked 57.1 -+ 1.4 122 -+ 6 22.5 _+ 1.3 1.83 -+ 0.18 67.3 _+ 4.8 

Quiet 57.4 _+ 3.3 109 -+ 3 20.4 _+ 1.9 1.67 _+ 0.17 65.3 -+ 5.8 

T/Q 0.91 1.07 1.06 1.16 1.19" 

T/Y 0.92 0.96 0.96 1.06 1.17 

Y/Q 1.00 1.12 1.10 1.10 1.03 

The 3H dpm (in 1000s -+ standard error of the mean) recovered in the various chemical fractions after a training 
experiment using the automatic jumpbox. The gangliosides on this experiment were purified using phosphodiesterase and 
phosphatase treatment [9]. The dpm are corrected to the total amount of brain tissue. C-M Soluble: chloroform- 
methanol soluble (i.e., Folch extract); C-M Residue: Chloroform-methanol residue; Lipid: lower phase of Folch extract; 
Ganglioside: dialyzed upper phase of Folch extract. Ganglioside specific radioactivity (s.r.) is expressed as dpm/pg sialic 
acid as determined by hydrolysis and the thiobarbituric acid assay [14]. 

Number of animals: trained (5), yoked (6), quiet (6) 
*p<0.05, Student's t-test 

TABLE 3 

INCORPORATION OF (I-3H)GLUCOSAMINE INTO CHEMICAL FRACTIONS OF MOUSE BRAIN: COMPARISON 
OF BEHAVIORS 

Comparison C-M Soluble C-M Residue Lipid Ganglioside Ganglioside s.r. 

Trained/Quiet 1.03 1.08 1.05 1.21 * 1.17" 

(0.91-1.18) (1.03-1.20) (0.94-1.30) (1.14-1.28) (1.12-1.21) 

Trained/Yoked 1.05 1.03 1.00 1.12I" 1.08 

(0.93-1.10) (0.96-1.13) (0.95-1.13) (1.06-1.21) (1.00-1.20) 

The mean of the radioactivity in each chemical fraction for each group of animals on each experiment was 
calculated. The numbers presented are the geometric means for all experiments, of the ratio of the means for each 
group in each separate experiment. The numbers in parentheses are the range of the ratio of the means obtained in the 
separate experiments. Eight separate experiments involving 41 trained and 41 quiet animals are included in the 
trained/quiet comparison. Five separate experiments involving 25 trained and 27 yoked animals are included in the 
trained/yoked comparison. The ganglioside specific radioactivity data was treated similarly but only 7 experiments were 
involved in the trained/quiet comparison and 3 in the trained/yoked comparison. Probabilities determined by a 
chi-squared analysis of the probability values obtained by t-comparisons on individual experiments. 

*p<0.001 
tp<0.05 
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TABLE 4 

RADIOACTIVITY AND SIALIC ACID CONTENT OF GANGLIOSIDE SPECIES 

Ganglioside Trained Yoked Quiet All 

Sialic Acid - Percentage Distribution 

GMI 6.2 ± 0.5 5.5 ± 0.3 6.0 ± 0.3 5.9 ± 0.2 

GDI A 35.8 ± 2.0 33.5 ± 1.9 30.4 ± 3.0 33,6 ± 1.3 

GD2 9.5 ± 0.8 8.9 ± 0.4 8.6 ± 0.6 9.0 ± 0.4 

GDI B 13.5 ± 1.0 16.4 ± 1.5 16.6 ± 1.7 15.4 ± 0.8 

GT1 35.0 ± 2.5 35.7 ± 3.0 38.5 ÷ 5.0 36.2 ± 1.8 

Radioactivity - Percentage Distribution 

GMI 9.5 ± 1.6 7.9 ± 1.1 6.7 ± 1.4 8.2 ± 0.8 

GD1A 33.7 ± 1.4" 34.6 ± 2.3* 27.0 ± 3.4 32.4 ± 1.5 

GD2 10.2 ± 1.0 9.0 ± 0.3 9.8 ± 1.6 9.6 ± 0.5 

GD1B 14.2 ± 1.0 18.3 + 1.5 16.3 ± 1.9 16.2 ± 0.9 

GT1 32.4 ± 2.6 30.1 ± 2.9 40.3 ± 5.8 33.5 ± 2,2 

Specific Radioactivity (dpm/#g sialic acid) 

GM1 102 ± 11 92 ± 7 93 ± 18 95 ± 7 

GD1A 75 ± 5 69 ± 5 70 ± 9 71 + 7 

GD2 88 ± 18 71 ± 9 84 ± 22 80 ± 8 

GDI B 79 ± 3 79 ± 12 71 ± 12 77 ÷ 5 

GT1 76 ± 7 t 57 ÷ 4 61 ± 10 64 ± 4 

The Gangliosides of the Experiment of Table 2 Separated by Thin-layer Chromatography. 
Radioactivity and Sialic Acid Expressed as a Percentage (± Standard Error of the Mean) of the 
Total Recovered from the Plate. 

*different from quiet p<0.05 ?different from yoked p<0.05 

osides occurs.  These authors  also expla ined the lack of  
p r e c u r s o r - p r o d u c t  relat ionships among the ganglioside 
species by suggesting that  each species is synthes ized in its 
ent i re ty  by a mul t i enzyme complex ,  and that  in te rmedia tes  
do not  become free and equil ibrate wi th  each o ther .  To 
explain the data one must  also presuppose  that  the activity 
of  each sys tem is in p ropor t ion  to the brain con ten t  o f  each 
ganglioside species. None of  these data indicates  the molec- 
ular form of the radioactive precursors  over the  ex t en d ed  
period of  synthesis .  F rom the data p resen ted  here and that  
of Holian et al. [8] the precursors  must  be dis t inct  f rom 

those used in g lycopro te in  b iosynthes is  since the specific 
radioactivi ty of  g lycoprote ins  reaches a max i mum much 
earlier, af ter  a per iod considerably shor ter  than  their  half- 
life. 

The prob lem of  the precursors  is a critical one for  the 
s tudy of  changes in rates of  synthesis .  Other  than  measuring 
the tota l  radioactivi ty of  the soluble f ract ion,  no a t t emp t  
was made to de te rmine  the specific radioactivi ty of  pre- 
cursors in the present  series of  exper iments  for  a number  of  
reasons: (1) Technically it is very difficult  to extract  gangli- 
osides and precursors  in the same exper iment .  (2) Since 
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glucosamine is incorpora ted  into  more than one part o f  the 
ganglioside molecule ,  and since the pathways  for each are 
several steps long, it is not  clear which precursor  should be 
measured.  (3) The precursors could only  be measured at the 
end of  the exper iment ,  which does not  adequate ly  take 
account  of  in termedia te  f luctuat ions.  (4) The  analysis may 
be negated because of  the different  cellular locat ions o f  the 
precursors,  especially since gangliosides are at least princi- 
pally synthesized in neurons.  

That  precursor  pool  changes were not  responsible for  the 
results obta ined is suggested since no change o f  radioactiv- 
ity was observed in the to ta l  soluble f ract ion nor  in the 
chloroform-methanol- res idue  (probably  principally glyco- 
protein)  or lipid fractions. These observations are, how- 
ever, not  conclusive. An aid to the resolut ion of  this 
problem would be the use o f  a more specific precursor. Qua- 
rles and Brady [16] have shown that  (3 H)N-acetylmannos-  
amine is a relatively specific precursor for the sialic acid of  
g lycoprote in  and gangliosides. However ,  our  observat ions 
indicate that  this precursor  does not  cross the blood-brain 
barrier, so that  intracranial  inject ions would  have to be 
used. Unfor tuna te ly ,  such inject ions are generally detri- 
mental  to the mice,  impairing their  acquisi t ion,  giving rela- 
t ively poor  reproduct ib i l i ty  o f  inject ions and uneven intra- 
cerebral dis tr ibut ion of  radioactivi ty.  

The changes observed in these exper iments  do suggest 
that  there are changes associated with condi t ioned  avoid- 
ance training in the synthesis of  gangliosides or  their  related 
metabol ism.  That  the yoked  mice also show a small effect  is 
not  unexpec ted ,  since these mice,  too,  are undergoing a 
novel  (and in a sense a training) experience.  These results 
are also consistent  wi th  those of  Maccioni  et  al. [15] who  
observed increases in the incorpora t ion  of  (6-3H)glucos - 
amine into  rat brain gangliosides in response to environ- 
mental  (light and sound) s t imulat ion.  Irwin and Samson 
[9] studied the incorpora t ion  of  (1-~4C)glucosamine into  
brain gangliosides o f  rats trained to swim in a water  maze. 

They observed bo th  specific and non-specific decreases in 
the incorporat ion.  The difference be tween  their  results and 
those presented here may be accounted  for  by the differ- 
ences in precursor,  route  of  inject ion (intracranial),  task 
and species. 

Our finding of  the lack of  a d ispropor t ionate  change in 
the labelling of  a single ganglioside species resembles the 
finding of  a l ight-induced increase in concent ra t ion  of  total  
gangliosides wi thou t  change in the relative p ropor t ion  of 
gangliosides in rod outer  segments of  calf ret ina [3] .  It is 
possible that  changes in the sialyl residues of  the gangti- 
osides mediat ing changes in membrane  permeabi l i ty  do 
occur,  but  at such rapid rates as to elude demons t ra t ion  by 
available analytical  methods .  

That  no correlat ion was observed in the trained animals 
be tween  the ganglioside specific radioact ivi ty and para- 
meters of  the training such as number  of  shocks or  acquisi- 
t ion rate is not  ent i rely surprising. Learning intensi ty need 
not  be a cont inuous  funct ion;  ceiling phenomena  may be 
present since the animals are overtrained in the task, and 
fur ther  we need not  expect  to observe correlat ions be tween  
the ex ten t  of  learning and the magni tude of  the b iochem- 
ical effects of  every link in the chain of  m e m o r y  consolida- 
tion. We do not  suggest that the gangliosides are part of  this 
chain, however  the results repor ted  here are consistent  with 
earlier reports  and with  the hypothesis  that  brain gangli- 
oside synthesis may be inf luenced by envi ronmenta l  stimu- 
lation. The increased funct ional  act ivi ty of  the gangliosides 
indicated by the increased incorpora t ion  does suggest a 
relat ionship to brain funct ion.  
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