
330 Specialia EXP:~RtZNTIA 30]4 

In vivo Incorpora t ion  of D - G l u c o s e - U - C  ~a into  T e t r a s i a l o g a n g l i o s i d e  in Rat Bra in  

A ganglioside conta ining 4 residues of N-acetylneur-  
aminic acid, te trasialoganglioside GQ1 according to 
SVEZVNERHOLM *, was found to occur in the  brain o f  all 
tested ver tebra tes  t-a. The metabol i sm of ganglioside GQ1, 
specially its b iosynthet ic  pa thway,  is m o s t l y  unknown.  
The  present  inves t iga t ion  is concerned wi th  the  pa t t e rn  
of the  v ivo  labell ing of GQ1 in ra t  brain, after adminis t ra-  
t ion of D-glucose-U-C 14. 

Methods. Newborn  to 25-day-old Wis ta r  rats  were used, 
in groups of 8. Each  ra t  was injected i.p. w i th  1 gCi of 
D-glucose-U-C ~4 (The Radiochemica l  Centre, Amersham;  
2.9 m C i / m M ,  in sterile 0.9% NaC1) ; rats  f rom each group 
were then  decapi ta ted  at  var ious  in tervals  (from 1 to 12 h). 
The gangliosides were ext rac ted  f rom brain  cortex, 
f ract ionated and purified Oil silica gel H (Merck) tt l in 
layer plates, fol lowing the  procedure of TETTAMANTI et 
el. a. The  pure isolated gangliosides, identif ied by chroma-  
tographic  comparison wi th  s tandard  GM1, GDla ,  
G D l b ,  G T l b  and GQ1 (nomenclature  according to 
SVENIVERI~OLM 1). p roved  to be rid of free sugar nucleotides. 
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Fig. 1. Brain content of tetrasiaioganglioside GQ1 in the rat (-O-O-O) 
and incorporation of D-glueose-U-C 14 into the same GQ1 (-U [Z-[7-) 
as a function of age. The reported data are the mean value of 8 exper- 
iments. 
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Fig. 2. Distribution of the radioactivity incorporated into the in- 
dividual sugar components of rat brain tetrasialoganglioside GQ1 
(neurarninidase resistant and labile NANA; glucose; galaetose; 
galaetosamine) as a function of the time after injection in 8-day-old 
animals. The reported data are the mean values of 4 experiments. 

After  locat ion of the  corresponding spot, each ganglioside 
was Muted from the  scraped-off  gel wi th  20 ml of chloro- 
fo rm/methano l /wa te r  = 2/5/2, v /v /v ,  the  eluates evapo- 
ra ted  to dryness and the  residue used for analysis. The  
conten t  of sphingosine, glucose, galactose, N-acetyl-  
galactosamine and N-ace ty lneuramin ic  acid (NANA) was 
established by  the  chromatographic  p rocedure  of ZA- 
.N~TTA et e l .4  The  conten t  of N A N A  was also determined 
by  SVENnERHOLM'S method  ~. The isolation of the  indivi-  
dual  sugars contained in ganglioside GQ1, (neuraminidase 
labile NANA,  neuraminidase  stabile NANA,  glucose, 
galactose, and galactosamine),  was carried ou t  following 
the  procedure of SuzuI<I and KOR~u proper ly  adapted  
to our exper imenta l  conditions.  80 100 ~g (as lipid 
bound NANA) of GQ1 were used. The  final  separat ion 
and puri f icat ion of the  sugars obta ined was accomplished 
on silica gel H thin  layer plates (gel thickness:  150 [,m; 
solvent :  e thyl  ace ta te /ace t ic  ac id /water  = 6/3/2, v / v / v ;  
10 h run a t  18-20 ~ the  corresponding reference stan- 
dards (glucose, galactose, galact0samine,  NANA) being 
concurrent ly  chromatographied.  After  locat ion of the  
spots, each sugar was Muted f rom the  scraped-off  gel wi th  
20 ml  of: a) ethanol/0.1 N HC1 = 75/25, v /v ,  in the  case 
of galactosamine and N A N A ;  b) e thanol /wate r  = 75/25, 
v/v,  in the  case of glucose and galactose. Af te r  evapora-  
t ion to dryness, each sugar was q u a n t i t a t e d  gaschroma- 
tographical ly  as repor ted  above, and the  corresponding 
rad ioac t iv i ty  measured wi th  an au tomat ic  windowless 
gasflow Geiger Miiller counter  (Nuclear Chicago Corp., 
Model D 47) (efficiency of D-glucose-U-C~4: 51.6%). 

Results. The deve lopmenta l  profile (till 25 days) of the  
brain conten t  of ganglioside GQ 1, and of the  rad ioac t iv i ty  
incorporated (at 8 h af ter  injection) into the  same GQ1, 
is shown in Figure  1. The  con ten t  of GQ1 is, at  bir th,  
0.23 [xM/g dry  weight.  I t  remains unchanged til l  8 days, 
then  sha rp ly  increases to a m a x i m u m  of 0.38 b~M/g dry  
weight,  reached around the  15th day, slowly decreasing 
later. The uptake  of radioact iv i ty ,  9000 cpm/btM at  
birth,  undergoes a sharp increase af ter  the  4th day, 
reaches the  m a x i m u m  (25,000 c p m / F M  ) a t  the  8 th -10 th  
day, then  slowly diminishes.  Thus the  rising of radio- 
ac t iv i ty  up take  ant ic ipates  by  a few days the  accumula-  
t ion of GQ1 in brain. 

The  dis t r ibut ion of r ad ioac t iv i ty  in the  individual  
sugars of GQ1, as a funct ion of the  t ime  after  injection,  is 
graphical ly  shown in Figure  2. In  all the  sugars the  
incorporat ion of radioact iv i ty ,  low after  1 h, then  
increases t i l l  the  7 th -10 th  thereaf te r  main ta in ing  a 
pla teau or tending  to decrease, Surpr i s ing ly  (after the 
evidence of MAeClONI et el. 7 and of HOLM et el.S) the  
rad ioac t iv i ty  up take  in neuraminidase  resistant,  or stabile, 
N A N A  is main ta ined  at a higher  level (from 1- to 2-fold) 
than  t h a t  of the  o ther  sugars, par t icu lar ly  neuraminidase  
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labile NANA.  A simiIar behaviour ,  however,  was a l ready 
described:  for gangliosides GM1, G D l a  (GDlb? )  and 
G T l b  by  SuzuKI and KOREY 6. I t  m a y  be provis ional ly  
explained by  postula t ing the  existence of a different  pool 
of precursors for the  res is tant  and the  labile NANA.  

The to ta l  incorporat ion of r ad ioac t iv i ty  into ganglioside 
GQ1, in 8-day-old rats, 8 h after  inject ion,  is 25,000 cpm/  
~zM. Under  the  same conditions,  which were repor ted  to 
be op t imal  also for the  o ther  gangliosides, the  specific 
radioact ivi t ies  of gangliosides GM1, GDla ,  G D l b  and 
G T l b  were, respect ively:  13,500; 18,000; 8,600; 13,300 
cpm/~M.  This means  tha t  none of the  above-ment ioned  
gangliosides, which are chemical ly  simpler, can be suppos- 
ed to act  as precursor  of GQ1. In  consequence,  a specific 
and separate  enzyme sys tem is required for the  bio- 
synthesis  of GQ1. This  assumpt ion is ill agreement  wi th  
the  current  concept  7 on the  biosynthesis  of gangliosides, 
pos tula t ing a specific b iosynthet ic  sys tem for each 
ganglioside, comple te ly  apar t  f rom the  cellular s t ructures  
(the neuronal  membranes)  into which gangliosides 
accumulate .  According to this  concept  the  higher  specifc 
ac t iv i ty  of GQ1 observed (possibly the  simple expression 
of a higher  t u rnove r  of GQ1) m a y  be due to a higher  ra t io  
between the  amoun t  of GQ1 produced (in labelled form) 
by its b iosynthet ic  sys tem and the  amoun t  of GQ1 

present  in the neuronal  membranes .  In  o ther  words the  
'd i lu t ion '  of the  radioact ive  GQ1 in the  to ta l  pool of GQ1 
is lower than  in the  case of the  o ther  gangliosides. 

Riassunto. L' incorporaz ione  di glucosio-U-C ~4, intro-  
dot to  per  v ia  i.p., he1 te trasialoganglioside GQ1 del 
cervello di ra t to  ~ mass ima all '8 ~ giorno di v i t a e  dopo 
8-10 ore dall ' iniezione. La  radioat t ivi t& specifics del 
GQ1 6 no tevo lmente  superiore a quel ls  r i scont ra ta  nei 
gangliosidi  GM1, GDla ,  G D l b  e GTlb ,  il che esclude che 
quest i  siano precursori  del GQ1. L 'ac ido  sialico neura- 
minidasi  stabile 6 pifi r ad ioa t t ivo  di quello neuraminidas i  
labile: ci6 indica un diverso impegno metabol ico dei due 
t ipi  di acido sialico. 
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An Electrophoretic Study of the Negative Correlation of Certain Carboxylesterases to 
Insecticide Resistance in Musca  domes t i ca  L. 

Carboxylesterase  (E.C. 3.1.1.1.), a major  hydrolase has 
been shown to be nega t ive ly  correlated wi th  organo- 
phospha te  resistance in the  house-f ly< Several  a t t emp t s  
have  since been made  to character ize  i t  f rom other  
hydrolases and to demons t ra te  such differences electro- 
phore t ica l ly  2-4. Al though  the  pa t te rns  f rom these studies 
indicated var ia t ion  be tween  and wi th in  strains, no 
clearcut  differences were demons t ra ted  be tween  s tandard  
susceptible and low-esterase res is tant  strains. 
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Fig. 1. Comparative zymogram of carboxylesterases (El+e-E~0) 
aeetyleholinesterase (ACHE) and peptidases (Pl-Pa) in a susceptible 
and an organophosphate resistant strain of housefly, separated in 5 % 
gel. A) Carboxylesterases of susceptible strain, SRS. 13) Carboxyl- 
esterases of resistant strain, SKA. C) and D) Peptidases and acetyl- 
cholinesterase of the susceptible and resistant strain. O, sample slot 
and F) indicates the marker dye front (10 em). The arrow indicates 
the direction of protein migration. 

An interes t ing s train of housefly, SKA, has been selected 
for several  years wi th  diazinon pressure at  Ro thams t ed  
E x p e r i m e n t  Sta t ion  (Harpenden,  England)  and has 
developed resistance to a number  of organophosphates  
and high cross-resistance to a number  of chlor inated 
hydrocarbons  5. My init ial  studies of the  carboxylesterases  
of the  S K A  strain showed t h a t  the  ' low esterase '  ac t iv i ty  
in this s t rain is ent i re ly  due to carboxyles terase  and 
not  to o ther  hydrolases such as lipase or pept idase  5. Low 
carboxyles terase  ac t iv i ty  observed in the  resis tant  s train 
was due to a p ropor t iona te  decrease in head, thorax,  
abdomen  and gu t<  The  present  s tudy  was aimed a t  the  
fur ther  charac ter iza t ion  and quan t i t a t i on  of var ious  
carboxylesterases  of the  S K A  strain, separated electro- 
phoret ica l ly  on po lyacry lamide  gel. A W H O  susceptible 
strain, SRS,  obtained f rom Univers i ty  of Pavia ,  I ta ly ,  was 
used as a s tandard  reference strain. 

Materials and methods. One hundred  4-6-day-old 
decapi ta ted  houseflies were homogenized in cold (2-4 ~ 
in 4 ml  of 0.1 M phospha te  buffer  ad jus ted  to p H  7.0. 
The  homogena te  was centr i fuged a t  17,500 g for 20 rain. 
The  Table  shows the  results  of centr i fuging fly homoge-  
nares. The  superna tanf  was used di rec t ly  for electro- 
phoresis of carboxylesterases,  phosphatases  and peptidases.  
For  the  separat ion of acetylcholinesterase,  100 f ly-heads 
were homogenized in 4 ml  of 0.1 2I/I phospha te  buffer and 
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