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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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Distribution ~ of oarboxylesterase activity u in the supernatant and particulate fractions, of housefly homogenates 

EXPI~RIEN'I'IA 3 0 / 4  

Enzyme Housefly 

Source Strain 

Hydrolysis of ethyl butyrate (~4mole/30 min) 

Whole homogenate Supernatant Particulate 

Head SKA 0.75 0.1 NAa 
Thorax S KA 4.23 1.5 NA 
Abdomen S KA 4.4 2.57 NA 
Decapitated fly SKA 8.7 4.05 4.65 
Decapitated fly SRS 34.4 16.7 17.7 

Activity was recorded as the volmne (F1) of 0.05 M NaOH required to neutralize butyric acid liberated by the action of carboxylesterase 
on ethylbutyrate. This was converted to Dmole of ethylbutyrate hydrolyzed a,6. b The incubation was carried out at 37 ~ ~ See 'Material 
and methods' seotion for details on the procedure of homogenization and centrifugation to obtain particulate and supernatant fractions. 
a Activity not assayed. 

cent r i fuged at  300 g for 20 min. S u p e r n a t a n t  was used 
di rec t ly  for etectrophoresis .  

Two types  of po lyacry lamide  gel formula t ions  were 
used. The f irs t  t ype  was 5% (w/v); the  second was a 
var iable  gel hav ing  an ini t ial  por t ion  of 1.5 em length  of 
3% (w/v) fol lowed by  a main  runn ing  gel of 71/~%, an 
a d a p t a t i o n  to slab e lect rophores is  of the  sys tem recom- 
mended  for disc e lec t rophores isL 100 F1 of enzymat i c  
ex t r ac t  (equivaIent  to 2.5 f lyheads  or headless  flies) 
were used in each gel slot. The appa ra tu s  and the  electro- 
phore t ic  techniques ,  such as e lec t rophore t ic  buffer,  
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Fig. 2. Densitometric tracings and zymograms of aliesterases of the 
susceptible, SRS strain, and the organophosphate resistant, SKA 
strain, separated in variable gel (3 and 7.5%) gel. Numbers 1-10 
designate carboxylesterases E 1-10 as in the text. E~0 is at the 
interface of 3 and 7.5% gel; all the other esterases are within the 
7.5% gel. The arrow indicates the direction of protein migration. 

electrical condi t ions  were essent ia l ly  those  used by  
P R I  Cig g , 

Carboxyles terase  were visual ized by  s ta in ing  for 20 rain 
wi th  0.25% (w/v) solut ion of 1 -naph thy lace t a t e  in 10% 
aqueous acetone.  A~terwards the  gel was incuba ted  wi th  
0.1% (w/v) diazo-dye,  Fas t  Blue R R  in 0.1 M p h o s p h a t e  
buffer  of p H  7.0. Upon  d e v e l o p m e n t  o f  deep b rown 
colored es terase  bands  in 40 rain, the  gel was washed  in 
2 changes  of dist i l led wa te r  and  s tored in 7% acetic acid. 

Es terases  were charac te r ized  f rom o ther  enzymes  by  
the i r  inh ib i t ion  by  the  o rganophospha te ,  t e t r ae thy l -  
p y r o p h o s p h a t e  (TEPP)  a t  i • 10-5 M.  AcetylchoI ines terase  
(E.C.3.1.1.7.) was d is t inguished  f rom carboxyles terase  
(E.C.3.1.1.1.) by  i ts  sens i t iv i ty  to 1 •  -s M eserine 
sulfate.  Aryles terase  (E.C.3.1.1.2.) are no t  inh ib i ted  by  
e i ther  of these  compounds  a t  th is  concen t ra t ion  9. 
Pep t idases  were located by  using 0.1% (w/v) DL-alanine- 
B - n a p h t h y l a m i d e  solut ion in place of 1 -naphthy lace ta te .  
P h o s p h a t a s e  were s ta ined wi th  0.4% s o d i u m - l - n a p h t h y l -  
p h o s p h a t e  and  the  diazo-dye,  Garne t  GBC salt,  a t  p H  9.1. 
Marker  dye, b r o m o t h y m o l  blue was  used to  de t e rmine  
solvent  front .  F resh  gels were scanned  by  a double beam 
recording  mic rodens i tome te r  MK I I I  as made  by  ]oyce,  
Lobel  & Co., Ltd., U.K. 

Results c~nd interpretalions. The resul ts  are based on 
repea ted ly  cons is ten t  (3 t imes) separa t ions  on the  mobi l i ty  
of each zone. 

A) The resul ts  ob ta ined  in 5 % gel slabs were as follows : 
Carboxyles terase  bands  were d is t inguishable  f rom o the r  
enzyme bands  due  to o ther  closely re la ted  hydrolases  
(Figure 1). A to ta l  n u m b e r  of 9 zones cor responding  to  
10 esterases  were de tec ted  in the  suscept ib le  s t ra in  
(Figure 1). Carboxyles terase  E 1 appeared  as the  denses t  
esterase band  near  t he  marke r  dye  front .  In  th is  gel 
sys tem E 2 canno t  be d is t inguished f rom El, t h o u g h  the  
two were d i sc r imina ted  in t he  var iable  gel sys t em as 
described later. In  comparison,  it  will be seen f rom Figure  
i t h a t  in the  res i s t an t  s t ra in  the  esterases  E 6 and 1727 were 
absent .  Visual compar i sons  of t he  zone dens i ty  indica ted  a 
reduct ion  in the  ac t iv i ty  of every band .  

B) The resul ts  of e lec t rophore t ic  separa t ion  using vari-  
able gel fo rmula t ion  are as follows: I m p r o v e d  resolut ion 
was ob ta ined  of all the  es terase  bands ,  bu t  in par t icu lar  
the  first  zone was clearly resolved into the  2 esterases El, 
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a n d  E 2, (Figure  2). T he  a p p e a r a n c e  of s h a r p e r  a n d  nar -  
rower  es terase  zones seems to be  due  to t he  more  eff ic ient  
s ieving b y  m u c h  smal le r  gel pores  in  71/2% gel c o m p a r e d  
w i t h  t h e  gel pores  of 5% gel. I n  a d d i t i o n  to sha rpe r  
resolut ion,  t he  ca rboxy le s t e r a se  El0 (which h a d  r e m a i n e d  
nea r  t h e  or ig in  in 5% gel fo rmula t ion )  m o v e d  freely 
t h r o u g h  t h e  courser  3% gel p o r t i o n  and  was  c o n c e n t r a t e d  
a t  t he  b o u n d a r y  of t he  71/2% gel por t ion .  I n  a d d i t i o n  to 
t h e  i m p r o v e d  resolut ion,  q u a n t i t a t i v e  di f ferences  were 
a p p a r e n t  on t he  gel be t w een  es terases  of t he  n o r m a l  a n d  
r e s i s t a n t  s t ra in .  S u p e r n a t a n t s  of suscept ib le  and  r e s i s t a n t  
s t ra ins ,  a n d  of t he  same c o n c e n t r a t i o n  were s epa ra t ed  on  
t he  same  gel. The  q u a n t i t a t i v e  differences  obse rved  
were found  r e p e t i t i v e  a n d  t h u s  in m y  op in ion  fa i r ly  
rel iable.  Of t he  10 ca rboxy le s t e r a se  zones in t h e  n o r m a l  
s t ra in ,  8 es terases  were found  in t h e  S K A  s t ra in .  The  
2 es terase  (]E 6 a n d  ET) wh ich  could n o t  be  resolved  visual ly ,  
p e r h a p s  occur  in  g rea t ly  r educed  q u a n t i t y  and  t h u s  d id  
n o t  resolve f rom t h e  closely occur ing  a n d  h i g h l y  ac t ive  
es terase  E s. Th i s  is f u r t h e r  sugges ted  b y  a r a t h e r  b r o a d e r  
es terase  zone E 8 in t h e  d e n s i t o m e t r i c  t r a c i n g  of t he  r e s i s t an t  
s t r a i n  (Figure  2). Of t he  obse rved  8 es terases  in  t he  resis- 
t a n t  s t r a in  all, w i t h  t h e  excep t ion  of E 2 (second f rom the  
anode)  showed  a r educed  level  of es terase  ac t iv i ty ,  as 
c an  be seen f rom t he  dens i t o lne t r i c  t rac ings .  This  is in  
a g r e e m e n t  w i t h  t h e  I ac t  t h a t  t h e  r e s i s t a n t  s t r a in  showed  
one q u a r t e r  hydro lys i s  of e t h y l b u t y r a t e  c o m p a r e d  w i t h  
t he  suscep t ib le  s t r a i n  5,6. The  ' low es te rase '  p h e n o m e n o n  
the re fo re  a p p e a r e d  in t h e  S K A  s t ra in ,  no t  due  to  t he  
absence  of a s ingle and  m o s t  ac t ive  anod ic  b a n d  as 
r epo r t ed  ear l ier  b u t  due  to  t h e  absence  of 2 es terases  a n d  
r e d u c t i o n  in t he  a c t i v i t y  level  of all  t h e  o the r  es te rases  
w i t h  t he  excep t ion  of one 2, ~, 10 

Es t e ra se  E 2 a p p e a r e d  to  be  u n u s u a l l y  more  ac t ive  in t he  
r e s i s t a n t  s t ra in .  Th i s  was  u n e x p l a i n a b l e  When t a k e n  in to  
a c c o u n t  t h a t  on ly  a b o u t  a q u a r t e r  of t he  es terase  a c t i v i t y  
is p r e sen t  in  t h e  S K A  s t r a i n  and  t h a t  al l  t h e  o t h e r  b a n d s  
show cons ide rab ly  r educed  ac t iv i ty .  Mob i l i t y  measu re -  
m e n t s  of p h o s p h a t e  h y d r o l y z i n g  b a n d s  in t he  2 s t r a i n s  
showed t h a t  t he  anod ic  p h o s p h a t a s e  b a n d  is t he  same  as 
a l ies terase  IE2; a n d  showed h ighe r  p h o s p h a t a s e  a c t i v i t y  
in t he  r e s i s t a n t  s t r a i n  t h a n  in t he  suscept ib le .  S imi la r ly  
t he  p h o s p h a t a s e  b a n d  nea r  t he  c a t h o d e  a p p e a r e d  to  be  

iden t ica l  w i t h  ca rboxy le s t e r a se  E~o. I t  was therefore  
conc luded  t h a t  t he  2 p h o s p h a t e  h y d r o l y z i n g  enzymes  are 
iden t i ca l  w i t h  es terases  E 2 a n d  E~0 respect ive ly .  This  is 
s u p p o r t e d  b y  t he  fol lowing a d d i t i o n a l  facts  : 1. I t  has  been  
r epo r t ed  t h a t  p h o s p h a t a s e  t y p e  enzymes  of the  housef ly  
show some es teras ic  a c t i v i t y  t owards  a l ipha t i c  es ters  and  
also t end  to  be  i n h i b i t e d  b y  o r g a n o p h o s p h a t e s  n .  
2. These  enzymes  were i n h i b i t e d  by  Mg++ ions and  s imi la r  
resul t s  h a v e  been  r epo r t ed  for  ca rboxy les t e rases  of SKA 
s t r a i n  ~2. 

F r o m  these  s tudies ,  therefore ,  i t  appea r s  t h a t  increased  
hydro lys i s  of n a p h t h y l  p h o s p h a t e  in  t h e  S K A  s t r a i n  is 
no t  due  to  a n  a d d i t i o n a l  p h o s p h a t a s e  enzyme,  b u t  is due  
to a n  increased  p r o d u c t i o n  of one of t he  es terases  a l r eady  
p r e sen t  in  t he  suscep t ib le  housef ly .  Clear ly more  work  is 
requ i red  to e luc ida te  t he  precise  i n v o l v e m e n t  of t h i s  
enzyme.  

Zusammen/assung. Die Ca rboxyes t e r a se - I sozyme  yon  
2 Musca domestica-Stgmmen w u r d e n  ana lys i e r t :  Die 
E s t e r a s e a k t i v i t g t  im o r g a n o p h o s p h a t - r e s i s t e n t e n  S t a m m  
ist  b e d e u t e n d  ger inger  als im suszep t ib len  Stature .  
H i n g e g e n  is t  eines der  10 I sozyme  m i t  P h o s p h a t a s e -  
akt ivi t~i t  im r e s i s t en t en  S t a m m  a k t i v e r  oder  in  h6he re r  
K o n z e n t r a t i o n  v o r h a n d e n  als im suszep t ib len  S t a m m ,  was 
die A n n a h m e  einer  d i r e k t e n  Res i s t enz -Bez i ehung  nahe leg t .  
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Human Placental Alkaline Phosphatase ,  an Inhibitor of Hemagglut inat ion 
by PR8-Influenza A Virus 

H u m a n  p l a c e n t a l  a lka l ine  p h o s p h a t a s e  (EC. 3.1.3.1) is 
a s ia log lycoenzyme ~-3 c o n t a i n i n g  t e r m i n a l  siMic acid roof- 
ties. The  e n z y m e  p r e p a r a t i o n ,  especia l ly  i t s  h e a v y  
molecu la r  we igh t  v a r i a n t s  h a v e  been  r e p o r t e d  4,~ to 
i n h i b i t  h e m a g g l u t i n a t i o n  b y  Too lan ' s  H 1 v i rus  i so la ted  
f rom a h u m a n  neop la sm (HEpl ) .  T he  p r e s e n t  work  was 
u n d e r t a k e n  to  d e t e r m i n e  if pur i f i ed  p l a c e n t a l  a lka l ine  
p h o s p h a t a s e  p r e p a r a t i o n s  c o n t a i n i n g  h e a v y  mo lecu l a r  
we igh t  B v a r i a n t s  ~ can  i n h i b i t  h e m a g g l u t i n a t i o n  b y  t he  
wel l -charac te r ized  P R 8 - i n f l u e n z a  A v i rus  and  also to  
a sce r t a in  t h e  effects of a l t e r ing  a lka l ine  p h o s p h a t a s e  b y  
t r e a t m e n t  w i t h  p ro t eo ly t i c  enzymes ,  n e u r a m i n i d a s e ,  
ox id iz ing  agents ,  for  exam p l e  s o d i u m  m e t a p e r i o d a t e  a n d  
p rec ip i t a t i on  of t he  e n z y m e  w i t h  specific a n t i s e r u m  on i ts  
h e m a g g l u t i n a t i o n  i n h i b i t i o n  (HA-I)  t i t e r .  

Materials and methods. P R S - i n f l u e n z a  A v i rus  was a 
s t a n d a r d  p r e p a r a t i o n  suppl ied  b y  t he  Vira l  a n d  R i c k e t t s i a l  
R e g i s t r y  a n d  D i s t r i b u t i o n  Cente r  of t he  A m e r i c a n  T y p e  
Cul tu re  Collection,  Rockvi l le ,  Md. 1 h e m a g g l u t i n a t i n g  
un i t  is t h a t  a m o u n t  of v i ru s  w h i c h  causes  a g g l u t i n a t i o n  

of 0.2 m l  of 0.4% (v/v) adu l t  ch i cken  e r y t h r o c y t e s  
(Microbiological  Associates,  Be thesda ,  Md.). Hemagg lu -  
t i n a t i o n  (HA) and  h e m a g g l u t i n a t i o n  i n h i b i t i o n  (HA-I)  
t i t r a t i o n s  were  ca r r ied  ou t  as r e p o r t e d  in p rev ious  
c o m m u n i c a t i o n s  ~,5. The  m e t h o d  for p u r i f y i n g  a lka l ine  
p h o s p h a t a s e  was  s imi la r  to  t h a t  of GHost~ a n d  FISHMAN 6. 
Alka l ine  p h o s p h a t a s e  a c t i v i t y  of e n z y m e  p r e p a r a t i o n s  was 
a s sayed  as descr ibed  in a n  ear l ier  p u b l i c a t i o n  6. Specific 
a c t i v i t y  of a lka l ine  p h o s p h a t a s e  is expressed  in vmoles  of 
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