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I n h i b i t o r y  effects of s ias ta t in  A and  B are shown in 
Table  II .  

Sialidases were p repa red  f rom ra t  m a m m a r y  gland, 
b ra in  and  liver, Clostridium per/ringens and  Streptomyces, 
and puri f ied virus was p repa red  as descr ibed in the  pre-  
vious paper~-L Soluble virus sialidase was isolated f rom 
pur i f ied  Aichi s t ra in  by  incuba t ion  at  37~ for 120 min  
wi th  p ronase  (1 mg/ml) .  Reac t ion  mix tu re  was cent r i fuged 
a t  28,000 r p m  for 120 rain and  the  s u p e r n a t a n t  was 
concen t r a t ed  by  Ficoll  a t  4~ and  puri f ied by  3 to 20% 
linear sucrose g rad ien t  cen t r i fuga t ion  for 5 h a t  60,000 rpm.  
The act ive  f rac t ion ob ta ined  b y  dialysis w i th  phospha t e  
buffer  saline (pH 7.2). Sialidase of CAM was purif ied by  

Table II. Inhibitory effects of siastatin A and B against various 
sialidase 

IDso ([xg/ml) 

Enz~rmes Substrates Siastatin A Siastatin B 

Aichi 

Aichi 
(Soluble) 
Jap-305 

Narashino 

Sato 

B1 

CAM 
Rat mammary gland 

brain 
liver 

C1. perJringens 

V. cholerae 

Streptor~yces 

BSL 
Fetuin 
BSL 
Fetuin 
BSL 
Fetuin 
BSL 
Fetuin 
BSL 
Fetmn 
BSL 
Fetuin 
BSL 
BSL 
BSL 
BSL 

' BSL 
Fetuin 
Ganglioside 
Fetuin 
Ganglioside 
BSL 
Fetuin 

>250 >250 
>250 >250 
>250 >250 
>250 >250 
>250 >250 
>250 >250 

> 2 5 0  >250 
>250 >250 
>250 >250 
>250 >250 
>250 >250 
>250 >250 

3.4 110 
>500 220 
>.500 800 
>500 340 

0.7 6 
2.7 21 
1.7 22 

>500 >500 
>500 >500 

720 20 
600 10 

the  m e t h o d  descr ibed b y  ADA 12. Vibrio cholerae sialidase 
was purchased  f rom General  Biochemicals ,  U . S . A ,  
Inh ib i t o ry  effects of s ias ta t in  A and B were de t e rmined  
according to  the  m e t h o d  descr ibed for Table I. 

Agains t  sialidase f rom chorioal lantoic  m e m b r a n e  (CAM) 
or Cl. perfringens, s ias ta t in  A shows a s t ronger  inhib i t ion  
t h a n  s ias ta t in  B. Whi le  t he  sialidases ob ta ined  f rom 
Streptomyces, m a m m a r y  gland,  bra in  and  l iver of ra t s  
were inh ib i ted  more  s t rongly  by  s ias ta t in  B t h a n  s ias ta t in  
A. However ,  s ias ta t in  A and  B did no t  inh ib i t  myxov i rus  
sialidase and  V. cholerae sialidase. Virus sialidase and  
CAM sialidase behave  qui te  d i f fe rent ly  t owards  these  
inhibi tors ;  virus s ia l idase  is comple te ly  free f rom the  
effect  of s ias ta t ins ,  w h e t h e r  sialidase is in the  form of 
v i r ion par t ic le  itself or in the  solubilized form. I t  is a l ready  
known  t h a t  viral  and  cellular sialidases are di f ferent  in 
ant igenic  specifici ty.  By  employ ing  a new inhibi tor  
agains t  sialidase, we can p re sen t  new evidence demons t r a -  
t ing  t h a t  viral  sialidase has  a comple te ly  di f ferent  origin 
from t h a t  of hos t  cells, and t h a t  it  is m a d e  de novo in the  
infected hos t  cells. 

Zusammenfassung. Die Sial idasen y o n  Myxovi ren  zeig- 
t en  eine Ahnliche Subst ra tspezi f i tAt  wie die S t rep tomyces -  
Sialidase. S ias ta t in  A und B, P r o d u k t e  yon S t rep tomyces -  
ar ten,  wurden  auf  ihre h e m m e n d e  Wi rkung  gegen Sialida- 
sen ve r sch iedens te r  H e r k u n f t  un t e r such t  und  als spezi- 
fische H e m m s t o f f e  gegen bakter ie l le  Sial idasen erkannt .  
S ias ta t in  A und  B h e m m e n  die Sialidase der  Chorioallan- 
t o i smembran ,  n ich t  aber  die Sial idasen yon Myxov i r en .  
Daraus  folgt, dass  virale Sial idasen in inf izier ten Wir ts -  
zellen de novo zu s ammen g es e t z t  werden.  
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T r e h a l o s e  o f  C u l e x  pipiens ]atigans 
The presence  o f  h igh levels of t rehalose  was r epor ted  in 

m a n y  insects  1,3. This  d isacchar ide  has been  recognized to  
be the  major  c a r b o h y d r a t e  in insect  b lood 3. Studies  
conduc ted  in Bombyx mori 4, Gelerio 5 and  Calliphora 6 
sugges ted  considerable  var ia t ion  in t rehalose  con ten t  in 
d i f ferent  deve lopmen ta l  s tages of the  insects.  The utili- 
za t ion of t rehalose  dur ing  f l ight  of d ip te ra  was  s tudied  in 
t he  b lowflyL However ,  in fo rmat ion  on the  t rehalose  
con ten t  and  me tabo l i sm in mosqui toes  is scanty ,  Recent ly ,  
a h igh ly  act ive t rehalase  was ident i f ied in Culex pipiens 
]atigans s. The p resen t  inves t iga t ion  deals wi th  the  t rehalose  
con t en t  in the  Culex mosqui to  and its role as a lipid 
precursor  and  a nu t r i en t  to the  insect.  

Materials and methods. Eggs,  larvae,  pupae  and  adul t s  
of Culex p ipiens /atigans were processed as descr ibed 
elsewhere 9. 

Extraction of ]ree sugars. The free sugars were ex t r ac t ed  
f rom the  insect  mate r ia l  b y  the  m e t h o d  of Joi~STON and  
DAVIES 1~ and q u a n t i t a t e d  by  the  an th rone  me t h o d  n.  
F o u r t h  ins ta r  larvae were fas ted for 24 h in dist i l led 

water .  1 group each f rom the  larvae and  pupae  (12 h old) 
was kep t  as controls .  The second group was sub jec ted  to 
mechanica l  s t i r r ing for 30 rain to  keep t h e m  cont inuous ly  
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moving .  F r e sh ly  emerged  adu l t s  (24 h old) were sub j ec t ed  
to c o n t i n u o u s  f l ight  for 30 ra in  b y  r o t a t i n g  a n d  t a p p i n g  
t he  cage mechan ica l ly .  A po r t i on  of t he  mosqu i toes  was 
col lected before  t he  a g i t a t i o n  as control .  The  con t ro l  and  
e x p e r i m e n t a l  g roups  were processed for sugars.  

Chromatography o/ /ree sugars. C a r b o h y d r a t e s  were 
s e p a r a t e d  on t h i n  l ayer  c h r o m a t o g r a p h y  (TLC) on  Alusil  
p la tes  1~ (Silica gel G - A l u m i n i u m  oxide, 1 : 1) i m p r e g n a t e d  
w i t h  0.1 N bor ic  acid,  w i t h  1 -p ropano l - e thy l ace t a t e -  
w a t e r - a m m o n i a  (25%), 60: 10: 30:10  and  on  Silica gel G 
p la tes  i m p r e g n a t e d  w i t h  0.02 M sod ium ace t a t e  a n d  devel-  
oped in 1 -p ropano l - e thy l ace t a t e -wa te r ,  7 : 1 : 1. 

Identification o/ trehalose. Treha lose  was iden t i f i ed  on 
TLC p la tes  w i t h  a m a r k e r  b y  sp ray ing  the  c h r o m a t o g r a m s  
wi th  anisic  a ldehyde  r e a g e n t  ~. The  sugar  was e lu ted  f rom 
tile spots  w i t h  80% e t h a n o l  a n d  f u r t h e r  cha rac t e r i zed  b y  
acid hydro lys i s  a n d  iden t i f i ca t ion  of p roduc t s .  Glucose 
a f te r  s epa ra t i on  b y  TLC a n d  e lu t ion  was e s t i m a t e d  b y  t he  
m e t h o d  of PARK and  JOHNSON la 

Metabol ic  s tudies  w i t h  ~-~'-U-l~C-trehalose. F r e sh ly  
emerged  adu l t s  were f a s t ed  for 24 h. A p p r o x i m a t e l y  250 
to 300 adu l t s  were k e p t  in a mosqu i to  cage (6"• 6"). A 
steri le c o t t o n  p a d  was mo i s t ened  w i t h  1 ml  of 1% U-x4C 
t r eha lose  (Rad iochemica l  Centre,  A m e r s h a m ,  specific 
a c t i v i t y  0.05 mCi/27.78 raM).  The  n losqui toes  were 
al lowed to feed on t h e  t r eha lose -co t ton  pad  for 1 h. The  
c o t t o n  pad  was t h e n  r e m o v e d  and  one ha l f  of the  mosqui -  
toes  were col lected i m m e d i a t e l y  af te r  r e m o v a l  of t h e  p a d  
a n d  t he  o the r  ha l f  3 h la ter .  B o t h  t he  groups  were processed 
for l ipids '4.  The  n e u t r a l  a n d  phospho l ip ids  were s epa ra t ed  
on  TLC and  q u a n t i t a t e d  b y  m e t h o d s  descr ibed elsewhere 9. 
The  r a d i o a c t i v i t y  in t h e  l ipid f rac t ions  were c o u n t e d  in 
Nuc lea r  E n t e r p r i s e  8312 Liqu id  Sc in t i l l a t ion  Coun te r  
us ing  P P O  (0.4%), P O P O P  (0.05%) in to luene.  

Table I. Total free sugars, trehalose and glucose levels of Culex 
pipiens/atigans 

Developmental stage Carbohydrates (rag/g) 

Total free sugar Trehalose Ghlcose 

Egg 2.70 0.63 Traces 
4th Instar 2.24 1.07 Traces 
Pupae 2.58 1.26 0.70 
Adults 4.30 1.01 1.00 

Table II. Percent change in carbohydrate levels of insects after 
agitation for 30 rain 

Developmental stage Trehalose Glucose 

4th Instar 27 (--) 60 (+) 
Adults 0 56 (--) 

(+),  Increase; ( -- ), Decrease. 

"fable III. Incorporation on ~,~'-U-14C-trehalose into major lipids of 
Culex pipiens /atigans 

Lipid Radioactivity (% of total lipids) 

Oh 3 h  

Triglyceride 47.1 
Phosphatidyl-ethanolainine 14.9 
Phosphatidyl-choline 10.9 

28.2 
27.6 
18.9 

Results and discussion. T h e  t o t a l  free sugars,  t r eha lose  
a n d  glucose levels of d i f fe ren t  d e v e l o p m e n t a l  s tages  of 
Culex h a v e  been  g iven  in Tab le  I. As seen f rom t h e  Table ,  
eggs c o n t a i n e d  lowes t  a m o u n t s  of t r eha lose  (0.63 rag/g) 
wh ich  increased  in o t h e r  s tages  to  a b o u t  1.1 mg/g  of the  
insects.  Thus ,  t r eha lose  compr ized  23 to  49% of t h e  t o t a l  
free sugars  of d i f fe ren t  s tages  of t h e  insect .  Glucose was 
p r e sen t  on ly  in t races  in eggs a n d  fas ted  l a rvae  wh ich  
progress ive ly  increased  in c o n t e n t  in t he  n e x t  two  deve lop-  
m e n t a l  s tages  r each ing  m a x i m u m  levels in  t he  adul ts .  
Adu l t s  also c o n t a i n e d  h ighes t  a m o u n t s  of t o t a l  free sugars.  

The  v a r i a t i o n  in t r eha lose  a n d  glucose of t he  insects  
sub jec ted  to c o n t i n u o u s  a g i t a t i o n  for 30 m i n  is p r e sen t ed  
in Tab le  II .  There  was s ign i f i can t  r e d u c t i o n  (27%) in 
t r eha lose  levels in 4 th  i n s t a r  l a rvae  on  a g i t a t i o n  sugges t ing  
u t i l i za t ion  of t he  c a r b o h y d r a t e .  The re  was a c o n c o m i t a n t  
rise (60%) in t h e  glucose c o n t e n t  of t he  la rvae .  The  
t r eha lose  a n d  glucose c o n t e n t  d id  n o t  change  in t he  p u p a e  
on  agi ta t ion .  I n  adu l t s  t he re  was no  change  in t i le t r eha lose  
b u t  t he re  was m a r k e d  r educ t i on  in the  glucose con ten t ,  
sugges t ing  glucose as t h e  m a i n  fuel for f l igh t  in  th i s  s tage  
of t he  insect .  I n  Aedes t h e  p re fe r red  s u b s t r a t e  for ene rgy  
d u r i n g  f l igh t  was  s imi la r ly  r e p o r t e d  to  be glucose 15. 
Indeed ,  t h e  c a r b o h y d r a t e  i nvo lved  in p r o v i d i n g  ene rgy  
u n d e r  s t ress  seems to d e p e n d  on  t h e  species and  develop-  
m e n t a l  s tage of t he  insec t  7,16-1s. 

The  i nco rpo ra t i on  of l abe l  f rom U-14C-trehalose in to  
m a j o r  l ipids of adu l t s  is s h o w n  in Tab le  I I I .  Tr iglycer ides ,  
wh ich  are t he  m a j o r  n e u t r a l  l ip ids  of t he  insec t  9, were 
h igh ly  label led  fol lowed b y  t i le  m a j o r  phospho l ip ids  
p h o s p h a t i d y l  e t h a n o l a m i n e  (PE) and  p h o s p h a t i d y l  
chol ine  (PC). A l t h o u g h  P E  and  PC c o n s t i t u t e  57 and  
20% of t he  t o t a l  phospho l ip ids  r e spec t ive ly  of adul ts ,  t he  
labe l l ing  in PC was a l m o s t  s imi la r  to  t h a t  of PE .  The re  
was cons iderab le  r educ t i on  (20%) in the  label  in t r ig lycer-  
ides in 3 h a f t e r  t e r m i n a t i o n  of t h e  feedings sugges t ing  
rap id  u t i l i za t ion  of t r ig lycer ides .  On t he  o the r  h a n d ,  t he  
label  in t h e  phospho l ip ids  increased  s ignif icant ly .  

VAN HANDEL 19 r epo r t ed  syn thes i s  of t r ig lycer ides  f rom 
sugars  in mosqui toes .  The  d a t a  of t he  p r e s e n t  i nves t i ga t i on  
sugges t  a p recursor  role for t r eha lose  in t he  b iosyn thes i s  of 
l ipids in Culex. The  resul t s  also sugges t  increased  syn thes i s  
of PC w h e n  c o m p a r e d  to P E  f rom t reha lose  a n d  rap id  
t u r n o v e r  of t r ig lycer ides  of t he  adu l t s  20. 

Summary. Treha lose  was found  to  occur  in t he  mosqu i to ,  
Culex pipiens/atigans, to  t he  e x t e n t  of 23 to 49% of t o t a l  
free sugars  in d i f fe ren t  d e v e l o p m e n t a l  s tages  of t h e  insect .  
I n d u c t i o n  of s t ress  to  t he  insects  led to  s ign i f ican t  r e d u c t i o n  
in t i le t r eha lose  of l a rvae  and  glucose of adul ts .  The  label  
f rom ~,~'-U-14C-trehalose r ead i ly  i nco rpo ra t ed  in to  l ipids 
of the  adu l t s  in wh ich  t r ig lycer ides  seemed to unde rgo  
rap id  t u rnove r .  

M. B. LAKSHMI a n d  D. SUBRAHMANYAM 

Department o/Biochemistry, 
Postgraduate Institute o/Medical Education and Research, 
Chandigarh (India), 31 December 1974. 

13 E. STAHL, Thin Layer Chromatography, 2nd edn. (Academic Press, 
New York 1969). 

la j .  T. PARK and M. J. JOHNSON, J. biol. Chem. 781, 149 (1949). 
14 j .  FOLCH, M. LEES and G. H. SOLANE-STANLEY, J. biol. Chem. 226, 

497 (1957). 
15 j .  Z. NAYER and E. VAN HANDEl, J. Insect Physiol. 17,471 (1971). 
is G. M. CHIPPENDALE, Insect Biochem. 3, 1 (1973). 
1~ A. N. CLEMENTS, J. exp. Biol. 32, 547 (1955). 
is B. G. JOHNSON jr. and W. A. ROWLEY, J. Insect Physiol. /8, 2391 

(1972). 
10 E. VAN HANDEL, J- Physiol., Lond. 781,478 (1965). 
2o Acknowledgement. This investigation was supported in part by a 

grant from the Council of Scientific and Industrial Research. 


