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expla ins  w h y  in the  p resen t  s t u d y  m e t h y l x a n t h i n e s  and  
i n s t an t  t ea  s t imula ted  microsomal  enzyme  ac t iv i ty  
measured  in vi t ro ,  b u t  since the  level of aniline in the  
blood remained  unchanged  the  in vivo me tabo l i sm was 
no t  al tered.  I t  was also shown t h a t  caffeine 's  shor ten ing  of 
s leeping t ime 1. was  no t  due to  the  inf luence on drug  
me tabo l i sm b u t  r a the r  to  an i n t e r a c t i o n  at  t he  bra in  
level 1.. Fu r the rmore ,  consumpt ion  of a t  least  6 cups  of 
coffee or tea  per  day  by  h u m a n s  did no t  induce l iver 
microsomal  enzyme  ac t iv i ty  5. 

M e t h y l x a n t h i n e s  only  caused an induc t ion  in v i t ro  
when  given in concen t ra t ions  of 75 mg/kg  or higher,  as 
conf i rmed by  o the r  workers  4, 5. In  lower concent ra t ions ,  
m e t h y l x a n t h i n e s  did no t  change  in v i t ro  enzyme act iv i ty ,  
however  o the r  au thors  ~ have  claimed t h a t  caffeine given 
at  20 mg/kg  inhibi ts  microsomal  enzyme  act iv i ty .  B u t  
the i r  resul ts  were con t rad ic to ry ,  since one of the i r  sub-  
s t ra tes  used indica ted  an inhibi t ion,  the  o the r  an induct ion.  
On the  o ther  hand ,  t he  cy toch rome  P-450 level was  no t  
changed  b y  m e t h y l x a n t h i n e s  in the  p r e sen t  s t u d y  nor  in 
t he  in v i t ro  s tudies  of t h e  workers  men t ioned  above  5, s. 
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Fig. 2. Induction or inhibition of in vivo metabolism. Phenobarbital 
was injected i.p. daily for 3 days and SKF 525-A once. Animals 
were then injected i.p. with 50 mg/kg of aniline. Aniline disappearance 
from blood was measured using 6 male rats per group. Decline of 
aniline levels in serum was presented as regression lines on a semi- 
log scale. Significant difference between controls is indicated as 
p < 0.01~ or NS if not significant. , Control group. 
. . . . . . .  , a 1 SKF 525-A 100 mg/kg~; a 2 SKF 525-A 56 mg/kg~; 
a~ SKF 525-A 32 mg/kg NS. - . . . . . . .  , b 1 Phenobarbital 
27 mg/kg NS; b 2 Phenobarbital 48 mg/kg ~; b 3 Phenobarbital 75 rag/ 
kg a. 

Since c y t o c h r o m e  P-450 plays  an i m p o r t a n t  role in d rug  
metabolism15,16 and  its level is no rma l ly  increased by  
enzyme induct ion ,  i t  could be concluded t h a t  an induc t ion  
of in v ivo d rug  me tabo l i sm  can only  be expec ted  if the  
cy toch rome  P-450 level is e levated.  Especia l ly  since a 
d o s e -d ep en d en t  induc t ion  of microsomal  metabol i sm,  
caused b y  phenobarb i t a l ,  showed a ve ry  good correla t ion 
be tween  the  P-450 level and  the  in vivo aniline metabol i sm.  
Whereas ,  in v i t ro  aniline h y d r o x y l a t i o n  was  always more  
p ronounced  t h a n  the  in vivo metabol i sm.  

However ,  no such correla t ion be tween  in vivo and  in 
vi t ro  drug  me tabo l i sm  was  observed  w h e n  inhibi t ion 
occurred,  which  suggests  the  i n v o l v m e n t  of a d i f fe rent  
mechanism.  Anil ine h y d ro x y l a t i o n  was only  inh ib i ted  
when  S K F  525-A was admin i s t e red  to animals  in a h igh  
concen t ra t ion  (100 mg/kg) which  conf i rms o the r  workers '  
f indings 1~. B u t  a l ready  a t  a lower concen t ra t ion  of S K F  
525-A (46 mg/kg),  in vivo aniline me tabo l i sm was inhib i t -  
ed which  again agrees w i th  o the r  workers  is. P rov ided  t h a t  
t he  microsomal  enzyme  s y s t e m  is re la t ively  unspecific x9 
i t  can be concluded t h a t  compounds ,  which  induce in 
v i t ro  drug  me tabo l i sm m i g h t  no t  a lways have  an effect  
on microsomal  me tabo l i sm when  measured  in vivo. Hence  
a normal  coffee or tea consumpt ion  of 5 cups per  day  b y  a 
70 kg man,  resul t ing  in an  in take  of a b o u t  7 mg/kg  of 
caffeine and  t races  of theobromine ,  would  no t  have  
ha rmfu l  consequences  t h ro u g h  changes  in microsomal  
enzyme  actiVity. 

Zusammen/assung. Eine  I n d u k t i o n  der  Mikrosomal-  
enzyme der  Leber ,  gemessen in vi tro,  wurde  beobach te t ,  
wenn  hohe  Dosen yon  M e t h y l x a n t h i n e n  an R a t t e n  
ve rab re ich t  wurde.  W e n n  den Versuchs t ie ren  gleich hohe  
Dosen yon  den o b e n g e n a n n t e n  Subs tanzen  ve rab re ich t  
wurden,  die Akt iv i t / i t  der  a r zne imi t t e l abbauenden  En-  
zyme jedoch  in vivo gemessen wurde,  so war  kein Un te r -  
schied zur Kon t ro l lg ruppe  festzustel len.  
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C h a r a c t e r i z a t i o n  of  M y x o v i r u s  S i a l i d a s e  

In  myxovi ruses ,  t he  sialidase as well as haemagglu t in in  
is localized on the  outer -envelope  of t he  vir ion part icle.  
I t  has  been  r epo r t ed  t h a t  the  a n t i b o d y  agains t  virus 
sialidase was effect ive in p reven t ing  virus  infec t ionL 
Recen t l y  t he  virus  sialidase has  been considered to  p lay  
an i m p o r t a n t  role in t he  process  of virus mul t ip l ica t ion  2, a. 

The charac te r i za t ion  of t he  sialidase will be useful for a 
be t t e r  u n d e r s t an d i n g  of virus infection.  

In  t he  p re sen t  communica t ion ,  we compared  the  sub-  
s t r a t e  specif ic i ty  of t he  sialidase in several  species of 
myxovi ruses .  Previously ,  we discovered an inhib i tor  
aga ins t  bac ter ia l  sialidase called s ias ta t in  ~. The inh ib i to r  
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Table I. Relative rate of hydrolysis of various substrates by sialidases 
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Virus BSL 

Glycolipid Glycoprotein 

Ganglioside Hematoside Fetuin Mucin A B E Bovine 
glycoprotein 

PR-8 1,00 0.08 0.05 0.08 
NWS 1.00 0.06 0.01 0.07 
Swffle 1.00 0.02 0.0 1.00 
Jap-305 1.00 0.23 0.21 0.90 
Aichi 1.00 0.03 0.05 0.30 
Singapore 1.00 0.07 0.17 0.35 
Hong Kong 1.00 0.09 0.22 0.40 
Lee 1.00 0.0 0.0 0.10 
Sato 1.00 0.0 0.02 0.50 
Narashino 1.00 0.10 0.32 0.75 
Ishii 1.00 0.07 0.19 0.30 
B 1 1.00 0.0 0.08 0.25 
HVJ 1.00 0.06 0.13 0.55 
Cl. per/ringens 1.00 7.60 2.0 11.90 
Streptomyces 1.00 0.10 0.05 0.80 
(MB 503-C1) 

0.07 0.06 0.08 0.13 0.04 
0.06 0.07 0.08 0.11 0.04 
0.23 0.84 1.63 1.86 0.40 
0.06 1.25 2.70 3.20 0.47 
0.07 0.52 0.60 0.72 0.23 
0.09 0.24 0.60 0.81 0.15 
0.11 0.50 0.70 0.11 0.26 
0.07 0.06 0.06 0.14 0.0 
0.06 0.20 1.55 1.02 0.43 
0.08 0.26 5.33 1.20 1.00 
0.0 0.20 0.40 0.45 0.31 
0.0 0.17 0.80 1.00 0.15 
0.04 1.90 5.50 6.90 0.50 
1.92 4.50 8.10 10.30 3.82 
0.29 0.92 0.82 1.53 0.73 

behaves  compe t i t ive ly  to  bovine  sialyl lactose (BSL). The 
effect  of s ias ta t in  on virus  sialidase was also compared  
wi th  t h a t  on sialidases f rom o the r  sources. I t  was clearly 
d e m o n s t r a t e d  t h a t  the  virus  sialidase does no t  or iginate  
f rom the  hos t  cells. 

BSL,  ox bra in  ganglioside, horse  e ry th rocy t e  hema t o -  
side, calf se rum fetuin,  bovine  submaxi l l a ry  mucin,  bovine 
g lycopro te in  Cohn F rac t ion  VI  and  h u m a n  el-acid glyco- 
pro te ins  were employed  as the  subs t ra te .  Inf luenza  
viruses,  A/P1R/8/34 (HON1), A / N W S  (HON1), A/Swine /  
Wisconsin/15/30 (HswlN1) ,  A/Jap/305/57 (H2N2), A/ 
Aichi/2/68 (H3N2), A/S ingapore / i /57  (H2N2), A /Hong  
Kong/1/68 (H3N2), B/Lee/40, and  Sato, Narashino,  Ishii, 
131 of Newcast le  disease virus (NDV), and  the  hemag-  
g lu t ina t ing  virus of J a p a n  (HVJ),  and sialidase p repa red  
f rom C1. per/ringens and Streptomyces were employed.  The 
init ial  ve loci ty  of the  hydro lys i s  of the  var ious  subs t ra tes  
was compared  to  t h a t  of B SL. The resul ts  are summar i zed  
in Table  I. The procedures  were the  same as descr ibed in 
our previous  paper  5. Swine, Jap-305, Aichi, Singapore,  
Hong  Kong,  Sato,  Narashino,  131 and  H V J  hydro lyzed  
g lycoprote in  r a the r  effectively,  bu t  PR-8, N~VS and  Lee 
showed as slower ra te  of hydro lys is  agains t  g lycoprotein .  

The a m o u n t  of various subs t ra tes  in each reac t ion  mix-  
ture  was normal ized  to  t h a t  which con ta ined  0.14 ~moles 
of glycosidically bound  N-ace ty lneuramin ic  acid. This 
cor responded  to  80 txg of 13SL, 363 txg of h u m a n  ~l-acid 
glycoproteins ,  460 txg of ox bra in  ganglioside and horse  
e ry th rocy te  hematos ide ,  572 txg of bovine  glycoprotein,  
520 txg of mucin  and 1.21 mg of fetuin.  The subs t ra tes ,  
excep t  ganglioside and  hematos ide ,  were dissolved in 
0.02 M c i t r a t e -phospha t e  buffer,  p H  6.0. Ganglioside and 
hema tos ide  were dissolved to  2 mg /ml  in CHC13:MeOH 
(1 : 2) and  added  to  t es t ing  tubes .  Af ter  t he  evapora t ion  of 
organic so lvent  in vacuo 0.02 M c i t r a t e -phospha t e  buffer  
was added  and  a suspended  condi t ion  was made  by  
sonication.  The enzymes  were  p repa red  as descr ibed in 
the  previous  paper ,  and  0.2 uni t  of each enzyme was in- 
cluded in the  reac t ion  mix tu re  5-9. The to ta l  vo lume of the  
react ion mix tu re  was ad jus t ed  to 0.5 ml. Af ter  30 rain a t  
37~ released sialic acid was de t e rmined  b y  the  thio-  
barb i tur ic  acid m e t h o d  1~ One uni t  of sialidase ac t iv i ty  
was defined as the  a m o u n t  of enzyme which  released 
1.5 nmoles  of N-ace ty lneuramin ic  acid per  min  f rom BSL.  

A, t3, E :  3 k inds  of ~l-acid g lycoprote ins  p r ep a red  f rom 
h u m a n  normal  serum, ascites of cirrhosis and  asci tes of 
s t o mach  cancer  were  gifts f rom Dr. K. HOTTA of K i t a sa to  
Ins t i tu te ,  Tokyo 11 (Table I). 

Glycolipid was  no t  easily hydro lyzed  by  virus sialidase 
excep t  by  Jap-305 and  Narashino.  Ignor ing  the  t r iv ia l  
differences,  we can conclude t h a t  t he  virus  sialidase 
hydro lyzes  s ia loglycoprote in  r a the r  effectively,  b u t  the  
ra te  of hydro lys is  of sialoglycolipid is r a t h e r  slow. W h e n  
compared  wi th  t he  sialidase f rom bac te r ia  and  ac t inomy-  
ceres, which  we repor ted  previously,  the  virus sialidase is 
s imilar  to t h a t  f rom ac t inomyce tes  in regard  to t he  sub- 
s t ra te  specifici ty.  

S ias ta t in  was discovered f rom the  cul ture  f i l t ra te  of 
s t r ep tomyces  to be an inhibi tor  of sialidase f rom Cl. per- 
[ringens 4. I t  was  sepa ra ted  into s ias ta t in  A and  13, and  
the  b o t h  c o m p o n e n t s  were purified.  The s t ruc tu re  of 
s ias ta t in  B was  de t e rmined  as 2(S/R)-acetamido-3(S/R), 
4(R/S) -d ihydroxyp ipe r id ine -5 (R/S) -ca rboxy l i c  acid. Che- 
mical  s tudies  on s ias ta t in  A are now in progress.  
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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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