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RNase  act iv i ty .  The effect  of ul t rasonic  waves was 
s tudied  for two kinds  of sect ions p repa red  f rom the  16 
m m  roots  : 0-5 m m  (from the  apex,  sect ion I) and  5-10 m m  
(section II). 

As shown in the  Table,  the  RNase  ac t iv i ty  is obviously  
decreased for sect ion I by  the  ul t rasonic  t r ea tmen t ,  when  
the  result  is p resen ted  in t e rms  of fresh weight .  The wa te r  
con ten t  of u l t rasonica ted  roots  is a lmos t  comple te ly  
s table  s, whereas  the  P N  level is s ignif icant ly  decreased 3. 
As a consequence,  no RNase  ac t iv i ty  change is shown 
when  the  resul t  is expressed in t e rms  of P N  weight ,  
because the  var ia t ions  of the  enzymat i c  ac t iv i ty  cor- 
respond  to  some ex t en t  to  t he  P N  level decrease.  In  
regard to sect ion II ,  no signif icant  RNase  ac t iv i ty  change 
is observed,  no m a t t e r  w h a t  uni t  of reference is used. 
Therefore  we can conclude t h a t  the  u l t rasonic  waves do 
act  on sect ion I only  (in the  l imi ts  of the  i r rad ia t ion  
dura t ion  and the  in t ens i ty  level used). 

I t  was of ten found t h a t  the  ul t rasonicat ion,  in the  
presence  of oxygen,  decreases the  ac t iv i ty  of several  
enzymes  in solution, and  no e n h a n c e m e n t  of enzymat i c  
ac t iv i ty  has ever  been observed  s, 9 As regards  RNase,  the  
i r radia t ion  of solutions can lead to  the  d e t a c h m e n t  of low 
molecular  pep t ides  or of amino  acids, general ly w i tho u t  
loss of ac t iv i ty  9. However ,  inac t iva t ion  is observed in the  
presence of OH radicals,  which  can be p roduced  by  
cav i ta t ion  9, ~0. 

In  the  p resen t  s tudy,  the  mechan i sm of inac t iva t ion  
mus t  be ent i re ly  different ,  since cav i ta t ion  does no t  occur. 
Compared  to wa te r  solutions,  the  cy top lasm is character-  
ized by  a higher  viscosity.  ' As a result,  u l t rasonic  waves  
br ing  on s ignif icant  t he rma l  effects.  The p ropaga t ion  of 
sound waves  is essent ial ly  adiabat ic ,  so t h a t  the  resul t ing 

raising of t e m p e r a t u r e  m a y  cause enzyme dena tu ra t ion .  
Since the  u l t rasonica t ion  is a non-cav i t a t ing  one, changes  
of p H  do no t  occur. They  could be induced by  electroche- 
mical  effects due to cavi ta t ion ,  and  these changes  would 
also explain  dena tura t ion .  

Compared  to sect ion II,  sect ion I shows a higher  
cy toplasmic  density11 and  a lower wa te r  con ten t  a, which 
indicates  a h igher  viscosity.  The d i sc repancy  be tween  
sect ion I and  II  w i th  respec t  to  RNase  inac t iva t ion  can 
therefore  be expla ined by  the  h igher  cy top lasmic  viscosi ty  
of sect ion I. 

In  spi te  of RNase  inact iva t ion ,  the  PN level is decreased,  
as has been observed  several  hours  a f te r  u l t rasonica t ion  3, 3. 
Therefore,  t he  R N A  biosynthes is  m u s t  also be d is turbed.  
Fur the rmore ,  the  p ro te in  syn thes i s  can be d i rec t ly  in- 
h ib i ted  by  the  u l t rasonica l ly- induced r ibosomes dis inte-  
grat ion 12. 

Rdsumd. L' i r r ad ia t ion  u l t rasonique  de racines de Lens 
eulinaris provoque  une baisse de l ' ac t iv i t6  RNas ique  dans  
la zone apicale (0-5 mm).  L 'u l t r a son  6rant  non-cav i t an t ,  
ce t te  r6duct ion d 'ac t iv i t6  doi t  ~tre caus6e par  Fact ion  
d6na tu ran te  li6e aux effets  t he rmiques  de ta p e r t u r b a t i o n  
ul t rasonique.  La r e l a t i vemen t  hau te  viscosit6 cyto-  
p lasmique  de la zone apicale exp l iquera i t  pourquoi  celle- 
ci est  la seule X 8tre affect6e. 
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RNase activity (expressed as 102 • OD increase) for the 2 sections 
prepared from non-irradiated (NIR) and irradiated (IR) roots 

NIR IR Change (%)a 

Section I 
per 50 mg fresh weight 7.1 5.8 -- 18.3 

Section I 
per 50 [zg PN 1.28 1.30" + 1.6 

Section II 
per 50 mg fresh weight 10.4 10.1 -- 2.9 

Section II 
per 50 [xg PN 6.38 6.60 + 3.4 

a % = 100. (IR-NIR)/NIR. Each value is the mean of 4 analyses. 
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N o n - S p e c i f i c  Esterases  in Females  of Aedes aegypti (L.) 

Previous  work  on non-specif ic  esterases in nmsqui toes  
was carried out  Comparing the  isozyme pa t t e rn s  dur ing  
deve lopmen t  f rom egg to pupa  in Aedes aegypti, Culex pi- 
piens pipiens and Culex pipiens fatigans (BRIEGEL and  
FREYVOGEL 1). I t  was shown t h a t  dur ing  the  4 larval stages, 
where g rowth  processes take  place, the  p a t t e r n  of enzymes  
is s imilar  and shows mos t  bands .  Developing embryos  
differ f rom the  larval  s tages as well as pupae  and  tenera l  
adults .  The last  2 were s imilar  to  each o ther  wi th in  one 

species. Adul t s  showed no sexual  d i m o r p h i s m  wi th  regard 
to  these  enzymes.  

In  order  to  ex t end  knowledge on non-specif ic  esterases 
dur ing  the  l i fespan of mosqui toes ,  t he  p resen t  paper  deals 
wi th  changes  in th is  group of enzymes  which  occur dur ing  
the  adul t  life of female Aedes aegypti (L.). For  th is  purpose  

1 H. BRIEGEL and T. A. FREYVOGEL, Acta trop. 28, 291 (197Ib). 
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t he  p a t t e r n - c h a n g e s  were e x a m i n e d  a t  va r ious  ages a f te r  
emergence ;  d u r i n g  t he  gono t r oph i c  cycle, as i t  is i n i t i a t ed  
b y  a b lood  meal ,  e x p e r i m e n t s  were  done  a t  da i ly  in te rva l s .  
Since p r e l i m i n a r y  e x p e r i m e n t s  y ie lded  no  conv inc ing  s e -  
xua l  dif ferences  in  esterases,  t h i s  i nves t i ga t i on  was re- 
s t r i c t ed  to t h e  female  sex. 

Materials and methods. Two s t r a i n s  of A edes aegypti (L.) 
were used t h r o u g h o u t  t h i s  work  : A. aegypti-Congo was t he  
same  as in  p rev ious  work  (BRIEGEL a n d  FREYVOGEL~), 
whereas  A. aegypti-Segemaganga is a new s t r a i n  i so la ted  
in  T a n z a n i a  f r o m  b a m b o o  p o t  m a t e r i a l  (BRIEGEL and  
FREYVOGEL2). T h e  new isola te  r ep re sen t s  a r e l a t i ve ly  
y o u n g  a n d  u n a d a p t e d  s t ra in .  M a i n t e n a n c e  of t h e  colonies 
was accord ing  to  t he  genera l  m e t h o d s  for mass  b reed ing .  

All  females  used were  a l lowed to  feed on  10 % sugar  w a t e r  
ad  l i b i t um.  The  females  s am p l ed  up  to  10 days  a f t e r  emer-  
gence were n o t  a l lowed a b lood  meal ,  whereas  t h e  older  
ones, of 40-50 days,  h a d  passed  t h r o u g h  severa l  gonot ro-  
ph ic  cycles;  these  c o n t a i n e d  n e i t h e r  eggs no r  t races  of 
b lood  a t  t he  t i m e  of hom ogen i za t i on .  B y  t h e  f o u r t h  day  
a f t e r  b lood  mea l  in m o s t  cases ov ipos i t ion  h a d  occured a n d  
females  s t i l l  c a r ry ing  eggs were n o t  used. 

The  m e t h o d s  of s e p a r a t i n g  and  s t a in ing  t h e  non-speci f ic  
es terases  were t h e  same  as before  (gel-electrophoresis  on  
10% ac ry lamide ,  ~ -naph ty l - ace t a t e ,  MAURER 3, BRIEGEL 
and  FREYVOGEL1). 3 i m p r o v e m e n t s  were  m a d e :  T he  t u b e  
size of t he  gels was  r educed  to  2 m m  in t e rna l  d iamete r ,  
wh ich  e n a b l e d  us to  use less ma te r i a l .  F o r  desa l t i ng  Se- 
p h a d e x  G-25 m e d i u m  (Pha rmac ia )  was  added  to  t he  sam- 
ple,  wh ich  was p u t  on  t h e  spacer  gel a f te r  po lymer iza t ion .  
Th i s  p rocedure  is less t i m e - c o n s u m i n g  and  a b e t t e r  reso- 
l u t i o n  of t he  p ro t e in s  was  achieved.  Th i rd ly ,  t h e  mos-  
qu i toes  were homogen i zed  in 20 lxl of cold dis t i l led  w a t e r  
us ing  a se l f - tuned  u l t r a son ic  d i s i n t e g r a t o r  (M SE 100 W a t t )  
for 2-4  sec. 

N o m e n c l a t u r e  of t h e  b a n d s  is no t  t he  s ame  as before  
(BRIEGEL a n d  FREYVOOEL1). E x p e r i m e n t s  w i t h  mixed  
h o m o g e n a t e s  enab l ed  t h e  b a n d s  ca r ry ing  es terase  a c t i v i t y  
to  be  homolog ized  a m o n g  t h e  d i f fe ren t  s tages  inves t iga ted .  

Results. a) A edes aegypti-Congo. Figure  1 r ep resen t s  all  
t h e  i n f o r m a t i o n  o b t a i n e d  on  non-spec i f ic  es terases  in  t he  
female  of th i s  s t ra in .  T he  gel of a newly  em er ged  female  
(0 days)  is t a k e n  f rom F igu re  2 in  our  p r ev ious  p a p e r  
(BRIEGEL a n d  FREYVOG:EL1), b u t  t he  le t te rs  of t he  b a n d s  
h a v e  been  a d a p t e d  to t he  r ecen t  ident i f ica t ion .  

The  n u m b e r  of v is ible  b a n d s  increases  s l igh t ly  (from 7 
to 13 )wi th  progress ing  age of t h e  females.  P a r t l y  t h i s  
seems to  be  due  to  t h e  sp l i t t i ng  of some of t h e  e n z y m e  
bands ,  e.g. B a n d  D and,  pa r t ly ,  i t  is due  to  t he  a p p e a r a n c e  
of bands ,  n o t  v is ib le  in  t h e  ear l ies t  stage,  e.g. A, E, F. The  
m o s t  p r o m i n e n t  b a n d s  are D ( 9 - 1 7 %  of t o t a l  ac t iv i ty ) ,  
H (9-24%) ,  and  K + L  (22-55%).  Some b a n d s  h a v e  re- 
duced  ac t iv i t i e s  w i t h  age b u t  b a n d  H shows an  inc reas ing  
i n t e n s i t y  in  t h e  older  stages.  

The  t o t a l  es terase  a c t i v i t y  per  female  is 0.45 sho r t l y  
a f te r  emergence,  i t  is r educed  in t he  fol lowing days  to  
0.06 a n d  rises aga in  to 0.21 a f te r  7 weeks, 

b) Aedes aegypti-Segemaganga. The  resu l t s  o b t a i n e d  for  
th i s  s t r a i n  are shown  in F igure  2. These  z y m o g r a m s  bea r  
s imi lar i t ies  to  t he  p rev ious  s t ra in .  A l t h o u g h  no  s p l i t t i n g  
can  be  observed ,  t he re  is a s l igh t  increase  in t he  n u m b e r  of 
bands .  F u r t h e r ,  t h e  same  b a n d s  bea r  the  m a i n  ac t iv i t i e s  : D 
(10-24%) ,  K (9-25%) ,  L (12-34%) .  B a n d  H is less in t ense  
(5-15) % b u t  shows a weak  t e n d e n c y  to  increase.  B a n d  A is 
v is ib le  f rom the  t h i r d  d a y  onwards .  The  o b s e r v a t i o n  of t h e  
d imin i sh ing  ac t iv i t i es  of b a n d s  D, K, L aga in  is c o m p a r a b l e  
to  A. aegypti-Congo. The  sum of all es te rase  ex t i nc t i ons  cal- 
cu la t ed  pe r  female  is a t  i ts  h ighes t  a f te r  emergence  (0.14); 
a f t e rwards  i t  becomes  lower (0.07). 

B a n d  C is p r e sen t  t h r o u g h o u t  all  s tages  observed ,  whi le  
i t  is miss ing  in t he  Congo s t ra in .  B a n d  F is miss ing  here,  
b u t  p r e sen t  there .  I n  add i t ion ,  i t  is su rp r i s ing  t h a t  in  t he  
S e g e m a g a n g a  s t r a i n  no  es terase  a c t i v i t y  was recognized a t  
t he  or igin of t he  gels, un l ike  in t h e  Congo s t r a i n  where  some 
s t a in ing  was a lways  de tec ted  in th i s  pos i t ion .  These  seem 
to be  t he  m o s t  consp icuous  s t r a i n  differences.  

c) Changes  depend ing  on b lood  mea l  in  A. aegypti-Sege- 
m a g a n g a .  F igure  3 shows t he  group  of ge l -columns wh ich  
are based  on  the  f emale  h o m o g e n a t e s  m a d e  a t  da i ly  in te r -  
va ls  a f t e r  b lood  meal .  Fo r  compar i son ,  a d i a g r a m  of ester-  
ases in  whole  mouse  b lood  is given,  o b t a i n e d  a p p l y i n g  t h e  
s ame  me thods .  To beg in  wi th ,  t h e  m i g r a t i o n  of all  t h e  
b a n d s  is r e t a rded .  Th i s  is t h o u g h t  to  be  caused  b y  t he  pre-  
sence of b lood  ma te r i a l .  

2 l-I. BRIEGEL and T. A. FREYVOGEL, World Hlth. Org. Pap. Rep./ 
VBC 7L27d, 1-24 (1971a). 

.3 H. R. MAURER, Dist~-Elektrophorese (Walter de Gruyter & Co. 
Berlin 1968). 
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Fig. 1. Diagram of non-specific esterases in females of Aeries aegypti Fig. 2. Diagram of non-specific esterases at several intervals after 
strain Congo during adult lifespan. For further explanation see text. emergence in females of Aedes aegypti strain Segemaganga. 
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Shor t ly  af ter  the  ingest ion of the  blood, the  p a t t e r n  of 
es terase  enzymes  is changed:  bands  O ( 1 5 % ) a n d  H 
(12%) are now the  mos t  in tense  ones, whereas  K (3%) and 
L (2%) are r a the r  weak. At  the  origin some esterase 
ac t iv i ty  was observed.  The h ighly  increased ac t iv i ty  a t  the  
region of rm  0.50 is clearly caused b y  the  bands  which can 
be found in gels of blood at  the  same place. They  
represen t  so-called a lbumin  associated esterases (HUNTER 
and STRACI-IAN4). In  general, no t  much  difference is seen 
the  1st and 2nd day  af ter  blood meal.  By  th is  t ime  a l ready 
65% of the  ovaries observed have  reached s tage IVa.  The 
3rd day  af ter  blood intake,  the  enzyme  pa t t e rn s  change 
and begin to  regain the i r  earlier appearance ;  85~ of the  
ovaries are in s tage V, i.e. r eady  for oviposi t ion.  

On the  4th day  af ter  blood meal,  the  blood is usual ly 
digested,  its was te  p roduc t s  discarded,  and of ten the  eggs 
are laid. The s i tua t ion  is a lmos t  the  same as before the  
blood meal  : the  p a t t e r n  of esterase enzymes,  the i r  re la t ive  
mobil i t ies,  and  the  to ta l  a m o u n t  of esterase ac t iv i ty  cal- 
cula ted per  female are comparab le  (Figure 2 and 3). The 
la t te r  values reached  a 40-fold increase by  the  in take  of 
blood;  t hey  gradual ly  decreased to abou t  0.09 dur ing  the  
per iod of digestion.  

Al though  Sephadex  was used, a t  t imes  i t  was diff icult  to 
separa te  cer ta in  bands  when  blood was p resen t  in the  ho- 
mogenates .  Band  A which occurred in de tec tab le  amou n t s  
af ter  blood meal  was d e m o n s t r a t e d  to belong to the  group 
of cholinesterases,  by  the  me thod  of KARNOWSKY (cit. in 
MAURERa). 
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Fig. 3. Diagram of non-specific esterases at daily intervals after a 
blood meal in females of Aedes aegypt~ strain Segemaganga. For com- 
parison, a diagram of whole mouse blood esterases is given. 

Discussion. Based on the  results  repor ted ,  the  following 
conclusions can be made.  F i r s t  of all, the  p a t t e rn s  of 
esterase enzymes  are ve ry  s imilar  among  the  2 s t ra ins  of 
A. aegypti .which were inves t iga ted .  Excep t ions  are:  act i-  
v i ty  a t  the  origin, the  sp l i t t ing  of cer ta in  enzymes  wi th  
advanc ing  age and the  presence  or absence of band  C and 
F, respect ively.  Main act ivi t ies  are localized on bands  D, 
K, L. Qual i ta t ive  s t ra in  differences in esterases have  also 
been s t a t ed  by  FREYVOGEL and McCLELLAND ~ for Aedes 
villatus. 

Female  mosqui toes  were homogenized  at  d i f fe rent  t ime  
in tervals  af ter  emergence  up till  abou t  50 days,  when  t h e y  
had  comple ted  abou t  7-8 gonot rophic  cycles. This age 
m a y  be considered old (KERSHAW et al.6). The n u mb er  of 
esterase bands  increased wi th  age, the i r  re la t ive  ac t iv i ty  
seems to s t ay  or less co n s t an t  while  tile to ta l  esterase ac- 
t i v i t y  per  female is reduced.  Obviously,  these  events  m u s t  
be t aken  as signs of ageing since t h e y  are found to occur 
in b o t h  s t ra ins  checked for 50 days.  SIMON ~ did no t  ob- 
serve th is  behav ionr  of esterase enzymes  in Culex/atigans, 
bu t  his expe r imen t s  compr ised  younger  specimens.  

The mos t  d rama t i c  changes  of the  non-specif ic  esterases 
of whole female homogena te s  occur dur ing  the  gonot rophic  
cycle, s t a r t ing  wi th  the  blood meal.  B a n d  G + H  now show 
27% of to ta l  ac t iv i ty  whereas  bands  K + L ,  which were 
mos t  p r o m i n e n t  before, have  a weak appea rance  (5%). 
On the  4th day  when  ovipos i t ion  has occurred,  the  distr i-  
bu t ion  of esterase ac t iv i ty  as well as the  to ta l  ac t iv i ty  per  
female re turn  a lmos t  to t he  same level as before the  blood 
meal.  These observa t ions  are ve ry  s imilar  to those  found 
dur ing  inves t iga t ions  on the  p ro te in  con ten t  of Culex pi- 
piens (BRIEGELe). There  i t  was called a res idual  value and 
th is  t e r m  could also be appl ied to the  to ta l  esterase ac t iv i ty  
per  female found  af ter  oviposi t ion.  This residual  ac t iv i ty  
per  female dur ing  res t ing  t ime  (0.07-0.08) is increased 
abou t  40 t imes  af ter  a blood meal.  F u r t h e r  work  on the  
local izat ion of esterases in d i f ferent  organs a t  d i f fe rent  
t imes  of the  gonot rophic  cycle is in p repa ra t ion  9 

Zusammen/assung. Unspezi f i sche  Es t e ra sen  wurden  
wghrend  des Adul t l ebens  yon  Aedes aegypti (L.) quan t i t a -  
t iv  b e s t i m m t  und zwischen ~vVeibchen yon  2 St~immen 
verglichen.  Al te rung  ist begle i te t  yon  ether Zunahme  der  
B~tnderzahl und  einer  A b n a h m e  der  E s t e r a s e n a k t i v i t g t  
pro Weibchen ;  die re la t ive  Aktivit~tt der e inzelnen Es te r -  
asen- I sozyme ble ib t  aber  mehr  oder  weniger  kons tan t .  
Nach  e inem Blu tmahl ,  dem Beginn eines neuen gono- 
t r o p h en  Zyklus, wurden  auff~illige Ver~inderungen im 
B~tndermuster festgestel l t .  4 Tage sp~iter, nach  erfolgter  
Eiablage,  ist dieses Muster  wieder  ghnl ich wie vor  der  Blut-  
aufnahme.  
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