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then ,  we h a v e  s h o w n  t h a t  t he  i m p r o v e m e n t  in  f i rs t  gen-  
e r a t i on  g r o w t h  is due  p r inc ipa l ly  to  i ron a n d  secondar i ly ,  
b u t  i m p o r t a n t l y ,  to  zinc. A m a n g a n e s e  def ic iency can  be  
de tec ted  in gene ra t i on  I, b u t  becomes  c lea r ly  a p p a r e n t  
in  genera t ions  I I  a n d  I I I .  Copper,  a t  all  dosages  t es ted ,  
ha s  p r o v e d  inh ib i to ry ,  as are  b o t h  i ron and  m a n g a n e s e  a t  
levels m u c h  above  t h e  o p t i m u m .  T he  cu l tu re  p r e sen t l y  in  
i ts  20 th  gene ra t ion  is be ing  rea red  on  a d ie t  wh ich  differs  
l i t t l e  f rom those  emp loyed  for  t he  p a s t  3 years  b u t  for  t h e  
a d d i t i o n  of the  foregoing t r ace  e l emen t s  a n d  g rea te r  care  
in  s to r ing  i t  b e tween  m a k e - u p  a n d  e x p e r i m e n t a l  use. The  
compos i t i on  of t h i s  d ie t  is g iven  in t he  Table .  

The re  are severa l  po in t s  of p a r t i c u l a r  i n t e r e s t  in  th i s  
result .  Second g e n e r a t i o n  weigh ts  a t  a d u l t h o o d  are  con-  
s ide rab ly  lower t h a n  in t he  f i rs t  gene ra t ion  - 300 #g  as  
opposed to a b o u t  500 #g  - b u t  t h e r e a f t e r  g r o w t h  appea r s  
qu i te  s table ,  each  gene ra t i on  of l a rvae  t a k i n g  a b o u t  10-12 
days  to  become a d u l t  a t  300-350 /~g ave rage  weight .  I f  
a n y t h i n g ,  the  m o s t  r e c e n t  genera t ions  ( V I I - X X )  h a v e  
been  r a t h e r  larger  a n d  more  fecund,  we t h i n k  as a resu l t  
of increas ing  the  level  of zinc in r ecen t  lots  of diet .  W i t h  
20 successive genera t ions ,  we p r o b a b l y  h a v e  ach ieved  a 
p e r m a n e n t  cu l ture  on  s y n t h e t i c  diet .  

Genera l ly  we h a v e  on ly  r ea red  f rom apterae, because,  
in  p rev ious  work, t h e  l a rvae  of alatae h a v e  t e n d e d  to  be  
feebler  t h a n  those  of apterae. However ,  r ecen t ly  we k e p t  
l a rvae  depos i t ed  b y  gene ra t i on  I X  alatae, a n d  these  grew 
as well  as l a rvae  depos i t ed  b y  apterae of t he  same  genera-  
t ion.  

A n  i m p o r t a n t  p o i n t  t h a t  emerges  f rom th i s  concerns  
l ipid r equ i r emen t s .  Our  d ie t  con ta ins  no  s terol  or a n y  
o t h e r  lipid, and  i t  seems clear,  therefore ,  t h a t  d i e t a r y  
l ipids are  no t  needed  b y  Myzus. T he  poss ib i l i ty  t h a t  l ipid 
reserves  carr ied over  f rom t he  or ig inal  p l a n t - r e a r e d  
m o t h e r s  m i g h t  s t i l l  be  i nvo lved  seems fa r - fe tched  w h e n  
i t  is real ized t h a t ,  w i t h  a we igh t  increase  of a p p r o x i m a t e l y  
twelve /o ld  per  genera t ion ,  the  d i lu t ion  fac to r  for or ig ina l  
reserve ma te r i a l s  m u s t  now, in t he  20 th  genera t ion ,  be  of 
t he  o rder  of 122~ If  a d i e t a r y  s te ro l  is no t  required ,  one 
has  to  suppose e i t he r  t h a t  Myzus is un ique  a m o n g s t  in- 

sects  so far  s tud ied  in  be ing  able  to  syn thes i ze  sterol ,  or 
t h a t  i t s  s y m b i o t e s  p rov ide  i t  w i t h  sterol .  W e  incl ine  to  
t he  l a t t e r  case. 

Since t he  d ie t  would appear ,  now, to  be  q u a l i t a t i v e l y  
comple te ,  w h y  t h e n  are  our  a p h i d s  smal le r  t h a n  a p h i d s  
r ea red  on  p l a n t s  (and,  inc iden ta l ly ,  v e r y  d i f fe ren t ly  pig- 
men ted )  ? Of t he  2 possibi l i t ies  t h a t  come to mind ,  chron ic  
s u b o p t i m a l  feeding or  n u t r i e n t  imba lance ,  we t h i n k  we 
can  dispose  of t he  former.  U p t a k e  f rom diet,  m e a s u r e d  
d i rec t ly  b y  dif ference weighing  of sachets ,  is p r o b a b l y  as 
good as f rom a p l a n t :  all i n s t a r s  consume  3 -4  t imes  t h e i r  
we igh t  of d ie t  pe r  day,  a va lue  w h i c h  compares  well  w i t h  
those  c i ted for o t h e r  leaf-feeding a p h i d s  in  t he  l i t e r a tu re  6, 
a n d  w i t h  our  own es t ima tes  of u p t a k e  b y  p l a n t - f e e d i n g  
M. persicae. F u r t h e r ,  exc re t ion  is v e r y  s imi la r  to  t h a t  of 
a p h i d s  on  p lan t s ,  f r equency  of h o n e y d e w  d rop le t  p roduc-  
t ion  be ing  more  or  less ident ica l .  This,  then ,  leaves  nu-  
t r i e n t  i m b a l a n c e ;  a n d  we t h i n k  t h a t  p r o b a b l y  t he  a rea  of 
i m b a l a n c e  is in  t h e  re la t ive  p r o p o r t i o n s  of a m i n o  acids, 
p e r h a p s  in a l imi t ing  level  of 1 or 2 only.  I f  one supposes  
t h a t  a d i e t a ry  i m b a l a n c e  were a t  f i rs t  m a s k e d  b y  reserves  
f rom the  mo the r ,  a n d  t h a t  g r o w t h  t h e r e a f t e r  were l imi ted  
to a c o n s t a n t  r a t e  once such  buf fe r ing  of t he  d i e t a ry  im-  
ba l ance  was r e m o v e d  b y  e x h a u s t i o n  of reserves ,  th i s  
would  accoun t  for  g r o w t h  t h a t  was  h ighe r  to  beg in  w i t h  
t h a n  in s u b s e q u e n t  gene ra t i onsL  

Zusammen/assung. Es ge lang  20 G e n e r a t i o n e n  de r  
P f i r s i chb la t t l aus ,  Myzus persicae, auf  sich fo lgender  s ter i-  
ler  k t ins t l i cher  Di/ i t  zu z i ichten.  
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Strain Influence on the I m m u n e  R e s p o n s e  of 
Mice to the Friend Virus 

I n  t h e  pa s t  few years  we h a v e  deve loped  a new m e t h o d  
called i m m u n o e l e c t r o a d s o r p t i o n  for t he  q u a n t i t a t i v e  
s t u d y  of immuno log ica l  r eac t ions  1. Th i s  m e t h o d  is ba sed  
on  the  select ive a d s o r p t i o n  of an t ibod ie s  on  a slide coa t ed  
w i th  t he  co r respond ing  an t igen .  I t  is found  t h a t  t he  th ick -  
ness of t he  layer  adso rbed  is g rea te r  w h e n  t he  a n t i s e r u m  
is homologous  r a t h e r  t h a n  he te ro logous  or  normal .  The  
th ickness  is m e a s u r e d  op t ica l ly  w i t h  an  e l l ipsometer  8 

B y  th i s  m e t h o d  i t  was possible  to  d e m o n s t r a t e  t he  ap-  
pea rance  of an t ibod ie s  aga ins t  t he  F r i e n d  v i rus  in  NCS 
mice as ear ly  as 2 days  a f t e r  in fec t ion  8. 

I t  was  of in t e res t  to  f ind  ou t  w h e t h e r  t he  s t r a in  of mice  
h a d  a n y  inf luence  in t he  p r o d u c t i o n  of an t ibod ies  aga ins t  
t he  F r i e n d  v i rus ;  especial ly  so, since i t  is k n o w n  t h a t  
ce r t a in  s t ra ins  such  as M N R / S P F ,  C57 and  H A / I C R  are  
pa r t i cu l a r l y  r e s i s t an t  to  the  virus.  I n  con t ras t ,  I C R  a n d  

NCS s t r a ins  are v e r y  suscep t ib le  to  t he  disease. The  re- 
sul ts  o b t a i n e d  are p re sen ted  in t h i s  paper .  

Experimental. The  tes t s  were  c o n d u c t e d  as p rev ious ly  
described1,*, t he  t i m e  for  the  a d s o r p t i o n  of b o t h  an t i gen  
a n d  a n t i b o d i e s  was 30 sec a n d  t he  i n t e n s i t y  of t he  c u r r e n t  
0.3 mA. 9 d i f fe ren t  s tocks of mice were used. The  mice  
were in jec ted  i.p. w i t h  0.2 ml  of a 10% sal ine suspens ion  
of in fec ted  spleen f rom NCS mice. The  an t i gen  used for 
all  t h e  e x p e r i m e n t s  was p r e p a r e d  f rom a pool  of in fec ted  
spleens of t he  fol lowing s tocks  : H A / I C R ,  ICR,  and  M a n o r  
F a r m  SPF.  F o r  t he  a n t i b o d y  assay,  b lood samples  were 
t a k e n  a t  regular  in t e rva l s  b y  o r b i t a l  bleeding.  Some of the  
mos t  s ign i f ican t  resul t s  o b t a i n e d  are s u m m a r i z e d  in t he  

1 C. )J[ATHOT, A. ROTHEN, and J. CASALS, Nature 202, 1181 (1964). 
2 A. ROTHEN, Rev. scient. Instrum. 28, 283 (1957). 
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Strain NCS NCS/D NCS NCS C57 C3H HA/ICR 
souris fauve 

Weight of 
spleen, g 4 3.5 3.5 4 0.2 0.5 0.5 

ICR MNR/ 
SPF 

3 0.5 

Days ~ ~ ~ ~ 
after ~ ~ ~ ~ ~ 

tion ~ ~ ~ ;~  b ~  ~k~ b ~  
?. V. 

< .~ ~< ~.~ 
�9 

0 57 - 58 
1 

2 60 - 63 
4 77 20 
8 88 30 

11 
14 93 35 59 
17 
21 97 61 
25 
28 

58 - 6 1  - 88 
61 

57 - 56 - 

- 6 1  - 6 3  

- 5 7  - 5 9  

10 53 - 76 10 81 20 80 - 

- 58 - 57 - 77 - 

81 3o 
120 60 83 80 106 50 104 55 

- 1 1 7  6 O  

155 90 84 30 116 60 122 60 
- 103 55 93 40 118 60 130 65 

90 40 165 80 75 20 123 65 110 55 
95 50 

Table and  in the  Figure.  The  th ickness  of the  layer  ad-  
sorbed following an t i se rum t r e a t m e n t  increases w i th  the  
concen t ra t ion  of an t ibodies  but t ends  to a m a x i m u m  as 
t he  concen t r a t ion  increases.  A more  accura te  m e t h o d  t o  

de te rmine  the  t i t e r  of ant ibodies ,  is to di lute  the  ant i -  
se rum unt i l  t he  th ickness  adsorbed  is the  same as t h a t  
ob ta ined  wi th  a se rum conta in ing  no ant ibodies .  The 
cor responding  di lut ion is called the  l imit ing di lut ion and  
is a measure  of the  concen t ra t ion  in ant ibodies .  For  the  
t e s t  all the  sera were f irs t  d i lu ted  1/10 in veronal  buffer  
p H  7.5, 0.03M. The figures shown in the  Table represen t  
e i ther  the  th ickness  ill /~ un i t s  of the  layer  adsorbed  a f te r  
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Antibody formation as a function of the time after injection as 
measured by the limiting dilutions of sera for 5 stocks of mice. 

the  an t i s e rum t r e a t m e n t  (column headed  th ickness  layer) 
or t he  l imit ing di lut ion of the  an t i se rum (column headed  
l imit ing dilution).  W h e n  no figure is given in the  co lumn 
' l imi t ing  di lut ion ' ,  i t  means  t h a t  no measurable  a m o u n t  
of ant ibodies  was p resen t  in the  se rum di luted 1/10 in 
veronal .  The l imit ing di lut ions aga ins t  the  n u m b e r  of 
days  af ter  in ject ion have  been p lo t t ed  for 5 d i f ferent  
s tocks in the  Figure.  

Results. The ra te  of p roduc t ion  of ant ibodies  following 
in jec t ion  was ap p ro x i ma t e l y  the  same in the  suscept ible  
(ICR) and in t he  res i s tan t  (C57) strains.  However ,  in the  
res i s t an t  s t ra ins  the  level of ant ibodies  reached a maxi -  
m u m  18-22 days  a f te r  in ject ion and  dropped  sha rp ly  
thereaf ter .  By  cont ras t ,  t he  a n t i b o d y  concen t ra t ion  in 
t he  suscept ible  s t rains  I C R  and NCS did no t  reach a 
m a x i m u m  and  kep t  increasing s l ight ly  wi th  t ime. I t  was 
surpr is ing to  f ind t h a t  t he  s tocks  NCS/D,  NCS souris, and  
NCS Fauve,  which are all suscept ible  to  the  Fr iend  virus, 
did no t  p roduce  a n y  de tec tab le  a m o u n t  of ant ibodies,  as 
i t  appears  f rom the  Table.  I t  was also observed tha t ,  be-  
fore inject ion,  the  sera of some of the  stocks (C57, 
HAJlCR,  ICR) gave an adsorbed  layer  roughly  20 /~ 
th icker  t h a n  t h a t  ob ta ined  wi th  the  o the r  stocks. How-  
ever,  1 day  a f te r  in ject ion the  th ickness  of the  adsorbed  
layer  f rom these  sera d ropped  to  t he  value found for all 
t h e  o ther  stocks,  t h a t  is w i th in  the  na r row l imit  53-60 ]k. 

To summarize ,  the  immunoe lec t roadso rp t ion  m e t h o d  
p e r m i t t e d  the  d e m o n s t r a t i o n  of the  p roduc t ion  of an t i -  
bodies  aga ins t  the  F r i end  virus in res i s tan t  as well as 
suscept ible  s t ra ins  of mice. However ,  in the  res i s t an t  
s t ra ins  the  p roduc t ion  of an t ibodies  reached a sha rp  
m a x i m u m  wi th in  3 weeks a f te r  injection,  a course which  
was no t  observed wi th  the  suscept ible  strains.  

Rdsumd. La m~thode  d ' Immuno61ec t roadsorp t ion  a 
permis  de d~celer la pr6sence d ' an t i co rps  contre  le virus 
de Fr iend ,  non  seu lement  darts les souches de souris r6- 
s is tantes ,  mais  aussi dans  les souches sensibles ~ ce virus.  
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