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l iquor,  was t h o r o u g h l y  m i x e d  wi th  je l ly -coa t  solut ion.  
Af t e r  abou t  one m i n u t e  the  suspension was cen t r i fuged  
and  the  s u p e r n a t a n t  t e s ted  for i ts  s p e r m - a g g l u t i n a t i n g  
abi l i ty .  In  case th is  was st i l l  present ,  add i t iona l  spe rm 
was added  and  the  ope ra t ion  r epea t ed  unt i l  the  je l ly-  
coa t  so lu t ion  was inac t ive  aga ins t  spe rma tozoa .  

I t  is sugges ted  t h a t  those  groups  in t he  j e l ly -coa t  
which  agg lu t i na t e  s p e r m a t o z o a  are the  ones responsible  
for the  reac t ion  wi th  " an t i f e r t i l i z i n " .  We  are  t r y i n g  to  
iden t i fy  these  groups .  I t  is known t h a t  U.V.  i r r ad ia t ion  
abol ishes  the  s p e r m - a g g l u t i n a t i n g  ab i l i t y  of  j e l ly -coa t  
so lu t ions  I. We h a v e  found t h a t  U.V.  i r r ad ia t ion  abol ishes  
the  p rec ip i t a t i on  reac t ion  be tween  j e l ly -coa t  solut ion 
and  " an t i f e r t i l i z i n " ,  and this  m a y  be a fu r the r  ind ica t ion  
of s imi lar  or iden t ica l  groups  i n v o l v e d  in b o t h  react ions .  

E v i d e n c e  has  been g iven  for t he  presence  in t he  cor t ica l  
layer  of the  sea-urchin  egg of a g lycopro te in  s imilar  to or  
iden t ica l  w i th  the  je l ly -coa t  subs t ance  s . I t  has also been 
sugges ted  t h a t  this  g lycopro te in  m a y  ac t  as an inh ib i to r  
whose r e m o v a l  m a y  be the  first  s tep in t he  a c t i v a t i o n  of 
the  egg 3. F u r t h e r m o r e  the  cor t ica l  l ayer  of t he  Arbac ia  
egg has  been  shown to  con ta in  also r ibonucle ic  acid *. 

The  resul ts  p re sen ted  in th is  pape r  g ive  ev idence  of 
the  f o r m a t i o n  of complexes  be tween  je l ly -coa t  subs tance  
and  cy top l a smic  nucleoprote ins .  A s imiIar  c o m p l e x  m a y  
well  be p resen t  in the  cor t ica l  l ayer  of t he  unfer t i l i zed  
sea-urchin  egg, the  fer t i l iz ing s p e r m a t o z o o n  be ing  ins t ru-  
m e n t a l  in b reak ing  it  down and  t h e r e b y  l ibe ra t ing  the  
nuc leopro te in .  

Thanks  are due  to Dr. L. KLEINnOLZ for the  l ingu i s t i c  revis ion  
of the manusc r ip t .  

P .  D O H R N  a n d  A .  MONROY 5 

D e p a r t m e n t  of Phys io logy,  Zoological  S ta t ion ,  Naples ,  
F e b r u a r y  8, 1952. 

Z u s a m m e n [ a s s u n g  

Bei der  R e a k t i o n  zwischen e iner  L6sung  yon  Gal le r t -  
h f i l lensubs tanz  und  E x t r a k t  von  Seeigeleiern in  vi tro 
werden  u.a. Nuk leopro te inc  ausgef~ll t .  Die R e a k t i o n  wird 
durch  B e h a n d l u n g  der  Ga l le r th i i l l ensubs tanz  mi t  Sper-  
m a t o z o e n  oder  du rch  U l t r a v i o l e t t b e s t r a h l u n g  aufge-  
hoben.  
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2 L. MONNa. and  D. B. SLAVTTERBAeK, Exper .  Cell Res. 1, 477 
(19~0). 
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Action of Capsular Polysaccharide and a Poly- 
galacturonate on the Development and the 

Virulence of Pneumococcus Type III 

I t  is well  known t h a t  the  v i ru lence  of pneumococcus  
is espec ia l ly  due  to t he  presence  of a capsu la r  poly-  
sacchar ide ,  specific for e v e r y  t y p e  (S.S.S.).  In  the  case 
of pneumococcus  I I I ,  the  pa r t i cu l a r  v i ru lence  is, accord-  
ing to  WOOD and SMITH 1, re la ted  to  the  presence  of an 
especial  " s l ime  l a y e r "  of t he  capsu la  which  in ter fers  
n o t a b l y  wi th  surface  phagocytos i s .  The  s l ime layer  can  
be m a d e  visible by  means  of fresh s ta in ing  wi th  me th -  
y lene  blue which s ta ins  i t  me t ach roma t i ca l Iy .  This  m e t a -  

1 XV. B. WooD jr. and  M. R. SMITH, J. Exp .  Med. 90, 85 (1949). 

ch romas i a  is caused,  accord ing  to REEVES and G O E B E L  I, 
by  a high molecu la r  p o l y m e r  of 4 fl g lucuronosidoglucose .  

We  h a v e  known  for some t i m e  t h a t  some s t ra ins  of 
v i ru l en t  pneumococcus ,  if  c u l t i v a t e d  on o r d i n a r y  media ,  
lose b o t h  the  capsu la  and  the  vi rulence,  pass ing f rom the  
fo rm " S "  to t he  fo rm " R " .  A m o n g  the  severa l  ways  of 
res tor ing  the  lost  v i ru lence ,  we m a y  m e n t i o n  the  s imul-  
t aneous  in jec t ion  of cu l tures  of c apsu l a t ed  and  v i ru l en t  
pneumococc i  ki l led by  h e a t  ( G R I F F I T H ) .  This  procedure  
leads  to a new v i ru lence  and  also to the  t r a n s f o r m a t i o n  
of  the  type .  The  subs tance  which  p rovokes  this  t rans-  
f o r m a t i o n  seems,  accord ing  to  the  s tudies  of MAC CARTHY 
AVERY and  MAC LEOO 2, to  be a desoxyr ibonuc le id  acid. 

A ce r ta in  ac t ion  upon the  degree  of v i ru lence  of the  
ge rm seems also to  be exerc ised  by  the  same  S.S.S.  
MORRIS and  KERR 3 h a v e  in researches  on i m m u n i t y  
no t ed  an a u g m e n t a t i o n  of the  pa thogen i c  ac t ion  on mice 
of  pneumococcus  I I I  sensibi l ized wi th  the  homologous  
S.S.S.  

In  these  p r e l i m i n a r y  expe r imen t s ,  I have  m a d e  v i ru len t  
some pneumococcus  I I I  s t ra ins  by  add i t ion  of a small  
q u a n t i t y  of S.S.S.  I I I  to  the  cu l tu re  media .  I h a v e  made  
use of th ree  s t ra ins  of pneumococcus  I I I ,  of d i f ferent  
origin,  which  were  a l r eady  v i ru l en t  for t he  mouse,  I have  
ind ica t ed  t h e m  re spec t ive ly  by  the  a b b r e v a t i o n s :  BG42;  
ML47;  TR49 .  The  BG42 s t ra in  had  been  p re se rved  by 
pass ing t h r o u g h  b ro th  T ;  the  ML47 s t ra in  by  dry ing  
in  vacuo; t he  T R 4 9  on des icca ted  spleen of a infected 
mouse.  All these  s t ra ins  were found by  biological  t e s t  to 
h a v e  lost  the i r  v i ru lence  c o m p l e t e l y ;  and  t h e y  showed 
on se lec t ive  med ia  (blood-agar,  se rum-agar ,  etc.) colonies 
of pneumococcus  in the  " R "  fo rm which  when  inocu la ted  
i n t r a p e r i t o n e a l l y  in to  smal l  wh i t e  mice,  even  in large 
q u a n t i t y ,  n e v e r  caused the  d e a t h  of an imal .  

Nor  was i t  possible to  res tore  the  v i ru lence  o f t h e  
s t ra ins  a f te r  severa l  passing in mice : while the  in jec t ion  
t oge the r  wi th  the  P ro t eus  which  p r o v o k e d  a pu t r id  peri- 
ton i t i s  resu l t ing  in the  d e a t h  of the  animals ,  did not  
a l low me to  s epa ra t e  a pneumococcus  which  was v i ru len t  
in successive inocula t ions .  

H o w e v e r  t he  colonies, which  h a v e  deve loped  on cul- 
t u re  med ia  in the  presence  of b lood or  serum,  h a v e  shown 
t h e m s e l v e s  to  be  of " R "  fo rm and  n o t  m a d e  up of 
encapsu la t ed  e lements .  

The  add i t ion  of 0.5 mg  of S.S.S.  I I I  4 to  e v e r y  tube 
of  b ro th  w i t h  add i t ion  of asci t ic  f luid m a d e  i t  possible 
s t a r t i ng  f rom the  or iginal  s t rains ,  to ob ta in  the  pneumo-  
cocci in capsu la te  form.  I n o c u l a t i o n  in to  mice conf i rmed 
the  v i ru lence  w i t h  a h igh  pe rcen tage  of dea ths  from 
sep t icemia .  I n  some case I also had  t h e  p r o d u c t i o n  of 
i n f l a m m a t o r y  p u l m o n a r y  lesion w i t h  hepa t i za t i on .  

I n  o rder  to  con t ro l  t he  b e h a v i o u r  of the  capsular  
s l ime layer  of t he  v i ru l en t  p n e u m o c o c c u s  I I I ,  I used 
fresh s ta in ing  wi th  a lkal ine  m e t h y l e n e  b lue  up to 1%. 
W i t h  such a m e t h o d  the  pneumococc i  w i t h o u t  capsules 
are  i m m e d i a t e l y  s ta ined  an in tense  blue, due to rapid 
diffusion of the  s ta in  in to  the  b o d y  of the  microbe,  while 
the  s l ime-covered  o rgan isms  t ake  the  s ta in  more  slowly 
and feebly,  m a k i n g  i t  possible to  assume a more  or less 
e v i d e n t  m e t a c h r o m a s i a .  Genera l ly  a g rea te r  degree  of 
m e t a c h r o m a s i a  cor responds  to a h igher  v i ru lence  of the 
microbe.  

In  o rder  to  ensure  if t he  v i ru lence  which  I obta ined 
wi th  add i t ion  to  cu l ture  m e d i u m  of S.S.S.  I I I ,  should 

1 R . E .  REEVES and  W. F. GOEBEL, J.  Biol. Chem. 139, 511 (1941). 
2 0 .  AVERY, C. MAC LEOD, and  M. MAC CARTY, J.  Exp .  Med. 79, 

137 (1944). - M. MAC CARTY and  O. AVERY, J .  Exp .  Med. 83, 89, 
and  97, 104 (1946). - M. MAc CARTV, Bact .  Rev.  10, 63 (1946). 

3 M. MORRIS and  H. KERR, J .  Immunol .  5'2, 301 (1046). 
4 K ind ly  offered by  "Leder le  Comp." ,  N. Y. 
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Strain 

BG42 
ML47 
TR49 
Total 

Number of inoculated mice 

10 
5 

10 

25 

12 I 2,1 

- -  2 

1 2 

1 4 

Dead after hours 

I 36 [ f 72 

1 

1 

Living after 7 ° hours 

be cons ide red  a v e r y  specif ic  p h e n o m e n o n ,  or if i t  were  
possible to  r ep roduce  i t  b y  p u t t i n g  the  ge rm in to  con-  
dit ions of u t i l i s ing  s u b s t a n c e s  chemica l ly  ana logous  to  
capsular  S.S.S. ,  I t a s t e d  the  a c t i v i t y  of pect ines ,  which  
are ve ry  s imi la r  in chemica l  s t r u c t u r e  to  t h e  S.S.S.  of 
the pneumococcus .  F o r  t h e  i n t r o d u c t i o n  of pec t ines  as 
culture media ,  a l r e a d y  sugges t ed  by  FUNCK 1 aS a subs t i -  
tute  for agar ,  a p rac t i ca l  a p p l i c a t i o n  has  n o t  y e t  been  
found. I t h e n  p r e p a r e d  a pec t ine  cu l tu re  m e d i u m ,  a d d i n g  
to the  o r d i n a r y  agar  up  to  2 % (fused in t he  w a t e r - b a t h ) ,  
a colloidal so lu t ion  of polygalac turonate  of Ca to  6 %, in 
the measu re  of 2 cm z for  e v e r y  t u b e  of agar ,  and  t h e n  
allowed i t  to  solidify.  

Fig.1.-Pneumococci type III methylene blue fresh staining. On the 
left: broth culture with ascitic fluid and specific polysaccharide. On 

the right: ordinary agar with polygalacturonate culture. 

Such a m e d i u m  looks h o m o g e n e o u s  a n d  t r a n s p a r e n t ;  
the av i ru l en t  s t r a ins  of p n e u m o c o c c u s  s t r o k e - i n o c u l a t e d  
produced m a n y  colonies of " S "  form,  w i t h  a t e n d e n c y  to  
flow t o g e t h e r  in a b u n d a n t  g r o w t h  of c r e a m y  aspec t .  The  
growth a p p e a r e d  m a x i m a l l y  a f t e r  48 hours  i ncuba t i on ,  
and i ts  l u x u r i a n t  a spec t  c o m p a r e d  well w i t h  t h a t  ob-  
ta ined w i t h  o t h e r  cu l tu re  m e d i a  used  before .  The  pneu-  
mococci in such  a cu l tu re  showed  capsu la  a n d  p r e s e n t e d  
m e t a c h r o m a t i c  reac t ion .  W h e n  i n j ec t ed  in to  mice,  i t  
produced d e a t h  b y  sepsis  in m a n y  an imals .  

A cer ta in  n u m b e r  of mice,  however ,  were  able  to  sur-  
vive the  in fec t ion ,  p r o b a b l y  due to  some ind iv idua l  
resistence. I f  a ce r t a in  q u a n t i t y  of p o l y g a l a c t u r o n a t e  of 
Ca in so lu t ion  up  to  6% (0.5 or l c m  8 for a mouse  of 

1 E. FuNcIi, Klin. Wschr. 16, 1546 (1937). 

20-30 g) is i n j ec t ed  some days  l a t e r  in to  t hese  su rv iv ing  
mice,  i t  is poss ib le  to  d e t e r m i n e  in some  of t h e m  d e a t h  
due  to  p n e u m o c o c c a l  sep t i cemia ,  whi le  t he  i n j ec t ion  of 
the  s ame  q u a n t i t y  of p o l y g a l a c t u r o n a t e  is t o l e r a t e d  b y  
n o r m a l  mice  w i t h o u t  a p p a r e n t  d i s t u r b a n c e s .  

The  p o l y g a l a c t u r o n a t e  t he r e fo re  seems  to  e x e r t  an 
ac t ion  on t h e  p n e u m o c o c c u s ' s  I I I  v i ru lence ,  w h e t h e r  
i n  vitro or i n  vivo.  

L u x u r i a n t  a n d  v i ru l en t  g r o w t h s  are o b t a i n e d  equa l ly  
if, i n s t e ad  of s imple  n u t r i e n t  agar  for  p r e p a r a t i o  n of t h e  
p o l y g a l a c t u r o n a t e - m e d i u m ,  agar  w i t h  a d d i t i o n  of s e r u m  
or asci t ic  f luid is used.  

A f r e q u e n t  c h a r a c t e r i s t i c  of p n e u m o c o c c i  g r o w t h s  in 
p o l y g a l a c t n r o n a t e - a g a r  is a loss of t he  a g a r - t r a n s p a r e n c y  
c o r r e s p o n d i n g  to  t h e  colonies, '  so t h a t  a f t e r  r e m o v a l  of 
these ,  an e x a c t  i m p r e s s i o n  of t he  g r o w t h  m a y  pe r s i s t  in 
the  m e d i u m .  The  p h e n o m e n o n  is p r o b a b l y  in c o n n e c t i o n  
w i t h  p h e n o m e n a  of an o x y d a t i v e  n a t u r e .  I t  has  long 
been  k n o w n  b y  MAC LEOD a n d  GORDON 1, PAULI z a n d  
PLATT 3, t h a t  t he  p n e u m o c o c c u s  d u r i n g  i ts  increase  is 
able  to  give rise to  p e ro x i d e  of h y d r o g e n .  The  o p a c i t y  
of t he  agar  is r e p r o d u c e a b l e  b y  o x i d a t i o n  w i t h  H20  , a n d  
can  be mod i f i ed  b y  ad d i t i o n  of ascorb ic  acid.  P n e u m o -  
cocci t y p e  I I I ,  c u l t i v a t e d  on ascorb ic  ac id -po lyga lac -  
t u r o n a t e - a g a r ,  h a v e  s h o w n  a m a r k e d  m e t a c h r o m a s i a  to  
m e t h y l e n e  blue.  Such a m e t a c h r o m a s i a  is o b s e r v e d  on ly  
in colonies  wh ich  are  f i rs t  deve loped ,  and  i t  seems  to  
decrease  n o t i c e a b l y  w i t h  f u r t h e r  d e v e l o p m e n t  of t he  
g rowth .  

This  p h e n o m e n o n ,  w h i c h  is w o r t h y  of f u r t h e r  inves t i -  
ga t ion ,  could  be b r o u g h t  i n to  r e l a t i onsh ip  w i t h  t he  ob-  
s e r v a t i o n  of ROBERTSON, ROPES and  BAUER 4 on the  
d e g r a d i n g  ac t ion  of p ec t i n e  b y  the  H2Oz-ascorbic acid  
s y s t e m .  This  on the  o t h e r  h a n d ,  m a y  e x e r t  a d e s t r u c t i v e  
ac t ion  u p o n  va r ious  p n e u m o c o c c i  capsules ,  so t h a t  we 
could  h y p o t h e t i c a l l y  a s s u me  t h a t  a t  f i rs t  t he  p n e u m o -  
coccus  w i t h o u t  capsule  ut i l izes  more  easi ly  t he  p r o d u c t s  
of d e g r a d a t i o n  of pec t ine  for  t he  s y n t h e s i s  of i ts  own 
capsu la r  S.S.S. ,  a n d  is a f t e r w a r d s  e x p o s e d  in to  t u r n  to  
t he  d e g r a d i n g  a c t i v i t y  of t h e  a b o v e - m e n t i o n e d  oxide-  
r e d u c t i v e  s y s t e m .  

1 C. MAC LEOD and M. H. GORDON, J. Path. Bact. :26, 127 (1914). 
P. PAULI, Boll. I. S. M. 6, 225 (1927). 

a B. S. PLATT, Bioehem. J. 21, 19 (1927). 
4 B. W. v. ROBERTSON, M. W. ROPES, and W. BAUER, Biochem. 

J. 3s, 903 (1941). 

Table I I  

I Dead after hours ] 
Strain Number of inoculated mice , , Living after 72 hours 

12 2 4 1 3 6 1  48 72 
I I 

BG42 
ML47 
TR49 
Total 

10 -- 1 3 
10 -- -- 2 
10 -- 2 1 
30 -- 3 6 

2 
4 
3 1 
9 1 11 
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Conclusion: (1) T h e  a d d i t i o n  of S.S.S.  to  t h e  c u l t u r e  
m e d i a  c an  r e s to r e  t h e  v i r u l e n t  c h a r a c t e r  of s t r a i n s  of 
p n e u m o c o c c u s  I I I  w h i c h  h a v e  long  ago  los t  t h e i r  p a t h o -  
gene t i c  power .  

(2) T h e  a d d i t i o n  of p o l y g a l a c t u r o n a t e  of Ca to  n u t r i e n t  
agar ,  w i t h  or  w i t h o u t  a d d i t i o n  of s e r u m  or  asc i t ic  f luid,  
g ives  a n  e x c e l l e n t  m e d i u m  of c u l t u r e  for  t h e  p n e u m o -  
coccus,  w h i c h  i nc r ea se s  t h e r e  l u x u r i a n t l y  in  " S "  form,  
c a p s u l a t e d  a n d  v i r u l e n t .  

Fig, 2.-Culture of pneumococcus III on polygalacturonate-agar (on 
the left) compared with normal culture on serum-agar. 

(3) T h e  i n j e c t i o n  of p o l y g a l a c t u r o n a t e  i n t o  mice  in-  
f ec ted  b y  p n e u m o c o c c u s  III, i n c r e a s e d  i t s  p a t h o g e n i c  
power ,  whi le  i t  d id  n o t  p r o d u c e  e v i d e n t  t ox i c  e f fec ts  in 
n o r m a l  mice.  

(4) The  g r o w t h  of p n e u m o c o c c u s  I I I  on  p o l y g a l a c t u r o -  
n a t e - a g a r  m a y  s h o w  a m o d i f i c a t i o n  of t r a n s p a r e n c y  of 
t h e  m e d i u m ,  p r e s u m a b l y  in  r e l a t i o n  to  p h e n o m e n a  of 
o x y d a t i v e  n a t u r e .  

(5) T h e  a d d i t i o n  of a sco rb i c  ac id  to  t h e  po lyga l ac -  
t u r o n a t e - a g a r  a p p e a r s  p r i m a r i l y  to  fac i l i t a t e ,  a n d  t h e n  
to  i n h i b i t  t h e  d e v e l o p m e n t  of e l e m e n t s  w i t h  c a p s u l a r  
m e t a c h r o m a s i a .  

A. NOVELLI 

D e p a r t m e n t  of G e n e r a l  P a t h o l o g y  a n d  Bac t e r i o logy ,  
U n i v e r s i t y  of Genoa., N o v e m b e r  15, 1951. 

Zusammen[assung  

D u r c h  Z t i c h t u n g  n i c h t - p a t h o g e n e r  P n e u m o k o k k e n -  
s t X m m e  in  G e g e n w a r t  y o n  spez i f i schen  P o l y s a c c h a r i d e n  
w u r d e n  diese ffir weisse  MAuse v i r u l e n t .  E i n  b e s o n d e r s  
g i ins t iges  M e d i u m  fo r  die E n t w i c k l u n g  y o n  P n e u m o -  
k o k k e n  w u r d e  be i  de r  P r i i f u n g  v o n  P e k t i n s t o f f e n  au f  
Ni~hrbSden g e f u n d e n ,  w e n n  m a n  nXml ich  den  g e w 6 h n -  
l i chen  A g a r k u l t u r r S h r c h e n  2 c m  ~ e i n e r  ko l lo ida l en  LS- 
s u n g  y o n  6 p r o z e n t i g e m  P o l y g a l a k t u r o n a t  des  Ca zu-  
se tz te .  Auf  d i e s e m  N A h r b o d e n  e n t w i c k e l n  s ich  die P n e u -  
m o k o k k e n  ( I I I )  in  r e i c h e m  Masse,  sowohl  in  e ingekapse l -  
t e r  wie a u c h  in  v i r u l e n t e r  F o r m .  

Amino Acid Requirements for Growth of the 
Honeybee (Apis mellifica L.) 1 

I n  a p r e v i o u s  c o m m u n i c a t i o n  z i t  was  s h o w n  t h a t  a 
n o r m a l  g r o w t h  of t h e  y o u n g  w o r k e r  h o n e y b e e ,  de ter -  
m i n e d  b y  t h e  e s t i m a t i o n  of d r y  w e i g h t  a n d  n i t r ogen  
c o n t e n t ,  cou ld  be  o b t a i n e d  on  a s e m i - s y n t h e t i c  d ie t  of 
sucrose  a n d  case in  a t  a t e m p e r a t u r e  of  30°C. T h e  n a t u r a l  
d i e t  of suc rose  a n d  bee  b r e a d  (pollen) was  used  for  com- 
pa r i son .  N o w  we have o b t a i n e d  t h i s  g r o w t h  of t h e  newly  
e m e r g e d  i m a g o  on  a t o t a l l y  s y n t h e t i c  d ie t .  T h e  casein 
of t h e  f o r m e r  i n v e s t i g a t i o n  b e i n g  r ep l aced  b y  a m i x t u r e  
of 17 a m i n o  acids,  b a s e d  on  t h e  c o m p o s i t i o n  of case in  3. 
T h e  d i c a r b o x y l i c  ac ids  of case in ,  i .e.  g l u t a m i c -  and  
a s p a r t i c  acid,  were  o m i t t e d  f rom t h e  m i x t u r e  a f t e r  it 
h a d  b e e n  s h o w n  t h a t  a case in  h y d r o l y s a t e  f r o m  which  
t h e s e  a m i n o  ac ids  h a d  b e e n  q u a n t i t a t i v e l y  r e m o v e d  wi th  
t h e  ion  e x c h a n g e  re s in  A m b e r l i t e  I .R .  4B,  cou ld  replace  
t h e  case in .  (A ful l  a c c o u n t  of t h e s e  f i n d i n g s  wil l  be 
p u b l i s h e d  e lsewhere . )  F r o m  t h e  a m i n o  ac id  m i x t u r e  each 
c o m p o n e n t  was  o m i t t e d  in  t u r n  a n d  t h e  d r y  w e i g h t  and  
n i t r o g e n  c o n t e n t  of t h e  bees  w as  d e t e r m i n e d  a t  7 days  
i n t e r v a l s .  I n  t h i s  w a y  we were  ab l e  to  i n v e s t i g a t e  the  
s ign i f i cance  of e a c h  of t h e  a m i n o  ac ids  for  t h e  p ro t e in  
a n a b o l i s m  of t h e  y o u n g  h o n e y b e e .  

Mater ia l  and rnethods.-In S e p t e m b e r - N o v e m b e r  1951 
y o u n g  bees  were  c a u g h t  f r o m  a c o m b  w i t h  sea led  brood  
w h i c h  was  p l aced  in a n  i n c u b a t o r  a t  5: 33°C. T h e  newly  
e m e r g e d  bees  were  t a k e n  a t  i n t e r v a l s  of 8 h o u r s  and  
t r a n s m i t t e d  i n t o  L i eb e fe l d e r  e x p e r i m e n t a l  cages.  These  
l i t t l e  cages,  w i t h  50 bees  in  each ,  were  k e p t  a t  30°C and  
c o n s t a n t l y  s u p p l i e d  w i t h  w a t e r  a n d  w i t h  t h e  e x p e r i m e n -  
t a l  d ie t .  T h e  l a t t e r  c o n s i s t e d  of sucrose ,  t a p  w a t e r  and  
m i x t u r e s  of 17 or  16 p u r e  a m i n o  ac ids  ( H o f f m a n n - L a  
R o c h e  4) in  t h e  s a m e  r e l a t i v e  a m o u n t s  as  in  casein.  
/ - A m i n o  ac ids  were  used,  e x c e p t  m e t h i o n i n e ,  t h r e o n i n e  
a n d  ser ine ,  t h e  l a t t e r  b e i n g  o n l y  a v a i l a b l e  in t h e  dl-form. 
No v i t a m i n s  were  a d d e d  to  t h e  d ie t .  T h e  a m i n o  acids 
were  fed a t  s u c h  a leve l  t h a t  t h e  n o r m a l  n i t r o g e n  c o n t e n t  
of a n  a d u l t  bee  cou ld  b e  o b t a i n e d  in a b o u t  14 days .  This  
occurs  if t h e  a m i n o  ac id  m i x t u r e  a m o u n t s  to  2.5 % of the  
d r y  sugar .  T h e  a m i n o - a c i d s  are  a d d e d  t o  t h e  sugar-  
w a t e r  m i x t u r e  (4 :1)  a n d  t h e  who le  is h e a t e d  for  some 
m i n u t e s  to  d i s so lve  t h e  sugar .  Af te r  cool ing  t h e  m i x t u r e  
is s t i r r e d  w i t h  a glass  rod.  I n  t h i s  w a y  a v e r y  f inely 
c rys t a l l i s ed  s u g a r  c a n d y  is o b t a i n e d  in  w h i c h  t h e  amino  
ac ids  are  d i s so lved  or  d i v i d e d  h o m o g e n e o u s l y .  

D r y  w e i g h t s  a n d  n i t r o g e n  c o n t e n t s  were  d e t e r m i n e d  
of n e w l y  emerg ed  bees,  a n d  of bees  a f t e r  h a v i n g  b e e n  fed 
for  7 a n d  14 d a y s  on  t h e  e x p e r i m e n t a l  die ts .  F o r  each 
d e t e r m i n a t i o n  a s a m p l e  of 5 bees  was  used,  a f t e r  remov-  
ing  t h e  d ige s t i ve  t r a c t ,  w i t h  h o n e y  s t o m a c h  a n d  ex- 
c r e t o r y  o r g a n s  inc luded .  

T h e  d r y  w e i g h t  was  d e t e r m i n e d  by  k e e p i n g  the 
s a m p l e s  for  3 d a y s  in a n  i n c u b a t o r  a t  80°C. Ni t rogen  
d e t e r m i n a t i o n s  were  p e r f o r m e d  a c c o r d i n g  to  KJELDAHL, 
w i t h  s u l p h u r i c  acid,  p o t a s s i u m  s u l p h a t e  a n d  se lenium 
m i x t u r e  (WIENINGER) for  d e s t r u c t i o n ,  a n d  0.1 n solu- 
t i o n s  of s u l p h u r i c  ac id  a n d  s o d i u m  h y d r o x y d e  for  t i t r a t ion .  
F o r  f u r t h e r  de t a i l s  see ~ a n d  e. 
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