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Egg-Yolk Agar as a Diagnostic Medium for Streptomycetes 

Egg-yolk  agar  is widely used ill d iagnost ic  work  wi th  
bac te r ia  of var ious  genera.  The fo rma t ion  of an opaque  
prec ip i ta te  due to  decompos i t ion  of the  leci thin molecule 
by  leci thinase (~-toxin of Clostridium per/vingens or 
enzymes  re la ted  to th is  leci thinase C) is charac ter i s t ic  for 
some species of t he  genera Closgridium and Bacillus; it  is 
a useful aid in tile recogni t ion of C. per[ringem and some 
o the r  c lostr idia  as well as of t?: cereus and  B. laterosporeus 
and  the i r  d i f fe ren t ia t ion  f rom o ther  species of these  
genera l .  There  are several  repor t s  on the  occurrence of a 
'pos i t ive  leci thovi te l l in  t e s t '  in o the r  bac te r ia  such as 
Serratia ~, Pseudomonas 3, Listeria monocytogenes ~, Coryne- 
bacterium 5, as well as in fungi  *,~. Al though  it has  been  
k n o w n  for some t ime  t h a t  leci thin  is degraded  by  s t rep to -  
myce tes  and  used as a ca rbon  source for g rowth  8,9 and  
ant ib io t ic  p roduc t ion  ~~ the  leci thinase reac t ion  does no t  
appear  to have  been used as a t axonomic  cr i ter ion in th is  
group of organisms.  F o r m a t i o n  of th is  enzyme seems to  
have  been  t e s t ed  only in a s t u d y  on oral ac t inomyce tes  ~1. 
Moreover,  Slreplomyces coelicolor was included in a s t u d y  
on leci thinase ac t iv i ty  among  fungi  and  spore formers  6,7 ; 
an 'egg-yolk reac t ion '  was observed  wi th  th is  o rganism 
only  af ter  18 days  of incubat ion .  

In  our search for new physiological  tes ts  which  m i g h t  
be useful for the  charac te r iza t ion  of member s  of the  genus 
Streptomyces, we have  tes ted  abou t  300 s t ra ins  for the i r  
ac t iv i ty  on egg-yolk agar. The mate r ia l  which includes a 
large n u m b e r  of s t ra ins  car ry ing  a species n a m e  is 
essent ia l ly  t he  same as t h a t  used in our s t u d y  on urease 
ac t iv i ty  1~,13. The following 2 basal  med ia  were used (g/l) : 
(a) pep tone  10, yeas t  ex t r ac t  5, NaC1 10; (b) glucose 5, 
pep tone  10, mea t  ex t rac t  3, NaC1 10. Egg-yolk  emuls ion 
(oxoid) 10~o was added  to  the  basal  media  af ter  sterili-  
za t ion and  cooling to  50~ Agar  pla tes  were s t reak-  
inocula ted  wi th  aerial myce l ium f rom cultures 10 20 days  
old, and  t h e  p la tes  were i ncuba ted  at  28 ~ the  changes  
p roduced  by  the  growing s t r e p t o m y c e t e s  were recorded 
af ter  4, 7 and 12 days.  

The following types  of ac t iv i ty  were observed  : (a) Clear- 
ing of the  s l ight ly tu rb id  medium,  p robab ly  due to a 
pro teo ly t ic  ac t iv i ty .  (b) Lipolysis  of free fat  indica ted  by  
the  fo rmat ion  of a 'pear ly  layer '  zone of d i f ferent  w id th  
(1-15 mm)  along the  g rowth  s t reak,  due  to  t he  precipi-  
t a t i on  of insoluble f a t t y  acids;  th is  zone can easily be 
recognized when  the  p la tes  are v iewed under  ref lected 
light.  In  addi t ion,  a zone wi th  a s l ight  p rec ip i ta te  of fine 
granular  appearance  developed b e n e a t h  the  'pear ly  layer ' .  
(c) F o r m a t i o n  of a ve ry  dense,  yellowish prec ip i ta te  
similar  to t h a t  p roduced  by  typ ica l  leci thinase producers  
such as C. per/ringem and  17. cereus (Figure). Besides 
these  3 changes  which could easily be d i f fe ren t ia ted  there  
occurred wi th  some cul tures the  fo rmat ion  of a na r row 
zone of a slight, whi t i sh  p rec ip i ta te  no t  as s t r ik ing as the  
zone descr ibed under  (c) b u t  more  d i s t inc t  t h a n  the  
granular  p rec ip i ta te  benea th  the  pear ly  layer. This change  
m a y  or m a y  no t  be due to  a r a the r  weak leci thinase 
act iv i ty .  F u r t h e r  s tudies  will be necessary  to  learn the  
na tu re  of th is  ac t iv i ty .  

Whereas  fo rma t ion  of a clear zone as well as of a pear ly  
layer  (lipase act ivi ty)  occurred wi th  numerous  s t repto-  
mycetes ,  the  ve ry  opaque  prec ip i ta te  - p robab ly  due to  a 
ieci thinase ac t iv i ty  - was observed  only wi th  a l imi ted  
n u m b e r  of cultures.  The m o s t  act ive s t r e p t o m y c e t e s  
p roduc ing  an opaque  zone of several  m m  w i d t h  wi th in  
2 or 4 days  were  : S. albireticuli, S. cinnamomeus, S. / lavo- 
persicus, S. netropsis, F A L  G 169 (S. griseocarneus ?). I t  
appears  to  be remarkab le  t h a t  these  species belong to  the  

morphologica l  group of vert ic i l la te  s t r ep t o my ce t e s  14 
which have  been  placed into a separa te  genus, Strepto- 
verticillurn 1~,16. No more s t ra ins  of this  group were avail-  
able at  the  t ime  of th is  s tudy ;  thus  no conclusion can be 
d rawn  w h e t h e r  or no t  leci thinase ac t iv i ty  m a y  be par t icu-  
larly c o m m o n  in these  organisms.  Other  s t r ep tomyce t e s  
showing a posi t ive  leci thovi tel l in  t e s t  wi th in  4-7 days  
were:  S. hygroscopicus, S. lavendulae, S. michiganemis,  
S. platensis, S. virginiae, There were several  o ther  s t rep to-  

Changes produced on egg-yolk agar by 2 streptomyeetes after 7 days. 
Left, S. netropsis, positive lecithovitellin reaction; strong precipitate 
extending 12 mm from the growth streak. Right, S. spec., pearly 
layer extending 9 mm from the growth streak. Although the difference 
of the nature of the precipitate obtained in the LV-reaction (left) and 
with lipase activity (right) may not become as obvious in the photo- 
graph, it is easily recognized when inspecting the plates in reflected 
light. 
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myce t e s  p r o d u c i n g  an  opaque  p rec ip i t a t e  on ly  a f t e r  
10-14 days.  F u r t h e r m o r e ,  t he  l ec i thovi te l l in  r eac t ion  is to  
a ce r t a in  degree  in f luenced  b y  t he  compos i t i on  of the  
med ium.  However ,  t he  species m e n t i o n e d  a b o v e  as 
s t r ong ly  pos i t ive  gave  cons i s t en t  resu l t s  a n d  ' n e g a t i v e '  
s t r a in s  were nega t i ve  u n d e r  all condi t ions .  

So far  the  resu l t s  ind ica te  t h a t  egg-yolk aga r  is a use- 
ful d iagnos t i c  m e d i u m  for t he  c h a r a c t e r i z a t i o n  of s t rep to-  
myce t e s  ~. 

Zusammenfassung. Eige lb -Agar  erwies sich als ein ge- 
e ignetes  M e d i u m  ftir die Cha rak t e r i s i e rung  yon  S t rep to -  
myce t en .  W ~ h r e n d  zah l re iehe  der  300 gepr i i f t en  K u l t u r e n  
nut  d iesem Med ium p ro teo ly t i s che  u n d  l ipoly t i sche  Ak- 

t iv i t / i t  zeigten,  b e s c h r ~ n k t e  sich eine pos i t ive  Leci tho-  
v i t e l l i n - R e a k t i o n  auf  n u t  wenige Ar ten .  Soweit  b i she r  
fes tges te l l t  wurde ,  w a r e n  Angeh6r ige  de r  morpho log i schen  
G r u p p e  <(Verticillatus}) ( G a t t u n g  Streptoverticillium Bal-  
dacci) besonde r s  s t a rke  L e c i t h i n a s e - P r o d u z e n t e n .  

B. NITSCH a n d  H. J. KUTZNER 

lnstitut liar Mikrobiologie, Technische Hochschule, 
61 Darmstadt (Germany), 27 August 1968. 

17 The work was supported by a grant from Pfizer Europe, Brussels. 

Calcium Alginate: A New Approach in the Artificial Culturing of Insects,  Applied to Spodoptera 
littoralis (Boisduval)  

Most  of t he  ar t i f ic ia l  med ia  used as gels for the  n u t r i t i o n  
of insec t  larvae,  and  all those  c o n t a i n i n g  an  aga r  carrier ,  
r equ i re  h e a t i n g  a t  some s tage  of the i r  p r e p a r a t i o n .  Avoid-  
ance  of h e a t i n g  is benef ic ia l  in 4 ways :  (a) b y  conse rv ing  
t he  organolep t ic  proper t ies ,  if no t  t he  ac tua l  chemica l  
e n t i t y  of some n u t r i e n t s ;  (b) when  insec t  p a t h o g e n s  are 
to  be  t e s t ed  on  or p roduced  by  the  hos t  t h r o u g h  incorpora-  
t ion  in the  l a rva l  food (in th is  case s u b s t a n c e s  which  
i n h i b i t  or des t roy  these  p a t h o g e n s  m u s t  be  exc luded  and  
t he  l a rva l  food renewed  of ten  enough)  ; (c) in  toxicological  
s tud ies  when  t o x i c a n t s  are to  be homogeneous ly  dis t r i -  
b u t e d  t h r o u g h  the  insec t ' s  food and  (d) in mass  p roduc t ion ,  
b y  e l imina t ion  of a t i m e - c o n s u m i n g  step.  

A nove l  a p p r o a c h  is used here  in t he  p r e p a r a t i o n  of 
gelled insect  media .  A d v a n t a g e  is be ing  t a k e n  of t he  
r eac t ion  be tween  alginic acid and  calc ium ions to produce,  
u n d e r  su i tab le  condi t ions ,  an  insoluble  a n d  i r revers ib le  gel 
a t  r oom t e m p e r a t u r e  t. Us ing  th i s  reac t ion ,  we were able  
to  deve lop  med ia  for t he  E g y p t i a n  c o t t o n  leaf worm,  
Spodoptera littoralis (Boisd.), and  la te ly  t he  codl ing moth ,  
Carpocapsa pomonella (L.). The  m e d i u m  used for  t he  
c o n t i n u o u s  r ea r ing  of S. littoralis will serve as an  i l lus t ra-  
t ion.  Whi le  ar t i f ic ia l  med ia  for rea r ing  th i s  insec t  h a v e  
been  deve loped  b y  us 2, LEVlNSON and  NAVON a, and  b y  
BOT 4, t h e y  all c o n t a i n e d  aga r  and  requ i red  hea t ing .  

The  la rva l  m e d i u m  consis ts  of 3 f rac t ions .  F r a c t i o n  A 
con t a in s  200 cm ~ dis t i l led water ,  0.7 g t r i e t h a n o l a m i n e ,  
10.0 g v i t amin - f r ee  casein,  45.0 g f ine ly  g round  ful l - fa t  
soy, 35.0 g Toru la  yeast ,  1.3 g m e t h y l - p - h y d r o x y b e n z o a t e  
(Nipagin),  0.7 g sorbic  acid and  2.7 g dibasic  ca lc ium 
p h o s p h a t e .  F r a c t i o n  B consis ts  of 300 cm a dis t i l led w a t e r  
a n d  11.0 g sod ium a lg ina te  ( P r o t a n a l  L, p roduced  b y  
P ro t an ,  D r a m m e n ,  Norway) .  F r a c t i o n  C compr ises  50 cm a 
dis t i l led water ,  5.4 g g lucono-&lac tone  and  3.32 g ascorbic  
acid.  

The  ing red ien t s  of A are b l ended  in t he  order  given,  
w i t h  5 min  a l loca ted  for d issolving t he  casein before  the  
r e m a i n d e r  is added.  Af te r  B has  been  b l ended  s e p a r a t e l y  
to  a s m o o t h  pas te ,  i t  is t r an s f e r r ed  to  t he  mixe r  bowl  
t o g e t h e r  w i th  A and  b o t h  f rac t ions  are mixed  tho rough ly .  
F ina l ly ,  f r ac t ion  C is mixed  rap id ly  w i t h  A and  B and  
t h e  m i x t u r e  a l lowed to set.  

In  a n o t h e r  d ie t  for S. littoralis c o n t a i n i n g  aga r  2, 
ascorbic  acid was inc luded  to  obv i a t e  a possible  defic- 

i ency ;  i t  was also one of the  n u t r i e n t s  in t he  aga r  m e d i u m  
of BoT 4. I t  has  been  shown  b y  L~VINSON and  NAVON 3 
w i t h  a s emi - syn the t i c  d ie t  t h a t  ascorbic  acid was indeed  
essent ia l  for S. littoralis and  t h a t  t he  o p t i m u m  a m o u n t  
was  0.5% w:w,  wh ich  is t h e  level  used in the  p r e sen t  
med ium.  However ,  g lucono-&lac tone  be ing  an  ascorbic  
acid analogue,  we m a d e  s epa ra t e  t es t s  w i t h  th i s  semi-  
s y n t h e t i c  d ie t  to  check w h e t h e r  ascorbic  acid could be  
replaced  b y  i ts  ana logue :  all  t h e  l a rvae  died in va r ious  
ins tars .  Glucono-6-1actone t hus  c a n n o t  be s u b s t i t u t e d  for 
ascorbic  acid in t he  l a rva l  n u t r i t i o n  of S. littoralis. 

T r i e t h a n o l a m i n e  is used in the  p re sen t  m e d i u m  in lieu 
of po ta s s ium h y d r o x i d e  in order  to  dissolve casein and  t h e  
soy p ro te in  as well as to  emuls i fy  the  lipids. 

Thus  far, l a rvae  h a v e  been  b red  col lect ively  t h r o u g h  
4 serial  genera t ions ,  a n d  3 ind iv idua l ly ,  w i t h  t he  food 
changed  daily.  The  ave rage  a d u l t  yield in i n d i v i d u a l  
b reed ings  was 64.0%. At  25 • 1~ la rva l  d e v e l o p m e n t  
las ted  an  ave rage  of 21 • 0.2 days,  and  the  m e a n  p u p a l  
we igh t  was 283 ~ 12 rag. The  sex ra t io  did no t  d e p a r t  
s ign i f ican t ly  f rom u n i t y  in a n y  of these  gene ra t i ons ;  
f ecund i ty  a n d  fe r t i l i ty  also were normal .  

Since the  a p p r o a c h  t a k e n  is new and  a d a p t a b l e  to  t he  
d e v e l o p m e n t  of s imi la r  med ia  for o t h e r  insects,  a some- 
w h a t  de ta i led  discuss ion of t he  pr inc ip les  i nvo lved  seems 
w a r r a n t e d .  

Alginic acid is o b t a i n e d  f rom var ious  seaweed species 
and  is a p o l y m e r  of m a n n u r o n i c  a n d  guluronic  acids. 
Since t he  p r o p o r t i o n  of these  acids var ies  accord ing  to  
t he  seaweed species, a lg ina tes  of d i f fe ren t  or igin h a v e  
d i f fe ren t  p roper t i e s  1, wh ich  m a y  exp la in  w h y  the re  ha s  
been  no r e p o r t  of ac tua l  a lg ina te  gels be ing  used in insec t  
media .  Whi le  alginic acid is insoluble ,  i ts  sod ium sa l t  is 
v e r y  soluble  in w a t e r  and  can  en t e r  in to  a con t ro l l ed  
chemica l  r eac t ion  w i th  a ca lc ium sal t  to  p roduce  an  in- 
soluble ca lc ium a lg ina te  gel a t  room t e m p e r a t u r e .  This  

1 M. GLICKSMAN, Adv. Food Res. l l ,  138 (1962). 
2 I. MOORE and A. NAVON, Entomophaga 9, 181 (1964). 
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