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A Sporulat ing Strain of Bacillus popilliae 

Bacillus popilliae was f i r s t  i so la ted  b y  DUTKY 1 f rom 
diseased  l a rvae  of t h e  J a p a n e s e  beet le ,  Popillia japonica 
Newm.  1 DUTKY es t ab l i shed  t h a t  t he  m i c r o o r g a n i s m  was 
t he  causa l  a g e n t  for t h e  m i l k y  d isease  in t he  l a rvae  a n d  
sugges ted  t h a t  t h e  spores  of t he se  o r g a n i s m s  could  be  
used ef fec t ively  to  con t ro l  t h e  insec t  popu la t i on .  Since 
t h e n  m a n y  ef for ts  were m a d e  to  devise  a p rocedu re  for  
t h e  c u l t i v a t i o n  of spores  in  v i t ro ,  especia l ly  in l iqu id  
m e d i a  such  t h a t  t h e  m e t h o d  could  be  deve loped  to  process  
q u a n t i t i e s  of spores  in large f e rmen to r s .  U n t i l  now, t h e  
on ly  successful  r e su l t  o b t a i n e d  in these  i nves t i ga t i ons  was  
t h e  d e v e l o p m e n t  of a solid m e d i u m  w h i c h  al lows a sporu -  
l a t i on  of 0 .3% 2. T h e  m a j o r i t y  of these  s tud ies  were  con-  
d u c t e d  on s t r a i n s  i so la ted  severa l  years  ago f rom la rva l  
spores  a n d  p r e s e r v e d  as lyophi l ized  cu l tu res  of v e g e t a t i v e  
cells. F o r  r o u t i n e  e x p e r i m e n t a t i o n  in t h e  l a b o r a t o r y  t h e  
s t r a i n s  were  m a i n t a i n e d  b y  successive t r ans f e r s  of vege-  
t a t i v e  cells g rown  in a se lec t ive  n u t r i e n t  m e d i u m  3. Such  
p rocedure s  h a v e  a c e r t a i n  b ias  wh ich  ref lects  in  t h e  selec- 
t i on  of n o n - s p o r u l a t i n g  or  sparse ly  s p o r u l a t i n g  m u t a n t s  
in a popu la t i on .  For ,  i t  is a we l l -known  fac t  t h a t  a n y  
i n t e r r u p t i o n  in t h e  d e v e l o p m e n t a l  cycle of a cu l tu re  to-  
w a r d s  s p o r u l a t i o n  re su l t s  in  inc reased  loss of v iab i l i ty ,  
especia l ly  if on ly  c o m m i t m e n t  b u t  n o t  c o m p l e t i o n  of 
s p o r u l a t i o n  occurs  in  t h a t  m e d i u m .  H e n c e  we dec ided  to  
isola te  f resh  s t r a i n s  c apab l e  of s p o r u l a t i o n  f rom t h e  spore  
p o p u l a t i o n  o b t a i n e d  f rom t h e  l a rvae .  

T h e  fol lowing m e t h o d  was  a d o p t e d  to  i so la te  s t r a i n s  of 
B. popilliae, b e a r i n g  in m i n d  a c h a n c e  o b s e r v a t i o n  t h a t  
these  o rgan i sms  were capab l e  of g r o w t h  in t he  p resence  
of ch lo roform.  Lyoph i l i zed  spores  f r o m  t h e  l a r v a e  were  
o b t a i n e d  f rom t h e  N o r t h e r n  Reg iona l  R e s e a r c h  L a b o r a -  
tor ies  in Peor ia ,  I l l inois.  The  spores  were s u s p e n d e d  in 
ch lo ro fo rm a n d  k e p t  a t  40 °C for  15 ra in  to  increase  t h e  
p e r c e n t a g e  of g e r m i n a t i o n .  T h e  s o l v e n t  was  r e m o v e d  a n d  
t h e  spores  were r e s u s p e n d e d  in 0.01 M Tris-HC1 buf fe r  a t  
p H  7.0. Di f fe ren t  c o n c e n t r a t i o n s  of spores  were sp read  on  
a g a r  c o n t a i n i n g  t h e  n u t r i e n t s  o u t l i n e d  in t h e  Tab le .  
Severa l  colonies  were se lected a f t e r  48 h i n c u b a t i o n  a t  
30 °C a n d  t e s t e d  for  t h e i r  ab i l i t y  to  grow in b r o t h  in t h e  

p resence  of ch lo roform.  A l iquid  m e d i u m  for  o p t i m a l  
s p o r u l a t i o n  of t h e  i so la ted  s t r a i n s  was deve loped  a n d  i ts  
compos i t i on  is g iven  in t h e  Table .  

One  of t h e  i so la ted  s t r a i n s  followed closely t h e  m o r p h o -  
logical  ch an g es  d u r i n g  v e g e t a t i v e  g r o w t h  a n d  s p o r u l a t i o n  
in t h e  l iqu id  m e d i u m  as desc r ibed  b y  DOTKV. Cul tu res  of 
t h i s  s t r a in  were  g rown  r o u t i n e l y  in 500 ml  of Y G G  m e d i u m  
in a 2-1 f lask  b y  i n o cu l a t i o n  of 104 spores.  T h e  i n o c u l a t e d  
m e d i u m  was  a e r a t e d  a t  30 °C on  a New B r u n s w i c k  Gyro-  
t o r y  shaker .  Samples  were t a k e n  a t  i n t e rva l s  a n d  m o r p h o -  
logical  changes  were obse rved  u n d e r  t h e  p h a s e  c o n t r a s t  
microscope.  T h e  o r g a n i s m s  showed  in i t ia l  s t ages  of sporu -  
l a t ion  a f t e r  48 h a n d  m a x i m u m  s p o r u l a t i o n  was  o b t a i n e d  
w i t h i n  72 h. T h e  cu l tu res  c o n t a i n e d  a p p r o x i m a t e l y  
3-5  × 108 spores /ml .  T h e  spore  c o u n t  was  m a d e  a f t e r  
h e a t  t r e a t m e n t  of t h e  suspens ion  of cells a t  80°C for  
15 min .  To o u r  knowledge,  t h i s  is t h e  f i rs t  i n s t ance  of 
s p o r u l a t i n g  th i s  o r g a n i s m  in l iquid  cu l tu res  w i t h  yields  of 
nea r ly  8 0 %  s p o r u l a t i o n  w i t h i n  72 h. 
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Composition of the medimn (YGG) for the growth and sporulation of 
B. popilIiae 

Yeast extract 0.4% (w/v) Glycerol 0.2% (w/v} 
Glucose 0.4% (w/v) Sodium chloride 0.5% (w/v) 

'G' medium contained the following minerals in g/lO0 ml of distilled 
water: (NH4)2SO 4 0.2; K~HPO 4 0.05; MgSO 4 (anhy.) 0.02; 
MnSO4-HzO 5 × 10-~; CaCI a 8 × 10-3; ZnSO4-7HzO 5 × 10-4; 
CuSO4"5H20 5 × 10-*; FeSOi'7H20 5 × 10 -s. 

Fig. 1. Phase contrast micrographs of a culture of the sporulating strain of B. popilliae. (A) Vegetative cells in the logarithmic phase. 
× 1200. (B) Early stationary phase. Note the cells are swollen and some of the cells are spindle-shaped. (C) Sporulation phase showing 
the refractility in the cells. 
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The organisms are motile,  rod-shaped in the  vege ta t ive  
s ta te  measur ing  4-5 [z in l eng th  and 0.6-0.8 ~t in d iameter .  
As the  t rans i t ion  occurs  f rom v e g e t a t i v e  s ta te  to commi t -  
m e n t  to sporula t ion  the  cells become swollen and assume 
a spindle-shape.  W i t h  the  progress of sporula t ion  the  
re t ract i le  body,  which  appears  ini t ia l ly  a t  the  te rmina l  
end of  the  organism, moves  and  is located cen t ra l ly  in the  
ma tu re  spore (Figure 1). The  electron mic rograph  shown 
in F igure  2 of a th in  sect ion of a retract i le  body  bears  
cytological  evidence to  the  fac t  t h a t  t he  re f rac t i l i ty  is 
indeed due to  spore fo rmat ion  and no t  to the  accumula-  
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t ion of lipoid mater ia l  3. In  the  cells conta in ing  the  im- 
ma tu re  spore there  can be not iced  a granular  area  corre- 
sponding  to  the  posi t ion where  the  paraspora l  inclusion 
usual ly  develops.  W h e n  the  spore matures ,  however ,  the  
paraspora l  body  is not  in tac t  inside the  sporangium bu t  
released in the  medium.  Dur ing  t h a t  t ime  an ac t ive  proteo-  
lyt ic  enzyme  is secreted in the  medium.  Pre l iminary  
inves t iga t ions  have  shown t h a t  the  enzyme  exhibi ts  dif- 
ferences in proper t ies  f rom those t h a t  have  been isolated 
dur ing the  sporula t ion  of  B. subtilis and B. licheniformis *'5. 
I t  is in teres t ing  to specula te  whe ther  the  paraspora l  in- 
clusion is indeed a p ro -enzyme which is ac t iva ted  under  
condi t ions  of sporu la t ion  in v i t ro  and secreted as a pro-  
teo ly t ic  enzyme  6. 

Zusammen[assung. Durch  Behand lung  mi t  Chloroform 
ist es m6glich, Bacillus popilliae in fliissigem Medium zur 
Sporenbi ldung zu veranlassen.  Diese Bakter ien  k6nnen 
zur Bek/ impfung von  Insekten,  der  Popilliae ]aponica, 
benfi tz t  werden.  
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Fig. 2. Electron mierograph of a retractile spore intact within the 
sporangium. Spores were fixed in osmium tetroxide and counter- 
stained with lead hydroxide after sectioning. Pictures were taken at 
a magnification × 27,000 and enlarged. 
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S T U D I O R U M  P R O G R E S S U S  

Lymphatic  Drainage of the Brain 

Inves t iga to r s  s tudy ing  the  pa thomechan i sm of cerebral  
edema  are aware  of the  diff icult ies inheren t  in the  pro-  
duc t ion  of  an  expe r imen ta l  edema  of the  brain.  Expe r i -  
men ta l  bra in  tumours ,  expe r imen ta l  bra in  injuries,  or  
freezing of the  bra in  surface, and recent ly  adminis t ra -  
t ion of t r ie thy l  t in, a re  common  methods ,  though  admi t -  
t ed ly  rough procedures  t h a t  f inal ly resul t  in var ious  
degrees of edema,  

Obviously,  nobody  has t r ied to produce  a cerebral  
edema  by  obs t ruc t ing  l y m p h  flow of t he  brain,  since a 
wel l -known fact  for f i rs t -grade s tuden ts  of medic ine  is 
t h a t  t he  bra in  lacks lymphat ics .  I n  this  paper ,  the  s t range 
fact  will  be discussed tha t ,  unexpec ted  as i t  is, by  means  
of obs t ruc t ion  of  t he  cervical  l ympha t i c  pa thways ,  a 
mass ive  cerebral  edema  can be p roduced  wi th  great  
r egu la r i ty  in va r ious  exper imenta l  animals,  character ized 
by  gross ana tomica l ,  histological ,  func t iona l  and clinical 
signs. 

Connections between the CNS and the lymphatic system. 
' W i t h  regard  to  the  l y m p h a t i c  pa thways ,  i t  is general ly  
agreed t h a t  there  are  no lympha t i c s  wi th in  the  CNS or  
meninges '  i. 

On  the  o ther  hand,  the  presence of lympha t i c s  in the  
nasal  cav i ty ,  in t he  orb i ta  and a round  the  j ugular  foramen,  
in the  lep tomeningea l  sheaths  a round cranial  nerves  is 
well  known.  Dif ferent  t r ace r  substances  in jec ted  int ra-  
theca l ly  regular ly  appear  in t he  cervical  l y m p h  glands. 
Never theless ,  no funct ional  significance is ascribed to this  

lympha t i c  dra inage  in the  fluid exchange  of in t racrania l  
s t ructures ,  since, in the  exper iments  of COURTICE and 
SIMMONDS 1, the  ra te  of absorp t ion  of labelled prote in  and 
e ry th rocy tes  was no t  affected by l igat ion of the  main 
cervical  lymphat ics .  

The  above  exper imenta l  results appear  to be suppor ted  
also by sophis t ica t ion:  (a) according to the  present  view, 
the  main  role of lympha t ics  is the  re - t ranspor t  of proteins  
escaped from blood capillaries from the  tissues into the  
blood s t r eam;  (b) bra in  t issue is v igorously  p ro tec ted  
from the  en t rance  of p lasma proteins  by the  blood-brain-  
barr ier  (BBB);  hence, there  is no need of a l ympha t i c  
sys tem;  (c) in full accordance,  nei ther  classical mor-  
phology  nor  electron microscopy  reveals  any  l y m p h  
vessels in the  bra in ;  the i r  absence was repea ted ly  con- 
f i rmed in the  course of our  own studies also. 

R e c e n t  studies,  however ,  revealed t h a t  the  pro tec t ion  
of the  bra in  by the  B B B  is not  an absolute  one:  (a) a ve ry  
l imi ted bu t  by no means  negligible a m o u n t  of p lasma 
prote in  molecules  is s teadi ly  escaping the  blood capil laries 
and en te r ing  the  brain substance2;  (b) several  areas of 

1 F. C. COURTICE and W. J. SIMMONDS, Aust. J. exp. Biol. reed. Sci. 
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