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flachen Schalen) sind bekannt .  L i t e ra tu r  zu diesen Fragen  
und Methoden vergleiche 2. 

Uns interessierte,  ob die Prager  Methode der Sub- 
merskul tur  yon B. bassiana 3, 4 sich besonders einfach m i t  
einer Oberfl~ichenkultur ve rb inden  lasse, indem die Niihr- 
16sung mi t  den in ihr  nach 3 Tagen gebi ldeten Blastospo- 
ren (etwa 6 •  10S/ml) zur reichlichen Be impfung  yon 
Weizenkleie  benu tz t  wird. Die Submerskul tur  k6nnte  so 
schneI1 und laufend reichlich Impfma te r i a l  liefern, die 
Weizenkleie  das Auske imen der Blas tosporen und Ko- 
nidienbi ldung erm6glichen. Weizenkleie  schien uns wegen 
ihrer  Saugfiihigkeit  ftir das hoch dosierte Inocu lum beson- 
ders geeignet, z u m a l  sie als Ku l tu r subs t r a t  fiir den Pilz 
bekann t  ist  1 und bei der  Aufbere i tung  des Materials  (wie 
Zerkleinern, Absieben) n icht  s t6ren diirfte. 

Die Kleie  wurde  unsteri l  benutzt ,  da bei der hohen 
E insaa tmenge  des Pilzes ein unterdr t ickender  Ef fek t  auf 
die nat i i r l iche Mikroflora der Kleie zu erwar ten  war. Das 
Resu l t a t  best / i t igte unsere Annahme  : Fremdpi lze  erschie- 
nen nicht.  Soll das fert ige P roduk t  aus hygienischen 
Gri inden keinerlei  F r emdke ime  enthal ten,  1/isst sich 
nat i i r l ich auch zuvor  steril isierte iKleie verwenden.  

E in  Beispiel  m6ge die Brauchbarke i t  der Methode be- 
legen. Unster i le  iKleie wurde mi t  3 Tage alter, Blastospo- 
ren-durchse tz ter  Submersku l tu r  im Verh/i l tnis 1:1 (Gew./ 
Vol.) gemischt .  Die erhal tene Pas te  wurde  in Petr ischalen 
ausgestrichen,  die bei 20 ~ im Labor  oder bei  28 ~ im 
Bru t schrank  aufgestel l t  wurden.  Nach  48 S tunden  wurden  
die Deckel  der Schalen geliiftet.  14 Tage nach Ansetzen 
der Ku l tu ren  ha t t e  sich auf der bei  20~ gehal tenen 
Kleie reichlich Mycel  entwickel t ,  die Sporulat ion war  
aber  gering. Sic zeigte sich aber  sehr s tark  auf der bei 
28 ~ gehaltenei1 Kleie. 1 cm a Mater ia l  (Kleie plus frukti-  
f izierter  Pilz) aus 20~ enth ie l t  8 ,3•  , au~ 28~ 
dagegen 4,8 • 101~ Konidien.  

Man wird die Methode den jeweils vorhandenen  M6g- 
l ichkei ten und dem P i l z s t amm anpassen, indem z.B. 
Lagerung  der be impf ten  I(leie - ausgest r ichen oder, bei 
Zusatz einer geringeren Menge Impffl i issigkeit ,  locker 
geschi i t te t  - ,  Tempera tur ,  Bel i i f tung und Ku l tu rdaue r  
var i ie r t  werden. Uns kam es hier nur  darauf  an, auf ein 
fiir Massenkul turen m6gliches Pr inzip  hinzuweisen, das 
sich ausser fiir B. bassiana auch fiir andere insekten- 
pa thogene  Pilze eignen diirfte. 

Summary. After  incubat ion  for 3 days, a submerged 
culture con ta in ing  blastospores of Beauveria bassiana 
was mixed  wi th  unsteri le  whea t  bran  at  the  rat io  of 1:1 
(v/w). The pas te  was then  spread to form a th in  layer  
and stored for 2 weeks at  28~ This  combina t ion  of 
cul ture methods  resulted in a r ich product ion  of the  
re la t ive ly  resis tant  conidia  (4.8 • 101~ a pas te  medium) 
which are ve ry  sui table in exper iments  for b i o l o g i c a l  
control  of insect pests. 
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Two Cell,Free Systems for the Assay of Virus-Specific Polymerase 

In  the  early stage of repl icat ion of R N A  viruses virus 
specific polymerase  (RNA-dependen t  R N A  nucleot idyl  
transferase) is synthesized.  This  enzyme is coded by  vi ra l  
gellome and i t  catalyzes  the  synthesis  of v i ra l  RNA.  The 
synthesis  occurs in the  presence of four  nucleosidetr i -  
phosphates  (ATP, GTP,  UTP,  CTP), ATP-regenera t ing  
system, Mg++ and SH-cont in ing  compounds.  

In  ceils i n f e c t e d  wi th  Arbovi ruses l ,  2 and Picorna-  
viruses 3,4 virus specific polymerase  is associated wi th  
the  mi tochondr ia l -microsomal  (MM) fract ion of the  cells, 
t h a t  is sed imented  a t  12,000-15,000g. The  react ion 
reaches a p la teau  wi th in  30-45 min  and the  main p roduc t  
synthesized is a double-s t randed RNA.  

We a t t e m p t e d  to prolong the  t ime-course  of polymerase  
react ion and compared  two po lymerase  systems for this 
purpose.  

Expe r imen t s  were conducted  wi th  the  S P F  strain of 
Venezuelan equine encephalomyel i t i s  (VEE) virus  propa-  
gated in chick embryo  f ibroblast  monolayers  5. The  cells 
(1-2 • 106 cells/ml) were infected wi th  the  virus (50-100 
PFU/ce l l )  and incubated  in med ium 199 wi th  act ino- 
myc in  D (2 ~zg/ml) and 5% bovine  serum at  37~ for 
var ious  intervals .  Thereaf te r  t h e y  were cooled, scraped 
f rom the  glass, a l lowed to swell for 15 min  in a hypotonic  
buffer  (Tris HC1 0 .01M p H  7.2, E D T A  10 aM) and 
dis rupted  in a Dounce homogenizer .  The  nuclei  and cell 
debris  were r emoved  by  cent r i fugat ion  at  800 g for 
10 rain, the  MM fract ion was sedimented  a t  15,000 g 
for 20 min,  resuspended in TMM buffer (Tris HC1 0 .01M 

p H  7.5; MgC1 0 .001M;  2 mercap toe thano l  0.01M) at  the  
concent ra t ion  of 5 mg/Fnl of prote in  and stored at  --  20 ~ 

Two polymerase  systems were used:  
1. N u c l e o s i d e - t r i p h o s p h a t e - m e d i u m :  1 ml  of poly- 

merase prepara t ion  was resuspended in 3 ml  (final volume) 
of incubat ion  mix tu re  which conta ined 20 ~zmole Tris 
HC1 p H S . 0 ;  2~xmole MgC12; 6[zg ac t inomycin  D;  
7 tzmole 2-mercaptoethanol ;  0.5 [zmole phosphoenolpyru-  
r a t e ;  0.01 mg p y r u v a t e  kinase;  0.5 ~mole ATP,  CTP, 
U T P  each;  25 [zCi 8H-GTP (specific ac t iv i ty  0.6 mCi /m 
mole). The mix tu re  was incubated  at  37~ al iquots  
(0.3 ml) were t aken  a t  var ious in tervals  and react ion 
was s topped by  addi t ion  of ice-cooled HC10~ 0 .5N and 
Na2P207 0.1M. 0.1% caseine and 10% tr ichloracet ic  
acid (TCA) was added, TCA precipi table  mater ia l  was 
sedimented on Millipore filters, washed wi th  5% TCA, 
dried wi th  alcohol and the  filters were placed into vials  
wi th  to luene  (PPO + POPOP)  scintillaeor for count ing 
rad ioac t iv i ty  in a Packard-Tr ica rb  l iquid  scinti l lat ion 
counter.  
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2. Med ium 1 9 9 : 1  ml  of po lymerase  p r e p a r a t i o n  was 
r e suspended  in 3 ml  (final volume)  of m e d i u m  199 w i t h  
a c t i n o m y c i n  D (6 ~g) a n d  ~H ur id ine  (25 [zCi, specific 
a c t i v i t y  23 m C / m  mole) and  i n c u b a t e d  a t  37 ~ Al iquots  
(0.3 ml) were t a k e n  a t  va r ious  in t e rva I s  a n d  t r e a t e d  as 
above.  

For  g r ad i en t  analys is  of R N A  syn thes ized  t he  poly-  
merase  sys t ems  a f te r  i n c u b a t i o n  were t r e a t e d  w i t h  1% 
sod ium dodecyl  su l fa te  (final concen t r a t ion )  for 4 min ,  
t h e n  ice-cooled KCI 0 . 1 M  was added  and  t he  m i x t u r e  
v igorous ly  s h a k e n  w i t h  t h e  equa l  v o l u m e  of wa te r -  
s a t u r a t e d  phenol .  P h e n o l  e x t r a c t i o n  was r epea t ed  twice, 
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Fig. 1. Polymerase activity in chick embryo fibroblasts infected 
with VEE virus at various intervals after infection. The maximum 
of 3H-GTP incorporation into TCA-precipitable material is taken 
as 100%. The MM fraction from virus-infected ceils was incubated 
for 60 min by method 1. 

R N A  in t he  w a t e r  phase  was collected,  s e d i m e n t e d  w i t h  
2 vo lumes  of e t h a n o l  w i t h  a d d i t i o n  of 1.6~o sod ium 
ace t a t e  and  s tored  a t  - -  20 ~ overn igh t .  The  p rec ip i t a t e  
freed f rom e t h a n o l  was  dissolved in Tris buffer  (Tris 
HCI 0.012V/pH 7.2; NaC1 0 . 1 M ;  E D T A  10-aM) ,  l ayered  
on  a l inear  sucrose dens i t y  g r a d i e n t  5-20 ~o a n d  cen t r i fuged  
in a b u c k e t  ro to r  3 • 20 of a M S E  superspeed  50 cen t r i fuge  
a t  20,000 g for 16 h. The  g rad ien t s  were f r a c t i o n a t e d  in 
a L K B  col lector  w i t h  a uv ico rd  s p e c t r o p h o t o m e t e r  (A~s) 
a n d  t he  g r a d i e n t  f rac t ions  were t r e a t e d  as above .  

F igure  I p resen t s  t he  t ime-course  of po lymerase  a c t i v i t y  
assayed  b y  m e t h o d  1. I t  is seen t h a t  v i rus-speci f ic  poly- 
merase  appea r s  a t  3 h a f t e r  infect ion,  i ts  a c t i v i t y  the re -  
a f t e r  increases  a n d  reaches  a p l a t e a u  b y  5 h a f t e r  infec-  
t ion.  I n  f u r t h e r  e x p e r i m e n t s  t he  MM f rac t ion  was i so la ted  
f rom v i rus - in fec ted  cells 4 h a f t e r  infect ion.  

A compar i son  of 2 sys tems  for t h e  assay  of po lymerase  
a c t i v i t y  is shown in F igure  2. I t  is seen t h a t  the  syn thes i s  
of IRNA in nuc l eos ide - t r i phospha t e  m e d i u m  reaches  a 
p l a t eau  w i t h i n  30-45 ra in  and  t h e r e a f t e r  no  essent ia l  
increase  of R N A  syn thes i s  t akes  place. In  cont ras t ,  R N A  
syn thes i s  in  m e d i u m  199 con t inues  up  to 3 h g radua l ly  
r each ing  a m a x i m u m  b y  t h a t  t ime.  The  a m o u n t  of R N A  
syn thes ized  in m e d i u m  199 is 40-fold as c o m p a r e d  w i t h  
nucleoside  t r i p h o s p h a t e  m e d i u m .  

G r a d i e n t  ana lys i s  of RN~_ syn thes i zed  in b o t h  sys tems  
is shown in F igure  3. The re  is s imi la r i ty  of s e d i m e n t a t i o n  
p a t t e r n  of R N A  syn thes i zed  in nucleos ide  t r i p h o s p h a t e  
m e d i u m  a n d  in m e d i u m  199. A r ap id ly  s e d i m e n t e d  RNA,  
w i t h  t he  s e d i m e n t a t i o n  coeff icient  of a b o u t  40S, is r ibo-  
nuc lease-sens i t ive  a n d  p re sen t s  v i r ion  R N A  whi le  R N A  
w i t h  t h e  s e d i m e n t a t i o n  coeff icient  of a b o u t  26S is p a r t l y  
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Fig. 2. Time-course of incorporation of 3H- 
GTP into TCA precipitable material of 
nucleoside triphosphate medium (A) and of 
3H-uridine in that of medium 199 (B). 
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i Figure 3. Distribution of 8H ractioactivity in gradient 
fractions after centrifugation in sucrose density 
gradients 5-20% at 20,000g for 16 h of RNA 
extracted from nucleoside-triphosphate medium (A) 
and medium 199 (B). The MM fraction from virus 
infected cells was incubated with 3H-GTP for 60 rain 
(A) and with 3H uridine for 3 h (B). Solidline-total 
counts, dotted line-gradient fractions treated with 
pancreatic ribonuclease (2 ~g/ml). 
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r e s i s t an t  to  t h e  e n z y m e  can  be  cons idered  as rep l i ca t ive  
i n t e r m e d i a t e  of t h e  virus .  One can  note ,  however ,  t h a t  
b o t h  abso lu te  and  re la t ive  a m o u n t s  of v i r ion  R N A  are 
h ighe r  in  m e d i u m  199 t h a n  in nucleos ide  t r i p h o s p h a t e  
med ium.  

Thus ,  t he  second s y s t e m  for t he  assay  of po lymerase  
a c t i v i t y  (med ium 199) ha s  some a d v a n t a g e s  as c o m p a r e d  
w i t h  t he  f i rs t  s y s t e m  (Ilucleoside t r i p h o s p h a t e  med ium) .  
T h a t  m a y  d e p e n d  on  t he  fac t  t h a t  R N A  precursors  in  
m e d i u m  199 (pur ine  a n d  p y r i m i d i n e  bases) are g r adua l l y  
p h o s p h o r y l a t e d  b y  m i t o c h o n d r i a  and  the re fo re  R N A  
syn thes i s  las t s  for severa l  hours  w i t h o u t  i n h i b i t i o n  of t he  
e n z y m e  a n d  t h e  t emp la t e s .  I t  m a y  also d e p e n d  on  
c o n t i n u i n g  p ro t e in  syn thes i s  w h i c h  t akes  place  in t h i s  
coupled  sys tem.  

BNB0]IbL BNJIH cpaBHeHbI /IBe 6ecKJIeT0qHble CHCTeMbI ]IJI~ 
HCFIMTaHHfl IIOJIHMepa3bI BHpyca BeHecy3JIbCK0r0 3HIIe~aJI0- 
MHeJIHTa noliia/Ie.~ Haxo)I~ule~c~ B MHTOXOH]IpHaJIbH0-MHKp0- 
C0MH0.~ ~paKIIHH 3apaYKeHHbIX KJ~eTOK: KJiaccHqecKa~ llO- 
Jn4Mepa3Hafl cMeCb C HyKJleO3!/I}I-Tp!4qb0c~aTaMH H cpeAa 
Jgo_ 199. 

BTopaa CHCTeMa HMeeT npeHMyltlecTBa nepe~ nepBo~, TaK 
Ka~ o6ecneqHBaeT np0~0aX<HTeJIbHb~h (~0 3-X qac0B) CHnTe3 
PHK, 6o~ee BbIC0KH~ yp0BeHb CHHTeaa H 06paa0BaHHe 
3HaqHTeJIbHblX KOJ1HqeCTB BHpHOHH0.~ PHK. 
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Effects of U n m i x e d  and Mixed Leaf Litter of Three  
of Polydesmus angustus Latzel  

I t  is well  k n o w n  t h a t  mi l l ipedes  t o g e t h e r  w i t h  o the r  
soil bo rne  o rgan i sms  help  b r e a k i n g  down  t h e  leaf l i t ter ,  
b u t  i t  is no t  k n o w n  if t h e y  t h e m s e l v e s  are a f fec ted  in 
t he  process.  L i t t l e  has  also been  r epo r t ed  on t h e  effects  
of e n v i r o n m e n t a l  condi t ions ,  inc lud ing  t he  n a t u r e  of 
ava i l ab le  food, on  t he  b io t i c  po ten t i a l i t i e s  a n d  develop-  
m e n t  of diplopods.  I t  is how eve r  k n o w n  t h a t  some species 
of mi l l ipedes  show m a r k e d  preference  for t he  leaves  of 
some p l a n t s  1, wh ich  is cor re la ted  to t he  ca lc ium c o n t e n t s  
of t he  leaves  3. A s ign i f ican t  di f ference in t he  d e v e l o p m e n t  
of mi l l ipedes  g rown on F 1 a n d  F 0 layers  of beech  fores t  
ha s  also been  s h o w n  a. T he  p r e s en t  no te  discusses t he  role 
of u n m i x e d  a n d  mixed  l i t t e r  of 3 species of p lan t s ,  u n d e r  
2 e n v i r o n m e n t a l  condi t ions ,  on  t he  d e v e l o p m e n t  of Poly- 
desrnus ang~stus Latzel ,  a c o m m o n  mi l l ipede  in B r i t i sh  
woodlands .  

F r e sh ly  emerged  f i r s t  i n s t a r  l a rvae  were m a i n t a i n e d  in  
l a b o r a t o r y  in receptac les  c o n t a i n i n g  fal len a n d  fa i r ly  
r o t t e d  leaves  of oak  (Quercus robur L.), b i r c h  (Betula ver- 
rucosa E h r h a r t )  and  beech  (Fagus sylvatica L.). L a r v a l  
popu l a t i ons  were also m a i n t a i n e d  on  mixed  l i t t e r  of 
oak  + bi rch ,  oak  + beech  and  b i r ch  + beech.  Rep l i ca t ed  
series of each  cu l tu re  were k e p t  s epa ra t e ly  in  a) a c o n s t a n t  
e n v i r o n m e n t  w i t h  a t e m p e r a t u r e  of 23 ~ c o n s t a n t  dark-  
ness and  90% :t: 5 r e l a t ive  h u m i d i t y  (RH) and  b) a f luc tu-  
a t i n g  e n v i r o n m e n t  w i t h  v a r y i n g  t e m p e r a t u r e  (be tween  
f reezing p o i n t  to  30 ~ n a t u r a l  l igh t  a n d  re l a t ive  h u m i d i t y  
in  d i f fe ren t  hours  a n d  seasons.  Because  of t he  h igh  feeding 
ra t e s  of d i f fe ren t  l a rva l  i n s t a r s  t he  leaf  l i t t e r  suppl ied  
h a d  to  be  r ep len i shed  a t  f r e q u e n t  in te rva ls .  The  t i m e  for 
c h a n g i n g  t he  food d id  how eve r  no t  coincide for all  series. 

The  f i rs t  i n s t a r  l a rvae  were rea red  up  to  t he  a d u l t  s tage  
a n d  t he  t i m e  t a k e n  to comple t e  t h e  cycle u n d e r  each  

Species  of Plants  on the D e v e l o p m e n t  and Growth  

t r e a t m e n t  is shown  in Tab le  I. The  d a t a  sugges t  develop-  
m e n t  was  qu ickes t  w h e n  t h e  l a rvae  were rea red  on  u n m i x e d  
leaf  l i t t e r  of a n y  p l a n t  species and  m a i n t a i n e d  in a con- 
s t a n t  e n v i r o n m e n t .  Mixed  l i t t e r  of a n y  2 p l a n t  species in  
a f l u c t u a t i n g  e n v i r o n m e n t  p ro longed  t he  d e v e l o p m e n t  
period.  The  order  of d e v e l o p m e n t  u n d e r  d i f fe ren t  t r ea t -  
m e n t s  was : u n m i x e d  l i t t e r  + c o n s t a n t  e n v i r o n m e n t  < un-  
mixed  l i t t e r  + f l u c t u a t i n g  e n v i r o n m e n t  < m i x e d  l i t t e r  + 
c o n s t a n t  e n v i r o n m e n t  < mixed  l i t t e r  + f l u c t u a t i n g  envi -  
r o n m e n t .  

A p a r t  f rom af fec t ing  t he  d e v e l o p m e n t a l  ra te ,  t he  l i t t e r  
suppl ied  also in f luenced  t he  g r o w t h  of the  adul ts .  U n d e r  
t he  c o n s t a n t  e n v i r o n m e n t ,  u n m i x e d  l i t t e r  was conduc ive  
to t he  d e v e l o p m e n t  of large adu l t s  b u t  m i x e d  l i t t e r  r e su l t ed  
in t he  d e v e l o p m e n t  of smal le r  adu l t s  (Table  I I ) .  

A l t h o u g h  these  s tud ies  d id  no t  i nd i ca t e  how a n d  w h i c h  
componen t ( s )  of t he  var ious  c o m b i n a t i o n s  of leaf  l i t t e r  
and  e n v i r o n m e n t a l  c o m b i n a t i o n s  af fec ted  the  g r o w t h  a n d  
d e v e l o p m e n t  of Polydesmus angustus, some genera l  infer-  
ences can  be  d rawn.  I t  m a y  be  t h a t  in  an  ecosys tem w i t h  
mixed  s t a n d s  of p l a n t s  of d i f fe ren t  species t h e  mi l l ipede  
will  h a v e  an  e x t e n d e d  life cycle c o m p a r e d  to a n  a rea  
cha rac t e r i zed  w i t h  single p l a n t  species. The  d i f fe ren t ia l  
g r o w t h  ra tes  and  t h e  d e v e l o p m e n t  of large or smal l  adu l t s  
are also of s ignif icance in t he  b ioenerge t ics  of a n  ecosys tem : 
s h o r t e n e d  life cycle m e a n s  no t  on ly  t he  p r o d u c t i o n  of 
more  adu l t s  in  a n  u n i t  t ime,  b u t  t h e  d e v e l o p m e n t  of large 
sized adu l t s  could lead to  an  increased  b iomass .  
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Table I. Duration of development of Polydesmus angustus LatzeI from first instar to adult stage under different combinations of Ieaf litter 
and environmental conditions 

Mean time -t- S.E. (in days) taken to complete the cycle from first instar to adult stage 

Environment Oak Birch Beech Oak + Oak + Birch + 
(type of litter) Birch Beech Beech 

Constant temperature of 23 ~ and constant darkness 113 • 23 145 ~_ 23 140 ~= 37 223 4- 27 235 • 21 240 -t- 30 
Fluctuating temperature and light 199 -E 18 211 :~ 22 205 =t_ 27 245 ~ 18 242 • 20 250 -c 24 

Figures represent mean of 4 replicates. 


