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tioI1 was measured  in a Specol spec t rocolor imeter  a t  474, 
515 and  556 nm; agains t  s imilar ly  t r e a t ed  reagent  b lanks  
in 10 m m  glass cells. The readings  were corrected for 
unspecific background  colour by  apply ing  Ecorr .  = 
2Es15-/E474 + E556/5. 

The results  of analysis  (Table) ind ica ted  t h a t  t he  smal- 
lest con ten t  of estrogen-l ike subs tances  occurs in unroo ted  
d o r m a n t  h y a c i n t h  bulbs, and  t h a t  t h e y  are p resen t  only  
in leaves and  inflorescence. In  tile non-co ld - t rea ted  bulbs  
which  were p l an t ed  in soil and  had  grown all the  t ime  in 
t he  greenhouse,  about  2-fold increase of the  con ten t  of 
estrogen-l ike subs tances  was observed  in leaves and 
inflorescence dur ing f lowering t ime.  However ,  es t rogen-  
like subs tances  were no t  found  in t he  f leshly scales and 
roots.  

Occurrence and distribution of estrogen-like substances in different 
organs of cold-treated and non-cold-treated hyaointh bulbs 

In  t he  co ld- t rea ted  h y a c i n t h  bulbs  analyzed at  the  
f lowering t ime,  an increase of t he  co n t en t  of es t rogen-l ike 
subs tances  in leaves and inflorescence was observed.  These 
subs tances  were also found  in f leshly scales and  roots  in 
co ld- t rea ted  bulbs.  

I t  can be t h e n  summar ized  t h a t  as in t he  o ther  species 
so far inves t iga ted  the  es t rogen-l ike  subs tances  are 
p resen t  in h y a c i n t h  p lants .  Af ter  the  cold t r e a t m e n t  of 
h y a c i n t h  bulbs  - which  is necessary  for normal  g rowth  of 
inflorescence and  leaves - an increase in t he  level of 
es t rogen-l ike subs tances  took  place. I t  is known f rom 
other  da ta  6 t h a t  es t rogens  can replace a low t e m p e r a t u r e  
t r e a t m e n t  in the  f lowering process  of Cychorium intybus. 

Zusammenfassung. K&tteeinwirkung auf H y a z i n t h e n -  
knollen, welche eine normale  En twick lung  yon  Blti ten- 
st/~nden verursacht ,  f i ihrt  gleichzeit ig zu einer a l lgemeinen 
Ste igerung des Oes t rogengehal tes  in der  Pf lanze  mi t  
H d c h s t w e r t e n  in den Bl&ttern und  Blt i tenst / inden.  

Typeof bulbs Heel Scales Leaves Inflore- Roots 
scenee 

Dormant bulbs analyzed 
in November 1972 0 0 23 9 -- 
Non-cold treated bulbs 
analyzed at the flowering 
time (January 16, 1973) 0 0 42 21 0 
Cold-treated bulbs 
analyzed at the flowering 
time (January 20, 1973) 0 27 62 33 21 
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Results are expressed in ~xg equivalent of estrone in 100 g of fresh 
weight plant material J. KOPCEWICZ, Naturwissensehaften 57, 136 (1970). 

Self-Inhibiting Extracellular Proteins from Aspergillus oryzae 

Earl ier  we descr ibed the  occurrence of b o t h  self- 
s t imula t ing  and  self- inhibi t ing subs tances  ill cul tures  of 
f i l amen tous  fungi  1-3. I t  was shown t h a t  t he  stage of 
ac t ion dur ing  the  cul ture deve lopmen t  of these  organisms 
is of crit ical impor tance .  Tills expla ins  t he  curious re- 
sponse one very  of ten  gets in these  cul tures by  d i f ferent  
inoeulum sizes. Using low concen t ra t ion  subs t ra tes  (10 g/1 
carbon source) f i l t ra tes  f rom very  young  cul tures of 
A. oryzae when  added  at  the  s tage of inocula t ion  to fresh 
cul tures  showed inhib i t ing  effects  of g rowth  which  of ten 
h a d  las t ing effects up to la ter  s tages of growth.  The 
impl ica t ions  in cont inuous  cul ture opera t ion  are obvious.  
In  fact  there  are great  difficulties in ma in ta in ing  a t rue  
equi l ibr ium of myce l ium con ten t  ill homogeneous  single 
s tage cont inuous  culture,  and the  range of di lut ion ra tes  
al lowing cont inuous  procedure ,  a lbei t  w i th  considerable  
var ia t ions  in myce l ium content ,  is ve ry  narrow. 

W i t h  high subs t r a t e  concen t ra t ions  on media  produc ing  
a s l ight ly alkaline reac t ion  we could now show t h a t  in 
cont inuous  cul ture of A. oryzae sel f - inhibi t ing ext ra-  
cellular compounds  occurred (when t e s t ed  as above), 
a l though the  concen t ra t ion  of these  subs tances  seemed 
out  of phase  wi th  the  var ia t ions  of myce l ium conten t .  
An example  of t he  effect  of smal l  amoun t s  of cul ture  

1 j .  ]~EYRATH, Experientia 18, 41 (1962). 
2 j.  MEYRATH and A. F: MclNToSH, Can. J. Microbiol. 11; 67 (1965). 
3 M. N. OI~A and J. MEYRATH, Path. Microbiol. 30, 959 (1967}. 
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Fig. 1. Effect of culture filtrate (supernataut) from deep continuous 
culture of A. oryzae on fresh stationary cultures of the same organism. 
Exparimental characteristics. Deep culture. Substrate : potato starch, 
40 g; (NHd)2SOd, 16 g; KH~P04, 4 g; citric acid, 10 g; glacial acetic 
acid, 6.9 ml; MgSOd.7HsO , 0.6 g; FeC13.6H20, 0.1 g; CaC12.6H20 , 
10 mg; ZnSOd.7H20, 5 rag; CuSO 4. 5H20 , 0.5 rag; MnSOd.4H~0, 
0,5 mg; pH adjusted (NaOH) to 6.8; distilled water up to 11. Dilution 
rate, 0.04 h-l; temperature 30~ mycelium separated by centri- 
fuging. 
Stationary culture. Substrate: glucose, 40 g; (NHd)2SOd, 1 g; MgSO 4. 
7H20 ~ 0.3 g; FeCla.6HaO, 0.003 g; Na~HPOd, 9.46 g; KH2PO 4, 9.07 g; 
distilled water up to i 1. 10 ml portions of sterile medium distributed 
in 100-ml sterile conical flasks; 1.5 ml conidial suspension in mem- 
brane-filtered supernatant (or sterile water as control} from deep 
culture added to each; inoculum size, 2 • 105 coniciia/ml. 
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f i l t r a t e  t a k e n  f rom a deep cu l tu re  of A .  oryzae u n d e r  
c o n t i n u o u s  ope ra t i on  w h e n  a d d e d  to s t a t i o n a r y  c u l t u r e s  
of t h e  same  o rgan i sm a t  t h e  s tage  of i nocu la t i on  is shown  
in F igu re  1. I t  c an  be  seen t h a t  cu l tu re  f i l t r a tes  de r ived  
f rom t h e  s u b m e r g e d  c o n t i n u o u s  cu l tu re  a t  t he  312th  a n d  
504th  h were i n h i b i t o r y  to t he  t e s t  cul tures ,  wh ich  

showed  cons ide rab ly  reducec  g r o w t h  r a t e s  in  the  l inea r  
phase ,  whereas  cu l tu re  f i l t r a t e  a t  t h e  552nd h was devoid  
of a n y  g r o w t h - i n h i b i t o r y  ac t ion .  

L a r g e r  a m o u n t s  of cu l tu re  f i l t ra tes ,  wh ich  showed  th i s  
k i n d  of i n h i b i t o r y  effect  were col lected a n d  pu r i f i ca t i on  
of t he  desi red c o m p o u n d s  was a t t e m p t e d .  Since t he  purif i -  
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Fig. 2. UV-absorbance (280 nm) and biological activity of fractionated filtrate (G-25) from a deep culture. Experimental characteristics. 
Deep culture and stationary eulture tests as for Figure 1. Biological activity is expressed as percentage reduction of growth in stationary 
cultures after 38 h incubation. Separating column: Sephadex G-25, (75 X 2.5 cm); bed volume: 370 ml; void volume: 115 ml; eluting agent: 
0.05M phosphate pH 6.8; fraction volume: 5 ml; 7.5 ml of an ll-fold culture filtrate were used for separation. Tests for biologieaI activity 
as under Figure 1 of the pooled fractions for the individual UV-peaks after 2-fold concentration by sterile ultrafiltration on UM-o5. 

~" 0.4- ~ ~ 1 
"~ o.; 

0 12 

Age growth (%) --- 

Extinction 

' '17 . . . .  25 ' 50 . . . .  39 

Fraction number 

lO0 !/o 

50 e~ 

Fig. 3. UV-absorbance (280 rim) and biological activity of fractionated 
eluate of peak No. 1 from G-25 on G-75 Sephadex. For further details 
see Figure 2. 
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Fig. 4. A separation scheme for ti~e self-inhibitory compounds. 
Column length, 1 m; inner diameter, 25 ram; total bed volume: 

440 ml; void volume: 165 ml; eluting agent: 0.05M phoosphate 
bulfer pH 6.8; size of fractions 10 ml. b Column characteristics as 
above, except that void volume is 160 ml. The protein-content of the 
pooled tractions was finally determined according to the method of 
LowRY using weighed amounts of serum-albumin as standards, 

ca t ion  would  be  cons ide rab ly  eased if c o n c e n t r a t e d  
cu l tu re  f i l t r a tes  could be  used, e v a p o r a t i o n  was car r ied  
ou t  in  v a c u u m  a t  30~ However ,  a 5-fold c o n c e n t r a t i o n  
resu l ted  in a comple t e  loss of t h e  i n h i b i t o r y  factor .  A t e s t  
of t he  condensed  l iquid  showed  t h a t  t h e  desi red c o m p o u n d  
was non-vola t i l e .  W i t h  th i s  c o n c e n t r a t i o n  fac to r  t he re  was 
also cons iderab le  p r e c i p i t a t i o n  of a m o r p h o u s  m a t t e r ,  
sugges t ing  d e n a t u r a t i o n  of p ro t e inaceous  ma te r i a l ,  
poss ib ly  due  in p a r t  to  t he  h i g h  c o n c e n t r a t i o n  of phos-  
p h a t e s  and  o the r  c o m p o u n d s  of t he  m e d i u m  used. A 
c o n c e n t r a t i o n  b y  a fac to r  of 2 was possible,  however ,  
w i t h o u t  de t ec t ab l e  loss of ac t iv i ty .  All  a c t i v i t y  t es t s  were 
car r ied  ou t  as descr ibed  for F igu re  1. Dif fus ion t e s t s  were 
unsuccess fu l ;  t h i s  m a y  be  due  to  t h e  f ac t  t h a t  t h e  inh ib i -  
t o r y  effect  is no t  a n  abso lu te  one, r a t h e r  is i t  a r e t a r d a t i o n  
of growth ,  w i t h  a poss ible  r e d u c t i o n  of m a x i m u m  yie ld  
of myce l ium,  effects m o s t  d i f f icul t  to  de t ec t  in  aga r  
d i f fus ion tests .  The  i n h i b i t o r y  p r inc ip le  was lost  also u p o n  
boi l ing  for 5 min,  b u t  m a i n t a i n e d  m o s t  of i t s  a c t i v i t y  
a f t e r  p a s t e u r i z a t i o n  a t  70~ for  10 rain.  D ia ly sab i l i t y  
aga ins t  b o t h  w a t e r  a n d  cu l tu re  f i l t r a t e  was  a sce r t a ined  
before  ca r ry ing  ou t  pu r i f i ca t ion ;  t h e  ac t ive  f ac to r  was  
r e t a i n e d  in t he  dia lys is  sac, w h i c h  should  p r e v e n t  t h e  
passage  of molecules  w i t h  a molecu la r  we igh t  la rger  t h a n  
10,000 da l tons .  C o n c e n t r a t i o n  of t h e  ac t ive  c o m p o u n d  is 
possible  b y  a m m o n i u m  s u l p h a t e  (100% sat.) p rec ip i t a -  
t ion .  No d e t e c t a b l e  loss of a c t i v i t y  occur red  a f te r  dissolv-  
ing  t he  p r e c i p i t a t e  in  M/15 p h o s p h a t e  buf fe r  a t  p H  6.8 
a n d  dia lys is  aga in s t  d is t i l led  water .  

Fo r  t he  f r a c t i o n a t i o n  descr ibed  below, c o n c e n t r a t i o n  
was car r ied  ou t  b y  u l t r a f i l t r a t ion .  Us ing  va r ious  grades  of 
fi l ters,  i t  could be  s h o w n  aga in  t h a t  t he  ac t ive  c o m p o u n d  
has  a molecu la r  w e i g h t  la rger  t h a n  10,000 a n d  smal le r  
t h a n  50,000 da t tons .  

A n u m b e r  of f r a c t i o n a t i o n s  were  n o w  car r ied  o u t  on  
cu l tu re  f i l t r a t e  c o n c e n t r a t e d  b y  u l t r a f i l t r a t i on .  

A f i r s t  f r a c t i o n a t i o n  was pe r fo rmed  b y  us ing  an  11-fold 
c o n c e n t r a t e d  (u l t ra f i l te r  UM-o5) cu l tu re  f i l t r a t e  on  a 
S e p h a d e x  G-25 gel (for de ta i l s  of o p e r a t i o n  see cap t i on  
to  F igure  2). The  e lua te  col lected in 5 ml -po r t i ons  was 
t e s t ed  for a b s o r b a n c e  a t  280 n m ;  t h e  pooled  f rac t ions  
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m a k i n g  up  t he  i n d i v i d u a l  peaks,  as shown  in F igure  2, 
w e r e  t e s t ed  for t he i r  biological  a c t i v i t y  a f te r  a 2-fold 
c o n c e n t r a t i o n  on  steri le u l t r a f i l t r a t i on  e q u i p m e n t  w i t h  
f i l ter  UM-o5. 

-The pe rcen t age  r e d u c t i o n  of growth,  as shown in 
F igure  2, is t a k e n  as a m eas u r e  for biological  ac t iv i ty .  I t  is 
ev iden t  t h a t  the  desired c o m p o u n d  is c o n t a i n e d  w i t h i n  
t h e  f i rs t  f r ac t ion  of a S e p h a d e x  G-25 eluate .  Th i s  f r ac t ion  
is iden t ica l  w i t h  t he  vo id  v o l u m e  of t he  S e p h a d e x  column.  

Since a G-25 S e p h a d e x  is su i t ab le  for  I r a c t i o n a t i o n  of 
c o m p o u n d s  b e t w e e n  molecu la r  we igh t  1000-5000 da l tons ,  
i t  is u n d e r s t a n d a b l e  t h a t  t he  ac t ive  coumpound ,  w h i c h  
b y  u l t r a f i l t r a t i o n  ind ica t ed  a l r eady  a molecu la r  we igh t  
la rger  t h a n  10,000 da l tons ,  can  be  de tec ted  w i t h i n  t he  
vo id  vo lume  fract ion.  Af te r  a 5-fold c o n c e n t r a t i o n  on  
u l t ra f i l t e r  UM-2 of t h e  pooled  f rac t ions  of t h e  1st p e a k  
f rom G-25, a f u r t h e r  I r a c t i o n a t i o n  was car r ied  ou t  on  a 
S e p h a d e x  G-75 column.  B o t h  t he  U V - a b s o r b a n c e  (280 rim) 
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Fig. 5. UV-absorbance alld biological activity of fractionated eluate 
of peak No. 1 from Sephadex G-25 according to the treatment 
scheme as shown in Figure 5. For details see Figure 2. 
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Fig. 6. Electrofoeusing of etuates from G-75 as shown in Figure 4, 
a) peak No. 1; b) peak No. 2. 
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of the  5 ml-fract ions and the  biological  ac t iv i ty  of the  
pooled fract ions are shown in Figure  3. I t  is ev iden t  t h a t  
the  clearly separa ted  peaks Nos. 2 and 3 showed the  
expected  inhib i tory  act ivi ty .  The  molecular  weights,  
according to the  Kay-values, are in the  order  of 30,000 
dal tons and 11,000 dal tons for peak  2 and 3 respect ively.  

Af te r  a number  of tr ials the  scheme shown in Figure  4 
p roved  to be a workable  basis for the  pur i f ica t ion of the  
inhibi tory  compound.  The f rac t ionat ion  toge ther  wi th  
the  biological ac t iv i ty  of the  Sephadex  G-75 is shown in 
Figure  5. On the  basis of the  de te rmined  K~v-values, the  
molecular  weights  of the  ac t ive  compounds  could again 
be calculated as 28,000 and 11,000 dal tons  respect ively.  
Elect rofocusing of the  2 ac t ive  peaks f rom G-75 f i l t ra t ion 
showed tha t  these peaks do no t  represent  pure  compounds.  
The  results are shown in Figure  6. W h e n  div ided up into 
the  individual  peaks and percolat ion over  G-25 (for 
remova l  of sucrose and ampholines) as obta ined  after  
electrofocussing, the  biological  ac t iv i ty  was lost. No 
a t t e m p t  a t  this s tage was made  to pool all the  electro- 
focussed peaks and to t ry  if biological ac t iv i ty  could thus  
be restored. 

Peaks  Nos. 2 and 3 f rom Sephadex  G-75 f rac t ionat ion  
were subjected to SDS-po lyacry lamide  gel electro- 
phoresis to es t imate  the  degree of pur i ty  and possible 
sub-uni t  charac ter  of the  coumponds.  2 s ta inable  bands 
could be de tec ted  wi th  apparen t  molecular  weights  of the  
compounds  of 27,000 and 12,000 dal tons respect ively.  

The tests  on different ial  absorbance a t  260 and 280 nm of 
these peaks also showed t h a t  the  ac t ive  principles are 
proteins;  according to this  me thod  v i r tua l ly  no nucleic 
acids could be detected.  I t  would seem p rema tu re  to 
present  speculat ions  on the  mechan ism of act ion of 
these proteins.  Expe r imen t s  along this line are in progress. 

Zusammen/assung. Mittels  Ul t ra f i l t ra t ion  und Gel- 
e lektrophorese konnten  2 extrazel lulare  P ro te in -Frak-  
t ionen,  Mol.- Gew. 27000-28000 dal tons und 11000-12000 
daltons,  aus submersen Ku l tu ren  yon A spergiltus oryzae 
gewonnen werden,  welche W a c h s t u m s h e m m u n g  desselben 
Organismus bei Verabre ichung zu Beginn der Kul tu ren t -  
wicklung verursachen.  

j .  MEYRATH and E. ROTH 4, 5 

Institute o/Applied Microbiology, State University 
o/ Agriculture, Michaelerstrasse 25, A-7780 Wien 
(Austria), 26 March 7973. 

4 Technical  ass is tance b y  Mrs. U. STANGL and Mr. L. BERZACZY is 
g rea t ly  apprecia ted.  

5 Thes~ inves t iga t ions  are suppor ted  by  the Aus t r i an  Fonds  zur  
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Herpes-Virus and Double-Stranded R N A  

Al though 14 years  have  passed since the  discovery of 
interferon,  the  exact  na tu re  of its induct ion  by  viruses is 
not  ye t  compIete ly  understood.  

I t  appears  t ha t  R N A  needs a well defined secondary 
s t ructure  to be a good interferon inducer,  t rue  double- 
s t randed r ibonucleic  acids being be t te r  inducers than  
s ingle-stranded formsl-V. However ,  D N A  appears  to be a 
ve ry  poor  inducer  of interferon,  if i t  works a t  all. The  
quest ion of wha t  the  inducer  nucleic acid is in D N A  
viruses needs to be explored further.  

The repor t  of COLBY and DUZSB~RG 8 tha t  vaccinia  
virus  induces a double-s t randed (DS) R N A  in chick 
embryo  ceils offered a possible explana t ion  of the  
phenomenon.  However ,  the  necessi ty for DS  R N A  during 
repl icat ion of D N A  viruses has no t  been shown. 

Herpes  s implex virus displays a var iable  pa t t e rn  wi th  
regard to interferon induct ion;  the  same vi ra l  strain, in t h~  
same non-permiss ive  ceils, at  a low mul t ip l ic i ty  of infec- 
t ion  (MOI) induces interferon product ion,  while no vi ra l  
cons t i tuents  are synthesized;  a t  a higher  MOI, v i ra l  
cons t i tuents  are produced in a defect ive  manner ,  bu t  no 
detectable  amounts  of interferon are present  o. 

If  a D S  R N A  is a necessary step dur ing repl icat ion of 
D N A  viruses, one can assume t h a t  in terferon appears  when 
the  vi rus- induced DS  R N A  occurs in a cell popula t ion  
wi th  conserved prote in  biosynthesis.  The present  com- 
munica t ion  deals wi th  our  a t t emp t s  to check such a 
hypothesis .  

Materials. All exper iments  were carr ied out  on p r imary  
chick embryo  cells (CEC) and on HEp-2 ,  MA-104 and 
mKS-131~ cell lines. Herpes simplex virus,  s t rain S, (a gift  
f rom Dr. G. TARRO), vesicular  s tomat i t i s  virus (VSV) 
and vaccinia  virus  were repl icated on Hep-2  cells. 
Ti ters :  Herpes simplex virus,  3 •  s P F U / m l ,  VSV, 
5 • P F U / m l ;  vaccinia  virus,  5 • 10 s TCID~0/ml on 
HEp-2  cells. 

Results and discussion. Monolayers  o~ bare ly  conf luent  
CEC were infected wi th  Herpes simplex virus  (MOI 
10 PFU/cel l ) ,  a second set of repl icates  was infected wi th  
vaccinia  virus (MOI 10 PFU/cel l ) ,  while a mock- infec ted  
group of cultures served as control.  Af te r  an adsorpt ion 
period of 1 h, nu t r i en t  med ium (without  serum) conta ining 
5 ~Ci/ml of uridine-5-aH was added and the  cultures were 
incubated  a t  37 ~ for 6 h, since it  is well known tha t  at  
this m o m e n t  all R N A  synthesis  is herpes-directed 1~-i~. 

In  o ther  series of exper iments ,  cul tures  were incubated  
for 18 and 24 h after  infection, and ex t rac t ion  of R N A s  
was performed as described by  COLBY and DUESBERG s. 

Under  ident ical  condit ions this exper iment  was 
repeated  wi th  HEp-2 ,  m K S - B  and MA-104 cell cultures 
wi th  s imilar  results. 1 LiC1 prec ip i ta t ion  of IRNAs from 
Herpes-infected and uninfected cells was performed as 
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