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7c¢-Acetoxyconessine was prepared by reacting 7~- 
hydroxyconessine with acetic anhydride/pyridine at  room 
temperature overnight. The reaction product was purified 
by  chromatography on alumina containing 6% water 
using ethyl ether as the eluting solvent, and crystalliza- 
tion from hexane/cyclohexane (2:1) and cyclohexane. 
Yield, 47%, m.p. 127.5-128.5 °, [0~]~--168 ° (c, 0.92 in 
ethanol). Anal. calcd, for C2,H42N=O2: C, 75,55; H, 10.01; 
N, 6.76. Found:  C, 75.34; H, 10.31; N, 6.74. 

7fl-Acetoxyconessine was prepared from 7fl-hydroxy- 
conessine (III) in the same manner  as'described for 7a- 
acetoxyconessine. Yield, 58%, m.p. 173-174% [~]~+103 ° 
(c, 0.74 in ethanol). Anal. C, 75.46; H, 10.23; N, 7.09. 

The oxidation of 7fl-hydroxyconessine (III) with 
chromic acid in acetone g gave 7-oxoconessine. The reac- 
tion was quenched with aqueous methanol and the solu- 
tion was made alkaline. The product was extracted into 
chloroform and crystallized from petroleum ether. Yield 
59%, m.p. 158-159 °, [ ~ ] ~ - 4 1  ° (c, 1.02 in ethanol). ~CH3OH 
~x 236 m/z (e=13,200). Anal. calcd, for C2,HssN,O: 

C, 77.85; H, 10.26; N, 7.56. Found:  C, 78.13; H, 10.08; 
N, 7.23. 

A similar oxidation of 7~-hydroxyconessine (II) led to 
7-oxoconessine, which was identified by ultraviolet and 
infrared absorption spectra and melting point. 

Zusammen[assung. Conessin wurde mikrobiologisch 
durch Cunninghamella echinulata in zwei Produkte zer- 
legt, welche in reiner Form isoliert und mit  7~-Hydroxy- 
conessin and 7fl-Hydroxyconessin identifiziert werden 
konnten. 
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Metabolic Properties of Micro-Organisms 
in Vibrating Culture 

Earlier 1 we have reported that  a vibrating stirrer has 
some distinct technical and biological advantages for ob- 
taining submerged homogeneous growth of filamentous 
fungi. Among other properties it has been shown that  a 
high rate of multiplication of Aspergillus oryzae can be 
obtained over a wide range of growth in the exponential 
phase. In  stat ionary and shaken cultures this mould gives 
as high a multiplication rate only in the very early stages 
of growth (indirect estimation) when mycelial concentra- 
tions are very small and nutr ients  and oxygen freely 
available 8. In  later stages, where the mycelial content is 
measurable (above approximately 5 mg dry weight 
mycelium/100 ml) the highest rate of multiplication was 
about 0.175 duplications/h in substrate A t with shaken 
cultures, and about 0.095 duplications/h in the same sub- 
strate with stat ionary cultures, as compared with 0.3 in 
vibrating cultures. 

In  the linear phase of growth, which is part  of the late 
exponential phase and part  of the phase of decreasing rate 
of multiplication, the growth rates of A spergillus oryzae 
are also considerably higher in Vibro Mix Cultures than 
with other methods of cult ivation; values of 25, 14.5 and 
6.7 mg dry weight mycelium/100 ml h being obtained for 
Vibro Mix, shaken and stationary cultures respectively. 

The apparatus proved to be a useful tool in some phy- 
siological investigations as reported below. 

(1) Influence el mechanical stress. I t  is of some interest 
that  cultures originating from different sizes of inocula 
react differently to mechanical stress. A small-inoculum 
culture (4>( 10 z conidia]100 ml) of Aspergillus oryzae 
grown with tile Vibro Mixer gives a much lower yield in 
Substrate A than  does a large-inoculum culture (2 x 107 
conidia/100 ml), whereas stat ionary or shaken cultures do 
not show this effect if the same substrate is used (Figure 
1). For the latter type of culture, on the other hand, it is 
characteristic that  a somewhat smaller growth rate is ob- 
tained over a larger part  of the growth curve when small 

inocula are used (see also MEYRATH~), The larger the 
amplitude of the XTibro Mixer the stronger is the influence 
on maximum yield by inoculum size s. 

A major metabolic characteristic, which might be con- 
nected with the lower maximum yield of mycelium, is the 
marked excretion of organic nitrogenous compounds of 
smalMnoculum cultures of Aspergiltus oryzae when grown 
with the Vibro Mixer. The excretion is the more pro- 
nounced the larger the amplitude ~. 
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Fig. I. Growth of Aspergillus oryzae, expressed in mg dry weight 
mycelium]100 ml, in Vibro Mix cultures ( I ,  U} and in stationary 
cultures ( • ,  © ) with large inocula (m • ) and small inoeula ( D, O }. 

1 j .  MEYRATH, Exper. Z0, 235 {1964). 
2 j. MEYRATH, Antonie van Leeuwenhoek, ~9, 57 (1963). 
s A. F, MCI~CTOSH and J. MEYRATH, J. gen. MicrobioL 33, 57 (1963). 
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(2) Production o/amylase. The ra te  of amylase  produc-  
t ion of Aspergillus oryzae is considerably higher  in deep- 
cul ture  wi th  the  Vibro Mixer t h a n  in e i ther  s t a t ionary  or  
shaken cul tures;  this p rope r ty  is obvious ly  for the  greater  
pa r t  due to the  fact  t ha t  amylase  produc t ion  is corre la ted 
wi th  myce l ium format ion.  A fur ther  charac ter i s t ic  of the  
Vibro Mix cul tures  is the  increase in amylase  t i t re  dur ing 
the phase of decreasing myce l ium con ten t  as can  be seen 
in Figure  2. I t  should be r emarked  t h a t  s t a t ionary  or  
shaken cul tures  never  show as marked  an autolysis  as 
Vibro Mix cultures.  

A p roper ty  which corresponds s t r ik ingly  to the  in- 
creased excret ion of organic n i t rogen is the  marked ly  
h igher  ra te  of amylase  produc t ion  of smaU-inoculum 
Vibro Mix cul tures  as compared  wi th  large inocula. This  
seems to  indicate  t h a t  the  s t imula ted  excre t ion  of organic  
n i t rogen dur ing the  phases of increase and decrease of 
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Fig. 9. Production of dextrinogenic amylase (E) ( f ,  D) by Asper. 
gillus oryzae in Vibro Mix cultures during the phases of increase and 
decrease of mycelium formation (o, C) with large ( i ,  e) and 

small (U, O) inoeula. 

myce l ium con ten t  is not  due s imply  to autolysis,  i.e. dis- 
solut ion of the  cell contents ,  bu t  represents  also a change 
in the  pa t t e rn  of the  synthesiz ing ac t iv i ty .  To  comple te  
the  p ic ture  i t  is necessary to indicate  t h a t  s t a t ionary  or  
shaken cul tures  f rom small  inocula show nei ther  increased 
ra te  of amylase  p roduc t ion  nor  increased m a x i m u m  yield 
of  the  enzyme  when  compared  wi th  large- inoeulum cul- 
tures. 

(3) Propagation o[ various micro-organisms, Fi l amen tous  
growth  was obta ined  wi th  var ious  species of Penicillium, 
Aspergillus and Byssochlamis. Yeas ts  and acet ic  acid bac-  
ter ia  could be grown easily. Recen t ly  we have  been  using 
the  appara tus  advan tageous ly  for the  p ropaga t ion  of or- 
ganisms oxidiz ing long-chain hydrocarbons .  A d is t inc t ive  
feature  of the  Vibro Mixer  is the  p roduc t ion  of a fine 
emulsion,  even  wi th  w a x y  components ,  in the  three-phase  
sys tem : air-water-oil .  

Prospective applications. As a result  of a v e r y  in t ima te  
mix ing  of air  and wa te r  ( thus al lowing a low air-flow rate) 
the  appara tus  m a y  f ind furtl~er appl icat ions  in those cases 
where vola t i le  p roducts  or subs t ra te  compounds  are in- 
vo lved  as in v inegar  manufac ture .  I n  view of the  homo-  
geneous growth  obta ined  wi th  f i lamentous  fungi, and as 
only  l i t t le  myce l i um is a t tached  to the vessel surface above  
and below the level of the  substrate ,  the  me thod  should 
be sui table  for cont inuous  propaga t ion  of f i lamentous  
fungi  on the  l abora to ry  or  pi lot  p l an t  scale 4. 

Zusammen/assung. In  Vibro-Mischer -Kul turen  erfolgt  
die Amylaseb i ldung  bei Aspergillus oryzae in der  l inearen 
VTachstumsphase im Gegensatz  zu Ruhe-  und  Schfi t tel-  
ku l turen  schneller  m i t  kleiner  als mi t  grosser Impfung .  
W/ihrend der Phase  der  raschen A b n a h m e  der  Mycel- 
konzen t ra t ion  l~uft  die Amylaseb i ldung  noch weiter.  

] ,  M E Y R A T H  

Department o] Applied Microbiology and Biology, 
The Royal College el Science and Technology, 
Glasgow (Scotland), December 19th, 1963. 

a The experiments described in this paper were carried out at the 
Department of Agricultural Bacteriology and Fermentation, Swiss 
Federal Institute of Technology, Zfirich, where careful technical 
assistance has been provided by Miss A. MOHLER. 

R e t i c u l o l ,  a N e w  M e t a b o l i c  I s o c o u m a r i n  

While  examin ing  the  metabol ic  products  of a s t rain o£ 
Streptomyces rubrireliculae a previous ly  unknown,  color- 
less, crystal l ine phenol,  CnHx00 ~, was isolated. The  com- 
pound,  m.p.  193-193.5 °, g ~ H  245, 278, and 330 miz 
(log * 4.68, 3.86 and 3.76 respect ively) ,  was named  reti-  
culol for convenience  and its s t ruc ture  was established 
as Ia  by  degrada t ive  and physical  studies. 

MicroanMysis de tec ted  the  presence of an O-methy l  
group and the  format ion  of a d iace ta te  (Vma x 1795, sh. 
1782, 1200 cm -1) established t h a t  two of the o ther  oxy-  
gens were phenol ic  hydroxyls .  The  remaining  oxygens  

were shown to be present  in a hydrogen  bonded a romat ic  
es ter  grouping (V~nax 1680 cm -1 shif t ing to 1740 cm -1 on 
ace ty la t ion  and 1710 cm -1 on methyla t ion) .  No react ion 
was obta ined  be tween  ret iculol  and dichlorodiphenyl-  
m e t h a n e  thus  e l iminat ing  the  possibi l i ty  t ha t  the  two 
phenol  groups are ortho to one ano the r  z. The ester  func- 
t ion  in d imethyl re t icu lo l  (Ib) was shown to  be cyclic by  
v i r tue  of i ts  acid s tab i l i ty  and the  ease w i t h  which i t  was 
hydrolyzed  by aqueous  base to the  corresponding car-  
boxyl ic  acid (IIa) w i thou t  loss of carbon.  The  same acid 

z L. JoRI~, J. org. Chem. 27, 872 (1962). 


