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To sum up, the most  impor t an t  microbiological  con- 

versions of steroids, are listed in Table  X V I I I .  

Zusammenrassung 
Die methodischen Grundlagen der Umwandlung  yon 

Steroiden durch Mikroorganismen werden diskutiert ,  
insbesondere die apparat iven Erfordernisse, die Kul tur-  
bedingungen sowie der Nachweis und die Isolierung der 
1Reaktionsprodukte. Die Umsetzungen mi t  Enzymen  

aus Mikroorganismen werden denjenigen mit  Neben- 
nieren-Enzymen gegenfibergestellt. 

Von mikrobiologischen Reakt ionen stehen Hydrie-  
rungen, Dehydrierungen und besonders Hydroxylie-  
rungen an verschiedenen Stellen der Steroidmolekel im 
Vordergrund. Im  weiteren wurde such Abbau der 
Sei tenket te  yon Pregnanderivaten,  der mi t  Ringspal- 
tung und/oder  mit  Dehydrierung in 1-Stellung einher- 
gehdn kann, festgestellt. Die Einf i ihrung dieser Doppel- 
bindung wird speziell besprochen. 
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F u r t h e r  M e a s u r e m e n t s  o n  t h e  B i o l u m i n e s c e n c e  

of t h e S e e d l i n g s  

The introduct ion and the development  of the photo- 
multipliers in the technique of light detect ion has per- 
mi t tcd  the count ing of individual  photons correspond- 
ing to ex t remely  feeble luminous fluxes I. 

This method  of detect ion can be applied with  ad- 
vantage  to the s tudy  of problems connected with feeble 
luminous emissions; photons come direct ly from mole- 
cules t ha t  take par t  in some reaction, chemical  or bio- 
chemical for instance, and can be very  useful in furnish- 
ing a clue to molecular processes. 

By means of a very  sensitive apparatus,  some of us 
have detected recently the emission of light in the 
visible spectrum by various germinat ing plants ~. The 
present work is concerned with specifying such prelimi- 
nary results, discussing some further  properties of 
luminescence, giving a quant i ta t ive  comparison of the 
intensi ty  of the emi t ted  light for different plants and at 
various ages during the germination,  and showing tha t  
the production of light is s t r ic t ly  connected with the 
vi tal  functions of seedlings. 

(I) The apparatus  used in the present research work 
is the same described in previous papers a. I t  is possible 
with this dispositive to detect  the l ight coming from a 
big emi t t ing  area or volume. The plants  used for present 
experiments  belong to  graminaceous and leguminous 
families. The seedlings were grown in complete  darkness 
in order to avoid the formation of chlorophyl1 which, by  
its luminescence, would have disturbed the measure- 
ment.  

The seedlings grew in humid surroundings a t  a con- 
s tant  tempera ture  of 25°C, Measurement  were conduct-  
ed both on whole plants and on cold water  ex t rac t  of the 
plants or of the separate organs. 

1 R. W. ENGSTR6M, J.O.S.A. 37, 420 (1947). - G. A. MORTON and 
J. A. MITCHEL RCA Rev. 9, 632 (1948). - R. WESTOO and T. WIED- 
LINO, Ark Fysik 1, 269 (1949). 

L. COLLI and U. FACCmNI, Nuovo Cimcnto 12, 150 (1954). 
3 L. COLLI and U. FAccnml, Nuovo Cimento 1~, 150 (1954). - 

L. COLLI, U. FACCHI~I, and A. Rossl, Nuovo Cimento 11, 255 (1954). 

The ex t rac t  is made by grinding a constant  quan t i ty  of 
seedlings (generally a few grams) or of their  organs with a 
corresponding quan t i ty  of a phosphate buffer solution of 
pH  7-3 and centr i fugat ing the ground mixture.  This 
pH  value corresponds to the op t imum value oI the 
luminescent  intensity.  The measurements  are made on a 
constant  volume (10 cm 3) of the t ransparent  l iquid 
obtained which is collocated very  close to the photo-  
cathode of the phototube.  

The absence of chlorophyI1 is checked by the lack of 
red fluorescence of chlorophyll  in the extracts.  

(2) A first measurement  was made for the purpose of 
detecting the intensi ty  of the light emi t ted  by seedlings 
in well established physiological conditions. 

For  such purpose a few tenths of 8 days old seedlings 
were used, which were placed ordinateIy horizontal ly 
under the phototube  in such a way as to cover a surface 
of about  100 cm a. 

Light intensity emitted by seedlings in physiological conditions 

Phototube backgrounds. .  
"Wheat . . . . . . . . .  
Beans . . . . . . . . .  
Lentils . . . . . . . . .  
Corn . . . . . . . . . .  
Beans cut into p i e c e s . . .  

Pulses]inin 

8 000 
41 000 
38 000 
22 000 
15 000 
84 000 

In  the Table, tlie results obtained are set down. Both 
the plant  and the phototube  were a t  room tempera ture  
(20°C) throughout  the measurement .  

The results show clearly the existence of biolumines- 
cence, and the ac t iv i ty  observed is much greater  than  
the thermoelectronic background of the photomult ipl ier .  
We should remark  tha t  the background is very stable 
and reproducible for a period of months. 

The measurements  repeated many  times show a 
good reproducibi l i ty in a factor 2, but  a measurement  of 
this kind does not  make possible a precise comparison 
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of the intensities of light produced by various seedlings 
by reason of the absorption of l ight inside the seedling 
itself. 

The last line of the Table shows tha t  the ac t iv i ty  of the 
cut  seedlings multiplies two- or threefold.in comparison 
with tha t  for of a normal  one. 

Later  we carried out  measurements  to compare the 
luminescence intensi ty  of various seedlings of different 
ages, by using the cold water  ex t rac t  previously de- 
scribed. 

I t  was found tha t  the light in tensi ty  of the extracts  is 
reduced in the course of t ime to about  one third beginn- 
ing from the f i f teenth to the th i r t ie th  minute  after 
s tar t ing of the operations of prepara t ion;  thereaf ter  it 
remains sufficiently constant  for hours. 

Both the manner  of intensi ty  diminut ion as well as 
the fur ther  behaviour  were found to depend on the 
quant i ty  of air contained in the liquid. 

By repeat ing the prepara tory  operat ion in a regular 
manner, a good reproducibi l i ty  of the results was ob- 
tained, and therefore the average number  of pulses per 
minute between the f if teenth and th i r t ie th  minute was 
considered as a convenient  index of the intensi ty  oI light 
emi t ted  b ) / t h e  sample. 
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Fig. 1.--Luminescence intensi ty  of seedlings versus the age of the 
seedlings. The ordinate represents the average l ight  intensi ty  between 
the 15 th and the 30th rain after the s tar t ing of the preparation ob- 
tained in s tandard conditions. The values of ordinates must  bc 

multiplied by 16.--a Beans; b Lentils;  c Wheat ;  d Corn. 

On Figure 1 are given the average intensities for 
various plants a t  various ages unti l  the f if teenth day of 
their growth. The measurements  were made on samples of 
equal weight and therefore the numbers of pulses of 
Figure 1 indicate the light emission of weight units of 
the seedlings (specific emission intensity).  

As will be noted, the specific emission increases 
rapidly after the second day and reaches a max imum 
more or less around the fifth day. 

The two leguminous plants  s tudied have  a. higher 
specific ac t iv i ty  than  the two graminaeeous plants.  

In  Figure 2 the specific emission of extracts  of various 
organs of lentil seedlings at  different ages are shown. I t  
will be seen tha t  the roots have a much greater  specific 
light intensity than the other organs. 

In Figure 3 the dependence of the luminescence on the 
pH value of the solution is shown. The values are ob- 
tained with seeds of lentils. 

Finally, the spectral distribution of the emi t ted  light 
was studied in respect to various plants, both  as ex- 
tracts as well as entire seedlings, by means of a series of 
coloured Wra t ten  filters, Figure 4 shows the results, the 

values having been corrected for the photocathode 
yield. 
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Fig. 2.--Luminescence intensity of extracts of various organs of 
lentils versus the age of the seedlings. Ordinates as in Figure 1.-- 

x seeds; o stems; • roots. 

(3) The sum of the~e results indicates with cer ta in ty  
the connection of the light emission with the vi tal  func- 
tions of the plant.  The interpreta t ion of the empirical 
behaviour  reported above is not  possible at this early 
stage of the research; we th ink tha t  these results will 
be of aid in unders tanding the nature of the luminescent  
reaction. 
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Fig. 3.--lmminescence intensity of extracts of lentil seads 
verstlS pH values. 

I t  should be noticed tha t  we examined some other 
seedlings, finding in any one  case more or less intense 
light emission; it seems tha t  the luminescent reaction is 
common to  many  kinds of seedlings. 
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Fig. 4.--Luminescence spectrum: the points represent in arbitrary 
scale the average values obtained in various conditions, and with 

various kinds of seedlings. 
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The  sub jec t  of our  n e x t  work  will  be t he  resul ts  of 
b iochemica l  i nves t iga t ions  c o n d u c t e d  on l u m i n e s c e n t  
e x t r a c t s  for  t he  purpose  of  a sce r t a in ing  t h e  n a t u r e  of  
t he  e n z y m a t i c  r eac t ion  which  is respons ib le  for t h e  
luminescence .  

The authors wish to thank Prof. G. BOLLA and Prof. V. CAPRARO 
for useful suggestions and stimulating discussions. 

L, COLLI, U .  FACCHINI, G. GUIDOTTI 1, 
R .  DUGNANI LONATI, M. ORSENIGO 2, 
and  O. SOMMARIVA a 

Laboratori CISE, Milano, July 4, 1955. 

Riassunto 

Alcuni  di  noi  r e c e n t e m e n t e  h a n n o  messo  in e v i d e n z a  
un ' emiss ione  d i l u c e  di  debole  in tens i th  nello spe t t ro  
visibile,  da  pa r t e  di semi  in ge rminaz ione .  E a r g o m e n t o  
del p resen te  l avoro  d iscutere  a leune  accu ra t e  misure  di 
in tens i th  luminosa  condo t t e  su semi  g c r m i n a n t i  e su loro 
e s t r a t t i  acquosi  in va r ie  condiz ion i  di e tk  del la  p lan tu le  
da  I a 20 giorni.  Viene  anche  s t u d i a t a  la  d ipendenza  del- 
l ' emiss ione  l uminosa  dal  p H  del la  soluzione e v iene  in- 
d i ca t a  la  d i s t r ibuz ione  spe t t r a l e  del la  luce emessa.  

1 Istituto di Anatomia Patologica dell'Universit~ di Milano. 
2 Istituto di Patologia Vegetale dell'Universit~ Cattolica del Saero 

Cuore. 
z S.I.T.I. Milano. 

so lu t ion  a f te r  0, 0.5, 1, 2, 3, 5, 10, 20, and 35 rain. T h e  
resul t s  are  g iven  in F igu re  1; a cor rec t ion  for back-  
g round  has  been  app l i ed ;  we a t t r i b u t e  t he  s low de-  
crease a t  h igher  t i m e  per iods  to  an  e x c h a n g e  wi th  t h e  
i nward  pa r t  of  the  la t t i ce  of  BaSO4;  we the re fore  ex t r a -  
po la te  th is  p a r t  of t he  c u r v e  b a c k  to  t ----- 0 in o rder  to  
ob ta in  t he  t rue  equ i l i b r ium b e t w e e n  surface  and  precip-  
i t a t e ;  in this  w a y  we f ind :  F o r  t he  or iginal  solut ion a t  
t = 0 : 2829 counts / ra in .  F o r  the  so lu t ion  w h e n  equi l ib-  
r i u m  is reached,  cor rec t ion  app l i ed  for exchange  wi th  
t he  inward  pa r t  of the  la t t ice  : 1919 coun t s / r a in .  
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Fig. I . -  Number of ~,-counts/min of 4 em a of the solution as a 
function of the time of shaking, 

Area and Degree of Occupation of the Surface 
of Precipitates of Bar ium Sulphate 

Prec ip i t a t e s  of B a S O  4 were  p r epa red  b y  pour ing  2 1 
of  a 0.I  N h o t  so lu t ion  of  H2S04 in to  2 1 of a 0.1 N h o t  
solut ion of  BaCI,, unde r  c o n s t a n t  s t i r r ing ;  s t i r r ing  was 
con t inued  for 1 h ;  t h e n  the  p rec ip i t a t e  of B a S O  4 was 
separa ted  f rom the  solut ion,  washed  wi th  h o t  and  cold 
twice  dis t i l led water ,  washed  wi th  e thanol ,  and s tocked  
under  e thanol .  

P h o t o g r a p h s  of t he  p rec ip i t a t e  were t a k e n  w i t h  t he  
opt ica l  microscope  (1200 ×)  and  the  e lec t ron  micro-  
scope (3000 × and 10,000 × ) ;  t he  surface  ave rage  
par t ic le  d i a m e t e r  was 2.7 /~, co r respond ing  to  a specific 
surface a rea  of  0.51 m~[g. This  va lue  agrees  wi th  t h e  
va lue  g iven  b y  KOLTHOFF x (about  1 m2/g), b u t  n o t  w i th  
t h a t  g iven  b y  DE ~BROUCK]~RE 2 (about  80 m~/g). 

W e  t h e n  s tud ied  the  e x c h a n g e  of  Ba*- ions  (i.e. radio-  
ac t ive  Ba-ions) be tween  a s a t u r a t e d  so lu t ion  of Ba* SO4 
and p rec ip i t a t e  of BaSO, .  The  isotope used was Ba* 131, 
TV~ = 12 days,  e m i t t e r  of y-rays,  no  fl's. W h e n  AZIER- 
SHAM del ivered  the  rad ioac t ive  mater ia l ,  t h e y  warned  us 
t h a t  the  a c t i v i t y  was 600 t imes  h igher  t h a n  e x p e c t e d ;  
th is  mus t  be a t t r i b u t e d  to an error  in t he  a s sum ed  neu t ron  
cross-sect ion of Ba  130, a po in t  which  n o w  is be ing  in- 
v e s t i g a t ed  in AMERSHAM; for us i t  was a l ucky  c i r cum-  
s tance,  since i t  enab led  us to  solve our  p r o b l e m  easily.  

We  shook  100 c m  3 of  s a t u r a t e d  so lu t ion  of B a * S O ,  a t  
16°C, hence  c o n t a i n i n g  0.000215 g of B a S O i  pe r  I00 c m  3, 
or  5.54 × 10 x7 Ba-ions,  wi th  100 m g  p r e c i p i t a t e  of 
]3aSO4, and m e a s u r e d  the  ~-radio a c t i v i t y  of 4 c m  ~ of t he  

1 I. M. KOLTHOFI~ and W. M. MAC NEVtN, ].  Amer. chem. Soc. 
59, 1639 {1937). 

L. DE BROUCKP.RE, Ann. Chim. Belg. [10] 19, 92 (1933). 

F r o m  this  we ca lcu la te  t h a t  t he  surface  of BaSO4 
con ta ins  2.63 × 10 is Ba- ions/g .  W i t h  19.6 × 10 -x6 cm 2 
for  the  surface  a rea /molecu le  of B a S O  4, we f ind a surface 
a rea  of 0.515 m2/g BaSO4. 

W e  t h e n  s t ud i ed  t h e  adso rp t ion  of  c rys ta l  v io le t  
( h e x a m e t h y l  p a r a  rosani l ine)  ; m e t h y l e n e  b lue  

^ z/N. \ (YY , 
[ ( C H , ) $ N / ~ S / ~  -N  (CHa)~a+OH-; 

and picr ic  acid  b y  our  p rec ip i t a t e s  of BaSO4; t he  ad-  
sorp t ion  was measu red  by  m e a s u r i n g  (with a Cambr idge  
U n i c a m  SP  500 Spec t ropho tome te r )  t h e  d i f f e r e n c e  in 
ex t inc t i on  be tween  the  or ig inal  so lu t ion  and  t h e  so lu t ion  
in which  the  adsorp t ion  equ i l i b r i um w i t h  a p r ec ip i t a t e  
of  B a S O  4 had  es tab l i shed  i tself ;  m e a s u r e m e n t s  w i th  
c rys ta l  v io le t  showed  t h a t  e q u i l i b r i u m  was r eached  a f t e r  
30 min  shak ing ;  in all  ou r  e x p e r i m e n t s  we shook  solut ion 
and  p rec ip i t a t e  t o g e t h e r  for 1 h. 

W e  first  s tud ied  the  ex t i nc t i on  us a func t ion  of w a v e  
l eng th  for t he  3 subs tances ,  and  found  ex t inc t i on  
m a x i m a  for 

picric acid at 2 = 3550 A 
methylene blue at ). = 6630 A (and 2 = 6125 A) 
crystal violet at 2 = 5920 A (and 2 = 5410 A). 

We t h e n  es tab l i shed  ca l ib ra t ion  curves ,  g iv ing  the  
ex t i nc t i on  (for e a c h  subs t ance  a t  t h e  va lue  of  2 g iven  
above)  as a func t ion  of  concen t r a t ion .  

W e  t h e n  measu red  t h e  adso rp t ion  f rom a so lu t ion  
(about  10 cm3), in which  were  shaken  abou t  1.7 g of 
BaSO4; all  t he  solu t ions  had  p r ev ious ly  been s a t u r a t e d  
wi th  B a S O  4, and  all  the  ca l ib ra t ions  were  car r ied  o u t  
in solut ions ,  con t a in ing  the  dye stuff,  and  s a t u r a t e d  
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