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Microbiological Assay of Indole in Cultures of 
Escherichia coli and Some Other Microorganisms 

The assay of indole as a fission product  of the  enzyme 
t ryp tophanase  causes no special difficulties in rout ine  
diagnosis of Escherichia coli and other  microorganisms.  
The  most  common  me thod  is the  assay by  means  of a p- 
d imethy lamino-benza ldehyde  reagent1,2; o ther  methods  
are Gnezda ' s  t e s t  employing  oxalic acid 3, Salkowski 's  
ni trose-indole react ion 4, and perhaps the  tes t  wi th  vani-  
line ~. All the  react ions ment ioned  are, however ,  no t  
specific only for indole;  scatole, o ther  indole der iva t ives  
and a number  of o ther  compounds  show a similar  reaction.  

37 years ago, GRAY s was able to isolate f rom soil an 
in teres t ing microorganism, Pseudomonas indoloxydans, 
which specifically oxidized indole to a blue s taining sub- 
s tance : indigotine.  The  above  microorganism was used by  
the  authors  for all assay of indole product ion  from t ryp to -  
phane  in E. coli on a solid medium.  Composi t ion of 
med ium:  yeas t  ext rac t ,  3 g; dl-tryptophane, 5 g; di- 
sodiumphosphate ,  1 g; sodium chloride, 5 g; agar, 12 g; 
disti l led water ,  1000 ml. Agar  slants were made in small  
tubes  (0.8 �9 8 cm), 1-1.5 ml  agar  in each, and the  surface 
was mass ively  inocula ted wi th  the  microorganism under  
inves t iga t ion  (E. coli). On the  surface of the  med ium thus  
inoculated,  a th ick  layer of P. indoloxydans (48 h cul ture 
on agar  slant, cu l t iva ted  a t  25-28 ~ was s t reaked wi th  
a loop in the  direct ion of the  long axis, in the  form of a 
line approx ima te ly  1 cm long and 0.2 cm wide. Fol lowing 
24 h incubat ion  a t  25-28 ~ indole product ion  was mani-  
fested in a more  or  less intense blue colourat ion of the  
site and the  ne ighbourhood inoculated wi th  P. indoloxy- 
dans. The react ion proceeds according to the  following 

s c h e m e  : 

tryptophanase oxidative enzyme 
t r yp tophane  ~ indole �9 indigotine 

E, cell and other P. indoloxydans 
microorganisms 

The product ion  of indigotine from indole by  P. indoloxy- 
dam is ve ry  sensit ive and specific for indole. Scatole, isa- 
t ine, indolacet ic  acid t r yp tophane  and o ther  indole deriv-  
a t ives  fail  to react .  W i t h  E. coli, the  react ion was absolute ly  
reliable and agreed in all cases wi th  the rout ine assay of 

indole by  means  of the  chemical  react ion with  the  p-di-  
me thy laminobenza ldehyde  reagent.  A to t a l  of 172 micro- 
organisms, including 109 E. coli strains, have  so far  been 
examined  in this  way. Of the  o ther  indole-posi t ive micro-  
organisms, only the  fol lowing members  of En te robac-  
ter iaceae have  h i ther to  been examined :  Shigella flexneri, 
Klebsiella oxytocum, and the  group Proteus-Providencia .  
The  react ion proved  to be unrel iable only in the  group 
Proteus-Providencia ,  p robab ly  in v iew of the fact  t h a t  on 
the  med ium we have  used, r ich in t ryp tophane ,  bac te r ia  
of the  Pro teus-Providenc ia  group produce a specific 
reddish-brown p igment  7, the  product ion  of which prob-  
ab ly  interferes wi th  the  react ion of indigot ine format ion  
by  P. indoloxydans. 

I t  is our opinion tha t  the  microbiological  assay of indole 
by  means  of P. indoloxydans can be used wi th  E. coli and 
some o ther  microorganisms as a s imple and specific diag- 
nostic method.  As has a l ready  been shown by some pre- 
exper iments ,  i t  m a y  be possible to uti l ize this me thod  for 
a specific and highly  sensi t ive assay of indole, also in 
o ther  biological material .  

Zusammen/assung. Methode zur Indo lbes t immul lg  in 
Ku l tu r en  von  Escherichia coli und  manchen  anderen 
Mikroorganismen mi t  Hilfe  des Pseudomonas indoloxy- 
dam. Diese Bakter ien  oxydieren  spezifisch Indo l  zum 
blauen  Farbs toff  Indigot in.  Die Methode ist  auch ftir 
Indolbestimmung in anderem biologischem Mater ia l  opti-  
mal  geeignet.  
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Chlorpromazine and Fur Shaking in Mice 

As a mult i - response approach,  the  const ruct ion  of 
e thograms  has  found appl icat ion in psychogenet ics  1 as 
well  as in psychopharmaco logy  ~. In  the  f ramework of a 
s tudy  8 on the  relat ions be tween  behaviora l  variables,  
gene action,  and drug  action,  the  effects of ch lorproma-  
zine on s te reo typed  behaviora l  components  d i sp layed  by  
mice f rom four  different  strains were examined.  The  
present  repor t  focuses on a specific effect of a modera te  
dose of the  drug on behavior .  

Experimental. The  subjects  used were 20 male  mice 
aged 21/~ months  f rom each of the  following strains~: 
D B A / 2 J ,  C57BL/6J ,  B 6 D 2 F  1, SEC/1Gn (se se mice), and 
SEC/1Gn (se + mice). I n  each group, one half  of the  
animals  received chlorpromazine  in isotonic saline (0.95 
mg]kg of body  weight ;  t o t a l  vo lume  approx imate ly  0.17 

ml), in jected in t raper i tonea l ly  1 h before tes t ing;  the  
controls  received saline. Ear l ie r  observat ions  indicated 
t h a t  adminis ter ing  the  drug  in double or quadruple  
doses induced drowsiness and dragging with  the  hind 
legs, thus  resul t ing in a general  suppression of locomotor  
act ivi ty .  

F r e q u e n c y  counts  were made  of 34 acts and postures  
exhibi ted  by  the  mice when  placed singly for 20 min  and 
in pairs for 15 min  in a large observa t ion  cage. Simul-  
taneously,  locomotor  ac t iv i ty  was recorded by  means  of 
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3 photoe lec t r ic  cells. F u r t h e r  detai ls  of procedure  can be 
found elsewhere 3. 

Results. The only  cons i s ten t  effect  observed  in the  
t r e a t ed  animals  was a decrease in fur shaking.  This  com- 
p o n e n t  shows some resemblance  to  the  wel l -known dog 
behavior ,  bu t  in mice the  shaking m o v e m e n t  is carr ied 
out  much  more rapidly,  and there  is one single shake at  a 
t ime,  an ac t  in which  e i ther  the  ent i re  an imal  or only i ts  
f ron t  p a r t  m a y  be involved.  The frequencies  for t r ea t ed  
and  un t r ea t ed  animals ,  respect ively ,  were:  DBA, 8 and  
19; C57BL, 35 and  75; F 1, 30 and  43; se se, 15 and  29; 
se + ,  9 and  41. Eva lua t ion  b y  means  of a non -pa rame t r i c  
combining  t es t  5 revealed t h a t  the  decrease is h igh ly  sig- 
n i f icant  (p < 0.3%). 

The o ther  segments  of the  behaviora l  reper to i re  t u rn ed  
out  to  be prac t ica l ly  unaffected.  Moreover,  there  was no 
influence at  all of t r e a t m e n t  on locomotor  ac t iv i ty  for 
e i ther  strain.  

Discussion. Most p robably ,  fur  shaking is elicited b y  
i r r i ta t ions  of the  skin, e.g. b y  sal t  c rys ta ls  and  - in t he  
field - by  ectoparasi tes .  The f inding t h a t  ch lorpromazine  
in the  dosage used t ends  to block specifically the  release 
of th is  act, whereas  o ther  m o t o r  funct ions  are no t  in te r -  
fered with,  m a y  be a t t r i bu t ed  to a lowering of sens i t iv i ty  
to i tching in drugged  animals.  This is in keeping wi th  a 
s t a t e m e n t  m a d e  in the  l i t e ra ture  6 t h a t  ch lorpromazine  

reduces  the  abi l i ty  to  perceive  tact i le  s t imuli .  W i t h  
h igher  doses, th is  p r i m a r y  effect  will be masked  b y  m o t o r  
i m p a i r m e n t  ~,s. 

Rdsumd. A en juger  d 'apr6s  les d iminu t ions  dans  
Fact ion  de se secouer  le pelage,  une dose moder6e de 
chlorpromasine ,  n ' a f f e c t a n t  pas  les au t res  fonct ions  too- 
trices,  semble  reduire,  chez les souris, la sensi t ivi t6  aux  
i r r i ta t ions  de la peau.  
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F u r t h e r  O b s e r v a t i o n s  o n  t h e  T r a n s e s t e r i f i c a t i o n  
R e a c t i o n s  o f  E t h y l e n e  P h o s p h a t e  w i t h  2 - A m i n o  

A l c o h o l s  

Some t ime ago it was r epor ted  1 t h a t  e thy lene  p h o s p h a t e  
reacts  wi th  2-amino alcohols (e thanolamine,  N ,N-d i -  
me thy le thano lamine ,  tris-(hydroxymethyl) amino-me th -  
ane) in aqueous solut ion at  weakly  alkaline p H  (8.3-9.4) 
to give t ranses ter i f ica t ion  p roduc t s :  

CH2OH 
CH2-O ~ / 0  ' I / O -  l / 
l / P  a_ HOCH 2 C N / --~ CH~-O--P O-CH~-C-N 
CH2-O II " I 

0 " I O 

The reac t ion  was favoured  b y  an increase in p H  and th is  
suggested t h a t  the  free NH 2 group (pKa = 9.45 in e thanol -  
amine) p layed  a role. This  hypo thes i s  has now been 
s t r eng thened  by  the  following exper iment .  

An aqueous solut ion (4 ml) of e thano lamine  and  chol ine 
chloride (3 .4M each, p H  ad jus ted  to 9.6 wi th  hydro-  
chloric acid) was made  and e thy lene  p h o s p h a t e  dissolved 
in i t  (0.121J calcium salt). The  solut ion 2 was left a t  37 ~ 
for one week when  i t  was t r ea t ed  in the  usual way  1 wi th  
IRC-50, H + (6 ml) and Dowex  50, Na  +, 50-100 mesh  
(200 ml) resins, in order  to  r emove  the  unreac ted  amino 
alcohols. In  t he  solut ion ob ta ined  (recovery of phos-  
phorus,  89%), a ra t io  N / P  = 0.71 was found. The esteri-  
fled e thano lamine  and  choline were de t e rmined  Mter  
acid hydro lys is  (HC1 1N, 1 h a t  100~ the  f irs t  by  
periodic acid oxidat ion,  the  second by  the  color imetr ic  
procedure  of HACK3 On a molar  basis i t  was found t h a t  
the  a m o u n t  of e thano lamine  presen t  cor responded  to 
59.5% of the  to ta l  phosphorus ,  choline to  11.5%, the  res t  
of the  phosphorus  being p r e sumab ly  p resen t  as glycol 

phospha te .  The ampho te r i c  cha rac te r  of the  t ranses te r i -  
f icat ion p roduc t s  was evidenced by  passage over  a co lumn 
of Dowex  1 (C1) a t  neu t ra l  pH,  f rom which  70% of the  
phosphorus  was recovered as expected ,  the  r e t a ined  p a r t  
being again p re sumab ly  glycol phospha te .  

I t  appears  therefore  t h a t  t he  t ranses te r i f i ca t ion  reac- 
t ion is favoured  by  a free amino group, as par t ia l ly  p re sen t  
in e thano lamine  bu t  no t  in choline 4. If  th is  is the  case, 
we m a y  ask ourselves why.  We  have  considered the  fol- 
lowing possibil i t ies : 

(1) The amino group provides  nucleophi l ic  catalysis  b y  
a t t ack ing  the  phosphory l  and  forming a p h o s p h o r a m i d a t e  
in te rmedia te .  We  t h i n k  t h a t  th is  is unl ikely for the  fol- 
lowing reasons:  (a) We  had  no evidence 1 of the  fo rma t ion  
of such an in t e rmed ia te  in the  reac t ion  wi th  e thano l -  
amine.  A single, amphoter ic ,  n inhydr in  posi t ive  p r o d u c t  
was obta ined.  (b) I t  appears  t h a t  n i t rogen  bases are poor  
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2 A precipitate soon appeared. In the previously reported experi- 

ments 1 on the reaction with ethanolamine alone, a similar precipi- 
tation had also been observed when the concentration of the cyclic 
phosphate was 0.15M but not when it was 0.05M. However, this 
difference did not affect the yields, which were the same in both 
cases. 
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possibility that the transesterifieation products revert to the cyclic 
phosphate and at different rates. However, such reverse reactions, 
constantly tending to regenerate the cyclic phosphate should 
finally result in a complete hydrolysis to glycol phosphate. The 
relatively small amount of glycol phosphate found after one week 
may be taken as an indication that these reverse reactions do not 
take place to any great extent. A kinetic study should provide a 
more definite answer on this point. 


