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Quanti tat ive  F luor imetr tc  A s s a y  of the Effect of  
a Mycobacter ia l  Culture Filtrate on  the  Early  

Growth  of Mycobacter ia  in vi tro 

The catabol ic  products  of mycobac te r i a  appear ing  in 
g rowth  media  have  an  u n d o u b t e d  effect, as ye t  insuffi- 
c ien t ly  known,  on the  g rowth  of these microorganisms~,S. 
Some studies concern ing  this  effect lead to con t rad ic to ry  
resultsa,4. 

Dur ing  a more  complex  inves t iga t ion  concerning the  
factors  p r o m o t i n g  mycobac te r i a l  g rowth  in v i t ro  - as a 
resul t  of  which  cer ta in  p re l iminary  resul ts  were  pub-  
lished 6 _ some indicat ions appeared,  according to  which  
f i l t ra tes  of Sau ton ' s  m e d i u m  on which Mycobaaerium 
tuberculosis had grown, s t imula ted  the  g rowth  of some 
s t ra ins  belonging to the  same species, especial ly when  
t h e y  were added to  the  med ium af ter  2 days  of incubat ion.  

The  present  s tudy  was made  in order  to per fec t  a 
sensi t ive m e t h o d  for quan t i t a t i ve  de te rmina t ions  of these  
effects. Nephe lome t ry  canno t  de tec t  smal l  inocula  and 
the  differences in t he  ear ly  s tages of the i r  growth .  B u t  
when  s tudy ing  the  inf luence of ca tabol ic  products ,  small  
inocula  are  indispensable  to  avo id  the  effect  of t he  
bac te r ia ' s  own products  the  mul t ip l ica t ion  of which  is 
pursued.  W e  therefore  t r ied to  use a microspect rof luor i -  
met r ic  t echn ique  for a q u a n t i t a t i v e  mycobac te r i a l  assay, 
according to the  l ight  emi t t ed  b y  t h e m  af ter  hav ing  been 
s ta ined wi th  au ramine - rhodamine  and s t imula ted  by  
UV-l ight .  

UV-l igh t  emi t t ed  by  a me rcu ry  H b  0-200 lamp was 
passed t h r o u g h  a W o o d  UG 1 f i l ter  and a qua r t z  condens ing  
lens for  da rk-ground  optics.  The  visible l ight  emi t t ed  b y  
the  mycobac t e r i a  was col lected by  the  f luorescence objec t  
lens of a Lei tz  microscope.  The  l ight  could be sent,  by  
means  of a special  device,  th rough  an in ter ference  f i l ter  
ca l ibra ted  on 5480 ,~, in to  a MxsFSss Zeiss photomul t ip l ie r ,  
and f rom there  to a ga lvanome te r  of a 4 .10-gA/mm 
sensi t ivi ty .  The  in terference f i l ter  was ca l ibra ted  accord-  
ing to  the  m a x i m a l  secondary  radia t ion  of the  s ta ined 
bacilli,  thus  e l imina t ing  the  d i f ferent ly  coloured back-  
ground,  due  to  the  sl ide 's  own fluorescence,  to  t he  m e d i u m  
residues, and to  possible impuri t ies .  

We  tes ted  by  slide cul ture  the  growth  of HsTRV strain,  
p rev ious ly  cul tured  on Saun ton ' s  po t a toe  medium,  by  
the  fol lowing t echn ique :  

5-8 ml  of a homogenous  bac ter ia l  d i lu t ion in disti l led 
wa te r  were t ransfer red  to a t e s t  t ube ;  1-2 ml  hexane  
(containing a minu te  paraf f in  ~/o) were then  added.  B y  
s t i r r ing t h e  tes t  t u b e  the  f inest  par t ic les  are t aken  up  b y  
the  hexane ,  a f luid of a v e r y  homogenous  suspension of 
dispersed mycobac te r i a  being thus  obta ined .  Smal l  drop-  
lets  of th is  d i lu t ion were  d i s t r ibu ted  on c o m m o n  slides 
cu t  l eng thways  in half  (one drople t  on each slide). The  
slides were  set  hor izonta l ly  so as to avoid  the  fluid 
running  off. The  a lmos t  ins tan taneous  evapora t ion  of the  
hexane  leaves  the  bacill i  f ixed to t he  slide in a paraff in  
film. 

E a c h  slide was in t roduced  in to  a tes t  t ube  conta in ing  
7 ml  of Y o u m a n s '  f luid med ium,  w i t h  10~/o bov ine  se rum 
and 0.02% of a 2% malach i te -green  solution.  

W e  tes ted  the  effect  of a cu l ture  f i l t ra te  of au to lysed  
mycobac te r i a  belonging to  t he  same H s , R v  strain.  I n  
order  to ob ta in ing  this  f i l t ra te ,  mycobac t e r i a  were cul- 
tu red  on Sau ton ' s  fluid m e d i u m  for a per iod of 66 days.  
F i l t r a t ion  was m a d e  th rough  a bacter iological  Seitz 
f i l ter  and was fol lowed by  a I / i  0 concen t ra t ion  of the  
f i l t ra te  by  hea ted  air  f low evapora t ion .  A second bacter io-  
logical f i l t ra t ion  was t h e n  performed.  I n  the  same way,  a 
non-cu l tu red  concen t ra ted  Sau ton ' s  m e d i u m  f i l t ra te  was 
prepared.  

The  f i l t ra tes  were  added  to  t he  t e s t  tubes  conta in ing 
Youmans '  m e d i u m  jus t  before,  or  2 days  after ,  t he  in t ro-  
duc t ion  of t he  slides insemina ted  as described above,  up 
to  a 1% ra t io  (0.07 ml). Two sets of t e s t  tubes  served as 
controls :  to one of t h e m  no f i l t ra te  was added ;  to  the 
o the r  0.07 ml  fi l tered dist i l led wa te r  was added  to  each 
t es t  tube  af ter  2 days.  

E a c h  va r i an t  consis ted of 3 slides, t aken  out  f rom the  
m e d i u m  af ter  5 days  of incuba t ion ;  t h e y  were  s ta ined by  
auramine- rhodamine ,  according to  t h e  Bov-PoLEAXOVA 
m e t h o d  (quoted in 6), bu t  w i thou t  con t ras t  s taining.  The  
mycobac t e r i a  emi t t ed  a s t rong redish-yel low l ight  by  
UV: i l lumina t ion .  Some pre l iminary  a t t e m p t s  had  shown 
a sharp  reduc t ion  of f luorescence when  s t imula ted  by  
UV-l ight .  Fo r  this reason, all the  slides were subjec ted  to 
UV- l igh t  for 1 h pr ior  to car ry ing  ou t  the  de terminat ions .  

The  whole smear,  hav ing  abou t  7 m m  diameter ,  was 
scanned f rom 1 microscopical  field to  ano the r  (using a 
13 × objec t  lens), recording the  l ight  in tens i ty  of each 
field. W i t h  the  v iew of no t  passing beyond  the  l imits  of 
t he  smear,  the  de te rmina t ions  were m a d e  under  visual  
control .  An  average  of 30-35 readings  were  per fo rmed  on 
each slide, i.e. abou t  100 fields for each  var ian t .  The  
f luorescent  background  of each slide was de te rmined  by 
recording the  luminos i ty  of 4 microscopic fields in the  
i m m e d i a t e  neares t  of the  smear.  The  m e a n  va lue  of 
microscopical  field luminos i ty  (after subs t rac t ing  the  
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Bacillary mass estimated by average light intensity emitted by one 
microscopical field after 5 incubation days (strain Hz:Rv ). y = light 
intensity (relative values); A=control ;  B=add ing  1% norl- 
cultured concentrated Sauton's medium filtrate; C = adding 1% 
concentrated Sauton's medium filtrate, cultured for a period of 66 
days with HaTRv strain; I = adding just before slide insemination 
(nothing in A); II = adding 2 days after slide insemination (dis- 

tilled water in A) ; S.E.M. = standard error of the mean. 
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mean luminosity of the ground), as well as the standard 
error were calculated for each variant.  

The results of these determinations are shown in the 
l~igure. Between the variants to which filtrates were 
added simultaneously with slide insemination and the 
controls, no significant statistical differences appear. The 
addition of any product  after 2 days of incubation 
markedly act ivated the multiplication during the follow- 
ing 3 days. The st imutatory effect of the autolysed culture 
filtrate was however part icularly strong, suggesting a 
notable action of the catabolic products of mycobacteri.a 
on their proper multiplication. Although the present 
results must  be considered as only preliminary, they show 
that, by introducing certain agents in the Youmans'  
medium after 2 days of incubation of mycobacteria, one 
may expect some promoting of mycobacterial  growth. 

The method we have used offers certain obvious 
advantages : (1) it is theoretically very accurate, (2) it is 
highly sensitive and (3) i t  allows the quant i ta t ive  s tudy 
of the initial multiplication of a very small inoculum. In  
Order to improve the adherence of the mycobacteria on 
the slide, which is not satisfactory after 6-8 days of 
incubation, i t  would be necessaxy to increase the paraffin 
ratio in hexane, or to use silicone-coated slidesL 

Rdsumd. On a utilis6 une technique microspectrofluoro- 
m6trique quant i ta t ive  afin de pouvoir d6terminer la 
multiplication initiale d 'un trSs faible inoculum de la 
souche H87Rv de Mycobacterium tuberculosis. Cette 
technique a permis de met t re  en Svidence l 'effet forte- 
ment  st imulant  d 'un  fi l trat  de culture de la m6me souche 
sur la multiplication bacillaire pr~coce, ~ condition que ce 
fi l trat  soft ajout6 au milieu de culture aprgs deux jours 
d ' incubation des mycobact6ries. 
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Analysis  of a Turbidimetric  Method for 
Quantitatively Est imat ing  Cell Aggregat ion 

Attent ion has been centred recently on improving 
methods to i l luminate cell contact  and aggregation. 
l~oux z and HERBST ~ at  the turn of the century, and 
t-IOLTFRET~R 3'4 employed cell dissociation methods and 
cell reaggregation techniques to test the effects of 
chemical agents on adhesion and selective association of 
cells. 

I t  is only recently, however, tha t  methods for quanti ta-  
t ively estimating cell aggregation have been devised. A 
Standardized procedure for estimating cell aggregation 
was described by MOSCONA ~. This method is an excellent 
one for studying 'histotypic '  aggregation. CURTIS and 
GREAVES e used a 'flocculation' technique for measuring 
cell aggregation based on the principles which obtain for 
passive colloidal particles 7. 

The main purpose of the present investigation has been 
to analyse the turbidimetric method for quant i ta t ively  
estimating cell aggregation and to demonstrate tha t  i t  is 
as suitable for studying aggregation of embryonic chick 
Cells as it  was shown to be by BORN s for studies on platelet 
clumping in vitro. 

The method has been used for studies on aggregation 
of embryonic chick fibroblasts 0,z0 and a Standardized 
procedure is described. 

Suspensions of embryonic chick fibroblasts are 
prepared as follows: nine-day-old chick embryos 
provided muscle tissue which is cut  up into small 
fragments in warm Hanks '  balanced salt solution (Hanks'  
B.S.S.) to remove red blood cells. The tissue is placed 
in 0 .25~ trypsin (Difco 1:250) in Hanks '  B.S.S. for 10 
rain at 37°C and dispersed into single cells by flushing 
through a pipette. The ceils are centrifuged at 200 g for 
5 rain, washed in warm Hanks '  B.S.S. and finally re- 
.SUspended in Hanks '  B.S.S. without  phenol red which 
interferes with the optical density readings. 
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Fig. 1. The effect of the speed of rotation on the optical density of 
aggregating embryo-chick fibroblasts. A, 750 rpm; B, 600 rpm; 

C, 450 rpm. 
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