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A S i m p l e  Culture Vesse l  for T u r b i d i m e t r i c  S tudies  of Anaerob ic  G r o w t h  o f  M i c r o b e s  

G r o w t h  c u r v e s  for  mic rob ia l  cu l tu re s  in  l iqu id  m e d i a  c a n  
be  c o n v e n i e n t l y  o b t a i n e d  b y  t u r b i d i m e t r i c  m e a s u r e m e n t s ,  
p e r f o r m e d  a f t e r  va r ious  t i m e s  of i ncuba t i on .  F o r  s tud ies  
of a n a e r o b i c  g rowth ,  however ,  t he  cu l t u r e  vessel  m u s t  
offer  t he  fol lowing possibi l i t ies :  (1) to  e s t ab l i sh  a n a e r o b i c  
cond i t i ons  before  t he  s t a r t  of t he  e x p e r i m e n t  (i.e. before  
i nocu la t i on  of t h e  med ium)  a n d  to  m a i n t a i n  these  condi-  
t ions  c o n t i n u o u s l y  un t i l  t h e  end  of t h e  e x p e r i m e n t  ; (2) to  
pe r fo rm  t u r b i d i m e t r i c  ana lys i s  a t  t i m e  i n t e rva l s  w i t h o u t  
i n t e r r u p t i n g  t he  a n a e r o b i c  s t a t e ;  (3) to  release f rom t h e  
cu l ture  vessel  excess gas, evo lved  in mic rob ia l  m e t a b o l i s m  
d u r i n g  t he  e x p e r i m e n t ,  w i t h o u t  a d m i t t i n g  a i r  a n d  (4) to  
a g i t a t e  t he  l iqu id  cu l t u r e  c o n t i n u o u s l y  d u r i n g  i ncuba t i o n .  

T h e  cu l t u r e  vessel  to  be  desc r ibed  here  fulfills these  
d e m a n d s .  I t  cons i s t s  of a cu l t u r e  f lask of a n y  "convenien t  
t y p e  a n d  size (e.g. a F lo rence  f lask of 100 ml), to  t h e  neck  
of wh ich  a side t u b e  of un i fo rm  op t ica l  q u a l i t y  h a s  b e e n  
fused (Figure  1). T h e  vessel  is closed b y  a r u b b e r  s t o p p e r  
w h i c h  h a s  passages  for e n t r y  a n d  ex i t  of gas, respec t ive ly .  
T h e  cu l t u r e  vessel  w i th  a p p e n d a g e s  can  be  s ter i l ized b y  
we t  h e a t  in  t h e  s ta te ,  i nd i ca t ed  in F igu re  1. Af te r  s ter i l iza-  
t ion,  t he  m a i n  c o m p a r t m e n t  is filled a sep t i ca l ly  w i t h  t h e  
s ter i le  l iqu id  cu l tu re  m e d i u m  a n d  a n  i n o c u l u m  of w a s h e d  
cells is b r o u g h t  i n to  t he  side a r m  b y  m e a n s  of a p i p e t t e  
w i t h  b e n t  t ip .  The  s t oppe r  is f i rmly  a t t a c h e d  to  t h e  f lask 
b y  m e a n s  of copper  wire. Anae rob i c  cond i t ions  ins ide  t h e  
cu l tu re  vessel  c an  now be  secured  b y  f lush ing  w i t h  pur i f ied  
cy l inde r  n i t r o g e n  f rom w h i c h  t r aces  of oxygen  h a v e  b e e n  
r e m o v e d  b y  lead ing  t h e  gas ove r  a p a l l a d i u m - a s b e s t o s  
c a t a l y s t  in  a t u b e  (not  s h o w n  in F igu res  1 a n d  2) as 
descr ibed  b y  WIK~N et  al. 1 ; t h e  gas s t r e a m  is s ter i l ized b y  
passage  t h r o u g h  a co t ton -woo l  fi l ter.  This  pur i f ied  n i t r o g e n  
gas f i rs t  f lushes  t h e  side a r m  a n d  t h e n  passes  t h r o u g h  t h e  
flask, wh ich  is s h a k e n  d u r i n g  t he  f lush ing  per iod.  T h e  gas  

s t r e a m  c a n  escape  f ree ly  b y  w ay  of a second  f i l te r  of s ter i le  
co t ton-wool .  Af te r  a f lush ing  per iod  of 40 min ,  t h e  ex i t  t u b e  
is closed b y  m e a n s  of a b icycle  v a l v e  (Figure  2), p e r m i t t i n g  
on ly  t h e  ex i t  of gas a t  a n  ove rp res su re  of a b o u t  0.6 at . ,  
d e p e n d i n g  on  t h e  th i ckness  a n d  f lex ib i l i ty  of t h e  r u b b e r  
t u b e  closing t h e  va lve .  I m m e d i a t e l y  a f t e r w a r d s  t h e  n i t ro -  
gen s u p p l y  is cu t  off b y  b e n d i n g  t h e  e n t r a n c e  t u b e  a n d  
f ix ing i t  f i rmly  w i t h  a s t r ing ;  t h e  e n t r a n c e  f i l ter  can  t h e n  
be  r emoved ,  T h e  a p p e n d a g e s  are c o n n e c t e d  to  t h e  vessel  
in o rde r  to  p r e v e n t  excess ive  m o t i o n s  d u r i n g  s u b s e q u e n t  
i n c u b a t i o n  on  a s h a k i n g  mach ine .  

T h e  g r o w t h  e x p e r i m e n t  c an  now be  s t a r t e d  b y  w as h i n g  
t h e  i n o c u l u m  in to  t h e  cu l tu re  l iquid,  t i l t i ng  t h e  vessel  
severa l  t imes .  T h e  t u r b i d i t y  of t h e  cu l tu re  c an  be  r ead  
d i r ec t ly  a f t e r  m i x i n g  b y  i n se r t i ng  t h e  side tube ,  c o n t a i n i n g  
p a r t  of t h e  l iqu id  cu l tu re ,  i n to  a su i t ab l e  co lor imete r .  I n  
t h e  s a m e  m a n n e r  f u r t h e r  t u r b i d i m e t r i c  r ead ings  c a n  be  
m a d e  a t  t i m e  i n t e r v a l s  d u r i n g  t h e  pe r iod  of  i n c u b a t i o n ,  
wh ich  is p e r f o r m e d  o n  a s h a k i n g  m a c h i n e  a t  c o n s t a n t  
t e m p e r a t u r e .  

B y  m e a n s  of f lasks  c o n t a i n i n g  a decolor ized a lka l i ne  
so lu t ion  of glucose a n d  m e t h y l e n e  b lue  2 i n s t e a d  of a 
mic rob ia l  cu l tu re ,  we could  d e m o n s t r a t e  t h a t  b y  t h e  pro-  
cedure  desc r ibed  a b o v e  a n a e r o b i c  cond i t ions  can  be  m a i n -  
t a i n e d  in t h e  cu l tu re  vessels  for more  t h a n  4 days .  I n  
m e a s u r i n g  a n a e r o b i c  mic rob ia l  g r o w t h  b y  t h e  p r e s e n t  
m e t h o d  we h a v e  o b t a i n e d  qu i t e  s a t i s f ac t o ry  resul ts .  

I t  m a y  be  r e m a r k e d  t h a t  t h i s  p r o c e d u r e  a l lows for 
m e a s u r e m e n t  of a n a e r o b i c  g r o w t h  in t h e  p resence  of 

1 T. WIKI~N, W. A. SCHEFFERS and A. J. M. VERHAAR, Antonie van 
Leeuwenhoek 27, 401 (1961). 
P. FILOES and J. MclNTosH, Br. J. exp. Path. 2, 153 (1921). 

Fig. 1. Sterilized culture vessel, with entrance filter (left) and exit 
valve (right) wrapped in aluminium foil. 

Fig. 2. Culture vessel containing liquid medium (main flask) and 
inoculum (side arm); entrance tube closed, entrance filter removed 
and exit valve closed by flexible tube after flushing with nitrogen gas. 
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c a r b o n  dioxide.  Th i s  is of de f in i t e  i m p o r t a n c e  in those  
cases where  CO, m a y  inf luence  g rowth ,  as for i n s t a n c e  in 
lac t ic  acid bac te r ia .  I f  desired,  effects  of CO, on  g r o w t h  
can  be  e s t ab l i shed  b y  c o m p a r i n g  para l le l  r uns  in cu l t u r e  
vessels  w i t h  a n d  w i t h o u t  a n  a d d i t i o n a l  s ide b u l b  c o n t a i n i n g  
K O H ,  respec t ive ly .  

pa r a i son  es t  possible  e n t r e  des cu l tu res  parall~les,  c ro i s san t  
so i t  en  pr6sence  soi t  en  absence  de CO,. 
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Rdsumd. L a  fiole de  cu l t u r e  d6cr i te  p e r m e t  le m e s u r a g e  
p a r  voie  t u r b i d i m ~ t r i q u e  de  la c ro issance  m i c r o b i e n n e  en  
cu l t u r e  ana6 rob i e  e t  agit6e.  Du  gaz, p r o d u i t  p a r  ta  cu l tu re ,  
p e u t  s ' 6 c h a p p e r  p a r  une  valve .  P a r  l ' a p p l i c a t i o n  a d d i t i o n -  
nelle d ' u n  b n l b e  la t6ra l  c o n t e n a n t  de  la  potasse ,  la  corn- 

* Present address: Botanical Laboratory, Catholic University, 
Nijmegen (The Netherlands). The first author is indebted to Prof. 
Dr. T. O. WIK~U for facilities offered to him in the Laboratory of 
Microbiology, Technological University, Delft. 

M e a s u r e m e n t  o f  B l o o d  F l o w  b y  H e a t e d  T h e r m o c o u p l e  w i t h  F e e d b a c k  C o n t r o l l e d  C u r r e n t  

The  p r inc ip le  of t h e  h e a t e d  t h e r m o c o u p l e  m e t h o d  ~ for 
reg iona l  b lood  flow m e a s u r e m e n t  is t h a t  t h e  degree  of 
h e a t  t r a n s m i s s i o n  f rom t h e  h o t  j u n c t i o n  var ies  w i t h  b lood  
flow. 

Slow response  due  to  t he  h e a t  c a p a c i t y  of b lood  a n d  
d i f f icu l ty  of c a l i b r a t i on  are  d i s a d v a n t a g e s  of th i s  m e t h o d .  
B u t  t h i s  h a s  been  widely  used  for  m e a s u r e m e n t  of b lood  
flow in va r ious  t issues,  such  as  skin,  musc le  ~, l iver  ~, kid-  
n e y  4 a n d  bone  m a r r o w  s, p a r t l y  because  (1) i t s  e l ec t rode  
is s imple  a n d  flexible,  (2) i t  c an  b e  bu r i ed  in  a n y  t i s sue  
w i t h  l i t t l e  damage ,  a n d  (3) i t  c a n  af ford  c o n t i n u o u s  re- 
co rd ing  as  well  as  s e p a r a t e  r eco rd ing  f rom closely loca ted  
spots .  

However ,  as  r epor t ed ,  t h e  c u r r e n t  r equ i r ed  to  ra ise  t h e  
t e m p e r a t u r e  of a t h e r m o c o u p l e  is k e p t  c o n s t a n t  i r respec-  
t i v e  of local  t i s sue  t e m p e r a t u r e  so t h a t  t h e  ef fec t  of local  
h e a t  a c c u m u l a t i o n  on  v a s o m o t o r  a c t i o n  * a n d  n e r v e  con-  
d u c t i o n  ve loc i ty  7 c a n n o t  be  neglec ted .  Consequen t ly ,  t he  
e r ro r  of m e a s u r e m e n t  caused  b y  such  e n v i r o n m e n t a l  
changes  c a n n o t  be  avo ided .  

In  t h e  p r e s e n t  s tudy ,  a v e r y  low DC c u r r e n t  is supp l ied  
to  t h e  h e a t e r  in  o rde r  to  min imize  such  t i s sue  reac t ions .  
F e e d b a c k  con t ro l  s y s t e m  is e m p l o y e d  for  a u t o m a t i c  regu-  
l a t i on  of t e m p e r a t u r e  d i f ference  b e t w e e n  t h e  h o t  a n d  cold 
j u n c t i o n s  to  keep  c o n s t a n t  b y  a d j u s t i n g  h e a t i n g  c u r r e n t  
d e p e n d i n g  u p o n  t h e  c h a n g e  of f low ra te .  T h e  cha rac t e r i s -  
t ics  of t h e  c o n s t a n t  c u r r e n t  (CC) h e a t i n g - m e t h o d  a n d  t h e  
se l f - ad jus t ing  c u r r e n t  (SC) h e a t i n g - m e t h o d  h a v e  b e e n  
c o m p a r e d  w i t h  r e g a r d  to  t h e i r  m a n n e r  of r e sponse  in appl i -  
ca t ion  to  a n i m a l s  a n d  t h e  l i nea r i t y  in  r e sponse  to  t h e  flow 
r a t e  c h a n g e  in mode l  e x p e r i m e n t .  

T h e  s t r u c t u r e  of t h e  e lec t rode  a n d  t h e  b lock  d i a g r a m  
of t h e  f eedback  con t r o l  s y s t e m  are  s h o w n  in F igu re  1. 
T h e  m e a s u r i n g  e l e m e n t  cons i s t s  of a c o n s t a n t a n  wire  
(0.1 m m  in  d i ame te r ,  10 m m  in  l eng th )  to  w h i c h  3 c o p p e r  
leads  (0.1 m m  in  d i a m e t e r )  a re  c o n n e c t e d  a t  i t s  m i d d l e  
(b in  F i g u r e  1) a n d  b o t h  ends  (a a n d  c in  F i g u r e  1). T h e  
h e a t e r  is a c o n s t a n t a n  wire  (0.8 m m  in l eng th)  coiled 
a r o u n d  t h e  m i d d l e  p a r t  of m e a s u r i n g  e l ement ,  a n d  is in-  
su l a t ed  o n l y  electr ical ly .  D i m e n s i o n  of  e lec t rode  shou ld  
be  a p p r o p r i a t e l y  chosen  d e p e n d i n g  u p o n  t h e  f low ra te .  
DC h e a t i n g  c u r r e n t  is in i t i a l ly  (dur ing  no  flow) supp l i ed  
to  t he  h e a t e r  so as to  keep t e m p e r a t u r e  d i f fe rence  of 
0.35 °C. D u r i n g  t h e  m e a s u r e m e n t ,  t h i s  t e m p e r a t u r e - d i f f e r -  
ence  is m a i n t a i n e d  c o n s t a n t  b y  t he  f eedback  con t ro l  
s y s t e m  as m e n t i o n e d  above .  

As t he  m a i n  pu rpose  of th i s  f eedback  con t ro l  s y s t e m  is 
to  measu re  t he  c h a n g e  of t h e  flow ra te ,  h e a t i n g  c u r r e n t  is 
fed b a c k  p r o p o r t i o n a l l y  to  t h e  c h a n g e  of a t e m p e r a t u r e -  
d i f ference  a n d  a n  increase  of th i s  c u r r e n t  is recorded.  

Loop  gain  of t he  s y s t e m  shou ld  be  ra ised  as m u c h  as pos-  
sible w i t h i n  t he  s t ab l e  r a n g e  to  r educe  t he  t e m p e r a t u r e  
offset.  The  decrease  of t e m p e r a t u r e - d i f f e r e n c e  b e t w e e n  
t h e  h o t  a n d  cold j u n c t i o n s  is also checked  u n d e r  t he  CC 
h e a t i n g - m e t h o d  appl ied  to  th i s  e lec t rode.  

F igure  2 shows a c o m p a r i s o n  of t he  CC a n d  t h e  SC 
h e a t i n g - m e t h o d s  appl ied  to t he  r ena l  co r t ex  of a dog. 
I n  t h e  SC h e a t i n g - m e t h o d  t he  rap id  decrease  of h e a t i n g  
c u r r e n t  occurs  to  c o m p e n s a t e  t he  t o t a l  inc rease  of t e m -  
pe ra tu re -d i f f e rence  caused  b y  a t e m p o r a r y  occlus ion of 
r ena l  a r t e ry .  P r o m p t e r  response  a n d  less in f luence  of t e m -  
p e r a t u r e - c h a n g e  to  t h e  t i s sue  are  o b s e r v e d  in t h e  SC 
h e a t i n g - m e t h o d  t h a n  in t h e  CC h e a t i n g - m e t h o d .  

I n  t h e  mode l  sys tem,  t h e  SC h e a t i n g - m e t h o d  g ives  
h ighe r  l i nea r i ty  a n d  app l i cab i l i t y  o v e r  wide r  r a n g e  of f low 
t h a n  t h e  CC h e a t i n g - m e t h o d  (F igure  3B). I n  t h e  CC h e a t -  
i ng -me thod ,  as t he  flow r a t e  increases,  t h e  d e c r e m e n t  of  
t e m p e r a t u r e - d i f f e r e n c e  decreases  a n d  gives a v a l u e  nea r ly  
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b 1 Recorder 

(A) (B) 

Fig. I. (A) Structure of the electrode and (B) block diagram of the 
feedback control system. E, the reference voltage to set the tempera- 
ture difference; a and c, both ends; b, central portion of constantaI1 
wire of measuring element; g and g', h and h" are eormected respec- 
tively during the measurement. 
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