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E s t i m a t i o n  of  E m u l s i f i c a t i o n  of  H y d r o c a r b o n s  in  

M a n y  inves t iga t ions  are concerned  w i t h  t h e  b io syn thes i s  
of p ro t e in  us ing  h y d r o c a r b o n s  as r aw ma te r i a l .  I n  th i s  
r e l a t ive ly  new techn ique ,  t he  f e r m e n t a t i o n  process  i tself  
p r e sen t s  va r ious  difficult ies,  one of t h e m  be ing  t he  fac t  
t h a t  h y d r o c a r b o n s  (n-alkanes)  are e x t r e m e l y  inso luble  ,in 
water .  On t he  bas is  of t he  so lub i l i ty  f igures  p u b l i s h e d  b y  
BAKER 1, one can  as sume  t h a t  t he  wa te r  soluble  f r ac t ion  of 
t h e  a lkanes  is of m i n o r  i m p o r t a n c e  for  y e a s t  n u t r i t i o n  
d u r i n g  such  f e r m e n t a t i o n  processes.  The  u p t a k e  of these  
s u b s t r a t e s  b y  t h e  cell m u s t  the re fore  o c c u r  t h r o u g h  d i rec t  
c o n t a c t  be tween  t h e  cell a n d  t he  h y d r o c a r b o n  globules  ~. To 
enab le  th i s  t y p e  of mass  t ransfe r ,  i t  is necessa ry  t h a t  t h e  
n u t r i t i o u s  s u b s t r a t e  be  p r e sen t ed  to the  cell in t he  fo rm of 
a n  emulsion.  The  size of t he  oil g lobules  of t he  emuls ion  
d e t e r m i n e s  t h e  in te r fac ia l  a rea  of the  h y d r o c a r b o n  sub~ 
s t ra te .  Therefore  t h e  ' a c tua l  s u b s t r a t e  c o n c e n t r a t i o n '  or 
ava i l ab i l i t y  of t h e  s u b s t r a t e  is d e t e r m i n e d  b y  two fac tors  : 
f i rs t ly,  t h r o u g h  t h e  a m o u n t  of a lkanes  supplied,  an d  
secondly,  b y  t h e  size f r equency  d i s t r i b u t i o n  of t h e  
emuls i f ied  g l o b u l e s  As i t  is ve ry  i m p o r t a n t  to  e x a m i n e  to 
w h a t  e x t e n t  g r o w t h  ra t e  and  m a x i m u m  yield  of t h e  micro-  
o rgan i sms  d e p e n d  on  t he  degree of emuls i f ica t ion ,  we 
endeavou red  to e s t ima te  th i s  fac to r  as accu ra t e ly  as 
possible.  

The  app l i ca t ion  of t he  t r a d i t i o n a l  d e t e r m i n a t i o n  me-  
t h o d s  in cha rac t e r i z ing  emuls ions ,  i.e. m e a s u r e m e n t  of 
a b s o r b t i o n  and  l igh t  dispersion,  e lec t ronic  par t ic le  coun t -  
ing a n d  sizing, s e d i m e n t a t i o n  ana lys i s  3-~ is g rea t ly  h in-  
dered  b y  t h e  excep t iona l  cond i t ions  ex i s t ing  d u r i n g  t h e  
f e r m e n t a t i o n  process.  The  f ineness  and  s t ab i l i t y  of t h e  
emuls ion,  n u m b e r  of cells and  air  bubbles ,  viscosi ty ,  etc., 
are s t rong ly  in f luenced  b y  the  s tage of cu l tu re  develop-  
merit .  Thus,  on ly  t he  microscopic  m e t h o d  enab les  t h e  
d i rec t  d e t e r m i n a t i o n  of the  globule size d i s t r i b u t i o n  in t h e  
p resence  of these  d i s t u r b i n g  factors.  Should  t h e  micro-  
scopic i nves t i ga t i on  show a d i s t r i b u t i o n  of the  emuls ion  
globules  in a fo rm sui ted  to give a p i c tu re  of t he  a c t u a l  
emuls ion  degree of the  d y n a m i c  s t a t e  of equ i l i b r ium in t h e  
ag i t a t ed  cu l tu re  med ium,  t h e n  i t  is m a n d a t o r y  t h a t  th i s  
cond i t ion  be m a i n t a i n e d  un t i l  an  e v a l u a t i o n  can  be  car r ied  
out.  Th i s  can  be  ach ieved  b y  the  fol lowing m e t h o d :  t h e  
sample  is t a k e n  b y  inse r t ing  a s y p h o n  of smal l  d i a m e t e r  
in to  t h e  fe rmente r .  One open ing  of t he  s y p h o n  is sub- 
merged  in to  t he  midd le  of t h e  ag i t a t ed  cu l tu re  m e d i u m .  
By  closing the  a i r  d ischarge  t u b e  the  f e r m e n t e r  is se t  u n d e r  
pressure  w h e r e b y  the  cu l tu re  m e d i u m  is d i scha rged  w i t h  
a re la t ive ly  h i g h  speed of flow. Af te r  h a v i n g  r insed  the  
s y p h o n  w i t h  overf low, 1-2 ml  of the  sample  is d ra ined  

C u l t u r e  F l u i d s  

di rec t ly  in to  a ge la t ine  so lu t ion  a t  30~ a n d  cooled a t  
once in ice w a t e r  u n t i l  t h e  ge la t ine  has  ha rdened .  Fo r  th i s  
purpose  a so lu t ion  of 1 5 %  microscopica l ly  pu re  ge la t ine  
is used. 10 ml  of t h i s  so lu t ion  is e m p t i e d  in to  E r l e n m e y e r  
f lasks an d  k e p t  u n t i l  use a t  30 ~ T h e  f lask should  be  k e p t  
in  c i rcular  m o t i o n  d u r i n g  t h e  en t i r e  p rocedure .  T h e  t i m e  
needed  for a f luid par t i c le  f rom t h e  f e r m e n t e r  to  r e a c h  t h e  
ge la t ine  does n o t  exceed 3 sec. T h e  h igh  v i scos i ty  a n d  t h e  
s tab i l i z ing  effect  of t h e  ge la t ine  h inde r s  t h e  emuls i f ied  
globules  f rom coalescing as  can  be  shown  microscopical ly .  
Ge la t ine  solidifies in  a p p r o x i m a t e l y  30 sec u n d e r  t h e  
a b o v e - m e n t i o n e d  condi t ions .  T h u s  a n  abso lu t e ly  s t ab le  
emuls ion  is ob ta ined .  F o r  t h e  microscopic  e v a l u a t i o n  of 
pa r t i c le  size, pieces are cu t  f rom t h e  gel a t  d i f fe ren t  p laces  

Fig. 1. Gelatine stabilized globules of a pure oil/water emulsion. 
• 1700. 

Size of Average No. of Volume Interracial 
globules diameter globules [x 3 area 

~z measured ~z 2 

- 1 0.5 844 55 663 

1- 2 1.5 120 212 848 

2- 3 2.5 68 556 1335 

3- 5 4 23 771 1156 

5-10 7.5 1 221 177 

1056 1815 4179 

Size distribution of oil globules in a culture fluid containing 10 % v/v 
of gas oil, turbine stirred (2200 rpm) fermenter, 1 1 working volume 

Fig. 2. Gelatine stabilized emulsion of a culture fluid. • 1700. 
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a n d  t r ans fe r r ed  on  to  microscopic  slides. These  pieces are  
pressed  in to  t h i n  layers  w i t h  cover-slips.  The  par t ic le  size 
is d e t e r m i n e d  microscopical ly ,  b e t t e r  m i c r o p h o t o g r a p h i -  
cally.  The  p ic tu re  q u a l i t y  is a d e q u a t e  to  a l low e x a c t  
m e a s u r e m e n t  of t h e  par t i c le  size, as can  be  seen f r o m  
Figures  1 a n d  2. A n  exam pl e  of t h e  feas ib i l i ty  of t h e  
m e t h o d  is shown  in t he  Table .  The  emuls ion  is com-  
p le t e ly  cha rac t e r i zed  b y  t h e  size f r equency  d i s t r i bu t ion .  
I f  t h e  oil q u a n t i t i e s  a d d e d  d u r i n g  t h e  f e r m e n t a t i o n  are  
known,  i t  is possible  t o  ca lcu la te  t he  in te r fac ia l  a rea  a n d  
o t h e r  p a r a m e t e r s  of t he  emuls ion .  U n d e r  t he  p r e s en t  con-  
d i t ions  a n  in te r fac ia l  a rea  of 230 m 2 pe r  l i t re  of cu l tu re  
f lu id  can  be  ca lcu la ted .  

Zusammen/assung. E i n e  mik roskop i sche  Methode  zur 
t 3e s t immung  des E m u l s i o n s g r a d e s  yon  Kohlenwasse r -  
s tof fen  in K u l t u r s u b s t r a t e n  wird  beschr ieben .  De r  
jeweilige Z u s t a n d  solcher  O1/Wasse r -Emuls ionen  in  be-  
w a c h s e n e n  F e r m e n t a t i o n s m a i s c h e n  wi rd  fiir die Bes t im-  
m u n g  mi t t e l s  Gela t ine  s tabi l i s ie r t .  E in f lu s s f ak to ren  u n d  
]3edeutung  des Emulg i e r ens  werden  d i sku t ie r t .  
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Acety l cho l ine  Content  in Bra in  White  Mat ter  as  
M i x t u r e  

There  are few s tudies  wh ich  r e p o r t  ace ty lcho l ine  (ACh) 
c o n t e n t  in  t h e  b r a i n  wh i t e  m a t t e r .  Th i s  is p r o b a b l y  due  to  
t h e  v e r y  low levels of ACh found  in th i s  t issue. W i t h  t h e  
older  c o n v e n t i o n a l  e x t r a c t i o n  procedures ,  i t  was  especial ly  
di f f icul t  to  o b t a i n  r ep roduc ib le  da ta .  R e c e n t l y  we r epo r t ed  
t h a t  t he  e x t r a c t i o n  of b r a i n  ACh us ing  acidif ied ace tone  
w i t h  formic  acid y ie lds  a h ighe r  va lue  t h a n  w h e n  o t h e r  
e x t r a c t i o n  p rocedures  were used (ToRu a n d  APRISON1). 
Th i s  so lven t  e x t r a c t s  free ACh and  t h e  ACh wh ich  is 
b o u n d  to t h e  l ip id l ike  subs tances .  W i t h  t h i s  new so lven t  
i t  was  no t  on ly  possible  to  s t u d y  t h e  ACh d i s t r i b u t i o n  in  
smal le r  b r a i n  samples  b u t  also to s t u d y  t h e  chemica l  
n a t u r e  of b o u n d  ACh. As t he  f i r s t  s tep  in the  re - inves t iga -  
t ion  of ACh d i s t r i b u t i o n s  in  t h e  b r a i n  e m p l o y i n g  t h i s  
procedure ,  b r a i n  wh i t e  m a t t e r ,  t h e  l ip id-r ich  t issue,  was  
s tudied .  

Adul t ,  ma le  a lb ino  r a t s  (Wis t a r  s t ra in)  and  guinea-p igs  
were used. The  a n i m a l s  were  decap i t a t ed  in t he  re- 
f r ige ra ted  room a t  2 ~ T he  skul l  was  opened  a n d  t h e  
d u r a  m a t e r  was  cu t  w i t h  a scalpel  w i t h o u t  r e m o v i n g  t h e  
b r a i n  f rom the  c r an ium.  T he  grey  m a t t e r  of t h e  c e r e b r u m  
was g e n t l y  r e m o v e d  b y  us ing  a s ta inless  steel  spa tu la .  
Pieces of t he  wh i t e  m a t t e r  f rom t he  pa r i e t a l  and  t e m p o r a l  
a reas  a n d  corpus  ca l losum were careful ly  cu t  ou t  a n d  im-  
m e d i a t e l y  f rozen in  l iqu id  n i t rogen .  T he  col lected b r a i n  
t i ssue  f rom 3 or  4 a n i m a l s  was  pu lver ized  in a s ta in less  
s teel  m o r t a r  a n d  was  d iv ided  in to  2 por t ions .  These  
samples  were e x t r a c t e d  b y  2 e x t r a c t i o n  procedures .  

One so lven t  s y s t e m  cons is ted  of 15% N-fo rmic  ac id  
p lus  85% ace tone  (ToRu a n d  APRISON1), whi le  t he  o t h e r  
was  ac id ic -e thano l  (CRoSSLAND 2). T he  gu inea-p ig  i l eum 
b ioas say  was  used to  m eas u r e  t h e  ACh c o n t e n t  in  samples  ; 
t h e  effects  of 5 - h y d r o x y t r y p t a m i n e ,  h i s t a m i n e  a n d  sub-  
s t ance  P were e l i m i n a t e d  as p rev ious ly  descr ibed (ToRu 
a n d  Apl~ISOZq 1). 

ACh c o n t e n t  in  t h e  b r a i n  wh i t e  m a t t e r  of r a t  a f t e r  
fo rmic  ac id -ace tone  e x t r a c t i o n  (7.71 nmoles/g)  was  23% 
h ighe r  t h a n  t h a t  f o u n d  a f t e r  ac id ic -e thano l  e x t r a c t i o n  
(p < 0.05, Tab le  I). I n  t h e  guinea-pig ,  t h e  ACh c o n t e n t  of 
t h e  wh i t e  m a t t e r  (6.82 nmoles /g)  was  also h igher  w h e n  
t i ssue  samples  were e x t r a c t e d  w i t h  formic  ac id -ace tone  
t h a n  w i t h  ac id i c -e thano l  (4.73 nmoles/g) .  T he  di f ference 
in  these  2 m e a n  va lues  is s ign i f ican t  a t  t he  0.01 level  
(Table II). 

ACh c o n c e n t r a t i o n s  in  t he  b r a i n  wh i t e  m a t t e r  r epo r t ed  
in t he  l i t e r a tu re  are  lower  w h e n  c o m p a r e d  w i t h  t h e  o t h e r  
b r a i n  p a r t s  (MAC!NTOSH3 , TAKAHASHI a n d  APRISON~). 

D e t e r m i n e d  after E x t r a c t i o n  w i t h  a N e w  So lven t  

The  on ly  excep t ion  is t he  cerebel lum.  The  ACh va lues  
o b t a i n e d  w i t h  t he  new e x t r a c t i o n  so lven t  in the  p r e s e n t  
s t u d y  was h igher  t h a n  a n y  of t he  p rev ious ly  r epo r t ed  
values .  However ,  t h e  d i f ference  of m e a s u r e d  ACh in  t h e  
wh i t e  m a t t e r  a f t e r  us ing  t h e  2 e x t r a c t i o n  m e t h o d s  was  
c o m p a r a b l e  to  t h a t  found  for  whole  b r a i n  of the  r a t  w h e n  
dup l i ca te  samples  of th i s  t i s sue  were also ex t r ac t ed  w i t h  
t he  same  2 so lven t  sys tems .  Thus ,  the  r a t io  of ACh va lues  
in  t he  wh i t e  m a t t e r  to  t h a t  in  t h e  whole  b r a i n  of r a t  b y  t h e  
new e x t r a c t i o n  p rocedure  (0.25) is close to  t h a t  ca lcu la ted  
in a r ecen t  r e p o r t  4 emp loy ing  t he  ac id ic -e thanol  p rocedure  
(0.18). 

Since h ighe r  ACh va lues  are o b t a i n e d  w i t h  the  15% 1 N 
formic  ac id -85% ace tone  e x t r a c t i o n  me thod ,  several  addi -  
t i ona l  po in t s  were checked  fu r the r .  I t  was  found  t h a t  t h e  
a d d i t i o n  of c h y m o t r y p s i n  to  s t a n d a r d  ACh solut ions  as 
well  as to  b r a i n  samples  d id  n o t  af fec t  no r  inf luence t he  
b ioas say  t i ssue  in a n y  way.  Ace tone  sens i t i za t ion  also did  
no t  occur  w h e n  us ing  our  procedure .  Since ve ry  low chol ine  

Table I. ACh concentrations (nmoles/g) in the brain white matter of 
rat a by 2 extraction procedures 

Experiment No. Acid-ethanol Formic acid-acetone 

1 6.05 6.49 
2 6.55 8.92 
3 6.44 7.49 
4 6.05 7.93 

Mean :h S.D. 6.27 • 0.26 7.71 • 0.99 

P<O.05 

4 animals (weighed between 200 and 300 g) were used in each 
experiment. 
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