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b o t h  b e t w e e n  f i l amen t s  and  w i t h i n  the  same  f i l ament .  
Areas  w i t h  a s t r i a t ed  appearance ,  wh ich  were mos t  opaque  
in phase=con t ras t  mic roscopy  also s t a ined  m o s t  in tensely .  
Th i s  s t a in ing  was associa ted  w i t h  t h e  presence  of t he  pro- 
t e in  (or p r o t e i n - s h e a t h  complex)  as shown b y  t he  fol lowing 
obse rva t ions .  

A suspens ion  of t he  a lga was w a s h e d  a n d  r e s us pended  
in buf fe r  a t  p H  3.4 con ta in ing  0.1% BSA.  To th i s  was  
added  a v o l u m e  of 1/3000 n igros in  (G. T. G u r r  'Nigros in  
W.S. ' )  in  buf fer  a t  p H  3.4. T he  a m o u n t  of n igros in  t a k e n  
up  b y  t he  p r o t e i n - s h e a t h  complex  was e s t i m a t e d  b y  com- 
p a r i n g  t he  op t ica l  dens i ty  of t he  n igros in  so lu t ion  a t  
750 n m  w i t h  t h e  op t ica l  dens i ty  of t he  s u p e r n a t e  of t he  
cen t r i fuged  n ig ros in /a lga  mix tu re .  Cont ro l  e x p e r i m e n t s  
were  c o n d u c t e d  u n d e r  iden t ica l  condi t ions ,  excep t  t h a t  
B S A  was  omi t t ed .  These  e x p e r i m e n t s  showed  t h a t  con-  
s i s t en t ly  more  n igros in  was abso rbed  b y  B S A - t r e a t e d  
f i l amen t s  a t  p H  3.4 t h a n  b y  u n t r e a t e d  f i l amen t s  a t  p H  
3.4, a n d  v e r y  m u c h  more  t h a n  B S A - t r e a t e d  f i l amen t s  a t  
p H  7.2. F r o m  5 0 - 7 0 %  of th i s  abso rbed  n igros in  could be  
r e m o v e d  b y  1 or 2 washes  w i t h  buf fe r  a t  p H  7.2, l eav ing  
t he  f i l amen t s  qu i te  u n s t a i n e d  u n d e r  t he  microscope.  (The 
g rea t e r  t he  abso lu te  a m o u n t  of n igros in  t a k e n  up, t he  
g rea t e r  was t he  p e r c e n t a g e  recoverab le  in  buffer  a t  
p H  7.2.) W a s h e s  a t  low p H  released less t h a n  10% of the  

Stainabil i ty of Nostoc and Bacillus capsules with nigrosin 

Organism BSA pH % available % of 
nigrosin absorbed nigrosin 
absorbed released at pH 7.2 

Nosloc FP23 + 3.4 58% 69% 
- -  3.4 29% 36% 
+ 7.2 7% - 

Bacillus sp. + 3.4 80% 77% 
--  3.4 27% 52% 
+ 7.2 <10% - 

a b s o r b e d  n igros in  f rom B S A - t r e a t e d  f i laments .  A s imi lar  
e x p e r i m e n t  w i t h  a capsu la te  Bacillus sp. gave  s imi la r  re- 
suits.  Typ ica l  e x p e r i m e n t a l  f ind ings  are shown in  the  
Table .  

The  s h e a t h  of F P 2 3  is l ikely to be  chief ly  polysac-  
cha r ide  5. I t s  r eac t ion  w i t h  p ro te ins  a t  p H  va lues  nea r  t he i r  
isoetectr ic  po in t s  is v e r y  s imi la r  to  t h a t  d i sp layed  b y  
bac te r i a l  capsules  4. F r o m  a morpho log ica l  p o i n t  of view" 
also, i t  would  seem t h a t  t he  ' s h e a t h '  of FP23  is more  com- 
pa r ab l e  w i t h  bac te r i a l  capsules  t h a n  t he  shea ths  found  in 
C h l a m y d o b a c t e r i a .  W h e t h e r  th i s  c an  be  said for all  blue-  
green  a lgal  shea th s  is no t  clear, b u t  i t  is un l ike ly  to  apply ,  
for example ,  to  genera  l ike Tolypothrix. 

The  a f f in i ty  of n igros in  for p ro t e in  abso rbed  b y  poly- 
sacchar ide  gels was  qu i t e  unexpec ted .  Poss ib ly  t he  exper i -  
m e n t s  r epor t ed  here  m a y  afford  a m e a n s  of e s t i m a t i n g  
such  pro te in .  Nigros in  is widely  used in bac te r io logy  as a 
n e g a t i v e  s tain,  a n d  i t  is occas ional ly  used in h i s to logy  as a 
pos i t ive  s t a in  for  ne rvous  tissue, b u t  i t  does n o t  seem to 
h a v e  a n y  recorded  a f f in i ty  for p a r t i c u l a r  cell com- 
p o n e n t s  s, 7. 

Zusammen/assung. Die Po lysacchar id -Scha le ,  resp. 
Kapse l  der  Schle imalge  Nostoc sp. (Myxophyceae)  k a n n  
n a c h  S e r u m a l b u m i n b e h a n d l u n g  m i t  Nigros in  be i  nied-  
r igen p H - W e r t e n  gef~trbt werden.  
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P R O  E X P E R I M E N T I S  

A S i m p l e  Method  for the E s t i m a t i o n  of Y e a s t - G r o w t h  in H y d r o c a r b o n - S u b s t r a t e s  by D e t e r m i n a t i o n  
of T u r b i d i t y  

W h e n  mic roo rgan i sms  are  c u l t i v a t e d  in s u b s t r a t e s  con- 
t a i n i n g  h y d r o c a r b o n s ,  t he  e s t i m a t i o n  of g rowth  is in 
genera l  more  d i f f icul t  t h a n  i t  is in t he  case of a sugar  sub-  
s t ra te .  The  reason  for th i s  d i s a d v a n t a g e  lies in  t he  fac t  
t h a t  those  cu l tu re  m e d i a  a lways  cons is t  of a n  aqueous  and  
of a h y d r o c a r b o n  phase .  As long as t he  cu l tu re  is a g i t a t e d  
m e c h a n i c a l l y  t h e  h y d r o c a r b o n  phase  is emuls i f ied  a n d  a 
more  or less h o m o g e n e o u s  suspens ion  can  be  m a i n t a i n e d .  
This  emuls ion  is s u p p o r t e d  a n d  s tab i l ized  to  a ce r t a in  
degree  b y  t h e  p resence  of f a t t y  acids and  pro te ins ,  wh ich  
are  p r o d u c e d  d u r i n g  t h e  g r o w t h  of t h e  yeas t  popu la t ion .  
W h e n e v e r  a g i t a t i o n  ceases, t h e  emuls ion  is decomposed  
a n d  t h e  l a rges t  p a r t  of t h e  h y d r o c a r b o n  phase ,  c o n t a i n i n g  
t h e  b u l k  of t he  mic roorgan i sms ,  a c c u m u l a t e s  as a surface  
layer .  U n d e r  these  c i rcumstances ,  suff ic ient  m i x i n g  of t he  
c u l t u r e  m e d i u m  is n e c e s s a r y  d u r i n g  t he  s a m p l i n g  proce-  
dure.  F u r t h e r m o r e ,  r e p r e s e n t a t i v e  s a m p l i n g  is r ende red  
more  d i f f icul t  b y  t h e  s t rong  adhes ion  of t i le h y d r o c a r b o n  
p h a s e  to  t h e  glassware,  a n d  i n h o m o g e n e i t y  is aga in  the  
resul t .  

GATELLIER e t  al. 1 r epo r t ed  severa l  m e t h o d s  su i t ab le  for 
t h e  e s t i m a t i o n  of growth .  In  t he i r  e x p e r i m e n t s  t h e  on ly  
source of n i t r ogen  suppl ied  to  growing  yeas t s  in  the  
m e d i u m  were a m m o n i u m  salts.  The  a m o u n t  of N H 4 O H  
suppl ied,  wh ich  was necessa ry  for m a i n t e n a n c e  of a con- 
s t a n t  pH,  was r e c o r d e d  con t inuous ly .  B y  p l o t t i n g  t he  
l o g a r i t h m  of vo lumes  of a m m o n i a  so lu t ion  c o n s u m e d  as a 
func t i on  of t ime,  a s t r a igh t  l ine  was o b t a i n e d  r ep re sen t ing  
e x p o n e n t i a l  g rowth .  Fo r  t h e  d e t e r m i n a t i o n  of cell con- 
c e n t r a t i o n  a m e t h o d  us ing  f i l t r a t ion  on  a mil l ipore  m e m -  
b r a n e  was  descr ibed.  T h e  cells were w a s h e d  b y  i sopropyl  
a lcohol  a n d  weighed  a f t e r  d ry ing  a t  100 ~ C o n s u m p t i o n  
of oxygen  and  p r o d u c t i o n  of c a r b o n  d ioxide  were also 
measured .  I t  h a s  been  shown  b y  t he  a u t h o r s  t h a t  al l  these  
m e t h o d s  gave  t he  exac t  same  va lue  for  t he  gene ra t i on  

1 C. GA;rELLIER, G. GLIKMANS and D. BALLERINI, Kinetics of 
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t ime  of growing yeast .  Ano the r  m e t h o d  was  used by  
TAKAHASHI et  a13. T h e y  de t e rmined  cell concen t ra t ion  
by  packed  vo lume of cells which  were collected centr i -  
fugally (10 rain a t  3500 g) a t  t he  b o t t o m  of a measur ing  
tube .  There  are several  p re l iminary  condi t ions  for t he  
appl ica t ion  of one of the  me thods  men t ioned  above.  
W h e n  the  cell concen t ra t ion  is de t e rmined  by  packed  
vo lume of cells or by  the  f i l t ra t ion m e t h o d  a r a the r  large 
vo lume of sample  is necessary.  

I t  is well known t h a t  cell yield can be de t e rmined  more  
conven ien t ly  and th is  in very  smal l  samples  by  measur ing  
the  opt ical  densi ty .  For  this  purpose  the  h y d r o c a r b o n  
phase  mus t  be separa ted  f rom the  culture bro th .  TANAKA 
and  FuKuI  3 used this  m e t h o d  for t he  de t e rmina t i on  of cell 
yield. They p repared  the  sample  for m e a s u r e m e n t  by 
successive washings  wi th  n -hexane  and water .  However ,  
only few da t a  were  given for t he  re la t ionship  be tween  
opt ical  dens i ty  and  dry  cell yield. Ano the r  p repa ra t ive  
procedure  of cell suspension,  imply ing  washing  wi th  
Aerosol OT and pe t ro leum e the r  was descr ibed by  
ARIMA et al. 4. 

in i t ia l ly  we used in our expe r imen t s  the  following 
method .  1 ml of sample  was p ipe t t ed  into 25 ml  of a sol- 
ven t  mix tu re  consis t ing of 80% isopropyl  alcohol and  
20% hexane.  Despi te  immed ia t e  m e a s u r e m e n t  of the  
opt ical  dens i ty  af ter  addi t ion  of the  solvent ,  the  cells 
f locculated immed ia t e ly  and i r revers ibly  t h rough  de- 
hyd ra t i on  by  the  solvent .  Fur the rmore ,  minera l  salts  pre-  
c ip i t a ted  in t he  so lvent  and caused an undes i red  error.  
The reproducibi l i ty  of the  resul ts  ob ta ined  wi th  th is  
m e t h o d  was not  wi th in  the  l imits  of dc 10%. 

For  a tu rb id imet r i c  assay we used the  following s imple 
me thod  advan tageous ly :  In  t ak ing  samples  the  cul ture 
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Turbidity was determined in a Lange-turbidometer using rectangular 
cells of 1 rain pathlength. The medium size of yeast cells was 6.7 • 
4.0 bt. Regression fine for the relationship between % turbidity and 
content of dry weight of cells; regression equation: Y = a + bX; 
constant a ~ -- 25.7 • 1.4; regression coefficient b ~ 62.0 ~= 0.7; 
correlation coefficient f = 0.99. 

m u s t  be ag i ta ted  vigorously  to a t t a i n  a homogeneous  sus- 
pension.  W i t h  a bulb  opera to r  t he  sample  is sucked di rec t ly  
f rom the  s t i r red suspens ion  in to  the  p ipe t t e  up to  t h e  
desired mark.  One m u s t  be careful  no t  to exceed the  upper  
m a r k  of t h e  p ipe t te ,  since th is  would  cause a considerable  
sampl ing  error, due to  the  adherence  of t he  oil phase  to  
the  glass surface. The sample  is t r ans fe r red  in to  a centr i -  
fuge tube ;  the  h y d r o c a r b o n  phase  adher ing  to  the  p i p e t t e  
wall is r insed in to  the  glass by  repea ted  washings  wi th  
small  por t ions  of ho t  water .  A few drops  of c o n c e n t r a t e d  
de te rgen t  solut ion such as Teepol  are now added.  The 
s toppered  tube  is t h e n  mixed  manua l ly  for abou t  2 min  
and t h e n  cent r i fuged for 15 rain a t  1600 g. The hydro-  
carbon phase  free f rom yeas t  cells accumula tes  as a t u rb id  
surface layer.  The cells s ink quan t i t a t i ve ly  to  the  b o t t o m  
of the  glass as a compac t  sed iment .  The l iquid phases  can 
be sucked up by  means  of a capi l lary a t t ached  to  a v acuum 
pump.  For  the  m e a s u r e m e n t  of t u rb id i t y  a desi red 
a m o u n t  of saline is p i p e t t e d  in to  the  centr i fuge tube  and  
small  glass-beads are added.  A homogeneous  and s table  
cell suspension is ob ta ined  by  shaking for 1 rain. The 
me t h o d  was tes ted  on a Candida tropicalis s t ra in  culti-  
va t ed  in a med i u m conta in ing  l iquid paraff ins ,  and  the  
results  are shown in the  Figure.  As can be seen f rom the  
diagram, the  a m o u n t  of yeas t  dry  m a t t e r  can be deter-  
mined  over  a re la t ively  wide range using the  same sized 
t u r b i d o m e t e r  ceil. If  the  co n t en t  of yeas t  cell d ry  m a t t e r  
exceeds 7 g/1 t he  sample  m u s t  be di luted.  The desi red 
di lut ion is p repa red  d i rec t ly  in the  centr i fuge tubes  w i th  
physiological  saline solution.  

I t  will be realized t h a t  the  correla t ion be tween  the  
tu rb id i ty  and  the  yeas t  d ry  m a t t e r  depends  on the  size 
and shape of the  yeas t  cells and to a cer ta in  degree on the  
g rowth  condit ions.  If  o the r  s t ra ins  or subs t ra tes  are used 
a new correla t ion charac te r i s t ic  for those specific condi-  
t ions  mus t  be set  up. Despi te  the  fact  t h a t  yeas t  d ry  
m a t t e r  has  been de t e rmined  here wi th  th is  me thod ,  the  
de t e rmina t i on  of t u r b i d i t y  alone will in m a n y  cases 
sa t isfy  the  demands .  Then  the  benef i t s  of th is  easy, quick 
and reliable me t h o d  become especial ly appa ren t .  

Zusammen/assu,~g. Es wird eine einfache und  schnelle 
Methode  zur B e s t i m m u n g  der  Ze l lkonzen t ra t ion  in 
kohlenwassers tof fha l t igen  Kul turf l i i ss igkei ten  beschrie-  
ben.  Zur A b t r e n n u n g  der  Kohlenwassers to f fe  wird  die 
Probe  nach  Zusatz  von Teepol zentr i fugier t ,  d an ach  die 
Zel lkonzent ra t ion  durch  Tr i ibungsmessung  b e s t i m m t .  

H. I4~AT INGE R 
Hochschule /fir Bodenkultur, 
Institut /i;r angewandte Mihrobiologie, 
A-7180 Wien (Austria), 77. November 7969. 

J. TAKAHASHI, Y. I~AWABATA and K. YAMADA, Agric. biol. Chem. 
4, 292 (1965). 

a A. TANAKA and FUKUL J. Ferment. Teehnol., Osaka d6, 214 (1968). 
4 K. ARI~tA, ST. OC, INO, K. YANO and GAKUZO TAI~URA, Attic. biol. 

Chem. 29, 1004 (1965). 

A N e w  A i r  S a m p l e r  

In  the  past ,  s tudies  of air spora  have  been  made  by  the  
exposure  of s t icky surfaces for various periods.  The 
ca tches  represen t  a to ta l  dur ing  the  per iod of exposure  
and it is not  possible to relate t h e m  closely to meteoro-  
logical or o ther  data .  GREGORY 1'2, and GREGORY and 

STEDMAN a, have  shown t h a t  the  eff iciency of these  
m e t h o d s  is very  low and  d e p e n d e n t  so grea t ly  on the  
wind speed, t h a t  it  is a lmos t  impossible  to  give a reliable 
i n t e rp re t a t i on  of the  counts  made.  This  has  led to the  
deve lopmen t  by  HIRST 4 Of a suc t ion- t rap  which  suffers 


