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surface is spined (Figure 4). The  ven t ra l  lobe is free a t  its 
apex  and lateral  margins,  b u t  is f ixed to and arises f rom 
the  mid-ven t ra l  cup wall a t  its base. The hos t  villus comes 
to  lie be tween  the  appos ing  surfaces of the  2 adhesive  
organ lobes. 

The outer  and inner  surfaces of t he  fore b o d y  cup and 
the  surface of the  adhes ive  organ lobes ad jacen t  to the  
cup wall are covered wi th  ' normal '  s cy toplasmic  t egument .  
In  contras t ,  the  apposing  surface of t he  lobes is covered 
wi th  a specialized, chambered  cy toplasmic  surface 

(Figure 2). The  chamber s  are covered wi th  a uni t  p l a sma  
m e m b r a n e  and  f rom the  walls arise long s lender  microvil l i  
(Figure 3). The walls of the  cup and  the  adhes ive  organ 
lobes con ta in  extens ions  of the  exc re to ry  lacuna sys t em 
and  the  walls of th is  are cy top lasmic  and  bear  lamellae 9. 
The hos t  t issue plug, lying be tween  the  lobes, shows 
considerable  lysis and  in m a n y  cases the  hos t  capillaries 
come into  close con tac t  w i th  t he  special ized adhes ive  
organ surface (Figure 4). 

Surface special izat ion therefore ,  also exis ts  in Cardio- 
cephaloides and the  na tu re  of th is  surface suggests  t h a t  it  
m igh t  p lay a vital ,  possibly p lacen ta l  role, in the  absorp-  
t ion of nu t r i en t s  f rom the  host .  The excre tory  lacunae,  
p resen t  in these  lobes, migh t  also aid in the  t rans loca t ion  
of absorbed  nut r ients .  I t  is also w o r t h  men t ion ing  t h a t  it  
is possible to use, for u l t r a s t ruc tu ra l  studies,  mater ia l  
f ixed in the  field for o ther  purposes ,  a l though  it is sui table 
for the  s tudy  of the  more  obvious  u l t r a s t ruc tu ra l  features  
only  10. 

Zusammen/assung. Die u l t ras t ruk tue l le  U n t e r s u c h u n g  
des Haf to rgans  von Cardiocephaloides physalis (Trema- 
toda) 1/~sst eine mi t  Aush6hlungen  versehene  zel lplasma- 
t i sche Oberfli*che erkennen,  die mi t  der  l amina  propr ia  
der  W i r t s d a r m z o t t e  (Phalacrocorax bougainvillei) in 
engs t em K o n t a k t  s t eh t  und m6glicherweise P lazen ta -  
funk t ion  besi tz t .  

D. A. ERASMUS 1~ 

Department of Zoology, University College, 
Cardiff, CF1 3 N R  (Gt. Britain), 5 November 1069. 

lqg. 4. Electronnfierograph of host tissue plug (HT) lying between 
the specialized surfaces of the adhesive organ lobes (AOT). Note that 
the host tissue contains capillaries and erythrocytes (R13C), which lie 
very close to the adhesive organ surface. Spines (SP) are present on a 
portion of this surlace. Stained as in Figure 2. • 2000. 

7 J .  G. BAER, Parasitologieskii Sbornik, XXIV. (Academia Nauk 
SSSR, Moskwa 1969), p. 7. 
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P r o p e r t i e s  of a B l u e - G r e e n  Alga l  Shea th  

Struc tures  ex te rna l  to the  cell wall (i.e. shea ths  and 
capsules) are c o m m o n  among  the  Procaryo ta ,  a l though 
t h e y  are p robab ly  more  typ ica l  of the  blue-green algae 
(Myxophyceae)  t h a n  the  bacter ia .  In  the  la t te r  group the  
shea th  is a fairly well def ined morphological  feature  - a 
hollow s t ruc ture  enclosing a chain of cells or a t r i chome 1. 
I t  is chemical ly  d is t inc t  f rom the  capsule in Sphaerotilus 
nalans 2. In  the  blue-green algae all s t ruc tu res  ex te rna l  to 
the  cell wall, whe the r  t hey  be hollow tube-l ike s t ruc tures  
wi th  def ined margins  visible under  phase -con t r a s t  micro- 
scopy (e.g. Tolypothrix) or less obvious,  more  mucila-  
ginous, s t ruc tures  wi th  ind is t inc t  outer  edges (as in 
Nostoc, Anabaena), are referred to as sheaths .  In  s tudies  
of t he  shea th  of an isolate p repa red  in th is  labora tory ,  re- 
ferred to as s t ra in  FP23 (it is p robab ly  a Nostoc sp.), the  
shea th  showed react ions  typica l  of a bac ter ia l  capsule, and 
nigrosin showed a surpris ing aff ini ty  for pro te in  absorbed  
by  the  sheath .  

F i l amen t s  of a cul ture of FP23 in KNOP'S med i u m a 
possessed th ick  gelat inous adhe ren t  shea ths  up to 25 ~z in 

d iameter .  These shea ths  become clearly visible under  
phase -con t r a s t  microscopy when  ' s t a ined '  non-specif i-  
cally wi th  0.1% bovine  serum a lbumin  (BSA) at  p H  3.4 
(ToMCSIK and  GUEx-HOLZER 4). P resumeably ,  as suggested 
by  TOMCSlK and GUEx-HoLZER 4, the  p ro te in  was forming 
a salt-l ike c o m p o u n d  or prec ip i ta te  in the  sheath .  F lush ing  
such p repa ra t ions  wi th  McIlvaines  buffer  a t  p H  7.2 re- 
n loved the  p ro te in  and  the  shea ths  rever ted  to  the i r  nor- 
mal  poor ly  visible s ta te  under  phase -con t r a s t  microscopy.  

W h e n  BSA ' s t a ined '  shea ths  a t  p H  3.4 were m o u n t e d  in 
1/3000 nigrosin t hey  were found to  be l ight ly posi t ively  
s tained.  The d e p t h  of s ta in ing wi th  nigrosin was variable,  

1 V. B. D. SKER,~IA~, A Guide to the Identification o[ the Genera o] 
Bacteria (Williams and Wilkins Co., Baltimore, 1967), p. 19. 
A. a .  ROMANO and J. P. PELOQUIN, J. Bact. 86, 252 (1963). 

* E. G. PRIN~SlIEIM, Pure Cultures o] Algae (Cambridge University 
Press, 1949), p. 35. 
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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 
Alkane Oxidation and Assimilation by Yeasts. Presented at  the 
154th Congress of the Am. chem. Soc., Chicago Meeting, Sept. 1967. 


