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(Armour & Co.) (100 ? /ml  in 0,03 M Phosphatpuffer von 
pH 7,0), so gelang es, die Stacheln abzubauen, ohne dass 
die Lysozym-resistentcre Sporenmembran angegriffen 
wurde;  die Sporen erschienen naeh der enzymatischen 
Behandtung unbestachelt, was als Beweis fiir die Ents te-  
hung der Stachekl aus der Hyphenmembran  gewertet  
wurde (Abb. 2b). 

Wie weitere, noch nicht abgeschlossene Untersuchun- 
gen zeigten, existiert neben diesem Modus der Stachel- 
bildung ein zweiter, bei dem die Stacheln Auswiichse der 
Sporenmembran sind. Nach Freiwerden der Sporen blei- 
ben leere, bestachelte Hiillen zurfick. Hierbei k6nnte es 
sich um Sporen mit  mehreren, mindestens aber mit  zwei 
Membranschichten handeln. Eine sichere Entscheidung 
iiber die Membranverh~ltnisse werden Ultradiinnschnit te 
durch verschiedenc Sporentypen ergeben, 

Dank gebiihrt meinem Institutsdirektor, Herrn Prof. Dr. BOR- 
RlSS, fiir die anregenden Diskussionen, Herrn E. FlSCHSR ffir seine 
Unterstfitzung bei der Anfertigung der elektronenoptischcn Auf- 
nahmen, sowie Fr/iulein BOI.DUAN ffir ihre gewissenhafte Mithilfe. 

F. M~cH 

Botanisehes Institut der Ernst-Moritz-A rndt-Universit~t 
zu Grei/swald, 7. Mai  1959. 

Summary 

I t  is demonstrated, by electron-optical photography in 
a Streptomyces strain of the morphological section 
'spira',  t ha t  the spines of the spores arise from the mem- 
brane of the aerial mycelium hyphae and can be decom- 
posed by lysozyme. 

Localisat ion of Alkaline Phosphatase  in the 
D e v e l o p m e n t  of  t h e  V e r t e b r a l  C o l u m n  i n  C h i c k  

The association of the alkaline phosphatase in the me- 
chanism of bone formation has been shown to be an im- 
por tant  feature (MooG x and LORCH2). A follow-up of the 
alkaline phosphatase reaction in the development  of the 
vertebral  column of chick embryos will be worthwhile 
because no detailed histochemical s tudy of phosphatase 
in the chick vertebral  column has so far been made, 
al though MOOG 1 gives a general account of phosphatase 
in embryogenesis of the chick. I t  is important  to bear in 
mind the changes of phosphatase reaction in the sclerot- 
ogenous tissues undergoing histogenesis and forming the 
elements of the vertebral  column. 

This s tudy is based on %Vhite Leghorn eggs. A series 
of embryos ranging from 24 h to 17 days of incubation 
were collected. The total  number of embryos studied was 
32. They were fixed in chilled 80% alcohol. Serial sec- 
tions were made of 10 ~z thickness. For  the alkaline phos- 
phatase reaction of the ceil, a modified technique of 
Gomori was followed, comparing each reaction with con- 
trolled slides. 

Positive homogeneous reaction in the sclerotogenous cells. 
In  the beginning of the development  of the vertebral  
column, the sclerotogenous cells show a positive homo- 
geneous reaction of phosphatase activity. In  the embryos 
of 24 h and 48 h, the transverse sections show that  the 
whole field is uniformly positive in phosphatase localisa- 
tion. The cells concentrate round the notochord to form 
the perichordal tube which is positive in the enzyme 
reaction. Fur ther  development  of the perichordal tube 
is possible by subsequent accumulation of the scleroto- 
genous cells round the notochord. At  this stage, the cells 

of the centrum axe highly positive in reaction; they 
seem to be more reactive to this enzyme than those 
of the neural arches of the two sides. The cells of the basi- 
dorsal at  the top may be slightly less in enzyme reaction 
than  at  its base. The area of the future supradorsal gives 
a feeble reaction. 

Diminution o/ the phosphatase reaction. The changes of 
the alkaline phosphatase reaction in the cells of the devel- 
oping centrum and arches become detectable next  in the 
embryos of sixth and seventh day of incubation when the 
sclerotogenous cells axe transformed into protochondrium. 
The development of the centrum and arches has now 
become more well defined by the cell aggregations. The 
most noticeable change in the conversion of the osteogen- 
ous cells is the evidence of a decrease of the phosphatase 
ac t iv i ty  in them. At  the periphery of the developing 
vertebra,  the surrounding cells continue to show rich 
phosphatase accumulation. Decrease of phosphatase reac- 
tion in the future vertebral  elements is well marked. The 
positive reactions of the peripheral cells axe also clear. 

Furthermore,  the centrum proper, the fibrous arch ele- 
ments of the neural arch, the fibrous crescent shaped 
intercentrum and the packing cells continue to be rich in 
the phosphatase activity. 

%Vhenever there is a secondary plastering of cells, these 
cells are invariably positive in reaction. The notochord 
cells, at  this stage, do not show any phosphatase activity.  
In an embryo of 10 days, sections demonstrate the weak 
nature of the phosphatase activity.  

Revival o] phosphatase activity during calci]ication.-- 
In  the general background of a reduced phosphatase reac- 
tion of the cellular matr ix  of the centrum and the arches, 
a number of reactive ceils appear. The peripheral cells 
continue %o be positive in the enzyme activity.  This marks 
a transformation of the sclerotogenous cells and a revival  
of the phosphatase act ivi ty  in the different elements of 
the vertebral  column. The appearance of phosphatase 
reaction in the cells coincides with the process of calcifica- 
t ion and marrow formation. The reappearance of phos- 
phatase has been observed to be largely extracellulax in 
nature. Gradually the number of reactive areas increases 
and at the 7 th day of incubation large number  of cells 
accumulate alkaline phosphatase round them. I t  shows 
tha t  the phosphatase act ivi ty  is noticed around the cells 
a t  a t ime when they are undergoing a process of calcifica- 
tion. Phosphatase-laden osteoid gradually achieves thick- 
ness. A number  of reactive cells appear among the nega- 
t ive  ones in the centre  of the centrum and arches of the 
vertebral  column. 

Discuss ion. -The impor tant  feature of this s tudycentres  
round the phase-vaxiation of the alkaline phosphatase 
ac t iv i ty  of the cells in the developmental  process of the 
vertebral  column. To start  with, the sclerotogenous cells 
show positive alkaline phosphatase reaction. However, 
this positive reaction gradually fades away to an almost 
negative degree when the cells reach a stage of proto- 
chondrium. The process of losing phosphatase reaction of 
cells at the protochondrium condition has also been ob- 
served previously by MooG x in chick embryos and by 
LORCH a in fish embryos. Reappearance of phosphatase 
in the cells at  a later stage of calcification and marrow 
formation is a feature of utmost  importance. DANIELLI a 
has also emphasised this point and has retorded:  'This 

1 F. Mooo, Biol. BuU. 86, 51 (1944). 
I. J. LORCH, Quart. J. micr. Sci. 90, 381 (1949). 

a j .  F. DANIELU, Cytochemistry - A Critical Approach (1953), 
p. 65. 
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intracel lular  phospha tase  is no t  associated wi th  bone for- 
mat-ion and  m a y  largely disappear ,  to  be succeeded by  a 
second w a v e  of fo rmat ion  of phosphatase ,  a grea t  p a r t  of 
which is found outs ide  the  cells' .  A po in t  of d iscr iminat ion  
is to  be  m a d e  abou t  t he  na tu re  of phospha tase  react ions  
found in t h e  cells before t he  d isappearance  and  af te r  t he  
reappearance.  Before  t h e  d i sappearance ,  t he  alkal ine 
phospha tase  local isat ion is seen to  be mos t ly  int racel lular ,  
whereas  a f te r  t h e  reappearance  i t  is ex t race t lu lar  in na ture .  
However ,  t he  deep phospha tase  local isat ion of t he  mes-  
enchymatous  cells is t h r o u g h o u t  an  i m p o r t a n t  pecu l ia r i ty  
of th is  s tudy .  The  p las ter ing  cells a re  mesenchyma tous  
cells and  t h a t  is w h y  t h e y  a lways  show posi t ive  phos-  
pha tase  react ion.  The  s t u d y  conf i rms the  v iew t h a t  a lka-  
line phospha tase  is associated in t he  d e v e l o p m e n t  of the  
bone e l emen t  of the  ve r t eb ra l  column,  and a t  the  t ime  of 
calcification,  there  is a phenomenon  of r eappearance  of 
phosphatase  in t he  cells. This  s t udy  also suppor ts  the  
view prev ious ly  expressed by  LORCH ~ tha t ,  in the  absence 
of ex t race l lu la r  phosphatase ,  the re  cannot  be fo rmat ion  
of bone. 

This problem was suggested by Dr. SlVATOSIt MOOKERJEE and 
I am indebted to him for his constant help and encouragement. 

ASOKE BOSE 

Department o[ Zoology, Presidency College, Calcutta, 
June I9, 1959. 

Zusammen/assung 

Zu Beginn der  Eu twick lung  derWirbelsAure  im Hfihner-  
embryo  finder sich die alkal ische Phospha tase  in t ra-  
zellulAr. Mi t  der  sp~Lteren Verka lkung  und  En twick lung  
des Knochenmarks  ist die Reak t ion  eXtrazelluliir nach-  
weisbar. 

Protective Action of Irradiated Bone Marrow Cells 

The  po ten t ia l  of t h e  hos t ' s  immunogen ic  tissue sur- 
v iv ing  fol lowing le tha l  i r rad ia t ion  de te rmines  whe the r  a 
foreign graf t  will  t ake .  I f  i t  is feasible to  comple te ly  
suppress the  i m m u n o g e n i c  sys tem of t he  hos t  by  x-ray ,  
t he  immunologic  po t en t i a l  of t he  graf t  de te rmines  h o w  
long the  hos t  will  surv ive .  P rov ided  t h a t  t he  remain ing  
hos t ' s  immunogen ic  t issue a f t e r  le tha l  i r rad ia t ion  is negli-  
gible, ' t akes '  and progress ive  g r o w t h  in t he  new hosts  of  
foreign bone marrow,  if st i l l  funct ional ,  wou ld  ensueL 
E v e n  if the  implants  were hypo- func t iona l ,  or  afunct ional ,  
t h e y  would  nevertheless  mod i fy  the  i r rad ia t ion  response.  

Since i t  appears  undesirable  to  in jec t  cells ful ly capable  
of reac t ing  immunologica l ly  aga ins t  t he  host,  in t he  
p resen t  s tudy ,  bone mar row was sub jec ted  to  i r rad ia t ion  
in vitro prior  to t ransplanta t ion .  The  degree of p ro tec t ion  
afforded by  isologous (DBA1), homologous  (C57BL/6) and  
heterologous  ('WR) bone mar row exposed to f rac t iona ted  
doses was assessed f rom the  n u m b e r  of mice (DBAI) sur- 
v iv ing  le tha l ly  i r rad ia ted  controls.  The  effects  of al l  t r ea t -  
ments  are p resen ted  in tabular  form (Table). 

The  observa t ions  made  indicated t h a t :  (1) isologous 
bone m a r r o w  cells exposed in vitro up to  950 r exerc ised  
some p ro tec t ive  effect  in le thal ly  i r rad ia ted  mice,  and  (2) 
i r rad ia t ion  of homologous  and heterologous  bone  m a r r o w  
before in ject ion,  (a) did no t  render  t h e m  incapab le  of  
reac t ion  agains t  t he  host ;  (b) were des t royed,  or, (c) could  
no t  repa i r  t he  hos t ' s  rad ia t ion- in jured  cells. 

Assuming  t h a t  r ad ia t ion  is cumula t ive ,  t h e  t o t a l  
a m o u n t  of x - rad ia t ion  to  the  an imals '  bone m a r r o w  is 
ob ta ined  s imply  by  adding  the  doses of le thal  b o d y  i r ra-  
d ia t ion  and  the  in vitro exposure  of the  isologous bone  
m a r r o w  in jec ted  s. 

x G.W. SANtos and L. J. COLE, J. nat. Cancer Inst. 21, 279 (1958). 
W. SaELDON, K.C. ATWOOD, M.L. RANDOLPH, and H.E.  

LmPPOLD, Biophys. biochem. Cytol. 4, ~65 (1958). 

Experiment 

i f 
Isologous bone marrow** 
(DBA/1) t 

I I  
Homologous bone marrow 
(C57B/6) 

,,i I 
Heterologous bone marrow 

I 

No. of Mice 
Treatment of Treatment of 
host; X-irra- graft; X-irra- 

diation* diation 

509 r No bone 
marrow 

509 r None 
950 r 475 r 
950 r 950 r 
950 r 1425 r 

950 r No bone 
marrow 

950 r None 
950 r 475 r 
950 r 950 r 
950 r 1425 r 

950 r No bone 
marrow 

950 r None 
950 r 475 r 
950 r 950 r 
950 r 1425 r 

M S T of mice 
dying of 
exposure 

11 

Permanent 
28 
14 
10 

11 

22 
15 

9 
19 

11 

12 
9 

10 
10 

No Survival 
o v e r  

Total number 

o/5 

5/5 
1/5 
Us 
0/5 

'0/5 

215 
015 
0/5 
0/5 

o15 

oi5 
0/5 
o/5 
0/5 

* LDloo/n= 950 r; rate 190 r/rain. 250 Kvp, 15 ma; 1/2 mm Cu + 1 mm AI filters ** 10s-1012 cells/0-5 ml saline i.v. 24 h post-irradiation 


