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Verdfinnung des N2ihrbodens 

Proteus vulg., lebend 
Proteus vulg., tot 
Strept. pyog., lebend 
Strept. pyog., tot 

PS-Konzentrationen 
Polysacch. aus Proteus wdg. . . 
Polysacch. aus Strept. p y o g . .  . 

Exzentrisehe 
Auswanderungs- ..... 

I~rderung 
*Chemotaxis~ 1 : 10 

+ 
+ 
+ 

+ 

1 0 - 4  
+ -  

Zirkullire Auswanderungsf6rderung 

1 : 1 0 0  1 : 1 0 0 0  1 : I 0 0 0 0  1 : 100000 

+ 
+ 
+ 

1 0 - s  
+ 

+ 
+ 

10-~ 
+ 

+ 

lO-S 
+ 

1:1000000 

+ 

+ 

+ -  

1 0 - 5  
+ 

10-~ 
+ 

nung eine zirkul~tre Auswanderungsbeschleunigung. Sie 
ist yon der Zahl der zugesetzte n Bakterien eindeutig ab- 
h~ngig, sie gleicht in allen Einzelheiten der in gleicher 
Anordnung mit  Polysaecharid gram-negativer t3akterien 
hervorgerufenen. Gin Untcrschied mag darin bestehen, 
dass bei hohen Keimzahlen schneller eine Hemmung der 
Leukozyten auftr i t t  als bei analoger Steigerung der Poly- 
saccharide, erklarbar durch zus~itzliche Produktion toxi- 
scher Stoffe. 

Gram-positive Bakterien, fiber die Leukozytenkulturen 
gleichmlissig verteilt, ergeben ebenfalls eine yon der Zahl 
der Bakterien abh~ngig zirkul~ire Auswanderungsf6rde- 
rung der Leukozyten. Sie unterscheidet sich yon der 
durch lebende gram-negative hervorgebrachten da- 
durch, dass die <~Konzentrations-\¥irknngskurve* eine 
andere ist. Die Auswanderungshemmung bei hohen Keim- 
zahlen geht bei zunehmender Verdtinnung in eine m~is- 
sige AuswanderungsfSrderung fiber, die mit  weiterer Ver- 
diinnung rasch wieder ~uf die Auswanderungswerte der 
Kontrollen zuriickgeht. 

Ausser den quant i ta t iven Differenzen der ~Virkung von 
gram-negativen und gram-positiven Keimen sind solche 
quali tat iver Art vorhanden. Bei der exzentrischen Aus- 
wanderungsf6rderung, der ~Chemotaxis,, kommt es bei 
gram-positiven ]3akterien leichter zu einer mehr geh~iuf- 
ten Aflsammlung der Leukozyten, ohne die bei gram- 
negativen Keimen meist erhebliche Verl~ngerung der 
Auswanderungszone. Die Auswanderung unter  Einfluss 
der gram-positiven Keime ist meist dichter als bei gram- 
negativen. Die Granulocyten an der Peripherie des Aus- 
wanderungsareals k6nnen eine zirkul~ire wallartige An- 
sammlung bilden. 

Die vorliegenden Versuche ergaben somit, dass lebende 
gram-positive und gram-negative Bakterien in iihnlicher 
\Veise eine Steigerung der zirkuliiren und exzentrischen 
Leukozytenemigration hervorrufen. Bei gram-negativen 
ist diese \Virkung auf die in ihnen enthaltenen oder dutch 
sie produzierten Polysaccharide zu beziehen, w~ihrend bei 
gram-positiven Bakterien mit  Sicherheit ein anderer 
Mechanismus und wahrscheinlich auch andere Stoffe fiir 
den Effekt  verantwortl ich sind. Es ist bemerkenswert, 
dass ein gleicher biologischer Effekt offenbar durch diffe- 
rente biochemische Mechanismen ausgel6st wird. 

R, MEIER und B. SCHXR 

Wissenscha/t l iche Laboratorien der C I B A d ktiengesell- 
scha/t,  Basel,  14. J u l i  1958. 

S u m m a r y  

Live gram-positive and gram-negative bacteria cause 
circular and ' chemotact ic '  eccentric promotion of leuco- 
cyte emigration in a similar manner. In the case of gram- 

negative bacteria this effect corresponds Yco tha t  of their 
polysaccharides, whereas in the case of gram-posit ive 
bacteria the polysaccharides are inactive. 

Thus, although gram-positive and gram-negative bac- 
teria both have a similar effect on leucocyte emigration, 
the underlying mechanism of action is different. 

Some Observations on the Metabol ism of S aS- 
Methionine During Development  of the Sea 

Urchin Eggs  

In the unfertilized egg of the sea urchin Paracentrotus  
l iv idus  the activity of sulfur-labeled methionine has been 
found to accumulate mainly in the so-called nonprotein 
fraction (fraction soluble in 10% trichloroacetic acid, 
TCA). Upon fertilization (NAKANO and MONROY 1) or 
parthenogenetic activation (NAKANO, GIUDICE, and 
MONROY) 2 the activity appears to be rapidly transferred 
to other cell components, among these the mitochondria. 
At the blastula stage an equilibrium appears to have been 
reached and, in fact, the act ivi ty  of the TCA-soluble 
fraction remains almost constant until  the pluteus stage. 
Then it appeared interesting to find out 1 in which form 
the labeled methionine is taken up and stored by the un- 
fertilized egg; and s how it  is metabolized in the course of 
development. Some prel iminary results of this investiga- 
tion will be reported here. The S~b-DL-methionine was 
administered to the eggs as previously described (~XrAKA - 
NO and MONROe*). The eggs or embryos were homo- 
genized (after removal of the jelly coat in the case of 
unfertilized eggs) in 10% TCA in the cold and the homo- 
genate centrifuged at 1250 g for 10 min. The sediment was 
rehomogenized and, after standing overnight  in the re- 
frigerator, centrifuged as before. The extracts were pooled 
and shaken with several changes of ether to remove TCA. 
After being desalted and concentrated to a small volume, 
one part of the extract  was hydrolyzed (with 6 N hydro- 
chloric acid for 12 hours at  110 ° C). Both the hydrolyzed 
and nonhydrolyzed extracts were chromatographed one- 
dimensionally in duplicate with tert iary-butanol-formic 
acid-water (70: 15: 15) as the solvent. 

For the location of the S85-containing compounds the 
chromatogram was left in contact  with an X-ray film for 
about 30 days. One chromatogram of each series was 
spread with nynhydrin, the other with potassium iodo- 

1 E. NAKXSO and A. MOSROY, Exp. Ceil Res. 1~, 236 (1958). 
s E. NAKANO, G. GIOI)tCE, and A. MONROe, Exper. 14, 1I (1958). 
z E. NAKANO and A. MONROe, Expcr. 18, 416 0957); Exp. Cell 

Res. 14, 236 0958). 
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p l a t i n a t e  
c o n t a i n i n g  a m i n o  acids. 

(WINEGARD et al. 4) for t he  d e t e c t i o n  of sul fur-  
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Radioautogram of a chromatography of the unhydrolyzed TCA- 
extract of unfertilized eggs {U), Blastulae (B), Gastrulae {G) and 
Plutei (P) of Paracentrotus lividus showing changes in distribution 
of radioactivity in the course of development. S3S-methionine was 

administered to unfertilized eggs as described in the text. 
M methionine; Gl glutathione; x spot 'x'. 

T h e  TCA-inso lub le  f r ac t i on  of  t h e  h o m o g e n a t e  was  ex-  
t r a c t e d  w i t h  a l coho l - e the r  3 : 1, once  a t  r o o m  t e m p e r a t u r e  
a n d  once  in  a w a t e r  b a t h  a t  70 ° C; twice  w i t h  e the r -a lco-  
ho l  3 : 1 ;  twice  w i t h  e t h e r  a n d  f ina l ly  dr ied.  T h e  d r y  
p o w d e r  was h y d r o l y z e d  a n d  c h r o m a t o g r a p h e d  as  above .  

The  c h r o m a t o g r a m  of t h e  TCA-so lub le  f r ac t i on  a n d  
some con t ro l  e x p e r i m e n t s  soon showed  t h a t ,  as a r e su l t  
of t h e  t r e a t m e n t  w i t h  TCA, m e t h i o n i n e  is p a r t i a l l y  con-  
v e r t e d  in to  m e t h i o n i n e - s u l p h o n e .  There fo re  in some of 
t h e  e x p e r i m e n t s  t he  eggs were h o m o g e n i z e d  in  6 0 %  
m e t h a n o l  (final concen t r a t i on ) .  

I n  t he  a u t o r a d i o g r a m s  of n o n - h y d r o l y z e d  TCA or 
m e t h a n o l  e x t r a c t s  of unfe r t i l i zed  eggs two  m a i n  rad io-  
ac t ive  spots  a re  p r e s e n t  wh ich  can  be  iden t i f i ed  as 
m e t h i o n i n e  a n d  g l u t a t h i o n e .  M e t h i o n i n e  s u l p h o n e  ap -  
pea r s  as  a d a r k e r  spo t  s u p e r i m p o s e d  on  t h e  lower  p a r t  
of t h a t  of g l u t a t h i o n e  in t he  a u t o r a d i o g r a m s  of TCA 
ex t rac t s .  

Occas ional ly ,  one  or  two  smal l  r ad ioac t i ve  spo ts  are 
p r e s e n t  close to  t h e  u p p e r  end  of t he  g l u t a t h i o n e .  

I n  t h e  a u t o r a d i o g r a m s  of t he  h y d r o l y z e d  e x t r a c t s  t hose  
smal l  spo ts  as well as t he  g l u t a t h i o n e  d i sappear .  A spo t  
wh ich  m a y  b e  iden t i f i ed  as cys t ine  a n d  a n o t h e r  one 
( p r o b a b l y  cys te ic  acid) n o w  b e c o m e  visible.  

T h e  a u t o r a d i o g r a m s  of n o n - h y d r o l y z e d  TCA e x t r a c t s  
of va r i ous  s tages  of d e v e l o p m e n t  (Figure)  (b las tu la  
g a s t r u l a  a n d  p lu teus)  show t h a t  t he  spo t  of free m e t h i o -  
n ine  is p r e s e n t  t h r o u g h o u t  d e v e l o p m e n t  u n t i l  t h e  p lu t eus  
s tage.  T h e  spo t  of g l u t a t h i o n e  is st i l l  ev iden t ,  a l t h o u g h  

a H. M. ~¢VINEGARD, G. TOENNIES, and R. J. BLOCK, Science 108, 
506 (1948). 

co n s i d e r ab l y  weaker ,  in e x t r a c t s  of b l a s tu l ae ;  whereas  in 
e x t r a c t s  of ga s t ru l ae  i t  is b a r e l y  v is ib le  a n d  in t h e  p lu te i  
i t  h a s  d i s a p p e a r e d  ent i re ly .  I n  t h e  u p p e r  p a r t  of t h e  au to -  
r a d i o g r a m s  of these  d e v e l o p m e n t a l  s t ages  a new rad io-  
ac t ive  spo t  ( spot  x) is p resen t .  D u e  to  t a i l ing  i t  h a s  a 
r a t h e r  indef in i t e  out l ine .  Since u p o n  hyd ro lys i s  i t  dis- 
a p p e a r s  i t  seems l ike ly  to  be  a pep t ide .  T h e  s t a i n i n g  of 
t h e  c h r o m a t o g r a m s  w i t h  i o d o p l a t i n a t e  shows a pos i t ive  
r eac t ion  c o r r e s p o n d i n g  to  t h e  pos i t ion  of ' s p o t  x '  n o t  o n l y  
in t h e  d e v e l o p m e n t a l  s tages,  b u t  also in  t h e  e x t r a c t s  of 
unfe r t i l i zed  eggs in w h i c h  no  r a d i o a c t i v i t y  is f o u n d  in 
t h a t  p a r t  of t h e  a u t o r a d i o g r a m .  

Con t ro l  e x p e r i m e n t s  in  w h i c h  unfe r t i l i zed  eggs were  
a l lowed to  age for a b o u t  6 h o u r s  d id  n o t  show a n y  a p p r e -  
c iable  c h a n g e  in  t h e  a b o v e  d i s t r i b u t i o n  of r a d i o a c t i v i t y  in  
t h e  TCA-so lub le  f rac t ion .  

I t  seems i n t e r e s t i n g  to  d r aw  a t t e n t i o n  to  t h e  r ap id  up-  
t a k e  of t h e  labe l led  sulfur~ a t o m  of m e t h i o n i n e  i n to  g lu ta -  
t h i o n e  ( p r o b a b l y  t h r o u g h  c o n v e r s i o n  i n to  cys te ine)  w h i c h  
t h e  p r e s e n t  e x p e r i m e n t s  h a v e  d e m o n s t r a t e d  in t h e  u n -  
fer t i l ized egg. As p rev ious ly  s h o w n  (NAKANO a n d  MON- 
ROY 1), b y  far  t h e  l a rges t  p o r t i o n  of r a d i o a c t i v i t y  in  t h e  
unfer t i l i zed  egg is to  be  found  in  t h e  TCA-soluble  f r ac t i on  
a n d  t h e  p r e s e n t  resu l t s  n o w  ind ica t e  t h a t  m e t h i o n i n e  a n d  
g l u t a t h i o n e  are  t h e  t w o  m a j o r  c o m p o u n d s  in  w h i c h  t h e  
r ad ioac t ive  s u l fu r - a t o m is s tored.  Howeve r ,  in  t h e  course  
of d e v e l o p m e n t  t h e  r a d i o a c t i v i t y  of g l u t a t h i o n e  disap-  
pears  m u c h  more  q u i ck l y  t h a n  t h a t  of me t h i o n i n e ,  w h i c h  
in  fact ,  is p r e s e n t  e v e n  in  t h e  p lu t eus  s tage.  No a p p r e -  
c iable  q u a n t i t a t i v e  ch an g es  in  g l u t a t h i o n e  h a v e  been  
found  in t h e  course  of sea  u r c h i n  d e v e l o p m e n t  (KAVANAU 6). 

Th i s  suggests  t h a t  g l u t a t h i o n e  m a y  be  cons idered  as a n  
i n t e r m e d i a t e  t h r o u g h  wh ich  su l fu r  is funne l l ed  to  t h e  pro-  
te ins  of t h e  embryo .  T h e  idea  of g l u t a t h i o n e  b e i n g  a n  
i n t e r m e d i a t e  in  p r o t e i n  syn thes i s  h a s  been  p r e s e n t e d  
severa l  t imes  (see for ex amp l e  ROBERTS a n d  BOLTON s, 
HANES, HIRD a n d  ISHERWOODT). N o t h i n g  can  be  said a t  
p r e s e n t  c o n c e r n i n g  t h e  s igni f icance  of t h e  r a d i o a c t i v e  
' s p o t  x ' .  

I t  would  be i n t e r e s t i n g  if t h e  r ad i o ac t i v e  ' s p o t  x '  pre-  
sen t  in t h e  d e v e l o p m e n t a l  s tages  a n d  t h e  n o n  r ad i o ac t i v e  
one p r e s e n t  in t h e  unfer t i l i zed  eggs were t h e  s ame  com-  
pound .  Th i s  would  in fac t  be  ev idence  for  a p e p t i d e  
w h i c h  is i n e r t  before  fe r t i l i za t ion  a n d  beg ins  to  e x c h a n g e  
in t h e  course  of ea r ly  d e v e l o p m e n t .  

No clear  cu t  resu l t s  h a v e  b e e n  o b t a i n e d  w i t h  t h e  pro-  
t e i n  (TCA-insoluble)  f rac t ion,  t h e  a c t i v i t y  of t h e  rad io-  
ac t ive  spo t s  b e i n g  too  low. 
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Riassunto 
Si ~ s t u d i a t o  il m e t a b o l i s m o  del la  m e t i o n i n a - S  36 ne l la  

f raz ione n o n - p r o t e i c a  (TCA-solubile)  nel  corso dello svi-  
l u p p o  di  Paracentrotus lividus. 

Nel l ' uovo  ve rg ine  la r a d i o a t t i v i t ~  si r i t r o v a  in b u o n a  
p a r t e  nel  g l u t a t i o n e  l ibero.  Nel  corso dello sv i luppo  l ' a t t i -  
v i t £  nel  g l u t a t i o n e  d iminu i sce  p r o g r e s s i v a m e n t e  men t r e ,  
c o n t e m p o r a n e a m e n t e ,  si h a  la  m a r c a t u r a  di  u n  pept ide .  
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