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ances  of our  w a t e r  baff le  and  i so la t ion  t r a p  t he  p u m p i n g  
speed  was  v e r y  high.  The  level  of i m p u r i t i e s  in  our  all-  
glass s y s t e m  was negligible.  

M e r c u r y  di f fus ion p u m p s  h a v e  b e e n  successful ly  used  
for  o b t a i n i n g  u l t r a - h i g h  v a c u u m  (10 -9 to  10 -1° m m  Hg)  
b y  t r a p p i n g  t he  backf lowing  m e r c u r y  v a p o r s  in l iqu id  
n i t rogen-cooled  i so la t ion  t r aps .  Such  p u m p i n g  s y s t e m s  
h a v e  p rev ious ly  been  e m p l o y e d  in  i n v e s t i g a t i o n s  on  t h e  
i n t e r ac t i on  of gases w i t h  m e t a l s  (BECKER a, EISINGER 4, 
KISLIUK ~, HICKMOTT a, a n d  EHRLICHT). I n  ou r  s tud ies  
gases were adso rbed  on  t he  sur faces  of m e t a l  r i bbons ,  a n d  
t h e  pressure  changes  in t he  s y s t e m s  were  m o n i t o r e d  w i t h  
ion gauges.  The  a m o u n t s  of a d s o r b e d  gases  were  de te r -  
m ined  b y  f l a s h h e a t i n g  t h e  m e t a l  r i b b o n s  a n d  r eco rd ing  
t he  r e su l t i ng  d e s o r p t i o n  p r e s s u r e  peaks .  

The  use  of a m e r c u r y  d i f fus ion  p u m p  a lways  p r e s e n t s  
t he  d a n g e r  of m e r c u r y  c o n t a m i n a t i o n  w i t h  t he  c o n s e q u e n t  
d i f f icu l ty  of r e c o n d i t i o n i n g  t h e  sys t em.  I n  s t u d y i n g  t h e  
i n t e r a c t i o n  of h y d r o g e n  a n d  of n i t r o g e n  w i t h  m o l y b d e n u m  
in  t he  d y n a m i c  sys tem,  we used a t h r e e - s t a g e  glass oil dif-  
fusion p u m p .  A f t e r  some p r e l i m i n a r y  t e s t s  w i t h  a l iqu id  
n i t rogen-coo led  i so la t ion  t r a p  for  p r e v e n t i n g  oil v a p o r s  
f rom e n t e r i n g  t he  sys t em,  BIONDI'S n o n - r e f r i g e r a t e d  h igh-  
speed i so la t ion  t r a p  was  b r o u g h t  to  ou r  a t t e n t i o n .  As i t  
a p p e a r e d  to  offer  g r e a t  a d v a n t a g e s ,  we a d a p t e d  his  des ign  
to  our  s y s t e m  (Fig.) ;  we used  8 m e s h  a c t i v a t e d  a l u m i n a  
b e a d s  (Alcoa, g rade  F - l )  as t h e  t r a p p i n g  m a t e r i a l .  I n  add i -  
t ion ,  a h i g h  c o n d u c t a n c e  w a t e r  baff le  was  i n s e r t e d  b e t w e e n  
t h e  p u m p  a n d  t h e  i so la t ion  t r ap .  P u m p i n g  speeds  were  
o b t a i n e d ,  on  t h e  low pressu re  side of t he  t r ap ,  of 14-24  1/ 
see for  h y d r o g e n  in t he  p ressure  r a n g e  of 1 × 10 -s to  
5 × 1 0  -e m m  Hg. Th i s  c o m p a r e s  v e r y  well  w i t h  t h e  
r a t e d  p u m p i n g  speed  of t he  oil d i f fus ion p u m p  wh ich  is 
q u o t e d  b y  t he  m a n i f a c t u r e r  as 25 1 of a i r /s  a t  t h e  p u m p  
casing.  

Pump 
Isolation Trap 

The  work ing  u n i t  ( to t a l  v o l u m e  3.3 1) as  well  as t h e  
i so la t ion  trap~ could be  b a k e d  a t  450°C b y  swing ing  a 
h inged  fu rnace  o v e r  t h e  s y s t e m  ; t h e  w a t e r  baf f le  could  be  
s e p a r a t e l y  h e a t e d  w i t h  e lec t r ica l  t ape .  I n  a f i rs t  b a k e o u t ,  
for  d e h y d r a t i n g  t he  a c t i v a t e d  a l u m i n a  beads ,  t h e  t e m p e r -  
a t u r e  was s lowly a n d  s tepwise  inc reased  to  450°C in two  
days ,  keep ing  t he  pressure  be low 1 ~ in t h e  glass s y s t em ,  
a n d  a t  a b o u t  10 ~ in  t h e  foreline.  A n o t h e r  two  d a y s  of 
b a k i n g  a t  450°C reduced  t he  p ressure  to  be low 0.2 ~ a n d  1 ~, 
r espec t ive ly ,  a n d  the  h e a t i n g w a s  d i s c o a n t i n u e d .  A base  
p ressu re  of 5 x 10 -x° m m  H g  was m e a s u r e d  a t  r o o m  t e m -  
p e r a t u r e  a f t e r  degass ing  t h e  gauges  a n d  r e b a k i n g  t h e  sys-  
t e m  a t  450°C ove rn igh t .  W h e n  a s t e a d y  s t a t e  h y d r o g e n  
p ressu re  was  e s t ab l i shed  in  t he  a d s o r p t i o n  cell, no  signifi-  
c a n t  a m o u n t s  of impur i t i e s  could  be  d e t e c t e d  e x c e p t  a f t e r  

a d s o r p t i o n  t i m e s  of seve ra l  hours .  A d iscuss ion  of our  
s tud ies  h a s  b e e n  s u b m i t t e d  for  p u b l i c a t i o n  elsewherea.  

W e  h a v e  o p e r a t e d  ou r  s y s t e m  c o n t i n u q u s l y  for  a pe r iod  
of more  t h a n  t h r e e  m o n t h s .  E v e n  a f t e r  t h i s  i n t e r v a l  t h e  
a c t i v a t e d  a l u m i n a  b e a d  m a t e r i a l  was  sti l l  t r a p p i n g  oil 
v a p o r s  eff ic ient ly ,  as i n d i c a t e d  b y  t he  low level  of i m p u -  
r i t ies  in  the  sys t em.  However ,  a b a k e o u t  was  neces s i t a t ed  
b y  a n  i n a d v e r t e n t  c o n t a m i n a t i o n  of ou r  u n i t  w i t h  air.  
U l t r a - h i g h  v a c u u m  was  a g a i n  o b t a i n e d  a f t e r  b a k i n g  a t  
450°C o v e r n i g h t .  

We would like to express our appreciation to Mr. N. MILLERON 
of the Lawrence Radiation Laboratory, Livermore, for this valuable 
advice and guidance in designing our system. 

H.  U. D. WIESENDANGER a n d  R. A. PASTI~RNAK 

S tan /ord  Research Ins t i tu te ,  M e n l o  P a r k  (Call / . ) ,  M a y  2, 
1960. 

Z u s a m m e n / a s s u n g  

U l t r a h o c h v a k u u m  m i t  ~3asisdruck y o n  wen ige r  als  5 x 
10 -x° m m  Hg wi rd  routinem~Lssig e r zeug t  u n d  ffir m e h r e r e  
M o n a t e  m i t t e l s  e iner  0 1 d i f f u s i o n s p u m p e  a u f r e c h t e r h a l t e n .  
E i n e  m i t  a k t i v i e r t e r  A l u m i n a  b e s c h i c k t e  I so la t ions fa t l e  
y o n  grossem Q u e r s c h n i t t  i s t  zwischen  P u m p e  u n d  Glas-  
s y s t e m  e ingese tz t ;  so wi rd  ohne  i rgendwelche  K t i h l u n g  das  
Z u r t i c k s t r 6 m e n  y o n  01d~tmpfen in  die E x p e r i m e n t i e r -  
a p p a r a t u r  v o l l k o m m e n  v e r h i n d e r t .  
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C O G I T A T I O N E S  

Z u r  R o l l e  y o n  S c h w e r m e t a l l i o n e n  
i m  W i r k u n g s m e c h a n i s m u s  

y o n  S t r a h l e n s c h ~ i d i g u n g  u n d  S t r a h l e n s c h u t z  

Es  i s t  - v o r  a l l em y o n  BACQ et al. 1 _ d a r a u f  h ingewiesen  
worden ,  dass  viele  s t r a h l e n s c h u t z w i r k s a m e  S u b s t a n z e n  
K o m p l e x b i l d n e r  s ind  bzw.  im O r g a n i s m u s  in solche i iber-  
gef i ih r t  w e r d e n  u n d  dass  a u c h  fiir au sgesp rochene  Chela t -  
b i l d n e r  wie K o m p l e x o n  ode r  Oxin  S t r a h l e n s c h u t z w i r k u n g  
fes tges te l l t  wurde .  Dies  k a n n  als  e in  H inwe i s  daf t i r  an -  
gesehen  werden ,  dass  a n  den  fiir die S t rah lensch~ td igung  
v e r a n t w o r t l i c h e n  R e a k t i o n e n  Me ta l l i onen  massgeb l i ch  
be te i l ig t  s ind.  

Es  wi rd  a l lgemein  a n g e n 0 m m e n ,  dass  diese Schitdi-  
g u n g s r e a k t i o n e n  in e inem Angr i f f  v o n  OH--  oder  0 0 1 4 ' -  
R a d i k a l e n  au f  n o c h  u n b e k a n n t e  biologische F u n k t i o n s -  
tr~tger b e s t e h e n  u n d  - z u m  Beispiel  f iber  H y d r o p e r o x y d e  - 
zu f u n k t i o n s u n f i i h i g e n  F o l g e p r o d u k t e n  f / ih ren  ~. E s  i s t  

x Z. M. ]3ACQ, A. HERVE und P. FISCHER, Bull. Acad. M6d. Belg. 
18~ 226 (1953). - P. ALEXANDER, Z. M. BACQ, S. F. COUSENS, M. FOX, 
A. HERVE und J. LAZAR, Rad. Res. 2, 392 (1955). 

2 S.z.B.Z.M. BAEQ und P. ALEXANDER, Grundlagen der Slrahlen- 
biologie (Stuttgart 1958), p. 73. - R. LATARJET, Les Peroxydes Orga- 
niques en Radiobiologie (Paris 1958). 
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w e i t e r h i n  v e r s e h i e d e n t l i c h  da rge leg t  worden ,  dass  zu- 
m i n d e s t  e in  Tel l  des  a u f t r e t e n d e n  S t r a h l e n s c h a d e n s  n i c h t  
y o n  pr im/ i r  d u r c h  die S t r a h l u n g  geb i lde t en  R a d i k a l e n  aus-  
gel6st wird, s o n d e r n  dass  au s  so l chen  R a d i k a l e n  H~O~ en t -  
s t eh t ,  u n d  dass  dieses H 2 0  ~ das  sch / id igende  Agens  da r -  
s t e t l t  a. 

F t i r  die A r t  d e r  Be t e i l i gung  y o n  M e t a l l i o n e n  wie F e  3÷ 
o d e r  Cu ~+ a m  A b l a u f  d e r  S c h A d i g u n g s r e a k t i o n e n  w~re 
d e m n a c h  fo lgendes  Bi ld  zu d i s k u t i e r e n :  Das  d u r c h  die 
S t r a h l u n g  geb i lde te  HaO z is t  im  G e g e n s a t z  zu den  eben -  
falls e n t s t e h e n d e n  R a d i k a l e n  r e l a t i v  langlebig .  E s  k a n n  
d a d u r c h  a n  bel iebige  Ste l len  de r  Zelle d i f f und i e r en  u n d  
d o r t  wieder  in  r e a k t i v e  R a d i k a l e  zer legt  werden ,  wenn  a n  
d iesen  S te l len  Me ta l l i onen  wie Fe  a+ ode r  Cu ~+ v o r h a n d e n  
s ind,  welche  b e k a n n t l i c h  a d iesen  Zerfa l l  ka t a ly s i e r en .  

S ind  diese Meta l l i onen  n u n  k 0 o r d i n a t i v  a n  S u b s t a n z e n  
g e b u n d e n ,  die ft ir  das  F u n k t i o n i e r e n  de r  Zelle wesen t l i ch  
s i nd  - w i e  z u m  Beispie l  Nukleinsfi .uren ~, d ie  als  , I n f o r m a -  
tionstr~ger~> fiir  d e n  A u f b a u  de r  Ze l l enzyme  a n g e s e h e n  
w e r d e n  k 6 n n e n  ~ - so i s t  a n z u n e h m e n ,  dass  sie da s  in F o r m  
des  H 2 0  ~ d i f fund i e r ende  , R a d i k a l - D e p o t ~  r g u m l i c h  ge- 
s e h e n  gerade  a n  so lchen  Ste l len zu a k t i v i e r e n  v e r m 6 g e n ,  
a n  d e n e n  R a d i k a l e  b e s o n d e r s  gefi~hrliche Sch i id igungen  
h e r v o r r u f e n  miissen.  

Zu pr i i fen  i s t  d e m n a c h ,  ob  u n d  inwiewe i t  W i r k u n g s -  
m e c h a n i s m e n  de r  g e n a n n t e n  A r t  das  A u s m a s s  b io log ischer  
S t r a h l u n g s s c h / i d e n  b e s t i m m e n .  Bei  u n s e r e n  V e r s u c h e n  
u n t e r n a h m e n  wi r  zun~ichst,  die VVirksamkei t  so lcher  Me- 
c h a n i s m e n  in  e ine r  Mode l l r e ak t i on  zu exempl i f iz ie ren ,  in-  
d e m  w i t  den  E in f luss  v o n  Cu~+-Ionen au f  die Geschwind ig -  
k e i t  de r  R e a k t i o n e n  zwischen  HtO~ u n d  v e r s c h i e d e n e n  
N u k l e o t i d e n  u n t e r s u c h t e m  

P y r i m i d i n - B a s e n  wie z u m  Beispie l  Cy t i d i n  r eag ie ren  
n u t  seh r  l a n g s a m  m i t  H~O~, die R e a k t i o n  wi rd  j e d o c h  
d u r c h  Cua+-Ionert  besch leun ig t .  Die  G es chw i nd i gke i t  
d iese r  Z e r s e t z u n g s r e a k t i o n  des Cyt id ins ,  die s ich d u t c h  das  
V e r s c h w i n d e n  de r  P y r i m i d i n - A b s o r p t i o n s b a n d e  bei  ca. 
270 mlz ve r fo lgen  l~gst, w u r d e  in A b h ~ n g i g k e i t  y o n  de r  
K o n z e n t r a t i o n  a n  z u g e s e t z t e m  Cu ~+ gemessen .  U m  d e n  
E in f lu s s  e ine r  K o m p l e x b i l d u n g  zwischen  S u b s t r a t  u n d  
l~letall ion zu u n t e r s u e h e n ,  w u r d e  e i n m a l  C y t i d i n  - welches  
m i t  Cu ~ + u n t e r  d e n  V e r s u c h s b e d i n g u n g e n  ke ine  K o m p l e x e  
b i l d e t  - u n d  z u m  a n d e r e n  C y t i t i n t r i p h o s p h a t  (CTP) als  
S u b s t r a t  v e r w e n d e t ,  welches  m i t  Cu ~+ e inen  l : l - K o m -  
p l ex  b i lde t ,  fiir dessert  D i s s o z i a t i o n s k o n s t a n t e  ein p K  y o n  
ca.  5,5 a n g e n o m m e r t  w e r d e n  kann~ .  Das  E r g e b n i s  e ine r  
s o l c h e n  Ver suchs re ihe  is t  in  de r  F i g u r  darges te l l t .  

Es  i s t  e rs ich t l ich ,  dass  i m  Fa l le  des Cy t id ins  die Zer-  
s e t z u n g s g e s c h w i n d i g k e i t  n u t  l a n g s a m  u n d  e t w a  l i nea r  m i t  
s t e i g e n d e r  Cu~+-Konzen t r a t i on  z u n i m m t ,  w ~ h r e n d  ffir 
C T P  s c h o n  bei  s eh r  k le inen,  zu [CTP] e t w a / ~ q u i v a l e n t e n  
C u ~ + - K o n z e n t r a t i o n e n  e in  M a x i m u m  de r  Ze r se t zungs -  
ge schwind igke i t  e r r e i c h t  wird.  Diese i s t  b i e r  urn  e inen  
F a k t o r  y o n  e t w a  20 gr6sser  als  die Ze r se t zungsgeschwin -  
d igke i t  des  Cy t id in s  bei  d e r  g le ichen  Cu~ ~ -Konzen t r a t i on .  

Die  Erkli i . rung d ieser  B e f u n d e  i s t  woh l  d a r i n  zu sehen,  
dass  die i m  K o m p l e x v e r b a n d  S u b s t r a t - M e t a l l i o n  aus  
H 2 0  2 geb i lde t en  ]Radikale eine hohe  s t a t i s t i s che  Tref fer -  
w a h r s c h e i n l i c h k e i t  f i ir  die R e a k t i o n  m i t  d e m  S u b s t r a t  
h a b e n .  F t i r  die Rad ika l e ,  die im V er s uch  m i t  d e m  ke ine  
K o m p l e x e  b i l d e n d e n  Cy t id in  i n ,  f re ier  L S s u n g ,  d u t c h  R e -  
a k t i o n  zwischen  C u - I o n e n  u n d  H~O~ e n t s t a n d e n  sind,  
werder t  h ingegen  infolge des  wesen t l i ch  grSsseren  Diffu-  
siortsweges K o n k u r r e n z r e a k t i o n e n ,  wie R a d i k a l k o m b i -  
n a t i o n e n  u n d  R e a k t i o n e n  m i t  H~O~ v o r  de r  R e a k t i o n  m i t  
d e m  S u b s t r a t  b e v o r z u g t  sein.  

W e n n  diese V o r s t e l l u n g e n  zu t re f l en ,  s ind  n o c h  k rasse re  
U n t e r s c h i e d e  zwischen  Me ta l l i onen  b i n d e n d e n  a n d  n i c h t -  
b i n d e n d e n  S u b s t r a t e n  h i n s i c h t l i c h  de r  R e a k t i o n s g e s c h w i n -  
d igke i t  m i t  H~O~ d a n n  zu e rwar t en ,  w e n n  die Ver suchs -  

b e d i n g u n g e n  b io log ischen  Verh~i l tnissen d a d u r c h  angen~t- 
h e r r  werden ,  dass  de r  L 6 s u n g  ausse r  d e m  N u k l e o t i d  n o c h  
a n d e r e  o rgan i sche  Stoffe zugese t z t  werden ,  die e ine  
R a d i k a l - a b f a n g e n d e  W i r k u n g  bes i tzen .  Bei  e ine r  solchen,  
zu  d e n  V e r s u c h e n  in d e r  A b b i l d u n g  a n a l o g e n  V e r s u c h s -  
re ihe,  be i  we lche r  in  de r  L 6 s u n g  Dig lycy l -Glyc in  (10-4m) 
als R a d i k a l  a b f a n g e n d e s  <~ P r o t e i n - M o d e l l ,  v o r h a n d e n  war ,  
e r g a b  s ich  ta t sXchl ich ,  da s s  die Ze r s t6 rungsgeschwind ig -  
ke i t  des C T P  n u t  wenig  bee in f lus s t  wurde ,  d ie jen ige  ftir 
Cy t id in  j e d o c h  d u r c h w e g  u m  e inen  F a k t o r  y o n  1 / >  10 
gegeni iber  d e n  e n t s p r e c h e n d e n  V e r s u c h e n  ohne  P e p t i d  
v e r r i n g e r t  war .  

- 10"a rain -~ 

[ 

O ~ 

0 2 g fi-10-~-m 
[Cuz~ . 

Geschwindigkeitskonstanten k fiir die Reaktion zwischen 10-a-m. 
H20 ~ und 10-4-m. Cytidin (©) bzw. Cytidintriphosphat (e) in 
Gegenwart verschiedener Cu2+-Konzentrationen. k ist berechnet als 
Geschwindigkeitskohstante fiir die Reaktion pseudo-erster Ordnung 
in bezug auf das betreffende Nukleosid nach d(EaTo)ldt = --  k (E2~o). 

pH = 5,1 bis 5,2, T = 37°C. 
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S. FALLAB, Helv. chim. Acta 43, 43 (1960)); ATP und CTP weisen 
nahezu identische Komplexbildungskonstanten mit den Metallionen 
Mg ~+, Mn ~+ und Co =+ auf (E. WALAAS, Acta chem. Scand. 12, 528 
(1958)), es ist also anzunehmen, dass eine solehe Analogie aueh fiir 
Cu e+ gr6ssenordnungsm2issig gilt. 

s S. z. B. J. S. WIBERG und }V. F. NEUMANN, Arch. Biochem. 
Biophys. 7X, 66 (1957). - E. FRIEVEN und J, ALZ.ES, J. biol. Chem. 
230, 797 (1958). 
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Die  E r g e b n i s s e  de r  oben  sk izz ie r t en  V e r s u c h e  zeigen 
also, dass  in  G e g e n w a r t  v o n  L i g a n d e n  d u r c h  H~O2 aus-  
gel6ste  Z e r s t 6 r u n g s r e a k t i o n e n  y o n  C u - I o n e n  d o r t h i n  ge- 
l e n k t  werden ,  wo diese k o o r d i n a t i v  g e b u n d e n  sind.  I n  
we i t e r en  V e r s u c h e n  wurde  n o c h  fiir e ine Re ihe  a n d e r e r  
b iologisch b e d e u t s a m e r  Me ta l l i onen  u n t e r s u c h t ,  m i t  wel- 
che r  Geschwind igke i t  C T P  in F o r m  des e n t s p r e c h e n d e n  
M e t a l l i o n - C T P - K o m p l e x e s  d u r c h  H~O 2 ze r s t6 r t  wird.  Die 
e r m i t t e l t e n  r e l a t i v e n  G e s c h w i n d i g k e i t s k o n s t a n t e n  kMCTP 
bezogen  au f  kEn-OPT = i s ind  in  d e r  Tabe l l e  au~geffihrt .  
Wie  zu e rwar t en ,  s ind  n u r  R e d o x - w i r k s a m e  M e t a l l i o n e n  
k a t a l y t i s c h  a k t i v ,  d a  die K a t a l y s e  de r  H~O,-Zer legung  
R e d o x s c h r i t t e  des  Metatlio.ns i n v o l v i e r t L  Die  r e l a t i v e n  
W i r k s a m k e i t e n  de r  a k t i v e n  Me ta l l i onen  Cu *+, Fe  ~+, M n  2+ 
und  Co 2+ s ind  im iJbrigen u n t e r e i n a n d e r  au f fa l l end  wenig  
versch ieden .  

Relative Geschwindigkeit der Zerst6rung verschiedener Metallion- 
CTP-Komplexe dutch 10 -a m H~Og 

kcu.CTP kMn.CTP kco_CTP kFe111 -CTP kZn-CTP 

1,00 0,54 0,63 1,'22 0,03 

Die  s t r ah lenb io log i sche  R e l e v a n z  uns e r e r  B e o b a c h -  
t u n g e n  i s t  d a r i n  zu sehen,  dass  da s  A u s m a s s  z u m i n d e s t  de r  
au f  das  - d u r c h  die S t r a h l u n g  geb i lde te  - H~O~ zur i ick-  
g e h e n d e n  S t r a h l u n g s s c h i i d e n  z u m  Beispie l  a n  Nuk le in -  
s ~ u r e n  m i t  S i che rhe i t  v o n  Me ta l l i onen -Gle i chgewich t en  
a b h ~ n g i g  se in  muss .  D a  n u n  K o m p l e x b i l d n e r  in  die Lage  
so lcher  Gle ichgewich te  i m  S inne  eines M e t a l l i o n e n - E n t -  
zugs eingrei~en, i s t  zu v e r s t e h e n ,  dass  sie e ine P r o p h y l a x e  
des  S t r a h l e n s c h a d e n s  b e w i r k e n  k 6 n n e n .  

Die Lage  de r  fiir da s  A u f t r e t e n  de r  S t r a h l u n g s s c h ~ d e n  
w i c h t i g e n  Ver t e i l ungsg l e i chgewich te  v o n  Meta l l i onen  wie 
Cu 2+ oder  F e  a+ zwischen  Nukle insAuren ,  a n d e r e n  im bio- 
logisehen M e d i u m  v o r h a n d e n e n , L i g a n d s y s t e m e n  u n d  den  
S t r a h l e n s c h u t z s u b s t a n z e n  i s t  na t u r gem t t s s  in  u n s e r e m  
Mode l lve r such  n i c h t  un t e~suchba r .  F i i r  die h o c h g e l a d e n e n  
N u k l e i n s ~ u r e - A n i o n e n  is t  j e d o c h  eine h o h e  Meta l l ionen-  
B i n d u n g s t e n d e n z  zu e r w a r t e n  s 

\Vi r  g l auben ,  h i e r m i t  gezeig t  zu h a b e n ,  dass  f i i r  e ine  
g e n a u e  K e n n t n i s  des  Z u s t a n d e k o m m e n s  y o n  S t r a h l u n g s -  
sch/ iden n o c h  e rheb l i che  I n f o r m a t i o n e n  f ibe r  die B in -  
dungsverh / i l tn i s se  k a t a l y t i s c h  a k t i v e r  M e t a l l i o n e n  in den  
b io logischen  S y s t e m e n  n o t w e n d i g  s ind,  u n d  dass  bei  in 
vitro-Untersuchungen f iber  die S t r a h l e n e m p f i n d l i c h k e i t  
b io logischer  Mater ia l i en ,  wie z u m  Beispie l  Nukle ins / iu ren ,  
auf  def in ie r te  Verh i i l tn i s se  h i n s i c h t l i c h  des  Meta l l i onen-  
Geha l t e s  g e a c h t e t  w e r d e n  muss .  

Herrn Professor Dr. S. FAt, LAB danken wit ffir die Diskusslon ver- 
schiedener Probleme, Fr/iulein HEDY KULL flit die Ausffihrung expe- 
rimenteller Untersuchungen und dem Schweizerischen Nationalfonds 
zur FSrderung der wissensehaftlichen Forsehung, Kommission f/ir 
Atomwissenschaften, f/Jr die gewfihrte Unterst/itzung. 

C O G I T A T I O N E S  

T e m p e r a t u r e  and Sa l in i ty  R e l a t i o n s h i p s  
in M a r i n e  B o t t o m  I n v e r t e b r a t e s  ~ 

B y  C. SCHLIEPER, H.  FLOGEL, a n d  J .  RUDOLF z 

I n  r e c e n t  t imes ,  t h e  b io logica l  s ign i f icance  of t e m p e r a -  
t n r e  a n d  s a l i n i t y  in  sea  w a t e r  h a s  b e e n  t h o r o u g h l y  dis-  
cussed  b y  GUNTER 3 a n d  PEARSE a n d  GUI~TER 4. A n u m b e r  
of o t h e r  exce l l en t  rev iews  t o u c h  o n  va r i ous  a spec t s  of t h e  
ef fec t  of t e m p e r a t u r e  a n d  sa l in i ty  on  m a r i n e  o r g a n i s m s  ~-s 
Here  we shou ld  like to  r e s t r i c t  ourse lves  to  a few signifi-  
c a n t  obse rva t i ons :  

I n  o rder  to  s t u d y  t h e  in f luence  of t e m p e r a t u r e  a n d  
s a l i n i t y  on  t he  v i a b i l i t y  a n d  t h e  m e t a b o l i s m s  a n d  t h u s  on  
t h e  d i s t r i b u t i o n  of m a r i n e  species,  i t  is n o t  neces sa ry  to  
e x a m i n e  i n t a c t  an ima l s .  I n  m o s t  cases,  a n  ana lys i s  of 
s u r v i v i n g  t i ssue  pieces is  suff ic ient ,  because  t h e r m a l  a n d  
osmot i c  r e s i s t ance  a re  la rge ly  b a s e d  on  local  qua l i t i e s  in  
t h e  cells. I n  o rde r  to  p r o v e  this ,  we h a v e  c o m p a r e d  t h e  
cel lu lar  t h e r m a l  a n d  osmot ic  r e s i s t ance  of some b i v a l v e s  
f rom the  F r e n c h  M e d i t e r r a n e a n  coas t  t a k e n  o u t  of dif-  
f e r e n t  d e p t h s  of wa te r .  

The temperature of sea water at 0-1 m depth on the French 
Mediterranean coast changes in the course of the year on an average 
of approximately from 13 ° to `23~C. The species which live in this 
area therefore are used to a yearly temperature variation of at least 
10°C. The temperature changes rapidly with increasing depth. 
Already at 100 in depth, there occur only slight variations between 
13 ° and 15~C. I t  is therefore to be expected that the species, living 
in these depths, are /*elatively stenothermic: that  means that they 
can only sustain slight temperature changes. 

The salinity of the sea water on the French Mediterranean coast 
changes very little, between 37 and 38°/oo. In the 'Etangs', however, 
it is different. In these lagoons, separated from the open sea, sali- 
nities from 37 to 15°[00 and less do occur. 

Seven  species of b i v a l v e s  were e x a m i n e d .  The  shore  
w a t e r  forms,  Mytilus galloprovincialis, Tapes decussatus, 
a n d  Cardium edule, were  eas i ly  o b t a i n e d .  Myti lus  gallo- 
provincialis a n d  Cardium edule were o b t a i n e d  f rom t h e  
fre.e sea  shore  as  well  as  f rom t h e  ~l~tangs' .  F o r  p u r p o s e s  
of compa r i son ,  Myti lus  edutis ~nd  Cardium eduIe f rom the  
Ba l t i c  Sea were  used l a t e r  on. ~Pinna nobilis were  ob-  
t a i n e d  f rom m e d i u m  d e p t h s  b y  d iv ing .  Pinna pectinata 
a n d  Avicula hirundo were  f ina l ly  d r edged  o u t  of 100 m 
d e p t h .  

A t  f i r s t  the cellular thermal resistance was m e a s u r e d  on  
smal l  s u r v i v i n g  gill pieces in sea  w a t e r  a t  a t e m p e r a t u r e  of 
35°C a n d  h igher .  The  t e m p e r a t u r e  was inc reased  b y  ] °C  
e v e r y  15 min .  A t  e q u a l  t i m e  in t e rva l s ,  t h e  c i l ia ry  a c t i v i t y  
of t h e  t i ssue  was  e x a m i n e d  u n d e r  t he  microscope .  T y p i c a l  
a n d  r ep roduc ib l e  d i f ferences  a p p e a r e d .  T h e  gill  ce l l s  of 
Tapes decussatus f rom t h e  s a n d  of t h e  sea  shore  showed  

H.  BRINTZINGER, B. PRIJS u n d  H.  ERLENMEYER 

Anstalt [i~r Anorganische Chemie, Basel, 6. Jul i  196o. 

Summary 

T h e  ca ta lys i s  of t h e  r eac t ion  b e t w e e n  H 2 0  ~ a n d  nuc leo-  
t ides  b y  b io logica l ly  i m p o r t a n t  m e t a l  ions  h a s  been  s t u d i e d  
s p e c t r o p h o t o m e t r i c a l l y ,  t he  i m p o r t a n c e  of complex -  
f o r m a t i o n  equ i l ib r i a  for th i s  ca ta lys i s  was  d e m o n s t r a t e d .  
Rad iob io log ica l  imp l i ca t ions  a re  discussed.  

1 Presented at the Internat. Oceanographic Congress, New York 
I959. 

Institut ftir Meereskunde der Universitiit Kiel (Germany) and 
Laboratoire ARAGO, Banyuls-sur-Mer (France). 

G. GUNTEg, Geol. Soe. Amer,, Memoir 67, 1, 159 (1957). 
A. S. P~ARSE and G. GUNTER, Geol. Soc. Amer., Memoir 67, 1, 

129 (19S7). 
O. KINNE, Ann. BioL 33, 87 (1957). 

6 F. E. J. FRY, Ann. Biol. 33, 205 (1957); Ann. Rev. Physiol. 20, 
~o7 (igss). 

A. RE~IANE and C. SCHLIEPER, Die BioIogie des Brackwassers 
(Stuttgart 1958}, p. 348. 

s j .  VERW~V, Ann. Biol. 33, 129 (1957). 


