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s a n k  die K o n z e n t r a t i o n  y on  P y r u v a t  u n d  ,Ace ta ldehyd , ) .  
M a n  k a n n  d a r a u s  folgern,  dass  das  A c e t y l m e t h y l k a r b i n o l  
bei  d iesen A k t i n o m y z e t e n  aus  P y r u v a t  u n d  A c e t a l d e h y d  
s y n t h e t i s i e r t  wird,  ~Lhnlich wie w i t  bei  S. erylhre¢*s (auch 
aus  f re iem A c e t a l d e h y d  allein) in vitro fes tges te l l t  h a b e n  t 

h n  Fal le  v o n  S. rimosus u n d  S. coelicolor liess sich (tie 
A c e t y l m e t h y l k a r b i n o l b i o s y n t h e s e  ausser  d u r c h  den  Zusa t z  
von  Arsen i t  a u c h  d u r c h  die \ V e g n a h m e  y o n  C a - K a r b o n a t  
aus  dem F e r m e n t a t i o n s m e d i u m  induz ie ren .  Die d a d u r c h  
bee inf luss te  H e r a b s e t z u n g  des pH-V~:ertes wurde  y o n  
e iner  E r h 6 h u n g  de r  A c e t y l m e t h y l k a r b i n o l p r o d u k t i o n  be-  
glei tet .  E i n e  ~hnl iche  wesen t l i che  E r h O h u n g  de r  Acety l -  
m e t h y l k a r b i n o l s y n t h e s e ,  j edoch  o h n e  S i n k e n  des  p H -  
\Vertes ,  w u r d e  im Fal le  y o n  S. aureo/aciens d u r c h  e inen  
Z u s a t z  y o n  0,03 bis  0 ,3% sekund~iren K a l i u m p h o s p h a t e s  
z u m  K u l t u r m e d i u m  e r r e i ch t  (Tabelle) .  Dieses t~esu l t a t  
b i e t e t  eine b iochemische  Erkl~trung ftir  d e n  s chon  f r i iher  
b e k a n n t e n  a n e g a t i v e n  Einf luss  yon  P h o s p h a t  au f  die Bio-  
syn these  y o n  Ch lo r t e t r azyk l in .  

Unse re  R e s u l t a t e  zeigen, dass  die Fi ihigkei t ,  das  Acety l -  
m e t h y l k a r b i n o l  zu p roduz ie ren ,  bei  den  A k t i n o m y z e t e n  
of fens ich t l ich  betrfi, ch t l i ch  v e r b r e i t e t  ist. Die A c e t y h n e t h y l -  
k a r b i n o l b i o s y n t h e s e  l~isst sich dabe i  d u r c h  e n t s p r e c h e n d e  
K u l t u r b e d i n g u n g e n  induz i e r en  oder  m e h r f a c h  e rh6hen .  
Aus  diesen B e f u n d e n  e rg ib t  s ich v ie l le icht  die M6gl ichkei t ,  
dass,  ~hn l i ch  wie bei  den  B a k t e r i e n ,  a u c h  bei  den  A k t i no -  
m y z e t e n  ihre  F~ihigkeit  zu r  A c e t y l m e t h y l k a r b i n o l b i l d u n g  
zur  s y s t e m a t i s c h e n  K e n n z e i c h n u n g  b e n u t z t  w e r d e n  
k/Snnte. Die E r h 6 h u n g  de r  A c e t y l m e t h y l k a r b i n o l b i o s y n -  
t he se  d u r c h  Arsen i t  i s t  s eh r  wah r sche in l i ch  die Folge  de r  
S t 6 r u n g  de r  o x y d a t i v e n  D e k a r b o x y l i e r u n g  y o n  P y r u v a t  
zu Ace ta t ,  die d u r c h  e ine  a d a p t i v e  I n t e n s i v i e r u n g  de r  an-  
o x y d a t i v e n  U m w a n d l u n g  y o n  P y r u v a t  u n t e r  a n d e r e m  
a u c h  zu A c e t y l m e t h y l k a r b i n o l  e r se tz t  wird. 
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Summary 
The  p r o d u c t i o n  of a c e t y l m e t h y l e a r b i n o l  b y  va r ious  

s t r a i n s  of a c t i n o m y c e t e s  was es tab l i shed .  T h e  b iosyn-  
thes i s  of a c e t y l m e t h y l c a r b i n o l  d e p e n d s  l a rger ly  o n  t he  
compos i t i on  of t h e  f e r m e n t a t i o n  m e d i u m  a n d  o n  t h e  
p resence  of a rseni te ,  w h i c h  r egu la t e s  t he  m e t a b o l i s m  of 
p y r u v i c  acid.  I n  the  case of Streptomyces aureo/acieus t h e  
s t i m u l a t i n g  ef fec t  of p h o s p h a t e  on  t h e  p r o d u c t i o n  of 
a c e t y l m e t h y l c a r b i n o l  g ives  a p a r t i a l  e x p l a n a t i o n  of t h e  
we l l -known  n e g a t i v e  ef fec t  of p h o s p h a t e  on  t he  b iosyn-  
thes is  of ch lo r t e t r acyc l ine .  

a G. BIFFI, G. BORETTI, A. DI ~[ARCO und P. PENNELLA, Appl. 
Microbiol. ~, 288 (1954). 

A S t u d y  o f  t h e  T e m p e r a t u r e  D e p e n d e n c e  
of  R a d i a t i o n  S e n s i t i v i t y  of  D r y  S p o r e s  

of  B a d l l ~ s  Megater lam B e t w e e n  5 ° K a n d  309 ° K 1 

The  t e m p e r a t u r e  d e p e n d e n c e  of effects  of X - r a y s  o n  
biological  sy s t ems  h a s  b e e n  t h e  s u b j e c t  of severa l  r e c e n t  

1 This work was performed under the auspices of the U. S. Atomic 
Energy Cormnission. - The assistance and advice of Dr. DARRELL 
W. OSBOR.~E,Chemistry Division,Argonne National Laboratory, and 
his colleagues in producing and handling liquid He and liquid H 
are gratefully acknowledged. 

i nves t i ga t i ons2 ;  however ,  none  of these  s tud ies  included 
t e m p e r a t u r e s  be low 77°K.  I n  v iew of t h e  t h e o r e t i c a l  im- 
p o r t a n c e  of t he  t e m p e r a t u r e  d e p e n d e n c e  re la t ionsh ip ,  the  
t e m p e r a t u r e  r ange  was e x t e n d e d  in th i s  s t u d y  to  5 °K  to 
p rov ide  a comple t e  desc r ip t i on  of it, A br ief  r e p o r t  has 
a p p e a r e d  p rev ious ly  s. 
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Fig. l.--Diagram of the apparatus for controlling temperature during 
irradiation. 

Spores  f rom two  non lysogen ic  s t r a i n s  of Bacillus mega- 
terium (No. 337, W e l s h i m e r  a n d  ATCC No. 8245) were 
m o u n t e d  in k n o w n  c o n c e n t r a t i o n s  on  m e m b r a n e  filters 
a n d  dr ied  in vacuo accord ing  to  t h e  m e t h o d  of POWERS 
et al.4. The  X - r a y  source  was  a M a c h l e t t  O E G  60 tube,  
w i t h  a t u n g s t e n  t a r g e t  a n d  a b e r y l l i u m  window,  opera ted  
a t  50 k v p  a n d  45 m a  w i t h o u t  a d d e d  f i l t r a t i on  (HVL 
0.070 m m  A1). The  i r r a d i a t i o n  c h a m b e r  was a gas t i gh t  
s ta in less  s teel  cyl inder ,  5 cm b y  41 cm, a t t a c h e d  di rect ly  
to  t he  X - r a y  t u b e  (Fig. 1). The  m e m b r a n e s  c a r r y i n g  the 
spores  on  t h e i r  surfaces  were  i r r a d i a t e d  in s t acks  of five 
a t  a t a r g e t  d i s t ance  of 45 cm a t  a dose r a t e  of 2800 r /rain 
(measured  in a i r  w i t h  a windowless  ion iza t ion  chamber )  
to  the  f irst  f i l ter  (2400 r / ra in  to  t he  f i f th  filter).  Anaerob ic  
cond i t ions  were ach i eved  in t he  exposu re  c h a m b e r  by  
e v a c u a t i n g  to 1 m m  H g  pressure  a n d  f lush ing  w i t h  purif ied 
h e l i u m  twice  before  sea l ing  the  c h a m b e r  a t  one  a tmos-  
p h e r e  of H e  a t  25°C. T h e  t e m p e r a t u r e  of t he  spores  was 
f ixed  b y  i m m e r s i n g  t h e  exposu re  c h a m b e r  in  app rop r i a t e  
l iqu id  a n d  s lush  b a t h s .  T h e  doub le  D e w a r  a p p a r a t u s  
i l l u s t r a t ed  in F igu re  1 was  des igned  to  m e e t  t he  require-  
m e n t s  of l iqu id  he l ium,  b u t  was  app l i cab le  to  t he  o ther  
b a t h s .  T h e  t e m p e r a t u r e  of t h e  m e m b r a n e  f i l ters  was 
m o n i t o r e d  d u r i n g  all i r r ad i a t i ons  w i t h  two  the rmocoup les  
in c o n t a c t  w i t h  t he  spo re -bea r ing  fil ters.  The  t e m p e r a t u r e s  
a t  wh ich  e x p e r i m e n t a l  po in t s  were  o b t a i n e d  were observed 
to  be  as follows : 309 ° K (wate r  b a t h )  ; 299 ° I (  (wa te r  ba th)  ; 
274 ° K  (ice wa te r ) ;  253 ° K  (NaCl - s a tu r a t ed  ice water  
s lush) ;  196°K (dry i ce -ace tone) ;  152°K (95% e thanol  
s lush)  ; 79 ° K ( l iquid  n i t rogen)  ; 64 ° K (n i t rogen  slush) ; 
21°I~ ( l iquid h y d r o g e n ) ;  6 ° i (  ( l iquid he l ium) ;  a n d  5°K 
(l iquid he l ium) .  

2 B. RAJ~WSKV, Brit. J. Radiol. 25, 550 (1952). - W. R. ADApts 
and E. POLLARD, Arch. Biochem. Biophys. 3~, 311 (1952). - C. S. 
BACHOFER, C. F. EHRET, S..~tAYER, and t2. L. POWERS, Proe. Nat. 
Acad. Sei., Wash. 39, 744 (1958). - T. HOUTER~ANS, Z. Naturf. 9b, 
600 (1954); 11b, 636 (1956). 

8 R. B. WEBB, C. F. EHRET, and E, L. POWERS, Radiation Res. I, 
459 (1957). 

4 E. L. POWERS, C. F. EIIRET, and A. BANNOS, Appl. Microbiol, 
5, 61 (1957). 
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T h e  m e m b r a n e  f i l ters  were  r e t u r n e d  r a p i d l y  to  a b o u t  
25°C fol lowing t he  c o m p l e t i o n  of t he  X - r a y  exposure  a n d  
were m a i n t a i n e d  a t  t h i s  t e m p e r a t u r e  u n t i l  p l a t e d  1-8 h 
l a t e r  o n  a buf fe red  p e p t o n e  glucose m e d i u m  (double  
s t r e n g t h  Difco M.R.-V.P. ) .  Colony c o u n t s  were m a d e  a f te r  
16-18 h i n c u b a t i o n  a t  35°C. 

The  biological  effect  m e a s u r e d  was loss b y  the  i r r ad i a t ed  
spores  of co lony- fo rming  capac i ty .  Us ing  d i rec t  spore  
c o u n t s  as the  c o m p a r a t i v e  measure ,  we a s c e r t a i n e d  t h a t  
con t ro l  (zero dose) p r e p a r a t i o n s  of spores  d e m o n s t r a t e d  
s t a t i s t i c a l  100% co lony - fo rming  c a p a c i t y  ( =  su rv iva l )  a t  
all  t e m p e r a t u r e s .  Th i s  o b s e r v a t i o n  of s u r v i v a l  of t h e  
spores  a t  t h e  v e r y  low t e m p e r a t u r e s  a t  p ro longed  t imes  is 
of i n t e r e s t  in  itself, a n d  is s imi la r  to  t h e  one  o t h e r  obser -  0"30 
v a t i o n  of th i s  k ind  k n o w n  to us in  wh ich  spores  of b a c t e r i a  
a n d  molds  were exposed  in vacuo to  the  t e m p e r a t u r e s  of 
l iquid  h y d r o g e n  a n d  l iquid  he l ium w i t h o u t  loss of germi-  0,20~ltt [ 
n a t i n g  power  ~. 

T h e  dose - su rv iva l  cu rves  a t  all  t e m p e r a t u r e s  are  
I i  

f s igmoid  4 w i t h  a smal l  shou lde r  a t  h igh  su rv iva l  va lues .  [) 
Of a n u m b e r  of poss ible  ways  of desc r ib ing  t h e m ,  we h a v e  %0"t0 l 
chosen  

N / N  o = ne -kD (1) 0"00 

0 in wh ich  D is r a d i a t i o n  dosage a n d  k is t he  slope of t he  
e x p o n e n t i a l  po r t i on  of the  i n a c t i v a t i o n  response  curve .  In  
th i s  case  n is t h e  y-axis  i n t e r c e p t  of t h e  e x t r a p o l a t e d  
e x p o n e n t i a l  curve .  Use of t h i s  func t ion ,  w h i c h  is con-  
v e n i e n t  because  of t he  ease of e s t i m a t i n g  va lues  of h a n d  n, 
yie lds  va lues  of k a n d  n v e r y  close to  t hose  g i v e n  b y  t he  
p re fe r red  a n d  more  comple t e  desc r ip t i on  

N / N  o -- 1 -- (1 -- e--kl)) ". (2) 

I n  these  e x p e r i m e n t s  no  s u r v i v a l  va lues  a b o v e  50% were 
used in  e v a l u a t i n g  k a n d  n and,  s ince t h e  s h o u l d e r  exis ts  
on ly  a t  va lues  h i g h e r  t h a n  these,  t he  c o n s t a n t s  in  e q u a t i o n  
(1) are  v e r y  close to those  of e q u a t i o n  (2). 
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Fig. 2.--Relationship between the logarithm of the X-ray inactiva- 
tion constant (k) and the reciprocal of the temperature during irra- 

diation for dry spores of B. megaterium. 

I n  F igu re  2, t h e  log of k, t h e  s lopes of t h e  r e sponse  
curves ,  is p l o t t e d  a g a i n s t  t h e  rec ip roca l  of t h e  t e m -  
p e r a t u r e  a t  wh ich  t he  c u r v e  was  ob t a ined .  I t  is ob-  
vious  t h a t  t he  slope is t e m p e r a t u r e  d e p e n d e n t  a t  h i g h e r  
t e m p e r a t u r e s ,  a n d  t e m p e r a t u r e - i n d e p e n d e n t  a t  lower  
t e m p e r a t u r e s .  The  log of t he  slope is p r o p o r t i o n a l  to  t he  
rec ip roca l  of t he  t e m p e r a t u r e  (I /T) f rom 309 ° K d o w n  to  
152 ° K. If  we assume  t h e  m e a n i n g f u l  app l i cab i l i t y  of a n  
A r r h e n i u s  p lo t  of t he se  da t a ,  t h e n  t he  s t r a igh t - l i ne  p o r t i o n  

5 p. BECQUEREL, Prec. S ix th  In t .  Bet .  Congress 11, ~79 (t935).  

ind ica tes  a n  a c t i v a t i o n  e n e r g y  of 110 cal. ( If  t he  t e m p e r -  
a tu re  i n d e p e n d e n t  b a c k g r o u n d  is s u b t r a c t e d  t he  ac t i -  
v a t i o n  ene rgy  becomes  a b o u t  1060 cal.) "While t h i s  is a 
smal l  va lue ,  i t  seems to  be  de f in i t e  a n d  real ,  since, as  
shown in t he  Figure,  t he  e r rors  a b o u t  t he  i n d i v i d u a l  
slopes are smal l  in r e l a t i on  to the  t o t a l  change .  

F r o m  79°K d o w n  to  l iquid  h e l i u m  t e m p e r a t u r e s  i t  is 
equal ly  obv ious  t h a t  the  A r r h e n i u s  c o m p o n e n t  is negli-  
gible. Comple te  t e m p e r a t u r e  i n d e p e n d e n c e  seems to  be 
ind ica ted  since the  i n a c t i v a t i o n  c o n s t a n t s  o b s e r v e d  a t  
79 ° K and  below are  well  w i t h i n  one  s t a n d a r d  er ror .  
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Fig, 3. The relat ionship between the value  of log n in equa t ion  (1) 
and  the t empera ture  a t  the tinle of X- i r rad ia t ion  of spores of Bacillus 
mcgaterium exposed in one a tmosphere  of He l ium a t  ¢281)(I r ]min.  
The values and their errors were estimated from the response curve 

in the %rm: log(N/No) = log u -  '2-303 leD. 

The t e m p e r a t u r e  a t  which  t he  two se ts  of po in t s  a p p e a r  
to  in te rsec t  is a b o u t  130°K. However ,  no m e a s u r e m e n t s  
were m a d e  in this  region, and  a s h a r p  c h a n g e  f rom a t e m -  
p e r a t u r e  i ndependen t  cond i t i on  to a t e m p e r a t u r e  d e p e n d -  
e n t  condi t ion  is no t  requi red  b y  t he  d a t a - t h e  c h a n g e  m a y  
occur  g radua l ly  over  a r ange  of t e m p e r a t u r e s .  

The  o the r  c o n s t a n t  in t he  e q u a t i o n  used  in t h e  n u m e r i -  
cal ana lys is  of these  resu l t s  is i n v a r i a n t  w i t h  t e m p e r a t u r e .  
F igure  3 presents  the  va lue  of n of e q u a t i o n  (1) as r e l a t ed  
to  t empera tu re ,  our  i n t e r p r e t a t i o n  of t h e  r e l a t i onsh ip  be-  
ing t h a t  n is va ry ing  r a n d o m l y  a b o u t  a m e a n  va lue  of 1-30 
as the  t e m p e r a t u r e  a t  the  t ime  of i r r ad i a t i on  changed .  

These  exper imen t s  show for t he  f irst  t ime  in a biological  
sys t em the  existence of a t r a n s i t i o n  region in the  t e m p e r -  
a tu re  d e p e n d e n c y  of r a d i a t i o n  i n a c t i v a t i o n  a t  a b o u t  
130°K;  th is  is cha rac t e r i zed  b y  t e m p e r a t u r e  d e p e n d e n c e  
a b o v e  t he  t r ans i t i on  region,  a n d  t e m p e r a t u r e  i n d e p e n d e n c e  
below it. I t  is p r o b a b l y  s ign i f i can t  t h a t  these  r e l a t ion -  
ships  are cons i s ten t  in two respec ts  w i t h  o b s e r v a t i o n s  
m a d e  previously  in a n o t h e r  biological  s y s t e m  in th i s  labo-  
r a t o r y  b y  BACHOFER et al.~, Firs t ,  t he  r e l a t i o n s h i p  of t he  
X - r a y  inac t iva t ion  slopes to  t e m p e r a t u r e  for  t he  d r y  
bac t e r iophage  T 1 is such t h a t  t he re  m a y  be  a t e m p e r a t u r e -  
d e p e n d e n t  region and  a t e m p e r a t u r e - i n d e p e n d e n t  reg ion  
w i t h  t he  t r ans i t i on  occur r ing  a t  a p p r o x i m a t e l y  130°K.  
Second,  reca lcula t ion  of t he  a c t i v a t i o n  e n e r g y  for  t he  d r y  
v i rus  (assuming the  130°K t r a n s i t i o n  po in t )  y ie lds  a va lue  
of a b o u t  200 cal, a va lue  in t he  o r d e r  of t h e  110 eal  re- 
p o r t e d  in th i s  p a p e r  for t he  d r y  bac t e r i a l  spore.  Obse r -  
va t ions  on the  t e m p e r a t u r e  d e p e n d e n c e  of d r y  spores  of 
B. subtilis r epor t ed  b y  HOUTERMANS 7 m a y  also be  con-  
s i s t en t  w i th  those  of th i s  paper .  The  p h e n o m e n a ,  t h e n ,  
p r o b a b l y  occur  in more  t h a n  one l dnd  of spore,  a n d  t h e  

6 C. S. BACtIOFER, C. I;. EIfRET, S. MAYER, and  ~E. L. POWERS, 
Prec.  Na t .  Acad.  Sci., Wash .  39, 744 (1953). 

? T. HOUTERMANS, Z. Naturf .  9b, 600 (1954); l ib ,  636 (1956). 
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The  cons tan t s  n and  k and the i r  s t a n d a r d  errors  of the express ion 
N ] N  0 = n e - k D  at  i nd i ca t ed  t empera tu r e s  

T 
(°Kelvin) 

5 
6 

22 
66 
79 

152 
195 
253 
274 
299 
304 
309 

( 1 ) 
k kiloroentgens Intercept 

(n) 
4- standard error 

0.0203 ± 0.0002 
0.0202 4- 0.0004 
0.0197 ± 0.0006 
0.0199 ± 0.0004 
0.0200 ± 0.0002 
0.0208 ± 0.0004 
0-0226 ± 0-0004 
0-0237 ± 0-0003 
0-0243 ± 0-0005 
0.0255 ± 0.0004 
0.0244 ± 0.0003 
0.0252 ± 0.0009 

1.67 
1-21 
1.29 
1.25 
1-38 
1.30 
1-26 
1-08 
1-3I 
1.35 
1.34 
1.27 

log n±s tandard  error 

0.223 ± 0.024 
0.083 -t- 0.058 
0.111 ± 0.062 
0.097 + 0.029 
0.140 4- 0.022 
0.114 4- O.034 
0-100 ± 0-035 
0.034 ± O-025 
0-117 ± 0-031 
0.130 ± 0.029 
0.127 ± 0.023 
0.104 -I- 0.073 

v i ru s  d a t a  i nd i ca t e  t h a t  t h e y  are  p r o b a b l y  n o t  pecu l i a r  to  
spores.  

Because  of t he  u n u s u a l l y  i n e r t  p rope r t i e s  of t h i s  bio-  
logical  sys tem,  t he  t h e r m a l  cond i t i ons  i m pos ed  on  i t  
d u r i n g  i r r a d i a t i o n  m u s t  in f luence  t h e  in i t ia l  (or, a t  least ,  
t h e  v e r y  early)  e v e n t s  in  p h o t o n - m a t t e r  i n t e r a c t i o n  t h a t  
lead e v e n t u a l l y  to  loss of co lony- fo rming  abi l i ty .  I t  is 
logical, t hen ,  to  sea rch  for  para l le ls  in  s tud ies  of t e m p e r -  
a t u r e  effects  on  r a d i a t i o n  d a m a g e  in  n o n l i v i n g  sys tems .  
GHORMLEY a n d  STEWART8 r e p o r t e d  t h a t  t he  r a t e  oI dis- 
a p p e a r a n c e  of H 2 0  ~ in  H 2 - s a t u r a t e d  ice i n d u c e d  b y  7- 
r a d i a t i o n  m a y  be  i n d e p e n d e n t  of t e m p e r a t u r e  be low a b o u t  
- -175°C ,  a n d  d e p e n d e n t  u p o n  t e m p e r a t u r e  a b o v e  this .  
N o t  on ly  are  t he se  r e su l t s  s imi l ia r  in  type ,  b u t  t h e  t em pe r -  
a t u r e  a t  w h i c h  t h e  c h a n g e  occurs  is close to  t h e  approx i -  
m a t e  - - 1 4 5 ° C  t e m p e r a t u r e  Ior  t h e  b e g i n n i n g  of t e m p e r -  
a t u r e  d e p e n d e n c e  seen  in these  s tudies .  Severa l  inves t i -  
ga to r s  h a v e  r e p o r t e d  s t ab i l i z a t i on  of free rad ica l s  in  solid 
s y s t e m s  a t  v e r y  low t e m p e r a t u r e s  ~, a n d  o t h e r  h a v e  n o t e d  
t h a t  t h e  d e p o l y m e r i z a t i o n  of p las t i c  m a t e r i a l s  b y  X - r a y s  
shows  a t e m p e r a t u r e  d e p e n d e n c e  ove r  t h e  s h o r t  r a n g e  
i n v e s t i g a t e d  of a m a g n i t u d e  like t h a t  r e p o r t e d  here  z0. 

U n f o r t u n a t e l y  these  r e s em b l ances  in  r e sponse  p a t t e r n s  
b e t w e e n  l iv ing,  a n d  n o n l i v i n g  sys t ems  do n o t  al low for t h e  
s ingl ing  o u t  of a n y  one  of t h e  severa l  possible  genera l  
causes  of t h e r m a l  d e p e n d e n c y  t h a t  m i g h t  h a v e  been  
e n u m e r a t e d  a priori for e i t h e r  t h e  phys i ca l  or  t h e  bio-  
logical  resul ts .  These  fo rma l ly  inc lude  effects  a r i s ing  f rom 
t h e r m a l l y  d e p e n d e n t  v a r i a t i o n s  (1) in  p r o b a b i l i t y  of pr i -  
m a r y  abso rp t ion ,  (2) in  p r o b a b i l i t y  of ' r eve r sa l '  of d a m a g e  
b y  ' repa i r ' ,  a n d  (3) in  p r o b a b i l i t y  of i n d u c t i o n  of d a m a g e  
e i the r  (A) b y  ene rgy  t r a n s f e r  t o w a r d s  or a w a y  f rom sen- 
s i t ive  sites, (B) b y  t h e r m a l  s u p p l e m e n t a t i o n  of energies  a t  
t h r e s h o l d  va lues  for i n a c t i v a t i o n ,  or  (C) b y  t h e r m a l  in-  
f luence over  t h e  f o r m a t i o n  of u n u s u a l  e l ec t ros t a t i c  con-  
d i t ions  as p o s t u l a t e d  b y  PLATZMAN a n d  FRANCK 11. W h i l e  
we c a n n o t  a t  t h i s  t i m e  choose  w i t h  conf idence  one or  
a c o m b i n a t i o n  of causes,  t h e  f ac t  t h a t  t h e r e  is a de f in i t e  
a n d  d i s t i nc t  change  in  t he  biological  r e sponse  in t h e  
n e i g h b o r h o o d  of 130°K is p r o b a b l y  a n  i m p o r t a n t  clue 

s j .  A. GHORMLI~Y and A. C. STEWART, J. Amer. chem. Soc. 78, 
~934 (1956). 

9 H. P. BROZDA, Ann. N. Y. Acad. Sci. 67, 447 (1957). 
10 p. ALEXANDER, Proe. Fifth Int. Congrcss on Radiobiol., 

Stockholm 8 (1957). 
11 R. PLATZMAN and J. FRANCK, Symposium on In/ormation 

Theory in Biology (Ed., H. YOCKEY, Pergamon Press, London 1958). 

t h a t  will m a k e  t he  i den t i f i ca t ion  of t h e  phys i ca l  processes 
easier .  

I{. B. WEBB, C. F. EHRET, a n d  E.  L. POWERS 

Division o/ Biological and Medical Research, Argonne 
National Laboratory, Lemont (Illinois), May 28, 7958. 

Zusammen/assung 

Die T e m p e r a t u r a b h ~ n g i g k e i t  de r  RSn tgens t r ah l en -  
e m p f i n d l i c h k e i t  t r o c k e n e r  Sporen  y o n  Bacillus megaterium 
wurde  f iber  e inen  T e m p e r a t u r b e r e i c h  y o n  5 ° K bis  3090 K 
gemessen.  Die E m p f i n d l i c h k e i t  i s t  t e m p e r a t u r u n a b h i i n g i g  
u n t e r h a l b  130 ° IK; sie e n t s p r i c h t  de r  v a n - t ' H o f f - A r r h e n i u s -  
Regel  zwischen  130°K u n d  3 1 0 ° K  bei  e iner  Akt iv ie rungs-  
energie  y o n  0,110 kcal .  

Zur Abh~ingigkeit der Aktivierungsenergie 
der Gewebsatmung bet Sfiugetieren 

vonder  K0rpergriisse 

I n  de r  l e t z t en  Zei t  w u r d e  die B e o b a c h t u n g  gemacht ,  
dass  n i c h t  n u t  die T e m p e r a t u r a k t i v i e r u n g  de r  Gesamt-  
a t m u n g  p o i k i l o t h e r m e r  Tiere  y o n  de r  K6rperg r6sse  ab- 
h ~ n g t  z, s o n d e r n  dass  s ich a u c h  a n  de r  G e w e b s a t m u n g  poi- 
k i l o t h e r m e r  Wi rbe l t i e r e  die Z u n a h m e  de r  K6rpergr6sse  im 
S inne  e iner  Dros se lung  de r  T e m p e r a t u r a k t i v i e r u n g  be- 
m e r k b a r  m a c h t  2. U m  zu prfifen,  ob  dieses P h A n o m e n  nur  
au f  p o i k i l o t h e r m e  O r g a n i s m e n  besch rAnk t  i s t  ode r  auch 
fiir W a r m b l i i t e r g e w e b e  gilt ,  w u r d e n  in  de r  vor l iegenden 
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Abh/ingigkeit der Aktivierungsenergie (/*) der Atmung und aeroben 
Glykolyse  der  Leber  von  der  K6rpergrSsse bei  Maus (I), Ra t te  (II) 
und  Meerschweinchen ( I I I )  im  in terspezi f i schen Vergleich. Ordi- 
na t e :  Akt iv ie rungsenerg ic  in  cal, Abszisse:  K6rpergewich t  in g. 
• Sauerstoffverbrauch der Leber normal ernAhrter Tiere, O dasselbe 
ftir hungernde Tiere, × aerobe Glykolyse normal ern/ihrter Tiere. 

U n t e r s u c h u n g  die A k t i v i e r u n g s e n e r g i e n  (/~) n a c h  ARRHE- 
NIUS der  e n d o g e n e n  A t m u n g  a n d  a e r o b e n  Glykolyse  der 
L e b e r  v o n  M/iusen,  R a t t e n  u n d  Mee r schwe inchen  im inter- 
spezi f i schen Verg le ich  m i t  de r  K6rpergrSsse  in  Beziehung 
geb rach t .  Die A t m u n g  u n d  ae robe  Glyko lyse  de r  Leber 
wurde  in  s u b s t r a t f r e i e r  X r c b s - B i k a r b o n a t - R i n g e r l S s u n g  
n a c h  d e m  i n d i r e k t e n  V e r f a h r e n  yon  WARBURG fiber einen 
Z e i t r a u m  y o n  3 h gemessen.  Sons t ige  m e t h o d i s c h e  Einzel- 
h e i t e n  wie in v o r a n g e g a n g e n e n  U n t e r s u c h u n g e n  3. Der 

1 R. E.  TASHIAN, Zoologica 41, 39 (1956). 
2 A. LOCKER, Z. vergl.  Physiol .  1958 (ira Druck) .  
3 A. LOCKER el, al . ,  Z. exp.  Med. 117,  519 (1951). 


