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D i e  R 6 n t g e n s c h ~ i d i g u n g  v o n  Escheridda coil 
b e i  180 k e Y  u n d  31 M e V  

I m  R a h m e n  y o n  v e r g l e i c h e n d e n  U n t e r s u c h u n g e n  t iber  
die b io log i schen  W i r k u n g e n  y o n  3 1 - M e V - R 6 n t g e n s t r a h -  
len e ine rse i t s  ( B e t a t r o n a n l a g e  de r  r a d i o t h e r a p e u t i s c h e n  
K l i n i k  Ziir ieh)  u n d  1 8 0 - k e V - R 6 n t g e n s t r a h l e n  a n d e r s e i t s  
(S t ab i l i vo l t ,  180 kV,  6 m A ,  1 m m  Cu) n a h m e n  w i r  die 
S c h ~ d i g u n g s k u r v e n  y o n  Escher ich ia  coli auf .  

Als ¥ e r s u c h s o b j e k t  w / i h l t e n  wi r  d e n  S t a m m  1064 y o n  
E. coli aus  d e m  s t a a t l i c h e n  S e r u m i n s t i t u t  K o p e n h a g e n .  
Die  K e i m e  w u r d e n  in  e i n e m  A e r o s o l a p p a r a t  v e r n e b e l t  
u n d  au f  Agarober f l~ ichen  ausges/ i t .  A n  Stel le  yon  P e t r i -  
s c h a l e n  v e r w e n d e t e n  wi r  k le ine  P lex ig lasgef / i s se ;  yon  
d e n  5 g le ichze i t ig  b e s ~ t e n  S c h ~ l c h e n  d i e n t e n  2 -4  Ms Kon-  
t ro l Ien .  Die  B e s t r a h l u n g  e r fo lg te  i m  I n n e r n  e ines  P lex i -  
g l a s p h a n t o m s l ;  d ie  A g a r o b e r f l ~ c h e  m i t  d e n  e inze ln  lie- 
g e n d e n  K e i m e n  b e f a n d  s ich  bei  de r  B e s t r a h l u n g  m i t  31 
MeV in e ine r  Tiefe  v o n  42 m m  i n n e r h a l b  des  P h a n t o m s ,  
bei  180 k e V  in einer Tiefe v o n  13 ram.  Zu r  D o s i s m e s s u n g  
v e r w e n d e t e n  wi r  e ine in da s  P h a n t o m  h i n e i n r a g e n d e  
M e s s k a m m e r  des  V i c t o r e e n - C o n d e n s e r - R - M e t e r s L  Die  
I n t e n s i t ~ t  b e t r u g  bei  180 keV  72,3 r / m i n ,  bei  31 MeV 
d u r c h s c h n i t t l i c h  82 r / m i n .  N a c h  de r  B e s t r a h l u n g  w u r d e n  
die K e i m e  14 h l a n g  bei  37°C b e b r t i t e t ;  au s  d e n  t e i t ungs -  
I~ihigen K e i m e n  e n t s t a n d e n  d a b e i  m a k r o s k o p i s c h  s i ch t -  
ba r e  Ko lon i en .  Die S c h a l e n  w u r d e n  p h o t o g r a p h i e r t  u n d  
die K o l o n i e n z a h l e n  aus  de r  p h o t o g r a p h i s c h e n  P l a t t e  er- 
m i t t e l t .  A b b i l d u n g  1 zeigt  als Beisp ie l  das  p h o t o g r a p h i -  
sche  P r o t o k o l l  des l e t z t e n  Ve r suchs .  

Abb. 1. Versuch vom 18. Juli 1952: Links unten eine Platte, die mit 
4338 r bei 180 keV bestrahlt wurde. Die fibrigen vier Platten sind 

Kontrollen. 

Die  s t a t i s t i s c h e  B e a r b e i t u n g  de r  K o n t r o l l v e r s u c h e  
zeigt ,  da s s  e ine  h o m o g e n e  A u s s a a t  d e r  K e i m e  e r r e i c h t  
wurde .  Da s  E r g e b n i s  de r  B e s t r a h l u n g s v e r s u c h e  i s t  in  
A b b i l d u n g  2 g r a p h i s c h  da rge s t e l l t .  Das  vo r l i egende  Ma- 
t e r i a l  g e s t a t t e t  ke ine  E n t s c h e i d u n g  da r i ibe r ,  ob  ex- 
ponen t i e l l e  ode r  a s y m m e t r i s c h e  S- fSrmige  Sch / id igungs -  
k u r v e n  vor l i egen .  Es  s c h i e n  uns  n a t t i r l i c h e r  u n d  d e m  
S t a n d  unse re s  U n w i s s e n s  t ibe r  d e n  M e c h a n i s m u s  de r  
S t r a h l e n w i r k u n g  a n g e m e s s e n e r ,  u n s e r e  D a t e n  so zu be-  
h a n d e l n ,  als  o b  die  S c h ~ d i g u n g s k u r v e n  a s y m m e t r i s c h e  
S - K u r v e n  w~iren; wi r  h a b e n  d e s h a l b  die s t a t i s t i s c h e  

1 H. FRITZ-NIGGLI, Naturwissenschaften 39, 485 (1952). 
G. JOYET und ~V..~IAUDERLI, BBC.-Mitteilungen 38, 281 (1951). 

A u s w e r t u n g  m i t  Hi l fe  d e r  P r o b i t a n a l y s O  durchgef i ih r t .  
Die  V e r s u c h s p u n k t e  in  d e n  t r a n s f o r m i e r t e n  Koord ina -  
t en ,  die s ieh  ] e t z t  u m  G e r a d e n  g r u p p i e r e n ,  ze ig t  Abbil-  
d u n g  3. Bei  d e r  B e r e c h n u n g  de r  G e w i c h t e ,  die d en  ein- 
ze lnen  V e r s u c h e n  z u k o m m e n ,  is t  die T a t s a c h e  zu bert ick- 
s ich t igen ,  dass  die Z a h l  d e r  b e s t r a h l t e n  K e i m e  n i c h t  be- 
k a n n t  ist,  s o n d e r n  au f  G r u n d  e in iger  w en i g e r  Kont ro l l -  
p l a t t e n  g e s c h ~ t z t  w e r d e n  m u s s  2. 
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Abb. 2. Die Versuchspunkte in den untransformierten Koordinaten; 
die Striehe geben die Streuung an. Die Kurve ist rficktransformiert 

aus tier Geraden in Abbildung 3. 

N a c h  e i n e m  R e c h n u n g s z y k l u s  de r  P r o b i t a n a l y s e  er- 
h~ilt m a n  ftir die 1 8 0 - k e V - P u n k t e  u n d  fiir  die 31-MeV- 
P u n k t e  je e ine G e r a d e ;  diese zwei G e r a d e n  u n t e r s ch e i -  
den  s ich n i e h t  m e r k l i c h  v o n e i n a n d e r .  E s  l~ss t  s ich ab- 
sch~itzen, da s s  e in  U n t e r s c h i e d  in d en  D L 5 0  y o n  minde -  
s t e n s  7 % m i t  S i c h e r h e i t  h ~ t t e  I e s t g e s t e l l t  w e r d e n  k6n-  
hen .  F a s s t  m a n  s ~ m t l i c h e  P u n k t e  z u s a m m e n ,  so e rg ib t  
s ich  e ine  D L 5 0  y o n  2475 r m i t  V e r t r a u e n s g r e n z e n  
( , f i duc ia l  l im i t s  95%,,)  bei  2368 r u n d  2586 r. 

725 r. 

7,00 -~ • 180 keV 

o 3't MeV 

6po . 

5,OO -I ~..b.k 

~,50 "I 
4.25 

2,5 3,0 3,5 4~0 × 

Abb. 3. Die Versuchspunkte in den transformierten Koordinaten 
(Probitanalyse). Die Gerade bezieht sieh auf alle Versuehspunkte. 

Dieses E r g e b n i s  s t e h t  i m  W i d e r s p r u e h  zu r  A r b e i t  von  
DIECKMANN et al. a, die e ine  gr6ssere  W i r k s a m k e i t  der 
2 - M e V - E l e k t r o n e n s t r a h l u n g  gegen t ibe r  1 8 0 - k e V - R 6 n t -  
g e n s t r a h l e n  f e s tges t e l l t  h a b e n ,  sowie  zu r  A r b e i t  yon  
STAPLETON u n d  ATWOOD 4, die e ine ge r inge re  W i r k s a m -  

1 D. J. F1NNEY, Probit Analysis, II. Aufl. (Cambridge University 
Press, 1952). 

2 F. M. WADLEY, Ann. Appl. Biol. 36, 196 (1949). 
3 C. DIECKMAN~, W. DITTRICH, H. REICH und G. SCHVBERT, Na- 

turwissensehaften 37, 140 (1950). 
4 G. E. STAeLV-TON und K. C. ATWOOD, Naturwissenschaften 3.0, 

aao (1952). 
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keit von 1,l-MeV-Gammastrahlen gegeniiber 250-keV- 
R6ntgenstrahlen fanden. Solche Diskrepanzen werden 
erst ihre l~sung finden, wenn brauchbare Normen fiir 
die Dosimetrie der energiereichen Strahlen vorliegen. 

Die Arbeit erscheint ausfiihrlich an anderer Stelle. 
J. LINDENMANN 

Hygiene-Institut und radiotherapeutische Kl in ik  der 
Universitiit Zi~rick, den 8. Oktober 1952. 

Summary  

Survival curves of Escherichia coli irradiated with 
X-rays of 180 KeV and 31 MeV are identical within the 
experimental  error. Probi t  analysis of the data  was 
performed. 

In uitro D e v e l o p m e n t  of  S t r e p t o m y c i n  R e s i s t a n c e  
i n  Bacferim tularer~e 

The structural and functional changes occurring in 
microorganisms in the process of developing resistance to 
chemical agents are well known, but quite unpredictable. 

Streptomycin-resis tant  strains of Bacterium tularense 
do not appear to have been described despite the exten-  
sive use of s t reptomycin as the chief therapeut ic  agent  
in the t rea tment  of Tularemia.  CHAPMAN, DOWNS, 
CORIELL, and KOWAL 1 tried in vain to isolate resistant 
strains from mice t reated with subcurat ive doses of 
s t reptomycin;  they  quote,  however, unpublished ex- 
periments by FOSHAY, who observed induced resistance 
to s treptomycin in Bacterium tularense in vitro. 

This note reports on the in vitro production of resis- 
tance to s t reptomycin in Bacterium tularense and on cer- 
tain properties of the resistant  strains. 

Most of the exper iments  were carried out with the 
highly virulent  (LDso 10 -to) strain Vir. The s tandard 
suspension of bacteria from which the dilutions were 
made for t i t ra t ion in mice, contained 10 l° organisms per 
milliliter. Cultures were grown on gldeose-cysteine- 
blood-agar, to which s t reptomycin was added in various 
concentrations. At the onset, the strains were susceptible 
to 1-2/~g of s t reptomycin per milliliter of culture media. 
The microorganisms were cul t ivated in progressively 
graded concentrations of s t reptomycin.  The initial de- 
velopment to resistance was very gradual;  however, 
when the level of resistance of 10 pg/ml  was obtained, 
the strains could be transferred direct ly to a medium 
containing 40 mg/ml,  the highest concentrat ion tested. 
Such an abrupt  rise to a very  high level of resistance has 
been observed in other  microorganisms which developed 
resistance to s t reptomycin s. 

The morphological and physiological changes accom- 
pariying the development  of s t reptomycin resistance 
were investigated on twelve resistant strains developed 
in parallel from a common parent  strain Vir. No micro- 
scopical changes or al terat ions in the main nutr i t ional  
requirements could be found, the addit ion of cysteine 
and blood to  the basal medium used still being neces- 
sary. Also the rate of growth on this medium did not 
change with the development  of the resistance. 

I S. S. CHAPMAN, C. M. DowNs, L. L. CORIELL, and S. F. KOWAL, 
J. Infect. Dis. 85, 25 (1949). 

Z R. MURRAY, L. KILHAM, C. WlLCOX~ and M. FINLANDj Proc. Soc. 
Expt. Biol. Med. 63, 470 (1949). - A. L. OLITZKI, J. Gem Mierobiol. 
6, le~ (195~). 

As a good correlation has been described 1 between the 
biological and the surface properties of the bacterium, 
agglutinabil i ty by N/160 NaCI of the original and of the 
resistant strains was determined in parallel with the 
virulence t i t ra t ions in mice. The results are summarized 
in the Table. 

Virulence and salt agglutinability of Bact. tularense strains, resistant 
to streptomycin 

Strains* Dilution required for LDso 

S.M.R. 1 . . 
S.M.R. 2 . 
S.M.R. 3 . 
S.M.R. 4 . 
S.M.R. 5 
S.M.R. 6 . 
S.M.R. 7 
S.M.R. 8 . 
S.M.R. 9 . 
S.M.R.10 . 
S.M.R.11 
S.M.R.12 

Salt a~lutin- 
ability 

+ + + +  
+ + +  
+ + + +  
+ + + +  
+ + + +  
+ + + +  
+ + + +  
+ + + +  

+ + + +  
+ + +  
+ +  

lO-S 
lO-S 
lO-Z 
I0-2 
10-t 

without dilution 
I0-I  
completely avirulent 
10-1o 
without dilution 
without dilution 
IO-S 

* All strains were derived from the common parent strain Vir, 
which was non-agglutinable and had LD60-10-~O. 
(+ ++ indicates 5-10% agglutinable bacteria, + + ~ + complete 
agglutination.) 

Most of the resistant mutants  showed a great ly  de- 
creased virulence, and a connection between these two 
properties appears likely. Indeed, when the parent  strain 
was subjected to an equal number of transfers, bnt  in the 
absence of streptomycin,  no change in virulence occurred. 
The good correlation observed between salt agglutina- 
tion and virulence emphasizes once more the importance 
of surface properties for the biological ac t iv i ty  of bac- 
teria. The Table shows further that  in most cases the 
decrease in virulence and the change in suspension sta- 
bi l i ty were very abrupt.  This may indicate tha t  there 
existed in the strains investigated two types of cells, 
one of very high, the other  of very  low virulence, with- 
out  intermediate stages. In the few cases where the 
strains showed an intermediate degree of virulence and 
the salt  agglutination was found to be incomplete, one 
may  assume tha t  these strains are actual ly  mixtures of 
microorganisms of the two ext reme types in varying 
proportions. In the light of these findings, the failure to 
isolate resistant strains of Bacterium tularense from mice 
t reated with sub-curat ive doses of s t reptomycin s may be 
assumed to be due to the fact t ha t  the resistant  avirulent  
mutants  could not mult iply  in the body of the mouse, 
and were el iminated by the defence mechanism of the 
body, so tha t  their  detection b~came impossible. 

A similar correlation between changes in virulence 
and the development  of s t reptomycin resistance has 
been observed previously by SSL~OMAN and WASSER- 
MAN in the Salmonella group s and by GYSON and CRYST 
in hemolytic streptococci 4. 

1 y. Avx-Do~ and H. YANIV, Unpublished results. 
z $. S. CN^PMAI¢, C. M. DOWNS, L L. CORIELL, and S. F. KOWAL, 

J. Infect. Dis. S~, 25 0949). 
s E. SELmMAN and M. WASSERMAN, J. Immunol. 57, 351 (1947). 
4 H. M. GEzot¢ and E. E. CRVST, Proc. Soc. Expt. Biol. Med. s~, 

~sa Oo4s). 


