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V e r s u c h  1 : 10 in  Difco N/ th rbou i l lon  (4%) ohne  bzw.  m i t  
e i n e m  Z u s a t z  v o n  C y s t e a m i n  (Fa.  F luka ,  Schweiz)  bei  
p H  7 v e r d i i n n t .  Bei  B e s t r a h l u n g  in s c h u t z s t o f f h a l t i g e n  
Suspens ionen  l iessen wi t  diese v o r  ]3e s t r ah lungsbeg inn  
10 m i n  bei  Z i m m e r t e m p e r a t u r  au f  die P h a g e n  e inwi rken .  
Zur  B e s t r a h l u n g  w u r d e n  0,6 ml  de r  P h a g e n s u s p e n s i o n  in 
Plexiglassch/~lchen v o n  20 m m  D u r c h m e s s e r  abgefi i l l t .  
Der  m e h r f a c h  b e s c h r i e b e n e  E in f luss  des Sauers tof fs  au f  
die S t r a h l e n e m p f i n d l i c h k e i t  c y s t e a m i n g e s c h i i t z t e r  T2-  
P h a g e n  4-e m a c h t e  es er forder l ich ,  u n t e r  k o n t r o l l i e r t e n  
G a s b e d i n g u n g e n  zu b e s t r a h l e n .  Mi t te l s  e ines k le inen  Ge- 
bl/ises wurde  die Suspens ion  vo r  u n d  w ~ h r e n d  de r  B e s t r a h -  
lung  d u r c h m i s c b t  u n d  auf  diese VV'eise gle ichzei t ig  m i t  
Sauer s to f f  ode r  ge r e in ig t em  S t icks to f f  / iqui l ibr ier t .  E i n e  
R 6 n t g e n r 6 h r e  m i t  B e r y l l i u m f e n s t e r  y o n  1,5 m m  St / i rke  
g a b  bei  100 kVs u n d  25 m A  a m  O r t  de r  Suspens ion  e ine  
Dos i s le i s tnng  yon  500 k r / m i n  bei e ine r  e f f ek t iven  Wel len-  
lfinge yon  1,4 7k. Die in d e r  P h a g e n s u s p e n s i o n  a b s o r b i e r t e  
S t r a h l e n e n e r g i e  wurde  in de r  g le ichen Geomet r i e  m i t  d e m  
F r i c k e - A k t i n o m e t e r  (Fe ++ - ~  Fe  +++) gemessen.  Als Kri-  
t e r i u m  des  S t r ah l ene f f ek t e s  wurde  die P l a q u e b i l d u n g s -  
f/~higkeit gew/ihlt .  
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Uberlebensrate von T2-Bakteriophagen in 4% Difco-N/ihrbouillon 
naeh R6ntgenbestrahlung unter verschiedenen Bedingungen. 

Die F i g u r  v e r a n s c h a u l i c h t  den  Einf luss  von  Sauers to f f  
w/ th rend  de r  R 6 n t g e n b e s t r a h l u n g  a u f  die Ne igung  de r  
D o s i s - E f f e k t k u r v e  bei  in C y s t e a m i n b o u i l l o n  s u s p e n d i e r t e n  
P h a g e n  T2. Alle e x p e r i m e n t e l l e n  D a t e n  lassen s ich i m 
h a l b l o g a r i t h m i s c h e n  R a s t e r  d u r c h  Gerade  dars te l l en .  Die 
Neigungsd i f fe renz  de r  G e r a d e n  fiir B e s t r a h l u n g  ohne 
C y s t e a m i n  und  m i t  0,01 m C y s t e a m i n  (beide Ver suche  
u n t e r  02) l iegt  i n n e r h a l b  de r  Feh le rg renzen ,  das  heisst ,  
bei A n w e s e n h e i t  v o n  Sauers to f f  b e w i r k t  0,01 m C y s t e a m i n  
ke inen  Schutz .  U n t e r  S t icks tof f  (das is t  bei  Aussch luss  
von  Sauers toff)  l iefer t  Zusa t z  v o n  m/100  C y s t e a m i n  zur  
Boui l lon  eine S c h u t z w i r k u n g  e n t s p r e c h e n d  e inem Dosis- 
r e d u k t i o n s f a k t o r  v o n  1,6 a. P r a k t i s c h  de r  gleiche Schu tz -  
e f fek t  e rg ib t  sich a u c h  u n t e r  Sauer s to f f  n a c h  E r h 6 h e n  de r  
C y s t e a m i n k o n z e n t r a t i o n  au f  0,15 m ;  die Ne igungen  de r  
e n t s p r e c h e n d e n  K u r v e n  u n t e r s c h e i d e n  sich u m  weniger  
ats  10%. 

W e n d e t  m a n  den  von  HOWARD-FLANDERS fiir Bak t e r i o -  
p h a g e n  vo rgesch lagenen  K o n k u r r e n z m e c h a n i s m u s  zwi- 
schen  Sauers to f f  u n d  W a s s e r s t o f f - I ) o n a t o r e n  in F o r m  der  
Schu tzmolek i i l e  u m  s t r a h l e n i n d u z i e r t e  freie R a d i k a l e  in 
den  P h a g e n  auf  unse re  E rgebn i s se  an,  so e rgeben  sich 
zwanglos  folgende Schli isse:  Bei  Zugabe  yon  C y s t e a m i n  
zur  B e s t r a h l u n g s b o u i l l o n  in K o n z e n t r a t i o n e n  yon  _~ m/100  
ge l ing t  es den  W a s s e r s t o f f - D o n a t o r e n  n ich t ,  in  K o n k u r -  
renz  m i t  den  Sauers to f fmolek i i l en  zu t r e t en ,  die in  e iner  
O, -ges / i t t ig ten  Boui l lon  i iberwiegen.  Vv'ird dagegen  die 
C y s t e a m i n k o n z e n t r a t i o n  u m  e t w a  eine G r 6 s s e n o r d n u n g  
e r h 6 h t ,  so is t  das  Gte ichgewich t  z u g u n s t e n  de r  Wassers tof f -  
D o n a t o r e n  ve r schoben ,  und  es k o m m t  zur  R e p a r i e r u n g  
de r  e twa  als s t r a h l e n i n d u z i e r t e  C a r b o n i u m - R a d i k a l e  an-  
g e n o m m e n e n  l a t e n t e n  Strahlensch~tden.  Abgesehen  yon  
de r  Aufk l~ rung  de r  oben  e r w ~ h n t e n  s c h e i n b a r e n  Wider -  
spri iche,  die be im  Vergle ich  yon  Ver suchse rgebn i s sen  aus  
v e r s c h i e d e n e n  Arbe i t sk re i sen  a u f t r a t e n ,  s che inen  die h ie r  
m i t g e t e i l t e n  Ergebn i s se  gee igne t  zu sein,  das  V e r s t ~ n d n i s  
fiir den  S c h u t z m e c h a n i s m u s  s u l f h y d r y t h a l t i g e r  Ve rb in -  
d u n g e n  bei  su spens i e r t en  r 6 n t g e n b e s t r a h l t e n  B a k t e r i o -  
p h a g e n  zu ver t i e fen .  

Summary. T2 phage  s u s p e n d e d  in b r o t h  a n d  i r r ad i a t ed  
in t he  presence  of c y s t e a m i n e  in h igh  c o n c e n t r a t i o n  is 
p r o t e c t e d  aga in s t  the  ac t ion  of X - r a y s  equa l ly  well  u n d e r  
o x y g e n  as u n d e r  n i t rogen .  Low c o n c e n t r a t i o n s  of cys te-  
amine ,  however ,  give p r o t e c t i o n  u n d e r  n i t r o g e n  only.  
These  resu l t s  resolve a p p a r a n t  c o n t r a d i c t i o n s  in ear l ie r  
work  and  lend s u p p o r t  to  t he  m e c h a n i s m  of r eac t i on  as 
p roposed  b y  HOWARD-FLANDERS. 

G. HOTZ 

Institut /iir Strahlenbiologie am Kern[orschungszentrum 
Karlsruhe (Deutschland), 10. j u l i  196t. 

s G. HOTZ und A. ME~LLER, Z. Naturforschg., im l)ruck. 

The Properties of an Arginine Auxotroph 
of Salmonella typhimurium 

T h e r e  a re  few r e p o r t s  in t he  l i t e r a t u r e  of a rg in ine  auxo-  
t r o p h s  of Sa lmone l la .  ISEKI a n d  KASmWAGI 1 o b t a i n e d  a n  
a r g i n i n e - r e q u i r i n g  m u t a n t  fol lowing t r e a t m e n t  of a Sal- 
monella paratyphi B s t r a i n  w i t h  n i t r ogen  m u s t a r d .  STOKES 
an: l  BAYNE 2 r e p o r t e d  a n a t u r a l l y  occur r ing  s t r a i n  of S. 
paratyphi A w i t h  a mu l t i p l e  r e q u i r e m e n t  for guan ine ,  
cys te ine  a n d  a rg in ine .  GOWEN et  al. 3 used two  m u t a n t s  of 
S. typhimurium s t r a i n  533 wh ich  h a d  mul t ip le  requi re -  
m e n t s  t h a t  inc luded  arg in ine ,  a n d  MIYAKE a n d  DEMEREC 4 

m e n t i o n e d  a n  a rg in ine  a u x o t r o p h  in t he  LT-7 m u t a t o r  
s t r a i n  of S. typhimurium. 

More r ecen t l y  LAHR s'e ha s  desc r ibed  39 a rg°  m u t a n t s  of 
S. typhimurium, of w h i c h  27 were i nduced  in s t r a i n  LT-2  
b y  2 -aminopur ine .  

I S. IsEgr and K. KASHIWAGI, Proe. Japan Acad. 33, 486 (1957). 
2 j .  L. STOKES and H. G. BAYNE, J. Bacteriol. 76,417 (1958). 
3 j .  W. GOWEN, J. STAOLER, H. H. PLOUGH, and H, Y. MILLER, 

Genetics 38, 531 (1953). 
4 T. MIVAKE and M. I)EMEREC, Nature 183, 1586 (1(.)59). 
s E. L. LAHR, Carn. Inst. Wash. Yr. Bk. 59, 438 (1960). 
6 E. L. LAHR, personal communication ( 1961). 
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The p resen t  r epo r t  descr ibes  an arginine a u x o t r o p h  2.0. 
i solated in S. t yph imur ium s t ra in  LT-22. A u x o t r o p h  G-12 
was the  only  m u t a n t  which  r e sponded  to  arginine to  be 
i sola ted  in numerous  e x p e r i m e n t s  w i th  un t r ea t ed ,  ul t ra-  
v io le t - i r rad ia ted ,  and  MnC12-treated cells of S. typhi- 
mur ium s t ra ins  LT-22 and  SW-578. The m u t a n t  was  iso- 
l a ted  in an  e x p e r i m e n t  in which s t a t i o n a r y  phase  cells 
f rom an  ae r a t ed  n u t r i e n t  b r o t h  cu l ture  of LT-22 were  
t r e a t ed  wi th  MnC127 grown in b ro th ,  screened wi th  peni -  
cillin, t h e n  p l a t ed  on minera l  m e d i u m  A s s u p p l e m e n t e d  
wi th  a l imi t ing concen t r a t i on  of L-a rg in ine  (1 ~zg/mt). 
Arginine  a u x o t r o p h  G-12 was  found  a m o n g  the  m i n u t e  
colonies which  deve loped  alongside the  larger,  p ro to -  
t rophic ,  colonies. 

A u x o t r o p h  G-12 re sponded  only  L-arg in ine  and  showed  
no g rowth  response  to  o rn i th ine  or citrull ine.  I t  was no t  
inh ib i ted  by  excess L- lys ine  and  grew well on complex  
media.  Growth ,  as measured  by  colonial  d i a m e t e r  on 
min imal  A pla tes  was p ropor t iona l  to L-arg in ine  concen-  
t r a t i on  as shown in Figure  1. 

Since G-12 was the  sole a r g -  m u t a n t  isolated f rom peni-  
cillin select ion e x p e r i m e n t s  i t  was of in te res t  to see if G-12 
i tself  su rv ived  exposure  to penicil l in screening.  W a s h e d  
cells of b r o t h  cul tures  of G-12 and  the  LT-22 p r o t o t r o p h  
were inocula ted  sepa ra te ly  in to  tubes  of l iquid min imal  
m e d i u m  A con ta in ing  50 i.u. penicil l in per  ml and  in- 
c u b a t e d  a t  37 ° . Samples  were  p la t ed  for assays  of v iable  
c o u n t  a f t e r  12-24 h of incubat ion .  The resul ts  are  shown  
in Figure  2 f rom which  i t  can  be seen t h a t  G-12 a r g -  cells 
su rv ived  some 50 t imes  b e t t e r  t h a n  p r o t o t r o p h i c  cells. 
A p p r o x i m a t e l y  56% of t he  G-12 cells were  stil l  v iable  
a f te r  18 h of penici l l in screening.  

Since m u t a t i o n s  to  arginine  r e q u i r e m e n t  appea red  to  
be rare,  t es t s  were made  to  de t e rmine  if reverse  m u t a t i o n s  
back  to  arg in ine  i ndependence  (a rg- - ->  arg +) also occur  
in f requen t ly .  In  an  e x p e r i m e n t  des igned  to  measure  t he  2.0q 
r a t e  of s p o n t a n e o u s  revers ion  to arginine  independence ,  
no revers ions  were found a m o n g  5.45 × 109 cells f rom 1.8- 
24 i n d e p e n d e n t  b r o t h  cul tures.  Dur ing  the  per iod of 
g rowth  in b r o t h  the  G-12 cells had  undergone  some 28 1.6- 
divisions.  Thus,  spon t aneous  revers ions  to  the  arg+ con- 
d i t ions  m u s t  occur a t  a low rate.  !.4- 

W h e n  cells f rom a b r o t h  cul ture  of G-12 were i r r ad ia ted  1.2- 
wi th  u l t rav io le t  l ight  to 11.3% survival ,  t h e n  i ncuba t ed  
on min imal  A pla tes  s u p p l e m e n t e d  wi th  1. % liquid n u t r i e n t  ~ 1.0- 
broth% arg + revers ions  arose a t  the  ra te  of 0.3 per  10 e 
survivors .  F igure  3 shows UV- induced  revers ions  of G-12 ~ &8 
on l imi tedly  enr iched min imal  A medium.  Manganous  

0.6- chloride t r e a t m e n t  to  63% surv iva l  gave 0.05 arg+ re- E 
vers ions  per  106 survivors .  Ni t rous  acid t r e a t m e n t  gave no ~ 0.4- 
revers ions  over  a wide range  of su rv iva l  values. 

Using the  spo t  t e s t ing  m e t h o d  of IYER and  SZYBALSK110 0.Z 
t h e  effect  of chemical  m u t a g e n s  upon  G-12 was  ascer-  
ta ined .  Nega t ive  resul ts  were  ob t a ined  wi th  d i -epoxy-  0 
bu tane ,  Caffeine, 5-bromouraci l  ÷ aminop te r in ,  and  
H~O 2 + HCHO.  f l -propiolactone gave a few revers ions,  
and  numerous  revers ions  were ob t a ined  a f t e r  t r e a t m e n t  
w i t h  e thy l  m e t h a n e  s u l p h o n a t e  as shown  in Figure  4. 

T ransduc t iona l  t es t s  were carr ied  ou t  using the  t em-  
pe ra te  bac te r iophage  PLT-22 g rown on p r o t o t r o p h i c  
bacter ia .  G-12 was infec ted  a t  a mul t ip l ic i ty  of 20 and  
p l a t ed  on l imi tedly  enr iched min imal  A. T ransduc t ions  to  
arg + occurred  a t  a ra te  of 1 per  107 phage  part icles .  

A t t e m p t e d  hybr id iza t ions  of G-12 wi th  o the r  enter ic  
bac te r ia  were pe r fo rmed  using mixed  cu l t iva t ion  in b r o t h  
fol lowed by  p la t ing  on selective media% and  by  cross 
repl ica t ion  on to  selective med ia lL  Nega t ive  resul ts  were  
ob ta ined  in all a t t e m p t e d  mat ings  of G-12, and  of a 
spon t aneous  rough  colony va r i an t  of G-12, w i th  Esche- 
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Fig. I. Growth response of G+12 arg- on minimal A plates with in- 
creasing concentrations of L-arginine. Mean colonial diameters are 
plotted against L-arginine concentration. Each point represents the 
mean of 60-75 measurements made from photographs of the plates. 
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Fig. 2. Differential killing of arg- and arg + cells incubated in liquid 
minimal medium plus 50 i.u. penicillin per ml. Logarithm of per- 
centage survival is plotted against the period of incubation at 37 ° . 
Upper line shows survival of the arg- G-1'2 cells; lower line that of the 

prototrophic LT-22 cells. 

B. W. HOLLOWAY, J. gen. Microbiol. 13, 572 (1955). 
a B. D. DAVIS and E. S. MINGIOLI, J. Bacteriol. 60, 17 (1950). 
9 E. M. WIT\IN, Cold Spring Harb. Symp. Quant. Biol. Zl, 123 

(1956). 
10 V. N. IVER and W. SZYBALSKI, J. appl. Microbiol. 6, 24 (1958). 
n U. LEuPoLn, Arch. Jul. Klaus-Stiftnng, Ziirich 30, 15. Jahresber. 

S.S.G. 506 (1955). 
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Fig. 3. Arg + reversions of G-12 induced by UV on minimal A plate Fig. 4. Reversions of G-12 produced by direct treatment with 0.03 nfi 
with limited broth enrichment, of ethyl methane sulphonate on linfitedly enriched minimal A medium. 

richia coli K-12 s t ra ins  HfrC and  Hf rH ,  wi th  cys te ine  
a u x o t r o p h s  of Klebsiella pneumoniae s t ra ins  2 P A R K  and  
8172, and a me th ion ine  a u x o t r o p h  of K. pneumoniae 
s t ra in  418. S t rong  s y n t r o p h i s m  occurred  be tween  Salm- 
onella p r o t o t r o p h s  and  auxo t rophs ,  including G-12, and  
m e t -  or cys m u t a n t s  of Escher ich ia  and  Klebsiella,  
p robab ly  due  to  H2S p roduc t ion  by  the  Salmonellae ~2. 

Rdsumd. L ' a u t e u r  d6crit  un m u t a n t  a u x o t r o p h e  pour  
t ' a rg inine  chez Salmonella typhimurium. Les p r o t o t r o p h e s  
arg+ son t  indu i t s  pa r  tes r ayons  UV, MnC12 et  m6 than e  
su l fonate  d '6 thyle .  Le f l -propiolactone est  r e • ins  efficace 
pour  l ' i nduc t ion  des arg +. La  t r a n s d u c t i o n  avec  le bact6-  
r iophage  PLT-22 cult iv6 sur  une souche p r o t o t r o p h e  

d o n n e  arg  + ~ une fr6quence de 1/I0 7 bac t6r iophages .  Le 
m u t a n t  a r g -  es t  f6cond ni avec les souches  d'Escherichia 
coli K-12 HfrC et  H f r H  ni avec trois souches  de Klebsiella 
pneumoniae. 

C. t l .  CLARKE 13 

Institute o/A nimal Genetics, Edinburgh (England), May 19, 
1961. 

la H. H. PLOUGH, H. Y. MiLkER, and M. E. BERRY, Proc. Nat. Acad. 
Sci. U.S. 37, 640 (1951). 

la I am very grateflfi to Professor D. G. CATCJtESIDV:, F. R. S., for his 
invaluable encouragement and advice, and to the Agricultural 
Research Council for the award of a Research Studentship. 

U p t a k e  o f  C S 4 - E t h i o n i n e  b y  M o u s e  F o e t u s e s S  

In  connec t ion  wi th  our  inves t iga t ions  on the  incorpo-  
r a t ion  of CX4-ethionine in to  t he  pancreas ,  surpr is ingly  
high accumula t ion  of r ad ioac t iv i ty  was  obse rved  in the  
foetuses  of p r e g n a n t  mice. 

Various  inves t iga tors  have  r epo r t ed  t h a t  amino  acid 
analogues  have  specific effects  on the  g rowth  of the  foetus  
and  are toxic for i t  2-4. I t  has  been sugges ted  t h a t  th is  
effect  is p r imar i ly  concerned  wi th  p ro te in  syn thes i s  of the  
embryon ic  cell. 

The  admin i s t r a t i on  of e t h i o n i n e - - t h e  e thy l  analogue of 
m e t h i o n i n e - - t o  male  or female ra t s  causes  acu te  pan-  
creat ic  ac inar  necrosis  S,% The p a t h • g e n e s i s  of the  pan-  
creat ic  lesions is a p p a r e n t l y  re la ted  to  in te r fe rence  in 
some phase  of me th ion ine  me tabo l i sm since the  changes  
are p r e v e n t e d  b y  the  s imul taneous  a d m i n i s t r a t i o n  of 
me th ion ine .  

E th ion ine  has  been given to p r e g n a n t  ra t s  in an  a t t e m p t  
to induce  congeni ta l  cys t ic  fibrosis of the  young  pan-  
creas 4. This  a t t e m p t  failed b u t  m a n y  of the  young  were 
born  dead,  had  var ious  congeni ta l  mal format ions ,  or were  
unders ized.  Al though  the  ma te rna l  pancreases  were 
severe ly  d a m a g e d  by  the  e th ion ine  inject ions,  the  foetal  

pancreas  r emained  essent ia l ly  normal  and  the  au tho r s  
therefore  ques t ioned  the  passage  of the  e th ion ine  across  
the  p lacenta .  Agains t  th is  background ,  we should like to  
r epor t  our  obse rva t ions  on the  u p t ak e  and  n a t u r e  of t he  
r ad ioac t iv i ty  observed  in t he  foe tuses  a f te r  ad mi n i s t r a t i o n  
of C~4-ethionine to  p r e g n a n t  mice.  

Two days  before e x p e c t e d  pa r tu r i t ion ,  p r e g n a n t  a lbino 
mice (body we igh t  30 g) were in jec ted  in t r avenous ly  wi th  
1 v C  C~4-DL-ethionine (Research  Specialt ies,  R i chmond ,  
Calif., U.S.A. ,  Spec. act.  1.2 m c / m M ) .  
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