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residues 3 amino  acids apa r t  exhib i t  the  m a x i m a l  effect. 
(3) The  ne ighbourhood of t he  s tabi l iz ing sequence does 
no t  influence the  increase in t he  T m value.  

Compared  wi th  t he  resul ts  publ ished b y  PHILLIPS 
and SIr~PSO~¢ 4, the  pronase- l ibera ted  te lopept ides  are  
v e r y  close to the  t ryp t i c  digest ion of arginine-r ich 
histones,  f rom which sequences like gly(2glu,arg) .arg or  
lys.(pro,his) .arg were isolated.  Fo r  this  reason, t he  
s tabi l iz ing effect  of te lopept ides  upon  D N A  is to  be  
expected .  Specula t ion  on the  possibi l i ty  of  an  inh ib i to ry  
effect  of these  pept ides  upon  surv iva l  of diploid fibro- 
blasts  in a t issue cu l ture  seems to  fo rm an a t t r a c t i v e  
basis for fu r the r  inves t iga t ion .  

Zusammen]assung. Es  wird festgestel l t ,  dass die v o n  
d e m  Tropokol lagenmoleki i I  abspa l tba re  Tc lopept idmi-  
schung das  T,n der  Thymusdesoxyr ibonukle ids / iu re  er- 

h6ht .  Ft i r  die E r h 6 h u n g  erweisen sich die folgenden 
Pep t ide  ve ran twor t l i ch :  

arg.glu. lys.gly.asp.gly. lys.  

gly.arg.gly.arg.ser .  

arg.glu. lys.gly.  

g ly .a la .arg.gly .arg.  

lys.gly.asp.gly. lys.  
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Tryptophan Production by Mutant Strains of  

g s c h e r i c h i a  coli K 12 

The purpose  of this  research is to inves t iga te  the  develop-  
m e n t  of a general  m e t h o d  of ob ta in ing  strains able to 
accumula te  amino  acids in the  medium.  

I t  is well  known t h a t  s t ra ins  of Escherichia coli res is tan t  
to 5 - m e t h y l - t r y p t o p h a n  (5-MT) excre te  smal l  amoun t s  of 
t r y p t o p h a n  and  indole in to  the  m e d i u m  1,2. 5-MT is an  
analogue  of t r y p t o p h a n  which  is no t  incorpora ted  into  
prote ins  b u t  which  represses t he  fo rmat ion  of t he  enzymes  
invo lved  in t r y p t o p h a n  synthesis.  T r y p t o p h a n  and  indole 
p roduc t ion  has  genera l ly  been a t t r i bu t ed  to  t he  fac t  t h a t  
s t ra ins  res i s tan t  to  5-MT are  non-sensi t ive  to  repression 
b y  e i ther  5-MT or t r y p t o p h a n  x,~. 

Materials and methods. An H f r  s t ra in  of E. coli has 
been  chosen as a s ta r t ing  strain.  T h r o u g h o u t  t he  work  a 
min ima l  m e d i u m  (MM) and a comple te  m e d i u m  (CM) 
described by  JACOB and WOLLMAN a h a v e  been used. 

5-MT res is tan t  m u t a n t s  were  selected by  seeding cells 
of E. coli on solid MM supp lemented  wi th  5-MT to  a final  
concen t ra t ion  of 4.10-4M. 

UV-  and X-rays  were used as mutagen ic  agents  a t  
doses g iv ing  abou t  10% survival .  The  X - r a y  t r e a t m e n t  
was carr ied ou t  in l iquid m e d i u m  wi th  a Gilardoni-  
N e o d e r m a  Be appara tus  (V = 3.3 70 Kvp ,  5 uA). The  
dep th  of t he  m e d i u m  was 1.6 m m  and the  dose was 
ap p ro x ima te ly  10~r. 

Some res is tant  colonies produce  a small  tu rb id  halo  of 
non- res i s tan t  bacter ia .  These are  colonies t h a t  excrete  
small  amoun t s  of indole or  t r y p t o p h a n  into  the  med ium 
which  permi t s  the  non-res is tan t  cells to grow. Such 
colonies were p icked up and s t reaked  on MI~i + 5-MT; 
f inal ly  t h e y  were p la ted  on the  same m e d i u m  to pur i fy  
t he  mutan t s .  

T r y p t o p h a n  p roduc t ion  has  been measured  micro-  
biological ly b y  the  ' f ish-spine-bead '  t echn ique  by  using a 
general  m e t h o d  described in 4. This  t echn ique  uti l izes t he  
g rowth-s t imula t ing  act ion of t r y p t o p h a n  on 7-aza- 
t r y p t o p h a n  inhib i ted  cells. The  tox ic  ac t ion  of 7-aza- 
t r y p t o p h a n  is ove rcome  by  t r y p t o p h a n  b u t  n o t  by  indole 
(Figure). Therefore  indole p roduc t ion  was measured  by  
the  Kovacs  color imetr ic  m e t h o d  ~. Fo r  the  assays the  
m u t a n t  s t ra ins  were cu l tured  in bot t les  on MM t h a t  was 
ne i ther  aerea ted  nor  stirred. A pre l iminary  tes t  has shown 
t h a t  ei ther  aerea t ion  or s t i r r ing do no t  improve  p roduc t ion  
of t r y p t o p h a n  or indole. 

The  m e d i u m  wi th  the  bac ter ia l  suspension was hea ted  
1 h a t  70 °C in order  to kill cells and then  the  p roduc t ion  
t i t ra ted .  H e a t i n g  for 1 h a t  70 °C does no t  des t roy  t ryp to -  
phan ;  des t ruc t ion  of indole is a p p r o x i m a t e l y  10%. 

Results. 60 spontaneous,  220 X - r a y  induced and 35 UV-  
induced  m u t a n t s  were  cu l tured  in l iquid MM and  the  
p roduc t ion  of t r y p t o p h a n  and  indole  assayed. 

A m o n g  the  315 m u t a n t s  examined  p roduc t ion  var ied  
f rom traces  non-measurab le  to a m a x i m u m  of 4 ? / m l  and 
t h a t  of indoIe f rom 0-0.2 ?/ml.  

Cells f rom 5 m u t a n t s  res i s tan t  to 5-MT (code numbers  
D, E,  Z, 3, 63) were  p la t ed  on MM supp lemen ted  wi th  
5 - f iuoro- t ryp tophan  (5-FT) a t  t he  f inal  concen t ra t ion  of 
7.10-4M. 5 -FT is an  analogue  of t r y p t o p h a n  which  is 
p robab ly  incorpora ted  in to  t he  pro te ins  ~. The  5 mutan t s ,  
sens i t ive  to  5-FT, spon taneous ly  and af ter  mu tagen ic  
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The dose-response curve of L-tryptophan on MM supplemented with 
7-aza-tryptophan (1.65 ' 10-~). On the abscissa scale the log doses of 
the amino acid, on the ordinate scale the diameter of growth zones 
in era.The bacterium used was E. coli K 12. Indole is not titrated with 

such a system and does not disturb tryptophan titration. 
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Tryptophan production in E. coli double mutants resistant to 5-MT and 5-FT. 
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No. of 
mutants 

Tryptophan No. of Tryptophan No. of Tryptophan No. of Tryptophan No. of 
production mutants production mutants production mutants production mutants 
7/ml 7/ml 7/ml 7/ml 

Tryptophan 
production 

From 

Mutagen 

X-rays 

UV-light 

D a 2 E a 2 Z a 4 

1 17 2 12 2 12 
I 15 1 11 1 I0 
2 7 1 10 2 11 
1 5 1 7 

1 25 1 17 
1 17 1 15 
1 15 2 12 
2 12 7 10 
7 10 2 9 
1 7 2 7 

1 15 
2 10 
1 7 

2 18 
1 17 
2 15 
3 12 
4 10 
3 7 

63 a 2 3 a 2.5 

i i0 2 20 
1 18 
1 17 
1 12 
2 10 

1 i0 1 17 
2 7 I 12 
1 5 1 11 

1 60 4 23 
I 17 I 20 
1 10 1 18 

2 17 
1 7 
1 5 

a Strains resistant to 5-MT. 

t r e a t m e n t ,  p roduce  r e s i s t an t  colonies, some of wh ich  
p re sen t  a smal l  t u r b id  halo due  to  t he  g r o w t h  of non-  
res i s t an t  cells. This  t y p e  of colony has  been  isola ted  a n d  
puri f ied wi th  the  p rocedure  p rev ious ly  descr ibed.  

96 s t ra ins  r e s i s t an t  to  5-171" der ived  f rom D, E, Z, 3 
and  63 h a v e  been  cu l t iva ted  on l iquid MM and  p roduc t ion  
of t r y p t o p h a n  and  indole was  t i t r a t e d  af ter  48 h of 
f e rmen ta t ion .  D a t a  are  r epo r t ed  in t he  Table,  and  i t  can  
be seen t h a t  the  second m u t a t i o n  for res i s tance  to  5-FT 
increases t h e  p r o d u c t i o n  of t r y p t o p h a n  to  a fac tor  of 
abou t  10. 

A similar  p roduc t i on  of t r y p t o p h a n  by  E. coli has  been  
ob ta ined  b y  LIM and  MATELES ? wi th  a m u c h  more  
compl ica ted  m e t h o d  and  only  in one ins tance .  

In  a paral lel  e x p e r i m e n t  we t r ied to  p roduce  s t ra ins  
r e s i s t an t  to 5-FT di rec t ly  (by the  Hf r  s t ra in  non- re s i s t an t  
to  5-MT). No res i s t an t  and  t r y p t o p h a n - p r o d u c i n g  s t ra ins  
have  been  ob ta ined  by  p la t ing  10" cells. Also, p l a t ing  10 ~ 
cells which  surv ived  t r e a t m e n t  w i th  UV-  or X- r ays  was  
unsuccessful  in ob ta in ing  t r y p t o p h a n - p r o d u c i n g  m u t a n t s .  

E v i d e n t l y  t he  m u t a t i o n  for res is tance  to  5-FT w i t h  the  
c o n c o m i t a n t  p roduc t i on  of t r y p t o p h a n  is possible only  
in a s t ra in  which  is derepressed  in t he  syn thes i s  of t he  
enzymes  of the  t r y p t o p h a n  p a t h w a y .  We  there fore  sugges t  
t h a t  t he  second m u t a t i o n  gives a s t ra in  which  is n o t  only  
derepressed  b u t  is also insensi t ive  to  the  feedback  in- 
h ib i t ion  of e n z y m e  ac t iv i ty  induced  by  t r y p t o p h a n  on the  
first  e n z y m e  of t he  b iosyn the t i c  p a t h w a y .  

This  m e t h o d  could be a general  one to  ob ta in  s t ra ins  
wh ich  h a v e  lost  b o t h  enzyma t i c  repress ion and  inhib i t ion  
and  hence  are re la t ive ly  h igher  p roducers  of metabol i tes .  

Riassunto. In  ques t a  r icerca g s t a t a  messa  a p u n t o  una  
tecnica  per  o t t ene re  ceppi  di  E. coli p r o d u t t o r i  di q u a n t i t k  
r e l a t i v a me n t e  al te  di t r ip to fano .  In  un p r imo  passo,  sono 
s taf f  selezionat i  m u t a n t i  di  E. coli res is tent i  al 5-metil-  
t r ip to fano ,  capaci  di p rodur re  t r i p to fano  in q u a n t i t k  
misurabil i .  In  un  secondo passo m u t a t i v o  si ~ a u m e n t a t a  
la p roduz ione  di t r i p to fano  per  una  successiva selezione 
di m u t a n t i  res is tent i  al 5-f luoro- t r ip tofano.  La  quant i tA 
di t r i p to f ano  p r o d o t t a  dai  ceppi  dopp i  m u t a n t i  ~ di circa 
dieci vol te  maggiore  di quella dei  singoli  mu t a n t i .  
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D i e  p o s t n a t a l e  E n t w i c k l u n g  d e r  B u r s t t i i t i g k e i t  
i m  B u l b u s  o l f a c t o r i u s  d e s  K a n t n c h e n s  

N a c h d e m  sei t  1892 b e k a n n t  ist, dass  die e lektr ische 
TXtigkeit  des  Gehirns  u n t e r  d e m  Einf luss  o l fac tor ischer  
~e ize  eine Ver t tnderung  erf~thrt 1, u n t e r s u c h t e n  ADRIAN 3,3, 
OTTOSON¢ u.a. die F o r m  der  Akt iv i tXt  des Bulbus  olfac- 
torius un te r  ve r sch iedenen  Versuchsbed ingungen .  Sic 
fanden,  dass  bei A t m u n g  yon  Z immer lu f t  a t e m s y n c h r o n e n  
Schwankungen  des E l e k t r o g r a m m s  schnellere Oscilla- 
t ionen um 60 Hz  i iber lager t  waren,  die jeweils auf  der  

H6he  der  In sp i r a t i on  auf t ra ten .  Diese Ol fac tor iusburs t s  
(OB) erwiesen sich in der  A m p l i t u d e  yon  der  Durch-  
s t r6mungsgeschwind igke i t  der  Nase  u n d  y o n  Geruchs-  
reizen abh~tngig. Nach  T racheo tomie  k a m e n  sic n i ch t  
m e h r  zur B e o b a c h t u n g ;  H y p o x i e  b r a c h t e  sie zum Vet -  
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