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Table I. Classification of the tryptophan auxotrophic mutants according to growth and accumulation 

EXPERI'ENTIA 29]9 

Genetic  Allele designations oi the Growth on MM 
constitution mutants tested 

Accumulation of 

Without With anthra- With indole With tryptophan Anthranilic CDR 
supplement nilic acid acid 

trpl (A) 17, 41, 48 ~ -- -- + + + - -  
(B) 4, 14, 15 - -  - -  + + + + 
(C) 1, 5, 12, 49 - -  + + + - -  - -  

irp2 2,8 . . . .  + -- -- 
trp3 10,16 -- + + + --  -- 
trp4 19,47 -- -- + + + -- 
trp+ + + + + -- -- 

Growth and accumulation was tested as described in Materials and methods. For growth experiments the following concentrations of supple- 
merits have been used: Anthranilic acid, 60 mg/1; indole, 50 mg[1; tryptophan, 100 mg/ml. (A), (B) and (C) refers to 3 different classes of trpl 
mutants (see text). �9 These mutants are leaky. 

Table II. Enzymatic properties of tryptophan dependent mutants 

Genetic AlIete designations Enzyme activity 
constitution of the mutants tested lacking 

~rpl (A) 17,41 PRA-isomerase 
(B) 4,14,15 InGP-synthetase 
(C) 5, 12 (AA-synthetase?) 

trp2 2, 7, 8, 21, 26, 31, 33, 35, 40 Trp-synthetase 
trp3 16 (AA-synthetase ?) 
~rp4 19,47 PR-transferase 

The 4 assays for PR-transferase, PRA-isomerase, InGP-synthetase 
and Trp-synth6tase activity were performed as described in Materials 
and methods. Mutants of constitution trplC and Zrp3 are most 
probably delective in AA-synthetase which could not be assayed 
(see text). Trpl mutants with multiple defects have not been obtained. 

Discussion. We have  charac ter ized  t r y p t o p h a n  auxo-  
t r ophs  according to  t he  cr i ter ia  of growth,  accumulat ion ,  
enzymat i c  defects  and genet ic  localization.  Our results  
enable  us to  make  the  fol lowing s t a t e m e n t s  concerning 
gene-enzyme re la t ionships  (Figure):  T rp - syn the t a se  and  
PR- t r ans f e r a se  are  each control led b y  one par t icu lar  
locus (trp2 and  trp4, respect ively)  while t he  trpl locus 
controls  b o t h  PRA- i somerase  and  InGP-syn the t a se ,  and  
in add i t ion  appears  to  be responsible  for the  ac t iv i ty  of 
of AA-syn the t a se  as well. This  last  ac t iv i ty  is also under  
the  contro l  of the  trp3 locus. As no t  enough is known  at  
p resen t  abou t  t he  genet ic  organiza t ion  of t he  trpl locus, 
we canno t  ye t  decide if i t  is composed  of 1, 2 or even 3 
genes. However ,  i t  can  be a s sumed  on phylogene t ic  
grounds  ~ t h a t  gene-enzyme re la t ionships  in S. pombe 
correspond or are very  s imilar  to  those  of N. crassa 1~ or 
S. cerevisiae a~. Ill  analogy to  the  s i tua t ion  observed  in 
N. crassa, t he  trpl locus could code for a b i func t iona l  
enzyme  (PRA-isomerase  and  InGP-syn the t a se )  which  
would combine  wi th  t he  trp3 gene p roduc t  to form a 
he t e romul t imer  w i th  AA-syn the t a se  act iv i ty .  In  analogy 

wi th  S. eerevisiae, on the  o ther  hand,  the  trpl region could 
represen t  2 genes. One would  code for PRA- i somerase  and  
the other for InGP-synthetase. The latter would form the 
active AA-synthetase by aggregation with the gene 
product of trp3. In this case the 2 yeast species would 
differ in that the genes which code for PRA-isomerase and 
I n G P - s y n t h e t a s e  are ve ry  closely l inked  in S. pombe, 
whereas  t h e y  show no l inkage in S. cerevisiae. Pre l imina ry  
results  of a genet ic  f ine-s t ruc ture  and  co mp l emen t a t i o n  
analysis  of the  trpl region t e n d  to  favour  the  second of 
these  possibi l i t ies  ~. 

Zusammenfassung. Die G e n - E n z y m  Bez iehungen  der 
T r y p t o p h a n b i o s y n t h e s e  yon  Schizosaccharomyces pombe 
w u rd en  un te r such t .  Die T r p - S y n t h e t a s e  und  die P R -  
Transferase  werden  je yon  e inem eigenen Gen codier t  
(trp2 resp. trp4). Der t rp l  Locus is t  sowohl  fiir die P R A -  
Isomerase  als auch die I n G P - S y n t h e t a s e  veran twor t l i ch .  
Zus~tzlich ist  dieser Locus z u s a m m e n  mi t  dem trp3 Locus 
an tier Bi ldung ether ak t iven  A A - S y n t h e t a s e  beteilig% 
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C h r o m o s o m e  B r e a k i n g  A c t i v i t y  o f  A 1 3 9  i n  H u m a n  L y m p h o c y t e s  i n  v i t r o  

The b i func t iona l  e thy lene imine  compound  2,5-bis- 
(me thoxye thoxy)  - 3, 6- bis-ethyleneimino-p-benzoquinone 
(Bayer A 139) is ac t ive  in the  d o m i n a n t  le thal  t e s t  w i th  
Drosophila melanogaster 1. I n  th is  communica t i on  I w a n t  

to  d e m o n s t r a t e  its ac t iv i ty  on h u m a n  chromosomes  in 

1 E. VOGEL, Mutation Res. ld, 250 (1972). 
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Chromatid aberrations produced by A 139 in human  Ieukoeyte chromosomes in vitro 

Substance Achromatic lesions Chromatid breaks Isoehromatid breaks Chromatid transloca- 
concentration (AL) (B') (B '~) tions (RB') 
(M) 
Number of Percent Number  Percent Number  Percent Number  Percent Number  
ceils analysed of cells per cell of cells per cell of celia per cell of ceils per ceil 

Sum total Quotient of 
of all interehangesto 
breaking intrachanges 
events per 
cell 

10 .0 13.33 0.1600 6.67 0.0800 
150 
0.5 • 10 -7 21.00 0.2700 12.00 0.1400 
200 
10 -7 25.50 0.4000 20.50 0.2300 
200 
0.5 • 10 -6 37.50 0.6250 40.00 0.5600 
200 
10 -6 41.00 0.6300 37.50 0.5700 
200 
10 -a 75.89 2.3304 73.21 2.0893 
112 

10.00 0.1067 - 

12.00 0.1300 

17.50 0.2100 - - 

34.50 0.5250 7.00 0.0700 

39.00 0.6500 11.00 0.1300 

47.32 1.0625 14.29 0.1607 

0.2200 

0.4000 

0.6500 

1.7700 0.0642 

2.1800 0.1143 

4.7321 0.0562 

v i t r o .  M i c r o c u l t u r e s  2 w e r e  s e t  u p  f r o m  t h e  b l o o d  of  a 
n o r m a l  h e a l t h y  m a n .  24 h b e f o r e  f i x a t i o n  ( c u l t u r e  t i m e  
96 h) 0.05 m l  a q u e o u s  s o l u t i o n s  of  A 139 w e r e  a d d e d  t o  
f i n a l  c o n c e n t r a t i o n s  as  fo l lows  ( M ) :  10 - s ;  0.5 • 10 -7 ;  
10 -7 ;  0 . 5 x  10-* ;  10-~;  10 -5. F o r  e a c h  c o n c e n t r a t i o n ,  2 
c u l t u r e s  w e r e  s e t  u p .  O n l y  c h r o m a t i d  a b e r r a t i o n s  w e r e  
f o u n d .  A s  Call b e  s e e n  f r o m  t h e  T a b l e ,  a c h r o m a t i c  le- 
s i o n s  (AL) ,  c h r o m a t i d  b r e a k s  (B') ,  i s o c h r o m a t i d  b r e a k s  
(B")  a n d  c h r o m a t i d  t r a n s l o c a t i o n s  ( R B ' )  s h o w  t y p i c a l  
d o s e  e f f ec t  r e l a t i o n s h i p s .  A f ew  t r i r a d i a l s  ( R B ' B ' )  a n d  
d u p l i c a t i o n  d e l e t i o n s  (DD)  w e r e  f o u n d  b u t  n o t  t a b u l a t e d  
(for d e s c r i p t i o n  of  t h e  a b e r r a t i o n  t y p e s  m e n t i o n e d  see  
ref .  s and* ) .  T i le  s u m  t o t a l  o f  a l l  b r e a k i n g  e v e n t s  p e r  
cell  w e r e  calcula~ced I r o m  t h e  f o l l o w i n g  b r e a k i n g  n u m -  
b e r s :  B ' - - 1 ;  B " ~ 2 ;  I R B ' = 2 ;  R B ' B ' = 3 ;  D D = 3 .  W i t h  
0.5 • 10 -6 M A 139 t h e  s u m  t o t a l  o f  al l  b r e a k i n g  e v e n t s  
p e r  cel l  i s  1.770.  W i t h  0.5 • 10 -6 M C h i n o n  I (2,5-bis- 
e t h y l e n e i m i n o - p - b e n z o q u i n o n e )  4 .275 b r e a k i n g  e v e n t s  p e r  
cel l  we re  f o u n d  w i t h  t h e  s a m e  t e s t  s y s t e m  a n d  t h e  b l o o d  
of  t h e  s a m e  d o n o r  u s e d  in  t h i s  w o r k  ( c a l c u l a t e d  f r o m  ref.5). 
T h i s  d i f f e r e n c e  i n  t h e  c h r o m o s o m e  b r e a k i n g  a c t i v i t y  
of  t h e  t w o  s i m i l a r  c o m p o u n d s  A 139 a n d  C h i n o n  I s h o w s  
a n  e f f ec t  n o t  o n l y  of  t h e  e t h y l e n e i m i n o  g r o u p s  b u t  of  t h e  
c h e m i c a l  c o n s t i t u t i o n  of  t h e  w h o l e  m o l e c u l e s %  A s  w i t h  
o t h e r  e t h y l e n e i m i n o - p - b e n z o q u i n o n e s  7 w i t h  A 139 a l so  
t h e  q u o t i e n t  o f  i n t e r c h a n g e s  ( R B ' ,  R B ' B ' )  t o  t h e  in-  
t r a c h a n g e s  (B', B", D D )  is low.  W i t h  A 139 3 5 %  of  
t h e  R B '  a r e  i n c o m p l e t e  ( N = 5 5 ) ,  w i t h  C h i n o n  I t h i s  
v a l u e  is  5 0 . 8 %  ( N = 3 5 7 )  s a n d  w i t h  t r e n i m o n  4 1 %  
( N = 2 7 8 )  9. To  i n v e s t i g a t e  t h e  i n t r a c h r o l n o s o m a I  d i s t r i -  
b u t i o n  o f  a b e r r a t i o n s ,  c a m e r a  l u c i d a  d r a w i n g s  of  ct l ro-  

2 D. T. At~AKAKI and R. S. SPARKES, Cytogenetics 2, 57 (1963). 
G. 0BE, K. SPERLING and H. J. BELITZ, Angew. Chem. int. edn. 10, 
302 (1971). 
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9 K. SPERLING, Dissertation, Freie Univ. Berlin (1968). 
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Percent distribution of 1058 AL and B'  on 10 relatively equal 
segments of all chromatids of the human  karyotype. 0 denotes the 
distal ends and 1 the centromeres. 

m o s o m e s  w i t h  A L  a n d  B '  w e r e  m a d e  a n d  t h e  l o c a t i o n  
o f  t h e  a b e r r a t i o n s  o n  t h e  c h r o m o s o m e s  w e r e  m e a s u r e d  
as  d e s c r i b e d  1~ T h e  d i s t r i b u t i o n s  of  A L  a n d  B '  o n  10 
r e l a t i v e l y  e q u a l  s e g m e n t s  of  a l l  c h r o m a t i d s  a r e  v e r y  
s i m i l a r  a n d  t h e  d a t a  w e r e  p o o l e d .  I n  t h i s  w a y  1058 A 139 
i n d u c e d  a b e r r a t i o n s  w e r e  loca l i zed .  A s  c a n  be  s e e n  f r o m  
t h e  F i g u r e ,  t h e  d i s t r i b u t i o n  p a t t e r n  is n o t  r a n d o m .  
S i m i l a r  p a t t e r n s  c a n  be  s e e n  w i t h  A L  a n d  B '  a f t e r  C h i n o n  I 
t r e n i m o n ,  m i r a c i l  D a n d  s t r e p t o m y c i n  3, a s  we l l  a s  w i t h  
s p o n t a n e o u s  A L  a n d  B ' n .  

Zusammen/assung. 2,5-bis-(methoxy~thoxy)-3,6-bis- 
~ t t h y l e n i m i n o - p - b e n z o c h i n o n  ( B a y e r  A 139) i n d u z i e r t  
d o s i s a b h ~ n g i g  C h r o m a t i d e n a b e r r a t i o n e n  ill m e n s c h l i c h e n  
L y m p h o z y t e n  i n  v i t r o .  D i e  i n t r a c h r o m o s o m a l e  A b e r r a -  
t i o n s v e r t e i l u n g  i s t  n i c h t  zuf~tllig. 
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