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Table I. Amino add composition of whole seeds and protein fraetions from the Rise mutant 1508 and the mother variety Bomi 

Whole seed Albumin/globulin Prolamine Glutelin Insoluble rest 
Mutant Bomi Mutant Mutant Mutant Mutant Mutant 

a a b a b a b a b a b 

Lys 7.0 4.7 151 7.5 96 2.9 292 5.9 136 4.9 90 
His 3.6 2.8 127 3.5 111 2.8 156 3.6 118 3.6 110 
Arg 8.3 5.9 140 10.3 107 5.0 149 7.8 250 5.8 86 
Asp 11.4 7.5 154 13.7 102 4.6 244 9.9 140 11.1 88 
Tre 5.4 4.0 136 5.0 94 4.1 191 5.6 120 6.5 130 
Set 5.8 5.3 111 5.2 99 5.3 130 6.2 110 6.0 92 
Glu 21.3 30.5 70 18.5 106 33.6 75 20.3 72 17.0 107 
Pro 7.8 13.8 56 7.2 109 14.5 69 7.5 64 13.7 155 
Gly 7.1 4.8 149 7.4 98 5.2 314 6.7 135 8.0 103 
Ala 6.9 5.1 1.36 7.0 94 5.4 254 6.5 125 7.0 87 
Cys ~ 1.3 t.5 90 2.4 81 1.7 111 0.8 95 0.0 -- 
Val 6.9 6.4 108 7.0 98 5.6 121 7.5 i03 7.1 92 
Met* 2.1 1.8 113 2.1 86 2.2 160 2.1 107 2.0 90 
Ileu 4.3 4.4 97 3.9 97 3.6 89 4.9 100 4.3 85 
Leu 8.8 9.0 98 7.6 92 10.0 129 9.6 99 9.2 86 
Tyr 3.2 2.9 112 3.8 95 4.4 119 4.5 104 2.2 99 
Phe 5.3 6.4 82 4.7 108 5.8 72 5.7 92 5.5 84 

The values given for the whole seeds are the mean of 4 analyses, whereas the fractions are the mean of 2 analyses, a) gives gram amino acid 
per 100 g recovered protein, b) is the relative content of the amino acids in the proteins of the mutant 1508 compared with Bomi. ~ Measured 
on non-oxidized samples. 

Table II. Distribution of the seed nitrogen on, and estimates of the protein contents in the protein fractions of the Rise mutant 1508 and Bomi 

Whole seed Albumin/globulin Prolamine Glutelin Insoluble rest 

Mutant Bomi Mutant Bomi Mutant Bomi Mutant Bomi Mutant Bomi 

Nitrogen 
(% of seed) 1.75 1.72 

Total nitrogen in 
the fractions (G) 100 100 46 27 9 29 39 39 6 5 

Nitrogen recovered 
as amino acids and 
ammonia (%) 85 90 86 79 85 94 87 91 96 94 

p a r e n t  va r i e ty .  Whi l e  t h e  a m i n o  acid  c o m p o s i t i o n  of t h e  
m u t a n t  a l b u m i n / g l o b u l i n  f r a c t i on  is a l m o s t  s imi la r  to  t h a t  
of Bolni ,  t h e  a m i n o  acid  c o m p o s i t i o n  of t h e  m u t a n t  
g lu te l in  and ,  especial ly,  of t h e  p r o l a m i n e s  ind ica t e s  a 
g r e a t l y  c h a n g e d  p r o t e i n  p a t t e r n ,  c h a r a c t e r i z e d  m a i n l y  b y  a 
fall  in  t h e  c o n t e n t s  of Glu  a n d  P r o  a n d  b y  an  inc rease  of 
m o s t  o t h e r  a m i n o  acids,  p a r t i c u l a r l y  Lys ,  His ,  Arg,  Asp ,  
Tre,  G ly  a n d  Ala. T h e  in so lub le  r e s t  s h o w s  a n  inc rease  in  
T re  a n d  P r o  a n d  a decrease  of m o s t  o t h e r  a m i n o  acids.  

S u m m i n g  up,  t h e  IRiso m u t a n t  1508 h a s  1. a gene t i ca l ly  
s t a b l e  44% inc rease  in t h e  lys ine  pe r  16 g of n i t rogen ,  
2. p r o n o u n c e d  c h a n g e s  in p r o t e i n  c o m p o s i t i o n  as  wel l  as  
in t h e  c o n t e n t s  of o t h e r  a m i n o  acids  a n d  3. a yie ld  depres -  
s ion  of a p p r o x i m a t e l y  10%,  b a s e d  on  a p r e l i m i n a r y  field 
t r ia l ,  a n d  c o m p a r e d  w i t h  t h e  no rm a l - l y s i ne ,  h i g h  y ie ld ing  
p a r e n t  v a r i e t y .  

BblBOfl[bI .  CTa61t.rlbHbI.~ MyTaHT C xopomofi  arpoHoMH- 
qecKo~ KapaKTepHCTnK0~ no6y>~IeHO B ~ e p H a x  ~qMeHa. 
Co/iep~aHne Jn43HHa B IIpOTense MyTaHTa 5blme Ha 51%. 
OpaKuua  np0TeHHa c y6ornM C0~lep>KanneM YIH3HHa (np0- 
.rlaMHH) n0HH:a(HJIaCb C 29% /I0 9% c c0nyTCTBylOILIHM yBe- 
JleqeHHeM aJIb6yMHHH0 - rJI06yJmnH0fi qbpaKtmH. AMHHOKH- 
CJIOTHIaI~ C0CTaB 6oabme~ qaCTH HpoTeHHHbIX ~paKIIH~ 3Ha- 
qHTeJIbHO H3MeH~eTC~. 

J .  INGVERSEN, B. KOIE a n d  H.  DOLL 9 

�9 Danish Atomic Energy Commission, 
Research Establishment Rise, DK-4000 Roskilde 
(Denmark), 13 April 7973. 

Seed samples may be obtained upon application to H. DOLL. 

G e n e - E n z y m e  R e l a t i o n s h i p s  i n  t h e  T r y p t o p h a n  P a t h w a y  o f  S c h i z o s a c c h a r o m y c e s  p o m b e .  

T h e  r e a c t i o n  s e q u e n c e  of t h e  t r y p t o p h a n  p a t h w a y  
invo lves  t h e  s a m e  5 e n z y m a t i c  s t e p s  in all o r g a n i s m s  so 
fa r  t e s t e d  (Figure) .  H o w e v e r ,  t h e  s t r u c t u r e  a n d  aggre-  
g a t i o n  of t h e  e n z y m e s  a n d  t h e i r  genet ic  c o n t r o l  dif fer  
c o n s i d e r a b l y  1. T h i s  d i v e r s i t y  f o u n d  in t h e  b i o c h e m i c a l  
o r g a n i s a t i o n  of t h e  t r y p t o p h a n  p a t h w a y  h a s  b e e n  used  

as  an  a p p r o a c h  to  e x a m i n e  pos s ib l e  r e l a t i o n s h i p s  a m o n g  
a v a r i e t y  of  f ung i  a n d  o t h e r  m i c r o o r g a n i s m s  ~. 

1 13. MARGOLIN, in Metabolic Pathway (Ed. H. J. VOGEL; Academic 
Press, New York 1971), vol. 5, p. 389. 
R. HVTTER and J. A. DE Moss, J. Bact. 9d, 1896 (1967). 
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The  p r e sen t  work  was i n i t i a t e d  to s t u d y  gene -enzyme  
re l a t ionsh ips  in  t h e  f iss ion yeas t  Schizosaccharomyces 
pombe in  order  to  c o m p a r e  t h e m  w i t h  those  of o t h e r  fungi .  

Materials and methods. Media :  The  solid m e d i a  used in 
genet ic  p rocedures  were m a l t  e x t r a c t  aga r  s s u p p l e m e n t e d  
w i t h  50 m g  t r y p t o p h a n / 1  (MEAtrp)  a n d  m i n i m a l  m e d i u m  
solidif ied w i t h  aga r  (MMA) a wh ich  was also s u p p l e m e n t e d  
w i t h  50 m g  t r y p t o p h a n / 1  (MMAtrp)  if requi red .  The  
l iquid  med ia  used were yeas t  e x t r a c t  ~ s u p p l e m e n t e d  w i t h  
25 m g  indole/1 (YEInd) ,  m i n i m a l  m e d i u m  (MM) * or MM 
c o n t a i n i n g  50 m g  t r y p t o p h a n / 1  (MMtrp).  

I so l a t ion  of m u t a n t s :  T he  t r y p t o p h a n  a u x o t r o p h s  were 
induced  b y  i r r a d i a t i n g  t h e  wild t y p e  s t r a in  972 (hetero-  
thal l ic ,  m a t i n g  type-)  of S. pombe w i t h  U V  a. Fo r  a n  
e n r i c h m e n t  in  m u t a n t s  t h e  i r r ad i a t ed  cells were t r e a t e d  
w i t h  2-deoxyglucose 5 a n d  p l a t e d  on  M E A t r p .  Af t e r  4 
days  i ncuba t ion ,  t he  deve lop ing  colonies were p r i n t e d  on  
MMA. 

Gene t ic  c lass i f ica t ion:  For  t he  genet ic  loca l iza t ion  of 
t h e  m u t a n t s ,  r a n d o m  spore  ana lyses  were car r ied  o u t  s . 
Re l a t i ve  f requencies  of p r o t o t r o p h i c  r e c o m b i n a n t s  were 
d e t e r m i n e d  b y  p l a t i n g  samples  of p r ogeny  spores  on  MMA 
a n d  M E A t r p .  

G r o w t h  e x p e r i m e n t s :  E x p e r i m e n t s  were car r ied  ou t  in  
100 m l - E r l e n m e y e r  flasks,  c o n t a i n i n g  20 ml  m e d i u m  each, 
a t  30~ on  a r ec ip roca t ing  shaker .  T u r b i d i t y  of t he  
cu l tu res  was  m e a s u r e d  on  a n  E p p e n d o r f  Spec t ropho to -  
meter .  

A c c u m u l a t i o n  p r o d u c t s :  Log phase  cells g rown  in  
M M t r p  were washed  a n d  t r a n s f e r r e d  to MM for a ccumu-  
la t ion.  The  blue  f luoresc ing a c c u m u l a t i o n  p r o d u c t s  were 
s h a k e n  ou t  w i t h  e t h y l a c e t a t e  and  t e s t e d  for t h e i r  chro-  
ma tog raph i c ,  spect roscopic  a n d  r eac t ive  behav iour .  All  
t h e  p roper t i e s  of t he  2 a c c u m u l a t i o n  p r o d u c t s  wh ich  were 
e x a m i n e d  co r re sponded  to  those  of a n t h r a n i l i c  acid a n d  
of CDR.  C D R  was  syn thes i zed  accord ing  to  t he  m e t h o d  
of Do-z a n d  GIBSON ~. 

P r e p a r a t i o n  of e x t r a c t s  a n d  e n z y m e  assays :  Cul tures  
were g rown in Y E I n d ,  w a s h e d  w i t h  NaC1 a n d  suspended  
in 0.1 M K - p h o s p h a t e  buffer  of p H  7.6. T he  cells were 
d i s r u p t e d  e i t he r  w i t h  a B r a u n  homogen ize r  or in  a B iox  
press. E x t r a c t s  were cen t r i fuged  48,000 g for 30 ra in  a n d  
t he  s u p e r n a n t  was  pur i f i ed  of low molecu la r  we igh t  
subs t ances  on  S e p h a d e x  G-25. T he  enzymes  were assayed  
as descr ibed  p rev ious ly :  P R - t r a n s f e r a s e  accord ing  to  
HUTTER a n d  I)1~ Moss  8 w i t h  t he  excep t ion  t h a t  no I n G P -  
s y n t h e t a s e  w a s  a d d e d  to  t he  r eac t ion  mix tu re .  PRA- i so -  
merase  accord ing  to  HOTTER a n d  DE MOSS s ; i n s t e ad  of t he  
P R - t r a n s f e r a s e  f rom N. crassa, a n  e x t r a c t  of S. pombe 
c o n t a i n i n g  PR- t r ans f e r a s e ,  I n G P - s y n t h e t a s e  a n d  Trp-  
s y n t h e t a s e  was a d d e d  to  t he  a s say -mix tu re .  T he  d i sappea-  
r a n c e  oi a n t h r a n i l i c  acid was  m e a s u r e d  d i rec t ly  in  t he  
r eac t ion  mix tu re .  I n G P - s y n t h e t a s e  was assayed  accord-  
ing to  WEGMANN a n d  DE MOSSg, T r p - s y n t h e t a s e  accord-  
ing to YANOFSKY 10. 

Results. 32 a u x o t r o p h i c  m u t a n t s  r equ i r ing  t r y p t o p h a n  

h a v e  been  classified genet ical ly .  As a resu l t  of r ecombi -  
n a t i o n  s tud ies  b y  m e a n s  of r a n d o m  spore  analyses ,  four  
d i f fe ren t  loci h a v e  been  f o u n d :  trpl (15 m u t a n t s ) ,  trp2 
(9 m u t a n t s ) ,  trp3 (5 m u t a n t s )  a n d  trp4 (3 m u t a n t s ) .  The  
trpl a n d  lrp4 loci are closely l inked  ( the closest  m u t a n t  
s i tes  are s e p a r a t e d  b y  a b o u t  0.6 Morgan  uni ts)  whi le  
trp3 a n d  trp2 are n e i t h e r  l inked  w i t h  one a n o t h e r  no r  w i t h  
t he  trpl a n d  trp4 region.  

For  a f u r t h e r  c lass i f ica t ion  of t he  m u t a n t s ,  we t e s t ed  
t he i r  g r o w t h  in MM w i t h  a d d i t i o n  of e i t he r  a n t h r a n i l i c  
acid,  indole  or t r y p t o p h a n .  W e  also s tud ied  t he  excre t ion  
of a n t h r a n i l i c  acid a n d  C D R  in to  t he  cu l tu re  med ium.  
The  resu l t s  are shown  in Tab le  I. ~vVithin groups  of allelic 
m u t a n t s ,  all  s t r a ins  of c o n s t i t u t i o n  trp2, if#3 a n d  trp4 
show the  s a m e  b e h a v i o u r  w i t h  respec t  to  g r o w t h  a n d  
accumula t ion .  M u t a n t s  of t h e  trpl locus can  be  d iv ided  
in to  3 classes, A, B a n d  C. The  p rope r t i e s  of class C 
m u t a n t s  are i n d i s t i n g u i s h a b l e  f rom those  of t he  m u t a n t s  
m a p p i n g  in t he  trp3 locus. There fore  trp2 and  trp4 could 
each  con t ro l  1 of t he  5 e n z y m a t i c  r eac t ions  ( p r o b a b l y  (2) 
a n d  (5) in  t he  Figure)  whereas  trpl a n d  trp3 would  be 
respons ib le  for t h e  r e m a i n i n g  3 act iv i t ies .  

I n  order  to  t e s t  t h i s  hypo thes i s ,  some of t he  m u t a n t s  
were  assayed  for PR- t r ans f e r a se ,  P R A - i s o m e r a s e  a n d  
I n G P - s y n t h e t a s e  a c t i v i t y  (Table  II) .  T r p - s y n t h e t a s e  was 
t e s t ed  in t h e  course of a n o t h e r  s t u d y  11. These  resu l t s  are  
inc luded  in T a b l e  I I .  W e  could  no t  measu re  A A - s y n t h e -  
tase,  as i t s  a c t i v i t y  was no t  demons t r ab l e ,  n o t  even  in  t he  
wild type .  W e  h a v e  no  reasons  to  suppose  t h a t  t h i s  e n z y m e  
is l ack ing  in S. pombe, and  the re  is some ind i rec t  ev idence  
for i ts  ex is tence  12. There fore  we conc lude  t h a t  t h i s  
enzyme  c a n n o t  be  de t ec t ed  because  of i t s  labi l i ty .  M u t a n t s  
be long ing  to  class C in t he  trpl region a n d  t h e  trp3 m u t a n t s  
show no loss in  a n y  of t he  4 e n z y m e  ac t iv i t i e s  we h a v e  
tes ted .  T h e y  are  the re fo re  l ike ly  to be  defec t ive  in t he  
one e n z y m e  wh ich  could no t  be  assayed,  AA-syn the t a se .  
Th i s  is in  a g r e e m e n t  w i t h  t he  f i nd ing  t h a t  these  m u t a n t s  
grow on MM c o n t a i n i n g  a n t h r a n i l i c  acid and  do no t  accu-  
m u l a t e  a n t h r a n i l i c  acid. The  fac t  t h a t  t h e y  m a p  in  2 un-  
l iked regions  of t h e  genome  i n d i c a t e s  t h a t  t h e  a c t i v i t y  of 
A A - s y n t h e t a s e  is u n d e r  t he  con t ro l  of 2 d i f fe ren t  loci (trpl 
and  trp3). 

3 U. LEUPOLD, Arch. Julius Klaus-Stift. Vererb-Forscb. 30, 506 
(1955). 
R. DIETRICH, Ph.D. Thesis, University of Bern, Bern (1970). 

5 R. MEGNET, Mutation Res. 2, 328 (1965). 
6 U. LEUPOLD, Schweiz. Z. allg. Path. Bakt. 20, 535 (1957). 

C. H. DoY and F. GIBSON, Biochem. J. 72, 586 (1959). 
s R. HOTTER and J. A. DE MOSS, Genetics 55, 241 (1967). 
9 j .  WEOMA~N and A. J. DE Moss, J. biol. Chem. 240, 3781 (1965). 

10 C. YANOFSKY, in Methods oj Enzynr (Eds. S. P. COLOWlCK and 
N. O. KAPLAN; Academic Press, New York 1955 ), voI. 2, p. 333. 

11 C. H2KNxI, Diploma thesis, University of Bern, Bern (1969). 
12 M. E. SCHWEIRGRUBER, Diploma Thesis, University of Bern. 

(1969). 

Figure. Biosynthesis of tryptophan 

Reaction sequence Chorismic acid -~ Anthranilic acid--  �9 PRA �9 CDRP �9 InGP �9 Trp 

Enzymatic reactions (1) (2) (3) (4) (5) 
AA-synthetase PR- PRA- InGP- Trp- 

transferase isomerase synthetase synthetase 

Gelle loci in S. pombe trp3 trp4 trp l trp ! trp2 
trpl 

Abbreviations used: AA, anthranilic acid; PRA, N-(5'-phosphoribosyI)-anthranilate; PR, phospboribosyl; CDRP, 1-(O-carboxyphenylamino)- 
1-4eoxyribulose-5-phosphate; InGP, indole-3-glycerophosphate; Trp, tryptophaI1. 
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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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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). 


