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S T U D I O R U M  P R O G R E S S U S  

Concepts of Gene-Structure  and Gene-Act ion 
Derived from Tetrad Analys is  of Saccharomyces  I 

By CARL C. LINDEGREN 2 

Me~delian Proced~,Ye. MENDEL conceived of the gene 
as a stable particle occurring singly in each sex cell and 
in pairs in the hybrid formed by the fusion of two sex 
cells. The transmission of genes was analyzed by the 
distribution of hereditary characters among the progeny 
of hybrids. The distribution of complementary, mutually 
exclusive, characters such as brown and blue eyes among 
the members of a pedigree are the basic data of the 
geneticist. In higher plants and animals the character- 
istics can only be diagnosed in organisms carrying two 
genes-one from each parent. The paired genes are given 
arbitrary designations (A/a). Since pairs of genes are 
involved, there are three kinds of individuals with regard 
to a given gene-pair: Aa, AA and aa. The following 
matings can be made between individuals differing with 
regard to a single pair: AA × AA, Aa X Aa, aa × aa, 

AA × aa, AA × Aa, Aa × aa. Predictions concerning 
the expected frequencies of the different types of off- 
spring are worked out by a "checkerboard"  diagram. In  
the most complex mat ing  (Aa × Aa), each diploid parent  
can form 2 kinds of sex cells, A and a. 

Sex cells o / a n  Aa  male 

A a 
Sex cells of A AA Aa 
an Aa female a Aa aa 

The diagram shows tha t  three kinds of offspring are 
expected in the ratio of 1 AA:2  Aa: 1 aa, if each hybrid 
produced equivalent  numbers of A and a gametes. The 
gene for brown eyes (A) is dominant  to the recessive gene 
for blue eyes (a) ; both AA and Aa individuals are brown- 
eyed and indistinguishable. Their  genetical consti tutions 
can only be determined by the kinds of offspring which 
they produce. An Aa × Aa mat ing will yield some blue- 
eyed (aa) offspring while an AA × AA (or AA × Aa, 
or AA × aa) mat ing yields only brown-eyed ofispring. 
The characteristics of the sex cells were inferred from the 
kinds of mature  plants  and animals produced;  no direct 
data on the composit ion of the sex cells themselves were 
available. I t  was concluded tha t  interact ion does not  
occur between the two complementary  members  of a 
gene pair (A/a) in the h y b r i d b u t  t ha t eachgene  maintains 
its integri ty throughout  the life cycle. 

"Good" #Iendelian Genes. Geneticists f requent ly  speak 
of genes as if they  fall into two natura l  categories : " g o o d "  
a n d " b a d " .  A " g o o d "  gene is easy to  diagnose (especially 
in combinations wi th  others), is re lat ively unaffected by  
environment,  does not  diminish vigor to an unusual 
extent, and usually gives regular ratios. " B a d "  genes 
have one or more of the opposite characteristics. Classical 
Mendelian genetics is based on the analysis of da ta  
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invohdng hybrids carrying " g o o d "  genes. Genetical  
analysis of a species with too many  " b a d "  genes is dif- 
ficult, if not  impossible, along classical l ines; geneticists 
often say tha t  such organisms are " p o o r "  genetical 
mater ial  and therefore cannot  be studied properly. Even  
in the " b e s t "  species, characters are found which, al- 
though obviously gene-controlled, do not  behave regu- 
larly. Genes controlling characters of this type  were 
"bred  o u t "  of stocks, since they  complicate linkage 
calculations. Pioneer geneticists concentrated on the 
s tudy  of genes which had been selected for regulari ty of 
behavior.  The preference of the pioneer geneticist  for the 
stable genes is no more reprehensible than the preference 
of the biochemist for easily crystallizable enzymes. The 
fact tha t  he dealt  almost exclusively with stable charac- 
ters helps to explain his conviction tha t  interact ion 
between alleles does not  occur in a heterozygous hybrid. 

Tetrad Analysis.  In sexual reproduction the sex cells 
are 1ormed during the reduction divisions in which a 
single hybrid  cell forms a te t rad  of four cells each with 
a single set of chromosomes. Actually, if the basic as- 
sumption of the Mendelian theory is correct, and each 
te t rad  produced by a hybrid  male contains 2A and 2a 
sperm, each te t rad should be represented as AAaa. Since 
only the mature  progeny (AA, Aa or aa) can be charac- 
terized, a direct test  of this assumption is not  possible 
using maize or Drosophila. Let  us suppose that ,  instead 
of only AAaa tetrads,  five different kinds of te t rads  were 
formed by an Aa heterozygote  (AAAA, AAAa, AAaa, 
Aaaa, and aaaa). If  the complementary  types (AAAA, 
aaaa, and AAAa, Aaaa) occurred in equal numbers,  the 
sex cells produced by the male would be half  A and half 
a in agreement  with the checkerboard diagram. 

This hypothet ical  case reveals that ,  in the absence of 
direct te t rad analysis, the conclusion tha t  all te trads are 
regularly Mendelian is purely inferential. When an aa 
individual  is mated to an Aa hybrid  and the offspring are 
half of the dominant  type (Aa) and half of the recessive 
type  (aa), i t  can be concluded tha t  half of the sex cells 
of the hybrid carried the dominant  gene (A) and half 
carried the recessive gene (a). The further  inference tha t  
each hybrid cell produced an AAaa te t rad  is not  justi-  
fied. If  five different types of te t rads  were produced, a 
stat ist ical  equivalence of A and a sex cells could result. 
Since the view tha t  genes in a hybrid do not interact  is 
based on this inference, direct te t rad  analysis is required 
to tes t  its validi ty.  

Gene Conversion 

A striking advantage  of yeasts 1 and other fungi is 
their  adaptabi l i ty  to direct te t rad  analysis (Fig. 1). Four  
spores in a single te t rad  contain the four nuclei produced 
by  the reduction divisions of a single nucleus and each 
gives rise to a cul ture which can be characterized 
direct ly  wi thout  the interference of dominance or reces- 
siveness. Much of the data  obtained from direct  t e t rad  
analysis of yeasts and other  fungi has been consistent  
with the Mendelian concept, but  many  except ions have 
occurred which cannot  be explained on the convent ional  
Mendelian theory. 

The theory  of gene conversion was first proposed by 
WINKLER ~ at a t ime when te t rad analysis was being 

1 CARL C. LINDEGREN, The Yeast Cell, Its Genetics and Cytology 
(Educational Publishers, Inc., St. Louis, 1949). 

2 H. WINKLER, Biol. Zbl. aZ, 163 (1982). 
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exploited in Europe by Kr~IEI,, BRUNSWICK, and YON 
xYVETTSTEIN, WRINKLER s a w  t h a t  ~¢[ENDEL'S p r e d i c t i o n s  
concerning the ratios expected following reduction were 
not  realized exper imenta l ly  in Hymenomycetes and 
Mosses. At tha t  t ime the MORGAN school was successfully 
exploit ing Drosophila genetics and had no first hand 
contact  with te t rad  analyses. The fact tha t  chromosomes 
could be mapped accurately on the assumption tha t  they 
broke and reunited by "crossing-over" had been estab- 
lished beyond any reasonable doubt.  In  Europe, how- 
ever, Drosophila genetics did not have so many adherents, 
while significant advances were being made in the te t rad  
analyses of Hymenomycetes and Mosses. This difference 
of emphasis in two great  centers of genetical s tudy  was 
intensified by the isolation of Germany during the war  
and made i t  possible for \VINKLER to accept the irregu- 
larities encountered by KNIEP as valid justification for 
rejecting the crossing-over theory;  he chose to explain all 
recombinat ion as the result of gene conversion and hot ly  
defended his views. In  1932 STERN 1 showed tha t  in a 
Drosophila with a chromosome marked visibly at  both 
ends, genetical recombinat ion coincided with the visible 
occurrence of transfer of the ends of the chromosomes. 
Although his da ta  prove tha t  chromosomes break and 
reunite and thereby effect the recombinat ion of genes, 
they  provide no explanat ion for irregular te t rad  ratios 
and do not  apply to the analysis of the tetrads on which 
V~rlNKLER had based his theory of gene conversion. 
STERN showed tha t  WIN]¢LER was wrong in proposing 
tha t  all recombinat ion was the result  of gene conversion ; 
he did not prove tha t  gene conversion does not occur. 

PAR£tcr s OFF SPR#VG 
Colonies of sex Colonies of sex cells with 

cells wdh specific spec i f ic  c h o r o c t e r i s t i c s  
¢ h or oc letlsfic s Fermen'~ativ¢ 

M01fost ro~ft~rm~*t,, ma Ascosporet I ~  " -- 0 mg 
o-memyl 9~¢~ ¢~f*rrn~ter, me 

Fig. 1.--Direct tetrad Analysis. 

Gene conversion comprises the interact ion between 
alleles (A and a) in a heterozygote (An) resulting in either 
the loss of capaci ty of a dominant  allele (A -~ a; + -~ --) 
or the gain of capaci ty  by a recessive allele (a --> A; 
-- --> +) .  The phenomenon of gene conversion in Sac- 
charomyces was established by te t rad  analysis of yeast  
hybrids using the gene " m a r k e r s "  controlling abi l i ty to 
ferment  maltose and a lpha-methyl  glucoside. The en- 
zymes involved are highly specific: The gene controlling 
alpha-methyl  glucoside fermentat ion produces an enzyme 
which does not  act on maltose z. The gene controlling 
maltose fermentat ion produces an enzyme which does 
not  act on a lpha-methyl  glucoside. Gene conversion was 
demonstrable as gain or loss of abil i ty to adapt  to and 
ferment  either maltose or a lpha-methyl  glucoside. For  
example,  hybrid yeasts heterozygous for the abili ty (and 
inability) to ferment  a lpha-methyl  glucoside (+ / - - )  often 

z C. STERN, Biol. ZbL 62, 67 (193~2). 
2 CARL C. LINDEGR£N and G. LINDEGREN, Prec. Nat. Aead. Sci. 

36, 93 (1949). - SrZLOMO HESTRI~r and CARL C. LINDEGREN, Nature 
165, 158 (1950); Arch. Biochem. eg, 315 (1950); Nature 168, 913 
(1951); Arch. Bioehem. Biophys. 38, 317 (1952). 

produce te t rads  containing one fermenter  and three non- 
fermenters of a lpha-methyl  glucoside, (+ -- -- -- instead 
of + + -- --) indicat ing loss at  the reduction division by 
one of the dominant  alleles of capaci ty  to ferment  alpha- 
methyl  glucoside (+ --> - ) .  The reverse (an excess of 
dominants  in a tetrad) occurs less frequently.  Conversion 
has been found in one member  of a pair  of genes, for L 
example, MG/mg (alpha-methyl glucoside fermentation) 
wi thout  affecting another  pair  MA/ma (maltose fermen- 
tation).  Since both of these genes are on the same chro- 
mosome, it  is concluded tha t  the effect is due to a direct 
change in the gene itself ra ther  than  an anomaly  of 
chromosomal behavior.  

MG ling 
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Fig. 9.--The checkerboard diagram is bounded at the top by the 
5 types of asci produced by segregation of MG/mg and bounded on 
tbe left by the 5 types of asci produced by the segregation of MA]ma. 
The squares are numbered from left to right, 1 to ~25. The maltese 
cross formed by the central row and the central column includes 
the asci in which either MA/ma or MG]mg segregated regularly. The 
four sets of corner squares cut off by heavy lines contain the tetrads 
in which irregular segregation of both gene-pairs occurred. The 
central square (13) contains the tetrads in which both pairs of alleles 

segregated regularly. 

According to Mendelian theory the segregation of a 
(+ / - - )  heterozygote produces a te t rad  with  two positive 
and two negat ive segregants (+ + -- --). All asci hetero- 
zygous for MA/ma and MG]mg in which four spores 
survived and were diagnosed were collected in a single 
Table and are presented graphically (Fig. 2)1. Regular 
segregations occurred in most  asci. Ins tead of the single 
type of te t rad  expected on Mendelian theory, all five 
possible types of tetrads (see p. 75) occurred. Since there 
are five types of te t rads  with regard to each pair of 
characters, 25 different types of tetrads are possible, 
when both pairs of factors are considered, Each of the 
different kinds of tetrads is given a specific number  (in 
the upper left hand corner of the squares in Fig. 2). No 
representat ives of some of the combinat ions appeared. 
This is indicated by a large zero in the numbered square. 
Of 230 te t rads  180 segregated regularly (+ + -- --) with 
regard to the abi l i ty to ferment  a lpha-methyl  glucoside 
and 213"segregated regularly (+ + -- --) wi th  regard to 
the abil i ty to ferment  maltose. In 171 te t rads  both pairs 
of factors segregated regularly (Fig. 1). Only 4 of the 230 

I CARL C. LINDEGREN, J. Genetics (in press). 
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t e t r a d s  were  in  t h e  c a t e g o r y  i n d i c a t e d  b y  t h e  s q u a r e s  16 
to 25, inc lus ive .  T h e s e  a re  t h e  asci  i n  w h i c h  a s e g r e g a t i o n  
for ma l t o se  fol lows t h e  p a t t e r n  + -- -- -- a n d  
No asci of  t y p e s  4, 5 a n d  10 were  e n c o u n t e r e d .  T h e s e  asci  
are c h a r a c t e r i z e d  b y  a n  excess  of m a l t o s e - p o s i t i v e s  a n d  
a def ic iency  of  a l p h a - m e t h y l  g lucos ide-pos i t ives .  O n l y  
8 of 230 asci  were  e n c o u n t e r e d  in  t h e  f o u r  se t s  of  c o r n e r  
squares  c u t  off  b y  t h e  h e a v y  l ines ,  wh i l e  222 of t h e  230 
t e t r a d s  a re  c o n f i n e d  t o  t h e  m a l t e s e  cross  f o r m e d  b y  t h e  
cen t ra l  r o w  a n d  c e n t r a l  c o l u m n .  T h i s  is  t h e  r eg ion  Jn 
which  one  of  t h e  pa i r s  of  f a c t o r s  s eg rega t e s  r egu la r ly .  
I r r egu la r i t i e s  a f f e c t i n g  b o t h  s e g r e g a t i o n s  s i m u l t a n e o u s l y ,  
therefore ,  a re  e x t r a o r d i n a r i l y  ra re .  I n  t h e  s e g r e g a t i o n  
of a po lyp lo id ,  i r r egu la r i t i e s  occu r  a f f ec t i ng  m a n y  seg- 
r ega t ing  f ac to r sL  Since  t h e  genes  for  m a l t o s e  a n d  a l p h a -  
m e t h y l  g lucos ide  a re  on  t h e  s a m e  c h r o m o s o m e ,  t h i s  t y p e  
of s eg rega t ion  wou ld  also o c c u r  in  a t r i somic .  T h e  r a r i t y  
of s i m u l t a n e o u s  d i s t u r b a n c e  of t h e  t w o  d i f f e r e n t  seg-  
r ega t ions  i n d i c a t e s  t h a t  p o l y p l o i d  a n d  t r i s o m i c  segrega-  
t ions  a re  e i t h e r  v e r y  r a r e  or  a re  a b s e n t  f r o m  t h i s  ped ig ree  
a n d  do  n o t  a c c o u n t  for  a l l  t h e  n o n  M e n d e l i a n  b e h a v i o r .  

I n s p e c t i o n  of  t h e  d i f f e r e n t  f ami l i e s  f r o m  w h i c h  t h e s e  
d a t a  were  o b t a i n e d  s h o w e d  t h a t  t h e y  were  n o t  h o m o g e -  
neous w i t h  r e g a r d  to  t h e  o c c u r r e n c e  of i r r egu l a r i t i e s  sug-  
ges t ing  t h a t  t h e  m e c h a n i s m  b y  w h i c h  t h e  gene  b e c o m e s  
incapab le  of p r o d u c i n g  su f f i c i en t  e n z y m e  t o  r eg i s t e r  a 
pos i t ive  t e s t  is u n d e r  g e n e t i c a l  con t ro l .  I n  t w o  of t h e  25 
families o n l y  a s ingle  t y p e  of i r r e g u l a r i t y  was  found ,  
namely ,  t h a t  in  w h i c h  a s i m u l t a n e o u s  excess  of domi -  
n a n t s  of  b o t h  t y p e s  occurs  in  a s ingle  ascus.  O ne  ascus  
of t y p e  1 a n d  one  of t y p e  2 t o g e t h e r  w i t h  16 r e g u l a r  asci  
( type 13), w i t h  n o  o t h e r  a b b e r a t i o n s ,  were  f o u n d  in  t h i s  
group.  T h e s e  t w o  i n d i v i d u a l  t e t r a d s  cou ld  h a v e  a r i s e n  

1 CARL C. LINDI~GREN and G. LINDEGREr¢, J. Gen. MicrobioL 5, 
885 (1951). 

The gene,  MZ, 
s t i m u l a t e d  b y .  

e i t h e r  m a l t o s e  or  
MZ a {an al lele  of  MZ) is a d a p -  t u r a n o s e ,  but not by 
t ive ly  s t i m u l a t e d  b y  . . . . .  | suc rose  or  a l p h a -  

t m e t h y l  g lucos ide  
or  me lez i tose  

f r o m  2 i so l a t ed  t e t r a p l o i d  zygo te s  in  a f a m i l y  w h i c h  was  
o t h e r w i s e  r e g u l a r l y  M e n d e l i a n .  

T h e  h i g h  f r e q u e n c y  o1 c o n v e r s i o n s  of M G  to  m g  w h i c h  
is n o t  a c c o m p a n i e d  b y  a n  ef fec t  on  M A / m a  is c lea r  
e v i d e n c e  t h a t  a non-spec i f i c  de fec t  in  f e r m e n t a t i v e  a b i l i t y  
is n o t  i n v o l v e d ,  T h e  i n d e p e n d e n c e  of t h e  c o n v e r s i o n  of  
M G  t o  m g  f r o m  ef fec ts  on  M A  (on t h e  s a m e  c h r o m o s o m e ) ,  
a n d  t h e  a b s e n c e  of  non - spec i f i c  ef fects ,  sugges t s  t h a t  
c o n v e r s i o n  is d u e  t o  a n  e f fec t  d i r e c t l y  on  t h e  gene .  

I t  was  also s h o w n  b y  t h e  s t u d y  of  " l a t e "  f e r m e n t e r s  
t h a t  t h e  + a n d  -- genes  do  n o t  d i f fe r  f r o m  e a c h  o t h e r  b y  
a s i m p l e  q u a l i t a t i v e  " a l l  or  n o n e "  d i f ference ,  b u t  t h a t  
t h e y  d i f fe r  in  a q u a n t i t a t i v e  m a n n e r  in  t h e i r  p o t e n t i a l  
c a p a c i t y  to  m u t a t e .  T h e  n o n  f e r m e n t e r  genes  w h i c h  ar i se  
b y  c o n v e r s i o n  f r o m  + t o  - d i f fer  f r o m  t h e  m o r e  s t a b l e  --  
genes  i n  t h e  i n b r e d  s tock .  I t  was  c o n c l u d e d  t h a t  t h e  
" l a t e "  c u l t u r e s  a re  n o t  c o m p l e t e  n e g a t i v e s  b u t  c o n t a i n  
some  + s u b s t a n c e .  " L a t e "  c u l t u r e s  a re  t h o s e  w h i c h  were  
o r ig ina l l y  n o n - f e r m e n t e r s  b u t  in  w h i c h  a " s p o n t a n e o u s "  
v e g e t a t i v e  m u t a t i o n  (as c o n t r a s t e d  t o  me io t i c  conve r s ion )  
t o  f e r m e n t a t i v e  a b i l i t y  occur red ,  a n d  i n  t h e  p r e s e n c e  of  
t h e  se lec t ive  m e d i u m  c o n t a i n i n g  m a l t o s e  or  a l p h a - m e t h y l  
g lucos ide ,  t h e  m u t a n t s  i n c r e a s e d  u n t i l  t h e y  e v e n t u a l l y  
p r o d u c e d  a su f f i c i en t  p o p u l a t i o n  t o  e f fec t  d e l a y e d  b u t  
c o m p l e t e  f e r m e n t a t i o n  of t h e  s u b s t r a t e .  T h e  " l a t e "  
c u l t u r e s  c a r r y  genes  w h i c h  a re  d i s t i n g u i s h e d  b y  t h e  h i g h  
f r e q u e n c y  w i t h  w h i c h  t h e y  a c h i e v e  t h e  + c o n d i t i o n  in  a 
m e d i u m  in  w h i c h  t h e  + gene  h a s  a se l ec t ive  a d v a n t a g e .  
T h i s  p h e n o m e n o n  sugges t s  t h a t  c o n v e r s i o n  of + to  --  
f r e q u e n t l y  i n v o l v e s  a p a r t i a l  c h a n g e  w h i c h  c a n  be  
r eve r sed .  

Gene Conversion in a Multiple AUelic Series 

I n  a n a l y z i n g  t h e  c o n v e r s i o n  of t h e  m a l t o s e  a n d  a l p h a -  
m e t h y l  g lucos ide  genes,  a + --> -- t r a n s f o r m a t i o n  (or t h e  

Fig. 3.--Comparison of the action of the MZ gene and one of its alleles. 

is a d a p t i v e l y  [ m a l t o s e o r  t u r a n o s e  
. . . . . . .  / or  sucrose  or  a l p h a - m e t h y l -  

g lucos ide  or  me lez i tose  to  p r o d u c e  
t h e  e n z y m e  

a l p h a - g l u c o -  
me lez i t a se  

w h i c h  ac t s  on  

ma l to se ,  
t u r a n o s e ,  
s u c r o s e ,  

a l p h a - m e t h y l  g lucos ide ,  
a n d  m e l e z i t o s e  

(1) The genes differ only in their ability to respond to the excitation of different sugar molecules. (2) Excitation of the different alleles 
results in the production of the same enzyme. Therefore, (3) the gene and the enzyme are different and (4) the enzyme is non specifically 
elicited at some site other than the site of the gene. (5) The union of gene and substrate is the exciting event, the effect of which is 

transmitted to the site at which enzyme is produced. 
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reverse) was observed. Much more information can be 
derived from the analysis of a gene which occurs in a 
greater  var ie ty  of states. A series of mult iple alleles of the 
MZ gene exists 1 and the dominant  form can be conver ted 
into a number  of different recessive types. 

Famil iar i ty  with the different genes controlling sugar 
fermentat ion in Saccharomyces (Table) was helpful as a 
background to the genetical analysis of the unusually 
interest ing MZ gene-system. The MZ gene in its fullest 
potency is capable of responding adapt ively to at  least 
5 different substrates:  maltose, turanose, sucrose, mele- 
zitose, and alpha-methyl  glucoside, but  not to raffinose. 
Exposure  to each of these different substrates elicits an 
adapt ive  response which results in the production of the 
same enzyme, alpha-gluco-melezitase, characterized by 
the abil i ty to a t tack  alpha-glucosides containing a ter- 
minal glucose molecule *. The mult iple alleles of the MZ 
locus are differentiated by specific losses of fermenta t ive  
ability. The capacities most  easily lost are: (1) abi l i ty to 
ferment  the alkyl-alpha-glucoside, a lpha-methyl  glu- 
coside and (2) abil i ty to ferment  the trisaccharide, mele- 
zitose. These losses produce cells carrying alleles (1) 
capable of growing in maltose, turanose, sucrose and 
melezitose (but not  alpha~methyl glucoside) and (2) 
capable of growing in maltose, turanose, sucrose and 
a lpha-methyl  glucoside, but  not  melezitose. The abili ty 
to  ferment  maltose is rarely lost, and the abil i ty to  
ferment  turanose is usually retained together  with the 
abil i ty to ferment  maltose, but  turanose is such an 
expensive sugar tha t  extensive experiments  on this point  
have not  been carried out. The abil i ty to ferment  sucrose 
is occasionally lost but  is re tained more successfully than  
the abil i ty to ferment  either a lpha-methyl  glucoside or 
melezitose. A yeast  carrying an allele of MZ may  be 
capable of growing in and fermenting maltose but  in- 
capable of growing in sucrose, a lpha-methyl  glucoside or 
melezitose. After adapta t ion to maltose, i t  can ferment  
sucrose, a lpha-methyl  glucoside and melezitose. Related 
experiments  have demonstra ted tha t  after adapta t ion  to 
any one of its specific substrates, MZ produces the same 
enzyme, alpha-gtuco-melezitase. The topography of the 
substrates appears to be involved in the maintenance of 
fermenta t ive  abilities: (1) MZ most  f requent ly  loses 
abi l i ty to respond to the two asymmetr ical  substrates, 
namely,  the alkyl-alpha-glucoside and the trisaccharide, 
melezitose, but  retains its functional ac t iv i ty  toward the 
symmetr ical  maltose most efficiently. (2) Sucrose inhi- 
bits adapta t ion to maltose by cultures carrying the allele 
of MZ capable of growing on maltose but  incapable of 
growing on sucrose 2. (3) Similar inhibi tory effects of 
related compounds occur in the adapta t ion to maltose 
and a lpha-methyl  glucoside 3 of the cultures carrying MA 
and MG genes. These da ta  suggest tha t  the adapt ive  
reaction of a gene to a substrate corresponds to the 
capaci ty of the snbstrate  to fit a topographical  surface 
at  the locus of the gene and tha t  this surface may  be 
blocked by substances with related topographies which 
are incapable of s t imulat ing the production of enzyme. 

Enzyme production by MZ is non-specific. This is 
shown by the fact tha t  a culture capable of adapt ing to 
maltose (but incapable of growing on sucrose, alpha- 
methyl  glucoside or melezitose) can produce an enzyme 
capable of fermenting sucrose, a lpha-methyl  glucoside 
and melezitose after adapta t ion to maltose. This indi- 
cates tha t  the gene is not  itself the enzyme and tha t  the 

1 CARL C. LINDEGREN and G. LINDEGREN, Genetics (in press). 
2 N. J. PALLERONI and C. C. LINDEGREN, J. Bact. (in press). 
3 SHLOMO HESTRIN and CARL C. LINDEGREN, Arch. Biochem. 29, 

315 (1950); Arch. Biochem. Biophys. 38, 317 (1952). 

genes in the atlelic series all produce the same enzyme 
but  differ from each other  only in their  capaci ty to be 
excited by different substrates.  The enzyme, therefore, 
is non-specifically elicited, since any one of five different 
exciters induces the production of the same enzyme. 

The production of enzyme by the MZ gene-system is 
conceived to occur in three steps: (1) The first step, at  
the site of the gene, involves a reaction between a 
" recep to r"  on the gene surface and the adapt ive  sub- 
strate. (2) The final step is the non-specific action of 
producing enzyme, presumably at a site different from 
the site of the gene. (3) The reaction between substrate 
and receptor produces an exci tat ion which initiates 
enzyme production.  Deformat ion of the gene may  render 
it  non-responsive to certain substrates,  but  does not  
affect the type  of enzyme produced in the final step. 
Multiple allelism, in this instance, corresponds to a series 
of specifically different deformations of the receptor  of 
the gene l imiting its capaci ty to respond to the excit ing 
effects of different substrates. 

Enzyme Template Genes 

The genes controll ing sugar fermentat ion in the 
Carbondale breeding stock have been specifically selec- 
ted for the capacity to d i f fe ren t ia te"  all or none"  fermen- 
tation. "Non-fermenters"  are completely incapable of 
growing on the substrate or of producing an enzyme 
capable of acting on the substrate.  They may  be assumed 
to differ fundamenta l ly  from genes in Saccharomyces 
which are characterized by relat ively reduced fermen- 
ta t ive  ac t iv i ty  with regard to carbohydrates.  The "al l  
or none"  genes have been designated "enzyme- t empla t e"  
genes 1. An interesting fact in this connection is that  
muta t ion  from non fermenter  to fermenter  of galactose 
occurs only in the presence of galactose ; galactose is the 
mutagen.  I t  is inferred tha t  galactose acts as a specific 
template  for the gene model, and tha t  some non fermen- 
ters carry a gene with a deformed template  which can be 
molded into effective shape by contact  with galactose. 
On this view the transferable gene component  involved 
in conversion is a mirror- image I of the substrate  and the 
mutagenic  action of galactose results from the reshaping 
of the mirror- image surface of the " recep to r "  component  
of the gene by contact  with galactose itself. 

The Phylogeny of Genes 

The genetical analysis of yeasts has also thrown light 
on the phylogeny of genes since it  has been discovered 
tha t  genes controll ing the production of enzymes acting 
on related substrates are located near each other 2. The 
gene MZ is closely linked to the gene MA which controls 
the abili ty to ferment  maltose. The genes, MA and MG 
were shown by  an exper iment  involving a cross-over 
suppressor (presumably an inver ted  section of a chromo- 
some) to be on the same chromosome, therefore, MA, MZ, 
and MG are on one chromosome. The gene SU, control- 
ling the fermentat ion of sucrose and raffinose, is linked 
to MG in some experiments  and is, therefore, also on the 
MA chromosome. Each of these four genes controls the 
production of enzymes acting on an alpha glucoside. 
Each gene produces a different enzyme. 

The gene MA controls the fermentat ion of maltose and 
turanose by an enzyme which never  shows act ivi ty  
toward sucrose, melezitose or a lpha-methyl  glucoside. 
I t  is closely linked to MZ which controls the fermentat ion 

I S. EMERSON, Ann. Mo. Bot. Garden 32, 243 (1945). 
2 CARL C. LINDEGREN and G. LINDEGREN, Nature 170, 965 (I952). 
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of mal tose ,  t u r a n o s e ,  sucrose ,  me lez i t o se  a n d  a l p h a -  
m e t h y l  g lucos ide .  T h i s  sugges t s  t h a t  M Z  arose  f rom M A  
and  a c h i e v e d  c a p a c i t y  t o  f e r m e n t  sucrose ,  me lez i t o se  a n d  
a l p h a - m e t h y l  g lucos ide ,  a n d  t h a t  t h e  m o r e  r e c e n t l y  
acqu i red  c a p a c i t i e s  are  t h e  more  r e a d i l y  lost .  T h e  MZ ~ 
allele of MZ r e s e m b l e s  M A  closely  s ince b o t h  confe r  t h e  
ab i l i ty  t o  a d a p t  to  a n d  f e r m e n t  b o t h  m a l t o s e  a n d  t u r a n -  
ose a n d  n o t  sucrose ,  raf f inose ,  me lez i to se  n o r  a l p h a -  
m e t h y l  g lucos ide .  H o w e v e r ,  cells c a r r y i n g  MZ d w h i c h  
have  b e e n  g r o w n  on  m a l t o s e  or  t u r a n o s e  h a v e  t h e  a b i l i t y  
to  f e r m e n t  sucrose ,  melez i tose ,  a n d  a l p h a - m e t h y l  glu-  
coside, wh i l e  cells  c a r r y i n g  MA a f t e r  g r o w t h  in  m a l t o s e  
or t u r a n o s e  do  n o t  a cqu i r e  s i gn i f i c an t  c a p a c i t y  t o  f e r m e n t  
sucrose, a l p h a - m e t h y l  g lucos ide  n o r  melez i tose .  

KLUYVER 1 p o i n t e d  o u t  t h a t  l ac tose  f e r m e n t e r s  are  
no t  c apab l e  of f e r m e n t i n g  m a l t o s e  a n d  vice  versa .  T h e  
fact  t h a t  t h e s e  t w o  c h a r a c t e r s  a re  m u t u a l l y  exc lus ive  
suggests  t h a t  t h e  gene  c o n t r o l l i n g  l ac tose  f e r m e n t a t i o n  
is an  allele of MA, a n d  t h a t  t h e  a b i l i t y  to  f e r m e n t  l ac tose  
o r ig ina t ed  b y  t h e  t r a n s f o r m a t i o n  of M A  i n t o  a gene  
capab le  of  c o n t r o l l i n g  t h e  f e r m e n t a t i o n  of  lac tose .  N o  
b reed ing  e x p e r i m e n t s  h a v e  b e e n  p e r f o r m e d  s h o w i n g  t h a t  
the l ac tose  gene  is l i n k e d  to  t h e  o t h e r s  on  t h e  m a l t o s e  
c h r o m o s o m e ;  a l l  a t t e m p t s  to  a n a l y z e  h y b r i d s  of l ac tose  
and  m a l t o s e  f e r m e n t e r s  h a v e  b e e n  unsucces s fu l  2. 

GA w h i c h  c o n t r o l s  t h e  f e r m e n t a t i o n  of ga lac tose  a n d  
ME w h i c h  con t ro l s  t h e  f e r m e n t a t i o n  of mel ib iose ,  a 
d i sacchar ide  c o n t a i n i n g  g lucose  a n d  ga lac tose ,  are  on  
the  s ame  c h r o m o s o m e .  T h e  c a p a c i t y  to  f e r m e n t  ga-  
lactose is r e l a t i v e l y  w i d e l y  d i s t r i b u t e d  a m o n g  yeas t ,  
while t h e  a b i l i t y  t o  f e r m e n t  me l ib iose  is r e l a t i v e l y  
rare,  a n d  i t  m a y  b e  a s s u m e d  t h a t  t h e  o r ig ina l  locus  was  
GA. G A  a n d  M E  a re  a lso  c lass i f ied  as  e n z y m e - t e m p l a t e  
genes s ince  s tocks  c a r r y i n g  t h e  recess ive  a l le le  a re  com-  
ple te ly  i n c a p a b l e  of u t i l i z ing  e i t h e r  of  t h e s e  s u b s t r a t e s .  

Unequal Crossing-Over 

The fac t  t h a t  t h e  genes  w h i c h  c o n t r o l  t h e  f e r m e n t a t i o n  
of closely r e l a t e d  suga r s  a re  o n  t h e  s a m e  c h r o m o s o m e  
suggests  s t r o n g l y  t h a t  t h e y  h a v e  a c o m m o n  or igin .  T h e  
or ig inal  gene  in  t h e  a l p h a  g lucos ide  ser ies  m a y  be  MA, 
because  t h e  a b i l i t y  t o  a c t  o n  m a l t o s e  is w i d e - s p r e a d  
t h r o u g h o u t  t h e  yea s t s .  D u p l i c a t e s  of t h e  M A  locus  m a y  
have  b e e n  p r o d u c e d  t h r o u g h  t h e  m e c h a n i s m  of  u n e q u a l  
cross ing-over .  T h i s  p h e n o m e n o n  was  o r i g i n a l l y  d i scov-  
ered b y  STURVEVANT a. ALEXANDER a n d  BRIDGES 4 sug- 
gested t h a t  u n e q u a l  c ro s s ing -ove r  m i g h t  b e  i m p o r t a n t  
in e v o l u t i o n  b y  m a k i n g  t h e  c h r o m o s o m e s  longe r  t h r o u g h  
the  d u p l i c a t i o n  of s m a l l  sec t ions .  A n  u n e q u a l  c ros s -ove r  
near  t h e  M A  locus  w o u l d  p r o d u c e  one  c h r o m o s o m e  w i t h  
two MA genes  a n d  one  w i t h  n o n e .  I f  one  " e x t r a "  MA 
locus m u t a t e d  t o  a f o r m  w h i c h  c o n f e r r e d  t h e  a b i l i t y  to  
me tabo l i ze  s o m e  o t h e r  s accha r ide ,  t h e  n e w  gene  wou ld  
become a p e r m a n e n t  p a r t  of  t h e  genom e .  I t  is a s s u m e d  
t h a t  SU,  M G  a n d  M Z  arose  f r o m  MA in  t h i s  m a n n e r ,  
and  t h a t  M E  m a y  h a v e  a r i s en  s i m i l a r l y  f r o m  GA. 

Direct Ac t ion  o / the  Gene 

I t  is p r o p o s e d  t h a t  t h e  gene  e x e r t s  i t s  e f fec t  b y  a d i r e c t  
ac t ion  in  t h e  sense  t h a t  t h e  i m p i n g e m e n t  of a n  e x c i t e r  
on  t h e  su r f ace  of t h e  gene  r e s u l t s  in  a s ing le  e v e n t  w h i c h  

1 A.J. KLUYVER (Thesis, Technische Hogeschoole, Delft, 1914). 
$ CARL C. LIbIDEGREN, The Yeast Cell, Its Genetics and Cytology 

(Educational Publishers, Inc., St. Louis, 1949), 
3 A. H. STURTEVAUT, Genetics 10, 117 (1925). 
4 j .  ALEXANDER and C. B. BRIDGES in: J. ALEXANDER, Colloidal 

Chemistry (The Chemical Catalog Co., New York, 1928). 

s t i m u l a t e s  an  e f fec to r  s i te  d i r e c t l y  in  t h e  p r o d u c t i o n  of 
e n z y m e ,  T h i s  v i e w  di f fers  f r o m  t h e  p l a s m a g e n e  t h e o r y  1 
w h i c h  cons ide r s  t h e  pos s ib i l i t y  t h a t  t he  gene  m a y  be  
s t i m u l a t e d  b y  s u b s t r a t e  t o  c a s t  off a d u p l i c a t e  of  i t se l f  
w h i c h  ac t s  as t h e  e n z y m e  a n d  m u l t i p l i e s  i n d e p e n d e n t l y  
of t h e  gene  in t he  p r e sence  of s u b s t r a t e .  On  t h i s  t h e o r y  
e x p o s u r e  of t h e  cell t o  a n  a d a p t i v e  s u b s t r a t e  wou ld  
p r o d u c e  a c o n d i t i o n  r e s e m b l i n g  t h e  i n v a s i o n  of t h e  
c y t o p l a s m  b y  a p a t h o g e n i c  v i rus .  

T h e  p l a s m a g e n e  t h e o r y  is b a s e d  on  t h e  f ac t  t h a t  
d u r i n g  a d a p t a t i o n  to  a specif ic  s u b s t r a t e ,  t h e  Qco2 of  
a d a p t i n g  cells i nc reases  in s u c h  a m a n n e r  t h a t  t h e  g r a p h  
of  Qco:  o r  CO s p r o d u c t i o n  y ie lds  a s i gmo id  cu rve .  T h e  
Qco~ a t  a g i v e n  t i m e  was  a s s u m e d  t o  be  a d i r e c t  m e a s u r e  
of t h e a m o u n t  of e n z y m e p r e s e n t ,  a n d  s ince  t h e  " e n z y m e "  
a p p e a r e d  to  i nc rease  in a n  a u t o c a t a l y t i c  m a n n e r ,  i t  was  
i n f e r r e d  t h a t  t h e  e n z y m e  i t se l f  was  a s e l f - d u p l i c a t i n g  
pa r t i c l e .  I t  h a s  r e c e n t l y  b e e n  s h o w n  2 t h a t  t h e r e  is no  
r e l a t i o n  b e t w e e n  t h e  s h a p e  of t he  Qcoz c u r v e  a n d  t h e  
a c t u a l  a m o u n t  of e n z y m e  p r o d u c e d .  D u r i n g  e a r l y  s t a g e s  
of a d a p t a t i o n  t h e  a d a p t i v e  e n z y m e  c o n v e r t s  t h e  s u g a r  
i n t o  s t o r e d  r e se rve  a n d  c o n s i d e r a b l e  a m o u n t s  of  e n z y m e  
a re  p r e s e n t  in  t h e  cell  a t  a t i m e  w h e n  l i t t l e  or  no  CO,  is 
b e i n g  evo lved .  

T h e  a n a l y s i s  of t he  MZ g e n e - s y s t e m  has  s h o w n  t h a t  
t h e  gene  is n o t  i t se l f  t h e  e n z y m e .  T h i s  sugges t s  t h a t  t h e  
gene  ef fec ts  t h e  p r o d u c t i o n  of a molecu le  w h i c h  confe rs  
spec i f i c i ty  to  t h e  e n z y m e .  T h e  c h r o m o s o m e s  lie in  t h e  
n u c l e a r  s a p  w h i c h  c o n t a i n s  l i t t l e  or  n o  p r o t e i n  a n d  are  
s e p a r a t e d  f r o m  t h e  c y t o p l a s m  b y  t h e  n u c l e a r  m e m b r a n e  
w h i c h  is i m p e r m e a b l e  to  p r o t e i n .  I t  is p r o p o s e d  t h a t  a 
s p e c i f i c i t y - c o n f e r r i n g  molecu le  p r o d u c e d  b y  gene  a c t i o n  
d i f fuses  t h r o u g h  t h e  n u c l e a r  m e m b r a n e  a n d  confe r s  
spec i f i c i ty  o n  one  of t h e  c y t o p l a s m i c  p r o t e i n s .  T h e  
f ind ings  of  y o n  EULER a n d  JANNSON a ( c o n f i r m e d  b y  
SPIEGELMAN, REINER, a n d  MORGAN 4) show t h a t  ga lac-  
tose  a d a p t a t i o n  r e su l t s  in  t h e  p r o d u c t i o n  of a n  a p o e n z y m e  
whi le  t h e  c o e n z y m e  is p r e s e n t  in  b o t h  u n a d a p t e d  a n d  
a d a p t e d  cells. T h i s  m a k e s  i t  s eem p r o b a b l e  t h a t  t he  
spec i f i c i t y - con fe r r i ng  molecu le  d i f f e r e n t i a t e s  a cy to -  
p l a s m i c  p r o t e i n  a n d  t h a t  a d a p t a t i o n  is t h e  r e su l t  of a 
s m a l l  c h a n g e  in  p r o t e i n  a l r e a d y  p r e s e n t  r a t h e r  t h a n  t h e  
s y n t h e s i s  of new  p r o t e i n .  

Gene Reproduction 

I t  m a y  be  i n f e r r e d  f r o m  t h e  c o n c e p t  of c o n v e r s i o n  
t h a t  e a c h  locus in  a fu l ly  p o t e n t  p h e n o t y p e  ca r r ies  a la rge  
n u m b e r  of t r a n s f e r a b l e  gene  c o m p o n e n t s  d i s t r i b u t e d  in 
a c i rc le t  a r o u n d  t h e  c h r o m o s o m e .  C o n v e r s i o n  w o u l d  
i n v o l v e  t h e  t r a n s f e r  of t h e s e  f u n c t i o n a l  c o m p o n e n t s  f r o m  
one  locus  t o  a n o t h e r  in  a n  u n e q u a l  m a n n e r  a t  t h e  t i m e  
of r e d u c t i o n .  I f  a r e l a t i v e l y  la rge  n u m b e r  of t h e  com-  
p o n e n t s  were  r e q u i r e d  to  p r o d u c e  t h e  p h e n o t y p e ,  
m u t a t i o n  f r o m  t h e  n o n - f e r m e n t e r  to  t h e  f e r m e n t e r  c o u l d  
occur ,  p r o v i d e d  a n  inc rease  in  t h e  p o p u l a t i o n  of t r a n s -  
f e r ab l e  c o m p o n e n t s  t o o k  p lace  a t  a more  r a p i d  r a t e  t h a n  
t h e  d iv i s ion  of t h e  f o u n d a t i o n  s t r u c t u r e  of t h e  c h r o m o -  
some  to  w h i c h  t h e y  were  a t t a c h e d .  I f  e a c h  gene  is 
c o n s i d e r e d  as a s i te  to  w h i c h  t h o u s a n d s  of f u n c t i o n a l  
p a r t i c l e s  a re  a t t a c h e d  on  t h e  ou t s i de  of a n  o t h e r w i s e  
i n e r t  c h r o m o s o m e ,  t h e  c o n c e p t  of gene  r e p r o d u c t i o n  is 

1 S. SPIEGELMAN, Cold Spring Harbor Syrup. Quant. Biol. 11, 
256 (1946). 

A. L. SHEFFNER, Nature (in press). 
a H. VON EULER and B, JANNSON, Z. physiol. Chem. 169~ 226 

(1927). 
4 S. SPIEGELMAN, JoitN M. REINER, and IDA MORGAN, Arch. 

Biochem. 13, 113 (1947). 
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much simplified. Any  longitudinal  spli t t ing of the chro- 
mosome will par t i t ion two qual i ta t ively equivalent  parts  
which may  or may not  be quant i ta t ive ly  equivalent.  

The Autonomy o[ Cellular Organelles 

The capacity of a cell for continuous growth is the 
result of a specific s tructural  association of the different 
organelles which make up the cellL Cytological examina-  
t ion  of the yeast  cell has shown tha t  m a n y  of the or- 
ganelles (the cell wall, the plasma membrane,  the 
mitochondria 2, the nuclear membrane,  the centrosome 
and the centrochromatin) have the same integri ty  and 
cont inui ty  in t ime tha t  characterizes the chromosomes; 
they cannot  arise de novo. Most of these cellular com- 
ponents  divide in a manner  which does not  provide for 
precise transmission of specific portions to each daughter  
cell. The absence of a method for division into two 
precisely equivalent  fractions suggests tha t  they may  be 
relatively homogeneous. There is no reason to assume 
tha t  one of these cellular components  is any  more 
impor tan t  than  any  other, or tha t  any  one directs the 
activities of any  of the others, except tha t  certain genes 
are the sole source of their respective enzymes by the 
enzyme-template mechanism. The cell can function only 
if all its component  parts are present in proper s tructural  
correlation and in adequate amounts.  There is no reason 
to assume that  any  of the components is unique in the 
manner  in which it reproduces itself; the present hypoth- 
esis proposes tha t  they all reproduce by the simple 
accretion of molecules like those which they contain, and 
i t  is their association with each other in an adequate 
milieu which provides the molecules necessary for their 
increase in size. Control of the growth process could 
obta in  if each of the permanent  organelles were rate- 
l imiting; when any  one is present in less than  the minimal  
amount ,  the others cannot  obta in  the supply of molecules 
necessary for maintenance and increase unt i l  the defi- 
cient organelle increases sufficiently to make its re- 
quired contr ibut ion adequate. 

The chromosomes differ from the other permanent  
organelles in their high degree of l inear heterogeneity. 
Mutat ions usually consti tute defects or deletions in the 
heterogeneous chromosomes. The deficiency in the 
organism caused by  the absence of the contr ibut ion 
ordinari ly made by  the in tac t  region of the chromosome 
becomes apparent  because the rest of the chromosome 
produces sufficient material  to enable the defective cell 
to continue to grow, al though the result is slightly 
different from normal.  The survival  of the defective 
m u t a n t  has led to the view tha t  genes are structures 
which differ from other cellular components  by  the 
specific abi l i ty  to reproduce variations o[ themselves, but  
this is fundamenta l ly  incorrect. I t  is correct to say tha t  
when a defect occurs in a small segment of a chromosome, 
the organism can carry on, bu t  in a changed conditmn, 
because of the absence of the contr ibut ion previously 
made by tha t  region now called the m u t a n t  gene. 

Zusammen/assung 

Die mit  Tetradenanalyse durchgeffihrten Untersu-  
chungen fordern eine grundshtzliche Modifikation der 
Mendel-Theorie. Die Experimente fiihren zur Annahme,  
dass das Gen eine grosse Zahl fibertragbarer Bestand- 
teile tr~igt, die ringf6rmig um das Chromosom gelagert 
sind. Diese Teilchen kSnnen bei der Redukt ion ungleich- 

1 CARL C. LINDEGREN, Symp. Soc. Exp. Bio. No. 6, ~77 (1952). 
2 BALAJI MUNDKUR (in press). 

mitssig auf  die Allele vertei l t  werden. Gewisse Gene 
werden als ~Enzym-Matrizen-Genez (enzyme-template) 
bezeiehnet, und  ihre i ibertragbaren Bestandteile werden 
als Spiegelbitder des Substrats  aufgefasst. Die Unter- 
suchung einer mul t ip len Allelserie eines Enzyme-tem- 
plate-Gens ergab, dass das Gen nicht  setbst das Enzym 
darstellt,  sondern n u t  als eine Rezeptorstelle wirkt, die 
durch die Einwirkung des Substrats  angeregt wird. 
Dies fiihrt zur Bildung des Enzyms. 

S O C I E T A T E S  

I . C . S . U .  Abstracting Board 

The In terna t ional  Council of Scientific Unions has set 
up an Abstract ing Board (Bureau des R6sum6s analy- 
tiques du C. I. U. S.) with the purpose of facilitating the 
work of existing well established journals publishing 
abstracts of original papers in the field of the natural  
sciences. 

In  principle, any  such journal  can seek membership 
to the Board, which is consti tuted,  under  a neutral 
Chairman, of (a) respresentatives of the interested Inter- 
nat ional  Unions, (b) representatives of the Member Jour- 
nals:  together with the Secretary General I .C .S .U.  as 
an ex o[ficio member. 

A beginning has been made in the field of Physics 
Abstract ing with two Member journals - Physics 
Abstracts and the Bulletin analyt ique du C.N.R.S.  
(France) - represented on the Board of which the pre- 
sent const i tut ion is a follows : 
Chairman: Dr. VERNERW. CLAPP, Assistant Librarian, 

Library of Congress. 
Dean ELMER HUTCFIISSON, Case Ins t i tu te  of Technology, 

representing the In te rna t iona l  Union of Pure and 
Applied Physics, 

Dr. J.H.AwBERY, representing Science Abstracts, 
Dr. G. KERSAINT, representing Bullet in analyt ique du 

C. N. R. S. (France). 
Professor A.V. HILL, Secretary General I .C .S .U .  
Secretary : Professor G.A. BOUTRY, Paris. 

Dr. L.H.LAMPITT sits as an observer for the Inter-  
na t ional  Union of Pure and Applied Chemistry. 

The offices of the Secretariat are at  the Ins t i tu t  
d 'Optique,  3, Boulevard Pasteur,  Paris XV °, where 
work has already begun with the aid of a special sub- 
vent ion from UNESCO. The Secretary of the Board 
will gladly give any  information desired about  the 
facilities which can be extended to Member journals.  

C O N G R E S S U S  

XIII. Internationaler Kongress der Reinen und 
Angewandten Chemie in S t o c k h o l m  

29, Juli  bis 4. August  1953 

Im Zusammenhang mit  diesem Kongress wird ein 
Symposium der Holzehemie in Stockholm angeordnet, 
und unmi t te lbar  nach dem Kongress f indet ein Sym- 
posium der makromolekularen Chemie in Uppsala statt. 
Die Anmeldungen der Teilnehmer mfissen sp~testens 
am 1. M~rz 1953 beim Kongressbiiro eingegangen sein, 
Zirkulare mi t  dem Kongressprogramm sowie Formulare 
fiir die definitive Meldung und sonstige Auskfinfte sind 
vom Generalsekretiir erh~ltlich unter  der Adresse: Dr. 
BENGr SANDBERG, X I I I  In terna t ional  Congress of Pure 
and Applied Chemistry, Stockholm 7o, Schweden. 


