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Step 2: hypoxanthine determination.  A first spectropho- 
tometric reading of  the solutions obtained as described 
above was made at 293 nm to determine the initial absor- 
bance. A 5-~tl volume of  4 I U / m l  X O D  was then added and 
the conversion of  hypoxanthine to uric acid was fol lowed to 
complet ion at 293 nm. The reaction went to complet ion 
after 30 min at 25 ~ Hypoxanthine concentration was 
calculated from the optical density variation at 293 nm 
assuming a molar  extinction coefficient of  12,000 for uric 
acid 10. 
PRPP concentration was calculated as follows: 

[PRPP] = 1.2 • ([Hypoxanthine]0-[Hypoxanthine]pRpp) , 

where [Hypoxanthine]o was the concentration of  the purine 
base in the blank and [Hypoxanthine]pRp P was the concen- 
tration of  the purine base in the samples at the end of  the 
H G P R T  catalyzed reaction. 

Results and discussion. The calibration curve for the PRPP 
assay obtained by applying the procedure described under  
"Methods"  on PRPP solutions of  known concentrat ion is 

reported in the figure. The relationship between PRPP 
concentration and the amount  of  hypoxanthine consumed 
is l inear in the range studied. F rom the same series of  
experiments,  a standard deviation of  _ 8 •  10 -7 M was 
obtained for the PRPP assay. 
Control  experiments showed that PRPP at the concentra- 
tions employed,  IMP and pyrophosphate (products o f  the 
H G P R T  catalyzed reaction) added in equimolar  amounts  
to PRPP (from 3.5• 10 -6 M to 5 .8•  -5 M) do not 
influence the hypoxanthine assay. 
The method  for the determinat ion of  PRPP concentrat ion 
described above is less t ime-consuming than the radio- 
chemical  procedures involving chromatographic or electro- 
phoretic separation of  nucleotides from the corresponding 
purine bases. The assay is sensitive and specific and re- 
sponds linearly over  the concentrat ion range tested f rom 
3.5• 10 6 M to 5.8• 10 -5 M. Johnson et al. 8 have stated 
that no such linearity was found at PRPP concentrat ion 
lower than 1 • 10 -5 M using the alternate spectrophotome- 
tric method of  Kornberg  et al. 6,7. 
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Genet ic  characterization of  the new morphologica l  and UV-sens i t ive  mutants  in Coprinus cinereus. I. A UV-  
sensitive mutat ion tad 1 associated with elevated frequencies  o f  mitot ic  and meiot ic  recombinat ion  I 
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Summary. Studies on the effect of  an UV-sensitive mutation,  rad 1, in meiotic and mitotic recombinat ion in Coprinus 
indicated that, in homozygous condition, rad 1 increased the spontaneous meiotic recombinat ion by 50% and UV-induced 
mitotic intergenic recombinat ion by about 5-fold. The  homozygous rad 1 diploid was shwon to be much more sensitive 
to the recombinogenic  effects o f  polyfunctional than of  mono-  or non-functional  alkylating agents. 

The existence of  relationships between radiation sensitivity, 
genetic recombinat ion and repair  was first suggested when 
UV-sensitive mutants of  Escherichia coli were shown to 
be defective in recombinat ion 3-5. During the last decade, it 
has further been demonstrated that at least some of  the 
enzymes responsible for the repair of  induced D N A  lesions 
are also involved in genetic recombinat ion of  eukaryotes 
such as Ustilago 6, Neurospora 7, Aspergillus 8, Saccharo- 
myces 9-11 and Drosophila 12 14. In Coprinus, 4 UV-sensit ive 
mutants have previously been described 15 and tested for 
their effects on meiot ic  recombination.  2 were shown to 
be allelic (uvs3-1 and uvs3-2) and reduce the frequency 
of  meoit ic intergenic recombination,  whereas the other  2 
were mutations of  other  genes and did not  affect meiot ic  
recombination.  None  were tested for effects on mitotic 
recombination.  
A UV-sensitive mutant  (radl) in Coprinus, isolated from 
UV-irradiated oidial suspension produced from the mor-  
phological mutant  den 2 (A J1/65), was shown to increase by 

50% the normal  meiot ic  recombinat ion frequency between 
the 2 morphological  mutants den 2 and zig in linkage group 
III, either in repulsion or coupling (table). 
The synthesis o f  diploid strains of  Cop rinus from 2 recessive 

16 morphological  mutants in repulsion , carrying rad 1 muta-  
tion either in homozygous or heterozygous condit ion facil- 
itated greatly the study of  the effect of  radl on mitotic 
recombination. Thus a comparat ive study was made of  the 
effect of  UV-irradia t ion on oidial suspension from 3 
diploid strains, all of  which were heterozygous for den 2 and 
zig in repulsion; the strain AJZ4 was homozygous for 
radl, the strain AJZ1 heterozygous for radl and the 
strain AJZ homozygous wild type for radl. The results 
of  these studies were evaluated from the data o f  the 
dose-response curves together with the frequency of  mitotic 
segregants expressed as a percentage of  colonies on un- 
treated controls. The same data were used to plot the 
frequency of  UV-induced mitotic segregants against the 
surviving fraction (figure). As is apparent  from these 
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The effect of UV-sensitive mutation radl on meiotic recombination between the 2 morphological mutants den 2 and zig, either in 
coupling or in repulsion 

Cross Number Total Heterogeneity % Recombination Replica data 
of replicas progeny between replicas Recombinants/sample size 

N X 2 P f)___ 2 SE ([)) 

den 2 zig, + x 5 1027 8.887 0.1 - 0.05 18.3 +_ 3.65 b 28/121 35/158 50/239 30/204 45/305 

4 2829 0.962 0.9-0.8 20.0• 1.50 a 150/752 121/573 151/794 144/710 

5 1396 3.023 0.6-  0.5 20.3 _+ 2.15 a 50/229 71/401 79/362 42/189 42/215 

3 2079 3.248 0.2-0.1 19.5___2.38 b 62/301 120/553 223/1225 

5 1246 4.859 0.4- 0.3 31.4+ 3.38 b 152/433 40/146 39/137 22/69 138/461 

4 681 4.281 0.3-0.2 30.5+4.22 b 38/129 73/258 59/159 38/135 

+ + + 

den 2 + + 
•  

+ z i g +  

den 2 zig + 
X - -  

+ + radl' 

den 2 + radl  
• 

+ zig + 

den 2 zig radl  
X - -  

+ + radl 

den 2 + radl  • 
+ zig radl  

a SE= [p ( l -p) /N]  1/2. b SE according to Snedecor and Cochran 26, p. 241. 
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Fig. 11 The effect of UV-irradiation on mitotic segregation at dif- 
ferent survival levels, in 3 diploid strains, to demonstrate their 
relative sensitivity towards the recombinogenic effect of UV-light. 
Oidia were treated under a 6-W Philips TUV germicidal lamp 
at the distance of 12 cm with an energy output of 500 erg 
cm -2 sec -l. The dose was adjusted by altering the time of 
treatment. All 3 strains had the constitution h6/~  6 B5/B6 den 2 
+ / +  zig, but differed with respect to radl: 
�9 rad l / rad l  (AJZ4), O r a d l / +  (AJZl), A + / +  (AJZ). 

curves, the diploid AJZ4, homozygous for rad  1, exhibited 
about 5-fold higher f requency of  mitotic segregation than 
the strains AJZ  1 or AJZ.  
To test further the sensitivity o f  the diploid strain AJZ4 
towards the recombinogenic  effects o f  other  mutagens, 
known mutagens such as methylmethanesulphonate ,  
nitrous acid, mono-  and poly-functional  alkylating azi- 
ridinyl phosphine oxides were used for treating diploid 
oidia obtained f rom the strain AJZ4. The data from the 
dose-survival curves and the frequency of  chemically- 
induced mitotic segregation at the same dose levels were 
used to plot the frequency of  chemical ly-induced mitotic 
segregants against surviving fraction (figure 2). A common  
feature of  the effect of  all 6 mutagens is that, with the 
increase in dose o f  mutagen or decrease in surviving 
fraction, there is a gradual increase in mitotic segregation 
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Fig.2. Comparative effects of mono- or polyfunctional alkylating 
agents and nitrous acid on mitotic segregation in the strain AJZ4, 
homozygous for rad 1, at different survival levels. 
�9 , Tepa; O, thiotepa; II, methylmethanesulfonate; A, compound 
AI3-50991; A, AI3-50990 (mono- and difunctional alkylating com- 
pound, respectively); D, nitrous acid. 

up to peak level, which is characteristic for each compound  
tested. Thus the tri-functional alkylating compounds Tepa 
and Thiotepa are presented by their highest peaks in 
comparison with their chemically-related mono-  or difunc- 
tional compounds  (figure 2). Al though at this stage it seems 
premature to draw a conclusion as to the mode  of  action 
of  an alkylating compound  on mitotic recombinat ion,  the 
results are consistent with the findings o f  others that 
monofunct ional  agents are usually less efficient in inducing 
chromosomal  aberrations than their polyfunct ional  ana- 
logues ~7. The cross-linking agents, such as polyfunct ional  
compounds,  have been shown to increase the frequency 
of  genetic exchanges in fungi 18,19 and homologous  non- 
sister exchanges in human Ieukocytes and fibroblasts 2~ 
The increased sensitivity o f  the homozygous rad  I diploid 
(AJZ4) as compared with the + / + and + / r a d  1 strains, 
towards the recombinogenic  effects o f  UV and chemical  
mutagens may be assignable to its decreased capacity to 
repair single strand nicks. As demonstrated in Coprinus ,  
the recombinat ion  frequency is control led by the rate of  
nicking and the t ime in which unrepaird nicks match and 
ult imately crossover 22. UV-sensit ive mutants have also been 
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repor ted  in Ustilago 23, Aspergillus 24 and  Saceharo- 
myces 1~ which enhance  mitot ic  inter-  and  in t ragenic  
r ecombina t ion  in diploid  strains, bu t  the possibil i ty tha t  
some o f  the mitot ic  segregants  m ay  have  b e e n  due  to 
ch romosomal  abnormal i t i e s  has  no t  been  ruled out. 
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Summary. A Drosophila melanogaster l ine has  been  t reated with ioniz ing radiat ions.  The  dose-response re la t ionship  has 
been  studied u p o n  separate  t r ea tmen t  of  male  and  female  gametes.  The  results show that  while the total  survival  is similar,  
at di f ferent  deve lopmen ta l  stages differences can be observed be tween  progenies  f rom t reated male  and  female  gametes.  It 
is suggested that  deve lopmen ta l  pa t te rns  m a y  affect the expression of  induced  muta t ions .  

Induced  mu ta t i on  f requencies  result  f rom a n u m b e r  of  
factors bo th  in te rna l  and  external  to the cell 1,2. T rea tmen t s  
with mutagens  have  shown di f ferent  responses  due to age, 
deve lopmenta l  stage of  t reated individuals ,  stage of  cellular 
division, e n v i r o n m e n t a l  condi t ions,  sex and  so on. 
The  different  sensitivity to X-rays t r ea tmen t  of  male  and  
female germ cells, a l ready repor ted  3 as a greater  induced  
muta t ion  f requency in the males,  is though t  to be a process 
of  cell selection, which could be  more  effective in virgin 
females, consider ing the di f ferent  stage of  germ cells ma tu -  
ra t ion in the adul ts  of  the 2 sexes 4. On  the o ther  hand ,  the 
mechan isms  effective at the molecu la r  level in modi fy ing  
the response to mutagen ic  t rea tments  which  m ay  be visua- 
lized by the dif ferent ia l  damage  produced,  involve enzy- 
mat ic  activities which  are crucial for  cel lular  me tabo l i sm 5. 
Gat t i  et al. 6 also explain the induced  m u t a t i o n  f requency 
on  the 2 sexes by  differences in  the efficiency of  the 
induced  damage  recovery mechan isms ,  l inked to par t icular  
enzymat ic  complexes,  which  are more  or  less active in the 
2 sexes. These  enzymat ic  activities could be the same 
involved in the r ecombina t i on  process. O n  the o ther  hand ,  
genetic mechan i sms  are needed  satisfactorily to explain  the 
genetic control  of  the mutagen ic  action, since differences in 
mutagen ic  responses  are of ten found  to be  u n d e r  genetic  
control.  In a previous  exper imen t  7, d i f ferent  mutagen ic  
responses were ob ta ined  by i r radia t ion  o f  d i f ferent  selec- 
t ion lines genetical ly related;  on  the basis of  the exper imen-  
tal design used, it was argued that  the d i f ferent  mu ta t i on  
frequencies  observed  could result  f rom some k ind  o f  con- 
trol o f  gene activity. 

Since dif ferent ia l  gene activity could be  expressed at 
various deve lopmen ta l  stages, the work repor ted  in the 
present  paper  was a imed  at invest igat ing the mutagen ic  
effect of  ionizing rad ia t ion  in successive deve lopmen ta l  
stages of  genet ical ly re la ted progenies.  
Material and methods. Flies f rom a l ine (K) of  Drosophila 
melanogaster were t reated with several  doses of  X-rays (1.5, 
3.0, 4.5, 6.0 Kr;  filter 4 mm.  A1.; 250 kV; 8 mA).  
The  K line has the fol lowing characterist ics:  1. it was 
ob ta ined  by select ing for shor t  wing heterozygous  flies 
vg+/vg (vg=vestigial on  the 2nd ch romosome) ;  2. it is still 
m a i n t a i n e d  u n d e r  selection; mat ings  are a l lowed only  be- 

't'-values for the comparison between the regression coefficients of 
A and B crosses within each line 

K Canton 
b •  t b •  t 

L/E 
Cross A - 5.56+ 0.359 

4.51"* Cross B - 9.36 _+ 0.762 

1-(L-F)/E 
Cross A - 2.17 _+ 0.447 

6.43** Cross B 1.86 + 0.379 

F/E 
Cross A - 7.27 + 0.564 

0.91 Cross B - 8.07 _+ 0.657 

- 6.03 _+ 0.804 
- 8.33_+ 0.838 

- 1.98+ 1.699 
1.54+0.518 

- 8.86+ 1.952 
- 7.62 +_ 1.078 

1.98 

1.99 

0.56 

*=p<0.05;  **= p<0.01. 


