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A mutation of  Euplotes vannus causing induction of  intraclonal conjugation (selfing) in low [K+]o 
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Summary'. A newly discovered recessive muta t ion ,  clk, in the mar ine  ciliate Euplotes vannus is responsible  for  induct ion of  
in t rac lonal  con juga t ion  at  low, i.e. < 2 instead of  10 m M  [K+]o. Heredi ty  was assured by crosses to s t andard  clones and  by 
backcrosses.  Pair ing in clk clones is prevented  by K + at 2 m M ,  by Rb + and  Cs + at 4 mM,  not  by Li +, NH4 +, and  TEA + up to 
10 raM. Clones with the clk phenotype  were found  in several na tu ra l  popula t ions .  
Key words. In t rac lona l  pair ing;  low po tass ium concen t ra t ion ;  Euplotes vannus. 

Potass ium ions apparent ly  play crucial roles in conjugat ion  
processes in ciliates 2. High extracellular concent ra t ions  af- 
fect pa i r  fo rmat ion  in two opposi te  directions:  induct ion of  
in t rac lonal  conjuga t ion  in Paramecium 3, and  inhibi t ion  of  
conjuga t ion  between opposi te  ma t ing  types in Euplotes 4. In 
this report ,  an effect of  reduced external  potass ium concen-  
t ra t ion  on  sexual behav io r  is described: a newly found  mu- 
tan t  (clk) of  the mar ine  E. vannus is induced to in t rac lonal  
con juga t ion  when t ransferred  to med ium with low ( < 2 raM)  
[K+I . 
Materials and methods. All clones of  var ious origins (table 2) 
are members  of  the vannus m o r p h o t y p e  of  the Euplotes van- 
nus-crassus-minuta group  5-7. M u t a n t  clones are descendents  
of  a stock f rom Naples / I ta ly ;  for des ignat ion see 'Heredi ty ' .  
Cells were bred in artificial seawater  (mM):  NaC1 465.3; 
NaHCO3 2.4; KCI 10; CaC12 10.4; MgC12 24.8; MgSO4 28.1 
in petri  dishes 8 result ing in popula t ions  of  8 16000 cells in 8 
ml medium.  They were t ransferred  to low K§ by 
sieving. K § analogues  were applied as chlorides. Ion  compo-  
sitions were al tered by addi t ion  of  appropr ia te  adjust ing me- 
dia in 1 : 1 p ropor t ion .  Changes  in the nuclear  appara tus  were 
visualized by a modif ied  orcein me thod  8, and  Con  A binding 
site fields on  the cell m e m b r a n e  by means  o f  horseradish  
peroxidase 9 (during the lat ter  t rea tment ,  cells were par t ly  
damaged. )  Exper iments  were pe r fo rmed  at 24.5 ~ in a con- 
s tan t  t empera tu re  room.  
Results and discussion. Description o f  the phenotype. Pairs 
appeared  2 3 h after  t ransfer  to 1 m M  K § and  in a still 
h igher  p ropo r t i on  at  0 m M  (fig.). The percentage increased 
rapidly, bu t  decreased af ter  5~5 h. All details were in accord-  
ance wi th  no rma l  conjugat ion,  including susceptibility to 5 
g M  cycloheximide. Cour t sh ip  behavior ,  adherence  of  two 
mates  in angled posi t ion,  and  quick ro ta t ion  9 were observed.  
Only the pre -conjuga t ion  phase  (lag phase)  was longer. Also 
the typical field of  Con  A binding sites in the pair ing region 9 
occurred.  Aceto-orce in  p repara t ions  revealed per formance  
of  micronuclear  divisions together  with  macronuc leus  de- 
s t ruct ion ~. The  mos t  advanced  cytological  stage, however,  
was tha t  of  8 micronuclei ;  the major i ty  of  pairs  progressed 
only to the 2 or 4 micronucle i  stage. Thereaf ter  the par tners  
separated wi thou t  having  exchanged pronuclei .  Conse-  

quently,  exconjugants  with macronuc lea r  anlagen were no t  
found.  A l though  the series of  cytogenetic events was thus no t  
completed to synkaryon  format ion ,  all traits indicate tha t  
conjugat ion  was induced in the m u t a n t  cells, bu t  cont inued  
only to a certain point .  The inabil i ty to te rminate  conjuga-  
t ion could be due to the de t r imenta l  effects of  lack of  K § for  
so m a n y  hours.  
Effects o f  K + analogues. Specificity of  act ion of  po tass ium 
ions on  cIk clones was tested by compar i son  with o ther  
monova len t  cat ions (table 1). K + inhibi ted pai r  fo rmat ion  at 
2 mM,  the few exceptional  pairs  (fig.) being temporary ,  with- 

Table 1. Effects of ions on intraclonal conjugation in a clk-clone (B26) of 
Euplotes vannus 
Ion Observations* at mM 

1 2 4 10 

K + + - _ _ 

Rb + + + - _ 
Cs + + + -- _ 
Li + + + + + 
NH4 + + + + + 
TEA +** + 

* + = conjugation; - = no pairs; ** tetraethylammonium. 

Table 2. Reaction of clones of Euplotes vannus from different origins to 
medium without K + 

Origin Clones Observations* 
tested - (-)  + 

Naples/Italy 31 17 7 7 
Tropea/Italy 1 0 0 1 
Brindisi/Italy 2 0 i 1 
Vrsar/Jugoslavia 3 1 2 0 
Barcar~s/France 2 0 0 2 
Quiberon/France 7 7 0 0 
Patras/Greece 2 2 0 0 
Nafplion/Greece 2 2 0 0 
Mombasa/Kenya 18 18 0 0 
Morehead/North Carolina 3 0 2 1 

* - = no reaction; (-)  = single pairs; + = conjugation, including induc- 
tion of micronnclear divisions. 
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Time course of pair formation in clone B24 ofEuplotes vannus at 0, 1 and 
2 mM K +. 

out  effects on the nuclear apparatus. None of  the other  ions 
were equally effective, even Rb § and Cs § required higher 
concentrations to inhibit pair formation. Li § NH4 § T E A  up 
to 10 m M  could not replace K § The ineffectiveness of  T E A  
was particularly striking, since it strongly prevents conjuga- 
tion between complementary mating types 4. 
Heredity. The original clk clone B24 (mating type B) was 
crossed to the non-reactive A28 (mt A). None  of  the 18 
surviving exconjugant clones formed pairs at 0 m M  K § indi- 
cating recessiveness of  the clk trait. In accordance with this 
assumption, backcrosses of  these exconjugants to B24 
yielded new clones with the clk phenotype, one of  them being 
B26 (mt B). When this clone was backcrossed to its non-reac- 
tive parent, again clk clones segregated. However,  in all 
crosses their number was significantly lower than expected 
for a single Mendelian gene, only 10 % instead of  50 %, f rom 
64 clones tested. Thus the observations assure genetic deter- 
minat ion and recessiveness of  the clk trait, but leave genetic 
conditions somewhat uncertain. Monogenic  heredity, on the 
other hand, is still not  excluded, since the viability o fexcon-  
jugants only was 20-40 %. Lack of  clk phenotypes therefore 
could be due to sublethal pleiotropic effects of  the gene. 
Occurrence o f  clk in natural populations. Observations on 
wild stocks are listed in table 2. In the Naples syngen several 

clones revealing clk were found. They represent all four mat-  
ing types 1~ In other  populations clones occur with a gradu- 
ation from no reaction to nearly 100 % engagement in conju- 
gation at 0 m M  [K+]o . Normally,  sexual activity in E. vannus- 
crassus-minuta requires cell contact  between different mating 
types 11. Occasional intraclonal conjugation is explained by 
change of  mating type expression in heterozygotes as a con- 
sequence of  aging 12. Since our mating type B is determined by 
the lowest allele in the dominance hierarchy 1~ 13, the B-clones 
can only be homozygous.  Therefore pairing and induction of  
micronuclear division at low external potassium concentra- 
tions take place without  a change in mating type expression. 
Until  now this was reported only for E.patella 14 and E. octo- 
carinatus 15, which both have a mating type determination 
(single locus, multiple codominant  alleles) different from 
E. vannus. In Paramecium most  of  the mutations that affect 
reactions against potassium impede conjugation 2, or make 
the cells die in low K § concentrations ~6. Therefore the clk 
mutant  might  become a tool in electrophysiologicaP 7 ap- 
proaches to elucidate the functional role of  potassium ions in 
conjugation. 
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Effect of hyperthermia upon gamma-ray induced crossing-over in an excision repair deficient male 
Drosophila melanogaster 
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Department o f  Biological Sciences, Northern Illinois' University, De Kalb (Illinois' 60115, USA) ,  5 January 1987 

Summary. Hyperthermia of  1 h at 38 ~ did increase gamma-ray induced crossing-over in meiotic cells of  male larvae and 
adults. However,  there was considerably less effect of  the heat treatment upon radiation induced crossing-over (a chromo- 
some breakage event) in an excision repair mutant  y mei-9 a. 
Key words. Hyperthermia;  gamma ray; crossing-over; Drosophila," repair mutant.  

The emergence ofhyper thermia  as a radiosensitizer has been among them that hyperthermia may interfere with repair 
rapid because of  its application in cancer therapy. Al though processes~-3. Mittler reported that hyperthermia may affect 
the exact mechanism in enhancing the damage of  ionizing excision repair in radiation induced breakage and loss of  
radiation is unknown, hyperthermia has become useful in the chromosome 4, s. In an at tempt to obtain more information 
clinic. Several possible mechanisms have been suggested on whether hyperthermia does interfere with excision repair 


