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I n  t h e  r e s t ing  s t a t e  of t he  cell t h e  p l a s m a  m e m b r a n e  
is e lec t r ica l ly  polar ized,  be ing  nega t i ve  on  t he  inside.  
The  secre t ion  process  is i n i t i a t ed  b y  a ' depo la r i s a t i on '  of 
t he  p l a s m a  m e m b r a n e  of t he  n e r v e  t e rmina l s .  Also some 
ca lc ium d e p e n d e n t  s teps  seem to be  i n v o l v e d  in t he  secre- 
t ion  m e c h a n i s m  2, K Since exocytos is  would  h a r d l y  be  
expec t ed  to  occur, if t h e  e l ec t ros ta t i c  forces b e t w e e n  t he  
m e m b r a n e s  i n v o l v e d  were repuls ive,  i t  was  found  of 
i n t e r e s t  to  s t u d y  w h e t h e r  i so la ted  neu rosec re to ry  g ranu les  
car r ied  a n y  electr ical  cha rge  a n d  if so, w h e t h e r  i t  was 
pos i t ive  or nega t ive .  

Methods. Pur i f i ed  neu rosec re to ry  granules  were i so la ted  
b y  dens i t y  g r a d i e n t  u l t r a c e n t r i f u g a t i o n  accord ing  to t he  
m e t h o d  of DEAN a n d  H o P ~  4. The  i so la ted  granules  were 
recovered  in 1 . 4 M  sucrose. Af te r  equ i l i b ra t ion  to  a t em-  
p e r a t u r e  of 20~ th i s  suspens ion  was layered  in a U-  
shaped  glass t u b e  on  t op  of a so lu t ion  of 1 . 7 5 M  sucrose 
(see Figure) .  On t op  of t he  g r a n u l a r  suspens io  n was 
l ayered  a so lu t ion  of 1 . 2 M  sucrose ( the e l ec t rophore t i c  
zone). E lec t rodes  were p laced  in so lu t ions  of 0.9% NaC1 
in one end  of t he  t u b e  (upper) and  in 2 . 0 M  sucrose w i th  
0 .9% NaC1 in t he  o t h e r  end  (lower). T he  g r a n u l a r  sus- 
pens ion  a n d  i ts  m o b i l i t y  in  t i le  e l ec t rophore t i c  zone could 
be v isual ized  t h r o u g h  a s te reomicroscope .  T he  U - s h a p e d  
t ube  was s u b m e r g e d  in a w a t e r  b a t h  (20~ Elec t r i c  fields 
f rom 40 to 100 V / c m  were appl ied.  

Results and discussion. On a p p l y i n g  a vo l t age  across t he  
two e lect rodes  t he  g r a n u l a r  suspens ion  would  s t a r t  t o  mi-  
g ra te  t o w a r d s  t he  pos i t ive  electrode.  I f  t h e  e lectr ical  
p o l a r i t y  of t h e  e lec t rodes  was  c h a n g e d  t he  d i rec t ion  of 
t he  m o v e m e n t  would  also change.  I f  t h e  e lec t rode  in t he  
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u p p e r  end  of t he  t u b e  was pos i t ive  t he  suspens ion  would  
pass  t h r o u g h  t h e  e lec t rophore t i c  zone and  g radua l l y  be  
c o n c e n t r a t e d  a t  t he  u p p e r  end  of t h a t  zone (at  t he  b o r d e r  
of t h e  0.9% NaC1 solut ion) .  I f  t he  other .  (lower) e lec t rode  
s u b s e q u e n t l y  was m a d e  pos i t ive  t he  granules  would  
s t a r t  to  m o v e  d o w n w a r d s  again.  I n t r o d u c i n g  2 m M  
CaC12 or 4 m ~ I  NaC1 in 1 . 2 M  sucrose  in the  e lec t ropho-  
re t ic  zone reduced  t h e  m o b i l i t y  of t he  g r a n u l a r  suspen-  
sion (measured  as t he  t i m e  requ i red  for t he  granules  to  
r each  t he  u p p e r  end  of t he  e lec t rophore t i c  zone). This  
effect  m i g h t  be  due  to a decrease  in t he  electr ic  field, 
caused  b y  t he  increased  c o n d u c t i v i t y  of t h e  zone. I n  3 
ou t  of 6 e x p e r i m e n t s  CaCI~ was more  p o t e n t  t h a n  NaC1 in  
r educ ing  t he  r a t e  of migra t ion .  Since t he re  was no  dif- 
ference in  c o n d u c t i v i t y  of t h e  two  solut ions,  t h e  a d d i t i o n a l  
effect  of CaCI~ m i g h t  be  due to  n e u t r a l i z a t i o n  b y  t h a t  ion 
of f ixed nega t i ve  charges  on  t h e  sec re to ry  granules .  
S imi la r  resul t s  h a v e  been  o b t a i n e d  w i t h  c b r o m a f f i n  
granules  of t he  ad rena l  medu l l a  ~. 

I f  t he  granules  ca r ry  a ne t  nega t i ve  cha rge  in t he  
cytosol  of t he  n e r v e  t e r m i n a l s  t h e y  would  be  repel led 
f rom the  nega t i ve  inside of t he  p I a s m a  m e m b r a n e  d u r i n g  
non - sec re to ry  s t a t e s  of t h e  cell. On secret ion,  however ,  
t h e  p o t e n t i a l  of the  p l a s m a  m e m b r a n e  is abol i shed  or even  
reversed,  wh ich  m i g h t  m a k e  i t  possible  for t he  g ranu les  
to  a p p r o a c h  a n d  fuse w i th  t he  p l a s m a  m e m b r a n e .  Calc ium 
en t e r i ng  t h e  cell on  depo la r i za t ion  of t he  p l a s m a  m e m -  
b r a n e  6 m a y  p l a y  a role in  mod i f i yng  t he  surface charge  of 
the  sec re to ry  granules .  

Zusammen[assung. Sekre tor i sche  G r a n u l a  aus  der  
N e u r o h y p o p h y s e  yon  R i n d e r n  w u r d e n  d u r c h  Ul t r a -  
zen t r i fug ie rung  isoliert .  F re i -F luss  E l ek t ropho re se  dieser  
P a r t i k e l  zeigte, dass  sic eine nega t i ve  L a d u n g  bes i tzen.  
Ca++ u n d  Na+ v e r m i n d e r t e n  die Mobi l i t / i t  de r  G r a n u l a  im 
e lek t r i schen  Feld. 
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S p o n t a n e o u s  M u t a n t s  of  S t a p h y l o c o c c u s  aureus  PS 

Staphylococcus aureus s t r a i n  P S  80 serves  as t he  pro- 
p a g a t i o n  o rgan i sm for  t he  s t aphy lococca l  b a c t e r i o p h a g e  
80. I t  was  o b t a i n e d  f rom t he  N a t i o n a l  iReference L a b o r a -  
t o r y  for  P h a g e  Typing ,  Prague ,  Czechoslovakia .  

Pigment mutants in stored culture. The  s t r a i n  was s to red  
s t a b b e d  in n u t r i e n t  aga r  s l an t s  over la id  w i t h  pa ra f f i n  oil 
a t  r oom t e l h p e r a t u r e  in  t he  d a r k  for 1 year .  

A suspens ion  was p r e p a r e d  d i r ec t ly  f rom t h e  aga r  
scrapings ,  d i lu ted  a n d  p l a t e d  on  c ream agar  p la t e s  

80 

(WILLIS, O'CONNOR a n d  SMITH 1). Afte r  i ncuba t ion ,  colo- 
nies of d i f fe ren t  size a n d  colour  developed.  The  m a j o r i t y  
cons i s ted  of t he  or ig ina l  wild  t y p e  - i.e. o range  coloured  
colonies, a b o u t  2 m m  in  d iamete r .  The  res t  of t h e  colonies 
occur r ing  in a f r equency  10-~-10 2 were ch romogen ic  
m u t a n t s  of d i f fe ren t  co lony size. T h e y  were selected,  
pur i f i ed  a n d  t e s t ed  a long  w i t h  n o r m a l l y  a p p e a r i n g  
colonies for d i f fe ren t  m a r k e r s  (Table  I). The  t e s t s  were 
pe r fo rmed  as descr ibed  e lsewhere  (ScHI•DLER, MAREgOV~. 
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a n d  SCHINDLI~R2). All c lones  of m u t a n t  p h e n o t y p e  were  
checked  for  a n a e r o b i c  g lucose  f e r m e n t a t i o n  (ref. a). 

T h e  or ig ina l  s t r a i n  s t aphy l ococcus  aureus  P S  80 is 
o range ,  p r o d u c e s  c l u m p i n g  fac tor ,  a n d  s t a p h y l o c o a g u l a s e ,  
acidif ies m a n n i t o l  agar ,  f e r m e n t s  a n a e r o b i c a l l y  m a n n i t o l  
a n d  lyses  r a b b i t  e r y t h r o c y t e s .  T h u s  i ts  p h e n o t y p e  a p p e a r s  
as fo l lows:  P S  80: Ors ,  Clu, Cog, Man,  A m a ,  Kin ,  Her .  

Table I. Phenotypes of mutants isolated after storage of Staphylococ- 
cus aureus PS 80 

Type Clu Cog Man Ama Kin Her 

PS 80 (wild) 1 1 1 1 1 1 
3-1T 0 0 0 0 0 0 
lerl 0 0 0 0 0 0 
322L 0 0 0 0 0 1 
3BZ 0 0 0 0 0 1 
4e4 0 0 0 1 1 0 
3er3 0 0 1 0 0 1 
9b3 0 0 1 1 0 1 
3er2 0 0 1 1 1 0 
4-3T 0 1 0 0 0 0 
4-5 0 1 0 1 0 0 
3-1 0 1 0 0 1 0 
9b4 0 1 1 0 0 1 
4el 0 1 1 1 1 1 
45 3T 0 1 1 1 1 1 
3er2T i 0 0 0 0 0 
9blT 1 0 0 0 0 0 
3B 1 0 0 0 0 1 
S-S 1 0 1 0 0 0 
3-4 1 0 1 0 0 1 
1-1T 1 0 1 0 1 ] 
2a2 i 0 1 i 0 1 

ler5 1 0 1 1 0 1 

33T i 0 1 1 i 0 

24 1 1 0 0 0 0 
4-2T 1 0 1 1 1 1 
3-7 1 1 0 0 1 0 
ler3 1 1 1 0 0 0 
4-IT 1 1 1 0 1 1 
2a3 1 1 1 1 0 1 
45 2T 1 1 1 1 1 0 
5e2 1 1 1 1 1 1 

T a b l e  I s h o w s  v a r i o u s  i so la ted  m u t a n t s  a n d  t h e i r  re- 
spec t ive  p h e n o t y p e s .  All  we re  r e s i s t a n t  to  p h a g e  80. 

Tetracyc l ine  res i s tan t  muCanXs. A n  i n v e s t i g a t i o n  w a s  
m a d e  in  a s ea r ch  for  t e t r a c y c l i n e  r e s i s t a n t  m u t a n t s  w h i c h  
m i g h t  be  p r e s e n t  in a p o p u l a t i o n  of t h e  s t r a i n  P S  80. 
100 m l  of a s t a t i o n a r y  cu l t u r e  were  m a d e  u p  to  300 m l  
w i t h  n u t r i e n t  b r o t h  c o n t a i n i n g  t e t r a c y c l i n e  to  a f ina l  
c o n c e n t r a t i o n  20 ~zg/ml. Af t e r  i n c u b a t i o n  for  48 h a t  37~ 
a n d  p l a t i n g  on  n u t r i e n t  a g a r  c o n t a i n i n g  t e t r a c y c l i n e  
10 ,ag/ml, r e s i s t a n t  m u t a n t s  we re  i so la ted  a n d  pur i f i ed .  
B y  rep l ica  p l a t i n g  on  c a d m i u m  n i t r a t e  a g a r  (10-~M), 
2 t e t r a c y c l i n e - r e s i s t a n t ,  c a d m i u m - s e n s i t i v e  m u t a n t s  we re  
i so la ted  a n d  pur i f ied .  I n  10 t e t r a c y c l i n e  r e s i s t a n t  m u t a n t s  
a n d  in 2 t e t r a c y c l i n e - r e s i s t a n t  a n d  c a d m i u m - s e n s i t i v e  
m u t a n t s ,  penic i l l inase  a n d  t h e  m a r k e r s  or  r e s i s t a n c e  were  
e x a m i n e d  (Table  I I ) .  T h e  t e s t s  we re  desc r ibed  e l sewhere  

Ora (SCHINDL]~R4). I n  a l l  10 isolates ,  t e t r a c y c l i n e  r e s i s t a n t  
Whi m u t a n t s  c a r r y  a long  w i t h  t h e  T e t  m a r k e r  also Cad, Met,  
Yel E r y ,  Lin,  Cef, Sp i  a n d  Yel  m a r k e r .  All  are  r e s i s t a n t  to  
Whi 
Yel p h a g e  80. T e t r a c y c l i n e - r e s i s t a n t  a n d  c a d m i u m - s e n s i t i v e  
Whi m u t a n t s  were  penic i l l inase  nega t ive .  
Yel D i s c u s s i o n  and  conclus ions .  S o m e  conc lus ions  c o n c e r n i n g  
Whi b o t h  gene t ic  a s p e c t s  a n d  d i a g n o s t i c  p r ac t i c e  m a y  be  
Ora d r a w n  : 1. T h e  s t o r age  of s t a p h y l o c o c c i  f a v o u r s  t he  occur -  
Yel rence  of m u t a n t s .  2. T h e  d i s soc ia t ion  of t h e  Clu a n d  Cog as 
Whi wel l  as of o t h e r  m a r k e r s  occurs  r ead i ly  b y  m u t a t i o n .  
Whi 

E v e n  a f t e r  los ing  b o t h  Clu a n d  Cog, M a n  m a y  be Whi 
Whi r e t a ined .  S t a p h y l o c o c c a l  s t r a i n s  m a y  exis t ,  w h i c h  do n o t  
Yel c a r r y  m a r k e r s  (Clu, Cog, A m a ) ,  u sed  for  spec ies  d i f feren-  
Whi t i a t i o n  ( R e c o m m e n d a t i o n  ~, BAIRD-PARKERh). S p o n t a n -  
Yel eous  t e t r a c y c l i n e - r e s i s t a n t  m u t a n t s  m a y  be  p r e s e n t  in a 
Ora sens i t i ve  p o p u l a t i o n .  T h e y  are ye l low a n d  m u l t i r e s i s t a n t .  
Whi S imi l a r  s t r a i n s  were  r e p o r t e d  in 1966 b y  WILLIS, SMITH 
Yel a n d  O'CONNOR 6. S p o n t a n e o u s  c h r o m o g e n i c  m u t a n t s  
Ora 
Whi w h i c h  m u t a t e d  in severa l  o t h e r  m a r k e r s  were  r e p o r t e d  b y  
Ye! PARISI 7. T h e  loss of c h r o m o g e n i c  c a p a c i t y  can  be  l inked  
Ora w i t h  t h e  r e s i s t a n c e  to t h e  i n t e r n a t i o n a l  t y p i n g  p h a g e s  
Ora (RosENBLUM a n d  JACKSO~,'S). T h e  i n s t a b i l i t y  of p r o p a g a -  
Ors 
Ora 
Ora 
Ora 
Ors 
Ora 
Whi 

Marker designations are constructed according to the recommenda- 
tions of DEMER~C et a13 ~ CIu, clumping factor production; Cog, 
eoagulase production; Man, mannitol utilization on Chapman agar; 
Area, anaerobic mannitol fermentation; Kin, staphylokinase pro- 
duction; Her, rabbit erythroeytes haemolysis; Tet, tetracycline re- 
sistance 20 ~zg/ml; Ery, erythromycin resistance, 25 ~g/ml; Ora, 
orange eolour; Yel, yellow colour; Whi, white colour. 
1 = positive; 0 = negative. 
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Table II. Markers in Staphylococcus aureus PS 80 and its mutants 

Pna Cad Mer Kin Clu Pen Clo Tet Ery Str Neo Nan Cef Lin Nov Pri Spi 

PS80 1 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 

80tr 1 ~ 1 1 1 1 1 1 1 1 1 1 0 0 1 1 0 0 1 

80tre 0 0 1 1 1 1 1 1 1 1 0 0 1 1 0 0 1 

1, positive (or resistant); 0, negative (or sensitive). ~ Strains 80tr2-80trl0 were the same phenotype as 80tri. Designation of markers: peni- 
cillinase, Pna. Markers of resistance to Cd ++, Cad; Hg ++, Mer; penicillin, Pen; oxacillin, OXa; ehl0ramphenicol, Clo; tetracycline, Tet; erythro~ 
mycin, Ery; streptomycine, Str; neomycin, Neo; kanamycin, Kan; l incomycin, Lin; novobiocin, Nov; pristinamycin, Pri; fusidic acid, Fus; 
cephaloridine, Cef; and spiramycin, Spi. 
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t ion s trains,  as far as the  phage  hos t  specif ic i ty  is con- 
cerned, was discussed by  PILLICH et al. 9 

Zusammen/assung. Eine  Reihe  yon M u t a n t e n  mi t  ver-  
sch iedenen  P h e n o t y p e n  wurde  nach  einj~thriger Lagerung  
des Staphylococcus aureus P S  80 isoliert. Sie un te r sche iden  

sich in mehre ren  Merkmalen  v o m  Wi ld typ .  Aus der  Tet ra-  
cyk l in -empf ind l ichen  Popu la t ion  der  PS-8 0-Zellen wurden  
Te t racyk l in - res i s t en te  M u t a n t e n  selektiert ,  die gleich- 
zeitig res i s ten t  gegen S t rep tomyc in ,  Chloramfenikol ,  
E ry t h ro my c i n ,  Cephaloridin,  L incomycin  und  Sp i ramyc in  
sind. 
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A Quantitative Analysis  of Cleistothecia Production in Aspergillus nidulans 

Fung i  are no t  f r equen t ly  employed  in s tudies  of 
quan t i t a t i ve  genetics inher i tance.  Being general ly  haploids  
t h e y  have  a segregat ion p a t t e r n  which  is no t  amenab le  to  
the  m e thods  of q u a n t i t a t i v e  genetics.  However ,  dur ing  
he t e roka ryon  fo rma t ion  i t  is possible to suppose  the  
exis tance of addi t ive,  d o m i n a n t  and he tero t ic  effects of 
t he  genes. Such effects  m u s t  bear  s imilar i t ies  to  those  
which  occur in diploid  organisms since in t he  hetero-  
karyons  the re  are 2 sets of genes, a l though  in d i f ferent  
nuclei. Aspergillus nidulans is a f i l amentous  fungus  which  
has been  widely  used in genet ic  research.  I t  produces  
spherical  f rui t ing bodies, t he  cleistothecia,  100 ~m or 
more  in d iameter ,  which  arise af ter  8-10 days  incuba t ion  
at  37~ In  the  fo rma t ion  of cleistothecia,  several  cyto-  
p lasmic  and  nuclear ,  factors  are p robab ly  involved.  
Cleis tothecia fo rma t ion  is i rregular;  cer ta in  s t ra ins  
produce  only  conidia,  o thers  are regular ly  sexual  and 
f inal ly others  p roduce  conidia  and  sporadica l ly  s t a r t  to 
produce  cleis tothecia  ~-5. Since the  var ia t ion  in the  n u m b e r  
of  c le is tothecia  p roduced  in the same env i ronmen ta l  con- 
d i t ions  is due  to  he red i t a ry  factors,  i t  is possible  to 
es t imate  and  to  t e s t  t h rough  a diallel cross model,  t he  

general  and specific combin ing  abili t ies and to look for 
q u a n t i t a t i v e  efiects  of t he  genes which take  pa r t  in 
c le is tothecia  p roduc t ion  in A. ~idulans. 

Material and methods. Minimal  med i u m (MM) was  
Czapeck-Dox med i u m wi th  1% (w/v) glucose. Comple te  
med i u m (CM) was a complex  m e d i u m  conta in ing  yeas t  
ex t rac t ,  hyd ro lyzed  casein, hyd ro lyzed  nucleic acids, 
v i tamins ,  etc 6. Solid media  conta ined  2~o agar.  The  
s t ra ins  of A. nidulans all der ived f rom Glasgow stocks,  
were kep t  a t  5~ on CM slopes. They  were puri f ied a t  
6 -month  in terva ls  by  single colony isolat ion and  auxano-  
graphic  character iza t ion .  The following s t ra ins  were used : 
S t ra in  A: y, nic~ ribos; s t ra in  B: y, w2, s~, pyro4; s t ra in  C: 
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Table I. 
crosses 

Mean frequencies of cleistothecia (per mm ~) in the 15 

Strains A B C D E F 

A 
A 0.21 0.68 0.79 1;43 0.23 B 
B 2.32 6.58 7.27 5.03 C 
C 2.21 1.47 2.19 D 
D 2.43 1.12 E 
E 0.11 F 

Table III. Estimates of the effects of the general combining abiiity 
for each strain 

Strain Effects (~) 

-2.00 
2.51 
0.62 
0.44 
0.33 

-0.67 

Table 1I. Analysis of variance for the general and specific combining 
abilities 

Source D.F. b M.S.o 

General combining ability 5 9.18 ~ 
Specific combining ability 9 2.86 ~ 
Error 14 0.41 

~Sig~ificant at 1% level. 
bDegrees of freedon 
o Mean square 

Table IV. Estimates of the effects of the specific combining abilities 
for each strain 

^ 
Strains Effects s,~ 

B C D E F 

A -2.57 1.03 0.08 0.82 0.63 
B -1.84 1.35 2.15 0.91 
C 0.12 0..52 1.21 
D 0.62 -0.9Z 
E -1.83 


