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betr i f f t ,  in  g le ichal t r igen  W i r t e n  deu t l i che  Mehr l e i s tungen  
hervor .  ~_hnliche iRegnla t ions le i s tungen  der  S p e r m a t h e -  
kenan lage  w u r d e n  a u c h  schon  n a c h  sag i t t a l e r  Zwei te i lung  
yon  Drosophila-Genitalscheiben b e o b a c h t e t  6. l~ber  E n t -  
wick lungs le i s tungen  f r a g m e n t i e r t e r  u n d  kul t iv ier terT,  s 

N e b e n g e n i t a l s c h e i b e n  werden  e rs t  U n t e r s u c h u n g e n ,  die 
zur  Zei t  noch  ~m Gange  sind, A u s k u n f t  geben  k6nnen .  

I m  Gegensa tz  zur  E n t w i c k l u n g  im weib l i chen  Tier  geh t  
der  vol ls t / indige innere  u n d  /iussere m~nn l i che  Geni ta l -  
a p p a r a t  aus  der  m e d i a n e n  Geni ta l sche ibe  hervor .  3/i/inn- 
l iche N e b e n g e n i t a l s c h e i b e n  l iefern  als I m p l a n t a t  bei 
Musca u n d  Phormia har te ,  s t a r k  p i g m e n t i e r t e  Chi t in -  
teile, m i t  kr / i f t igen B o r s t e n  u n d  fe inen T r i c h o m e n  bese tz t .  
Auf  G r u n d  der  Lage der  N e b e n g e n i t a l s c h e i b e n  u n d  ih re r  
be im W e i b c h e n  e indeu t igen  Zugeh6r igke i t  zu m 8. S e g m e n t  
l iegt  der  Schluss  nahe ,  dass  die e rw/ ihn ten  S t r u k t u r e n  d em 
8. A b d o m i n a l s e g m e n t  zuzuordnen  sind. Minde r l e i s tungen  
yon  m/ inn l ichen  Larven ,  denen  eine Nebengen i t a l s che ibe  
e x s t i r p i e r t w u r d e ,  zeigen ebenfa l ls  klar ,  dass  ihre  Deft-  
r a t e  a m  Aufbau  des S y n t e r g u m s  7 + 8 be te i l ig t  sind. 

Summary. I n  Drosophila, b o t h  sexes deveIop the i r  
whole  geni ta l  an d  ana l  a p p a r a t u s  f rom one single m e d i a n  
gen i ta l  disc. L a r v a e  of Musca domestica an d  Phormia 
regina are equ ipped  w i t h  3 p o s t - a b d o m i n a l  discs. I n  
females,  t h e  m e d i a n  gen i ta l  disc deve lops  in to  t h e  ex t e rna l  
anal ia ,  t h e  h i n d  gu t  a n d  t h e  pa rovar i a .  The  2 l a te ra l  
gen i ta l  discs t oge the r  yie ld  t h e  ch i t in ized  s t ruc tu re s  of 
the  8 th  a b d o m i n a l  s eg men t  an d  t h e  whole  i n t e rna l  gen i ta l  
a p p a r a t u s  excep t  t h e  p a r o v a r i a  an d  t h e  gonads .  W h e n  
t r a n s p l a n t e d  in to  l a rva l  hos t s  of t h e  same  age as t he  
donors,  each  la te ra l  gen i t a l  disc gives rise to  a n  a l m o s t  
comple te  i n t e rna l  gen i t a l  a p p a r a t u s ,  i.e. t h e y  show a 
r egu la t ive  capac i ty  w i t h o u t  p rev ious ly  be ing  cu l tured .  
The  ent i re  male  geni ta l  an d  ana l  a p p a r a t u s  deve lops  f rom 
t h e  m e d i a n  gen i ta l  disc. T h e  la te ra l  gen i ta l  discs of t h e  
male,  as revea led  b y  t r a n s p l a n t a t i o n  an d  exs t i rpa t ion ,  
seem to  t a k e  p a r t  in t h e  d e v e l o p m e n t  of t h e  syn t e rg i t e  
7 + S .  

A. DUBENDORFER 

Zoologisch- Vergl. A na/omisches Ins/itut der 
Universitiit Zi~rich, CH-8006 Z i~rich ( Schweiz), 
9. April 7970. 

Fig. 4. Metamorphosiertes Implantat einer weiblichen Nebengenital- 
seheibe yon Musca domestica. Bezeichnungen wie in Figur 2. F~ir- 
bung: Karminessigs~iure. 

6 E. HADORN und P. S. CeEN, Rev. Suisse Zool. 6J, 268 (1956). 
7 E. HADORN, Devl. Biol. 7, 617 (1963). 
s E. HAr~ORN, Devl. Biol. 73, 424 (1966). 

Induct ion of T h e r m o s e n s i t i v i t y  and Salt Sensi t iv i ty  in Wheat Roots  (Triticum aestivum) and the 
Effect of Kinetin 

H e a t  s ens i t i v i ty  has  been  s tud ied  in m a n y  o rgan i sms  
a n d  i t  is k n o w n  t h a t  i t  can  be  induced  b y  h e a t  shock, 
UV- i r r ad i a t ion ,  and  ce r t a in  o the r  t r e a t m e n t s  1 3. I n  t h e  
p r e sen t  s t u d y  roo ts  of w h e a t  (Triticum aes/ivum cv. 
' S v e n n o  v~ rve t e '  f rom Weibul l ,  Sweden)  were used. T h e  
seeds were g e r m i n a t e d  a t  25 ~ in t h e  dark.  Af te r  2 days  
t he  deve lop ing  seedlings were p laced  w i t h  t h e i r  roots  in 
conta iners ,  each  ho ld ing  250 ml  l iquid  n u t r i e n t  m e d i u m  
a n d  19 w h e a t  p lan ts .  The  m e d i u m  c o n t a i n e d  1 0 - 3 M  
Ca(NO~) 2, 1 0 - 3 M  KNO~, 1 0 - a M  KH~PO 4, 5 •  
MgSO 4.7I-I20, 5 •  1 0 - 5 M  Na2HPO 4 and  1 0 - 4 M  Fe 
(EDTA) in de ionized  water .  

Of these  two-day-o ld  p l a n t s  on ly  t he  roots  were exposed  
to  h e a t  shock  and  va r ious  o the r  t r e a t m e n t s .  The  h e a t  

shock  was pe r fo rmed  b y  p lac ing  t h e  roo t  sys t ems  for 
2 m i n  in a n o t h e r - c o n t a i n e r  w i th  dis t i l led water ,  t he  
t e m p e r a t u r e  of w h i c h  was a b o v e  44 ~ in m o s t  exper i -  
m e n t s  t h e r m o s t a t i c a l l y  set  to  45 ~ I m m e d i a t e l y  a f t e r  
t h e  h e a t  shock  t h e  p l a n t s  were t r a n s f e r r e d  to  a t h i r d  
c o n t a i n e r  w i t h  a f resh med ium,  t h e  t e m p e r a t u r e  of which  
was also t h e r m o s t a t i c a l l y  control led,  w i t h i n  a r ange  of 
• 0.1 ~ 

1 N. FRIES and I. SbDERSTR(JM, Expl. Cell Res. 32, 199 (1963). 
N. FRIES, Life Sci. 3, 277 (1964). 
N. FRIES, Expl. Cell Res. 39, 693 (1965). 
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T h e  t e m p e r a t u r e  of t he  root  m e d i u m  before and  a f t e r  
t h e  h e a t  shock  was  va r ied  in t he  d i f fe ren t  e x p e r i m e n t s  as 
descr ibed  below. Tile shoo t s  of t he  p l a n t s  were m a i n -  
t a i n e d  in c o n t i n u o u s  wh i t e  l igh t  (1600-2000 lux) a n d  a t  
a p p r o x i m a t e l y  t h e  s a m e  t e m p e r a t u r e  as  t h e  roots ,  excep t  
for  t h e  h e a t  shock.  5 d a y s  a f te r  t he  h e a t  shock  t h e  
n u m b e r  of l iv ing  a n d  dead  roo t s  was  scored. Since each  
p l a n t  possessed  3 roots  each  series compr i sed  57 roots .  
I n  th i s  c o n t e x t  a dead  roo t  a lways  m e a n s  a root  w i t h  a 
dead  apica l  m e r i s t e m .  I t  is the re fo re  i ncapab le  of f u r t h e r  
apica l  g rowth ,  b u t  still  able  to p roduce  la terals ,  for 
ins tance .  

U n t r e a t e d  roots  grew equa l ly  well a t  25 ~ (optimal)  
as  a t  35~ ( s u p r a o p t i m a l  t e m p e r a t u r e ) .  The  m o d e  of 
r e sponse  of t h e  h e a t - s h o c k e d  roo t s  d e p e n d e d  b o t h  on t he  
t e m p e r a t u r e  d u r i n g  t he  shock  a n d  t he  fol lowing i nc uba -  
t ion  t e m p e r a t u r e .  As s h o w n  in Tab le  I all roo ts  s u r v i v e d  

Table I. The effect of the heat shock temperature on the survival 
of wheat roots at 2 different, subsequent incubation temperatures 

Incubation Surviving roots (%) 
temperature 
after No Heat shock at 
treatment heat 

shock 44'5~ 45"0~ 45"5~ 46"0~ 46"5~ 

25~ 100 100 100 55 20 0 
35~ 100 100 0 0 0 0 

Pretreatment temperature 25~ The figures represent average 
values from 3 experiments. 

Table II. The effect of heat shock on the survival of wheat roots 
at 2 different, subsequent incubation temperatures if a period at 
12 ~ was inserted immediately be]ore or a[ter the heat shock 

Incubation Living roots (%) 
temperature 
after 20 h at 12 ~ 5 h at 12 ~ 
treatment BeJore heat shock AJter heat shock 

Heat shock Heat shock Heat shock Heat shock 
0 min 2 rain 0 min 2 min 

25 ~ 100 45 100 100 
35 ~ 100 0 100 98 

a shock  t e m p e r a t u r e  of 44.5 ~ whereas  v e r y  few s u r v i v e d  
a shoc k  t e m p e r a t u r e  of 46 ~ R o o t s  t h a t  h a d  been  shocked  
a t  t he  i n t e r m e d i a t e  t e m p e r a t u r e  of 45~ however ,  
s u r v i v e d  if t h e y  were i n c u b a t e d  a f t e r w a r d s  a t  25 ~ b u t  
no t  if t h e y  were i n c u b a t e d  a t  35 ~ Thus ,  t h e  h e a t  shock  
h a d  sens i t ized  t h e  roots  to  a s u b s e q u e n t  s u p r a o p t i m a l  
i n c u b a t i o n  t e m p e r a t u r e .  

The  h e a t - s h o c k e d  roots  were e ve n  able  to  su rv ive  a t  
35 ~ however ,  if t h e y  were g iven  a 5 h per iod  of i nc uba -  
t ion  a t  12~ i m m e d i a t e l y  a f t e r  t he  h e a t  shock.  B y  
p u t t i n g  th i s  per iod before t he  h e a t  shock,  t he  t e m p e r a t u r e  
s e n s i t i v i t y  of t he  roots  s eemed  r a t h e r  to increase  (Table II).  

Severa l  d i f fe ren t  add i t i ons  to  t he  n u t r i e n t  m e d i u m  
were t e s t ed  in order  to see w h e t h e r  t h e y  a f fec ted  t he  
m o d e  of r e sponse  of t he  roots .  A s t r i k ing  effect  of k ine t in  
was  obse rved  (Table III) .  At  a c o n c e n t r a t i o n  of 10 -aM,  
or h igher ,  k ine t in  s a ve d  all t he  h e a t - s h o c k e d  roots  f r om 
be ing  kil led a t  35~ If  t he  roots  h a d  been  ke p t  cold 
before t he  h e a t  shock,  the  a dd i t i on  of k ine t i n  h a d  no 
p ro t ec t i ve  effect ,  however .  I n s t e a d ,  1 0 - 4 M  k ine t i n  
i nduced  a n  increased  t h e r m o s e n s i t i v i t y  in these  roots .  

A h e a t  shock  p r o d u c e d  a sens i t i za t ion  no t  on ly  to 
s u p r a o p t i m a I  i n c u b a t i o n  t e m p e r a t u r e s ,  b u t  also to an  
increased  sa l t  c o n c e n t r a t i o n  (Table IV). 

The  resu l t s  r epo r t ed  a bove  t h u s  show  t h a t  w h e a t  roots  
can  be sens i t ized  to a s u p r a o p t i m a l  i n c u b a t i o n  t e m p e r a -  
t u r e  in the  s a m e  w a y  as h a s  been  earl ier  d e m o n s t r a t e d  
w i th  severa l  o the r  t y p e s  of o rgan i sms .  In  roots,  however ,  
in c o n t r a s t  to e.g. m i c r o - o r g a n i s m s  th i s  effect  of t h e  h e a t  
shock  could  be a t  leas t  p a r t l y  a l l ev ia ted  b y  k ine t in .  
Th i s  was  show n  earl ier  for l eaves  ~ a nd  m a y  be a c o m m o n  
cha rac te r i s t i c  of seed p lan t s .  

Since t he  b iochemica l  a nd  s t r u c t u r a l  c h a n g e s  p r o d u c e d  
in t he  cell by  h e a t  shock  are  still  v e r y  l i t t le  known ,  i t  is 
h a r d  to  sugge s t  a s a t i s f a c t o r y  e x p l a n a t i o n  of t he  pro-  
t ec t ive  effect  of k ine t in .  I n  on ion  roo t  cells i t  h a s  been  
d e m o n s t r a t e d  s, ~, however ,  t h a t  t he  e n d o p l a s m i c  r e t i -  
c u l u m  unde rgoe s  ce r t a in  d ras t i c  mod i f i c a t i ons  w h e n  t he  
cells are exposed  to  k ine t in .  A n  increase  in t he  R N A  
c o n t e n t  of t he  ceils could  also be  obse rved .  Af t e r  a few 
h o u r s  a s t r u c t u r a l  r e 0 rga n i s a t i on  of t he  r e t i c u l u m  
occurred.  

4 K. MOTHES, Naturwissenschaften d7, 337 (1960). 
W. A. JENSEN, E. G. POLLOCK and P. H~ALEY, Expl. Cell Res. 
33, 523 (1964). 

6 M. A. HAYAT and F. M. SALAMa, in 16th Int. Congr. Electron 
Microscopy, Kyoto 1966, p. 325. 

Table III. The effect of kinetin on the sensitivity of heat-shocked wheat roots to a supraoptimal incubation temperature 

Incubation temperature Incubation Surviving roots (%) 
between germination and temperature 
heat shock after heat No kinetin 10-7M kinetin 10-6M kinetin 10-5M kinetin 10-4M kinefin 

shock 
No Heat No Heat No Heat No Heat No Heat 
heat shock heat shock heat shock heat shock heat shock 
shock shock shock shock shock 

First 25~ then, during 16 h 25~ 100 55 100 10 100 55 100 0 100 0 
before heat shock 12~ 35~ 100 0 100 0 100 0 100 0 0 0 

25~ 25~ 100 100 100 100 100 100 100 100 100 100 
35~ 100 0 100 80 100 100 100 100 100 80 

The kinetin concentration of the medium was the same in each series from the beginning to the end of the experiment. 
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Table IV. Sensitivity of heat-shocked wheat roots to high concen- 
trations of sodium chloride 

Heat Living roots (%) 
shock NaCl added (%) 

0.5 0.9 1.0 1.2 1.4 
No 100 100 100 100 60 
Yes 100 100 65 5 0 

After the heat shock (or in the control series: no shock) the roots 
were placed for 5 min in the nutrient solution with NaCI added. 
Before and after the treatment with heat shock and NaC1 the 
plants were incubated at 25 ~ 

These  obse rva t i ons  m a y  ind ica te  t h a t  t he  in f luence  of 
k ine t in  on t he  s e n s i t i v i t y  of cells to h e a t  shock  d e p e n d s  
on how  long t he  k i n e t i n  t r e a t m e n t  h a s  l a s ted  a nd  on t h e  
i n t e n s i t y  of t he  m e t a b o l i s m  of t he  cell. Th i s  m a y  exp la in  
t he  obse rva t ions  r epo r t ed  here,  t h a t  k ine t i n  u n d e r  ce r ta in  
cond i t ions  p ro t ec t s  a g a i n s t  a n d  u n d e r  o the r s  sens i t izes  
to a s u p r a o p t i m a l  e n v i r o n m e n t a l  t e m p e r a t u r e .  

Zusarnmenfassung. Die Hi t zesens ib i l i s i e rung  y o n  Wei-  
z e n w u r z e l m e r i s t e m e n  k a n n  d u t c h  K ~ l t e b e h a n d l u n g  oder  
K i n e t i n z u g a b e n  z u m i n d e s t  tei lweise r i ickg~ngig g e m a c h t  
werden.  

I. SKOGQVIST a nd  N. FRIES 

Institute o/ Physiological Botany, University o/ Uppsala, 
S-75727 Uppsala (Sweden), 31 March 7970. 

The Effects of N ico t inamide  on Heat Res i s tance  of 

H e a t  r es i s t ance  is one of t h e  m o s t  i m p o r t a n  t cha rac -  
te r i s t ics  of t h e  bac te r i a l  endospore .  Since t he  d i scovery  
of dipicolinic acid (DPA) in t he  bac te r i a l  endospores  1, 
ev idence  h a s  been  s t ead i ly  a c c u m u l a t e d  to impl i ca te  D P A  
in t h e  h e a t  r e s i s t ance  of t he  bac te r i a l  endospores .  T h e  
p ro t ec t i on  of so m e  e n z y m e s  a n d  p ro t e ins  by  D P A  a ga in s t  
h e a t  d e n a t u r a t i o n  e-4 h a s  also been  d e m o n s t r a t e d .  I nd i r e c t  
ev idence  h a s  also been  a d d u c e d  t h r o u g h  t h e  p r o d u c t i o n  
of D P A  def ic ient  spores  sens i t ive  to h e a t  b y  u s ing  
inba l anced  m e d i a  5, specific i nh ib i to r s  6 a n d  D P A  less 
m u t a n t s L  In  t h e  l a t t e r  two  cases  t h e  effects  could be 
r eve r sed  b y  ex o g enous  D P A .  

R e c e n t l y  UPRETI et  al. s h a v e  s h o w n  t h a t  p i co l inamide  
specif ical ly inh ib i t s  D P A  s y n t h e s i s  l ead ing  to  t h e  pro-  
duc t i o n  of D P A  def ic ient  h e a t  sens i t ive  spores.  T h e  
effect  of p i co l inamide  c a n n o t  be reversed  b y  zinc. D P A  
was  s h o w n  to  a c t i v a t e  t he  soluble r educed  d iphospho -  
py r id ine  nuc leo t ide  ( D P N H )  ox idase  of spores  b y  e lect ron 
accep t ing  m e c h a n i s m  9 a n d  also to  p r o t e c t  it  a g a i n s t  h e a t  
i n a c t i v a t i o n  2. I t  was  t h o u g h t  t h a t  p i co l inamide  m a y  be 
in te r fe r r ing  w i t h  t h e  role of D P A  as an  e lec t ron  accep tor  
in t h e  spore.  There fo re  a s t u d y  of t h e  effects  of n ico t in-  
a m i d e  was  u n d e r t a k e n .  

Materials and methods. Bacillus cereus s t r a i n  T was  
used  t h r o u g h o u t  t hese  inves t iga t ions .  The  ac t ive  cu l tu re  
t e c h n i q u e  was  used  a n d  t he  o r g a n i s m  was  al lowed to 
grow an d  spo ru l a t e  in a glucose y e a s t  e x t r a c t - s a l t s  
m e d i u m  (G m e d i u m ) .  To t a l  v iab le  coun t s  (TVC) were 
m a d e  b y  p l a t i n g  su i t ab le  d i lu t ions  on n u t r i e n t  agar.  Oc ty l  
a lcohol  kills v e g e t a t i v e  cells and  g e r m i n a t e d  spores  of 

Spores  of Baci l lus  cereus  T 

t h i s  o rgan i sm.  Oc ty l  alcohol  s t ab le  c o u n t s  (OSC) were 
m a d e  by  us ing  oc ty l  a lcohol  s a t u r a t e d  w a t e r  for d i lu t ion  
in m a k i n g  p l a t e  counts .  H e a t  s tab le  c oun t s  (HSC) were 
m a d e  b y  p l a t ing  su i t ab le  d i lu t ions ,  a f te r  f i rs t  h e a t i n g  
the  s u s p e n s i o n  a t  80~ for 30 min .  The  OSC gives  t h e  
to t a l  n u m b e r  of spores  while  t h e  H S C  gives t he  n u m b e r  
of h e a t  r e s i s t a n t  spores  in t he  cu l ture .  

Results and discussion. T h e  effects  of n i c o t i n a m i d e  and  
n icot in ic  acid on h e a t  s t ab i l i t y  are g iven  in Tab le  I. 
The  effects  of e xoge nous  D P A  on n i c o t i n a m i d e  i n d u c e d  
h e a t  s e ns i t i v i t y  are g iven  in Tab le  II.  T h e  resu l t s  show 
t h a t  whereas  nicot inic  acid ha s  no effect,  n i e o t i n a m i d e  

Table II. Effect of DPA on the production of heat sensitive spores 
of Bacillus cereus T in the presence of nicotinamide 

Addition to 
G medium 

After 30 h incubation 

OSC HSC HSC 
(ml) (ml) (%) 

None (Control) 2.1 • 108 2.2 • 108 100 
Nicotinamide (2 mg/ml) 1.9 • 10 s 5.0 • 105 0.26 
DPA (0.5 mg/ml) 2.0 • 108 2.2 • 108 100 
Nicotinamide (2 mg/ml) 2.0 x 10 s 5.5 • 105 0.27 
+ DPA (0.5 mg/ml) 

Table I. Effect oI nicotinamide and nicotinic acid on heat stability 
of spores of Bacillus cereus T 

Additions to 
G medium 

After 30 h incubation 

TVC OSC HSC HSC 
(ml) (ml) (ml) (%) 

None 2.0 • 10 s 2.1 • 10 s 2.1 • l0 s 100 
(Control) 
Nicotinamide 2.1 • 10 s 2.2 • 10 s 6.0 • 105 0.27 
(2 mg/ml) 
Nicotinic acid 1.0 x l0 s 1.0 • l0 s 1.0 • l0 s 100 
(2 mg/ml) 

Incubated on a rotary shaker at 30~ (:~I~ 
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