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therefore  propose t h a t  exclusion of calcium f rom sieve 
tubes  is pa r t  of the  deve iopmen ta l  process  whe reby  t h e y  
a t t a in  t he  re la t ively  s t ruc ture less  cond i t i on  which  pre-  
sumab ly  fi ts  t h e m  for t he  func t ion  of longi tudinal  con- 
duc t ion  of a f lowing solution.  The  charac ter i s t ic  immo-  
b i l i ty  of calcium in t he  phloem,  wi th  the  a t t e n d a n t  ineffi- 
c ient  d i s t r ibu t ion  of th is  nu t r i en t  in the  plant ,  is on th is  
view the  evo lu t ionary  price pa id  for the  a d a p t a t i o n  of sieve 
tubes  as re la t ive ly  open, uns t ruc tu r ed  condui ts  t h rou g h  
which a solut ion of sugars and  o ther  nu t r i en t s  is free to 
flow. The one m e m b r a n e  which is fully funct ional  - the  
p l a s m a l e m m a  - abu t s  on the  cell wall  and is therefore  ex- 
posed to  calcium presen t  in t he  extracel lu lar  space or 
' apoplas t ' .  

Boron. Like calcium, boron  is an essent ial  nu t r i en t ;  a 
def ic iency of i t  has  p r o m p t  and  of ten  disas t rous  effects on 
growing' po in t s  and  hence,  on the  ent i re  p lant .  I t s  failure 
to  be red i s t r ibu ted  via  the  ph loem is a p p a r e n t l y  disad- 
vantageous .  However ,  I p ropose  t h a t  a def ic iency of i t  in 
sieve tubes,  like calc ium deficiency, is connec ted  wi th  the  
role of sieve tubes  as conduc t ing  e lements .  The pores con- 
nec t ing  sieve tube  p ro top las t s  t h rough  the  in te rven ing  
walls are of ten l ined wi th  a sleeve of callose which  t ends  
to  nar row these  openings.  R e c e n t  evidence 1 is to  t he  effect  
t h a t  unless sieve tubes  are injured,  t he  sleeves of callose 
are no t  suff ic ient ly  th ick  to cause a cri t ical  nar rowing  of 
the  pores.  However ,  var ious injurious agents  including 
bora te  6 cause callose to be depos i ted  more  copiously t h a n  

is o therwise  the  case, nar rowing the  pores and in ex t r eme  
cases, b locking the  m completely .  Like exclusion of cal- 
cium, therefore ,  exclusion of boron  f rom sieve tubes  may  be 
an a d a p t a t i o n  favor ing  the i r  m a i n t e n a n c e  as open con- 
duits .  

P a r t  of the  above  hypo thes i s  ( tha t  concerning  calcium) 
has been  brief ly referred to  before ~. 

Rdsumd. Cont ra i r emen t  g la p lupar t  des 616ments nutr i -  
tifs, le calcium et  le bore  sont  en grande  par t ie  exclus des 
tubes  cribI6s e t  pa r  cons6quent  ne sont  pas ef f icacement  
distr ibu6s darts la p lante ,  ce qui est  a p p a r e m m e n t  d6s- 
avan tageux .  On suppose  que l 'exclusion de ces deux 616- 
merits  des tubes  cribl6s favorise leur ma in t i en  comme con- 
dui ts  ouverts .  
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P R O  E X P E R I M E N T I S  

A M e t h o d  for  F r e e z i n g  L i v i n g  O v a r i e s  of Drosophila melanogaster L a r v a e  a n d  I ts  A p p l i c a t i o n  to  the  

S t o r a g e  of M u t a n t  S t o c k s  

The isolat ion of Drosophila m u t a n t s  has been h indered  
by  the  fact  t h a t  no sa t i s fac tory  m e t h o d  is avai lable  for 
preserv ing  l iving flies, so t h a t  the  s tocks have  to be 
m a i n t a i n e d  cons tan t ly .  

A m e t h o d  for freezing imaginal  disc cul tures  of Droso- 
phila in l iquid n i t rogen  has been  repor ted  1, b u t  it  gave 
var iable  resul ts  w h e n  app l ied  to  discs t a k e n  d i rec t ly  
f rom the  larva.  Therefore,  a new t echn ique  for freezing 
imaginal  discs was developed which  gives comple te  
survivai  of t he  t issueK Encouraged  by  these  results  we 
a d a p t e d  th is  m e t h o d  to  t he  freezing of larval  ovaries. 

Survival and fertility of frozen ovaries 

Experiment 1 2 3 4 5 

Number of ovaries frozen 12 12 12 12 12 

Number of ovaries 11 10 8 11 10 
re-implanted 

Number of ovaries 6 6 7 8 3 
developing normally 

Number of ovaries 1 2 -- 2 4 
reduzed in size 

Number of ovaries 5 4 4 6 5 
with progemy 

Total number of progeny 27 32 12 31 27 

from donor ovaries 

Total number of progeny ii0 130 116 161 159 

from host ovaries 

T ransp l an t ed  ovaries can es tab l i sh  a connect ion  wi th  the  
hos t ' s  ov iduc t  and  give rise to  offspr ing 3. In  th is  pre l imin-  
ary note  we repor t  on a m e t h o d  for freezing larval  ovaries 
which  can be used for p reserv ing  m u t a n t  stocks. 

The ovaries were dissected f rom wi ld type  donor  larvae  
of the  late th i rd  ins ta r  (110 h af ter  egg deposi t ion,  a t  
25~ in  a drop  of ba lanced  saline solut ion 4, and  the  
adher ing  fa t  body  was careful ly r emo v ed  b y  tungs t en  
needles.  A dozen ovaries was collected and  t rans fe r red  
in to  a 2 ml  ampoule  conta in ing  0.5 ml  of freezing med i u m 
I, which  consists  of 5% glycerin,  80% Schneider ' s  
Drosophila med i u m 5 and  15% bovine  serum a lbum in 
f rac t ion V (2 mg/ml) .  I t  p roved  to  be mos t  conven ien t  to  
t r ans fe r  the  ovaries in a smal l  depress ion slide 6 (2 m m  in 
d iameter ,  0.2 m m  deep, gold (95%) - nickel (5%) which  
w a s  d ro p p ed  di rec t ly  into t he  a m p o u l e .  This p r ev en t s  
d i lu t ion of the  med i u m and  loss to t he  tissue. The ovaries 
are i n c u b a t e d  in freezing med i u m I for 2 h a t  room 
tempera tu re .  Af terwards ,  0.5 ml  of freezing med i u m II  
(15% glycerin,  70% Schneider ' s  Drosophila medium,  15% 
bovine  serum a lbumin  f rac t ion V [2 mg/ml])  are added,  
the  media  are mixed  gently,  and the  ampoule  is sealed. 

1 •. GATEFF and H. SCHNEIDERMAN, A. Rep. Lab. Schneiderman, 
Case Western Reserve University (1968), p. 74. 

2 VV r. BROSCHIArEILER, in preparation. 
*~ B. EPHRUSSI and G. BEADLE, Bull. biol. Ft. Belg. 59, 492 (1935). 
4 L. CHAN and W. GEHRING, Proc. Nat. Aead. Sei. USA 68, 2217 

(1971). 
Schneider's Drosophila Medium (revised), Grand Island Biological 
Comp. 

G Depression slide used for 'freeze-etching', Balzers AG, 9496 Bal- 
zers Principality of Liechtenstein. 
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H e a t i n g  of t he  c o n t e n t s  of t h e  a m p o u l e  ha s  to  be  avo ided .  
Af te r  30 m i n  of exposure  to  t h e  c o m b i n e d  f reezing m e d i a  
a t  r o o m  t e m p e r a t u r e ,  t he  a m p o u l e  is i n se r t ed  in to  a 
'b iological  f reezer  '7 a n d  cooled a t  a r a t e  of l ~  
3 h l a t e r  t h e  a m p o u l e  is t r a n s f e r r e d  b r ie f ly  in to  a d r y  ice- 
ace tone  b a t h  a n d  the re  a t t a c h e d  to  a n  a l u m i n u m  ho lde r  
wh ich  has  been  cooled in advance ,  in o rder  to  avo id  
w a r m i n g  up  of t h e  ampoule .  F ina l ly  t he  a l u m i n u m  ho lde r  
is t r a n s f e r r e d  in to  a l iquid  n i t r ogen  t a n k  for s torage.  

For  t hawing ,  t h e  a m p o u l e  ho lder  is p u t  d i r ec t ly  in to  a 
37 ~ w a t e r  ba th .  I t  is r e c o m m e n d e d  to use a face m a s k  for  
th i s  purpose ,  since ampou le s  w h i c h  h a v e  no t  been  sealed 
p rope r ly  can  explode.  I m m e d i a t e l y  a f t e r  t hawing ,  the  
a m p o u l e  is opened  a n d  t he  c o n t e n t s  is pou red  in to  a 1 ml  
glass depress ion  slide. Usual ly ,  a t  leas t  10 of t he  ovar ies  
are r ecovered  a n d  in jec ted  d i r ec t ly  in to  gene t i ca l ly  
m a r k e d  (e mwh)8 female  hos t  l a rvae  of t he  midd le  t h i r d  
i n s t a r  (80 h a f t e r  egg deposi t ion ,  a t  25~ There  is no  
need to  was h t he  ovar ies  pr ior  to  in j ec t ion  since t he  f reezing 
m e d i u m  is no t  toxic.  Af te r  m e t a m o r p h o s i s  t he  hos t  f ly 
can  be  e x a m i n e d  for t h e  presence  of t he  donor  ovary .  A n  
a d d i t i o n a l  o v a r y  of n o r m a l  size is f ound  in 60% of t he  hos t  
females,  in  20% t h e  a d d i t i o n a l  o v a r y  is r educed  in size, 
a n d  in a n o t h e r  20% i t  is absen t .  

B y  m a t i n g  t he  hos t  females  to  gene t ica l ly  m a r k e d  (e 
mwh) males,  i t  can  be  shown  t h a t  t he  donor  o v a r y  
es tab l i shes  c o n t a c t  w i t h  a hos t  ov i duc t  in  s l igh t ly  fewer 
t h a n  ~/a of t he  cases, wh ich  would  be  expec ted  if t he  donor  
ovar ies  were to a t t a c h  a t  r a n d o m .  The  donor  o v a r y  
p roduces  on  t he  ave rage  on ly  20% offspr ing  as c o m p a r e d  
to t he  hos t  ovary ,  b u t  t h e  donor  of fspr ing  is v iab le  and  
ferti le.  I n  t he  Tab le  t h e  d a t a  for a series of t yp i ca l  exper i -  
m e n t s  are  l isted.  The  reduced  n u m b e r  of offspr ing is also 

obse rved  w h e n  con t ro l  ovaries ,  wh ich  h a v e  no t  been  fro- 
zen, are t r a n s p l a n t e d ,  i n d i c a t i n g  t h a t  i t  is t h e  t r a n s p l a n -  
t a t i o n  r a t h e r  t h a n  t he  f reezing t e c h n i q u e  wh ich  reduces  
t he  n u m b e r  of offspring.  I t  m a y  be  a d v a n t a g e o u s  to use 
m u t a n t s  lack ing  ovar ies  as hos t s  in  order  to  reduce  com- 
pe t i t i on  be tween  t h e  i m p l a n t e d  a n d  t he  hos t  ovaries.  

The  p r o d u c t i o n  of v iab le  a n d  fer t i le  of fspr ing  b y  t he  
o v a r y  wh ich  has  been  frozen,  t h a w e d  a n d  t r a n s p l a n t e d  
al lows us to  use th i s  m e t h o d  for s to r ing  m u t a n t  stocks.  
How long t he  ovar ies  can  be  s tored  in l iqu id  n i t r ogen  
w i t h o u t  damage ,  r e m a i n s  to  be seen. A de ta i l ed  r epo r t  of 
th i s  work  and  i ts  possible  app l i c a t i on  to  t he  f reezing of 
testis will be, published later ~. 

Zusammen/assun~. Eine  Methode  z u m  Gefr ie ren  leben-  
der  Ova r i en  von  Drosophila melanogaster-Larven wird  
beschr ieben .  Diese Ge f r i e rkonse rv i e rung  is t  geeignet ,  
M u t a n t e n s t ~ i m m e  au fzubewahren .  

W. BRlJSCHWEILER 9' lO and W. GEttRING 1~ 

Department o/Anatomy, Yale University, 
New Haven (Connecticut 06510, USA), 25 July 1972. 

'Biological Freezer' BF-6, Union Carbide Comp. 
8 D. LINDSLEY and E. GRELL, Genetic variations o/Drosophila melano- 

gasler (Carnegie Inst. Wash. Publ. No. 627, 1968). 
Present address. Zoological Institute, University of Ziirieh, Ktinst- 
lergasse 16, CH-8006 Zfirieh, Switzerland. 

1~ The support of this work by the National Science Foundation 
(grant No. GB-17267X2) and the American-Swiss Foundation for 
Scientific Exchange is gratefully acknowledged. 

A Simplified Silver Impregnation Method 

The  m e t h o d s  of NAUrA a n d  GYGAX 1 and  FINK and.  
HEIMER e for t he  s i lver  i m p r e g n a t i o n  of a n t e r o g r a d e  
degene ra t i on  h a v e  been  a g rea t  a d v a n c e  in  t he  research  
of t h e  cen t r a l  ne rvous  sys tem.  The  t e chn i ca l  processes 
i nvo lved  in these  me thods ,  however ,  requi re  a lot  of t ime.  
Besides,  we h a v e  p r o v e d  t h a t  a t  t i m e s  t h e y  do no t  give 
good resul t s  in  b r a i n s  wh ich  h a v e  been  k e p t  in  formal-  
d e h y d e  for a long t ime.  

Si lver  i m p r e g n a t i o n  m e t h o d s  in genera l  give va r i ab l e  
r e s u l t s a  Th i s  is due  tO t h e  large  n u m b e r  of phys ica l  a n d  
chemica l  fac tors  i nvo lved  4. However ,  some d a t a  m u s t  be  
t a k e n  in to  cons ide ra t i on :  a) Accord ing  to  JACOBSON s, 
s ens i t i v i t y  to  t he  i m p r e g n a t i o n  increases  if p o t a s s i u m  
p e r m a n g a n a t e  is lef t  ou t  in  t he  p r e t r e a t m e n t ,  b) Au to -  
o x i d a t i o n  p h e n o m e n a  are p roduced  in t i ssues  w h i c h  h a v e  
been  k e p t  a long t i m e  in fo rma ldehyde ,  a n d  hence  i t  
is innecessa ry  to  use p o t a s s i u m  p e r m a n g a n a t e  G, 7. c) The  
s i lver  i m p r e g n a t i o n  m e t h o d s  can  be f u r t h e r  s impl i f ied  b y  
o m i t t i n g  t he  in i t ia l  r eac t ion  of t h e  t i ssues  w i t h  aqueous  
s i lve r  s 

Bea r ing  in m i n d  these  da ta ,  a n d  h o p i n g  to f ind  a 
s impl i f ied  m e t h o d  w h i c h  can  also be  used for b ra ins  k e p t  
for a long  t i m e  in fo rma ldehyde ,  we car r ied  ou t  severa l  
tests ,  a n d  a r r ived  a t  t h e  fol lowing m e t h o d :  

1. Dis t i l led  water .  2. 2 ' 5% u r a n y l  n i t r a t e ,  5 rain.  3. 
Dis t i l led  water .  4. A m m o n i a c a l  s i lver :  30 ml  of 2 .5% 
s i lver  n i t r a t e ,  1-1.5 m l  of c o n c e n t r a t e d  a m m o n i u m  
hydrox ide ,  1.8 ml  of 2 .5% sod ium hydrox ide ,  15-20 rain.  
5. Reduce r :  800 ml  of d is t i l led  water ,  90 ml  o f  100% 
e thy l  alcohol,  27 m l  of 1% ci tr ic  acid, 27 ml  of 10% 
formal in ,  br ief ly.  6 .  R educe r  i t h e  same  reducer ,  briefly.  

7. Dis t i l led  water .  8. 1% sod ium th iosu l fa te ,  2 r a in  
9. Dis t i l led  water .  

B y  us ing  0.025% p o t a s s i u m  p e r m a n g a n a t e  and  1% 
h y d r o q u i n o n e ,  e i the r  i n d e p e n d e n t l y  or b o t h  a t  t he  same  
t ime,  t he  p r e t r e a t m e n t  has  been  shor tened .  W e  h a v e  
observed, in accordance with NAU'rA and GYGAX I, that 
suppresion is produced when potassium permanganate is 
used (Figure i). When used on its own, hydroquinone- 
oxalic acid seems to increase both the number of fibres 
impregnated and the intensity of the impregnation. 
Since hydroquinone-oxalic acid produces reduction, it is 
sufficient to use it alone in the pretreatment when the 
auto-oxidation phenomena are prolonged. In such cases, 
leaving out permangante and hydroquinone-oxalic acid 
gives a good result (Figure 2). Otherwise, it is necessary 
to use either potassium permanganate and hydroquinone- 
oxalic acid together in adequate proportions, or potassium 
permanganate alone. 

As suggested by EAGER s, we obtained better results 
by using uranyl nitrate in the pretreatment. It also seems 
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