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eny of the  genus. The  possibi l i ty  t h a t  such groupings 
also m a y  be indica t ive  of sys temat ic  relat ionships among  
]~ichias is suggested by  the  fact  t ha t  holnothal l ic  species 
of Pichia occur wi th in  each of the  three  sorts of groups 
whereas  the  known, pure ly  heterothal l ic  species exhibi t  
only  large P R  sectors. 

2. The  non-photoreac t iva t ing ,  p r imi t ive  species of 
Hansenula fe rment  few sugars and the  ma jo r i t y  of such 
species grow vege ta t ive ly  only in haptophase;  the  s t rongly 
photoreac t iva t ing ,  advanced  species are more versat i le  
f e rmen ta t ive ly  and, typical ly ,  grow vege ta t ive ly  ei ther  
as haplophase-diplophase  mix tures  or in diplophase 
exclusively~, 5. Analogous correlat ions are noted  wi th  the  
Pichias. Though  species of JPichia, collectively,  have  a 
much  more res t r ic ted range of f e rmen ta t ive  capabil i t ies  
t h a n  the  HansenuIas, I~RGGER-VAN RIJ has compared  all 
species of Pichia for abili t ies to fe rment  four  common 
sugarsL The Table  indicates  t h a t  the  nonphotoreac t i -  
r a t i n g  species of Pichia fe rment  an average  of 1.4 of these 
sugars each, whereas  species hav ing  large P R  sectors 
f e rmen t  an average  of 2.0 sugars each;  fur thermore ,  
64% of the  non-pho toreac t iva t ing  species bu t  only 30% 
of the  species hav ing  large P R  sectors grow vege ta t ive ly  
in haplophase,  exclusively.  

3. P ro ton  magnet ic  resonance spectra  of the  cell wall  
mannans  of the  Hansenulas have  established tha t  the  
weakly  pho to reac t iva t ing  species (PR sector, 0.1) be- 
longing to line 5 of WICKERI~AM'S phy logeny  and the  non- 

pho to reac t iva t ing  progeni tor  of t h a t  line, H. wickerhamii, 
possess a unique m a n n a n  s t ruc ture  which distinguishes 
t h e m  from other  members  of the  genus 3,4. This  same 
dis t inct ive  s t ructure  has been identif ied in the  cell wall  
mannans  of the  fol lowing species of Pichia3: 1~. ango- 
phorae, P. ~ermentans, P. fluxuum, P. kluyveri, P. mem- 
branae/aciens, P. pinus, 1~. terricola, P. trehalophila. The 
Table  reveals t h a t  these par t icular  species of Pichia, l ike 
their  Hansenula counterpar ts ,  e i ther  do not  photoreact i -  
va t e  or have  P R  sectors of 0.1. 

These observat ions  suggest  t ha t  P R  sectors const i tu te  
an addi t ional  pa ramete r  of af f in i ty  be tween  the  genera 
Hansenula and Pichia and m a y  serve as useful da t a  in 
the  even tua l  resolut ion of phylogenet ic  relat ionships 
among  species of Pichia. 

Zusammen/assung. Es wird der Beweis erbracht ,  dass 
photoreakt iv ierungsf~hige  Sektoren yon Zellen einen zu- 
s~tzlichen Affinit~Ltsparameter zwischen Hefen der Gat-  
tungen  Hansenula und Pichia bilden und viel le icht  wert-  
volle  Da ten  fiir die endgiil t ige Erschl iessung der intrage-  
nerischen Phylogenie  der ]~ichia liefern. 
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C O G I T A T I O N E S  

F l o w  i n  t h e  P h l o e m  a n d  t h e  I m m o b i l i t y  of  C a l c i u m  a n d  B o r o n :  A N e w  H y p o t h e s i s  i n  S u p p o r t  o f  a n  
O l d  O n e  

The sieve tubes of the phloem of plants are the conduits 
through which photosynthate and additional, quantita- 
tively minor solutes are distributed from the leaves and 
other 'sources' to 'sinks' - regions where these nutrients are 
utilized, including the roots. The most widely held view of 
tile mechanism of movement in the sieve tubes is the pres- 
sure flow hypothesis of MONCHI see CRAITTS and CRISP I. 
According to this view, a mass flow of water and dissolved 
solutes moves through the lumen of the sieve elements, 
and from one such element to the next through the con- 
necting pores which are c lustered in sieve areas of the  cell 
walls be tween  cont iguous sieve e lements  abu t t ing  end to 
end. 

Fo r  such a f low to occur the  inter ior  of the  sieve ele- 
ments  and the  pores connect ing t h e m  mus t  be re la t ive ly  
open;  the  numerous  membrane -bound  organelles present  
in o ther  types  of cells would  t end  to plug up the  conduit .  
The  vacuole,  in par t icular ,  would  represent  an obstacle to 
any  free flow. In  ma tu re  cells not  specialized for conduc- 
t ion  i t  occupies the  bulk  of the  vo lume  of the  cell, restr ict-  
ing the  cy top lasm to a th in  layer  be tween  the  p lasmalem- 
ma, the  outer  m e m b r a n e  which ties appressed against  the  
cell wall,  and the  tonoplas t  - the  m e m b r a n e  be tween  the  
cy top lasm and the  centra l  vacuole.  

I n  accord wi th  expec ta t ions  based on the  pressure flow 
hypothesis ,  the  inter ior  of the  ma tu re  sieve e lement  is in- 
deed devoid of much  of the  cy toplasmic  appara tus  which 
would  impede  a longi tudinal  f low of a solution. The  tono-  
plast  (and hence a t rue  vacuole) is absent,  and so is the  
nucleus. The  re la t ive ly  few membranous  s tuctures  re- 
main ing  (mitochondria,  plastids,  endoplasmic ret iculum) 
usual ly  lie near  the  p lasmalemma,  a long the  wall, leaving 
a re la t ive ly  s tructureless  lumen  within,  which appears  

to offer min imal  resistance to the longi tudinal  f low en- 
vis ioned by  the  MONCH hypothesis .  

Through  the  sieve tubes  m o v e  not  only sugars bu t  also 
inorganic nut r ients  including potassium, magnesium, 
phosphate ,  and others  1, 2. Bu t  curiosly, concentra t ions  of 
calcium and boron in the  sieve tubes  are ve ry  low, and so, 
as a result ,  are the  quant i t ies  of these nut r ien ts  moved  in 
the  ph loem 1, 2. 

The  re la t ive  immobi l i ty  of calcium and boron in the  
ph loem is d isadvantageous  or non-adap t ive  in t h a t  i t  m a y  
cause local deficiences resul t ing f rom tfleir failure to be re- 
dis t r ibuted,  v ia  the  phloem, f rom regions where thei r  con- 
centra t ions  are high, as in older leaves, to young,  ac t ive ly  
growing regions 2. I offer the  following hypothesis  to ex- 
plain the  pa radox  of an adap ta t ion  which is seemingly dis- 
advantageous .  

Calcium. This nu t r i en t  is essential  for the  funct ional  
and s t ructura l  in tegr i ty  of p lan t  cell membranes  2, 8. I n  
calc ium deficient  cells there  is 'a  general  dis integrat ion of 
the  cell contents '  4, ' s t ructureless  areas '  appear  and ex tend  
progressively,  and there  ensues a 'd is in tegrat ion of the  
var ious  membranous  s t ructures '  5. These observat ions  on 
calcium deficient  cells are qui te  paral le l  to those made  by  
s tudents  of ph loem s t ructure  concerning the  contents  of 
sieve tubes  - cells known to conta in  ve ry  l i t t le  calcium. I 

i A. S. CRAFTS and C. E. CRISP, Phloem Transport in Plants (W. H. 
Freeman, San Fransisco 1971)'. 

2 E. EPSTEIN, Mineral Nutrition o] Plants: Principles and Perspectives 
(John Wiley and Sons, New York 1972). 
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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. 
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(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. 


