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ABSTRACT

A fter a general introduction  to previous work in  th is  f i e ld  of 

research the th es is  d iv ides n a tu ra lly  in to  two p a rts .

Sieve elements are n otoriou sly  d i f f i c u l t  to • prepare fo r  u lt r a -  

struetural examination and considerable time was spent in  somewhat 

novel attempts to overcome the problems of turgor pressure re lea se  which 

have b ed ev illed  phloem m icroscopists fo r  many years. The methods tr ied  

are described and evaluated . Working on the p r in c ip le  that a r te fa c ts  of 

preparation are le s s  l ik e ly  to m islead where severa l methods are employed, 

the u ltra stru ctu re  o f the normal s iev e  elements was thoroughly in v estig a ted , 

and i t  i s  hoped, e sta b lish ed . One novel method which emerged was a 

procedure designed to f a c i l i t a t e  co rre la tio n  o f micrographs o f thin  

sec tio n s  made by transm ission e lectron  microscopy w ith others taken in  

the scanning e lectron  m icroscope. This proved e sp e c ia lly  u se fu l for  

id e n t if ic a t io n  o f stru c tu res , such as s ie v e  p la te s , presenting  an unfam iliar  

appearance under the scanning microscope. This method appears worthy o f  

fu rther a p p lica tio n .

Having thus estab lish ed  the normal appearance o f s iev e  elements from 

the sto lo n s the second part o f the programme was based on a firm foundation. 

Adm inistration o f in h ib ito ry  treatments was carried  out as simply as 

p o ss ib le , and emphasis was la id  on p h y sio lo g ica l confirm ation that a c tiv e  

tran slocation  was proceeding normally before the treatment, and more slow ly  

(gen era lly ) subsequently.

E lectron m icroscopic examination showed that certa in  d ifferen ces o f  

u ltrastru ctu re  were present in  the variou sly  in h ib ited  m ater ia ls . These 

d ifferen ces are described. However, i t  seemed u n lik e ly  th at the features  

found were responsib le fo r  the in h ib it io n  observed.

There i s  obviously a continuing f ie ld  for  fu rther in v estig a tio n  in to  

the reasons fo r  the e f f e c t  o f in h ib ito rs  on phloem transport.
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GENERAL INTRODUCTION

A. PREFACE

For about I 40 years, s in ce  Hartig^s f i r s t  d escr ip tion  o f  phloem 

t is su e  in  1837 sta r ted  a d e ta iled  in te r e s t  in  the problems o f  trans

lo c a tio n  two important questions have remained u n se ttled . The f i r s t  

concerns the in  vivo structure o f the s ie v e  elem ents, and the second 

the motive power o f  the a ssim ila te  stream. Answers to one o f these  

questions would contribute considerably towards so lv in g  the oth er .

Any in v e s tig a tio n  in to  the structure o f the s ie v e  elements 

requires th at the in ter v a l pressure be discharged in  some way. This 

i s  l ia b le  to be a traumatic operation and controversy has raged fo r  

years as to whether s iev e  tube con ten ts, as seen in  m icroscopic 

se c t io n s , around the s iev e  p la te  are natu ra l, or whether they are the 

r e s u lt  o f displacem ent during pressure r e le a se .

This th es is  presents a study o f  the f in e  structure o f s iev e  

elements a fte r  the ax is has been treated  w ith in h ib ito rs  o f trans

lo c a tio n , In an e f fo r t  to achieve a minimum disturbance o f the 

stru ctu ra l contents o f the s ie v e  elements much work has been done to 

fin d  the b e st  method o f preparation. Many methods o f f ix a t io n  and 

further preparation have been tr ied  and e ith e r  re jec ted , or incor

porated in to  the technique f in a l ly  used .



B. THE STRUCTURE OF THE ANATOMICALLY MATURE SIEVE TUBE

A s iev e  tube which has reached anatomical m aturity must be 

defined as one which has completed obvious d if fe r e n t ia t io n , and which 

i s  apparently undergoing no fu rther con structive u ltra str u e tu a l 

changes# At th is  stage  many organ elles which were present in  immature 

s iev e  elements have disappeared and others have been modified*

I t  i s  gen era lly  agreed that a th in  la y er  o f p a r ie ta l cytoplasm, 

bounded by a plasmalemma l in e s  the s iev e  tube# This contains endo

plasm ic reticulum  which i s  no longer assoc ia ted  w ith ribosomes as in  

the immature tube# I t  appears to occur in  various forms. I t  has 

frequently  been observed in  orderly  stacks or c is ter n a e , but systems 

o f 'tubules, frequently  convoluted, have a lso  been recorded. The 

question o f the extent o f the endoplasmic reticulum  i s  co n tro v ersia l, 

and may be variab le  according to the p lan t sp ec ies  stu d ied . I t  has 

been seen passing  th rou ^  the s ie v e  p la te  pores, and Leshpande ( 1974) 

noted that i t  appeared to penetrate the plasmodesmata o f  developing  

s iev e  pores o f  Saxifraga sarmentosa ( l ) .

Mitochondria have been frequently  reported as in c lu s ioun o f  

mature s ie v e  elem ents, found in  the p a r ie ta l cytoplasm c lo se  to the 

plasmalemma. Some are reported to have normal appearance, but they  

have a lso  been observed to present a more rounded appearance than 

those normally seen (Johnson, 19^9» and Thrgeon, Webb and Evert, 1975)» 

and have in f la te d  c is tern a e . Many reports o f  s ie v e  element structure  

include no mention o f mitochondria and there must be sp ecu la tion  as 

to whether they are absent, damaged beyond recogn ition , or merely 

outside the authors context a t  the tim e. C ertainly the mature s iev e  

element o f Saxifraga sarmentosa ( l) appears to contain few mitochondria 

but th is  w i l l  be considered in  more d e ta il  in  a la te r  chapter.



Many workers report the disappearance o f the nucleus during the 

development o f the s ie v e  tube and mature s ie v e  elements are generally  

considered to be enucleate . Dictyosomes, ribosomes and microtubules 

axe normally absent, as i s  a ton op last.

Very early  in  the study o f phloem the presence o f a proteinaceous 

substance, form ally referred  to as * s lim e’ , but s in ce  about I 967 ca lled  

phloem -protein, abbreviated u n iv er sa lly  to P -protein , has been recog

n ised  as a c h a r a c ter is t ic  component o f s iev e  elem ents, p a r ticu la r ly  

in  d ico ty led on s. Many forms o f  P -protein  have been found broadly  

f i t t i n g  in to  four morphological catagories v iz ;  granular, tubular, 

f ib u lla r  and c r y s ta ll in e , Deshpan^e (1974) studying Saxifraga  

sarmentosa ( l )  found the tubular fçrm present during the la t e  stages  

o f m aturation, but i t  i s  apparently the f ib u lla r  form that i s  found 

in  the mature elem ent, in  common w ith  most other dicotyledons sp e c ie s .

The asp ect o f  P -protein  most in  d ispute concerns not i t s  occur

rence, but i t s  d is tr ib u tio n  w ith in  the lumen o f the mature s iev e  

elem ent,

G allose i s  u n iv ersa lly  found l in in g  the pores o f the s ie v e  p la te s ,  

cer ta in ly  a t  some stage in  th e ir  l i f e  h is to r y , but there i s  much con

troversy regarding how much, i f  any lin e s  the pores o f the mature 

s ie v e  p la te  pores, p a r ticu la r ly  i f  the s iev e  tubes concerned are con

sidered  to be fu nction al when prepared fo r  examination, Leshpande 

(1974) ,  describ in g  the d if fe r e n t ia t io n  o f s iev e  p la te  pores in  

Saxifraga sarmentosa ( l )  s ta te s  that the removal o f the c a llo se  la id  

down early  in  d if fe r e n t ia t io n  appears to be an e sse n tia l process o f  

pore formation in  th is  sp e c ie s . She found pores in  mature s iev e  elements 

both having c a llo se  lin in g s  and w ithout. Her specu lation  was concerned 

w ith whether th is  c a llo se  was res id u a l, or whether i t  had been 

fr e sh ly  la id  down as a wound response.



Eschrich (1965) and Engleman ( I 965 a) c er ta in ly  suggest that 

wound c a llo s e  i s  la id  down very rap id ly . 30 sec — 5 min ha>s been 

suggested , depending on the d istan ce o f the p la te  from the wound. I t  

has therefore been p ostu lated  that c a llo se  may be la id  down during 

preparation fo r  u ltra stru e tu ra l examination.

I t  i s  gen era lly  agreed that p la s t id s  occur in  the p a r ie ta l cytoplasm  

o f mature s iev e  elem ents. The s ta te  o f these p la s t id s , together with  

the quantity o f c a llo se  presen t, and the d is tr ib u tio n  o f P-protein  

w ith in  the s iev e  element g ives much inform ation concerning the care 

taken during the preparation o f the t is su e  fo r  e lectron  microscopy, 

and th is  whole question has become very co n tro v ers ia l. Many methods 

have been tr ie d  in  order to avoid surge e f f e c t s ,  and consequently  

movement o f structure w ith in  the s ie v e  element during th e ir  preparation, 

and th is  quest has in e v ita b ly  linked w ith a search fo r  rapid f ix a t io n  

methods. The importance o f th is  was r ea lise d  as early  as 1885 when 

Fischer plunged Cucurbita t is su e  in to  b o ilin g  water in  the hope that 

the s ie v e  element contents would be s ta b il is e d  in  th e ir  in  vivo  

p o s it io n . Since then numerous other methods o f rapid or e sp ec ia lly  

carefu l f ix a t io n  have been employed, u su a lly  when some p articu lar  aspect 

o f s ie v e  element structure was under in v e s tig a tio n .

Frequently the p la s t id  membrane appears ruptured in  e lectron  

micrographs, w ith the in clu sion s sca ttered  in  the c e l l  lumen. This 

s ta te  i s  b e lieved  to be due to osmotic shock during f ix a t io n  and/or 

the embedding procedure. This view i s  taken by Tamulevich and Evert 

(1966) who s ta te  c a te g o r ic a lly  "in w ell f ix ed  elem ents, the outer 

membranes o f p la s tid s  are almost always in ta c t  and the starch granules 

contained w ith in  the p la stid s" . Evert (1977) suggests that the con

d it io n  o f the p la s tid s  i s  "a valuable in d icator  o f disturbance in  

s iev e  tube members". C ertainly very carefu l preparation, employing



g





PLATE 1 

X 4,150

S tolon  placed over $0^ chloroform so lu tio n  before  

c u tt in g . Although the p la s t id  has ruptured the 

starch  gra in s have moved hardly a t a l l , in d ic a t in g  

th a t turgor pressure had been r e lie v e d  p r ior  to  

p rep aration .



10

methods which reduce or elim inate shock in  the s iev e  elem ents, produces 

images showing in ta c t  p la s t id s . Bouck and Cronshaw (1965) immersed 

th e ir  en tire  pea seed lin gs in  osm otica lly  a c tiv e  so lu tio n  p rior  to 

cu ttin g  in to  segments, and in ta c t  p la s t id s  are shown in  th e ir  micro

graphs .

Eogben and Spanner (1977) treated  Saxifraga sarmentosa (l) 

sto lo n s w ith chloroform vapour p rior  to f ix a t io n . By weakening 

membranes and perm itting la te r a l leakage from the s ie v e  elements pressure 

w ith in  the elements was reduced before they were cu t. As seen in  

p la te  1 , the p la s t id  membranes were not in ta c t , but th is  was thought 

to be due to the e f f e c t  o f the chloroform vapour, rather than to shock, 

as ih.e contents were not d isp laced .

Many o f the methods, however, which have been used to reduce shock 

must a lso  have prevented tran slocation  fo r  a long  period prior to 

f ix a t io n . W ilting  (Anderson and Cronshaw, 1970), s ta rvation  (Evert, 

Eschrich and Eichhorn, 1973), as w e ll as t is su e  cu ltu res (Anderson and 

Crc>a.shaw, 1970 and Cronshaw and Anderson, 1971), a l l  i l lu s tr a te d  in ta c t ,  

apparently unshocked p la s t id s , but a lso  in a c tiv e  s iev e  elem ents.

Tissue frozen p rior  to examination shows in ta c t  p la s t id s .

Although some expansion o f the s iev e  element contents has probably 

taken p lace on freez in g  (Spanner 1978) th is  i s  more marked in  the 

cen tra l rather than the p a r ie ta l p o s it io n  occupied by the p la s t id s ,

B iis  i s  one o f  the most convincing in d ica tion s fo r  in ta c t  p la s t id s  being  

the natural s ta te .

As c a l lo s e  i s  n o t a  f r a g i l e  component o f  the s ie v e  e lem en t 

f r e e z in g  tech n iq u es probab ly  g iv e  an a cc u r a te  p ic tu r e  o f  how much c a l lo s e  

n o rm a lly  l i n e s  the s ie v e  p la t e  p o r e , CronshaW and Anderson ( I 969) 

f r o z e  w h ole  p la n ts  in to  l iq u id  n itr o g e n . A lthough the su b seq u en t  

f i x a t io n  tech n iq u e  may be su s p e c t  w ith  regard  to  m ob ile  s tr u c tu r e s  w ith 
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in  the s ie v e  elem ent, fu rther c a llo se  i s  u n lik e ly  to have been la id  down 

as i t s  monomer m olecules would in  a l l  p ro b a b ility  have leaked th rou ^  

damaged membranes as the temperature r o se . Qhe quantity  o f c a llo se  

shown in  th e ir  p la tes  i s  v a r ia b le , but never i s  i t  absent, nor present 

as a r e a lly  th ick  cy lin d er,

F ixation  as rapid as p o ss ib le  appears to g ive the most natural 

p ic tu re  o f the c a llo se  d ep o sit, Fischer*s early  observations con

cerning h is  Cucurbita plunged in to  b o ilin g  water in d icated  th at such 

p lan ts contained le s s  c a llo se  than those f ix ed  chem ically . Somewhat 

la t e r  A W S id d ilu i repeated the experiment w ith  the narrower axes o f  

H elianthus stem and the sto lo n  o f Saxifrage sarmentosa (S iddiqui and 

Spanner, 1970), and showed only narrow cy linders o f c a llo s e  l in in g  the 

pores•

The chloroform treatment o f Saxifraga sarmentosa sto lo n s prev iou sly  

quoted (Hogben and Spanner, 1977) must have emptied the s ie v e  tubes 

to some extent o f the so lu b le  carbohydrate required to sy n th esise  the 

c a l lo s e , and indeed only narrow or n e g lig ib le  c a llo se  cy lin d ers were 

seen  l in in g  the pores (th e ir  p la tes  10 and lb ) .  A ll th is  evidence 

bears out the conclusions reached by Weatherley and Johnson ( I 968) ' 

th at some c a llo se  i s  normally present on the s ie v e  p la te  o f trans

lo c a tin g  s ie v e  tubes, but not a great d ea l.

Some work has been done in d ica tin g  that temperature has an 

in flu en ce  on c a llo se  formation in  the l iv in g  s iev e  elem ent. Experimental 

r e su lts  adduced by Webster and Currier (1968) and McNaim (1972) 

suggested that c a llo se  deposits increase with temperature, e sp e c ia lly  

when th is  rose above 35°C, ' They a lso  note that by morning c a llo se  

was a t  a minimum, regardless o f how high the temperature had been 

p rev iou sly , some in d ica tion  th a t, e sp e c ia lly  w ith greenhouse grown. 

p la n ts , the amount of c a llo se  observed may vary w ith time o f sampling.
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Prolonged periods o f  darkness (over 16 h) a lso  appear to increase c a llo se  

d ep osition  (Eschrich, I 963 a ) .  Because the occurrence o f  c a llo se  is  

such a var iab le  fa c to r  conjectures concerning i t s  purpose are some

what precarious. I t  i s  u su a lly  suggested that the major function  i s  one 

o f p ro tection  and c lo s in g , both as a response to in jury , but a lso  in  

the regu la tion  o f the exchange o f m aterial through c e l l s ,  Eschrich 

(1965) has a lso  proposed th at c a llo s e  may take up water from the trans

lo c a te , thus regu la tin g  osmotic conditions in  the s ie v e  elem ent,

P-protein  i s  e s s e n t ia lly  a mobile structure in  the s ie v e  element 

and th is  makes i t s  in  vivo d isp o s it io n  in  the lumen o f the s iev e  tube 

very co n tro v ers ia l. Obviously methods o f preparation which negate, 

or a t  le a s t  l im it  surge e f fe c t s  must be employed when P-protein  i s  

under in v e s t ig a tio n . I t  i s  a lso  becoming recognised that i t  i s  

e s s e n t ia l to ensure that the s iev e  element i s  tran sloca tin g  immediately 

p rior to f ix a t io n , Ihese p rereq u isites  l im it  preparation methods which 

can be used . F ixation  by quick fr e ez in g  must be suspect a fte r  a recent 

strong c r it ic ism  (Spanner, 1978 a) suggestin g  that the large expansion 

o f water on freez in g  may cause v io le n t  a x ia l displacem ent. Methods 

which have been used in  attempts to observe the d istr ib u tio n  o f  

P-protein  include p re -w iltin g  (Anderson and Cronshaw, 1970), 

sta rv a tio n , (Evert e t  a l ,  1973), and preparation o f p ith  cu ltu res , 

(Crenshaw and Anderson, 1971). As previously  d iscussed , there i s  

u n lik e ly  to be any tran slocation  proceeding prior to f ix a t io n  in  such 

p la n ts , rendering r e su lts  questionable. Where methods to reduce 

turgor re lea se  in  m aterial l ik e ly  to be a c t iv e ly  tran slocatin g  have 

been used the r e su lts  reported have been v a r iab le . The experiments o f  

F ischer, Siddiqui and Spanner, Hogben and Spanner have been already  

quoted w ith  r e la t io n  to ca llose*  They a lso  gave r e su lts  regarding  

P -protein , Although Fischer found no P -protein  in  s iev e  p la te  pores
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the la te r  experiments showed P-protein  b locking the pores. When 

Engleman (19^5) fix ed  unexcised portions o f phloem, P -protein  was 

observed in  the pores, as w e ll as sca ttered  in  the lumen o f the s iev e  

tube. Thaine proposed ( 1964, I 967) th at tra n ce llu la r  strands 

traversed s iev e  tubes, passing  th rou ^  the s ie v e  p la te  pores. His 

suggestion  led  to much work on the sub ject and Johnson (1973, 1976) 

proposed that the strands were bundles o f P -protein  filam en ts, probably- 

p assing  through s ie v e  pores.

The in te r p r e ta tio n .o f the d is tr ib u tio n  o f the P -protein  in  the 

s iev e  elem ents, and e sp e c ia lly  w ith in  pores seems to depend on the 

theory o f tran sloca tion  favoured by the reporter. Where the pressure 

flow  theory i s  advocated any P -protein  found plugging the pores i s  

assumed to have reached them a f te r  pressure surge, whatever precautions 

were taken during the preparation. Spanner (1978 b) in  a comprehensive 

review o f the s itu a t io n  notes that "an occluded pore i s  by fa r  the 

commonest o f  a l l  s ie v e  p la te  images". He a lso  argues th at i f  surge 

e f fe c t s  were as unavoidable as has been claimed i t  would be a t  le a s t  

as l ik e ly  that in  v ivo  P -protein  plugs would be blo;m out o f the pores 

as th at 1-uminal m aterial would be blown in . I t  seems inconceivable, 

he su g g ests , th at the p r e c ise ly  a lign ed  fib rils  th at Benuke, fo r  ins-fcance, 

found in  A risto lo ch ia  (1971) ,  and shown in  h is  figu re  1 , arrived there 

as a r e s u lt  o f  a surge a r te fa c t;  they are fa r  more l ik e ly  to be natural.

Although P-protein  i s  alm ost u n iv er sa lly  present in  Bico-tyledons, 

i t  i s  absent in  many Monoco"tyledons and Gynmosperms, This lack  o f  

constancy im plies that i f  P -protein  i s  a c tiv e  in  tran slocation  d iffe re n t  

p lan ts must have d iffe re n t mechanisms.
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C. AMTOMICALLY FiATtJRE SIEVE TQBE3 AIID TEÎAESLOCATION

An anatom ically mature s iev e  tube has already been defined , but the 

stage o f which i t  i s  p h y sio lo g ica lly  mature i e  tra n sloca tin g  has been 

the su bject o f a cer ta in  amount o f controversy. There i s ,  however, 

fa ir ly  general agreement that the anatom ically mature s iev e  elements 

are the fu n ction in g  ones. The main vo ice  o f d issen t in  th is  area belongs 

to Wark and Chambers ( 1965) ,  who, a fte r  th e ir  in v e s t ig a tio n  o f the phloem 

o f Pisum sativun  declared that the immature stages o f the s iev e  tube 

are the fu n ction a l ones, an opinion not shared by Bouck and Croushaw 

working on the same p lan t a t about the same tim e. Some evidence from 

work on Monocotyledons in d ica tes  that the condition  o f ph ysical 

m aturity described fo r  Dicotyledons may not always apply in  Mono

coty ledons, Melaragno and Walsh (197&), working w ith Lemna, Walsh and 

Evert (1975)» u sin g  Zea, and a lso  Walsh and Popovich (1977) with  

Epifagus (not a Monocotyledon, but a h o lo p a ra sitic  angiosperm) show 

e lec tro n  micrographs o f s iev e  elements having th e ir  lumens occupied 

by vacu oles, w ith ty p ica l to n b ip la sts . A ll these p lants lack  P -protein , 

In none o f these papers has any attempt been made to demonstrate 

tran sloca tion  in  the s iev e  tubes in  question .

C ertain ly  in  Saxifraga sarmentosa, used fo r  the work undertaken 

in  th is  th es is  the overvfhelming m ajority o f s iev e  elements found 

f i t t e d  the d escrip tion  o f the anatom ically mature elem ent. I f  the view 

i s  taken that only the anatom ically immature elements fu n ction , very  

l i t t l e ,  i f  any, tran slocation  could take place in  the s to lo n , a fa c t  

not borne out by the experimental r e su lts  which w i l l  be presented  

la t e r .

I t  i s  extremely d i f f ic u l t  to make a p o s it iv e  id e n t if ic a t io n  o f a 

s iev e  tube as sim ultaneously anatom ically and p h y sio lo g ica lly  mature 

as in  the senses defined above, Tvo methods have been employed to
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demonstrate that tran slocation  was taking p lace in  s iev e  elements ju st  

before preparation fo r  e lectron  microscopy,

(a) Microautoradiography

(b) Concurrent demonstration o f the passage o f rad ioactive  m aterial 

through the a x is ,

F isher (1975) used microautoradiography in  Soybean, co rre la tin g  

l ig h t  microscope autoradiographs with montages o f e lec tro n  micrographs 

o f a s in g le  iso la te d  vascu lar bundle. A ll h is  m aterial was prepared by 

freeze  su b stitu tio n , and as already noted, c r it ic ism  has suggested that 

volume changes in  the lumen o f the s iev e  lements may have d isp laced  the 

la b e lle d  con ten ts. Most preparation methods indeed, could a lso  permit 

some movement o f so lu b le  la b e lle d  m ateria l.

The second method involves the gross physiology o f su ita b le  organs 

chosen fo r  the s im p lic ity  o f th e ir  vascular anatomy. I t  v e r i f ie s  that 

a t  le a s t  some o f  the s iev e  tubes between source and sink are fu nction in g  

but g ives no in d ica tio n  o f which ones are a c t iv e . The method has been 

used by Giaquinta and Geiger (1973 and 1977), a lso  Hogben and Spanner 

(1977) .  This method has a lso  been used fo r  the experimental work 

presented in  th is  th e s is .  Since the sto lo n  o f Saxifraga sarmentosa i s  

ephemeral and i t s  longitudinal growth i s  very rapid, and a l l  primary, 

i t  i s  assumed that most, i f  not a l l ,  the observed s ie v e  elements are 

fu n ction in g . Care has a lso  been taken to ensure that a high proportion  

o f the elements present in  any one segment have been examined.

N either o f these methods i s  to t a l ly  sa t is fa c to r y  bu t, to quote 

Melaragno and Walsh (197&) are observing a ' s l i c e  in  time* and 

u n t i l  we are able to communicate w ith the sugar m olecule, we have no 

way o f knowing w ith absolute cer ta in ty  that a s iev e  element was a c tu a lly  

conducting when the 'stop  action* took place".
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D, THE EFFECT OF IÎŒŒBITORS ON ULTRASTRUCŒURE

Very l i t t l e  work has been undertaken to date concerning the u ltr a — 

stru etu a l e f fe c t s  of in h ib ito rs  o f tra n sloca tion ,

Giaquinta and Geiger (1975) stud ied  the e f fe c t s  o f  c h i l l in g  an 

sugar b eet (Beta vu lgaris  (l) )  and bean (Phaseolus vu lgaris  (l) ) ,  

described as c h i l l in g  r e s is ta n t  and c h i l l in g  s e n s it iv e  sp ec ie s  resp ect

iv e ly ,  In a statem ent o f  th e ir  fin d in gs w ith regard to the c h i l l in g  

s e n s it iv e  sp ecies  they say that in  treated  p lan ts "the pores are 

gen era lly  plugged w ith cytoplasm ic m aterial which i s  o ften  continuous 

w ith the m aterial l in in g  the w a lls" . They further su ggest, and 

present a micrograph ( th e ir  p la te  5 l)  to show, th at "the w alls  o f cold  

treated  s ie v e  tubes seem gen era lly  to contain le s s  m ater ia l, suggesting  

th at c h i l l in g  has disrupted the cytoplasm ic m aterial l in in g  the w a lls  

causing i t  to be swept in to  the pores. Flow apparently causes streamers 

to protude through many o f the p la tes" . These workers proceeded to 

'measure* pore blockage by demonstrating the degree o f movement 

consequent on cold  treatment o f the c h a r a c te r is t ic a lly  f la g e lla te d  

p rotein  cry sta ls  present in  the s ie v e  tubes o f Phaseolus, 3 iey  excised  

uniform ly the s ie v e  tubes o f a number o f samples, kept a t  d if fe r e n t  

temperatures, and measured the d istan ce o f the c ry s ta ls  from repre

sen ta tiv e  s ie v e  p la te s , Ihey sta ted  that "the in a b i l i ty  o f these  

c ry s ta ls  to respond to the pressure re lea se  suggests th at c h i l l in g  has 

p h y sica lly  blocked the s iev e  tubes, e ith er ,b y  g e l l in g  o f the sap or 

by obstruction  o f the s iev e  p la tes" . Taken in  is o la t io n  th is  suggestion  

appears v a lid , but taken in  conjunction with the statem ent quoted 

e a r lie r  regarding the sweeping o f the cytoplasm ic m aterial in to  the 

pores, i t  appears decidedly contradictory. I f  some p a r ie ta l s iev e  tube 

contents are swept in to  the s iev e  p la te  pores might i t  not be reasonable 

to suggest that other cen tra l s iev e  tube contents (such as the protein
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c r y s ta ls )  would be swept in  the same d irectio n  a t the same time? Such 

contradictory suggestions render the in terp re ta tio n  o f other observations 

su sp ect. Further susp icion  i s  ca st on the v a l id ity  o f th e ir  conclusions 

by the fa c t  that much o f  the m aterial was prepared by freeze  su b stitu tio n . 

The use and value o f th is  method has already been d iscussed  together  

with reasons fo r  suggesting  that i t  may be u n sa tisfa cto ry  in  the present 

con text.

Several other p h y sio lo g ists  have stud ied  the e f f e c t  o f  low tempera

ture in h ib it io n  on phloem transport, but few have looked a t  phloem 

t is su e  u sin g  the electron  microscope to fin d  out whether any changes in  

u ltr a  structure y ie ld  a c lue as to the mechanism o f  low temperature 

in h ib it io n . One who mentions that he has done so i s  Webb ( l9 7 l ) .

Although no micrographs are published in  the paper he s ta te s  that 

" in h ib ition  o f tran slocation  a t 0°G (in  Cucurbita melopepo) i s  brought 

about by some other means than a plugging o f the s ie v e  p la te  pores with  

e ith er  protein  fib rils or c a llo se" . In th e ir  paper quoted above 

Giaquinta and Geiger make no comment on the c a llo s e  l in in g  except to note 

th at in  the controls " ca llo se  i s  gen era lly  minimal", a statem ent which 

does not seem co n sisten t w ith th e ir  micrographs which g ive a varied  

p ic tu re , both in  controls and experimental m ateria l,

The condition  o f the p la s tid s  in  the s ie v e  tubes i s  not d iscussed  

by Giaquinta and Geiger and in  th e ir  published micrographs none i s  

observed. Surely i t  might be expected that i f  the displacement o f  

p a r ie ta l s iev e  tube contents towards the s iev e  p la te  on treatment i s  as 

marked as they claim i t  i s ,  such vulnerable structures as p la s tid s  

(whole or disrupted) should be conspicuous near the s ie v e  p la tes?

The same workers a lso  presented a paper ( Giaquinta and Geiger 1977) 

describ ing the e f fe c t  o f cyanide as an in h ib ito r  of tran slocation  in  

Phaseolus vu lgaris (L ). E ssen tia lly  the re su lts  they reported were the
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same as  f o r  t h e ir  c h i l l e d  m a te r ia l .  They found s ie v e  p la t e  pores b lock ed  

w ith  cy to p la sm ic  m a te r ia l ,  somewhat th in  c e l l  w a lls  in d ic a t in g  s tr u e tu a l  

damage, and o n ly  a  th in  la y e r  o f  c a l l o s e  l i n i n g  th e  s i e v e  p la t e  p o r e s .  

Only two m icrographs a re  p r e sen te d  in  t h e ir  paper and the appearance o f  

th e  exp er im an ta l m a te r ia l p ic tu r e d  in d ic a t e s  c o n s id e r a b le  damage. There 

i s  some e v id en ce  o f  i c e  c r y s t a l  fo rm a tio n , b u t the g e n e r a l appearance  

a l s o  in d ic a t e s  o th e r  s t r u c tu r a l  damage d u rin g  p r e p a r a tio n . The image 

i s  so  poor th a t  t h e ir  c o n c lu s io n  th a t  "the l a t e r a l  w a l ls  are  r e l a t i v e l y  

f r e e  o f  t h is  m a te r ia l (cy to p la sm ic  m a te r ia l)  which c h a r a c te r iz e s  the  

c o n tr o ls " , i s  im p o ss ib le  to  con ced e . The f i b u l l a r  m a te r ia l in  th e  lumen 

o f  th e  s i e v e  tube shows no fe a tu r e s  to  en ab le  i t s  i d e n t i f i c a t i o n  as  

•c y to p la sm ic  m a te r ia l'  and in d eed  shows more resem blance to  f i b r i l s  o f  

P -p r o te in , T heir paper does n o t s t r e s s  th e  u s e  o f  s p e c i f i c a l l y  young  

p e t io l e s  (a s  w ere u sed  in  t h e ir  c h i l l i n g  work) so  t h is  i s  n o t  an improb

a b le  i n d e n t i f i c a t io n .  Another p o s s ib le  r e a so n  f o r  th e  poor c o n d it io n  o f  

th e  exp er im en ta l m a te r ia l as shown in  th e  m icrographs may be the  

ex trem ely  h ig h  c o n c e n tr a t io n  o f  th e  p otassiu m  cyan id e (lOOmH), u sed  to  

i n h i b i t  t r a n s lo c a t io n .  Such a  h ig h  c o n c e n tr a t io n  may p o s s ib ly  have 

produced an osm otic  e f f e c t  on the t i s s u e ,  a s w e l l  a s d is tu r b a n ce  o f  

g e n e r a l m etab o lism . In  th e  c o m e r s  o f  such  companion c e l l s  as are  

v i s i b l e  th e re  i s  in d ic a t io n  o f  p la s m o ly s is ,

G ia q u in ta  and G eiger make the s u g g e s t io n  th a t  "cyanide may a ls o  

cau se  l o s s  os s e l e c t i v e  p e r m e a b ility  o f  the s ie v e  tube plasmalemma 

c a u s in g  sudden p r e ssu re  r e le a s e  and l o s s  o f  s tr u c tu r a l  in t e g r i t y  o f  the  

s i e v e  tube c o n te n ts" . When th e  p r e se n t  in v e s t ig a t io n  was b e in g  under

taken t h is  su g g e s t io n  was k ep t in  m ind. They a ls o  made o b se r v a tio n s  

about th e  r e co v e r y  o f  t r a n s lo c a t io n  r a te  a f t e r  in h ib i t io n  w ith  p o ta s 

sium c y a n id e , "Recovery seems to depend on r e - e s t a b l i s h in g  the  

s t r u c tu r a l  i n t e g r i t y  o f  the con d u ctin g  ch an n els  by p a r t ia l  r e v e r s a l
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and displacem ent o f the cytoplasm ic m aterial in  the pores" i s  th eir  

conclusion , but i t  remains h igh ly  te n ta tiv e .

Another p iece  o f work, u sin g  cyanide as a tran slocation  in h ib ito r  

and u sin g  (as in  the present work) the sto lo n  o f Saxifraga sarmentosa 

( l) ,  was undertaken by F Qureshi (Qureshi and Spanner 1973 d and e ) .

He found that submersion o f part o f the sto lo n  in  a concentration o f  

potassium cyanide o f 5 x 10"^M (ie 5mM), was s u f f ic ie n t  to  show an 

in h ib ito ry  e f f e c t  pronounced, but f a l l in g  short o f complete stoppage, 

Q pre^i (1973 e) p a r ticu la r ly  studied the e f f e c t  o f in h ib it io n  by cyanide 

on c a llo se  d ep osition . He used d if fe r e n t f ix a t iv e s  and found l i t t l e  

C allose when a 3:1 mixture o f 95% alcohol and g la c ia l  a c e t ic  acid  was 

used to f i x  the m ater ia l, but somewhat more when 6% glutanaldehyde, 

su ita b ly  buffered , was the in i t i a l  f ix a t iv e .  He showed that the alcohol 

and a c e t ic  acid  did not d isso lv e  c a llo se  by f i r s t  f ix in g  in  glutanalde

hyde then in  the a lco h o l/a c id  mixture; c a llo se  was s t i l l  f a ir ly  abund

an t, His fin d in g  o f minimal c a llo se  l in in g  the s iev e  p la te  pores 

co incides w ith the observations o f Giaquinta:- and Gieger, During the 

course o f h is  work Qureshi (1973 d) a lso  experimented w ith d iffe re n t  

methods o f applying the cyanide. He found that gaseous cyanide was a 

more e f fe c t iv e  in h ib ito r  than the so lu tio n , as apparently a much higher 

concentration was taken up by the s to lo n . His methods, and indeed the 

apparatus which he describes in. th is  paper, were used fo r  the 

experimental work reported in  th is  th e s is .

I t  i s  apparent from the work reported that u ltra stru etu a l observa

tion s on in h ib ited  m aterial have been r e s tr ic te d . Some in v estig a tio n  

has been made in to  c a llo se  d ep osition . The d is tr ib u tio n  o f the P- 

p rotein  in  the s iev e  tube has received  a passing mention ( Qureshi and 

Spanner 1973 e) and such la b i le  structures as p la s tid s  have been more 

or le s s  to ta l ly  ignored, although they, or th e ir  contents, appear in
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Q u resh i's  m icrograp hs. Many o f  th e  r e s e r v a t io n s  reg a rd in g  th e  v a l i d i t y  

o f  G iaqu in ta  and G eig e r 's  work a r i s e  o u t o f  th e  p r e p a r a tiv e  methods 

th ey  u s e d . P a ss in g  comment has a lr e a d y  been  made r e g a rd in g  f r e e z e  

s u b s t i t u t io n  te c h n iq u e s . V arious methods o f  f r e e z e  s u b s t i t u t io n  have 

been  th e  s u b je c t  o f  fu r th e r  in v e s t ig a t io n s  und ertaken  in  t h is  work.

The in h ib it o r y  work p r e sen te d  h ere  se ek s  to  throw l i g h t  on the  

u l t r a s  tr u e tu r a l c h a r a c t e r i s t ic s  o f  a l l  the s ie v e  tube c o n te n ts ,  in  

phloem t i s s u e  prepared  by th e  m ost s a t i s f a c t o r y  f i x a t io n  methods so  

f a r  fou n d .
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PLATE 2

X i

Whole p lan t o f Saxifraga sarmentosa ( l) showing 

short s to lo n s .



PROLOGUE

The s tr u c tu r e  o f  th e  s to lo n  o f  S six ifraga  sarm entosa ( l ) •

The p lan t used fo r  a l l  the work reported in  th is  th e s is  was 

Saxifraga sarmentosa ( l ) ,  an herbaceous p lant having a r o se tte  h a b it, and 

bearing sto lo n s which eventually  g ive r is e  to drughter p lants a t  th e ir  

d is ta l  ends, (see  p la te  2 ) , The sto lon s frequently  grow to a length  of 

50 cm making them p a rticu la r ly  su ita b le  fo r  experimental work, e sp ec ia lly  

tran sloca tion  s tu d ie s . Previous work (Oureshi and Spanner, 1971) has 

demonstrated th a t, through these s to lo n s , long d istan ce transport i s  

u n id ir e c t io n a l, i e  towards the t ip , under normal growing con d ition s. The 

sucrose being translocated  appears to show l i t t l e  la te r a l  movement from 

the s ie v e  elements (Ouresb.i and Spanner, 1973).

A prelim inary in v estig a tio n  o f the sto lon  structure was made u sin g  

both o p tica l and e lectron  microscopy.

Methods, (a ) Thick sec tio n s ( l  -  2^m th ick) o f conventional 

resin-embedded m aterial were cu t, and sta ined  w ith to lu id in e  blue to 

show the general arrangement o f t is su e s  under the l ig h t  microscope (see  

Appendix E),

(b ) P o r tio n s  o f  s to lo n  were a l s o  f ix e d  and wax embedded 

( s e e  Appendix P) and both  tr a n sv e r se  and lo n g itu d in a l  s e c t io n s  w ere c u t  

from t h is  m a te r ia l u s in g  a Cambridge r o c k in g  m icrotom e. These were 

s ta in e d  by e s ta b l is h e d  methods to  d e f in e  th e  c e l l u l o s e ,  s ta r c h  and l ig n in  

s tr u c tu r e s  (A ppendices B, C and b ) ,

( c )  L ip id s are  d is s o lv e d  in  the d eh y d ra tin g  f lu i d s  u sed  

in  th e se  p rocedures and so  rem ained u n id e n t i f ie d .  A f ix a t io n  method 

(C ia cco ) employed p r im a r ily  by z o o lo g is t s  (Appendix G) to  f i x  l i p i d s  was 

th e r e fo r e  a l s o  t r i e d .  However, the C iacco f i x a t i v e  a p p a r e n tly  f a i l e d

to  p r e se r v e  th e  l ip i d s  in  t h is  p la n t  m a te r ia l .  Fresh hand s e c t io n s  were
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PLATE 5 

X 80

T .S . o f e n tir e  s to lo n  showing the proportions o f  

the s t e l e  and c o r te x .

PLATE 4 

X 210

S te le  o f the s to lo n  showing the r in g  of vascu lar  

t i s s u e ,  and no d is c r e te  bundles.







PLATE 5 

X 1080

T .S . o f the vascu lar t is s u e  o f the s to lo n . The 

arrows in d ic a te  the th ickened endodermal w a lls .

The sm all c e l l s  o f the phloem are in tersp ersed  

w ith la rg er  parenchyma c e l l s .  There i s  no su g g est

io n  o f  a cambial r e g io n .

PLATE 6

X 60

T .S . o f the s to lo n  sta in ed  w ith  Sudan IV. The s ta in  

has been taken up by the c u t ic le  and endodermis.
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PUTE 7 

X 250

S te le  showing the endodermis s ta in ed  w ith  Sudan IV . 

The parenchyma c e l l s  w ith  thickened w a lls  show 

c le a r ly  between the endodermis and the phloem.

PLATE 8 

X 820

Endodermis sta in ed  w ith  Sudan IV. The lip id -c o n ta in -  

in g  c e l l  w a lls  are confined to one c e l l  la y e r . The 

l ip id  d ep o sitio n  appears to be ir r e g u la r , the inner  

ta n g en tia l w a lls  having l e s s .
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then c u t  and prepared  a c c o rd in g  to  Appendix A.

(d) D ifferen t regions o f  the sto lon  were studied u lt r a -  

s tr u c tu a lly  by in i t a l ly  cu ttin g  segments 5 cm long in to  f ix a t iv e .

Before com pleting the preparation (see  Appendix j )  the cen tral 1 cm was 

excised  from each segment and further cut in to  1 mm portions under 

f ix a t iv e .  Such m aterial was taken from the proximal and d is ta l  ends of 

the s to lo n , as w ell as from the middle,

R e su lts  and O b serv a tio n s .  Thick s e c t io n s  o f  r e s in  embedded m a te r ia l  

c u t  t r a n s v e r s e ly  r e v e a le d  a more or  l e s s  c ir c u la r  p r o f i l e  ( s e e  p la t e  3) 

w ith  the ep iderm al c e l l s  h a v in g  th ic k e r  w a l ls  than th e  c o r t i c a l  c e l l s .

The external epidermal w alls appeared no th icker than the rad ia l and 

inner w a lls . The s t e le  showed as a compact region w ith a dimeter about 

^ o f that o f the sto lon  (see  p la te  4 ) .  Since the middle region o f the 

sto lon  from which th is  m aterial was obtained has an unusual diameter of 

about 1 mm, the diameter o f the s t e le  i s  approximately 0 ,3  mm. The c e l l s  

of the layer  surrounding the s t e le  have thickened w alls which are 

ir reg u la r ly  shaped. These are ind icated  by arrows on p la te  5. They ap

peared to form a continuous la y er , malcing a boundary fo r  the s t e le  a t  

which the cortex rea d ily  sep arates. This layer  sta ined  red w ith Sudan IV, 

s im ila r ly  to the outer sheath over the epidermal c e l l s .  This shows c lea r ly  

in  p la te  6. This in d ica tes that l ip id  was present probably as 

cutin  or wax over the epidermis and as suberin in  the layer  bounding the 

s t e le ,  id e n t if ie d  as the endodermis. The suberin appeared to be evenly  

d istr ib u ted  in  the c e l l  w alls  (see  p la tes  7 and 8 ) ,  u n lik e  the d ifferen 

t ia l  su b erisa tion  found in  the root endodermis which d irects  the passage 

of water through the c e l l s .  This suggests that the sto lo n  endodermis i s  

a more waterproof stru ctu re. P late 8 shows layers o f  parenchyma c e l l s  

under the endodermis which have s l ig h t ly  th icker w alls  than those of the 

cortex and p ith . The rad ia l extent o f th is  layer  i s  v ar iab le , sometimes
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PLATE 9 

X 140

L .S . o f part o f  the middle reg ion  o f the s to lo n  

sta in ed  w ith  safran in  and f a s t  green . The annular 

and/or s p ir a l  th ick en in g  in  the xylem v e s s e ls  has 

taken up more f a s t  green than sa fran in  showing 

how l i t t l e  they are l i g n i f i e d .

PLATE 10

X 9 ,750

T ,S , o f the proximal reg ion  o f the s to lo n  showing 

a tannin c e l l  a t the top o f the micrograph, a lso  

there i s  one o f the companion c e l l s  packed w ith  

m itochondria which are freq u en tly  observed in  th is  

r e g io n .
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i t  i s  only one c e l l  deep but in  other places i t s  depth may be up to 

four c e l l s .  These th icker w alled c e l l s  were shown to possess starch — 

contain ing p la s t id s , as were the parenchyma c e l l s  o f the p ith  and cortex . 

Advantage has been taken o f these stru ctu ral features in  the experimental 

work, fo r  much o f which short lengths o f sto lon  ( 5 - 1 0  cm) were 

d ecorticated  along the endodermal l in e  o f weakness. In such a s ta te  i t  

was shown (and a report i s  given la te r  in  th is  t h e s is ) ,  that translocation  

proceeded more or le s s  normally fo r  many hours a fte r  surgery. Sometimes 

i t  appeared to slow down fo r  a short period during the actual operation, 

but i t  returned to normal soon afterwards. The suberised endodermis 

p rotects the s t e le  from dehydration. The removal o f the cortex was 

designed to help the rapid penetration o f f ix a t iv e s ,  and a lso  o f the 

in h ib ito rs  used in  the experimental treatm ents.

ITo cambium was apparent, suggesting that the vascu lar t is su e  i s  a l l  

primary in  o r ig in . Correspondingly xylem elements showed only sp ira l or 

annular thickening typ ica l o f primary xylem (see  p la te  9 ) ,

The o p tica l microscopy gave an overa ll p icture o f the r e la t iv e  p ositio n s  

o f the d if fe r e n t c e l l s  composing the phloem t is s u e , as w e ll as the sp a tia l  

a sso c ia tio n  between the xylem and phloem. This inform ation la te r  proved 

valuable when id e n tify in g  c e l l s  seen under the scanning electron  microscope,

H Itrastruetural observations, Comparison o f structure was made between 

the proximal region , i e  that very c lo se  to the parent p la n t, the middle 

region , which was the portion used fo r  the p h ysio log ica l treatm ents, and 

the d is ta l  region ju s t  behind the daughter bud. There were d is t in c t  

u ltra stru e tu ra l d ifferen ces between the three regions o f the sto lo n  looked 

a t .

The proximal region o f the sto lon  showed a p a r ticu la r ly  in te r e st in g  

fea tu re . Fiany o f the companion c e l l s  were packed with mitochondria (p la te  

10) and few large vacuoles were found. This type o f c e l l  appears to have
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PLATE 11

X 2 5 , 0 0 0

Montage showing part o f a companion c e l l  in  the  

proximal reg ion  of the s to lo n  in  L .S . The cytoplasm  

i s  dense, and m itochondria abound. Vacuoles appear 

to  be sm all and sc a t te r e d . In  the perip lasm ic space 

th ere are many v e s ic le s .
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PLATS 12 

X 33,500

T»8 . o f  a corner o f a s ie v e  element in  the proxim al 

reg ion  o f  the s to lo n  showing the membrane stack s  

which are a f a ir ly  common fe a tu r e .
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PLATE 15 

X 9,750

T .s .  o f  the middle reg ion  o f the s to lo n  showing 

ra th er  wider phloem elem ents having a somewhat 

empty appearance*

PLATE 14

X 6,700

L.S* o f the middle region  o f the sto lon *  The companion 

c e l l  in  the lower part o f the p ic tu re  lacks the  

very dense cytoplasm found in  the proximal region*

The s ie v e  p la te  i s  c a llo s e d , hut no rapid f ix a t io n  

methods were used .
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PLATE 15 

X 1,530

Montage o f  the outer reg ion  o f the s t e le  showing 

th ick -w a lled  c e l l s ,  up to  four c e l l - la y e r s  in  depth, 

The outer layer  (endodermis) appears to  be ir r e g 

u la r ly  th ickened .







PLATE 16 

X 3 ,3 0 0

T .S . o f  the thickened endoderraal reg ion  which 

corresponds more c lo s e ly  w ith  l ig h t  microscope 

o b serv a tio n s.
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numerous small vacuoles and much dense cytoplasm. These featu res are 

further i l lu s tr a te d  in  p la te  11, The tannin c e l l  a t the top o f p la te  

10 i s  a regular featu re o f the phloem tis su e  in  a l l  regions o f the s to lo n . 

Within the s iev e  elements convoluted membranes were frequently observed, 

Ihese are shown as stacks in  p la te  12, Such membrane complexes have been 

regu larly  reported in  many sp ecies (Johnson, I 969) ,  Mitochondria were 

rare ly  seen w ith in  the s iev e  elements in  any region .

In the middle region , on the other hand, the companion c e l l s  were 

a l l  w ell vacuolated, contributing to the generally  empty appearance o f the 

tis su e  seen c le a r ly  in  p la tes  13 and 14, The cytoplasm of the companion 

c e l l s ,  however, i s  somewhat more dense th at, that o f other c e l l s  in  the 

phloem. Mitochondria are present in  these companion c e l l s ,  but not so 

abundantly as in  the proximal region in d ica tin g  perhaps, a lower energy 

requirement in  the middle region . The endodermis of th is  region , when 

studied a t  u ltra stru e tu ra l le v e l  y ie ld ed  further inform ation to that 

gained from observations made using  the o p tica l microscope. P lates 15 

and 16 show c e l l s  w ith thickened w a lls . The rad ia l depth o f these ranged 

from one to four c e l l s  from' the endodermal la y er . Arrows on p la te  15 

show where the cortex has separated during surgery, and the outer layer  

o f c e l l s  shown here appear to be irregu lax ly  thickened. The outer layer  

appears to correspond with the endodermis o f the o p tica l micrographs, and 

the layers o f th ick w alled c e l l s  underneath, '̂ to the th ick w alled parenchyma 

c e l l s  shown c le a r ly  in  p la te  8 , Arrowheads on p la te  15 point out th in  

regions in  the th ick w alls which were not observed a t o p tica l le v e l ,  P late  

16 shows the same region , but the portion on th is  micrograph more c lo se ly  

resembles the observations made on the thick sec tio n s . The cortex wa,s 

s t i l l  attached to th is  sample, but a t  the arrow i t  can be seen to have 

pulled  away s l ig h t ly .  The under-lying phloem parenchyma c e l l s  of th is  

sample do not appear to have thickened w a lls .
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PLATE 17

X 3 ,5 0 0

T .S. o f the d is t a l  reg ion  o f the s to lo n . C e lls  

o f  phloem elem ents are sm aller than in  the middle 

reg ion  and the companion c e l l s  are more h ig h ly  

vacuolated  than in  the proximal reg io n .

PLATE 18 

X 3,500

L .S . o f a s ie v e  element in  the d is t a l  r eg io n .
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The structure o f the d is ta l  region o f the sto lon  c lo s e ly  resembled 

that of the middle region . Ihe low power micrograph shoim in  p la te  17 

shows h igh ly  vacuolated tis su e  g iv in g  the whole region i t s  ty p ica l empty 

appearance noted again in  p la te  18. This d is ta l  region , because o f the 

method o f preparation, where the cen tral portion only o f a la rg er  segment, 

was examined, was not r e a lly  very c lo se  to the growing p o in t, where more 

a c t iv ity  and therefore more organelles might have been expected,

There seemed to be no d ifferen ces in  the occurence o f p la s t id s , or 

in  the d is tr ib u tio n  o f the P-protein w ith in  the s iev e  elem ents, in  the 

d iffe re n t reg ion s.
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PART 1 INTRODUCTION

The search for  the b est methods o f  preparation

I t  i s  gen era lly  agreed that i f  a sim ilar  image i s  observed a fter  

u sin g  a wide v a r ie ty  o f preparative methods fo r  e lectron  microscopy 

the r e s u lt  i s  l ik e ly  to present a truer p ictu re  o f the l iv in g  structure  

than i f  only a narrow range o f methods i s  used , Tie same a r te fa c ts  are 

le s s  l ik e ly  to occur c o n s is ten tly  where methods vary. With th is  in  

mind a s e r ie s  o f  prelim inary programmes was run to fin d  the b est methods 

o f d ea lin g  w ith the phloem^of the Saxifraga s to lo n .

The presumed or rea l a r te fa c t o f s iev e  element preparation which 

i s  the most d istu rb ing, and d i f f ic u l t  to overcome i s  the * surge effect*  

which p lau sib ly  a r ise s  from v io le n t  lon gitu d in al movement o f the s iev e  

element contents when a breach i s  made in  the in te g r ity  o f the c e l l  w all, 

To e sta b lish  a sound basis  fo r  la te r  d iscu ssion  such a r te fa c ts  were a t  

the o u tse t created d e lib era te ly  in  th is  work so they could be the 

b e tter  recognised or elim inated when th e ir  presence was debatable,

Sorensen’s phosphate mixture o f strength  K/15, bu ffer in g  a t  7 .2 , 

i s  ro u tin e ly  used in  th is  laboratory for  a l l  f ix a t io n . However, i t  i s  

frequently  suggested that p lant t is s u e s , being gen era lly  more acid  

than animal t is s u e s , should be buffered a t a lower pH, A se r ie s  o f  

i n i t i a l  t r ia ls  was performed therefore to t e s t  whether th is  was so , 

and to see  whether s ig n if ic a n t ly  b e tter  preparations .could be obtained  

a t  other pH va lu es,

At the commencement o f th is  research a paper appeared by two 

Portuguese workers who made rather extravagant claims regarding the 

e ff ic ie n c y  o f a new buffer they had used in  f ix a t io n  (Salema and 

Brandao 1973). T iis was the Zwitter ion b u ffer  Piperazine N-N b is  (2 

ethanol sulphonic a c id ), commonly referred to as Pipes b u ffer . I t
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seemed worthwhile to t e s t  th is ,  and severa l experiments were run to 

t e s t  i t s  p o t e n t ia l i t ie s .

Obviously the more rapid ly  f ix a t iv e s  penetrate the b e tter  the 

chance o f good f ix a t io n . Previous observations in  th is  department 

showed that translocation  continues in  the decorticated  sto lon  (da Cruz 

I 97&). Since the phloem l i e s  only a few c e l l s  under the endodermis, 

penetration o f f ix a t iv e  in to  the decorticated  sto lon  would be expected 

to be very rapid, so th is  l in e  o f attack was a lso  follow ed up,

E a lier  work had been undertaken in  th is  laboratory in  an attempt 

to minimise surge e f fe c t  using  chloroform vapour to e f f e c t  a prelim

inary weakening o f the s iev e  tube membranes and allow  la te r a l leakage 

of the s ie v e  tube contents before f ix a t io n  (Hogben and Spanner, 1977), 

This approach was extended in  th is  research by including small amounts 

o f chloroform in  the f ix a t iv e  i t s e l f .  I t  was a lso  considered that with  

the decorticated  sto lo n , movement o f the f ix a t iv e  through the suberised  

endodermis might be speeded up by the chloroform.

Scanning electron  microscopy had, u n t i l  recen tly , been used very  

l i t t l e  in  the study o f s iev e  tube stru ctu re. I t  was thought that 

further u se fu l information concerning s iev e  tube condition could be 

gained i f  th is  technique was employed.

F in a lly  many preparative methods in vo lv in g  f ix a t io n  by freez in g  

have been employed in  u ltra stru etu a l in v e s tig a tio n s . Three o f these  

methods have been r e tr ie d , and in  the l ig h t  o f la te r  thought on the 

subject (Spanner, 1978), reassessed  as to th e ir  value in  s ie v e  element 

preparation.



50



V.

- —*»= 4:'̂ ^

"  ' ' %



51

PLATE 1.1 

X 9,750

A se c tio n  from the second segment from the d is t a l  

end o f  the prepared part o f the s to lo n . Surge e f f e c t s  

might he exp ected . Although the P -p ro te in  bulges 

as though some pressure had been exerted , the p la s t id s  

away from the surge are unbroken.

PLATE 1.2  

x 13,500

A se c tio n  from the segment (n o . 1>) n ea rest the 

d is t a l  end o f the prepared p a r t. The P -p rote in  

shows some bulbous e f f e c t  on the surge s id e  o f the 

p la t e ,  and some stream ing away from i t .

On a l l  the micrographs in  th is  chapter the arrows 

in d ic a te  the probable d ir e c tio n  o f the flow  o f the  

tr a n s lo c a te , i e .  towards the d is t a l  bud.
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PLATE 1.5

X 6,700

Another se c t io n  from segment 1 . There i s  l i t t l e  

or no evidence o f pressure r e le a se  e f f e c t s .

PLATE 1.4  

X 9,750

No r e a l evidence o f pressure r e le a se  e f f e c t s  are 

obvious e ith e r  in  th is  view o f segment 1•



Chapter 1

D istr ib u tion  o f P-protein with in ten tio n a l surges

SIf.

V/hen segments o f sto lon  are cut from the en tire  organ without 

carefu l precautions surges undoubtedly occur in  the v ic in it y  o f the cut 

ends. Does the d istr ib u tio n  o f P-protein on the s ie v e  p la tes  change in  

any recognisable or regular way as p la tes are examined further and further  

away from the cut ends? Does the d is tr ib u tio n  show any obvious r e la t io n  

to the d irectio n  of the previous translocation? These questions were 

the f i r s t  to be examined.

Method. P ieces approximately 2 .5  c:m long were cut abruptly from 

the middle region o f s to lo n s , and placed, a fte r  a delay of 2 -  5 seconds, 

in  f ix a t iv e  (appendix j )  fo r  1 -  1-g- h. To record the presumed d irectio n  

of translocate  flow the proximal end o f the p iece was cut transversely  

and the d is ta l  end ob liq u ely . The in i t i a l  cu ts , removing the segment, 

were made sim ultaneously using  a razor blade assembly and the trimming 

to shape done under the f ix a t iv e .  A fter prelim inary f ix a t io n  the p iece  

was further subdivided in to  small segments each bounded by a transverse  

cut proxim ally and an oblique cut d is t a l ly  ( f i g  l ) .  The small segments 

were further processed in d iv id u a lly  in  numbered p h ia ls and embedded. 

Figure 1

8 7 1 D

Before sec tio n in g  the blocks were trimmed so that the shape o f the 

sec tio n s again ind icated  the proxim al-d istal d irectio n . The d istan ce  

from the o r ig in a l cut ends was o f course a lso  known.

R esults and Observations. Micrographs from segments 1 - 5

(P lates 1 .1  -  1 .5 ) ,  ie  from near the d is ta l cut end o f the sto lon







PLATE 1.5  

X 6,700

Segment 5» Although 5-4mm removed from the cut 

end o f the prepared region  surge e f f e c t s  are seen  

h ere . P -p rote in  i s  p ile d  up ag a in st the s ie v e  p la te  

on the s id e  from which the pressure r e le a se  e f f e c t s  

would be expected , but broken p la s t id s  are seen  

on the other s id e  o f the s ie v e  p la t e .

PLATE 1.6  

X 5,500

Segment 10. Some evidence o f surge e f f e c t  although  

t h is  was the fourth segment from the end. Surge in  

th is  segment might be expected from the proximal 

end, but the ruptured p la s t id s  are on the other 

s id e  o f the p la te .
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PLATE 1.7  

X 9,750

Segment 12, near the proximal end o f  the prepared 

reg io n . Evidence o f surge e f f e c t s  are n o ticed  in  

the dense P -protein  on the surge s id e  o f the p la t e .

PLATE 1.8  

X 5,500

Segment 7 , l e .  towards the middle of the whole 

segment. Even in  th is  s ec tio n  surge e f f e c t s  are 

seen  in  the dense p rote in  a t the p la te  and ruptured  

p la s t id s .
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ty p ic a lly  showed plugs of P-protein in  the pores o f the s iev e  p la te s .

The d irectio n  o f the arrows on a l l  the micrographs in  th is  chapter 

p oin t towards the d is ta l end, ie  in  the presumed d irection  o f trans

lo c a te  flow ,

P la te  1 ,1  shows plugs of P-protein in  the s iev e  p la te  pores which 

appear bulbous on one sid e  of the p la te , the s id e  from which surge 

might be expected, and having f ib r i l s  entering the lumen o f the s iev e  

tube on the other sid e o f the p la te , P late  1 ,2  shows bending o f the 

P -protein  f ib r i l s  on the 'surge* sid e  o f the p la te , with 'stream ers' 

o f f ib r i l s  on the other s id e . The condition o f the p la stid s  was some

what va r ia b le . Although many appeared ruptured others were in ta c t  

(p la tes  1 ,1 , 1 ,5 , and 1 .4 ) .  P lates 1 ,5  and 1 ,4  show typ ica l images 

seen a t  th is  end of the sto lo n , with P-protein in  the s iev e  p la te  pores, 

as w ell as d istr ib u ted  in  the lumen o f the s iev e  elem ents, a lso  in ta c t  

p la s t id s . These plugs show structured f i b r i l s ,  but a t many other s iev e  

p la tes  observed an i l l-d e f in e d  mass o f loose  starch gra in s, and dense 

masses P-protein  were seen blocking the pores, P late  1 ,5  i s  typ ica l 

o f s ie v e  p la tes  showing th is  image. At the proximal end o f the sto lon  

(p la te  1 ,6 )  sim ilar  images were a lso  obtained. P lates 1 ,5  and 1 .4 ,  

even though they were withinlmm o f the cut surface, show very l i t t l e  

movement o f the s iev e  element contents, w h ils t 1 ,5  and 1 ,6 , a lso  taken 

from w ith in  1 mm of a cut end show evidence o f far  more movement,

P la te  1 ,7  shows bent over f ib r i l s  o f P-protein on the other s id e  o f the 

s iev e  p la te  from which surge may have been expected, with streaming 

f ib r i l s  towards the surgeÎ

In the centre o f the cut segment, ie  a t  over 1 cm from the cut 

su rface, the resu ltin g  micrographs showed e s s e n tia lly  sim ilar  images 

to those already discussed.
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PLATE 1.9

X 5,300

Segment 7 . Again surge e f fe c t s  are seen .

PLATE 1.10  

X 9,750

Segment 6 . Rather le s s  surge e f f e c t  observed,
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The range o f images, from those showing obvious disturbance of 

s ie v e  element contents (P lates 1 .8  and 1 .9 )  to those showing l i t t l e  

evidence o f movement (P late  I .IO ), was s t i l l  seen .

Prom th is  work i t  appeared therefore that the incidence o f surge, 

w ith the consequent displacement o f the s iev e  element contents was not 

as unquestionable as frequently in d icated . When surge, to any great 

ex ten t, occurs, the e ffe c ts  are recogniseable ( c f  micrographs already  

quoted) by the dense masses o f P-protein and starch grains trapped 

unsymmetrically a t  the s iev e  p la te , and where these are found in  any 

u ltra stru e tu ra l work on s iev e  elements they may be regarded as in d ica tiv e  

o f poor preparation, i e  no care taken to a lle v ia te  the e f fe c t s  of 

turgor pressure re lea se .

There i s  no evidence from the micrographs to show whether the 

P-protein  has been forcéd 'in to  previously  empty pores by the surge, 

or whether i t  was already present.

The micrographs presented in  th is  sec tio n  are only a very low 

proportion ( le s s  than 0 , 05/0 o f those taken, but were chosen as typ ica l 

rep resen tatives o f the to ta l .
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PLATE 2.1

X 54,000

Fixed a t pH 6 . 4 . Although ribosomes can be seen  

the ground cytoplasm i s  very empty.

PLATE 2 ,2  

X 53, 500

Fixed a t pH 6 . 4 * The nucleus i s  hardly more dense 

than the cytoplasm in  th is  companion c e l l .
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Chapter 2 

CHEMICAL FIXATION

(a) Experiments with standard f ix a t io n  a t  various pH va lu es.

Method, In the f i r s t  ser ie s  o f observations Sorensen's phosphate 

bu ffer was prepared a t  various pH values (Appendix H), I t  was used to 

make up 5% glu tar aldehyde f ix a t iv e  with pHs o f a l l  subsequent washings, 

p ost f ix a t io n  e tc . Portions o f sto lon  about 2 cm long were excised  from 

the middle o f the length , and a fte r  Ih in  f ix a t iv e  the cen tral 1 cm was 

cut out and subdivided in to  samples 1 mm long to complete the f ix a t io n . 

Apart from pH varia tion  routine preparation methods were employed 

throughout (Appendix j ) .

R esu lts. Well estab lish ed  c r ite r ia  were used to a ssess the q u a lity  

of f ix a t io n  of the d ifferen t treatm ents. I t  i s  generally  agreed that 

the cytoplasm ic ground substance should appear f in e ly  granular, showing 

no empty spaces. Obviously there should be no p lasm olysis. Double 

membraned organelles should have the membranes in ta c t and p a r a lle l.  

Mitochondria should be neith er shrunken nor sw ollen , having p a ra lle l 

c r is ta e  membranes and a dense m atrix. The nuclear ground substance 

should appear uniformly dense between sca ttered , more e lectron  opaque 

masses o f chromatin. Judged by these c r it e r ia , and contrary to what i s  

frequently  recommended fo r  plant m aterial, b e tter  f ix a t io n  was apparent 

a t the higher pH values used.

At pH 6,4  the cytoplasmic ground substance appeared very empty.

This i s  very obvious in  p la te  2 ,1 . Ribosomes were apparent, but rather 

more empty space was present than i s  u su a lly  seen in  w ell fixed  m aterial. 

The double membranes appeared fa ir ly  p a ra lle l and a w ell formed stack o f  

dictyosome membranes i s  seen in  p la te  2 ,2 , The nuclear m aterial o f the 

same p la te  was not so dense as i s  normally seen . Odd v e s ic le s  and
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PLATE 2 .3

X 81,000

Fixed at pH 6*4» P-protein fibrils show a clearly 

banded structure.

PLATE 2 .4  

X 27,000

Fixed a t pH 6 .8 .  In t h is  companion c e l l  the ground 

cytoplasm  i s  dense, and the m itochondria look normal
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PU TE 2 . 5

X 8 1 ,0 0 0

F ix ed  a t  pH 6 . 4 * P - p r o te in  f i b r i l s  show a c l e a r ly  

banded s t r u c t u r e .

PUTS 2 . 4

X 2 7 , 0 0 0

Fixed a t pH 6 .8 . In th is  companion c e l l  the ground 

cytoplasm  i s  dense, and the m itochondria look normal.







69

PLATE 2.5  

X 20,000

Fixed, a t pH 6 .8 . Probably a young, d if fe r e n t ia t in g  

s ie v e  elem ent. The nuclear membranes are not p a r a lle l  

and the cytoplasm i s  rather empty.

PLATE 2 .6  

X 33, 500

Fixed a t  pH 6*8* The companion c e l l  appears f a ir ly  

w e ll f ix e d , but the mitochondrion on the r ig h t  

has ra th er  more space than i s  usual in  a w e ll-  

f ix e d  su b je c t .
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PLATE 2 .7  

X 33,500

Fixed a t pH 7*2. The f ix a t io n  image d if f e r s  l i t t l e  

from those fix ed  a t  pH 6 ,8 . A lth o u ^  nuclear membranes 

are p a r a lle l  a mitochondrion looks l i t t l e  d if fe r e n t  

from the one in  2 .6 .

PLATE 2 .8  

X 20,000

Fixed a t pH 7*2. This i s  apparently w e ll- f ix e d  

although the ground cytoplasm i s  not so dense as 

i s  o ften  observed.
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PLATE 2 .9

X 2 0 ,0 0 0

At pH 1 •S good f ix a t io n  i s  apparent.

PLATE 2.10  

X 33,500

This a lso  seems w e ll- f ix e d  a t pH 7 .6 .



membrane compÜÊSces abounded and are evident in  both these p la te s .

These are o ften  thought to be arte fa cts  o f poor f ix a t io n . Thus i t  

appeared that c e l l  contents had been reached out a t th is  pH, and perhaps 

membranes disturbed. P-protein, however, appeared to have fix ed  fa ir ly  

w e ll, showing the c lea r ly  banded structure seen in  p la te  2 . 3.

At pH 6,8 fix a tio n  appeared somewhat b e tte r . Both the cytoplasmic 

ground m aterial and the nuclear m aterial were more dense than a t the 

lower pH, and the mitochondria looked more normal (compare p la tes  2 .4 ,

2 ,5  and 2 .6  with 2 .1 and 2 .2 ) ,  Double membranes were u su a lly  p a ra lle l 

as seen in  p la te  2 , 6, V esicles were often  observed between the c e l l  w all 

and plasma membrane again shown in  2. 6, but th is  i s  a frequent feature  

o f the p lant whatever the treatment. The general appearance o f th is  

t is su e  d iffered  l i t t l e  from that fixed  a t the next pH ie  7 .2 , This i s  

shown in  p la tes  2 ,7  and 2 ,8 , However, one o f the mitochondria in  2 ,6  

has space in  i t .

At pH 7 .6  membrane preservation appeared to be e x ce lle n t. The 

nuclear membranes in  a l l  three p la tes i l lu s tr a t in g  th is  pH ser ie s  are 

w ell defined , and p a ra lle l as are those o f the mitochondria v is ib le  in  

p la tes  2 ,9  and 2 ,11 , and a lso  in  the dictyosome of p la te  2 ,9 . Membrane 

stacks are a lso  seen in  the portions o f s iev e  elements showing in  p la tes  

2 ,9  and 2 ,1 0 , The ground cytoplasm looked normally granular and 

and ribosomes were d is t in c t .

As a r e su lt  of th is work, where l i t t l e  apparent d ifference in  the 

f ix a t io n  q u a lity  showed a t pH values o f 6.8 , 7 .2 , and 7.^> was 

deemed unnecessary to a lte r  the pH o f the buffer that was regu larly  

used.
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PLATE 2*11

X 2 7 , 0 0 0

Good f ix a t io n  again observed a t  pE 7 .6

PLATE 2.12  

X 27 ,000

Fixed in  P ipes b u ffer . The companion c e l l  i s  plas- 

molysed* I t  i s  p o ss ib le  that the protein  c r y s ta l,  

never observed with other f ix a t iv e s  , may be a 

f ix a t io n  a r te fa c t .
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(b) Comparison of Pipes buffer with the conventional phosphate b u ffer .

Salema and Brandâo’s report (1973) on the use o f Pipes buffer  

stressed  the importance o f adjusting the osm olality  o f both f ix a t iv e  and 

r in s in g  so lu tion s to that o f the vascular sap, and a lso  the n e c ess ity  

o f u sin g  a strong b u ffer , so that when the somewhat acid  f lu id  i s  released  

from the vacuole buffering power in  the desired range i s  not l o s t .

They examined various plant tissu es  including meristematic and 

parenchyma tis su e  o f Beta vu lg a r is . Allium cepa and Solanum pseudocap— 

s i  cum. They assessed  th is  buffer as being o f p articu lar value "in the 

q u a lity  of preservation and the s ta b ilisa t io n  o f a ll . components", so 

that lo s s  by leaching was reduced. This la s t  point they a lso  estab lish ed  

biochem ically . They a lso  considered that good preservation o f ground 

cytoplasm, organ elles, and membranes was obtained a t a wide range o f pH 

va lu es, from 6,0 -  8 , 4 .

I t  seemed worthwhile therefore to te s t  th is  buffer using  

Saxifraga sarmentosa (l) ,  and three te s t  ser ie s  were run, making up 

fresh  b u ffer  each time. As the primary in te r e st  was in  s iev e  tubes i t  

was necessary to remember the pecu liar preparation d i f f ic u l t ie s ,  but 

phloem t is su e  a lso  contains parenchyma and companion c e l l s ,  and i t  was 

w ith reference to these c e l l s  that the qu ality  o f fix a tio n  was prim arily  

judged.

Method, The buffer was made up according to the formula given in  

Appendix K, taken d ir e c tly  from the paper quoted. Excision procedures

used were the same as before.

R esu lts , These were frankly disappointing and often  very variab le , 

companion c e l l s  even in  the same sec tio n  showing w idely d ifferen t degrees 

of preservation . Evidence of plasm olysis was seen in  many of the companion 

c e l l s .  This i s  seen in  p lates 2,12 and 2,13* I t  was noted in  a previous 

chapter that the space between the plasma membrane and c e l l  w a ll, some-





Ü a jilk l '-Z f  *



PLATE 2.15

X 2 0 ,0 0 0

Fixed in  P ipes b u ffe r . There i s  every evidence  

o f poor f ix a t io n , w ith the companion c e l l  showing 

lea ch in g  o f  c e l l  co n ten ts, p la sm o ly sis , and having  

anything but p a r a lle l  nuclear membranes.

PLATE 2.14  

X 33,500

Fixed in  P ipes b u ffe r . This shows b e tte r  f ix a t io n  

than 2.13 although some leach in g  o f c e l l  contents  

i s  apparent. The membrane stack  in  the s iev e  tube 

i s  more elaborate than i s  u su a lly  seen .







PLATE 2 , 1 5

X 2 7 , 0 0 0

Fixed in  Pipes b u ffe r . Apparently w e ll f ix e d , although  

the nuclear membranes are not p a r a l le l .

PLATE 2,16

X 2 7 , 0 0 0

Fixed in  P ipes b u ffer . This i s  taken from the same 

s e c t io n  as 2 , 15, but shows far  b e tte r  f ix a t io n .
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tim es C a lled  the perip lasm  or e x tr a  mural sp ace  fr e q u e n tly  contains  

v e s i c l e s ,  and appears to  be a d e f i n i t e ,  n o n -a r te fa c tu a l s tr u c tu r e .

Using Pipes bu ffer  many o f the periplasm !c spaces were more or le s s  

empty,. The ou tlin e  of the plasmalemma seen in  these two p la tes was 

irreg u la r , apparently anchored to the c e l l  w all a t in ter v a ls , and the 

space was o ften  large , as seen in  p la te  2.14 where w idely spaced 

v e s ic le s  are present. Often, too, the membranes surrounding the mito

chondria and n u cle i were not smooth and paralleland the c r is ta e -  

appeared bulbous (p la te  2 .1 5 ). These signs are u su a lly  accepted as 

c r it e r ia  o f poor f ix a t io n . Membranes and other s iev e  element contents 

appeared much le s s  a ffec ted , Ruptured p la s t id s , however, were more 

frequently  seen than when phosphate buffer was used, and s in ce  sim ilar  

step s had been taken to minimise surge, th is  may have been a s ig n i f i 

cant in fe r io r ity . Leaching of^ound cytoplasm was observed in  many 

companion'Cells, g iv in g  a rather emp'fcy e f fe c t ,  but in  other c e l l s ,  even 

in  the same sec tio n  fa ir ly  good fix a tio n  was seen . P lates 2,13 and 

2,16 were taken from a s in g le  sec tio n  and fa ir ly  c lo se  together, and 

whereas 2,13 i s  obviously poorly fix e d , 2,16 shows w ell fix ed  m aterial. 

The la t t e r  type o f c e l l  was in  the m inority however. I t  has been 

suggested (Lehmann and Mancuss, 1957) that a granular appearance o f  

c e l l  cytoplasm i s  in d ica tive  o f p rec ip ita tio n , and i t  should be empty. 

This view i s  not now generally  held , and in  th is  s'tudy i t  i s  the emp-ty 

c e l l s  which show other fix a tio n  a r te fa cts  such as irregualr membranes 

and a m u lt ip lic ity  o f v is ic le s  e sp ec ia lly  in  the cytoplasm.

The Pipes buffer seems to have had peculiar fix a tio n  e ffe c ts  on . 

p ro te in s , although whether i t  preserves these in  more or le s s  na-tural 

conditions was d if f ic u lt  to a sse ss .

In many s iev e  elements P-protein aggregations were observed in  

apparently c ry s ta llin e  condition, with the components arranged in  a
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la t t i c e  (see  p la te  2 .1 2 ). Such c r y s ta llin e  arrangements have only 

been seen on one other occasion when other f ix a t io n  methods were 

•used.

Elaborate configurations of membrane stacks were a lso  frequently  

observed in  s iev e  elements fixed  with th is  bu ffer , A sample i s  seen  

in  p la te  2 ,1 4 . Again, such configurations are not unique to 'this method 

o f f ix a t io n , but here they occurred with much greater frequency, V/hy 

th is  was so i s  not easy to suggest, and i t  seems un fa ir  to hold i t  

a ga in st the b u ffer .

As a r e s u lt  o f these findings u sin g  Pipes buffer i t  was concluded 

that fo r  phloem tis s u e , a t any r a te , th is  expensive buffer showed no 

marked advan’tages over the phosphate buffer normally used, and perhaps 

had some disadvantages. I ts  use was therefore abandoned.



Chapter 3

ATTETIPTS TO SECURE MORE RAPID FIXATION 

(a) D ecortication  o f the sto lon

Removal o f the cortex before fix a tio n  must enable more rapid  

penetration o f the f ix a t iv e . As the cortex of the sto lo n  can be 

e a s ily  removed, with no apparent damage to the s t e le ,  and previous 

work done in  these laboratories by da Cruz (1976) had shown that a 

decorticated  sto lon  continues to tran slocate , the proposal to remove 

i t  seemed a sound one. I t  was a lso  f e l t  that flood in g  the sto lo n  with  

f ix a t iv e  before excision  might a t le a s t  p a r t ia l ly  r e lie v e  the e ffe c ts  

o f turgor pressure re lea se , A version o f th is  technique has been 

tr ied  before eg. by Engleman ( 1965) ,  but th is  author did not confirm  

that h is  p lant was a c tiv e ly  translocating  immediately prior to f ix a t io n .

Method. The cortex o f 5 cm of the middle o f the sto lon  was 

d issec ted  away from the s t e le  under a binocular d issec tio n  microscope. 

The two regions separated read ily  a t  the endodermis. During th is  

operation the sto lon  was s t i l l  attached to the parent plant and the 

region being decorticated was kept immersed in  5/a glutaraldehyde in  

phosphate b u ffer . The s t e le  was then, l e f t  in  the f ix a t iv e  fo r  a further  

Ih before the segment was excised and further cut up in to  1 mm samples. 

These samples were postfixed  and processed for  e lctron  microscopy as 

usual (Appendix j ) ,  P late 3.1 shows a c lean ly  decorticated  s t e le .

The e f fe c t  o f decortication  on translocation  was concurrently  

in v estig a ted . Some 3 -  4h before d ecortication  the leaves subtending 

the sto lon s were fed with as described in  chapter 9 , and the

rate o f accumulation o f radioactive translocate a t the d is ta l end of 

the sto lon  was monitored continuously using  an end window G M tube.
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PLATE 5 .1

Approximately natural s iz e  

A d eco rtica ted  s to lo n .

PLATE 5 .2  

X 20,000

A companion c e l l  from a d ecortica ted  sto lo n  showing 

good f ix a t io n .
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PLATE 3 . 5

X 27,000

A w e ll- f ix e d  companion c e l l  from a d ecortica ted  

sto lon *

PLATE 3 .4  

X 20,000

L.S* o f a s iev e  p la te  from a decortica ted  s to lo n .  

There i s  l i t t l e  c a llo se  l in in g  the s iev e  p la te  

p ores, and the evenly d istr ib u ted  P -protein  shows 

l i t t l e  s ig n  o f d isturbance.

\
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PLATE 3*5 

X 9,750

L .S . o f  s iev e  tubes o f a d ecortica ted  s to lo n .

PLATE 3 .6  

X 9,750

L .S . o f a s iev e  tube o f a decorticated  sto lo n . 

None o f the s iev e  elements shown on these p la tes  

show r e a l evidence o f surge e f f e c t s .
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PLATE 3 . 7

X 4 , 1 5 0

L»S« o f  decorticated  sto lo n  in  the phloem region * 

No c a llo s e  has been deposited on the s iev e  p la te ,  

nor i s  there any evidence o f surge e f f e c t s .

PLATE 3.8

X 8 1 ,0 0 0

A s ie v e  p la te  pore in  L .S. from a decorticated  

s to lo n . There i s  no c a llo se  lin in g  the pore, and 

the P -p rote in  i s  a ligned n ea tly  through the pore,

w ith  the f ib r i l s  extending sym m etrically on e ith e r
. 1 .

s id e .
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Results > The companion c e l l s  were the princip a l ones looked a t  

when the q u a lity  o f fix a tio n  was the factor  being judged, but in  the 

assessm ent of surge e ffe c ts  the observation o f s iev e  elements was of 

course cen tra l.

Companion c e l l s  showed dense granular cytoplasm, IJuclear membranes 

were p a r a lle l and there was no evidence o f plasm olysis (see  p la tes  3«2,

3,3  and 3*7)* In the s iev e  elements shown in  longitud inal sec tio n  in  

p la tes  3*4 —'3*8 very l i t t l e  c a llo se  i s  seen lin in g  the s iev e  p la te  

pores, P—protein  was generally  evenly d istr ib u ted  through the pores 

and on e ith er  s id e  o f the s iev e  p la te  (p la tes  3, 4 , 3,6 and 3 ,8 ) .  P la stid s  

in  the s iev e  elements were frequently in ta c t , or i f  the membrane was 

broken the starch grains had not moved fa r . Most recoined w ith in  the 

p la s tid s  in d ica tin g  that l i t t l e  flow had taken place subsequent to th e ir  

rupture. The resu lts  o f th is  in ev ita b ly  more rapid f ix a t io n  on tin- 

excised  t is su e  show every evidence of m aterial being w ell f ix e d , with  

surge e f fe c t s  kept a t a very low le v e l .  I t  was therefore decided, that 

provided normal translocation  was maintained fo r  some hours a f te r  

d eco rtica tio n , th is  method o f f ix a t io n  was worth pursuing in  preparing 

the m aterial used in  the subsequent work.

The ph ysio log ica l work was as fo llo w s:' a fte r  feeding the sub

tending le a f  with about o f ^̂ COg translocation  was allowed to

proceed in  the l ig h t  for  some hours, u n t i l  the p rin t out o f the radio

a c tiv e  counts a t  the sto lon  apex showed a steady bu ild  up o f radio

a c t iv i ty .  The centre o f the sto lon  was then ca re fu lly  decorticated  

fo r  5 -  7 cm and covered with f in e , vaselined polythene to prevent 

drying out.

The graphs included in  chapter 10 show that in  some instances  

translocation  appeared to slow up fo r  a short time during the actual 

operation, but normal translocation rates soon resumed and were
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maintained for  as long as any experimental work was l ik e ly  to continue, 

as shown in  figu re  2.

j.h?om th is  time forward therefore, m aterial for  examination was 

taken from decorticated stolons treated with f ix a t iv e  before excision , 

as described above. Care was always taken in  th is  to allow time for  

recovery from surgery before in h ib itory  treatments were started ,

(b) Use o f chloroform in  the f ix a t iv e .

Work undertaken some years previously had, as mentioned e a r lie r ,  

ind icated  the value of chloroform applied to the function ing sto lons  

in  small concentrations, in reducing surge e ffe c ts  by perm itting slow  

la te r a l leakage of the sieve  tube contents (Hogben and Spanner, 1977).

In th is  work en tire  stolons had been exposed to the vapour. I t  was 

decided that i f  a low concentration of chloroform was included in  the 

f ix a t iv e  i t s e l f ,  the la tte r  might penetrate the t is su e  more rapid ly , 

and a t  the same time reduce longitudinal surge even further, as membranes 

were weakened gradually, but uniformly. Contributing to th is  conclusion  

was the discovery o f the nature o f the water r e s is t in g  properties o f  

the endodermis, owing to i t s  suberised nature. I f  the l ip id s  o f the 

suberm could be loosened very rapid penetration might ensue.

Method. I n i t ia l ly  a t e s t  ser ie s  using d ifferen t strengths o f  

choloform in  the f ix a t iv e  was run, The chloroform débutions were 

prepared as previously described (1977) using phosphate buffer instead  

o f d i s t i l l e d  water. Solutions were used with 10%, 0̂%, 50%, 70% and 

90% saturated chloroform water in  the b u ffer , but these were d ilu ted  

by ^ o f th e ir  volume when used to buffer the glutaraldehyde, A 

control u sin g  no chloroform was a lso  useo., IWelve sim ilar sto lons  

were matched in  pairs and decorticated for  about 3 .5  cm. One o f  

each p a ir  was decorticated in  the f ix a t iv e  containing chloroform 

w h ilst i t  was s t i l l  attached to the p lan t, and the other was







PLATE 3 . 9

X 1 3 , 3 0 0

D ecortica ted  and f ix e d  in  y/o g lutaraldehyde con ta in 

in g  705 '̂a chloroform  water before being ex c ised  from 

the s to lo n . In  th is  h igh concen tration  o f chloroform  

th e  P -p ro te in  i s  de-natured.

PLATE 3.10

X 6,700

D ecortica ted  but ex c ised  from the s to lo n  before  

f ix a t io n  in  yjo glutaraldehyde con ta in in g  10% 

chloroform  w ater. Again the P -p rote in  i s  de-natured.
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PLATE 3 . 1 1

X 9 ,7 5 0

S to lon  ex c ised  "before f ix a t io n  in  y/a g lutaraldehyde  

+ 30̂ 0 chloroform w ater. The P -p rote in  i s  in  f a ir ly  

good co n d it io n , but surge e f f e c t s  are ev id en t;  

a ls o  d e c o r t ica ted .

PLATE 3 . 1 2

X 6 ,700

S to lon  d eco rtica ted  and f ix e d  in  5^ glutaraldehyde  

+ lOfo chloroform water before  being ex c ise d . No 

surge e f f e c t s  are seen , and p la s t id  membranes are 

in t a c t .
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PLATE 5 . 1 5

X 2 0 ,0 0 0

Both the micrographs on th is  page show d eco rtica ted  

s to lo n s  f ix e d  before e x c is io n  in  5/̂  g lutaraldehyde  

+ 50^ chloroform  w ater. No surge e f f e c t s  or de

n atu rin g  o f the P -p rote in  are seen h ere .

PLATE 5 .14  

X 54,000

The P -p ro te in  shows no denaturing. No c a llo s e  l in e s  

th e  s ie v e  p la te  p o res.
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excised  w ith in  the decorticated  region  before p lac in g  in  s im ila r  

f ix a t iv e .  A fter 1-gh in  f ix a t iv e  the decorticated  sto lo n s were cut 

in to  1 nim segments and the normal preparation routine was completed. 

R esu lts . The f ix a t iv e  contain ing chloroform a t  the two low est 

concentrations showed the b est f ix a t io n  when judged by the c r it e r ia  

p rev iou sly  c ite d  in  chapter 2. At higher concentrations the P -protein  

showed sign s o f  coagulation (p la te  5 .9 ) .  Those sto lo n s which had been 

cut from the p lan t prior to f ix a t io n  showed s im ila r  signs o f coagulated  

p ro te in , even a t  lower concentrations (p la tes  5*10 and 5. I I ) ,  but 

p o ss ib ly  the sec tio n s had been obtained from nearer the cut ends.

Broken p la s t id s  and non-uniform d is tr ib u tio n , even o f coagulated  

p rote in  in d ica ted  surge e f fe c ts  (p la te  5.IO ). Even where surge e f fe c t s  

were not pronounced (p la te  5 * ll)  ir. these predetached sto lon s there 

were s t i l l  more than were seen in  sto lo n s unexcised before f ix a t io n .  

In c id e n ta lly  the strength  o f  chloroform in  the bu ffer  of the sto lon  

fix ed  w h ils t  attached in  p la te  5*9 was 70^, whereas the coagualted  

m aterial shown in  the predetached sto lon s of p la tes  5*10 and 5*11 

were subjected  to lÔ o and 50% r esp e c tiv e ly .

Those sto lo n s fix ed  in  low chloroform concentrations w h ils t  

s t i l l  attached to the parent p lant showed every evidence o f good f i x 

a tio n , The sm all portion o f companion c e l l s  shovm in  p la te  5*12, 

having 10% chloroform in  the b u ffer , displayed no s ig n  o f p lasm olysis  

and p la s t id s  were e n tir e . More co n tro v ers ia lly  the P -protein  f ib r i l s  

were evenly d istr ib u ted  through the s ie v e  p la te  pores (p la tes  5*15 and 

5, 14) ,  and as in  the p reviously  reported experiments with chloroform  

(Hogben and Spanner, 1977) l i t t l e  c a llo se  was seen lin in g  the s iev e  

p la te  pores.

In view o f the re su lts  obtained from th is  prelim inary s e r ie s  o f  

experiments a second, rather more elaborate s e r ie s  was u sin g  in te r -





ptftti |ii, j

S» »'



PLATE 3 . 1 5

X 9,750

Although both the micrographs shown on th is  page 

are o f  s e c t io n s  ex c ised  before f ix a t io n  in  3^ g lu t 

araldehyde + low concen tration s o f chloroform water 

th ere i s  no s ig n  o f  pressure r e le a s e  e f f e c t s .

PLATE 3.16

X 3,300

The p la s t id s  are in ta c t  on e ith e r  s id e  o f the s ie v e  

p la te  •
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PLATE 5 . 1 7

X 17 ,500

Fixed before e x c is io n  as 5 .15  and 3*16, but showing 

evidence both o f  surge and de-n aturing o f the P- 

p r o te in . P o ss ib ly  the s e c t io n  was taken from very  

c lo s e  to the cut su r fa ce .

PLATE 3 .18 

X 6,500

D ecortica ted  and f ix e d  p r io r  to e x c is io n  in  5^ 

glutaraldehyde + low chloroform con cen tra tion . 

The companion c e l l  i s  w e ll f ix e d , and the s iev e  

tube i s  apparently u n a ffec ted  by su rge.
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mediate stren gths o f chloroform in  the b u ffer  used to make up the 

f ix a t iv e  (15% and 25%), and comparing the e f fe c t s  shown in  the cen tra l 

portion o f the sto lo n  segment with the outer region , i e  near the cut 

ends.

Method. Again, paired sto lon s were fix ed  as before , one o f each 

p a ir  being  cut before f ix in g . A dd ition ally  the centre o f each decor

t ic a te d  segment, i t s  length  being about h a lf the to ta l ie  about 1 ,5  cm, 

was separated a f te r  f ix a t io n  from the ends which together comprised 

about 1 .5  cm and the two regions were further prepared sep ara te ly .

R esu lts . P la te  3*15 shows the cen tral region o f the sto lo n  which 

was fix ed  in  bu ffer  contain ing 25% chloroform before adding the g lu tar

aldehyde. There was l i t t l e  or no evidence o f surge e f f e c t s .  P la stid s  

were in ta c t  and the P -protein  was evenly d istr ib u ted  through the 

pores and w ith in  the lumen o f the s iev e  tubes. P la tes 3.1& and 3*17 

were taken from near the ends o f pre-detached sto lon s and more var iab le  

images were observed. There was no evidence o f surge e f f e c t ,  but every 

in d ica tio n  o f good f ix a t io n  in  p la te  3*16, but 3.17 showed ruptured 

p la s t id s , w ith  the P -protein  fla tten ed  on one s id e  o f the s iev e  p la te , 

and stream ing through on the other, typ ica l o f turgor pressure r e le a se . 

A ll the m aterial in  th is  experiment, which had been fix ed  w h ils t  s t i l l  

attached to the p lant showed e x ce lle n t f ix a t io n , w ith l i t t l e  obvious 

surge e f f e c t s .  P late  3*18 shows part o f a companion c e l l  and almost 

c e r ta in ly  another one as w e ll, which were apparently very w ell f ix e d . 

The stren gth  o f chloroform so lu tion s used in  th is  s e r ie s  appeared to 

make l i t t l e  d ifferen ce , the important fa c to r  being f ix a t io n  before* 

ex c is io n .

These r e su lts  thus showed that even b e tter  f ix a t io n  o f the 

phloem o f  an attached sto lon  could be atta in ed  when the f ix a t iv e  had 

a low concentration o f chloroform in  i t .  A ll the experimental work
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subsequently performed therefore included chloroform ( le s s  than 30%) 

in  the b u ffer  used to prepare the f ix a t iv e .
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PLATE 4 .1

X 1,500

Scanning electron micrograph of the phloem region . 

Xylem appears obviously across the top le f t  hand 

corner *

PLATE 4.2 

X 5,000

The cobwebby e ffe c t i s  probably p-protein . The 

dense m aterial in the c e l l  across the bottom right  

hand corner may w ell be tannin.
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Chapter 4

SCANMNG ELECTRON MICROSCOPY

In the search for  inform ation on fu nction in g s ie v e  p la tes  i t  was 

f e l t  that the image shovm by the scanning e lectron  microscope might 

be u se fu l in  c la r ify in g  th e ir  condition  a fte r  experimental treatm ent. 

Id e n tify in g  s ie v e  p la tes  a t  a l l  however, proved very d i f f i c u l t  in  

th is  mode, but i t  led  on to further in te r e s t in g  work reported in  

chapter 6,

Method o f Preparation, The m aterial f i r s t  tr ied  was decorticated  

s to lo n , in  fa c t  the same m aterial as was prepared fo r  the work 

reported in  chapter 3 (a ) . I t  was chem ically f ix e d , p o st-f ix ed  and 

dehydrated. At th is  stage some o f the m aterial was removed from the 

p h ia l and s p l i t  lo n g itu d in a lly . A fter c r i t i c a l  poin t drying (see  

Appendix M) the m aterial was mounted, cut surface uppermost, on stubs 

before being gold sputter-coated  (Appendix N). The specimens were 

then viewed u sin g  a Cambridge S4-10 Stereoscan microscope.

R esu lts , %e low pa/er micrograph shown in  p la te  4 .1  demonstrates 

the re la tio n sh ip  o f the t is su e s  in  the s t e le  as seen in  th is  instrum ent, 

\vTien th is  i s  compared w ith o p tica l micrographs, e sp e c ia lly  p la te  9 , 

i t  i s  evident that elongated elements in  the postion  expected fo r  

s ie v e  elements frequently  show a notwork o f filam ents in sid e  the 

lumen o f the c e l l s ,  see arrows on p la te  4 .1 . This network was only  

observed in  long, narrow elements and none was seen in  obviously . 

xylem t is s u e s  (double arrows), nor in  the wider parenchyma c e l l s .

The id e n t if ic a t io n  o f the la s t  as parenchyma is  aided by the fa c t  that 

they contain  p la s tid s  (see  * on p la te  4 .1 ) .  This was a lso  noted in  

the o p tica l micrographs. Some o f the more ‘crusty* looking c e l l s ,  

apparently having e ith er  dense con ten ts, or some deposit on the tissu e
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PLATE 4 . 5

X 5 , 9 0 0

Cobwebby P-protein in a sieve tube

PLATE 4.4

X 1 1 , 0 0 0

Probably a dried down tonoplast.



may w ell be tannin c e l l s  which abound in  the vascular t is su e  o f  

th is  p la n t. Such c e l l s  are seen adjacent to the s iev e  elements in  

p la te s  4 .2  and 4 .5 .

Within most o f the phloem elements i s  seen a cobwebby network 

(p la te s  4 .1  -  4 . 5) .  This appeared to be composed o f bundles o f  

fila m en ts , probably P -protein , as described by Johnson e t  a l (1976) 

in  Nympho ides pel ta ta . Suggestions that they might be made up o f  

dried down, ruptured membrane m aterial have been discounted a fte r  

fin d in g  c e l l  contents (p la te  4 .4 )  which appear indubitably composed o f  

membrane m ateria l, dried and ruptured. This could w ell be showing a 

to n to p la st, as seen from the vacuole s id e . In no way do these  

resemble the aforementioned network. I f  th is  cobwebby m aterial does 

c o n s is t  o f bundles o f filam ents o f P-protein  i t  must be assumed that 

the transverse w all o f an element contain ing i t  must be a s iev e  p la te  

although no pores may be d istin g u ish a b le . Such pu tative s iev e  p la tes  

were viewed from a l l  angles in  the attempt to id e n tify  pores, making 

f u l l  use o f the t i l t  and ro ta tio n  o f which the instrument was capable. 

However, the r e su lts  were not a ltogeth er  s a t is fy in g . In order to c la r ify  

th is  p o in t two further l in e s  o f in v estig a tio n  were therefore pursued.

(a ) D igestion  of the p ro te in . I t  was thought that pore id e n t i

f ic a t io n  might be hindered p r e c ise ly  because the f ib re s  thought to be 

P -protein  densely occluded them. D igestin g  the protein  away suggested  

i t s e l f  as a p o ss ib le  so lu tio n .

Method. Three enzymes, pronase, papain and pepsin were prepared 

as 0,^%  so lu tio n s in  phosphate b u ffer . The f i r s t  two were buffered  

a t  pH 7 , 2 , but unfortunately no record was kept o f  the pH fo r  the 

pep sin . As the methods used by Deshpande (1976) was c lo se ly  followed  

i t  was probably buffered a t pH 5,5 u sin g  c itr a te  b u ffer . Stolon  

segments about 1 mm long were incubated in  these so lu tion s fo r  2h
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PLATE 4 .5

X 1 5 ,5 0 0

P -p r o te in  d ig e ste d  in  papain fo r  2h,

PLATE 4 . 6

X 13,500

P -p r o te in  d ig e ste d  w ith  pronase fo r  2h ,
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PLATE 4 . 7

X 15,500

P -p r o te in  d ig e ste d  w ith p ep sin  fo r  2h.

PLATE 4.8

X 15,500

P -p r o te in  d ig e ste d  in  pronase fo r  14h.
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PLATE 4 . 9

X 9 , 7 5 0

P -p r o te in  d ig e ste d  w ith  papain fo r  14h,

PLATE 4 .10

X 5,000

A fter  14h. d ig e s t io n  w ith  pronase f in e  f ila m en ts  

are seen  ex ten d in g  between c e l l s .  I t  i s  thought 

th ey  may be fu n ga l hyphae grown during the incub

a t io n .
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a t  37 0 . The m aterial was then prepared fo r  u ltra s  true tual examina

t io n .

R esu lts» T.E.M, p ictu res o f the m aterial made i t  evident that 

l i t t l e  p rote in  d ig estio n  had taken p la ce . P la tes 4 .5 , 4 .6  and 4 .7  

show the r e s u lt s  o f th is  s e r ie s  o f treatm ents. P late  4 .5  shows m aterial 

treated  w ith papin, and a cer ta in  amount o f d ig estio n  appears to have 

taken p la ce . Some fragments o f p rote in  can he seen , but not many.

P la te  4 .6  and 4 .7 , fo r  which pronase and pepsin were the p ro teo ly tic  

enzymes used r e sp e c tiv e ly  show le s s  evidence o f protein  d ig estio n .

The p rote in  f i b r i l s  in  4 .6  appear shorter than those normally observed 

so some d ig e s tio n  by pronase may have occurred, but in  p la te  4 .7  long  

f i b r i l s  are apparaent, an in d ica tio n  o f l i t t l e  or no d ig estio n  by the 

pepsin .

I t  was decided that d ig estio n  probably needed a longer time than 

had been allowed in  the previous t r i a l ,  so a fu rther experiment was 

s e t  up u s in g  only two of pro teas e s , papain and pronase. Pepsin was 

abandoned as prev iou sly  no p rote in  d ig estio n  appeared to have taken 

p la ce . The m aterial was incubated a t  37^0 in  these proteases fo r  

24 h , and the t is su e  was evacuated to aid  enzyme penetration .

Further r e s u lt s . The p rote in  in  the s iev e  tubes sho;m in  p la tes  

4 ,8  and 4 ,9  as seen in  the T.E.M. was c er ta in ly  denatured by was 

s t i l l  very much in  evidence, having been only p a r t ia l ly  d igested .

This time the pronase (p la te  4 .8 ) ,  appeared to have been the more 

e f f ic ie n t  p rotease. When viewed in  the S.E.M. (p la te  4 .1 0 ) , i t  

was evident th at the general condition  o f the m aterial was poor. I t  

did not s p l i t  c lea n ly , probably due to denaturing o f c e l l  w all 

m aterial by the p rotease, and the t is su e  was d i f f i c u l t  to recognise. 

C rysta ls, probably from the b u ffer , were p le n t ifu l .  Filam ents, 

f in e r  than p rev iou sly  seen were observed, but as they passed from c e l l  

to c e l l  they were assumed to be contaminants, p o ssib ly  fungal which
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may have en ter e d  as s p o r e s , germ inated  and grown d u rin g  the lo n g  

in c u b a t io n  p e r io d .

Comments. A lthough i t  proved u n s a t is f a c t o r y  on t h is  o c c a s io n  

th e  d ig e s t io n  o f  the P -p r o te in  sh ou ld  be p o s s ib le  and more tim e  

d e v e lo p in g  th e  tech n iq u e  cou ld  be w e l l  s p e n t . There are  s e v e r a l  

p o s s ib le  improvem ents to  th e  methods u se d  w hich co u ld  be t r i e d .

More c a r e f u l  p r e lim in a r y  ex p er im en ta tio n  as to  th e  op tim al pH req u ire d  

f o r  each  p r o te a s e  u se d , a s w e l l  a s  the m ost s a t i s f a c t o r y  b u f f e r  f o r  

each  m ight im prove the tec h n iq u e . I t  i s  p o s s ib le  th a t  th e  s ie v e  

p la t e s  w ere n o t  v e r y  a c c e s s ib le  to  th e  la r g e  enzyme p r o t e in s .  Use o f  

f a i r l y  th ic k  ( 0 .2 5  nm) lo n g it u d in a l  s e c t io n s  o f  s t o lo n ,  or even  

segm ents s p l i t  l o n g it u d in a l ly  in  h a l f  would g iv e  b e t t e r  enzyme 

a c c e s s i b i l i t y .  I t  may a ls o  be o f  more v a lu e  i f  s ie v e  p la te s  known to  

b e n ear th e  end o f  tr e a te d  segm ents were exam ined.

Such im provem ents m ight r e v e a l  s ie v e  p la t e s  in  the S .S .K , b u t a re  

v e r y  tim e consumming and w ere n o t  fu r th e r  pursued in  th e  p r e s e n t  in 

v e s t i g a t i o n .

(b )  E tch in g  b lo c k s  p r e v io u s ly  u sed  f o r  T.E.M. A r a th e r  d i f f e r e n t  

a ttem p t to  i d e n t i f y  s ie v e  p la t e s  under S.E.M . was made by  u s in g  

f l u i d s  to  e tc h  th e  su r fa c e  o f  b lo c k s  p r e v io u s ly  u sed  f o r  tr a n sm iss io n  

w ork.

I t  was assum ed, and su b se q u e n tly  th e  assum ption  proved c o r r e c t ,  

th a t  th e  c o r r o s iv e  f l u i d  w ould a t  l e a s t  p a r t i a l l y  d e s tr o y  th e  P -p r o te in ,  

In  th e o ry  t h is  sh ou ld  h e lp  to  expose any s ie v e  p la t e  p o r e s .

Method, The etch ing f lu id  used was made up according to the 

rec ip e  o f Lane and Europa (1965) given in  Appendix L, The tip s  o f  

the blocks were allowed contact w ith the f lu id  fo r  times ranging from 

15 seconds — 5 m inutes. The longer times ie  3 5 minutes, proved

most s a t is fa c to r y , but varied , apparently according to the hardness
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PLATE 4 .1 1

X 500

Etched b lock

PLATE 4.12  

X 500

Etched th ic k  s e c t io n
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o f the r e s in  in  the b lock . The m aterial was then cut from the top of 

the b lock , rather roughly, but u su a lly  includ ing  the whole sample in  

the b lock . I t  was mounted on a stub and gold sputter-coated  (Appendix 

N) before view ing in  the S.E.M.

R esu lts . These were unexpectedly v a r ia b le . Sometimes the actual 

t is su e  stru ctu re  appeared to have been eroded, w h ils t  others etched  

fo r  the same len gth  o f time showed much res in  s t i l l  obscuring part of 

the specimen as in  p la te  4 .1 1 . Once again searching the specimens 

f a i le d  to reveal any obvious s ie v e  p la te s .

Although th is  method did not prove very h e lp fu l in  s iev e  p la te  

id e n t if ic a t io n , the idea  o f d is so lv in g  r e s in , not ju s t  from a block  

su rfa ce , but from a th ick  (approximately 2^ i)  s e c t io n , was born from i t ,  

Such sec tio n s  cut from t is s u e  which had been d igested  w ith pro

tease  fo r  24h before f ix in g  and embedding were f i r s t  used. Clear 

micrographs o f  the m aterial were obtained, w ith e a s ily  recogniseable  

elements (p la te  4 .1 2 ) . This micrograph shows the :cylem across the 

top r ig h t hand com er. The ir reg u la r ly  shaped c e l l s  (arrowed) across 

the bottom l e f t  hand corner are part o f the endodermis. Many o f the 

other c e l l s  are parenchyma c e l l s .  Those f i l l e d  w ith ir reg u a lr ly  

globu lar m aterial may w ell be tannin c e l l s ,  w h ils t  those lon g  narrow 

c e l l s  towards the bottom o f the micrograph are alm ost c er ta in ly  

s ie v e  elem ents. This technique showed so much promise that no 

fu rth er  e tch in g  o f blocks was carried out, but the sec tio n  etch in g  

was carried  fu rther in  an attempt to corre la te  T.E.M. work d ir e c t ly  

w ith the S.E.M. observations. The r e su lts  are described in  the next 

chapter.
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C h ap ter  5

CORRELATION OF TRANSMISSION AND SCANNING ELECTRON MICROSCOPY

Since the scanning e lectron  microscope g ives a p ictu re  o f the 

surface o f a t is su e  i t  has been w idely used to demonstrate the structure  

o f n a tu ra lly  exposed su rfaces, or those exposed by fracture or d is se c t io n . 

Much o f the early  work done on p lan ts concerned wood, which being a 

r e la t iv e ly  robust m aterial i s  easy to prepare, A good deal o f the la te r  

work done on in tern a l structures o f p lants has employed freeze-d ryin g  

together w ith fr eeze -fra c tu r in g . E xcellen t S.E.M. r e su lts  have been 

obtained u s in g  these techniques (Johnson e t  a l ,  1976, th e ir  p la tes  4 , 5 

and 6, and Trough ton and Donaldson, 1972), but once used the same specimen 

cannot be subsequently examined in  the T.E.M. The nearest comparison 

which can be made in volves r e p lic a te  specimens.

Attempts have been made to f i r s t  sec tio n  blocks fo r  T.E.M. work, and 

then to etch  the face  o f the block fo r  the S.E.M . (Shih 1974), but although 

some co rre la tio n  between the two techniques i s  p o ss ib le  only one v a lid  

comparison can be made per b lock.

In  the l a s t  chapter i t  was described how th ick  sec tio n s were etched 

fo r  S.E.M. work. This suggested the p o s s ib i l i t y  o f cu ttin g  a ltern a te  thin  

sec tio n s  on a grid  fo r  the T.E.M., and thick ones fo r  etch ing and viewing  

w ith the S.E.M, The unexpected d if f ic u lt y  in  id e n tify in g  s iev e  p la tes  

u sin g  the more conventional S.E.M . methods prompted the idea o f fin d in g  

s ie v e  p la te s  on the th in  se c tio n s , mapping th e ir  p o s itio n  on the sec tio n , 

and then look ing fo r  corresponding transverse w alls  in  s im ila r  p o sitio n s  

on the th ick sec tio n s  w ith the S.E.M . Their appearance should a t le a s t  

provide a c lu e  as to the aspect they present in  th is  mode.

The m aterial used for  th is  work was that already prepared when the 

geography o f  the sto lon  was in v estig a ted , as reported in  the prologue.
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PLATE 5.1 

X 135

Etched sec tio n . Micrograph enlarged to allow phloem 

regions to be id en tified  with those taken at higher 

power.
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PLATE 5.2

X 500

part of montage used to id en tify  the positions  

of c e l l s  in  higher power micrographs.
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PLATE 5.5

X 1 2 5

SEM in transmission mode used to id en tify  the section  

on the grid which was then used for th in -section  

microscopy in the transmission microscope.
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Special methods. Ihin sec tio n s were cut and picked up on a grid , 

next sec tio n  was cut 2 - 3  m th ick and picked up in  a wire loop . 

I t  was transferred  to a co v erslip  13 nun in  diam eter, ex a ctly  the 

diameter o f the stubs which f i t  the S.E.M.

Sections were arranged on the grid  in  such a way th a t th e ir  order 

could be recognised (see  f i g ,  3 ) ,

Figure 3
o «

0 2 . 0 3  04-

Ihey were slow ly  dried on the coverslip  over a h otp la te  a t 18 -  20°C.

Ihe sec tio n s  were deresinated u sin g  the same etch ing f lu id  described in  

chapter 5> but u su a lly  only about 1 minute was required. I t  was found 

la t e r  that the process could be monitored under a binocular microscope.

Ihey were then gold sp u tter  coated as before.

Sections were photographed as follow s

(a) The th ick  sec tio n s were photographed a t low power (x 180) under

scanning mode to show the geography o f the sec tio n  (P la te  5*1)•

(b) Ihe phloem regions o f the same sec tio n s were photographed a t

higher power (x 500) and montages o f the whole region were prepared. An

example o f  th is  i s  sho^m in  P la te  5 .2 .

(c ) The S,E,M. was then used in  the transm ission mode to photograph 

the th in  sec tio n  on the grid prepared for  transm ission work a t  low power 

(x 125) .  Ih is i s  shown in  P late 5.5*

(d) The same sec tio n  was s im ila r ly  photographed a t  higher power (x 510)

and a large  montage o f the whole region was made, Ih is made comparisons

of th in  and th ick  sec tio n s r e la t iv e ly  easy,

(e ) The S.E.M, micrographs (x 500) prepared as montage (see  ( c ) ) ,
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Plan fo r  c o r r e la t io n  work F i g . 4

Montage o f  phloem region  A x 500 c f .  P la te  5 .2

Say
x180 c f .  P la te  5*1

 ̂ / X 500
\

SEM 
X 5K

A .

SEM 
X IK

SEM TET'l
x10K xlOK

o f . 5 .4 c f . 5 .5
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PLATE 5*4

X 1 0 , 0 0 0

Transmission micrograph showing a curved sieve p late  

and a companion c e l l  with an oblique c e l l  w all.

PLATE 5*5

X 1 0 , 0 0 0

Scanning micrograph of adjacent thick section . 

These micrographs superimpose w e ll.
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PLATE 5*6

X 13,300

Even at d ifferen t m agnifications these sections  

show s im ila r ity . Compare with 5*8 for the SEM 

micrograph at the same m agnification.

PLATE 5.7

X 5 ,0 0 0

Scanning electron micrograph of the adjacent thick  

sec tio n .
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were used as ’map referen ces' fo r  higher power scanning work (x 5,000 and 

X 1 0 ,0 0 0 ), When transverse w alls  thought to be p o ten tia l s iev e  p la tes  

were found and photographed th e ir  p o s itio n  was marked, both on an 

enlargement o f 5 .1  and on the montage ( 5 ,2 ) .

( f )  D etailed  examination of the th in  sec tio n s  in  the transm ission  

microscope fo llow ed . Using the T.eIm. i n i t i a l l y  in  scanning mode the 

sec tio n s  were se le c te d  to correspond w ith those already mapped. Sieve  

p la tes  were photographed and th e ir  p o sitio n s on the sec tio n  were marked 

on the montage made o f the same th in  sec tio n  (x 510) described in  (d ).

A large  plan , u sin g  the micrographs, was b u ilt  up, and pins attached  

to cotton  were used to id e n t ify  p o ten tia l s iev e  p la tes  photographed a t the 

various m agn ifica tion s. Hiis plan is  i l lu s tr a te d  in  f i g .  4 .

R esu lts . .Eventually two unrnis takeable s iev e  p la te s , and another p la te  

observ^ed in  the transm ission microscope were correlated  w ith structures  

seen in  the scanning micrographs. The s iev e  elements were matched i n i t i a l l y  

by th e ir  re levan t s iz e s ,  c e l l  w all shapes, and from th e ir  known p o sitio n s  

w ith r e la t io n  to the whole sec tio n . %e p la tes  correlated  had d e f in ite  

id io sy n cra sies  o f shape which f a c i l i t a t e d  th e ir  id e n t if ic a t io n . Many 

s ie v e  p la tes  found on the thin sec tio n s lacked such d istin g u ish in g  featu res  

and the only  a v a ila b le  method o f co rre la tion  was from th e ir  p o s it io n  (over 

which i t  i s  rather d i f f ic u l t  to be p rec ise ) on the se c t io n . Later corro

b orative  evidence was added as the micrographs were enlarged fo r  in c lu sio n  

in  th is  work. An enlargement o f the S.E.M . photqgraph was placed under 

the len s o f the enlarger. 'Ihe image o f the relevant T.E.M. micrograph 

was superimposed on i t .  Those shov/n in  5 .4  and 5 .5 , a lso  5 .6  and 5 .7  

f i t t e d  admirably. Thus the s iev e  p la te  shown on 5 .4  and 5.5 has a some

what curved shape w h ils t  the adjacent companion c e l l  has an unusually  

oblique w a ll. These features are fa ir ly  obviously matched on the t\fo 

photogranhs. Due to the curvature o f the s iev e  p la te  the pores shown in  

5 .4  appear to penetrate only incom pletely. The indentations seen on the
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PLATE 5.8

X 15,300

Enlargement of 5*7 by superimposition over 5 .6 . 

Obviously the same sieve p la te .
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PLATE 5 .9

X 9 , 7 5 0

Transmission micrograph showing an oddly curved 

s ieve  p la te .

PLATE 5.10

X 5 , 0 0 0

Electron micrograph of a sieve p late resembling, 

in part, that sho'/m in 5 •9» Two parts of the sieve  

p late  shown here l i e  in  d ifferen t planes, which 

would account for only h alf being sho’vn in the thin  

sec tio n .
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PLATS 5.11

X 1 0 , 0 0 0

Scanning e le c tr o n  micrograph w ith  arrowed in d en t

a t io n s  o r ig in a l ly  thought to  be s ie v e  p la te  p o res .  

The w a ll i s  very th in , and the c e l l  i s  w ide. I t  

i s  alm ost c e r ta in ly  the tra n sv erse  w a ll o f a phloem 

parenchyma c e l l .
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transverse w all o f 5*5 seem to represent these pores.

In the s ie v e  p la te  shown on 5 .6  the pores seen in  the origina.1 S.E.M. 

p ictu re  (5*7) are rather le s s  convincing. The r e la t iv e  shapes and s iz e s  

o f the c e l l s  on both the micrographs correspond w ell however, and i t  was 

shown by the subsequent enlargement o f 5 ,7  shown in  5 ,8 , and the super

im position  o f th is  and 5 ,6  gave an e x c e lle n t  match.

The micrographs shown in  p la tes  5*9 and 5*10 present a s im ila r , 

though le s s  convincing, comparison, From the p o s itio n  on the se c tio n , the 

general shape, and the corresponding locus o f the la te r a l s iev e  p la te  

pores i t  seems very probable that they represent the same s iev e  p la te .

The photographs did not superimpose w e ll ,  but they form however, a p o ss ib le

matching p a ir . Since the S.E.M. i s  capable o f t i l t  and ro ta tio n  not
%

p a r a lle le d  by the T.E.M. i t  was considered that they could be the same 

p la te  viewed from a somewhat d if fe r e n t  o r ien ta tio n . Note was taken o f th is  

and in  fu ture use o f th is  co rre la tio n  technique care must be exercised  

not to t i l t  the S.E.M. specimen unduly.

Seen in  is o la t io n , i e  w ithout the correlated  transm ission micrographs 

i t  i s  doubtful whether the s iev e  p la tes  found by scanning microscopy would 

have been recognised as such. The only d istin g u ish in g  featu res are th e ir  

se c t io n a l p o s it io n , th ickness (somewhat more than other tranverse w a lls ) ,  

togeth er w ith a suggestion  o f id en ta tion  in d ica tin g  p o ss ib le  pores.

These p oin ts are i l lu s tr a te d  by p la te  5*11 where the transverse c e l l  

w all i s  very th in . However, rounded indentations (arrowed) can be 

f a in t ly  d istin g u ish ed . N evertheless, the c e l l  i s  rather wide fo r  a s ie v e  

tube, and i t s  known p o sitio n  r ig h t a t  the extreme outer edge o f the phloem 

in d ica tes  that i t  i s  almost cer ta in ly  the end w all o f a parenchyma c e l l .

Although the s iev e  p la tes  i l lu s tr a te d  here are not obscured by 

P-protein  they are s t i l l  somewhat d i f f i c u l t  to id e n tify  p o s it iv e ly . The 

most c h a r a c te r is t ic  fea tu res, ie  the pores, which i t  might be expected



would be obvious are not s tr ik in g ly  in  evidence. Some obscuring c a llo se  

had undoubtedly been la id  down during preparation, as seen in  the T.E.M. 

micrographs. This might be expected to appear as ra ised  rings perhaps in  

the S.E.M. micrographs, and in  fa c t  i t  i s  arguable that i t  does (arrows in

5 .1 1 ) .

The lim ited  experience w ith th is  technique proved very in te r e s t in g .  

There i s  c le a r ly  scope fo r  future work with i t  in  the id e n t if ic a t io n  o f  

somewhat e lu s iv e  stru c tu res . Had time perm itted i t  would have been 

developed further in  the present work.
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PLATE 6.1

Approximately natural s ize

The copper block apparatus used for freezing .
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C h ap ter 6

FIXATION BY QUICK FREEZING

To date a l l  the methods o f f ix a t io n  used in  the present work have 

"been chem ical. In view o f the many in te r e s t in g  and su ccessfu l published  

researches in  which physical f ix a t io n  methods in vo lv in g  quick freez in g  i t  

was decided to prepare some t is su e  in  th is  way. The p r in c ip le  that 

a r te fa c ts  are le s s  l ik e ly  to remain unnoticed where w idely d if fe re n t  

preparative methods are used i s  a w ell estab lish ed  one. In what fo llow s  

both freeze  drj^ing and freeze  su b stitu tio n  techniques are described,

(a ) Quick freez in g  combined w ith freeze  drying.

General method. Loosely held copper blocks attached to su rg ica l 

forceps formed the coo ling  su rfaces. Their f l a t  inner surfaces were s l ig h t ly  

spaced by means o f adjustable screws so that the d ecorticated  sto lon  was 

not crushed when clamped between them during the freez in g  process (see  

P la te  6 , 1 ) ,  The quenching f lu id  used was Freon 12 cooled in  a bath of  

l iq u id  n itrogen .

Sp ecia l method. The freeze  drying was completed in  an Edward’s 

freeze  d r ie r , the Pearse Tissue B rier, Model EPB 2, fo llow in g  the method 

advised in  the makers handbook, noting  e sp e c ia lly  th e ir  suggestion  that 

plan t m aterial appeared to require far  longer to dry than the animal 

m aterial described in  the handbook. A fter freez in g  in  the quenching 

f lu id  the portion  o f sto lon  was transferred immediately to liq u id  n itrogen  

in  a shallow  container in  the freeze  d r ier . As advised, dehydration was 

carried  out a t  30°C fo r  periods o f up to 60 h before the vacuum was 

reduced. The f i r s t  m aterial prepared in  th is  way proved im possible to 

embed. I n i t ia l l y  the m aterial was placed in  propylene oxide prior to 

in f i l t r a t io n  w ith r e s in . I t  was noted that the sto lon  fragments fa i le d  to 

sink  in  the propylene oxide, and when embedding was apparently complete 

the blocks were f u l l  o f a ir  or vapour bubbles. In an attempt to over-come
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th is  problem p a r tia l rehydration o f the m aterial prior to embedding was 

tr ie d  on the supposition that r e a lly  hard drying o f the c e llu lo s e  c e l l  w alls  

had compacted them too thoroughly to allow  the liq u id  media to penetrate .

A s e r ie s  o f sulphuric acid  d ilu tio n s  was accordingly prepared tq g ive  

r e la t iv e  humidités ranging from 10 -  lOÔ o. The fragments o f freeze  dried  

m aterial were placed in  the atmosphere above the acid  fo r  18 h before  

in f i l t r a t io n  by propylene oxide and then embedding was attempted.

R esu lts . Enbedding appeared to be more su c ce ss fu l, e sp e c ia lly  with  

the fragments subjected to the higher hu m id ities, but when the m aterial

was subsequently cut the s ta te  o f preservation  was so ap p allin g  that the

method was abandoned.

Comments. Plant m aterial has apparently previously  been found 

d i f f i c u l t  to embed a fte r  freeze  drying ( Jensen I 962) ,  \/here the method 

has been used su c ce ss fu lly  the p lan t m aterial has not been enclosed in

c e l l u l  ose c e l l  w a lls . I t  seems to be the c e l l  w alls that cause the

problems. A study by Branton and Jacobson (196I )  suggests that the 

f i r s t  part o f the p lant to dehydrate i s  the c e l l  w a ll. This renders i t  

impervious to water so that the in s id e  o f the c e l l  i s  unable to dry out. 

Early experiments by Hermans (1938) showed that the speed a t  which water 

m olecules can d iffu se  through c e llu lo s e  decreases very rap id ly  as the 

water content o f the c e llu lo s e  le s s e n s , Brandon and Jacobson suggested  

th at the problem can be over-come u sin g  con tro lled  drying in  a gas stream 

conta in ing  water vapour. I t  must be noted that th is  early  work was 

concerned w ith the in f i l t r a t io n  o f wax as the embedding medium, Jensen 

( 1962) ,  suggested that the problem can be over-come i f  the m aterial i s  

dried in  a gas stream contain ing between 2 ,6  — 4»0^Lg H^O/l so tnat water 

i s  drawn out o f the c e l l s  before the w alls  are dehydrated. The apparatus 

fo r  th is  i s  somewhat elaborate and was not a v a ila b le  so the rehydration  

method seemed the only a lte r n a tiv e .
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PLATE 6 . 2

X 2 0 ,0 0 0

Freeze su b stitu tion  using acetone.

PLATE 6.3 

X 13,300

Freeze substitu tion  using acetone for the longer 

period. Ice crysta l damage i s  evident, esp ec ia lly  

in  the phloem elements other than tne obvious sieve  

tube.



( b ) Quick f r e e z in g  combined w ith  f r e e z e  s u b s t i t u t io n  in  a c e to n e .

Hereward and Northcote (l972) described a method of freeze  su b stitu tio n  

w ith acetone which appeared from th e ir  report both simple and su c c e ss fu l. 

Their method was follow ed u sin g  a f in e  d ecorticated  sto lo n  of 

Saxifraga sarmentosb ( l ) ,  the only d ifferen ces being the su b stitu tio n  o f  

Freon 12 fo r  the Freon 22 they used as a quenching f lu id ,  and the use o f  

T.A.A.B. r e s in  where they had used a r a ld ite . Quick freez in g  was carried  

out as p rev iou sly  described usin g  the copper block apparatus. The m aterial 

was quick ly transferred to the su b stitu tio n  f lu id  v iz :  2% osmium tetrox id e  

in  acetone dried w ith molecular s ie v e . I t  was kept in  dry i c e ,  the f i r s t  

s e r ie s  fo r  3 days as recommended by Hereward and Korthcote and the second 

s e r ie s  fo r  5 days, at*‘30°C. This la te r  s e r ie s  was maintained a t  the low 

temperature u sin g  ju st  the temperature control o f the Edward's Freeze 

B rier.

F .e s u lts . The c o n d it io n  o f  th e  m a te r ia l was n o t v ery  im p r e s s iv e .

P late  6 .2 shows the s ta te  o f a s iev e  p la te  from the f i r s t  su b stitu tio n  

s e r ie s  which follow ed Hereward and N orthcote's method p r e c ise ly . There 

i s  considerable denaturing o f the P-protein  and such as can be seen o f  the 

contents o f the adjacent c e l l s  in d ica tes  plasm olysis and every other  

evidence o f poor f ix a t io n . There i s  no very obvious ic e  c ry sta l damage.

The reason fo r  embarking on the second, s l ig h t ly  d iffe re n t s e r ie s  was the 

outcome o f  a conversation with Br. Stanley B u llivan t who suggested th at  

although Hereward and H orthcote's p ictu res showed w ell fix ed  t is s u e ,  that 

f ix a t io n  image may be s o le ly  chem ical, the tim ing being too short fo r  low 

temperature su b stitu tio n  to complete. The r e su lts  from the second s e r ie s  

as shown in  p la te  6 .3  were s t i l l  poor and here ic e  cry sta l damage i s  

ev iden t.

(c )  F reeze  s u b s t i t u t io n  u s in g  E thylene G ly c o l.

A nother method o f  f r e e z e  s u b s t i t u t io n  recommended by P ease  (1973),
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PLATE 6 . 4

X 3 f 3 0 0

Freeze su b stitu tion  in  ethylene g ly co l.

PLATE 6.5

X 6,700

Frozen m aterial fixed  in  warm glutaraldehyde
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u sin g  aqueous ethylene g ly co l as the su b stitu tio n  f lu id  was a lso  tr ie d .

Ihe method described by Pease i s  far  from complete, g iv in g , fo r  example, 

no d e ta il  o f the length  o f time allowed for  the frozen m aterial to return  

to room temperature, A stage which was a lso  irfdompletely described concerned 

the d ilu tio n  o f the ethylene g ly co l u sin g  a balanced s a l t  so lu tio n  -f- 5% 

glu  ta r a idehyde.

Method. Pease’s method was follow ed as c lo s e ly  as the d e ta ils  given  

perm itted. Freon 12 was used instead  o f h is  Freon 22 as the quenching 

f lu id .  The ethylene g ly co l was d ilu ted  to 70% w ith phosphate b u ffer , and 

th is  was used to d ilu te  the glutaraldehyde to 5%. The su b stitu tio n  

procedure was accomplished at"50°C in  the Edward's Freeze D rier, again only  

u sin g  the temperature, and not the evacuation co n tro l. The m aterial was 

kept a t th is  low temperature fo r  7 days, then allowed to r is e  slow ly  to 

room temperature over 7 h . The m aterial was passed slow ly through a 

s e r ie s  o f ethylene g ly co l and acetone m ixtures, w ith the acetone proportion  

s te a d ily  in creasin g  to 100%, thence i.t was passed to propylene oxide and 

T.A.A.S. r e s in  fo r  embedding.

R esu lts . Once again the f ix a t io n  image, as depicted in  P late  6 .4 , 

was u n sa tisfa cto ry  and there i s  evidence o f ic e  c ry sta l damage. The promise 

o f ethylene g ly co l proving a good su b stitu tio n  agent fo r  p lan t t is su e  

seemed u n fu lf i l le d ,  and the attempt to use i t  was accordingly abandoned.

The work being described was, as a matter o f fa c t ,  undertaken during a 

a period o f a priore ie  appraisal o f quick freez in g  as a su ita b le  f ix a t io n  

method fo r  s ie v e  tubes (Spanner, 1978). This reappraisal seemed so  

discouraging that the whole approach was d iscontinued. Further d iscu ssion  

i s  deferred u n t i l  la te r ,

(d ) Quick f r e e z in g  fo llo w e d  by  chem ical f i x a t i o n .

Before doubt was c a st  upon qu ick -freezing  as a u se fu l method o f f ix a 

tion  fo r  s ie v e  elements i t  was thought that 'in sta n t' f ix a t io n  by freez in g
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PLATS 6.6

X 5 ,0 0 0

Montage o f  p art o f a s ie v e  tu b e, frozen  and then  

f ix e d  in  warm g lu ta ra ld eh y d e , to  show the d is p o s it io n  

o f  the P -p r o te in  in  the lumen o f the tu b e .
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would not only preserve the in  vivo d isp o s it io n  o f the s iev e  tube contents, 

but membranes would be so damaged that in tern a l pressures would vanish and 

subsequent chemical f ix a t io n  could be accomplished without r isk in g  

lo n g itu d in a l surge. I t  was reasoned th a t, i f  a fte r  q u ick -freezin g  the 

m aterial was plunged in to  warm glutaraldehyde ic e  cry sta l formation might 

be avoided. This procedure would a lso  avoid the p ra c tica l problems exper

ienced in  m aintaining su ita b ly  low temperatures for  freeze  su b stitu tio n , 

and a lso  the d i f f i c u l t i e s  o f in f i l t r a t io n  found a fte r  freeze  drying.

Method, A decorticated  region o f sto lon  was quick frozen u sin g  the 

copper block apparatus as p rev iou sly  described. The segment was then 

plunged in to  5% glutaraldehyde a t  40°C, The temperature o f the f ix a t iv e  

sanlo rap id ly  to 17°C, but i t  was returned to in  about 30 seconds by

the ad d ition  o f hot water to the water bath. The sample remained in  the 

f ix a t iv e  fo r  2 h before being processed as usual (appendix j ) .

R esu lts . The f ix a t io n  image was poor, c e l l  contents being clumped 

and obviou sly  damaged (p la te  6, 5) .  -he P-protein shows evidence o f  

coagulation  which may have been due to the temperature o f the g lu tara ld e

hyde, P la stid s  were ruptured and both they, and the P-protein  showed 

predominantly on one s id e  o f the s iev e  p la te , P late  6 ,6  shows the P-protein  

p assin g  through the s iev e  p la te  pores, but i s  a lso  d istr ib u ted  in  the 

lumen o f  the s ie v e  element.

This method appeared to be u se fu l fo r  the corroboration o f  P -protein  

d isp o s it io n  in  v ivo; and i t  was thought fo r  the glutaraldehyde the f ix a t io n  

o f the P-protein  could be improved. However, before fu rther work was 

undertaken, a p r io r i doubts had been c a s t , as noted above, on the 

v a l id ity  o f quick freez in g  techniques for  s iev e  tubes, so no fu rther  

work along these l in e s  was undertaken.
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C h ap ter  7

A FURTHER APPROACH TO T7tE GENERAL PROBLR'I: IMMOBILISATION OF P-PROTEIN 

IN BOILING WATER

I t  i s  im possible to separate the quest for  the b est methods o f f in e  

cytoplasm ic f ix a t io n  o f s iev e  elements from other in v estig a tio n s  designed  

to throw l ig h t  on the gross in  vivo s itu a t io n  o f the s iev e  element 

con ten ts, e sp e c ia lly  the d isp o s itio n  o f the P -protein , Only by inclu d ing  

inform ation obtained by such coarse means i s  i t  p o ssib le  to know what 

'good' f ix a t io n  o f s iev e  tubes i s .

In ev ita b ly , s in ce  F ischer's early  work in  1885, in v estig a tio n s  in to  

the anatomy o f s iev e  elements have ca st doubt on the v a lid ity  o f stru ctures  

seen , s in ce  i t  has not been known how much the re lea se  o f turgor pressure  

during preparation a f fe c ts  what i s  observed, Fischer reasoned that 

m aterial plunged in to  b o il in g  water before f ix in g  and sec tio n in g  must 

show, a t  l e a s t ,  the p o s itio n  of structures in  the s iev e  elements as 

they were in  l i f e .  He used Cucurbita sp , however, and as the diameter 

o f the s ie v e  elements in  th is  genus i s  somewhat la rg e , and each element 

i s  deeply buried in  other t is s u e , the temperature o f the phloem must have 

r ise n  r e la t iv e ly  slow ly , thus rendering h is  conclusions somewhat dubiously  

re levan t to the present day in v e stig a tio n . The method was used again by 

A. W. Siddiqui in  the la te  1960s, u sin g  m aterial o f much sm aller diameter 

( Helianthus -  young stem s, and e sp e c ia lly  Saxifrage sarmentosa  s to lo n s ) ,  

so that on plunging in to  b o ilin g  water the s iev e  element temperature 

would r is e  much more rapid ly  than with F ischer's Cucurbita, The r e su lts  

he noted were in  d e f in ite  contrast with F ischer's as he found the' 

coagulated P-protein  passing through pores in  the s iev e  p la te s . Neither 

worker, confirmed that translocation  was proceeding in  the t is su e  

immediately p r ior  to the b o ilin g  water treatment. There seemed reason  

th erefore fo r  repeating  the work o f Siddiqui with add itional refinem ents.
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PLATE 7*1 

X 7,500

Montage o f  p art o f  a h ea t tre a te d  s ie v e  tube to  

show the d is p o s it io n  o f  th e  P -p ro te in  and p la s t id s  

in  th e  lumen*
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PLATE 7*2 

X 6,750

Sieve p late  of heat-treated sieve tube showing 

P-protein passing through the pore.
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ïhes'e included u sin g  a decorticated  sto lo n  of Saxifraea to allow  an even 

more rapid r is e  in  the temperature o f the s iev e  elem ents. In fa c t  the 

la t t e r  must have reached b o ilin g  poin t almost in s ta n tly , so c lo se  are 

they to the su rface . In addition  prior tran slocation  was confirmed by 

p h y sio lo g ica l means.

Method. The sto lo n  was d ecorticated  and an hour la te r  the sub

tending le a f  was fed w ith The d is ta l  end o f the 450 mm sto lon

was monitored w ith a G. H. tube, and some 3 h la te r  a high le v e l  o f ' 

r a d io a c t iv ity  wad detected  in  the apex. At th is  stage the decorticated  

region  of the sto lo n  was plunged h o r izo n ta lly  in to  b r isk ly  b o il in g  water 

whose heat was maintained with an immersion heater. A fter 1 minute the 

d ecortica ted  part o f the sto lo n  was cut out and subdivided in to  small 

segments in to  g lu ta r a idehyde f ix a t iv e  prior to conventional preparation  

fo r  e lectron  microscopy.

R esu lts . About fo r ty  s iev e  p la tes  were observed. In every case the 

denatured P-protein  was passing  r ig h t through the s iev e  p la te  pores.

The montage forming p la te  7 .1  shows the coagulated protein  on both s id es  

o f the pore and continuing fo r  a considerable d istan ce along the s iev e  

tube. Both p la tes  7 .1  and 7 .2  show that p la s tid s  are commonly found 

rather more abundantly on one s id e  o f the p la te  than the oth er. Starch 

grains are gathered in to  the a x ia l region o f the sec tio n  by the co lla p se  

o f the p ro to p la st. There was an im pressive unanimity in  the r e s u lt s .
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C h a p ter  8

DISCUSSION ON PART I

One o f the primary o b jectiv es  in  th is  work on preparative techniques 

fo r  e lec tro n  microsxpy was the id e n t if ic a t io n  and reduction o f surge 

e f fe c t s  observed as turgor pressure in  the s iev e  elements i s  re lea sed .

A rtefacts  o f preparation judged to be surge e f fe c t s  were o f course 

met, but they were not as widespread as the lite r a tu r e  has in d ica ted . 

Masses o f dense, i l l - d e f in e d  P -protein , inclu ding many starch grains 

from broken p la s t id s , and com pletely c logging the whole s iev e  p la te , were 

obser\"ed as a general r u le , only w ith in  a short d istan ce , say 0 .5  cm, o f  

the primary c u ts . VJhen found occa sio n a lly  in  other circumstances they 

seemed to be in d ic a tiv e  o f sudden lo c a lis e d  penetration o f chemical 

f ix a t iv e .  Such disordered masses may be regarded as evidence o f poor 

techniques except where they were in ten tio n a lly  sought. When measures 

were taken to reduce turgor f i r s t  these dense masses plugging the s iev e  

p la te s  were not observed. The b e st  method found for  reducing th e ir  

in cid en ce was the addition  o f small q u an tities  o f chloroform water to 

the glutaraldehyde f ix a t iv e  in  normal u se .

The problem, so frequently  posed, s t i l l  remains unsolved: are the 

s ie v e  p la te  pores n a tu ra lly  occluded w ith P -protein  or i s  th is  m aterial 

carried  in to  them during preparation? Evidence i s  accumulating here 

however to in d ica te  that the pores are plugged in  v iv o , but a f in a l  s ta te 

ment on th is  must be delayed u n t i l  la te r  in  th is  th e s is .

In a paper reporting e a r lie r  work on the subject (Hogben and Spanner, 

1977) i t  was noted that the use o f chloroform vapour to reduce turgor in  

s ie v e  tubes, by perm itting la te r a l  leakage through weakened membranes, 

s t i l l  showed P-protein  occluding the pores. Evidence o f only s l ig h t  

lon g itu d in a l movement was adduced from the fa c t  that although p la s t id  

membranes were ruptured, p o ssib ly  as a r e s u lt  o f the action  o f the
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PLATE 8 . 1

X 4 0 , 5 0 0

P -p r o te in  showing the d is p o s it io n  in d ica te d  by 

f i g .  5b.

PLATE 8 .2

X 3 5 ,5 0 0

P -p r o te in  showing the d is p o s it io n  i l lu s t r a t e d  by 

f i g .  5 a .
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ch lo ro fo rm , s ta r c h  g r a in s  had n o t moved o u t o f  them. Very s im i la r  r e s u l t s  

w ere n o ted  in  t h is  work where ch loroform  was added to  th e  f i x a t i v e ,  

P -p r o te in  f i b r i l s  p a s s in g  through pores are  o f t e n  shown a x i a l l y  

o r ie n ta te d  in t o  one s id e  o f  th e  p o re , b u t em erging r somewhat b u lb o u s ly  

on th e  o th e r ,  I h is  fe a tu r e  i s  u s u a l ly  c i t e d  as due to  th e  r e le a s e  o f  

tu rg o r  p r e ssu r e  c a r r y in g  the p r o te in  in to  th e  p o r e s , îi?om th e  o b se r v a tio n s  

made d u r in g  t h i s  work i t  i s  su g g e ste d  th a t  th e  ’b u lg e ’ i s  prob ab ly  the  

r e s u l t  o f  o n ly  v e r y  m ild  su i’g e .

d i r e c t io n

o f

su r g e

Y
WC

F ig u re  5* Diagramm atic appearance o f  common im ages.

A l l  th e  im ages i l l u s t r a t e d  by f ig u r e  5 have been  ob served  d u r in g  

t h i s  work w ith  the p o s s ib le  e x c e p tio n  o f  5 c , and a l l  (e x c e p t  5d) have  

been  se e n  to g e th e r  w ith  o n ly  m ild  su rge  e f f e c t  as judged by th e  unbroken  

p l a s t i d s ,  The c o n f ig u r a t io n  in  5h i s  p r e se n t  in  p la t e  1 ,2  from ch a p ter  1 ,  

taken  from a  r e g io n  o f  th e  s to lo n  where some su rge m ight have been  

e x p e c te d . I t  appears even more c le a r ly  in  p la t e  8 ,1  where more ca re  was 

taken  to  a l l e v i a t e  p r e ssu re  e f f e c t s  d u r in g  p r e p a r a tio n . Only i f  the  

p r o t e in  f i b r i l s  w ere a lre a d y  p r e se n t  in  th e  p ores cou ld  tu rgor  p r e ssu r e  

r e le a s e  have cau sed  the c o l la p s e  o f  th e  f i b r i l s  on to  th e  p la t e  s e e n  on 

th e  upstream  s id e  o f  the su r g e . F igure 5c r e p r e se n ts  a  common con

f ig u r a t io n  o f  P -p r o te in  f i b r i l s  ap p earin g  in  e le c tr o n  m icrograp hs, where 

su rg e  i s  l i k e l y  to  have o ccu rred . I t  i s  su g g ested  th a t  a s  a  r e s u l t  o f  

su rg e  the unsu pported  le n g th  o f  th e  f i b r i l s  i s  fo r c e d  through th e  p ores



w ith the ends t a i l in g  on the other s id e . I f  th is  in terp reta tio n  i s  

correct the 'bulge» i s  l ik e ly  to be on the downstream s id e . The l i k e l i 

hood 01 the ends o f the f ib r i l s  being n ea tly  a lign ed  through the pores 

on the downstream s id e  i s  remote, and the more probable d isp o s it io n  o f  

f i b r i l s  carried  b od ily  towards the pore as a r e s u lt  o f surge i s  i l lu s tr a te d  

in  5d, This i s  frequently  observed in  micrographs o f preparations where 

no care to m itig a te  surge has been taken (see  p la te  1 .6 ) ,  Micrographs 

i l lu s t r a t in g  diagram $c were d i f f i c u l t  to fin d  in  th is  work w ith  

c e r ta in ty , but p la te  1 ,1  where the d irectio n  o f surge i s  knovm, looks the 

most l ik e ly  candidate for  th is  in terp re ta tio n , A sim ila r  conclusion was 

reached by S id diq ui, Jones and Spanner (1974), and i s  i l lu s t r a te d  in  

th e ir  fig u re  IB,

These conclusions can be correlated  w ith the theory proposed by 

Spanner (1975) regarding the s ta te  o f the P-protein  d is tr ib u tio n  in  s iev e  

tubes according to whether they are quiescent or a c t iv e ly  tra n sloca tin g . 

Quiescent tubes, on being cu t, may w ell show the e f f e c t  i l lu s t r a te d  in  

5c, w h ils t  an a c t iv e ly  tran sloca tin g  s iev e  tube may be expected to 

resemble 5h. Where an image o f diagram 5d type i s  found i t  must be 

concluded th at poor surgery o f the m aterial has rendered i t  u se le s s  fo r  

in ter p r e ta tio n . Figure 5 a i s  represented only in  micrographs where 

f ix a t io n  has been most ca re fu l, and y e t  i t  i s  frequently  observed, see

p la te s  5 .8 , 5*14 and 8 ,2 ,

The methods o f preparation u sin g  cryo fixa tion  were abandoned, not 

so much because o f in ev ita b le  problems encountered, but as a r e s u lt  o f  

thoughts emerging a t  the time concerning the value o f quick freez in g  

w ith  sp e c ia l reference to s iev e  elements (Spanner, 1978). His 

sp ecu lation s regarding the e f f e c t  o f d ie le c tr ic  constants o f  su b stitu tio n  

f lu id s ,  both on charged protein  f i b r i l s ,  as w e ll as ions in  the sap, ca st  

doubt on the value o f pursuing such methods; further h is  ca lcu la tion s
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r e g a r d in g  th e  volum e changes o f  w a te r , and the a x ia l  d isp la cem en t o f  th e  

s i e v e  tube sap  con seq u en t on f r e e z in g ,  appeared s u f f i c i e n t l y  c o n c lu s iv e  

f o r  a l l  m ethods o f  f ix a t io n  u s in g  f r e e z in g  to  be c a l l e d  s e r io u s ly  in  

q u e s t io n .

Some c o n s id e r a b le  tim e was sp e n t  t r y in g  to  f in d  s ie v e  p la t e s  u s in g  

sc a n n in g  e le c tr o n  m icroscop y . This work proved to  be o f  l i t t l e  v a lu e ,  

b u t l e d  to  th e  developm ent o f  th e  tech n iq u e  f o r  c o r r e la t in g  i t  w ith  the  

tr a n sm iss io n  work d e sc r ib e d  in  ch a p ter  5. A lthough n o t  found o u ts ta n d 

in g ly  u s e f u l  in  t h is  p a r t ic u la r  p r o je c t  i t  has a lr e a d y  proved v a lu a b le  

in  o th e r  f i e l d s  ( z o o lo g ic a l )  where i t  has been  t r i e d .

A lthough so  many o f  th e  p r e p a r a tiv e  methods t r ie d  d u rin g  t h is  

r e se a r c h  w ere d ism isse d  as h a v in g  l i t t l e  o r  no s p e c ia l  v a lu e , t h i s  was 

l a r g e ly  b eca u se  th ey  c o n tr ib u te d  n o th in g  new to  what o ld e r ,  w e l l  t r ie d  

m ethods a lr e a d y  d id . T heir m e r it  la y  in  t h e ir  c o r r o b o r a tiv e  e v id e n c e ,  

making i t  l e s s  l i k e l y  th a t  a c c ep te d  s tr u c tu r e s  were a r t e f a c t s .  Perhaps 

th e  m ost im p o r ta it  o f  th e se  was th e  p e r ip la sm ic  sp ace  ob served , e s p e c ia l ly  

in  companion c e l l s . -  This fr e q u e n t ly  c o n ta in s  v e s i c l e s ,  the p r e sen ce  o f  

w hich  a r e  o f t e n  thought to  be a r t e f a c t s  o f  p r e p a r a tio n . As th ey  a re  se en  

in  a lm o st e v ery  method o f  f ix a t io n  u sed  th ey  must r a th e r  be co n s id er e d  

to  be an in t e g r a l  p a r t  o f  th e  s tr u c tu r e .

L am ellar s t a c k s ,  and the odd c o n f ig u r a t io n s  found in  th e  s ie v e  e lem en ts  

have o f te n  been  d e sc r ib e d  as a r t e f a c t s .  A gain , th e se  are  found so  

c o n s i s t e n t l y  th a t  th ey  must be c o n sid ered  r e a l .

O ther c o n s is t e n t  fe a tu r e s  o f  the phloem o f  S a x ifr a g a  sarm entosa ( l ) 

a r e  th e  sm a ll companion c e l l s  w ith  t h e ir  dense cytop lasm  and sm a ll  

v a c u o le s .  W ith in  the s ie v e  e lem en ts s ta r c h  c o n ta in in g  p la s t id s  abounded. 

M itoch on d ria  w ere o n ly  in fr e q u e n t ly  ob serv ed , P -p r o te in  was r e g u la r ly  

fou n d , b oth  in  th e  lumen o f  th e  e lem en ts and o c c lu d in g  the p o r e s . In  

good p r e p a r a tio n s  c a l lo s e  was fr e q u e n t ly  a b sen t from th e p o r e s , or  o n ly  

appeared  as a th in  la y e r .
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The appearance o f  the s ie v e  p la te s  was rem arkably u n iform . Very 

few  young s i e v e  tu b e s , w ith  u n p er fo ra ted  p la te s  were seen  in  th e  m iddle  

r e g io n  o f  the s t o l o n .  This o b se r v a tio n  in d ic a t e s  th a t  th e  a n a to m ic a lly  

'm ature' s ta g e  o f  the s ie v e  e lem en t must a ls o  be the p h y s io lo g ic a l ly  

m ature o n e .



PART I I  INTRODUCTION

The e f f e c t  o f  in h ib i t o r y  trea tm en ts on phloem u l t r a s  tr u e tu r e .

The sto lo n  o f  Saxifraga sarmentosa ( l ) has already been used  

su c c e s s fu lly  in  these lab oratories fo r  p h y sio log ica l work in vo lv in g  

in h ib ito ry  treatm ents. I t s  u n id irectio n a l transport o f sucrose has been 

stu d ied  and thoroughly documented ( Qureshi and Spanner, 1971, and 

Qureshi and Spanner, 1973 h ) . The inform ation gained from th is  work was 

made use o f in  the present study, p a r ticu la r ly  with regard to the length  

o f time i t  takes fo r  rad ioactive  tracer to s ta r t  accumulating in  the 

daughter p la n t. I n i t i a l l y  the same methods o f adm inistering the la b e lle d  

tracer  were employed; but as in  th is  work apparatus was av a ila b le  fo r  

m onitoring the mass d e livery  ra te  in  the sink , continuous feed in g  o f  the 

source le a f  with la b e lle d  carbon dioxide was la te r  adopted.

The same p lan t m aterial was used by F, Qureshi for  h is  p h y sio lo g ica l 

work with chemical in h ib ito rs  notably dinitrophenol (QuresAi and Spanner, 

1973 c ) ,  n itrogen  (Qpreshi and Spanner, 1973 a) and cyanide (Qureshi and 

Spanner 1973 d ) . His fin d in g  regarding the b est method o f a p p lica tion  o f  

the cyanide ( i e  in  gaseous form) and the most sa t is fa c to r y  concentration  

o f  the gas ( v iz ,  over 5 x 10 potassium cyanide so lu tio n  activ a ted  w ith  

sulphuric acid ) were fo llow ed. His work included a s e r ie s  o f  experiments 

on the length  o f sto lo n  which required in h ib it io n  fo r  any marked e f f e c t  

on tra n slo ca tio n  to be n o ticed . About 20 cm appeared to be the most 

s a t is fa c to r y  len g th . The actual perspex chamber which he used and 

described on P 752, f i g ,  1 ( Qureshi and -Spanner, 1973 d) was again  

employed,

Saxifraga sarmentosa (l) was a lso  used by Irene Chamberlain in  

thèse lab orator ies  fo r  experiments in volv in g  in h ib itory  c h i l l in g .  She 

found th at sa t is fa c to r y  in h ib it io n  occurred around 0°C (Chamberlain and



Spanner, 1978) and so th is  was the temperature used in  the rather sim pler 

experiments described here.

Some o f  th e  experim en ts u s in g  both  methods o f  t r a n s lo c a t io n  in h ib i t io n  

w ere run c o n c u r r e n tly . D uring the p e r io d  o f  the exp er im en ta l work the  

method o f  a d m in is te r in g  the la b e l l e d  carbon d io x id e  was changed and 

im proved, so  t h is  a s p e c t  o f  th e  p h y s io lo g ic a l  work i s  d e sc r ib e d  s e p a r a te ly .
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C h ap ter 9

ADKIMSTRATTON OF LABELLED CARBON DIOXIDE A?TD MEASUREMENT OF ITS EFjEiDT

The p la n ts  u sed  fo r  a l l  exp er im en ta l work w ere grown in  a h ea ted  

green h ou se  a t  ab ou t 18°C in  10 cm p l a s t i c  p o t s .  The tem perature was n o t  

c l o s e l y  c o n t r o l le d  and summer tem peratures reach ed  25 -  30°C, in  s p i t e  

o f  sh a d in g , f o r  p a r t  o f  the p e r io d  o f  th e  exp er im en ta l work. They were 

w atered  w ith  a  d i lu t e  p r o p r ie ta r y  n u t r ie n t .  S to lo n s  a t  l e a s t  35 cm lo n g  

w ere r e q u ir e d  f o r  th e  experim en ts and were u sed  b e fo r e  th e  d i s t a l  buds 

showed any ob v iou s s ig n s  o f  d e v e lo p in g  in to  daughter p la n t s .  Any s to lo n s  

b e a r in g  l a t e r a l  branches were d isc a r d e d . P la n ts  s e le c t e d  were v i gourous, 

h a v in g  h e a lth y , m ature le a v e s  su b ten d in g  the s to lo n  to  be u se d .

B efore  f e e d in g  w ith  ^^COg the su b ten d in g  l e a f  was e n c lo se d  in  a 

chamber made from heavy gauge l a y - f l a t  p o ly th en e  tu b in g  10 cm w ide and 

ab ou t 15 cm lo n g . The le n g th s  were fo ld e d  to  make g u s s e ts  and h e a t  s e a le d  

a t  one end. They were made a i r t i g h t  round the p e t io l e  w ith  d oub le s id e d  

a d h e s iv e  ta p e .

For th e  f i r s t  s e r i e s  o f  experim en ts, a  sm a ll p i e c e .o f  in d ic a t o r  paper, 

on w hich a  few drops o f  îCa^^^CO  ̂ s o lu t io n  c o n ta in in g  50^ C i  had been  

d r ie d  down, was a tta c h e d  to  th e  in s id e  o f  the l e a f  chamber w ith  a fragm ent 

o f  a d h e s iv e  ta p e . S u b seq u en tly  a  drop or two o f  3% HgSO  ̂ was in tro d u ced  

w ith  a f i n e  hypoderm ic n e e d le  to m o isten  th e  paper and r e le a s e  the ^^COg. 

The h o le  made in  th e  chamber was then s e a le d  w ith  petroleum  j e l l y ,

A f i r s t  t r i a l  run was s e t  up d u rin g  the m orning o f  9 th  May 1977, 

u s in g , a s t o lo n  41 cm lo n g , ".[he s to lo n  c o r te x  was removed betw een  12 and 

14 cm from th e  p a ren t p la n t ,  and the d e c o r t ic a te d  a rea  was wrapped in  f in e  

grea sed  p o ly th e n e . The p la n ts  were fe d  w ith  a t  12 ,0 5 h  and a llo w ed

to  tr a n s lo c a te  in  n a tu r a l l i g h t  u n t i l  5 ,0 0 h  the n e x t  m orning when a  250v ,  

150w Thngsten f i la m e n t  lam p, u sed  in  c o n ju n c tio n  w ith  a  w ater  f i l t e r  was 

sw itc h e d  on . This gave an i l lu m in a t io n  o f  2 ,0 0 0  — 2 ,4 0 0  I x  a c c o rd in g  to
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PLATE 9 .1

The arrangement o f the apparatus used fo r  a c h i l l in g  

experim ent w ith  the s to lo n  p a ss in g  in to  a Panax 

tower e n c lo s in g  an end window GM tu b e .

PLATE 9 .2

The equipment used fo r  countin g  and p r in t in g  out 

th e  count fo r  accumulated
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PLATE 9 .3

The p o ly th en e  chamber attach ed  to  the le a f  subtend

in g  the experim ental s to lo n , in  which the p h ia l  

c o n ta in in g  th e  Na^^^CO  ̂ i s  p la c ed .



w h eth er th e  l i g h t  m eter was p la c ed  a t  th e  top or  bottom  o f  th e  p la n t .

The t ip  o f  th e  s t o lo n  was f i t t e d  in to  a  Panax le a d  tow er (P la t e  9 » l )

under an end window G.M. Tube. This was con n ected  to the co u n tin g  and

p r in t  o u t u n it s  shcvn in  p la t e  9*2 which recorded  the accu m u lation  o f  

14 .C in  th e  s t o lo n  t i p .  C ounting was s ta r t e d  b e fo r e  d e c o r t ic a t io n .  The 

r a t e  o f  accu m u la tion  was s lo w , b u t con tin u ed  to  r i s e  s t e a d i l y  u n t i l  the  

exp erim en t was stop p ed  a t  about l6 ,4 5 h  on the second day, i e  some 30h 

a f t e r  i t s  commencement. S a t i s f i e d  :that s u f f i c i e n t  ^" 0̂0  ̂ was b e in g  

tr a n sp o r te d  e a r ly  in h ib i t io n  experim ents were conducted under th e se  

c o n d it io n s  s t i l l  show ing the somewhat slow  r a te  o f  accum u lation  o f  

A fte r  th e  i n i t i a l  t r a i l  run the s to lo n  was d e c o r t ic a te d  l a t e r ,  a f t e r  a  

s te a d y  accu m u la tion  r a te  had been  o b served , b u t w e l l  b e fo r e  in h ib it o r y  

trea tm en t was a p p l ie d .

To triy to im prove tra n sp o r t  i t  was d ec id ed  to change the l i g h t i n g  

to  g iv e  a  h ig h e r  in t e n s i t y  i e  ap p rox im ately  3 ,5 0 0  I x ,  A cco rd in g ly  a s e t  

o f  fo u r  2 0 V /f lu o r e sc e n t  tubes were arran ged . These were l e f t  on c o n t in 

u o u s ly ,  This prom oted c o n s id e r a b ly  more rap id  tr a n s lo c a t io n .. T h is , 

combined w ith  th e  f a c t  th a t  by e a r ly  June tem peratures were a l s o  r a th e r  

h ig h e r  provoked a  s i t u a t io n  where the su p p ly  o f  ^^UOg was exh au sted  b e fo r e  

th e  ex p er im en ta l work was com p leted , n e c e s s i t a t in g  p r o v is io n  o f  a  lo n g e r  

l a s t i n g  su p p ly  o f  th e  t r a c e r .

To p r o v id e  more carbon d io x id e  1 m l, M Na^CO  ̂ was mixed w ith  each  

0 ,1  m l, ( i e  30j i  a )  Na^^^GO  ̂ in  a g la s s  p h ia l ,  "[his was p la c ed  in  the  

l e a f  chamber a d h er in g  to  i t  by doub le s id e d  a d h esiv e  ta p e , and b a lan ced  

on a firm  b a se  as shown in  p la t e  9*3* A few drops o f  the in d ic a to r  

B.D .H . 4460 w ere added b e fo r e  the sodium carbonate was a c t iv a t e d  w ith  

enough 3% HgSO. to  make i t  j u s t  a c id .  This appeared to  r e le a s e  p le n ty

14

b e fo r e  th e  experim en t was com p leted . To e f f e c t  a  s lo w , s te a d y , more

o f  GOg, b u t v e r y  r a p id ly  so  th a t  i t s  t r a n s lo c a t io n  was a g a in  f in i s h e d



H e d u c t io n  o f  in  th e  p h ia l  w ith  t im e . F ig . 6

C o u n ts  x 1 0 ^

top  o f  tu b e  

bottom  o f  tu b e

background count

II-

I S .O Û15.0010-00 II o o

Actual time in  hours



153

co n tin u o u s r e le a s e  a p l a s t i c  cap was put on th e  p h ia l ,  h a v in g  a h o le

p ie r c e d  in  i t  w ith  a h o t  mounted n e e d le . A c t iv a t io n  o f  th e  ha^ '̂^CO  ̂ was

e a s i l y  acco m p lish ed  through the h o le  u s in g  a hypoderm ic s y r in g e . Ihe

h o le  a l s o  p erm itted  s lo w er  r e le a s e  o f  the This method proved

v e r y  s u c c e s s f u l ,  A t e s t  was done, a lo n g s id e  one o f  th e  a c tu a l  experim en ts

Id
to  a s c e r t a in  th a t  th e  con tin u ed  to  be r e le a s e d  throughout th e

p e r io d  o f  th e  exp erim en t,

0 .1  m l. sam ples from a  p h ia l  o f  a c t iv a t e d  sodium carb on ate  were 

talc en h o u r ly  from b o th  the top and th e  bottom  o f  the s o lu t io n  and p la c e d  

in  s c i n t i l l a t i o n  f l u i d  in  th e  dark b e fo r e  b e in g  a ssa y ed  in  a  l iq u id  

s c i n t i l l a t i o n  c o u n te r . The average o f  th e  th ree  cou n ts f o r  each sam ple  

was u sed  to p lo t  th e  graph shown in  f ig u r e  6. A lthough the l e v e l  o f  tr a c e r  

rem ain in g  in  th e  p h ia l  by the end o f  th e  experim ent was low , th e re  was 

s t i l l  p le n ty  rem ain in g  a t  such  a tim e as i t  would have been  absorbed by  

th e  p la n t .  This experim ent showed th a t  the d e s ir e d  aim had been  a c h ie v e d , ; 

v i z .  a p l e n t i f u l  su p p ly  o f  f o r  th e  d u ra tio n  o f  the exp er im en t.

h a v in g  found a  s a t i s f a c t o r y  way o f  a d m in is te r in g  c o n t in u o u s ly

t h is  method was u sed  f o r  the m a jo r ity  o f  the in h ib it o r y  experim en ts i e .  

th o se  th a t  had n o t  p r e v io u s ly  been  com p leted .

M easurements o f  the accu m u lation  o f  th e  a t  th e  d i s t a l  end

w ere made c o n t in u o u s ly  d u rin g  the co u rse  o f  a l l  exp er im en ts . The co u n ter  

was s e t  to  p r in t  o u t every  4 ,0 0 0  s e c .  f o r  the f i r s t  few hours -  u s u a l ly  

12 -  l6 h ,  a f t e r  th e  commencement o f  the exp erim en t. The count r a te  was 

graphed f o r  t h is  p e r io d  and u s u a l ly  (u n le s s  .th ere  was some f a i r l y  

ob v iou s p h y s ic a l  reason  a g a in s t  i t )  a  s t e a d i ly  r i s i n g  count soon  supervened, 

As soon  as the s te a d y  r a te  o f  accum u lation  had been  e s ta b l is h e d  th e  

ex p er im en ta l in h ib i t o r  trea tm en t was a p p lie d . In  the e a r l i e r  experim en ts  

d e c o r t ic a t io n  was c a r r ie d  o u t a t  t h is  s ta g e ,  and lu r th e r  m o n ito r in g  o f  

th e  accu m u la tion  r a te  was c a r r ie d  o u t b e fo r e  in h ib it o r y  trea tm en ts were
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g iv e n , The tim er  s e t t i n g  was a l t e r e d  a t  t h is  s ta g e  to e f f e c t  p r in t  ou t  

ev ery  1 ,0 0 0  s e c ,  so  th a t  changes in  th e  r a te  o f  accu m u lation  co u ld  be 

more p r e c i s e ly  n o te d , When p l o t t i n g  th e  graph the im portant c o n s id e r a t io n  

was th e  s lo p e  o f  th e  curve which in d ic a te d  the r a te  o f  t r a n s lo c a t io n . To 

m a in ta in  a com p arative curve the e a r l i e r  counts were p lo t t e d  as t h e ir  

average  cou n ts  p er  1 ,0 0 0  s e c .  Once th e  in l i ib it o r y  trea tm en ts had been  

a p p lie d , and a s lo w e r  r a te  o f  accu m u lation  had been  o b serv ed , the  

m a te r ia l  was f ix e d  and p r o c e sse d  f o r  u ltr a s tr u c tu r a le x a m in a t io n .
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PLATE 10.1

The in s u la te d  apparatus used in  the c h i l l in g  

experim ents »
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C h a p ter  10

INHIBITION OF THANSLOCATTON BY CHILLING

M ethod. The p la n ts  were grovrn, s e le c t e d  and fe d  w ith  la b e l l e d  

carbon d io x id e  a s  p r e v io u s ly  d e sc r ib e d . Once a  s te a d y  accu m u la tion  r a te  

was b e in g  record ed  in  the s to lo n  t ip  a  10 cm le n g th  in  the c e n tr e  o f  the  

s t o lo n  was c o o le d  u s in g  f i n e l y  crushed  i c e .  The apparatus u se d  in  t h is  

p roced u re i s  shown in  p la t e  1 0 .1 . The s to lo n  p assed  through s l o t s  c u t  in  

th e  rim  o f  a p l a s t i c  p e t r i  d is h  and r e s t e d  on a  bed o f  d e n ta l wax. This 

se r v e d  b o th  as a  s u r fa c e  on w hich d e c o r t ic a t io n  c o u ld  be c a r r ie d  o u t , as 

w e l l  as a id in g  therm al in s u la t io n .  The w hole p e t r i  d is h  was en cased  in  

a box o f  expanded p o ly s ty r e n e , c u t  to  f i t  c l o s e l y .  This formed th e  main 

i n s u la t io n .  The p e t r i  d ish  l i d  a l s o  had co rresp o n d in g  s l o t s ,  and the  

p o ly s ty r e n e  box had narrow grooved ch an n els  (arrow ed) so  th a t  th e  s to lo n  

was h e ld  g e n t ly  and n o t  s tr a in e d . Norm ally the w hole assem b ly  r e s t e d  on 

th e  s ta g e  o f  a  b in o c u la r  m icroscop e so  th a t  d e c o r t ic a t io n ,  as w e l l  a s  

o b s e r v a tio n s  on the c o n d it io n  o f  th e  s to lo n  cou ld  be made w ith  f a c i l i t y .  

B efo re  crushed  i c e  was p la c ed  over the s to lo n  the l a t t e r  was covered  w ith  

e x tr a  th in  p o ly th en e  f i lm  so  th a t  th e  d e c o r t ic a te d  s t o lo n  d id  n o t  dry o u t ,  

and so  th a t  w a ter  from the m e lt in g  i c e  d id  n o t come in to  c o n ta c t  w ith  th e  

exposed  s t e l e .

The m easurement o f  the tem perature o f  the s t o lo n  was made p e r io d ic a l ly  

u s in g  a  f in e  copper co n sta n ta n  therm ocouple. The r e fe r e n c e  ju n c t io n  was 

p la c e d  in  a  Thermos f la s k  o f  m e lt in g  i c e  and th e  o th e r  touched th e  s t o lo n .  

R eadings w ere taken  on a h ig h  impedance e le c t r o n ic  m icroV o ltm eter , and 

w ere a lw ays about 1 v .  S in ce  the th e r m o e le c tr ic  power o f  th e  co u p le  

u se d  i s  about 40 v  d e g .”  ̂ t h i s  in d ic a t e s  a s t o lo n  tem perature c o n s ta n t ly  

v e r y  c lo s e  to  0°C . Much o f  the work was done in  v ery  h o t  w eath er  so  

c o n s ta n t  c h eck in g  o f  the i c e  su p p ly  and o f  th e  s to lo n  tem perature was 

m a in ta in e d . W ater from m e lt in g  i c e  was withdrawn w ith  a  p ip e t t e  and
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s-nd the ic e  replaced as necessary. I t  was a measure o f the success o f

the in su la tio n  th at th is  was required only in freq u en tly , even a t  a

green h ou se  tem perature o f

Some o f  th e  c h i l l i n g  exp erim en ts w ere perform ed on th e  d e c o r t ic a te d

s t o l o n s ,  a.nd o th e r s  w ith  th e  s t o lo n  in  t h e ir  n a tu r a l s t a t e .  The rea so n

fo r  th is  was e n t ir e ly  one o f tim ing. A fter d eco rtica tio n  i t  was necessary
14f o r  ex p er im en ta l v a l i d i t y ,  to  m on itor th e  r a te  o f  accu m u lation  o f  CÔ  

f o r  some t im e . F req u en tly  th e  o p e r a tio n  caused  s l i g h t  s lo w in g  in  th e  

a ccu m u la tion  r a t e .  I n h ib ito r y  trea tm en ts  co u ld  n o t  be s ta r t e d  u n t i l  t h is  

r a te  had s t a b i l i s e d  (a s i t  u s u a l ly  d id  to  n e a r ly  i t s  p rev io u s  l e v e l ) .  I t  

o f te n  r e q u ire d  s e v e r a l  hours b e fo r e  t h is  was shown w ith  c e r t a in t y  ( s e e  

f ig u r e  7 ) .  The in h ib i t o r y  trea tm en ts  a l s o  needed to  be a p p lie d  f o r  

s e v e r a l  hours ( o f t e n  5 or  6) b e fo r e  a  s u i t a b le  le n g th  o f  graph co u ld  be  

p lo t t e d  to  show u n eq u iv o ca l i n h i b i t i o n .  A f te r  s e v e r a l  14h lo n g  w orking  

days i t  was r e g r e t f u l l y  d ec id ed  to  abandon d e c o r t ic a t io n  in  order to  

com p lete  th e  exp er im en ta l m a n ip u la tio n s w ith in  the compass o f  a  l e s s  

e x a c t in g  s c h e d u le . F igu re  8 shows how s to lo n s  l e f t  e n t ir e  responded to  

c h i l l i n g  tr e a tm e n ts .

F ix a t io n  was alw ays com p leted  b e fo r e  th e  segm ent o f  s to lo n  to  be 

p r o c e sse d  f o r  m icroscop y  was c u t  from th e exp er im en ta l p la n t .  In  th e  

l a t e r  exp erim en ts (w hich in c lu d e d  some o f  th o se  in h ib it e d  b y  c h i l l i n g )  

ch loroform  was in c lu d ed  in  th e  g lu ta r a ld e h y d e  f i x a t i v e ,

R e s u l t s , G iaqu in ta  and G eiger had conclu ded  th a t  th e  m ajor e f f e c t  

o f  c o o l in g  on c h i l l i n g  -  s e n s i t i v e  p la n ts  showed as  a  d is r u p t io n  o f  

cy to p la sm ic  m a te r ia l  w ith in  th e  s i e v e  tu b e , to g e th e r  w ith  i t s  d i s p la c e 

ment in to  th e  s i e v e  p la t e  p o r e s . They had a ls o  n o t ic e d  " in crea sed  

v é s ic u la t io n  in  th e  s ie v e  tube cytop lasm " . They u sed  young p h a seo lu s  

p e t i o l e s  to  i l l u s t r a t e  t h e ir  w^ork and no s p e c i f i c  o b se r v a tio n s  w ere made 

on P -p r o te in  d i s t r ib u t io n ,  o n ly  on the movement o f  th e  d i s c r e t e  c r y s t a l .
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PLATE 1 0 .2

X 15,500

S to lo n  d e c o r tic a te d  b efore  c h i l l i n g .  Fixed b efore  

e x c is io n  in  5^ g lu ta ra ld eh y d e . I t  was damaged during  

d e c o r t ic a t io n . The P -p r o te in  i s  denatured and the  

a d ja cen t c e l l  shows p la s m o ly s is .

PLATE 10.5  

X 6 , 5 0 0

S to lo n  d e c o r tic a te d  b efo re  c h i l l in g  and then f ix e d  

b efo re  e x c is io n  in  5^ g lu ta ra ld eh y d e .







PLATE 1 0 . 4

X 6 , 7 0 0

The companion c e l l  shows good fix a tio n , and membranous 

m aterial adheres to the sieve tube w all.

PLATE 10.5 

X 27,000

T.S. of a companion c e l l .  The ground cytoplasm looks 

le s s  dense than usual.

Both micrographs are from stolons ch illed  w hilst in tact  

then fixed  in  5^ glutaraldehyde + chloroform.
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I t  i s  more s u r p r is in g  to  f in d  th ey  made no o b se r v a tio n s  as to  the s t a t e  

o f  the p la s t id s  or c a l l o s e ,  e s p e c ia l ly  as in  a paper p u b lish e d  a l i t t l e  

b e fo r e  t h e i r s ,  ','Jebb ( l 9 7 l )  had p o in te d  o u t the l ik e l ih o o d  o f  m inim al 

c a l l o s e  d e p o s it s  b e in g  ob served , as enzym atic a c t io n  prom oting i t s  

fo rm a tio n  i s  a l s o  in h ib it e d  by low  tem peratu re.

The r e s u l t s  o f  t h is  stu d y  bear ou t t h is  l a t t e r  d e d u c tio n . ITone o f  

th e  m icrographs o b ta in ed  show heavy c a l l o s e  d e p o s i t s ,  even in  m a te r ia l  

known to  have been  p h y s ic a l ly  damaged d u rin g  p r e p a r a tio n  ( p la t e  1 0 .2 ) .

Here th e  c e l l  a d ja c e n t  to  th e  s ie v e  tube shows p la s m o ly s is ,  s i e v e  tube  

p la s t i d s  a re  ru p tu red , and th e  P -p r o te in  i s  c o a r se  and fragm ented , bu t  

c a l l o s e  i s  m in im al. In  th e se  c ircu m stan ces i t  would u s u a l ly  be found  

where no c h i l l i n g  has been  g iv e n . In  g en e r a l the d egree  o f  c a l l o s e  

d e p o s it io n  c o in c id e s  w ith  th a t  norm ally  found where ra p id  f i x a t io n  has 

been  en su red , b u t where no c h i l l i n g  has been  g iv e n .

That chilled tissue is not ipsofacto already damaged and incapable 

of good fixation is evidenced by plates 10.5» 10.4 and 10.5. Ihe 

companion cells in the micrographs show no plasmolysis. Ihe ground 

tissue is granular and even at the low magnifications of 10.3 and 10.4 

polysomes can be identified. Membranes in 10.5 are smooth and intact, 

plastids of 10.3 and 10.5 are unruptured, and the mitochondria appear 

normal. These three micrographs also illustrate examples of the two 

major experimental procedures empOoyed. Plate 10.3 shows a decorticated 

stolon fixed in glutaraldehyde without chloroform. Plates 10.4 and 10,5 

show entire stolons fixed in glutaraldehyde and chloroform. The presence 

of the latter probably accounts for the starch grains not enclosed in 

plastids seen in plate 10.4.

The m icrographs o f  c h i l l e d  m a te r ia l show l i t t l e  s t r u c tu r a l  d i f f e r e n c e  

from o rd in a ry  w e l l - f ix e d  m a te r ia l .  I t  may be argued th a t  the i n t a c t  

p l a s t i d s  g e n e r a lly  found in  the c h i l l e d  m a te r ia l may have rem ained
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PLATE 10 .6  

X 9,750

I n ta c t  s to lo n  c h i l le d  and f ix e d  in  5^ g lu tara ld eh yd e  

+ ch loroform . N eith er  the m obile p la s t id s  nor the  

m itochondrion shown have moved towards the s ie v e  p la t e .
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PLATE 10.7  

X 5,000

S to lo n  d e c o r tic a te d  and f ix e d  in  5% g lu ta ra ld eh y d e . 

The montage shows the d is p o s it io n  o f  the P -p ro te in  

in  the lumen o f the s ie v e  tu b e, and a lso  unbroken 

p l a s t i d s .
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PLATE 10.8

X 1 0 , 0 0 0

Montage o f  part o f a s ie v e  tube from a c h i l l e d ,  

in t a c t  s to lo n  f ix e d  in  5^ g lu tara ld eh yd e + ch loroform .

The sta rch  gra in s from ruptured p la s t id s  do not have 

appeared to  have moved fa r  from th e ir  o r ig in a l  p o s i t io n s .



205"

u nruptured  due to  the in c r e a se d  v i s c o s i t y  o f  the c e l l  sa p . This cou ld  

have slow ed  down tu rgor  p r e ssu r e  r e sp o n s e s , or  low  tem peratures may have  

s tr e n g th e n e d  the p la s t id . .membranes. The p ic t u r e s ,  how ever, d i f f e r  l i t t l e  

from th o se  i l l u s t r a t i n g  ch a p ter  5 .

The o n ly  m a te r ia l which may s u g g e s t  th a t  th e  in ta c t n e s s  o f  the  

p l a s t i d s  may he due to  in c r e a se d  sap  v i s c o s i t y  or  s tr e n g th e n e d  membranes 

a f t e r  c h i l l i n g  i s  shoAvn in  p la t e  1 0 .6 .  S ev era l i n t a c t  p l a s t i d s ,  a s w e l l  

as a s m a ll ,  b u t n orm ally  p r eserv ed  m itoch on d ria  a re  p r e s e n t  in  th e  s i e v e  

tu b e , b u t t h is  i s  taken  from c h i l l e d  m a te r ia l w hich had n o t  been  d e c o r t i 

c a te d , n e i th e r  was th ere  any ch loroform  in  the f i x a t i v e .  Both th e se  

c ircu m sta n ces  would tend to  make f ix a t io n  l e s s  r a p id  than in  o th e r  

m icrographs shown. The m a te r ia l ,  how ever, was c o m p le te ly  f ix e d  b e fo r e  

i t  was c u t  from th e  p a ren t p la n t ,  w hich maJces even t h is  e v id en ce  r a th e r  

ten u o u s .

Some m icrographs ( p la t e s  1 0 .7  sJid 1 0 .8 )  show odd a g g r e g a tio n s  o f  

c y to p la sm ic  m a te r ia l ,  and p o s s ib ly  some v é s ic u la t io n ,  w ith in  th e  s ie v e  

tu b e s , as su g g e s te d  by G iaqu inta  and G eiger , There i s  no in d ic a t io n ,  

though o f  such  in c lu s io n s  b e in g  sw ept towards the s ie v e  p l a t e s ,  in d eed  

a s th e  mon’tages show, th ey  a r e  w e l l  d is t r ib u t e d  in  the lumen o f  th e  s ie v e  

tu b e s . There a re  no in d ic a t io n s  o f  th in ,  d i s in t e g r a t in g  c e l l  w a l ls  as  

a l s o  s u g g e s te d  by G iaqu inta  and G eiger and p le n ty  o f  cy to p la sm ic  

m a te r ia l  l i n e s  th e  c e l l  w a l l s .  The d i s t r ib u t io n  o f  th e  P -p r o te in  i s  

somewhat v a r ia b le ,  b u t the o v e r a l l  im p ressio n  i s  th a t  th e  v a r ia t io n s  

found a re  t y p ic a l  o f  th o se  norm ally  se e n  in  th e  s ie v e  e lem en ts o f  

u n in h ib ite d  S a x ifr a g a  sarm entosa ( l ) .  P la te  1 0 .9  shows f a i r l y  sp a r se  

P -p r o te in  in  the p o r e , indeed  a  s im i la r  d egree  o f  b lo ck a g e  has been  u sed  

to  i l l u s t r a t e  'open* p o r e s . There i s  however a  d e f in i t e  b lo ck a g e  b u t  

n o th in g  on th e  s c a le  d e sc r ib e d  by G iaqu inta  and G ieger . No membranous 

m a te r ia l  i s  e v id e n t , and th e  P -p r o te in  i s  p r e s e n t  on b o th  s id e s  o f  th e
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PLATE 1 0 . 9

X 15,300

D ec o r tic a te d  s to lo n , c h i l l e d  and f ix e d  in  5/̂  g lu t - ,  

a ra ld eh y d e . The P -p ro te in  i s  ev id en t near the p la t e ,  

but no detached membranous m ateria l*

PLATE 10.10  

X 6 , 7 0 0

D e c o rtica ted  s to lo n , c h i l l e d  and f ix e d  in  5% g lu t 

a ra ld eh yd e. The P -p ro te in  i s  seen m ainly on one 

s id e  o f  the p ore . The p la s t id s  are in t a c t .
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PLATE 10 .1 1

X 2 7 , 0 0 0

Decorticated stolon chilled and fixed in glutar- 

aldehyde. The P-protein fibrils are aligned parallel 

to one another through the pores.

PLATE 10.12

X 54,000

Intact stolon fixed in 5^ glutaraldehyde + chloroform 

after chilling. The P-protein fibrils are arranged 

as indicated in fig. 5^, possibly showing mild surge 

effect.
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PLATE 10.15 

X 81,000

Chilled, intact stolon fixed in 5^ glutaraldehyde + 

chloroform. The P-protein fibrils are aligned parallel 

to one another through the pores. Membranous material 

adheres to the cell wall.
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pore. P la te  10,10 a lso  i l lu s t r a t e s  a condition  o f P -protein  d is tr ib u tio n  

frequ en tly  found and thought to be ty p ica l o f an a c t iv e ly  tra n sloca tin g  

s ie v e  element (Spanner, 1979), having most of the P -protein  on one s id e  

o f the p la te . P la tes 10.11 and 10.15 show the equally frequently  

observed p o s it io n  o f P -protein  in  the pores. The f ib r i l s  appear to be 

align ed  in  a p a r a lle l p o s itio n  through the pores, and as already d iscussed  

in  chapter 8, present a p ictu re  u lik e ly  to occur as a r e s u lt  o f any 

imposed fo r c e , be i t  re lea se  o f turgor pressure or c h i l l in g  as implied  

by Giaquinta and Geiger. P late  10.12 i s  a further i l lu s t r a t io n  o f  

the configu ration  shown in  figu re  5b o f chapter 8 and i s  a t  most thought 

to represent a very mild surge, nothing l ik e  that envisaged by 

Giaquinta and Geiger, The P -protein  in  these pores appears to be in  

a natural p o s itio n  and not l ik e ly  to have been forced in  th ere. P late  

10.12 a lso  shows membrane m aterial adhering to the w alls  o f the s iev e  

element (arrowed), but w ith no evidence o f any movement having occurred, 

and c e r ta in ly  not showing the d is in teg ra tio n  n oticed  by Giaquinta and 

Geiger.
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p la t e  11.1
Apparatus used fo r  the a d m in istra tio n  o f HGN gas 

to  the s to lo n .
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C h ap ter 11

INhlBIllON Tl^KSLOCATION WI'HI GASEOUS CYANIDE

i-'iethod. P lants o f Saxifraga sarmentosa ( l )  grown under conditions  

s im ila r  to those used for the c h i l l in g  experiments were a lso  u t i l i s e d  for  

th is  s e r ie s .  E sp ecia lly  long s to lo n s , not le s s  than 45 cm were needed 

so that an adequate length could he treated . Qureshi and Spanner,

(1973 d) found that marked in h ib it io n  was read ily  observed when the 

cyanide gas was applied over a length  o f about 25 cm. The subtending  

leaves o f the sto lo n s used fo r  the experiments were fed with ^̂ GÔ  as 

p rev iou sly  described, Before in h ib ito ry  treatment was sta rted  a steady  

accumulation ra te  o f ^̂ C was recorded a t the daughter p la n t. The f i r s t  

experiments were conducted u sin g  d ecorticated  s to lo n s , but in  view o f  

the time involved , n atu ra lly  en tire  sto lon s were subsequently used . The 

apparatus used fo r  the ap p lica tion  o f cyanide gas i s  shown diagram m atically 

in  Qureshi»s paper (1973 d, h is  figu re  l ) ,  and a lso  in  p la te  1 1 .1 . I t  

co n sisted  o f a perspex chamber approximately 25 cm lon g . The sto lo n  

f i t t e d  in to  a groove in  the perspex and was held g en tly  by cotton  wool 

soaked in  petroleum j e l l y  to render the whole chamber g a s - t ig h t . The 

s to lo n  rested  on a perforated platform above a reserv o ir  contain ing  

25 ml o f 5 X 10 KCU + methyl orange in d ica to r . A perspex l i d  was 

sealed  to the chambers with petroleum j e l l y .  The KCN was a c id if ie d  with  

sulphuric acid  (the in d ica tor  turning purplish) u sin g  a hypodermic 

sy r in g e , the needle passing through a small hole in  the l i d  which was 

subsequently sea led  with a greased cover s l ip .  The same hole was used  

a t the end o f  the experiment for  the in je c tio n  o f IM NaOH to stop  

fu rther HCN production. ‘These experiments were conducted in  a fume 

cupboard w ith the extractor fans f u l l  on, under the same lig h t in g  con

d itio n s  as described in  chapter 9 . The accumulation o f ^̂ C a t  the d is ta l  

end o f  the sto lon  was p lo tted  as shown in  figu res 9 and 10. When a
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Enhanced ra te  o f  tr a n s lo ca tio n  a f te r  HCN F ig .9
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P la te s  11 .2
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Time (se c  xIO^) a f te r  commencement
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PLATE 1 1 . 2

X 3 3 ,5 0 0

The p la stid s  are ruptured and ca llo se  lin es  the sieve  

plate  pores.

PLATE 11.5 

X 9,750

The starch grains have moved l i t t l e  from the ruptured 

p la s t id .

Both micrographs show sto lon s, inh ib ited  w hilst in tact  

and whose translocation rates were enhanced by the 

cyanide. Fixed in 5^ glutaraldehyde + chloroform.
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steady rate  o f accumulation was ind icated  the KGi; was a c id if ie d , and the 

accumulation rate  was monitored for  several hours fu rth er . When a new, 

steady rate  showed the a lk a li was in jec ted  in to  the chamber so that gas 

production ceased. The chamber was opened immediately and a grooved p e tr i  

dish  10 cm in  diameter contain ing phosphate buffered 5% glutaraldehyde, 

l a t t e r ly  contain ing chloroform as w e ll, was placed under the s to lo n  and 

covered, '[he sto lon  portion prepared for  u ltra s  true tural examination was 

not excised  u n t il  f ix a t io n  was complete (severa l hou rs). Further prepara

tio n  was carried out as described in  Appendix J, lb complete the p ic tu re  

m aterial was s im ila r ly  prepared from sto lon s which had been shown to have 

had th e ir  translocation  in h ib ited  by gaseous cyanide, but which had a t  

l e a s t  p a r t ia l ly  recovered from the in h ib it io n  on removal o f the treatm ent. 

The sto lo n s  used were from another worker's p h y sio lo g ica l experim ents, and 

u n fortun ately  the relevant graphs could not be obtained. One sto lo n  was 

f ix ed  h a lf  an hour a fte r  the HGh had been stopped, when s l ig h t  improve

ment in  the tran slocation  rate  was already showing, Ihe other was fix ed  

some 5h a f te r  in h ib itio n  was stopped, when the rate  had apparently  

returned to normal.

As can be seen from the graphs in  figu re  9 the a p p lica tio n  o f HON 

gas sometimes produced an enhanced rate  o f tra n slo ca tio n . The r e s u lt s  

shown appeared a fte r  the chamber had been thoroughly checked fo r  leakage  

and fresh  KGN had been prepared. Other workers' concurrent experim ents, 

running in  the same laboratory u sin g  the same su b ject, but a lte r n a tiv e  

apparatus a lso  demonstrated an enhanced tran slocation  ra te  in  some 

experim ents. Because th is  occured with some frequency s to lo n s  e x h ib itin g  

th is  featu re were a lso  prepared for  u ltra stru etu ra l examination.

R esu lts . P lates 11.2 -  11.3 are taken from plants whose tra n slo ca tio n  

ra te  was not in h ib ited  by the HCN. P lates 11.2  and 11.3 show s ie v e  

p la te  pores which have a moderate amount o f c a llo se  l in in g  them. There 

i s  l i t t l e  evidence o f pressure re lea se  surge. Many o f the p la s t id s  are
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PLATS 11 *4

X 2 0 ,0 0 0

Companion c e l l  showing good fix a tio n .

PLATE 11.5 

X 15,300

T.S, showing a sieve p late and a la te r a l sieve p late  

with some ca llo se  lin in g  the pores.

Micrographs from stolons inh ib ited  when in tact and 

fixed  in  59̂  glutaraldehyde + chloroform.
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PLÂTE 11 .6

X 6 ,7 0 0

Unbroken p la s t id s  downstream o f s u r g e ,(d ir e c t io n  i s  

in d ic a te d  by the arrow ).

PLATE 11,7 

X 9,750

I n ta c t  p la s t id s  a t the end o f a s ie v e  tube

Both m icrographs are fron  m a ter ia l in h ib ite d  as 

in t a c t  s to lo n s  b efore  f ix in g  in  5^ g lu tara ld eh yd e + 

chloroform .
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PLATE 11 .8

X 6,700

Although there are signs of m aterial at the sieve  

p late  which might be interpreted as membranous, the 

plasma membrane i s  s t i l l  attached to the sieve tube 

w all, and a c t iv ity  i s  indicated by the p inocytotic  

v e s ic le s .

PLATE 11 .9 

X 33,500

Sieve p late  pores lined with c a llo se .

Both micrographs are taken from in ta c t , inh ib ited  

sto lons fixed  in 3^ glutaraldehyde + chloroform.

The arrows ind icate the probable d irection  of surge.
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broken, and in 11.2 some released grains have apparently moved towards 

the sieve plate. There is evidence of trailing P-protein through a 

pore in 11.3, although in this micrograph the plastid contents show 

little sign of movement. There are cytoplasmic materials within the 

lumens of both sieve elements illustrated, but there is also plenty of 

cytoplasmic material lining the cell wall as arrowed in 11.3.

Micrographs from tissue in which translocation was definitely 

inhibited (see figure 10) shovr_..little differences from 11.2 and 11.3*

The companion cell shown in 11.4  does not appear to have suffered any 

damage as a result of the inhibition. Membranes are smooth and parallel 

to one another and mitochondria appear normal. There is no evidence of 

plasmolysis having taken place. Callose deposits are variable. The 

portion of the sieve plate caught transversely in plate 11.5 appears to 

have only a little callose lining the pores. -Ihe lateral sieve plate 

shown at the bottom of the same plate also shows little callose, but 

P-protein is seen on both sides of the pore, together with the contents 

of broken plastids. Tnis appears to be a constant feature in sieve 

elements of material treated with cyanide. Ihe only unbroken plastids 

were either downstream of a pressure release as sho^m in 11.6, or in what 

may well be a young, imperforate sieve tube as shown in 11.7* The presence 

of the contents of broken plastids near the sieve plate is also a 

feature of the micrographs of sieve elements whose translocation had been 

inhibited by cyanide, and by various other methods (Qures^i and Spanner,

1973 e). Ihere is also evidence of surge having taken place. The move

ment of the contents of plastids towards the sieve plate, so frequently 

observed in this work with cyanide, is an indication of this. The position 

of the P-protein fibrils in the pores shown in plates 11,8 and 11,9 also 

suggests that there has been some surging movement within the sieve element. 

The direction of the surge in both micrographs appears to be in the 

direction of the arrows. The disposition of the P-protein in the lower
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PLATE 1 1 . 1 0

X 9,750

stream ing P -p ro te in  and fr e e  starch  g r a in s , but 

no lo o se  cytop lasm ic m a te r ia l .

PLATE 11.11

X 2 0 , 0 0 0

Enlarged area from the same s e c t io n  as 11 , 8 ,  but 

here attach ed  membrane m a ter ia l i s  v i s i b l e  (arrow head).

I n t a c t ,  in h ib ite d  s to lo n s  f ix e d  in  5% g lu tara ld eh yd e  

+ chloroform .
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PLATE 1 1 . 1 2

X 2 0 ,0 0 0

Very l i t t l e  evidence of P-protein disturbance although 

p la stid s  are ruptured.

PLATE 11.13 

X 20,000

Loose material i s  seen on both sides of the p la te i

In ta ct, inh ibited  stolons fixed  in 5  ̂ glutaraldehyde 

+ chloroform.
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PIATE 1 1 . 1 4

X 15,300

T .S . of a s ie v e  elem ent and a w e ll f ix e d  companion 

c e l l .

PLATE 11.15

X 27 ,000

Evidence o f m ild surge?

M icrographs from in ta c t  s to lo n s  whose cyanide in h ib 

i t i o n  had been stopped 30m in, b efore  f ix a t io n  in  

5^ g lu tara ld eh yd e + ch loroform .
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PLATE 1 1 . 1 6

X 2 0 ,0 0 0

Free starch  grain s on e ith e r  s id e  o f the p la te ,  

and y et appearing too large  to have passed through’.

PLATE 11.17

X 54,000

P -p ro te in  f i b r i l s  apparently  bent by mild su rge.

In h ib ito r y  treatm ent removed from the in ta c t  s to lo n  

5h. p r ior  to f ix a t io n  in  5% glu taraldehyde + chloroform
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PLATE 11.18

X 81 ,000

Alignment o f  P -p ro te in  through the pore from 

m a ter ia l recovered  from in h ib ito r y  treatm ent fo r  

5h. F ixed in  5% glu tara ld eh yd e + ch loroform .



s ie v e  element o f 11 ,8  shows the type i l lu s t r a t e d  in  f ig u re  5c . The 

f la t te n in g  o f the f ib r i l s  upstream o f surge seen in  1 1 .9 , together w ith  

t r a i l in g  f ib r i l s  downstream i s  a lso  in d ic a t iv e  o f mild surge, but the 

dense p -p rote in  seen a g a in st the s ie v e  p la te  in  11 .6  in d ica te s  stron ger  

surge. F a ir ly  mild surge i s  a lso  in d ica ted  in  the rem aining micrographs 

o f m aterial whose tra n slo ca tio n  was being  in h ib ite d  a t  the time o f  

f ix a t io n  by cyanide (p la te s  11 .10  -  11 , 15) ,  but the p lugging o f  the pores 

w ith  P -protein  i s  no more dense than that u su a lly  found, and the 

alignm ent o f the banded f i b r i l s  through the pores o f 11,12  i s  noteworthy. 

A ll these micrographs show c e l l  w a lls  apparently lin e d  norm ally w ith  

cytoplasm ic m ater ia l, but in  11.11 -  11.15 there i s  what appears to be 

cytoplasm ic m aterial in  the lumen o f the s ie v e  elem ents as w e ll .

The image presented by sto lo n s  whose tra n slo ca tio n  ra te  had ju s t  

s ta r te d  to recover from cyanide in h ib it io n  i s  shown in  p la te s  11.14 and 

1 1 .1 5 . The norm al-looking companion c e l l  in  11 .14  and the broken p la s t id  

in  the adjacent s ie v e  tube, presen t a very s im ila r  p ic tu re  to those sampled 

under f u l l  in h ib it io n . 11.15 shows more c a llo s e  l in in g  the s ie v e  p la te  

pore than was freq u en tly  seen , but th is  was a var ia b le  co n d itio n , both 

th ese  micrographs fea tu re  cytoplasm ic m ateria l l in in g , apparently  

n a tu r a lly  the c e l l  w a lls  o f the s ie v e  elem ents.

P la tes  11.16 -  11.18 are taken from the s to lo n  whose tra n slo ca tio n  

r a te  had apparently returned to normal 5h a f te r  in h ib ito r y  treatm ent had 

been removed. The o v era ll p ic tu re  var ies  l i t t l e  from that seen during  

in h ib it io n . Broken p la s t id s  are seen on e ith e r  s id e  o f the s ie v e  p la te  

in  11 .16 , but evidence o f m ild surge, i e  s l ig h t  f la t te n in g  o f  the P -p rote in  

f i b r i l s  was a lso  observed. Both in  p la te s  11.17 and 11.18 the b e a u t ifu l ly  

a lign ed  P -protein  f ib r i l s  through the s ie v e  p la te  pores g ive  no evidence  

o f being  anything but in  th e ir  natural p o s it io n .

The p ro te in  in  these micrographs shows more evidence o f  streaming^ 

as though some movement o f the s ie v e  element contents may have resumed.
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and i s  the o n ly  obvious s t r u c tu r a l  d i f f e r e n c e  from s ie v e  e lem en ts  w hich  

v/ere f ix e d  w h ile  in h ib i t e d .  In none o f  th e se  m icrographs i s  th e re  a  

heavy  d e p o s it  o f  P -p r o te in  on one s id e  o f  the s i e v e  p la t e  as s e e n , f o r  

Gxample in  p la t e  1 1 ,6 ,

The im ages o f  the reco v ered  m a te r ia l a re  so  l i t t l e  d i f f e r e n t  from  

th o se  o f  in h ib it e d  m a te r ia l th a t  i t  i s  d i f f i c u l t  to  b e l i e v e  th a t  

s t r u c t u r a l  changes accou n t f o r  th e  s lo w in g  o f  th e  t r a n s lo c a t io n  r a t e .



14-'

Chapter 12 

DISCUSSION

Giaquinta and Geiger (1975 and 1977) contend th at in  the s iev e  

elements o f m aterial in h ib ited  by c h i l l in g  or cyanide, the s ie v e  p la te  

pores are plugged unnaturally w ith cytoplasm ic m aterial d isp laced  by 

the treatm ent, Ih e ir  d e f in it io n  o f cytoplasm ic m aterial i s  that i t  i s  

matter which orig inated  from the former l in in g  o f the la te r a l  w a lls  

(1977)> but in  th e ir  e a r lie r  paper (1975) i f  appears to include P -protein  

and organelles a ls o . In th is  report th e ir  la t e r  d é f in it io n  has been 

adopted, and P—protein  and organelles have been d istin gu ish ed  from 

membranous and vesK^ular m aterial which could have been derived from cyto

plasmic l in in g  m ateria l.

Ihe statem ent which opened th is  d iscu ssion  concerning the s ta te  o f  

the s iev e  p la te  pores o f in h ib ited  material has not been borne out by 

th is  study. Pores were not obsem/ed where cytoplasm ic m aterial could  

conceivably have caused any blockage. Giaquinta and Geiger suggested  

in  both th e ir  papers that the cytoplasm ic m aterial found a t  the s iev e  

p la te  was derived from "material that formerly lin ed  the la te r a l  w a lls" . 

This suggestion  has not been confirmed by th is  work. Micrographs o f  

both c h ille d  and cyanide in h ib ited  m aterial show no more cytoplasm ic 

m aterial w ith in  the s ie v e  tube lumen and pores than i s  normally found 

th ere. The la te r a l  w alls  o f the s iev e  elements appear to have the 

usual amount o f l in in g . Correspondingly Giaquinta and G eiger’s 

suggestion  that the cytoplasm ic m aterial they observed "is o ften  con

tinuous w ith the m aterial l in in g  the w alls" could not be corroborated.

I t  i s  p o ss ib le  that the m aterial which they observed had th e ir  lin in g s  

detached from the w a ll, e ith e r  by the surge s e t  up as s ie v e  tubes freeze  

(Spanner, 197#), or as a r e s u lt  o f poor chemical f ix a t io n . There may 

be evidence fo r  the former hypothesis in  the region o f p la te  6.5 which



i s  arrowed. Here the somewhat denatured, and therefore not rea d ily  

id e n t if ia b le  m aterial may be detaching from the c e l l  w a ll. F isher (1975) 

a lso  refers  to the presence o f stacks o f endoplasmic reticulum  on e ith e r  

s id e  o f the s iev e  p la te . The t is su e  he used had not been subjected to 

any form o f in h ib it io n , but he did use cry o fix a tio n  techniques.

Lack o f c a llo se  l in in g  the s ie v e  p la te  pores o f in h ib ited  m aterial 

i s  reported, both by Giaquinta and Geiger, and by Qureshi (Qqreshi and 

Spanner, 1975 e ) , although th is  lack  i s  not always corroborated by 

publshed micrographs. The conclusion  derived from the present study 

i s  that the quantity o f c a llo s e  gen era lly  seen i s  rather a fu nction  o f  

the ra p id ity  o f f ix a t io n . When methods o f rapid f ix a t io n  are used the 

amount o f c a llo se  observed i s  u su a lly  minimal. Qureshi (Qureshi and 

Spanner, 1975 e) found that the quantity o f c a llo s e  he noted depended on 

the f ix a t iv e  used. The a lc o h o l/a c e tic  acid  f ix a t iv e ,  which was the one 

he used when l i t t l e  c a llo se  was seen , i s  very d ra stic  and a l ip id  

so lv en t; the chloroform employed in  the present study attacks membranes. 

I t  i s  reasonable to suppose th at in  both cases membranes were weakened 

allow in g rapid entry o f the f ix a t iv e ,  as w e ll as p o ss ib le  la te r a l  

leakage o f s ie v e  element con ten ts. This lends weight to the arguement 

that in  the in  vivo  s ta te  a fu n ction in g  s ie v e  tube has l i t t l e  c a llo se  

l in in g  the pores.

Although l i t t l e  c a llo se  was seen l in in g  the s iev e  p la te  pores in  

the c h ille d  m aterial stu d ied , rather more was gen era lly  observed in  

m aterial in h ib ited  by cyanide, in  s p ite  o f the rapid f ix a t io n  methods 

employed. This does not concur w ith Qureshi's conclu sion s. I t  i s  

suggested that the d ifferen ce  may be due to the in flu ence o f temperature. 

Work has been published on the e f fe c t s  o f heat on c a llo se  formation  

(McI'Iairn, 1972). This author found that when cotton was subjected to 

temperatures above 40°C c a llo se  d ep osits  increased considerab ly . Webster
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and C a rr ier  ( I 968 ) had p r e v io u s ly  reach ed  s im i la r  c o n c lu s io n s  and 

quoted ev id en ce  from o th e r  p u b lish e d  work th a t  in  "wheat r o o t  h a ir s  

c a l l o s e  d e p o s it io n  in c r e a se d  above 30^0". Many o f  the exp erim en ts r e 

p o r ted  in  t h is .p r e s e n t  stu d y  w ere conducted  in  c o n d it io n s  in  w hich the  

a fte r n o o n  a i r  tem peratures exceeded  30^0 and w ere o c c a s s io n a l ly  in  

e x c e s s  o f  35°C, F o r tu n a te ly  f o r  th e  v a l i d i t y  o f  th e  cy a n id e  exp erim en ts  

concern ed  th e se  h ig h  tem peratures o n ly  occu rred  in  the l a t e r  a fte r n o o n  

when in h ib i t io n  due to  cyan id e  was w e l l  c h a r te d . N e v e r th e le s s  f ix a t io n  

o f te n  took p la c e  a t  h ig h  tem p era tu res . I t  i s  th e r e fo r e  conclu ded  th a t  

t h i s  f a c t o r ,  r a th e r  than the cyan id e  trea tm en t a cco u n ts  f o r  th e  g r e a te r  

than u su a l c a l l o s e  d e p o s i t s .  On t h is  assum ption  i t  i s  n o t  s u r p r is in g  to  

f in d  th a t  th e  c h i l l i n g  experim en ts showed no e x tr a  c a l l o s e .

The p o s i t io n  o f  p la s t id s  and t h e ir  c o n te n ts  were u sed  in  ju d g in g  

w hether m ob ile  s ie v e  elem en t c o n te n ts  had been  sw ept towards th e  s ie v e  

p la t e  p o r e s . Most w orkers who have observed  phloem u l t r a s  t r u e t u r a l ly  

a g ree  th a t  th ey  are  amongst the m ost f r a g i l e  and t h e ir  s ta r c h  g r a in s  

am ongst th e  m ost m ob ile  o f  th e  s ie v e  e lem en t c o n te n ts .  G iaqu in ta  and 

G eiger do n o t  m ention p la s t id s  in  t h e ir  p a p e r s . The c h i l l e d  m a te r ia l  

s tu d ie d  h ere  showed no v a r ia t io n  e i t h e r  in  c o n d it io n  o r  d i s p o s i t io n  o f  

th e  p la s t id s  from th o se  found in  th e  s ie v e  e lem en ts o f  o th e r  w e l l  f ix e d  

m a te r ia l .  The p la s t id s  in  th e  s i e v e  e lem en ts o f  cyan id e in h ib it e d  t i s s u e  

w ere commonly broken , and fr e q u e n t ly  s ta r c h  g r a in s  were c lo s e  to  th e  

s i e v e  p l a t e .

The P -p r o te in  w ith in  the s ie v e  p la t e  o f  c h i l l e d  t i s s u e  was 

d is p e r s e d  throughout the s ie v e  tu b e . A l l  th e  p ores c o n ta in ed  i t s  

f i b r i l s ,  w hich showed l i t t l e  e v id en ce  o f  d is tu r b a n ce  and none o f  any  

in d u b ita b le  su rge  e f f e c t s .  In cy a n id e  in h ib it e d  m a te r ia l a l s o  th e  

P -p r o te in  showed f i b r i l s  w e l l - a l ig n e d  through th e  pores ( p la t e  1 1 .1 2 ) .  

However ’ s tr e a m e r s’ were fr e q u e n t ly  se en  ( p la t e  1 1 .1 0 )  on one s id e  o f
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the pore, u su a lly  the s id e  opposite the starch  gra ins, in d ica tin g  some 

evidence of surge.

The problem, so frequently  posed, as to whether s ie v e  p la te  pores 

are n atu ra lly  occluded with P -protein , or whether th is  m aterial i s  

carried  in to  them during preparation has had more l ig h t  shed on i t  

during th is  study. In sp ite  o f the many d if fe r e n t  f ix a t io n  methods tr ie d ,  

and the m u lt ip lic ity  o f treatments given to the m ateria l, inclu d ing  in 

h ib it io n , no pores have been seen where p ro te in  i s  not p resen t. Indeed, 

so frequently  are the banded f ib r i l s  n ea tly  a lign ed  in  the pores, see  

p la te s  5*4, 5*8, 5*14, 8 .2 , 1 0 .9 , 10.12 and 11 .18 , that i t  has become 

im possible to b e lie v e  that th is  d isp ositon  i s  an a r te fa c t  o f preparation.

The overi'/helming evidence suggests that the pores are plugged in  v iv o .

Webb (1971) , a fte r  apparently having made some u ltr a s  truetural 

stu d ies  concludes that c h i l l in g  has no obvious anatomical e f f e c t  on the 

t is s u e .  He suggests that some other reason fo r  tran slocation  in h ib it io n  

must be sought. This i s  e s s e n t ia lly  the conclusion reached in  the present  

study. Ttie p ictu res o f c h ille d  t is s u e  p a r tic u la r ly  are very s im ila r  to 

those o f  normally tran slocatin g , un inh ib ited  m ateria l. I f  the tra n slo ca tio n  

in h ib it io n  i s  not the r e su lt  o f an unnatural ph ysical blockage o f the 

s ie v e  p la te  pores three other p o s s ib i l i t i e s  seem to remain, v i z : -

(a) changes in  the c h a r a c ter is tic s  o f the membranes

(b) in h ib it io n  o f e sse n tia l metabolism in  the tra n slo ca tin g  c e l l s

(c ) changes o f sap v is c o s ity  w ith in  the s iev e  elem ents.

The f i r s t  two suggestions could poin t to a c tiv e  mechanisms o f  

tran sloca tion  being involved , and indeed the la s t  does not ru le  th is  ou t. 

Giaquinta and Geiger (1973) made the suggestion  that " c h ill in g  causes the  

l ip id  portion o f the plasma membranes, or perhaps the s ie v e  tube 

reticulum  to undergo a phase change". They suggest that th is  phenomenon 

could be the reason fo r  the v é s ic u la tio n  and detachment o f the cytoplasm ic



m a te r ia l  from the w a l l ,  w hich th ey  o b serv ed . Such v é s ic u la t io n  has n o t  

b een  se en  in  t h is  work, nor the th in  c e l l  w a l l s .  T heir s u g g e s t io n  o f  

phase change, a lth o u g h  t h e ir  reason s f o r  s u g g e s t in g  i t  a re  n o t  su p p orted  

by t h is  work, i s  n o t r u led  o u t by an e le c tr o -o s m o t ic  th e o ry  o f  tr a n s 

lo c a t io n  w hich in v lo v e s  io n  tra n sp o r t  through th e  membranes.

More obvious d is r u p tio n s  o f  th e  s ie v e  e lem en t i s  se e n  in  th e  m icro

graphs o f  t i s s u e  in h ib it e d  by c y a n id e . In d eed , so  much i s  t h is  th e  c a se  

th a t  the c o n c lu s io n  co u ld  be reached  th a t  the mechanisms o f  in h ib i t io n  in  

th e  two c a se s  may d i f f e r .  In  Q ures.hi’ s m icrograph (Q uresh i and Spanner,

1973 e ) , h is  p la te  IG shows a heavy d ep osit o f P -protein  which appears to 

block the pores. This, and ruptured p la s tid s  are constant fea tu res o f micro

graphs taken during th is  study, see  p la tes  11 ,6  and 1 1 .8 , Pew unbroken 

p la s t id s  were ever observed.

Giaquinta and Geiger (1977) make the suggestion  that "cyanide may 

cause lo s s  o f s e le c t iv e  perm eability o f the s ie v e  tube plasmalemma causing  

a sudden pressure re lea se  and lo s s  o f stru ctu ra l in te g r ity  o f the s iev e  

tube contents". I t  i s  known that cyanide i s  h igh ly  r ea c tiv e  w ith m eta llo -  

prote in s  forming s ta b le  complexes w ith many o f them (Wishnick and Lane, I 969) 

but further study i s  needed to e lu c id a te  i t s  f u l l  e f f e c t  on membranes.

Giaquinta and Geiger (1977) a lso  s ta te  that "the in h ib it io n  o f  

transport (by cyanide) was correlated  w ith a d isruption  o f the stru ctu ra l 

in te g r ity  o f the s iev e  tube (s ie v e  pore blockage) rather than the 

impairment o f a m etabolic process in  the tran slocation  path d r iv in g  trans

lo ca tio n " . This i s  unconvincing, e sp e c ia lly  as the 'recovered 'sieve  

element presented very sim ilar  images to those obseir/ed in  in h ib ited  

t is s u e . The statem ent i s  not v e r if ie d  e ith er  by other workers.

Q ureshi and Spanner (1973 d) quote t h e ir  f in d in g s  to  make th e  f o l lo w in g  

s u g g e s t io n , "the f a c t  th a t  t r a c e r  does n o t le a k  o u t and accum u late  a t  

th e  e n tr y  o f  the p o ison ed  r e g io n  in d ic a t e s  th a t  the in h ib i t o r  has n o t



merely destroyed the in te g r ity  o f the s ie v e  tube membranes". They add 

"the most l ik e ly  in terp reta tio n  therefore . . . . .  i s  that cyanide in terferes  

v^ith the supply o f energy to the tramsport mechanism w ith in  the s ie v e  

tubes". In s p ite  o f th e ir  statem ent nothing in  Giaquinta and G eiger's 

work contrad icts these fin d in g s, and the gen era lly  good con d ition  of  

the t is su e s  observed in  th is  study tend to support i t ,  see  p la te  1 1 .4 .

Furthermore Barclay (1978), in  h is  observations u sin g  llomarski 

o p tics  found that "the assumption th at P -protein  in  the form o f slim e  

candles or p lugs, has a function  in  stopping flow  through the s ie v e  p la te

i s  suspect because slim e candles do not n e c e ssa r ily  stop  surge flow

through the s iev e  plate*.'

The main e f f e c t  seen on membranes was in  the n o to r io u sly  s e n s it iv e  

p la s t id  membranes. Barclay (1978) in  h is  attempt to fin d  out how much 

ruptured p la s tid s  could be used in  a sse ss in g  s ie v e  element damage found 

that "most o f the s iev e  elements examined in  the present work were

damaged a t le a s t  to the extent that the p la s t id s  had burst" , and th is

from an examination o f l iv in g  t is su e !  In th is  work no p lasm olysis o f  

companion c e l l s  was observed, and su re ly , i f  a plasmamembrane in te g r ity  

i s  involved la te r a l  leakage o f the s iev e  element contents would have 

occurred, as noted in  previous observations (llogben and Spanner, 1977) 

so that le s s  blockage o f s iev e  p la te  pores, not more would have r e su lte d .

Ho evidence has ever been put forward to suggest th at cyanide (or  

other chemical in h ib ito r ) has any e f f e c t  on the v is c o s ity  o f  the s ie v e  

element con ten ts. To a small extent a t  l e a s t ,  o f course, th is  must be a 

consequence o f c h i l l in g .

Once again the e f f e c t  o f cyanide on the c e l l  metabolism remains the 

most probable candidate fo r  the r o le  o f in h ib ito r  in  the search fo r  the 

mode o f action  o f th is  poison in  transport in h ib it io n .

Neither in h ib ito ry  treatment appeared to produce u ltr a s  truetu ral
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e f fe c t s  s u f f ic ie n t  to in h ib it  transport. Reasons fo r  the slow ing o f the 

tran sloca tion  ra te  nrust be sought in  causes which produce no u l tras true tu ral 

e f f e c t  and i t  seems probable that these are m etab olic. More work is  

required to e lu c id a te  th is .
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APPENDIX

Methods iised in  preparation of the sto lo n s o f Saxifraga sarmentosa ( l ) ,

1* Stains and Techniques used fo r  Optical Work.

A. Id e n tif ic a t io n  o f l ip id s .

A saturated so lu tio n  o f Sudan IV was prepared in  10% ethanol and 

f i l t e r e d .

Hand transactions o f fresh  m aterial were warmed in  the Sudan IV 

u n t i l  the a lcohol b o iled . They were then mounted in  g lycer in e  j e l l y .

B. S ta in ing l ig n if ie d  t is s u e .

A saturated so lu tio n  o f Safranin '0' was prepared in  50% ethanol 

and f i l t e r e d ,  Parafin wax embedded se c t io n s , both L .S . and T.S, were 

de-waxed in  xylene and then taken down a descend ing.a lcohol s e r ie s  to 

50%, A fter 10 minutes in  the Safranin they were then re-dehydrated.

U sually when 90% ethanol was reached the sec tio n s  were counterstained in  

f a s t  green before the dehydration was completed. A fter  c lea r in g  in  xylene  

the sec tio n s were mounted in  D.P.X.

C. S ta in ing c e llu lo s e  t is s u e .

A saturated so lu tio n  o f f a s t  green was prepared in  90% ethanol and 

f i l t e r e d .  Wax embedded sec tio n s were talc en to 90% ethanol before s ta in in g ,  

dehydrating, c lea r in g  and mounting in  D.P.X, This s ta in  was used as a 

counterstain  a fte r  Safranin 'O’ or iod ine in  potassium iod id e s o lu t io n .

D. Id e n tif ic a t io n  o f Starch.

Wax embedded sec tio n s were re-hydrated to d i s t i l l e d  water through a 

descending a lcohol s e r ie s  and then sta ined  w ith iod in e  in  a potassium  

iod ide so lu tio n . Sections were u su a lly  dehydrated and counterstained  

w ith f a s t  green, and some w ith Safranin 'O' as w e ll .

E. Stain ing of th ick  ( l  -  2 ra) r es in  embedded sec tio n s  fo r  O ptical work.

The thick sec tio n s were cut w ith a wet k n ife  and the sec tio n s  

picked out o f the boat u sin g  a nichrome wire loop . The sec tio n s  were



dried down on warm s l id e s  on a hot p la te  s e t  a t  18 — 20°C. The sec tio n s  

were sta ined  in  a 1% so lu tio n  o f to lu id in e  blue in  1% borax so lu tio n ,

P. Preparation o f m aterial for  wax-embedding.

F ixa tion . This was carried  out in  e ith e r  5% g lu ta r a idehyde in  phosphate 

b u ffer , pH 7 .2 , or, in  an attempt to preserve the l ip id s ,  in  Ciacco 

f ix a t iv e .

Dehydration. An acetone s e r ie s  was used , s ta r t in g  w ith 7.5% 

acetone, and a fte r  tran sfer to 10% acetone, in creasin g  concentrations in  

step s o f 5% lip to 100% acetone were used . The whole process was carried  

out slow ly over a period o f three days.

C learing. The c lea r in g  agent and wax so lv en t used was chloroform.

Dnbedding. Parafin wax was added slow ly  u n t i l  s u f f ic ie n t  had 

d isso lv ed , when tlie chloroform was then allowed to evaporate. The m aterial 

was then embedded in  b lock s.

G. Ciacco f ix a t iv e  fo r  l ip id  preservation  (b ison 1936).

7.5% K2CZ2O7 53 ml

40% Formaldehyde I 6 ml

Formic acid  0 .4  ml

D is t i l le d  water ^0 ml

Small p ieces (imm len gth s) o f sto lon  were f ix ed  fo r  2 days in  the 

so lu tio n  and p ost fix ed  fo r  7 days in  5% K^Cr^O .̂ Ihe m aterial was 

washed in  running water fo r  24 h before dehydrating, c lea r in g  and wax 

embedding in  the usual manner,

Methods used in  the preparation o f sto lo n s o f  Saxifraga sarmentosa (l ) 

fo r  e lectron  microscopy.

H, P rep a ra tio n  6 f  Phosphate b u f fe r s  f o r  g lu ta r a ld e h y d e  f i x a t i o n .

M/15 i e .  0.066m bu ffer so lu tio n

To prepare 100 ml. Sodium s a l t .  Ha^KPO .̂ 2H^0. 2 .37g .

Potassium s a l t .  KĤ PÔ . 0 .91g .
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m l. 0.066%  NagHPO., 2H2O m l. 0.066%  KHgPO.

R elative proportions used for  bu ffers o f various pH va lu es .

Plî

6 .4  3 .0  7 .0

6.8 5 .0  5 .0

7 .2  7 .0  3 .0

7 .6  8 .5  1 .5

Glutaraldehyde was used as 5% so lu tio n  in  the b u ffer  o f re levan t pH. 

i e .  2 ,5  ml 25% glutaraldehyde: 10 ml b u ffer .

J . Formal f ix a t io n  rou tin e.

Fix in  5% glutaraldehyde ij- -  2 h.

Wash in  b u ffer . H-7o r in ses  and overnight a t  4°0.

P o stf ix  in  1% OsO. in  b u ffer . 2 h.

Rinse in  d i s t i l l e d  water.

Dehydration. 30% Acetone 15 min.

15 min.

15 min.

15 min.

2 X 20 min.

I n f i l t r a t io n

50% Acetone 

70% Acetone 

90% Acetone 

100% Acetone

50:50 acetone: propylene oxide 

Propylene oxide 2 x 15 min.

10% r es in  overnight

50% r es in  4 -  6 h

100% r e s in  overnight

100% r es in  4 h

Fresh 100% r es in  in  moulds. 

Polym erisation 60°C fo r  24 -  48 h.

Resin used TAAB r e s in  2 5 .Og

DDSA hardener 15.5^

MA p la s t ic iz e r  1 1 .5g 

3DKA acce lera tor  l.O g

10 min.

Fbbedding
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K. Pipes bu ffer  (P iperazine-R -F*-b is-(2ethanol sulphonic a c id ) ) .

0 .3  so lu tio n  o f FaOH -  P ipes.

( i )  Pipes powder added to 50 ml d i s t i l l e d  w ater.

( i i )  Using a pH meter lN(K)îTaOH was added dropwise u n t i l  pH 8 .0  was 

reached and Pipes powder had d isso lv ed .

( i i i )  The volume was made up to 100 ml w ith d i s t i l l e d  water. Prom th is  

stock  0.2M Pipes b u ffer  was prepared which had pH 6.8 fo r

.. ' d ilu tin g  OsO .̂ 

O sm olality Buffer

0.3M Pipes 

O.3M Pipes 

0.2M Pipes

5% glutaraldehyde + 0.08M Pipes 

2% OsO. + 2M Pipes

mos. M 

pH 6.8

760

660

750

pH 8

813

805

A fter the method o f Salema and Brandao (l973)«

L. PLuid fo r  etch ing blocks and s e c t io n s .

A saturated so lu tio n  o f sodium hydroxide was prepared in  absolute  

eth yl a lcoh ol and allowed to stand fo r  severa l days u n t i l  brown in  

co lour. When used fo r  etch ing i t  i s  important to keep the m aterial 

covered so that sodium hydroxide cry s ta ls  do not form.

M, C r it ic a l p oin t Drying fo r  Scanning E lectron Microscopy.

This was carried out u sin g  CÔ  in  a Polaron CPD apparatus from

both acetone and eth yl a lcohol a t  a temperature o f 32°C.

IT, Gold Sputter Coating fo r  Scanning Electron Microscopy,

A Polaron E5100 s e r ie s  11 cool sp utter  coater was used to gold

coat the specimen to a thickness o f 100 nm.
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