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A. Introduction 

I n  two recent  publ icat ions ,  THAI~E (1961, 1962) advanced  the  hypo-  
thesis  t h a t  t ransce l lu lar  p ro top lasmic  s t r eaming  is the  ma jo r  cause of 
t r ans loca t ion  in plants .  The s t reaming,  as revealed  by  par t ic le  move-  
ment ,  is supposed to occur t h rough t  t ransce l lu la r  s t rands  1 to  7 # in 
d iamete r  ex tend ing  from cell to cell across the  walls. In  the  suppor t ing  
photomicrographs ,  the  ent i t ies  label led t ransee l lu la r  s t rands  are longi- 
t ud ina l ly  or iented lines, unna tu ra l l y  s t ra igh t  for cy top lasmic  s t ructures .  
They  r emind  one of diffract ion lines, f rom cell walls which are not  in 
the  focal plane,  commonly  seen in th ick  f ree-hand sections. The identif i-  
cat ion of sieve plates  is another  doub t fu l  e lement  in these papers .  

We  have  examined the s t ructures  deser ibed by  THalNE as t rans-  
cellular s t rands  and are repor t ing  our observa t ions  in the  present  paper .  

B. Material and methods 
The material consisted of petioles of Primula obconica HANCJ~, one of tile species 

used by THA~E (1961). Free-hand sections wcrc observed either fresh in tap water 
or after treatments designed to kill or completely destroy the cytoplasm. Some 
sections were frozen, thawed out, and then placed in about 0.1% papain solution 
in distilled water overnight. Others were treated for short times in 5% NaOH or 
95 % alcohol. The photographs included in the paper are those made with ordinary 
transmitted light, but the observations were supplemented by phase microscopy. 

C. Observations 

The phloem in the  single vascular  bun(tie of the  Primula obconica 
petiole resembles  t h a t  of m a n y  o ther  d ico ty ledon  petioles.  Nar row 
sieve e lements  associa ted with st i l l  na r rower  companion  cells are dis- 
t r i bu t ed  in groups among somewhat  wider  p a r e n c h y m a  cells (Fig. 1). 
Still  wider  p a r e n c h y m a  cells appear  on the  pe r iphery  of the  phloem. 
This is the  p ro toph loem in which the  sieve e lements  are crushed and  
ob l i t e ra ted  (obl in Fig. l )  dur ing extension g rowth  of the  petiole.  The large 
p a r e n c h y m a  cells of the  p ro tophloem elongate  more ex tens ive ly  t han  
the  deeper  ly ing cells. The sieve e lements  have t ransverse  or s l ight ly  
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inclined simple sieve plates (Fig. 2). Callose has been identified in these 
by means of anilin-blue staining and fluorescence microscopy. 

In fresh longitudinal sections mounted in tap water, cytoplasmic 
streaming may be observed without any difficulty in the wider and 
narrower parcnchyma cells. The movement of small plastids readily 
reveals the streaming even at • 500 magnification, especially in the long 

F i g s .  1 a n d  2. F r e s h  s e c t i o n s  i n  t a p  w a t e r .  M a g n i f i c a t i o n :  x 1 6 0 0  

F i g .  1. T r a n s e c t i o u  of  p h l o e m  w i t h  m o s t  s i e v e  e l e m e n t s  i n d i c a t e d  b y  l e t t e r s  s. A t  obl  
m o r e  or  less  c r u s h e d  s i e v e  d e m e n t s  b e i n g  o b l i t e r a t e d  

F i g .  2. L o n g i t u d i n a l  s e c t i o n  w i t h  p a r t  of s i e v e  t u b e  a t  s .  S i e v e  p l a t e ,  t h i c k e n e d  b y  cal lose,  
i n  m e d i a n  p o s i t i o n .  S t a r c h  g r a n n i e s  n e a r  t h e  s i e v e  p l a t e  w o u l d  s t a i n  r e d d i s h  b r o w n  i f  

t r e a t e d  w i t h  i o d i n e  

and wide cells at  the periphery of the bundle. The cells arc highly 
vacuolated so that  the movement  is restricted to the narrow layer of 
cytoplasm along the walls. As usual, the movement  is reversed when 
it reaches the end wall; and streaming cytoplasm remains confined to 
a single cell. No streaming occurs in the mature sieve elements, and their 
starch grains (Fig. 2) remain stationary. 

F i g .  3. L o n g i t u d i n a l  d i f f r a c t i o n  l i n e s  c ross  t h e  t r a n s v e r s e  e n d  w a i l  i n  m e d i a n  p o s i t i o n  

F i g .  4. A t  a r r o w ,  a w a l l  i n  f o c u s  c ro s se s  t h e  e n d  w a l l  i n  m e d i a n  p o s i t i o n  

F i g .  5. A t  a r r o w ,  t h e  s a m e  w a l l  a s  i n  F i g .  4 is  o u t  of  f o c u s  a n d  a p p e a r s  to  p a s s  t h r o u g h  
t h e  e n d  w a l l  i n  m e d i a n  p o s i t i o n  

F i g .  6. T h e  w a l l  l abe l l ed  a is  i n  f o c u s  a b o v e  (sol id  l ine ) ,  o u t  of  f o c u s  b e l o w  ( b r o k e n  i n t o  
s e v e r a l  d i f f r a c t i o n  l ines ) .  T h e  w a l l s  m a r k e d  b a p p e a r  t o  p a s s  t h r o u g h  t h e  t r a n s v e r s e  w a l l  
m a r k e d  y. T h e  e n d s  of  one  l o n g  cell  a r e  s e e n  a t  x .  N u m e r o u s  l o n g i t u d i n a l  d i f f r a c t i o n  l ines  

t h r o u g h o u t  s ec t ion  
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�9 3 6. l~ong i tud in~ l  s ec t ions  of ima'ellchym~t f ront  OlltOl' p a r t  of ph loem.  1,h'r s t!et ions 
iIl t~tI) wa,ter. .Magnifict~tio/ls:  Fig's, 3 5, • 175(1 ; F ig .  6, • 1000 

]r e~!0tions Oll J)llO b o t t o n l  of t t lo Opposi te  I )agt  
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F igs .  7 - -10 .  Ph loem p a r e n c h y m a  of petiole.  Sections f rozen  ~nd t r e a t ed  wi th  papa in  
overn igh t ,  m o u n t e d  in  disti l led water .  Magn i f i ca t ion :  •  

Fig .  7. N u m e r o u s  f ine  long i tud ina l  d i f f rac t ion  l ines  t h r o u g h o u t  sect ion 

Fig .  8. The pro toplas ts  p h a v e  w i t h d r a w n  f r o m  the  t r a n s v e r s e  wall  a t  w. Long i tud ina l  
d i f f rac t ion l ines cross the  pro toplas t s  and  the  t r an sve r se  wall  

Fig .  9. A t  ar row,  a wall  in  focus crosses the end  wal l  in  m e d i a n  posi t ion 

Fig .  10. A t  ar row,  the  same  wall  as  m a r k e d  w i t h  a r row in F ig .  9 is out  of focus a n d  appears  
as  two d i f f r ac t ion  lines 

F ig .  11. R e m n a n t s  of d iges ted  pro toplas t  a t  p. To the  left ,  long i tud ina l  d i f f rac t ion  lines 
appea r  to pass  t h r o u g h  the  t r an sve r se  wai l  below 

Fig.  12. A t  ar row,  long i tud ina l  wall  in  focus.  N u m e r o u s  long i tud ina l  d i f f rac t ion  lines 
a p p e a r  to  pass  t h rough  the  t r a n s v e r s e  wall  i n  m e d i a n  posi t ion 

F ig .  13. A t  arrow,  the  s a m e  long i tud ina l  wall  as  in  Fig .  12 is ou t  of focus a n d  is r e so lved in to  
n u m e r o u s  l ines 
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Figs.  11 13. Long i tud ina l  sect ions of ph loem p a r e n c h y m a .  Fig .  11, sect ion frozen and  
t r e a t ed  wi th  papa in  overn igh t .  Figs .  12 and 13, section t r e a t e d  wi th  5 % N a O l l  for 1/2 hr. 

Magni f iea t ion  : •  

Figs .  14 and  15. Long i tud ina l  sect ions of ph loem p a r e n e h y m a  kil led in  95 % alcohol. 
Magni f i ca t ion :  • 1250 

Fig.  14. "Wide p a r c n c h y m a  cells f r o m  outer  p a r t  of ph loem wi th  con t r ac t ed  pro toplas t  
a t  p, a n d  incl ined end  wall  above.  Di f f rac t ion  l ines cross the  end  wall  

F ig .  15. N a r r o w  p a r e n e h y m a  cells f r o m  inner  p a r t  of ph loem w i t h  a dense p a t t e r n  of 
d i f f rac t ion lines 
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A slight shadowing by  means of the condenser diaphragm reveals 
numerous diffraction lines oriented parallel with the longitudinal walls 
of a given cell (Fig. 3). By changing the focus, it is possible to relate 
these lines to cell walls . In  Fig. 6, for example, the arrows labelled a 
indicate a wall which appears as a single line where it is in focus (above) 
and as several lines where it is out of focus (below). Changing the focus 
creates various artifacts also in the spatial relations of different walls. 
In  Fig. 4, for example, the crossing of walls at arrow indicates the ]unction 
of four cells. In  Fig. 5 the longitudinal wall between two of these cells 
is out of focus and appears to be passing through the end wall between 
the other two cells. In  Fig. 6 two longitudinal walls marked b appear 
to be passing through the end wall at  y. 

To preclude possible arguments tha t  not all of the straight parallel 
lines result from diffraction but tha t  some are indeed cytoplasmic 
strands, we present in Fig. 7--15 photomicrographs of sections in which 
no living cytoplasm was present. 

Figs. 7--11 are from sections treated with papain. Fig. 7 shows 
a profusion of lines in a section treated with papain. The lines are more 
numerous and finer than in Fig. 6 because the section in Fig. 7 was cut 
somewhat deeper and included more of the narrow-celled phloem than 
tha t  in Fig. 6 (see Fig. 1). In  Fig. 8 the protoplasts (p) of the two 
superimposed cells are seen withdrawn from the transverse end wall, 
but the parallel diffraction lines are not disturbed. Figs. 9 and l0 give 
another example of the effect of focusing upon the appearance of the 
wall: one line in Fig. 9, two lines in Fig. 10. Fig. 11 is particularly in- 
structive. I t  shows a combination of fragments of disrupted protoplasts 
with sharp straight diffraction lines. 

The cells in Figs. 12 and 13, taken from a section treated with NaOH, 
show the usual diffraction lines. They are somewhat less numerous 
than, for example, in Fig. 7 : the large cells in Figs. 12 and 13 were derived 
from the outer phloem where the number  of walls in a unit of volume is 
smaller than deeper in the tissue. The arrows at  the left in these two 
figures once again show that  change in focus may  break up the image 
of a single wall (Fig. 12) into numerous diffraction lines (Fig. 13). 

Treatment  with alcohol (Figs. 14 and 15) also does not affect the 
diffraction lines, which in Fig. 14 appear  in combination with a severely 
contracted protoplast. The diffraction lines in Fig. 15 closely resemble 
those labelled transcellular strands in Plate I, Fig. 3, of TgAINE'S 
1962 article. 

D. Discussion 

Obviously, we think THAINE'S transeellular strands to be artifacts. 
His motion picture, a copy of which we have seen, probably displays 
cytoplasmic streaming in parenehyma cells which are longer than the 
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mot ion-p ic tu re  frame.  The picture ,  therefore,  r a re ly  shows the  reversa l  
of the  s t reaming  a t  the  end of a cell and  gives the  impress ion t h a t  the  
sources and  ends of b idi rec t ional  flow are some dis tance  from the  observer .  

As was shown in Figs. 4, 5, 6 and  14, i t  is possible to focus in such a 
way  t h a t  cross walls of some cells seem to be t r ave r sed  b y  the longi tud ina l  
walls of o ther  cells. When  s t reaming  occurs along these walls i t  appears  
to  pass th rough  the  t ransverse  walls. 

The "s ieve p la tes"  of THAINE'S (1961,1962) pho tographs  and  in his 
f i lm resemble  end walls of p a r e n c h y m a  cells r a the r  t h a n  those of 
sieve elements.  A convincing ident i f ica t ion  of sieve e lements  in Primula 
obconica should be based upon  1. small  d iamete r  of cells, 2. presence 
of companion  cells, 3. presence of s ta rch  grains  which s ta in  reddish  
brown with  iodine, 4. th ickness  and  evidence of pores in sieve pla te ,  
and  5. presence of callose on sieve plate .  

S ulnlngry 

The t ransce l lu la r  s t rands  descr ibed b y  THAINE (1961, 1962) and  
in te rp re ted  b y  him as provid ing  the  s t ruc tu ra l  basis for a t ransce l lu la r  
cy top lasmic  s t reaming  are mere ly  lines caused b y  diff ract ion of l ight  
from walls out  of focus. These lines are as clear ly visible in dead  cells 
as in living. 

Zusammen~assung 
Die transcellul/iren Strange, (tie THAINE (1961, 1962) beschreibt und als Wege 

einer transccllularen cytoplasmatischen Bewegung betraehtet, sind lediglich Linien, 
die (lurch Liehtdiffraktion yon ZellwKnden verursacht werden. Diese Linien kOnncn 
in ]ebenden sowie toten Zellen beobachtct werden. 
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