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Abslraet. The effect of phosphorus deficiency on acid phosphatase activity in the apical, 
middle and basal parts of the root of maize plants was followed. The supcrnatant obtained by 
centrifuging the homogenate of plant tissue at 1500 • g was further centrifuged at 18 000 • g, 
the sediment being marked as fraction I I  and the supernatant as fraction III.  The results obtained 
document the fact that acid phosphatase activity of the two fractions of all analyzed root seg- 
ments was higher in plants cultured in nutrient medium without phosphate than in those con- 
taining phosphorus in nutrient medium. In most eases this difference was significant to highly 
sig~tificant. Tbe results of experiments proved unambiguously a higher enzymatic activity in 
all root segments in fraction I I I  than in fraction II. In fraction I I I  the highest acid phosphatase 
activity was found in the apical part, in fraction II  in the basal part of the root. 

I n  di f ferent  p l an t  species a n u m b e r  of  au tho r s  (PRICE 1962, BLU~[ 1965, 
BIELESKI 1968, 1973, 1974, REID and  BIELESKI 1970, CLARK 1975, BESFORD 
1980, LACHLAN 1980, BOUTIN et al. 1981, KUMMEROVA~ a n d  BUCZEK 1983, 
PRESS and  LEE 1983) have  found  t h a t  phospho rus  deficiency in n u t r i e n t  
m e d i u m  causes an  increase in acid p h o s p h a t a s e  a c t i v i t y  in b o t h  roo t  and  lea f  
homogena te s .  

The  increased  a c t i v i t y  is closely r e l a t ed  to  the  i m p o r t a n t  func t ion  phos-  
pho rus  has  in the  p l an t  o rgan i sm (REBEILLE et al. 1982). I n  th is  connec t ion  
the  p r o b l e m  of  i ts  d e t e r m i n a t i o n  as a b iochemica l  a ssay  for  judg ing  phos-  
p h o r u s  def ic iency is more  and  more  of ten  discussed.  Conven t iona l  m e t h o d s  
for  de t e rmin ing  the  needs  of  p l a n t  nu t r i t i on  include ana lyses  of  the  minera l  
c o m p o n e n t  of  p l a n t  t issue or the  roo t  e n v i r o n m e n t ,  b u t  t h e y  c a n n o t  exp la in  
changes  in the  p l a n t  organism.  T h e y  are of ten  e m p l o y e d  on ly  a f t e r  v isual  
s y m p t o m s  of  the  deficiency h a v e  appeared ,  c o m p l e m e n t i n g  t h e m  on ly  in the  
q u a n t i t a t i v e  aspec t .  

A set  of  p rob l ems  of  no less i m p o r t a n c e  t h a t  is be ing s tud ied  a t  p r e sen t  
concerns  the  choice of  the  p l an t  organ,  t issue and /o r  subcel lu]ar  s t r uc tu r e s  
whose  ana lys i s  would  bes t  charac te r ize  the  consequences  of  the  deficiency 
of  the  e l e m e n t  in quest ion.  Thus,  EMMERT (1983) in paper s  deal ing wi th  the  
u p t a k e  a n d  t r ans loca t ion  of p h o s p h o r u s  in the  p l a n t  o rgan ism,  in v iew of  
i ts  cen t r ipe ta l  t r anspo r t ,  divides  the  roo t  s y s t e m  into  ind iv idua l  segments .  
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With respect to the above problems and continuing our previous papers 
(KuMMEROVA 1983) we have approached the s tudy of changes in acid phos- 
phatase activity in some subcellular fractions from different isolated segments  
of maize root. 

M A T E R I A L  A N D  M E T H O D S  

Maize plants (Zea mays L. cv. CE 170) after germinating on filter paper. 
were placed for 2--3 days on gauze stretched across crystallizing dishes 
filled with distilled water. Then endosperm was removed and germinat ing 
plants were cultured for 5 days in a solution 2.5 mM CaSOa and 1 mM MgSOa 
diluted with distilled water in the 1 : 10 ratio. The plants were then trans-  
ferred into a solution with phosphate (5 mM KN03, 5 mM Ca(NO3)2 . 4 H20, 
1 mM KH2P04, 1 mM MgSO4.7 H20, additions of Fe and microelements) 
and a solution without phosphate where 1 mM KHePOa was substi tuted by 
lmM K2SO4. In  aerated solutions the plants were grown at 28 ~ Acid phos- 
phatase activity was determined separately in the individual root segments 
(apical segment 0--2 cm, middle segment 2--4 cm from the apex and basal 
segment) in 48 h intervals. 

After homogenization of the individual root segments, washed before- 
hand with distilled water, the enzyme was extracted in a solution of 0.1 M 
Na acetate pH 4.5 and 0.25 M saccharose, l0 ml of the extracting solution 
was used per 1 g of plant tissue. 

The homogenate was centrifuged at 1500• (fraction I) for 15 min and 
the supernatant  afterwards at 18 000• also for 15 min. The sediment 
suspended with the extraction solution, was denoted fraction II  and the super- 
na tant  fraction III .  The whole process was carried out at 0--4 ~ 

Acid phosphatase activity was measured in the total volume of 4 ml. 
Incubation medium consisted of 2 ml 0.1 M Na acetate pH 4.5 and 25 mM 
KC1; 0.5 ml pNPP (para-nitrophenyl phosphate) and 0.5 ml of the enzymatic 
preparation from the given fraction. Incubation took place at 37 ~ for 30 
min, then the reaction was stopped by adding 1 ml cool 20 % TCA. Inorganic 
phosphorus liberated from pNPP was determined colorimetrically according 
to FISKE and SUBBAROW (1925). 

Acid phosphatase activity was expressed in ~zmoles of liberated Pi per  
gram of fresh mat ter  per hour. The results given are average values from 
three repetitions. They were evaluated statistically by means of the t-test. 

R E S U L T S  A N D  D I S C U S S I O N  

Despite a number of positive results obtained in studying the relations 
between phosphorus content in the medium and its uptake, distribution 
and metabolism we did not quite succeed in clarifying all ways of controlling 
the above processes. 

Interesting in this respect are doubtless the results of BIELESKI (1968) 
and REBEILLE et al. (1982) who divided the cellular content of Pi into the 
metabolical pool (cytoplasm, plastids, mitochondria) and the non-metabolical 
one (vacuoles). Plant  growth is safeguarded above all by exogenous phos- 
phorus. At its deficiency the growth is limited by the rate of P1 transport  
across the tonoplast and tissues into the vegetation apex. The growth is 
stopped when the supply of non-metabolical phosphate is exhausted. Similar- 
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conclusions in studying phosphorus stress has also been arrived at by CLARK- 
SON and SCATTV.ROOOD (1982). 

A multipurpose and irreplaceable function of the phosphorus anion in the 
plant organism is rendered more significant by its relatively easy redistribu- 
tion and reutilization. 
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Fig. 1. Acid phosphatase activities (in fractions I I I  and I I ) i n  maize roots in the presence (O) 
or absence (�9 of inorganic phosphate in nutr ient  solution. 
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From a number of papers quoted in the introductory part of this paper it 
is evident that  the amount  of mobile phosphorus in plant organism under 
phosphorus deficiency is also controlled by the activity of acid phosphatase, 
an enzyme releasing the phosphate anion hydrolytically from esteric bonds. 
This fact has been demonstrated in maize plants both in our preceding paper 
(KuMM~ROVA 1983) and in the study of acid phosphatase activity in subeellu- 
lar structures of the individual segments of the primary root. The graphic 
representation of the results (Fig. 1) clearly shows that  throughout  the 
experiment in both fractions (fractions I I I  and II) acid phosphatase activity 
in the apical, middle and basal parts of the root was higher in plants cultured 
in a deficient medium. 

By dividing the root into apical, middle and basal segments we wanted 
to express the possible relation of acid phosphatase activity to certain parts 
of the root under conditions of phosphorus deficiency. Some authors using 
cytochemical methods and electron microscopy have proved increased acid 
phosphatase activity in places with intense metabolic activity, such as the 
regions of differentiation of blossom primordia (A~DERSET and G~ErrI~ 
1975), in the palisade and spongy parenchyme of leaves cultured in deficient 
medium (B]~sFORD and SYRE]) 1979), or in cells of the forming xyleme of 
the primary root (Lux 1982). 

From the graphic (Fig. 1) representation of the results a several times higher 
acid phosphatase activity is evident in eytosol fraction I I I  of the apical 
segment of the primary root of maize in comparison with the middle and 
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basal segments. This finding can be understood in view of the fact that in 
this segment intense cellular division and differentiation of plant tissues take 
place. The assumption that the phosphate anion is necessary for the synthesis 
of phosphorylated forms of proteins has been confirmed by determining 
a greatly increased acid phosphatase activity in this cytosol fraction (frac- 
tion III). 

The results obtained are in accordance with the conclusions reported 
by BOUTII~ et al. (1981) who speak of increased activity of surface phospha- 
rases of roots, due above all to the growth of new roots with higher enzyme 
activity under the conditions of phosphate deficiency. 

In studying the relation of enzyme activity in the particular fraction (frac- 
tion II) of the individual root segments of maize to phosphorus deficiency in 
the nutrient solution, its many times lower activity was found in comparison 
with acid phosphatase activity in the cytosol fraction (Fig. 1). 

The values of activities expressed in the amount of liberated ortophosphate 
from pNPP in fraction II from the beginning of plant culture remained either 
on the same level or increased (particularly in the basal root segment). 

We are aware that after bringing about phosphorus deficiency not only 
reutilization but also distribution into overground organs in the experimental 
plants must have taken place. The above results give some basic data for 
physiological interpretation, but more general conclusions can be drawn only 
after the results of further experiments are considered. 
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The first English edition of Biophysics based on the second German edition has been now 
offered to a wider, more international audience. The editors of this volume have chosen for such 
interdisciplinary field as biophysics the form of a multi-author book. I f  the book consists of 
a collection of articles by experts in each speciality, there is a good chance that  the contributions 
are up to date and at  the same time present the essential points in each special field. This idea has 
been amply confirmed by this book. 

I t  is impossible to do biophysics without having a certain background knowledge in biology, 
physics, physical chemistry, chemistry and biochemistry. I t  is useful and less time-consuming 
to present a selection of supplementary knowledge in concentrated form, together with the subject 
mat te r  specific to biophysics. The reader will thus find in this book introductions to such subjects 
as the structure and functions of the cell, the chemical structure of biogenic macromoleeules and 
even theoretical chemistry. The comprehensive publication consists of 17 chapters which deal 
with different biophysical problems such as the structure of cell, the chemical structure and 
structure determination of biologically important  macromolecules, molecular interactions be- 
tween biomoleeules and mechanism of energy transfer. Other chapters inform on a subject of 
radiation biophysics and isotope methods. Several chapters are devoted to enzymes, biological 
function of nucleic acid, photobiophysics and neurobiophysics. Special at tention is given to the 
subject of biomembranes. Cybernetics in biology, a field which is just  developing, is also noticed. 
The chapter dealing with the evolution summarizes current ideas on this topic. 

The description of methods takes up a large portion of this book. I t  has been a t tempted to 
acquaint the reader with the methods in some detail. The book presents manifold aspects of 
biophysics and the perspective of their many interconneetions in a great depth. The publication 
is useful not only to those who seek an introductory overview of biophysical problems and re- 
search results, but  also to experienced scientists, who wish to obtain a glimpse of the state of 
research in biophysical problems which lie outside their own immediate field. 
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