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Abstraet .  A procedure  was  deve loped  for s a t i s f ac to ry  freeze - sec t ion ing  o f  root  t ips .  T h e  
use  of  Ca formol-f ixed ma t e r i a l  k e p t  a n d  f rozen in H o l t ' s  s y r u p  is r e c o m m e n d e d .  The  ex i s t ence  
a n d  dif ferent  local izat ion of  2 f rac t ions  of  n o n  - -  specific es terase  was  verif ied in root  t ips  o f  
Vicia faba. The  s a m e  resu l t s  were revea led  in f ixed a n d  unf ixed  ma te r i a l .  The  d y n a m i c s  of  in 
situ r eac t ion  was  followed w i t h  respec t  to op t ima l  i ncuba t i on  t ime .  The  resu l t s  w i th  s u b s t r a t e s  
o f  d i f ferent  cha in  l e ng t h  s u p p o r t  t h e  ex i s t ence  o f  2 f rac t ions  of  t h e  s t ud i ed  e n z y m e ,  none  o f  
which ,  conce rn ing  s u b s t r a t e  specif ici ty,  is a l ipase.  I t  follows f rom t h e  p r e s e n t  s tud ies  in  Vicia 
]aba a n d  o the r  species  ,t ,... . . . . .  pepo, I.IIl,il, t~s albus, Pisum sativum, Zea mays), t h a t  n o n  - 
specific es te rase  local izat ion is n o t  d i rec t ly  g iven  b y  h is togenes is .  

A series of papers originating from this laboratory have given some 
findings concerning the relationship, if any, between the loealiCation of 
enzymes in the root apical meristem and histogenesis proceeding there. Our 
early studies showed tha t  it was not  possible to understand r e a d i l y  the 
results obtained by the established cytochemical methods so tha t  the local- 
ization of non - -  specific esterase was the theme of, or was mentioned in, 
several papers ( B ~ E ~  et al. 1961, B ~ E ~  1962a, b, 1966, SA~ULKA and 
:BElVE ~ 1969).** 

In  the present paper 1. at tention will be paid to the root tip of Vicia 
faba, the  s tandard material, especially from the viewpoint of developmental 
ana tomy;  2. a s tandard method for the handling of material will be described 
and 3. applied to the localization of non-specific esterase; 4. some problems 
of evaluating sections will be mentioned; 5. incubation t ime will be taken as 
an important  factor in enzyme localization studies; 6. substrates of various 
chain length will be applied; 7. the reliability of the procedure and the 
variabili ty of the material will be evaluated, the apical and basal parts of 
the root tip and the tips of young and old roots will be compared; whereas 

* Address: Ke  d v o r u  15, P r a h a  6-Vokoviee,  Czechoslovakia .  
** I t  is t he  a u t h o r ' s  responsib i l i ty ,  t h a t  in some  of  his  p rev ious  pape r s  a n  i m p r o p e r  t e r m  

" p r i m a r y  core '  was  u sed  i n s t ead  of  " c o r t e x " .  I n  the  c o m m o n  usage ,  accep ted  here,  t he  t e r m  
co r t ex  compr i ses  also t he  endodermis .  
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points 1. to 7. will concern Vicia faba root  tips only 8. a comparat ive s tudy  
of esterase localization in root tips of different species will also be per- 
formed. 

Material and Methods 

Standard Material 

Seeds of Vicia faba cv. Chlumeck:~ were soaked in water  overnight and 
allowed to germinate for 3 days under controlled conditions ( A ] ) i ~ x o v i  
and BENEw 1966). When the roots were 3 cm long, the segments comprising 
the 2nd and 3rd mm from the physical tip of the root were normally utilized. 

Fixation and Seetionin 9 

Free frozen sections were used both from fixed and unfixed objects. 
Root  tips were fixed for 1 hour in ice-cold Baker 's  Ca formol (after HOLT 

see DANIELLI 1958), bu t  the formalin was neutralized with CaCO3 before- 
hand. (The p H  of the freshly prepared fixative, at room temperature,  was 
measured using a glass electrode and shown to be p H  6.7 to 6-9.) After 
fixation, the material was transferred to cooled Holt 's  syrup (HOLT et al. 
1960) and was kept  at about  2 ~ for no longer than 5 days .  During the first 
day, the syrup was changed several times to wash out  the fixative from 
the tissue. 

Ba l f  and double concentration syrups (with regard to sucrose content) 
were tested, together with H20 instead of the standard syrup. 

Prior to sectioning, the root was removed from the syrup and the per- 
t inent segments cur with the aid of a cutter  made from razor blades and 
plastic (Novodur) plates. The objects were frozen and cut in the same 
medium as was used for washing and storing. After cutting, the sections 
were transferred to the same medium. 

Unfixed material was processed in a similar way  
In an a t t empt  to improve the procedure, the use of gelatin-embedded 

material was tested. The fixed material, washed in Holt 's  syrup, was placed 
for 30 minutes at 37 o in a medium made of 5 g gelatin ~ 5 ml glycerol -~ 
~- 23 ml H20,  stirred beforehand at 55 o until clear. The gelatin blocks 
were kept  in a refrigerator in well-sealed eprouvetts.  

Transverse sections, 50 ~m thick, of both fixed and unfixed material were 
cut using a semi-conductor freezing microtome, with the knife additionally 
colled with solid COs. Any material which thawed during the procedure was 
discarded. 

The handling of sections was simplified by  the use of small open glass 
eprouvet ts  provided with gauze at one end. 

After rinsing in H20  the sections were ready for the enzyme incubation. 

Esterase React ion 

The following incubation medium was used (B]~NEw 1962b):' 19.5 ml 
phosphate buffer p H  6.4 (10 g N a 2 H P 0 4 . 1 2  H~O and 10 g N a H ~ P 0 4 .  H20  
in 1000 ml H20)  ~ 0.5 ml 1% substrate solution in dimethylformamidc -~ 
§ 20 mg diazonium salt; ~ naphthyl  acetate Lachema, naphthol AS acetate 
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synthesized by  Dr Verew Isotope laboratory,  Czechoslovak Academy of 
Science, Praha;  fast blue RI~ salt Lachema. (The substrates will be referred 
to as ~ acetate and AS acetate respectively.) As controls, sections were 
incubated similarly in the full medium but  in the absence of the substrate.  
After incubation, the sections were washed with H~O, placed on slides and 
mounted in Gama. 

Evaluation of Slides 

The reactions were evaluated throughout  using a 160 x magnification 
and modified five - -  grade colour intensity scale: 1 - -  slight, 2 - -  weak, 
3 - -  well, 4 - -  strong, 5 - -  intense, ef. B raEw 1968. 

Incubation Time 

To determine the optimal incubation times, the Vicia root  tip sections 
were reacted with ~-acetate for 15, 30 and 45 minutes, and with AS acetate 
for 2, 4 and 6 or 8 hours. For  Vicia, the s tandard incubation t ime was 30 mi- 
nutes with ~-acetate and 2 hours with AS acetate. 

Substrates of Various Chain Len9th 

To further identify the enzyme under s tudy the following substrates 
were applied: ~-naphthyl propionate, ~-naphthyl butyra te ,  ~-naphthyl 
caprilate and ~-naphthyl myristate;  all from Lachema. (These substrates 
will be referred to as ~-propionate, etc.) The procedure described above 
was used. In the case of the fluid substrates (~-butyrate and ~-caprilate) 
a 1% vol./voh solution of substrate in dimethylformamide was employed. 
Sections of Vicia root tips were incubated at 22 ~ for 45 minutes with 
a-propionate, for 3 hours with ~-butyrate,  and for 5 hours with ~-caprilate 
and ~-myristate. 

Comparative Studies 

The above basic method of tissue preparation and incubation was used 
as a s tandard procedure to allow, in the case of Vicia, a comparison of 
enzyme act ivi ty between the apical (the 2nd and 3rd mm segment) and 
basal (the 5th and 6th mm segment) parts of the tip of 3 cm long root. 
The 2nd and 3rd mm segment was also studied in roots not  more than 1 cm 
in length and in those about  6 cm long (2 days and 5 days of germination 
after overnight soaking). To determine the variabil i ty of the material  and 
the reliability of the procedure, 20 fully independent runs with seeds from 
one harvest  used during almost two years were evaluated. 

Esterase Patterns in Different Species 

Esterase act ivi ty was determined, with the s tandard procedure described 
above, in root  tips of Cucurbita pepo cv. Veltrusks obrovsk~; Lup.inus albus 
cv. Pflugs ultra; Pisum sativum cv. Raman;  and Zea mays cv. (~esk:~ bil:~ 
kofisk:~ zub. The seeds were soaked overnight and then allowed to germinate 
in the same way  as Vicia: Lupinus and Pisum and Zea for 2 days, Cucurbita 
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for 3 days. The objects were handled in the standard way,  the incubation 
time with a-acetate was 15 minutes for Cucurbita, for Lupinus 10 minutes,  
Pisum 20 minutes, Zea 20 minutes, with AS acetate 2 hours for Cucurbita, 
Lupinus and Pisum, Zea 3 hours. 

Results 

Standard Materia l  

In Vicia root  tip, notable differences can be seen between the basal and 
apical ends of the 2nd and 3rd mm segment. The two ends of the segment 
are distinguishable by  the area of the section (both cell division and radial 
enlargement of cells are involved, see JE~SE~ 1961) and b y  some other 
characteristics: the sections from the apical end have several root cap layers, 
rhizodermis is not  yet  organized into one layer of radially extended cells, 
the differentiation of sieve tubes commences; those from the basal end 
reveal only one or two layered cap, typical rhizodermis, several sieve tubes 
within one pole, vessels are not  observable (under the growing conditions 
employed). I t  is necessery to mention, tha t  only lateral parts of root  cap 
were touched within the segment used. 

In  our material, no characteristic core was identified within the central 
cylinder. 

Concerning pcricambium (root pericycle) it appears that ,  after a con- 
t inuous pericambium was distinguishable, its cells s tar ted to enlarge, first 
within the phloem pole. 

Fixation and Sectioning 

The sectioning of unfixed material was laborious, with the best  sections 
being prepared from tissues frozen in water. The use of Holt ' s  syrup caused 
the sections to disintegrate. 

Treatment  of the fixed material in water  was found to prevent  shrinkage 
of the cytoplasm, bu t  sectioning was difficult. Sectioning was quite easy 
after t rea tment  in Holt ' s  syrup in this case. Lowering the concentration of  
sucrose did not  improve the preservation. Doubling the concentration made 
sectioning impossible. 

Embedding the tissues in gelatin did not  facilitate sectioning markedly,  
and did not  prevent  shrinkage or loss of protoplasts. 

Evaluating our findings concerning esterase localization in Vicia at  the  
tissue level, the same results were found with fixed objects using H20,  
ordinary Holt 's  syrup and tha t  of half sucrose concentration. There were 
no differences in esterase localization between fixed and unfixed material. 

Es te rase  Reaction 

Completing the s tandard procedure with the  sections of the 2nd and 
3rd mm segment of 3 day-germinated roots of Vicia, the following results 
were observed. The whole section is positive (black or black brown eolour) 
with ~ acetate, cortex being less coloured than root  cap and central cylinder. 
With  AS acetate, positive reaction (blue colour) appears in root cap, cortex 
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(except endodermis) is practically negative (weak carmine colour), central 
cylinder positive: phloem poles including appertaining parts of pericambium 
more highly coloured than future xylem ones. Central region of the central 
cylinder is coloured less than phloem poles but more than those of xylem. 
There is a strikingly polar distribution of carmine colour within the cells 
of rhizodermis: root cap adjacent side of cells is highly coloured but colour 
intensity disappears towards the opposite i.e. cortex adjacent side. Endo- 
dermis adjacent to phloem poles reveals blue colour: no polarity in colour 
distribution is observable within its cells. The parts of endodermis adjacent 
to xylem poles are weakly coloured, similarly as appertaining parts of 
pericambium. Differences in the colour intensity of the endodermis and 
especially of the pericambium adjacent to the xylem and phloem, and of 
the poles of the xylem and phloem were barely apparent when employing 

acetate as substrate, depending upon the incubation time. 
Non-crystalline azo-dye results with AS acetate, but crystals appear 

several days after mounting, most striking where the colour was of the 
"well" level. No coarse crystals - -  if any - -  appear of azo-dye resulting 
from a-acetate hydrolysis. 

Evaluation of Slides 

An important factor in evaluating the results concerns the selection of 
suitable sections since the colour intensity is likely to vary with section 
thickness. In addition, the loss of whole protoplasts from the sections 
and the shrinkage of the cytoplasm may also make in situ measurements 
problematic. 

Incubation Time 

Following the time course of the reaction with ~ acetate, a heavy colour 
appeared first in the root cap and the rhizodermis, followed by the phloem 
poles of the central cylinder. The reaction proceeds at a lower rate in the 
cortex, but if the incubation is prolonged, the colour intensity will almost 
reach that  level achieved by shorter incubation times with the root cap. 
When AS acetate was employed as substrate, even after incubating for 
4 times the standard procedure time (8 hours of incubation), the same 
enzyme pattern resulted, with the cortex remaining practically negative. 

Substrates of Various Chain Lenth 

When the material was incubated with ~ myristate or ~ caprilate, no 
eolour was observed. However, ~ propionate yielded the same result as 
was observed with ~ acetate, and ~ butyrate yielded a result similar to that 
with AS acetate. 

Comparative Studies 

No differences were revealed on comparing the studied segments of 1 cm 
and 6 cm long roots. Even in the 5th and 6th mm segment of the standard 
(3 cm) root, the same localization pattern was seen, but there was no dif- 
ference in the staining intensity of the endodermis and the pericambium in 
relation to the poles of the phloem and xylem in this case. 
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A comparison of 20 separate experiments under the s tandard procedure 
using ~ acetate as substrate,  resulted in no apparent  differences due either 
to insufficient processing of the material, or to the variabili ty of the objects. 
Some fluctuation was observed in the root cap when using AS acetate. 
About  1 root  in 10 revealed a weak reaction instead of the normally strong 
one. 

Esterase Patterns in Different Speeies 

The development - -  anatomical studies of the objects used besides Vicia 
in this work lead to the conclusion, tha t  the 2nd and 3rd mm segment 
represents a par t  of root  of ontogenetically different level and extent  in 
different species. Moreover, although the differentiation of individual parts 
or root  tip seems to follow a general order e.g. sieve tubes mature earlier 
than vessels, the time and space relations are not  even relatively constant: 
whereas in Vicia, under the conditions of culture used here, there is a distance 
of several mm between the region of sieve tube  and vessel maturat ion 
(the region of vessel maturat ion is not  touched in our case) then, in Zea, 
both regions succeed one after the other closely or even pass through each 
other. Thus, it is highly difficult to compare the given parts of roots of 
corresponding maturi ty.  

Unequal  level of pericarbium differentiation in relation to xylem and 
phloem poles was also evident in Lupinus and Zea. In  Cucurbita and Lu- 
pinus, no morphologically distinct rhizodermis was observable on transverse 
sections through the root  segments under study. 

In Cucurbita ~ acetate was hydrolysed quite evenly throughout  the  
whole section, the particular parts being well to strongly coloured. With 
AS acetate, the root cap, rhizodermis and cortex were negative, whereas the 
central cylinder was positive: phloem poles were more coloured than those 
of xylem and middle region. 

After 10 minutes incubation, the whole sections were highly positive 
with ~ acetate in Lupinus. With AS acetate the phloem poles and the parts 
of pericarbium passing through them were weakly positive. Phloem-adjacent  
parts of endodermis were also weakly coloured. The result in root cap, 
rhizodermis and cortex was regarded as very  weak or negative: more or 
less pale carmine colour was seen there. 

In  root cap, rhizodermis and cortex, weak reaction appeared with ~ ace- 
ta te  in Pisum. Phloem-adjacent  parts of endodermis were more coloured, 
through phloem poles passing parts of perieambium still more, as the phloem 
poles themselves. At xylem poles, a gradient of colour intensity was seen: 
an increase, centripetally. Middle region of central cylinder was definitely 
positive. With AS acetate, a positive reaction was seen in root cap. In 
rhizodermis a polar distribution of colour was revealed similar to tha t  
in Vicia. Cortex was negative. I t  is of interest, tha t  xylem poles and cor- 
responding parts of pericambium and endodermis were more intense than 
phloem poles in this case. The middle of central cylinder was also positive. 

In Zea, the whole section was positive with both  ~ acetate and AS acetate. 
The azo-dye resulting from the hydrolysis of AS acetate crystalized ex- 
t remely easily here. 
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Discussion 

Standard Material  

A thorough knowledge of the anatomy of the material under s tudy is conditio sine qua non 
of any histoehemistry especially in objects where histogenesis, cell differentiation, growth and 
development are proceeding. Even if histogenetical relations are not taken into account, the 
description alone of such material is difficult (BENEw 1970). The core, i.e. the middle region of 
the central cylinder, is worth mentioning as an example. 

I t  was observed that  the formation of the perieambium is not equal in relation to the phloem 
and xylem poles, which corresponds to the histochemical findings. Similar examples are given 
by BtiNNING (1952) and by EsAu (1953). 

Other factors which should be remembered when interpreting histochemical data, were 
discussed previously (BENE~ 1962a, b) and include variation in the number of xylem and phloem 
poles, and the dependence of differentiation processes upon the type of seed culture e.g. germi- 
nation in sand or in a moist chamber, etc. 

Fixat ion and Seetionin 9 

In  spite of the possibility of making free-hand sections of plant material, different techniques 
of  freeze-sectioning have been preferred recently, since the sections are of a more uniform thick- 
ness and available in larger numbers. Freeze-drying and freeze-subtitution are less used. Special 
studies have been devoted to the use of the cryostat for plant tissues (LXucHLI 1966a, b, GAHA~ 
e$ al. 1967). In  the present study, satisfactory results were obtained using a semi-conductor 
freezing microtome with additional knife cooling with solid COs, though only the tissue level of 
enzyme localization was considered. 

Freezing and thawing are highly complicated events {e.g. in BENE~ 1958, 1959). Some effects 
of freezing and thawing appear to be less acute in the fixed material. This was the 1st reason 
for using fixed tissue in the present study. The insolubilization of enzymes was the 2nd reason, 
and the 3rd was the more uniform penetration of the incubation media into the cells of the fixed 
tissues, in agreement with LOZDA (1965). Although enzyme inactivation, and, possibly, activation, 
may  result from fixation, it may result equally well from the effects of freezing and thawing. 
The data from the present experiments and those of SAHULK~ and BENE~ (1969) show that,  
on comparing fixed and unfixed material, fixation is not the decisive factor in esterase localization 
a t  the tissue level in Vicia. In  unfixed material, azo-dye is apparently gathered on section surface, 
which again is an argument in favour of fixation. 

Calcium-containing formalin is a traditional fixative in enzyme histo- and cytochemistry. 
Wi thout  commenting on such problems as the presence of ions in the fixative, tonieity, fixation 
~ime and fixation temperatures (see in HOLT and HICKS 1961, LOJDA 1965, WOLM~N et. al. 1967, 
HOPWOOD 1969) it is worth noting that  the mode of preparation of the fixative used here was 
reliable, and the variation of its pH rather small. B~KE~ (1958) mentioned large differences in 
~he p t t  of calcium-containing formalin fixatives. 

Problems such as cell compartmentalization, lyo- and desmoenzymes, and extraeellular 
.enzymes will not be considered here (see de JONG 1965, G~HAN 1965, GAHAN and MAPLE 1966, 
LXUCHLI 1966a, MEANY el al. 1967 concerning acid phosphatases), since the intracellular loealizati- 
.on is not assessed in these studies (but see WALEK-CZERNECK)~ 1965, LIVINGSTON et al. 1969) 

_Esterase React ion  

With the exception of the incubation time, the enzyme reaction and its 
conditions were not  tested in the present study, since they were broadly 
analyzed by BENE~ (1962b), who examined the current fixation procedure 
in comparison with Wolman's acidified ethanol - -  fixed and paraffin va- 
euum-embedded material (Wolman/paraffin). In  addition to azo-eoupling 
methods, indoxyl methods were used in the mentioned work successfully 
with material processed by either technique. The Tween and thiolacetie 
acid substrates employed with Gomori-type reactions worked well with 
the  Wolman/paraffin material only. 
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The results of our previous work on Vicia were summarized briefly else- 
where (SA~uLXA and BElVEw 1969). Two esterase fractions (I and II) 
were distinguished according to 3 criteria, namely, substrate specificity 
(where fraction I preferentially hydrolysed ~-acetate, and fraction II  hydro- 
lysed both ~ acetate and AS acetate), the response with different processing 
of the material and inhibition with E 600. In the present paper, only sub- 
strate specificity has been considered. 

According to the present results, fraction II  is in the root cap, which is 
positive with both substrates. Rhizodermis is occupied by fraction I: it 
is positive with ~ acetate; with AS acetate the polar distribution of a carmine 
reaction product was seen. No peculiarities in the behaviour of the middle 
part of central cylinder - -  the possible core - -  were revealed, nor in the 2nd 
and 3rd nor in the 5th and 6th mm segment. Even anatomically the question 
of core seems to be open for further studies, especially from the viewpoint 
of mutual correspondence of tissues in root and shoot. 

The analysis of non-specific esterase distribution is more suitable for 
studies devoted to the relation of histogenesis and enzyme localization than 
is the histochemistry of acid phosphatase in Vicia, since the latter enzyme 
is ubiquitous and the whole section is reactive. The situation is similar with 

acetate, but fortunately not with AS acetate. Cases of more selective 
localization are better suited for study of the problem outlined above. This 
view was expressed in the quotation by de JO~G (1965) from our paper 
(B~NEw and OPATI~IVl 1964). 

By the first approach, fraction I of the non-specific esterase in present 
in the cortex whereas fraction II  is present in the central cylinder. The 
question as to whether the initials of the cortex and of the central cylinder 
are the same (i.e. common) or different cannot be answered with any cer- 
tainty. Thus, a histogenetical basis for answering the question raised is 
lacking. 

Accepting that  there is a common origin for the outer parts of the root 
cap and rhizodermis, then, in the parts of common origin there are different 
enzyme fractions, namely fraction I in the rhizodermis, and fraction II  
in the root cap. 

The endodermis, especially its phloem-adjacent parts, is positive with 
AS acetate, but not the remainder of the cortex. Then, again, the enzyme 
localization is not directly given by histogenesis. 

With AS acetate, the reaction in the endodermis that  is adjacent to 
the phloem, and especially that part of the pericambium passing through 
the phloem pole, is much more intense than in the corresponding parts asso- 
ciated with the xylem. Thus, a histogenetically uniform part of the root 
reveals a varied histochemical reaction for non-specific esterase. 

Assuming that the central cylinder originates from one group of initials, 
then the localization of esterase does not correspond with its histogenesis: 
xylem poles behave differently from the phloem poles. I t  is necessary to 
mention, however, that  the differences under discussion, though striking, 
are quantitative only: there is a weak reaction at the xylem poles. 

Although the conclusions derived from the results of the present work 
are often limited by some assumptions, and are not unequivocal in all 
eases, it seems possible to conclude that  the enzyme localization is not 
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directly given by the origin of the part of the root tip, but by the more 
advanced steps in tissue differentiation, when function may play a role. 

Evaluation of Slides 

O n  v iewing  t h e  endodermis ,  one c a n n o t  over lok t h a t  i ts  cells are  s l igh t ly  v a c u o l a t e d  in 
c o m p a r i s o n  w i th  t he  o ther  cells o f  t he  cor tex.  D u e  to t he  different  e x t e n t s  of  t he  vacuo l i za t ion  
o f  t he  cy top l a sm,  colour  i n t e n s i t y  need  n o t  co r respond  to t he  a m o u n t  o f  or  t h e  ac t i v i t y  of  t h e  
e n z y m e  (BENE~ 1966), b u t  in t he  p r e s e n t  case,  t h i s  fac tor  does n o t  seem decisive.  The  pos-  
s ib i l i ty  o f  e n z y m e  and / o r  p r i m a r y  reac t ion  p r o d u c t  diffusion f rom the  cen t ra l  cy l inder  seems  to 
be l ikely,  t oge the r  wi th  t he  l iposolubi l i ty  o f  t he  endp roduc t .  I n  compa r i son  wi th  rh izodermis ,  
d i f fus ion can  be  exc luded  in the  case o f  t h e  cells o f  t he  endodermis :  no  g r ad i en t  in colour  i n t e n s i t y  
was  seen. L iposo lub i l i ty  o f  t he  r e su l t ing  azo-dye  can  h a r d l y  cause  errors  in local izat ion a t  t h e  
t i ssue  level. T h u s ,  h i g h  e n z y m e  ac t i v i t y  in p a r t s  of  t he  endode rmis  a d j a c e n t  to t h e  p h l o e m  m a y  
be  accepted .  

The  ques t ion  r em a i ns  on  t he  cause  of  ca rmine  colour  ob ta ined  af te r  t he  i n c u b a t i o n  w i t h  AS 
a c e t a t e  in some  pa r t s  of  the  sect ions.  Since t he  cont ro ls  are  nega t ive ,  it  is no t  caused  b y  phenol ic  
subs t ances .  L iposolubi l i ty  m a y  be  involved .  Usua l l y ,  t h e  ca rmine  colour  is of  low in t ens i t y ,  b u t  
i t  m a y  be  qu i t e  h e a v y ,  e.g. in rh izodermis .  Therefore ,  it  c a n n o t  be exp la ined  b y  t he  c o n c e n t r a t i o n  
effect. E v e n  t he  f o r m a t i o n  o f  d i f ferent  dyes  b y  coupl ing  a t  dif ferent  s i tes  of  t he  n a p h t h o l  r ing  
m u s t  be considered.  

Incubation Time 

Stud ies  o f  e n z y m e  kinet ics  in  situ are  useful  e.g." for t he  charac te r i s t i cs  of  t he  pa r t i cu l a r  
e n z y m e  ( H o ~ s u  a n d  GLENNER 1963, HOeSU a n d  McMILLA~ 1964, FOLGENHAUER a n d  GLE:N:bTEI~ 
1966, HXLL a n d  BUTT 1968). B u t  it  is nece s sa ry  to t ake  th i s  into a c c o u n t  also in t he  c u r r e n t  
h i s tochemica l  p rac t ice  (GA~zAN 1965), pa r t i cu la r ly  in connec t ion  wi th  op t ima l  i n c u b a t i o n  t ime  
(~. DEnVLLING et al. 1967). Fol lowing t he  t i me  course  of  e n z y m e  reac t ion  in di f ferent  p a r t s  of  t he  
sect ion,  it  appea r s  regular ly ,  t h a t  different  pa r t s  r each  m a x i m u m  colour i n t e n s i t y  a t  d i f ferent  
t imes .  W h e n  t he  m a x i m u m  is reached ,  t he  p ro longa t ion  of  i ncuba t i on  r e m a i n s  w i t h o u t  effect  
in th i s  respect .  Theore t ica l ly ,  s u c h  a per iod could  be  r ega rded  as the  op t ima l  i n c u b a t i o n  t i m e  in 
h i s tochemica l  s tud ies  w h e n  t he  m o s t  ac t ive  p a r t  of  t he  sec t ion reaches  op t ima l  colour  i n t e n s i t y  
whereas  t he  place  of  lowest  a c t i v i t y  revea ls  a t  leas t  some  colour.  I n  th i s  case i t  is expec ted ,  t h a t  
t he  p a t t e r n s  of  e n z y m e  ac t i v i t y  w i t h i n  t h e  sec t ion  will be op t ima l  for obse rva t ion .  I n  m o s t  
cases  b o t h  cond i t ions  are  no t  fulfilled a n d  a c o m p r o m i s e  m u s t  be made .  As a m e a n s  o f  e v a l u a t i n g  
t he  p rac t i ca l ly  op t ima l  i ncuba t i on  t i me  i.e. t h e  s t a n d a r d  i ncuba t ion  t ime ,  t he  per iod  neces sa ry  
for ob t a in ing  m a x i m u m  eolour i n t e n s i t y  a t  t he  m o s t  ac t ive  site could  be cons idered:  in t he  p r e sen t  
work,  i t  was  a b o u t  twice t he  m e n t i o n e d  per iod  of  i ncuba t ion .  

Substrates of Various Chain Length 

The  app l ica t ion  of  s u b s t r a t e s  o f  different  cha in  l e n g t h  in Vicia lead  to t he  conc lus ion  t h a t  
w i th  respec t  to s u b s t r a t e  specificity,  ne i the r  o f  t he  two f rac t ions  is a l ipase.  F u r t h e r  s tud ies  
would  be useful  here  (see ER)~NKO et al. 1962, ABE et al. 1964). Dif ferent  resu l t s  w i th  cr 
a n d  ~ - b u t y r a t e  r ep resen t  a f u r t he r  cr i te r ion  for d i s t i ngu i sh ing  f rac t ion  I f r om f rac t ion  I I ;  frac-  
t ion  I hyd ro lyses  ~-prop iona te  preferent ia l ly ,  a n d  f rac t ion  I I  hydro lysos  b o t h  s u b s t r a t e s  equa l ly  
well. 

A ques t ion  could  be  ra ised  a b o u t  t he  proper  m e a n i n g  of  t he  t e r m  non-specif ic  es terase ,  
conce rn ing  i ts  use  in the  p r e sen t  a n d  s imi lar  works .  Th i s  p rob lem will be  t a k e n  in to  a c c o u n t  
(BEDRN~KOV.~ a n d  BENE~, in p repara t ion) .  Some inh ib i t ion  t es t s  were p e r f o r m e d  in a p rev ious  
work  (BE~E~ 1962b). 

Comparatives Studies 

The  poss ib i l i ty  o f  func t ion ing  o f  di f ferent  ini t ia ls  in  di f ferent  per iods  o f  on togenes i s  (von  
GUTTENBERO, see BEN~w 1970) was  t he  reason  for c o m p a r i s o n  o f  t ips  o f  y o u n g e r  a n d  older  roots .  
However ,  no  differences were soon in t ips  o f  roo t s  o f  different  l eng th .  

Ra i s i ng  t he  ques t ion  on the  u n i f o r m i t y  o f  t h e  ma t e r i a l  a n d  t he  re l iabi l i ty  o f  p rocedure  r e su l t ed  
f rom our  p rev ious  exper ience:  t h e  charac te r i s t i c  " s t a r "  in Vicia roo t  t ip  i n c u b a t e d  to revea l  
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acid  p h o s p h a t a s e  (high eolour  i n t ens i t y  a t  x y l e m  poles) did  n o t  appea r  in  all cases  (BENE~ 
a n d  OPXTRN/~ 1964), I n  t h e  p r e s e n t  work,  w i t h  20 i n d e p e n d e n t  ma te r i a l s  r u n  separa te ly ,  p rac-  
t ical ly  t he  s a m e  resu l t s  were ob ta ined ,  wh ich  p roves  t h a t  b o t h  t he  ma te r i a l  a n d  t h e  p rocedure  
a re  s t a n d a r d .  I t  was  b r ed  m a t 6 r i a l ' f r o m  one h a r v e s t  u sed  for a l m o s t  2 years .  I f  some  differences 
in non-specif ic  es te rase  lo6al izat ion were p rev ious ly  obse rved  (see e.g. Fig.  5 a n d  6 in B]~NE~ 
1962a) i t  is a s s u m e d  t h a t  d i f ferent  level of  t i ssue  d i f fe rent ia t ion  is responsible .  

Esterase Patterns in  Different Species 

The  a i m  of  t he  las t  p a r t  of  t he  p r e sen t  work  was  to select  ob jec ts  o f  different  t y p e s  o f  roo t  
h i s togenes i s  a n d  to pe r fo rm  a c o m p a r a t i v e  s t u d y  s t u d y  of  non-specif ic  es te rase  local izat ion on  
t h e m .  I t  was  neces sa ry  to use  large roots  wh i ch  can  be  h a n d l e d  in t he  s t a n d a r d  way .  The  chosen  
p l a n t s  were those  wh ich  are  b r ed  a n d  e o m m o n l y  cu l t iva ted ,  a n d  o f t en  u sed  pro expe r imen t i s .  
I t  is a n  a d v a n t a g e  if  t he  cells o f  the  ma te r i a l  are  large,  for  e n z y m e  local izat ion can  be  obse rhed  
a n d  eva lua t ed  more  precise ly  a n d  easily.  

On  t he  basis  of  s u b s t r a t e  specif ici ty,  dif ferent  loeal izat ions o f  f rac t ions  I a n d  I I  were revea led  
in t he  roots  f rom all species w i t h  t h e  excep t ion  of  Zea mays where  f rac t ion  I I  oecupied  t he  whole  
section.  All of  t he  o ther  species were s imilar  to Vicia in t h a t  f rac t ion  I was  localized in t he  co r t ex  
a n d  f rac t ion  I I  in t he  cen t ra l  cyl inder .  

F r o m  the  f inding  t h a t  t he  r eac t ion  or t he  colour  i n t e n s i t y  is n o t  t h e  s a m e  for a h i s togene t i ca l ly  
u n i f o r m  pa r t  o f  t h e  g iven  root ,  i t  c an  be deduced ,  in a w a y  s imi lar  to t h a t  in Vicia, t h a t  t h e  
local izat ion o f  non-specif ic  es te rase  ac t iv i ty  does n o t  co r re spond  to t h e  h i s togenes i s  p a t t e r n s .  

A s imilar  conc lus ion  follows f rom the  c o m p a r i s o n  of  es terase  local izat ion in root  t ips  o f  dif- 
fe ren t  t y p e s  of  h is togenes is .  

The  p r e sen t  s t a t e  of  t he  classif icat ion of  root  h i s togenes i s  t y p e s  wh ich  is t he  bas is  for s u c h  a n  
e v a l u a t i o n  o f  resu l t s  h a s  been  rev iewed recen t ly  (BENE~ 1970). Krol l  a t t e m p t e d  to s u m m a r i s e  
t he  different  classif icat ions pub l i shed  m o s t l y  du r i ng  t he  las t  t h i rd  o f  t h e  n i n e t e e n t h  cen tu ry .  
I f  it  is a d m i t t e d ,  t h a t  it  is possible  to deduce  t he  w a y  of  f o rma t ion  o f  a t i ssue  f rom the  cell 
a r r a n g e m e n t  in t h a t  t i ssue ,  t h e  ques t ion  r e m a i n s  as  to w h e t h e r  or n o t  t he  resu l t s  in ma te r i a l  
h a n d l e d  w i th  t he  old f a sh ioned  mi e ro t echn i que  are  reliable a n d  w h e t h e r  or  no t  it  is possible  
to compa re  f indings in t he  m a i n  a n d  la tera l  roots ,  p r i m a r y  a n d  a d v e n t i t i o u s  roo t s  etc.  Kro l l ' s  
pape r  t oge the r  w i th  t he  works  on roo t  t ip  " g e o m e t r y "  was  the  bas is  for the  work  of  Schfiepp 
who  proc la imed  the  K 6 r p e r - K a p p e  (K. -K. )  t heo ry .  R o m b e r g e r  r ega rded  it  as  wor thwhi le  in spi te  
of  t he  fac t  t h a t  some  of  t he  f indings  of  Clowes are  n o t  in a g r e e m e n t  w i th  it. P o p h a m  inc luded  
t h e  classif icat ion of J anczewsk i  a n d  o f  E n g a r d  in his  book.  A l t h o u g h  more  recen t  concep ts  of  
roo t  h i s togenes is  h a v e  appea red  (von Gu t t enbe rg )  t h e  K . - K .  t h e o r y  seems  to be useful  for t he  
pu rpose  of  t he  p re sen t  work.  U n d o u b t e d l y  it  is a t h e o r y  of  h is togenes is ,  no t  of  roo t  t ip  organiza-  
t ion  only,  b u t  t he re  are  some  p rob lems  open:  are  on ly  two g roups  of  ini t ia ls  p re sen t  in t he  roo t  
t ips ,  is t he  ex i s t ence  of  d i f ferent  g roups  of  ini t ia ls  w i t h in  e.g. t he  K 6 r p e r  exc luded?  B o t h  Krol l  
a n d  Sehfiepp are  m ind fu l  of  t he  re la t ion  o f  t he  root  cap to t he  " b o d y "  of  t he  root  p r imar i ly ,  
l eav ing  as ide  t he  genes is  of  t he  cor tex  a n d  of  t he  cen t ra l  cyl inder ,  wh ich  is in t he  focus  of  our  
in teres t .  

U s i n g  t he  K . - K .  t h e o r y  as  a bas is  for e v a l u a t i n g  our  resul t s ,  in spi te  o f  t he  above  m e n t i o n e d  
object ions ,  t h e n  Lupinus a n d  Zea r ep re sen t  two e x t r e m e  h is togcne t ica l  types .  The  K 6 r p e r  is 
l i m i t e d  to t he  cen t ra l  cy l inder  in Lupinus whereas  in Zea it  compr i ses  t he  cen t ra l  eyl inder ,  
cor tex  a n d  rh izodermis .  W i t h  ~ ace t a t e  as  subs t r a t e ,  t he  resu l t s  are  p rac t ica l ly  t he  s ame  in b o t h  
of  these  species,  b u t  w i t h  AS ace ta te ,  t he  pos i t ive  reac t ion  cor responds  to t he  K . - K .  b o u n d a r y .  
I n  p l an t s  bea r ing  t r a n s v e r s a l  me r i s t ems ,  to wh ich  be long  Cucurbita, Vicia a n d  Pisum (according 
to Kroll) ,  t he  posi t ive  reac t ion  to AS ace t a t e  in t he  cent ra l  cy l inder  a n d  t he  cor tex  is to be 
expec ted ,  i f  f rac t ion  I I  follows t he  K . - K .  b o u n d a r y .  However ,  t he  f indings  are  n o t  in a g r e e m e n t  
with sueh  an  idea. 

Generally, the results of the present paper lead to the conclusion that 
the non-specific esterase localization does not  correspond to the histogenesis 
of  tissues. It  seems to be connected with the more advanced phases of dif- 
ferentiation when function can plays its role. It  is a handicap for solving 
the question raised initially, that reliable histogenetical background is 
often lacking for the evaluation of the histochemical findings. In our future 
work, it will be necessary to take into account the regulatory mechanisms 
of enzyme activity and synthesis. Moreover, it is possible to ask a more 
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general question, namely, what, if any, is the order or regularity of enzyme 
localization in the root tip (ef. Thielke 1966)? Staying within the limits 
of histogenesis, an approach contary to tha t  of the present work might 
be useful, namely, to interpret histogenesis from the enzyme localization 
pattern. Then, enzyme localization would be used as a marker of the origin 
of the particular part  of root tip. However, the results of the present work 
are not  in favour of this idea. 
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V t6to pr~ci byl vypracovs postup pro zfskgv~nf dobr3~eh zmrazen39ch ~ez~ ze gpi~ek klfS- 
nfch ko~em~ Vicia faba i jin~eh druhfi rostlin Cucurbita pepo, Lupinus albua, Pisum sativum, 
Zea mays). Spolehliv6 lze pou~it Ca formolem fixovan~ho materihlu pran6ho a ~ezan~ho v ttol- 
toy6 sirupu, lze v~ak pou~it i materigtlu nefixovan6ho, ~ezan~ho v 1%O. U Vicia byla ov6~ena 
existence a odli~ng~ lokalisace 2 frakcl nespecifick6 esterasy. V:~sledky u fixovan:~ch i nefixo- 
van~-ch objekth byly stejn~. Pou~ivan:~ postup se uk&zal spolehliv:~ a nebyla zjiht6na v6tw 
variabilita objektu. Rovn6~ u Vicia byla sledovhna dynamika reakee in situ v souvislosti s opti- 
m~lni dobou inkubace. Existence 2 rfizn~'ch frakei nespecifick6 esterasy byla zde ov6~ena po- 
u~.itfm substr~tfi o r6zn6 d61ce ~et6zce. Z hlediska substrhtov6 specificity nenf u Vicia prokazo- 
vans~ enzym lipasa. Z ns frakei nespeeifick6 esterasy u Vicia i ostatnich sledovan:~ch objektfi 
(Cucurbita, Lupinus, Pisum, Zea) plyne, ~e jejich lokalisace neni jednoznaSn6 ds histogenesfi 
Dfisledn~ respektovat v~vojov6 anatomiek6 hledisko je conditio sine qua non jak6koliv srovn~- 
vaci studie lokalisace enzymfi. 


