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Abstraet. The localization of acid phosphatase was studied by Gomori's newer technique
and by azo-coupling methods (a-naphthyl phosphate 4 fast red ITR or fast garnet GBC; AS
or AS D phosphate -|- fast blue B or fast red violet LB) in the root tips of Vicia faba L. on paraffin
sections (fixation with Wolman’s acidified ethanol) and on frozen sections (fixation with Baker’s
calcium formol). Analogous results were obtained on the material treated in various ways and
using different methods. In the broad bean, the reaction is most intense in the cap. In the meristem-
atic zone, the primary core is more intensely stained than the ground parenchyma of the central
cylinder. The phloem and xylem poles are usually strongly positive. Using both types of methods
on Wolman fixed paraffin embedded material, essentially the same localization of acid phosphat-
ase was found in the root tips of Ricinus communis L., Lupinus luteus L., Stnapis alba L., Allium
cepa L. as in the broad bean. In Zea mays L. the rhizodermis and the hypodermic layers of the
primary core were found to be most active. On sections of Wolman fixed paraffin emhbedded
broad bean the most intense reaction was observed at pH 4-2 -4-8. In the same material, both
the azo-coupling and the Gomori reaction is inhibited by 10=2 M NaF, but 10-2? M tartaric acid
only inhibits the Gomori reaction.

Classical plant anatomy distinguished different tissues either by the shape,
proportions, size and the mutual set-up of cells or by the mode of thickening
of their cell membranes. These aspects were sufficient for the description of
mature tissues. Physiological anatomy began to distinguish tissues by their
function. Following partly the conception of Protoplasmatische Pflanzenanat-
omie, developmentalanatomy todayis attempting to establish new criteria for
the differential characterization of the zones of the meristems. In previous work
(BENES, Lospa, Hokavika 1961, BENES 1962a, 1962b, 1962¢) we have already
dealt with the question of the extent to which histochemical methods are
suitable for the study of tissue differentiation, i.e. if it is possible in a morpho-
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logically more or less uniform meristem to distinguish parts which are meta-
bolically, i.e. chemically different. The present paper reports further studies
along the same lines. From the methodical point of view, we wish to compare
the material treated by azo-coupling methods with that treated by the Go-
mori technique.

Material and Methods

The seeds of Vicia faba L., var. Chlumecky, Ricinus communis L., Lupinus luteus L., Stnapis
alba L., and Zea mays L., var. Cesky bily konisky zub, were left in water overnight and then
germinated on moist filter paper in Petri dishes. The adventitous roots of Allium cepa L. were
obtained in the usual way; the bulb was placed in the neck of the Erlenmeyer flask so that the
basal part was partly immersed in water. The root tips of all objects were then fixed with modi-
fied Wolman’s mixture and vacuum embedded in paraffin. In addition, the broad bean root
tips were fixed with BAKER’s caleium-formol and embedded in glycerin-gelatine. Paraffin-embed-
ded objects were further treated in the usual ways, including the use of egg white containing
adhesive and the xylene-ethanol series for deparaffinization. The objects embedded in glycerin-
gelatine were sectioned by the freezing microtome (BENES et al. 1961, BENES 1962c). In the
present work, only transverse sections were studied, as they are anatomically easier to examine.

Three types of methods can be used to determine acid phosphatase in situ: a) indoxyl methods,
b) Gomori’s methods, ¢) azo-dye methods.

ad a) The indoxyl methods have only rarely been used so far (Hort 1954, see DEANE et al.
1960).

ad b) Two years after the development of the alkaline phosphatase technique, GomoRrr1 (1941,
see PEARSE 1960) introduced his first method for acid phosphatase. It appeared that the precise
localization and reproducibility of the results depended on the ratio of the concentrations of
individual components of the medium in addition to the substrate and pH. On the basis of
this knowledge Gomori (1950, see PEARSE 1960) introduced a more reliable modification, the
advantage of which was confirmed by Horr (1958). Grick and FiscHER (1945) modified the
older Gomori technique for plant material. In the present paper the Gomori technique of
1950 was used as recommended by Lospa (1961). Stock solution was prepared as follows: In
1,000 ml. acetate/acetic acid buffer pH 52 (54 g. Na acetate . 3 H;O was dissolved in H,0,
to which 0-6 ml. glacial acetic acid had been pipetted and H,O added to give 1,000 ml.) 1-2 g.
Pb(NO,), was dissolved. Prior to application, 0-3 g. glycerophosphate (Lachema) dissolved
in 10 ml, H,O was added to 100 ml. stock solution and pH adjusted to 5-2 with IN HCI, the solu-
tion was mixed several times and then filt.red after 30 min. standing. The paraffin sections
were incubated for 3 hours, the frozen sections for 5— 30 min., both at 37° C. The controls were
incubated in medium minus substrate. After incubation the sections were rinsed twice for 30 sec-
onds in H,0 exposed for 30 min. to a fresh solution of yellow ammonium sulphide (109, commer-
cially available solution was diluted 1 : 10 with H,0). Then the sections were washed thoroughly
in water. Both with the Gomori technique and the azo-coupling methods an aqueous medium
“Glama’”’ (BENES 1962a) was used for mounting the preparations. Since the controls were negative,
rinsing with dilute acetic acid after incubation was not considered necessary.

ad ¢) YIin (1945, see DEANE et al. 1960) first used the azo-coupling methods at acid pH level.
The azo-coupling methods were thus used for demonstration of acid phosphatase in plants four
years before they were applied to study animal acid phosphatase in situ. Since then only SURREY
(1955, see van FLEET 1962) and WALEK-CZERNECKA (1962),as far as we know, used these methods
on-plant material. However, in animal objects azo-coupling methods for the demonstration of
acid phosphatase were developed by many authors (see DEANE et al. 1960, PEarsE 1960). At
the present time, simultaneous methods are mostly used, with a-naphthyl phosphate or phospha-
tes of the AS naphthol series as substrate. PEARSE (1960) reports a standard method with
o-naphthyl phosphate. The ratio of the substrate to diazonium salt (10— 20 mg. substrate : 20 mg.
salt) is not suitable according to some authors (Lospa 1958, GiissNER 1958). In the present work
the following medium was used: 10 mg. o-naphthyl phosphate (provided by Mr. MULLER,
1st Institute of Pathology, Faculty of Medicine, Charles University, Prague) is dissolved in 50 ml.
0-05—0-5M acetatefacetic acid buffer pH 5-2, to which 50 mg. of Echtrosalz ITR (Rohner)
or Echtgranatsalz GBC (Rohner) is added and then the solution is filtered. No substantially
improved localization was observed at the anatomical level using hexazotized pararosaniline.
The paraffin sections are incubated for 1—2 hours, the frozen sections for about 30 minutes,
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both at 37° C. For demonstration of acid phosphatase with AS and AS D naphthyl phosphate
(synthetised by Dr. VERES, Isotope Laboratory, Institute of Biology, Czechoslovak Academy
of Sciences, Prague, according to CrvTIL and MULLER 1961) the formulae for ASBI phosphate
as given by BURSTONE (1958, see PEARSE 1960) were used: 0-5 ml. stock solution (29, solution of
AS or AS D naphthyl phosphate in dimethylphormamide kept in the refrigerator; no decom-
position of substrate was noted within 2 weeks) was pipetted drop by drop into 50 ml. 0-05 —0-5M
acetate/acetic acid buffer pH 52, then 70 mg. Fast blue B (Schwarze) or fast red violet LB
(Verona) was added and the solution filtered. The paraffin sections were incubated for 2— 3 hours,
the frozen sections for 30 — 60 minutes, both at 37° C. The incubation in medium minus substrate
served as the control.

The advantages and the drawbacks of the methods for demonstration of hydrolases in plant
material were discussed elsewhere (BENES 1962c). The azo-dye methods are suitable for the
observation of the pH optimum and for a continuous control of staining intensity during incub-
ation. The Gomori technique is adequate for the study of substrate specificity.

In objects with high activity (Ricinus communis L., Zea mays L.) the localization of acid
phosphatase was investigated in relation to different incubation times.

The pH optimum and the inhibition by NaF or tartaric acid were studied on paraffin sections
of broad bean root tips. For the investigation of the pH optimum either 200 ml. medium for
the Gomori’s reaction or 200 ml. medium for the azo-coupling reaction (AS-naphthyl phosphate -+
Fast red violet LB) was prepared. The medium was divided into 50 ml. aliquots and adjusted
with 1N HC], or 1IN NaOH to pH 4-2; 4-8; 5-2; 5-5 as measured by means of indicator papers
(Phan Lachema). Random control with the pH meter (Radiometer) showed the accuracy of the
adjustment of pH to be within 4-0-3 pH unit. The effects of the inhibitors were studied using
the preincubation of the slides in 0-05M acetate/acetic acid buffer pH 5-2 containing the inhibitor
(10-*M NaF, Lachema, 21 mg./50 ml., or 10—2M tartaric acid, Association for Chemical and Me-
tallurgical Production, 75 mg./50 ml., in both cases for 30 min. at 37° C) followed by the incubat-
ion of the slides in complete medium containing the same amount of the inhibitor as stated above.
Since the pH decreases to about 4-5 after the addition of tartaric acid, the buffer, in which the
inhibition controls were preincubated, was adjusted to the same pH with 1N HCI, whereas the
complete medium containing tartaric acid was adjusted to pH 5-2 with 1N NaQH.

Results

On transverse sections of the broad bean root, at the distance of about
1 to 2 mm. from the apex, the reaction is strongest in the cap. Beginning with
the rhizodermis the reaction is weaker, nevertheless the primary core is more
intense than the ground parenchyma of the central cylinder. In the central
cylinder the xylem and phloem poles are rather intense (fig. 1—4), but the
relative intensity of the reaction in different parts of the central cylinder
varies in individual root tips treated simultaneously. The Gomori technique
and the azo-coupling methods give essentially the same results on both paraffin
(fig. 1, 2) and frozen sections (fig. 3, 4).

In all the other objects except for Zea mays essentially the same localization
of acid phosphatase was found as in the broad bean using both the Gomori
technique and the azo-coupling methods, on paraffin sections (fig. 5—7).
About 0-5—1 mm. from the apex the cap is most intense and the primary
core displays a stronger reaction than the central cylinder. In the onion
the selective reaction in the pericambium is striking (fig. 5, 6). In Zea mays
at the distance of about 1 mm. the cap is no longer visible. The most intense
reaction is found in the rhizodermis and in the hypodermic layers of the
primary core. In all objects tested the relative intensity of the reaction in
individual parts of the root changes, depending on the distance from the apex.

Except for one case, at the intracellular level no reaction was observed
which was more intense in the nucleus than in the cytoplasm. Only with the
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Gomori technique was more intense staining of nuclei noted at the sites of
very low activity (fig. 6).

When incubating paraffin sections of broad bean root tips in Gomori’s
medium of different pH, the most intense reaction was obtained at pH 4-8.
At pH 5-2 the reaction is still quite intense, but it is weak at pH 5-5. Only
some of the roots revealed an intense reaction at pH 4-2, the others were rather
weak at this pH. Quite irregular fluctuation of the intensity of Gomori’s
reaction was observed in single sections at pH 4-2. Using the azo-coupling
method, the reaction was intense at pH 4-2 and 4-8, at pH 5-2 some weakening
of the intensity may be seen, at pH 5-5 the reaction was weak. At pH 4-2 the
azo-coupling reaction was intense even in objects that have only a slightly
visible Gomori reaction at this pH. Localization of acid phosphatase did not
change when incubation was made at various pH levels,

In paraffin sections of the broad bean root meristem both the Gomori and
the azo-coupling reaction were inhibited by NaF. However, tartaric acid
inhibited only the Gomori reaction.

Diseussion

According to PrEsNov (1954), the phosphatases were discovered in 1905
by Ivanov in broad bean seedlings. Phosphatases are usually defined as hydro-
lytic enzymes that split off the phosphoric acid residue from ester (C—O0—P),
anhydride (P--O—P, and also C—O—P) or the amide bond (N—P). Recent
findings in vitro showed that some phosphatases were identical with trans-
phosphorylases or transphosphatases (see reviews by AXELROD 1958, SCHWARZE
1958). Phosphatases have usually been classified on the basis of pH optimum and
substrate specificity (RocHE 1950, RocEE and NeGUYEN-vaN TrHoAT 1950). In
contrast with animal tissues, non-specific phosphomonocesterases of the
second type by the Roche classification, i.e. phosphatases with the optimum
in the acid range, are most usual in plants. However, even in plant material
a series of specific phosphatases was found, some of them with the optimum
at alkaline pH. Enzymologically, the question of plant phosphatases is so
unclear that the author of the article on phosphatases (ScHwarzrE 1958) in
the most comprehensive compendium of plant physiology available today
does not attempt to deal with them in detail.

Localization of acid phosphatase in plants was mostly considered in asso-
ciation with carbohydrate metabolism (FrEY 1954). In animal material,
VoreBroDT (1958) investigated the association between the localization of
acid phosphatase in situ and proteosynthesis and PrzELECKA et al. (1962)
the relation between alkaline phosphatase and lipid dynamics. The findings
of marked activity particularly of alkaline phosphatases in the nuclei or the
chromosomes (they seem to be erroneous on the basis of present knowledge)
suggested that phosphatases may participate in the metabolism of nucleic
acids. All these aspects would certainly be of interest in considering the locali-
zation of acid phosphatase in the meristems. However, so long as the role of
phosphatases in metabolism is not sufficiently clear biochemically, it will be
difficult to consider its physiological function.

When evaluating the localization of acid phosphatase in detail, we attempt
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in fact to make a quantitative evaluation. The question remains of the extent
to which the reactions for demonstration of hydrolases are quantitative, i.e.
what is the correlation between the intensity of staining and the activity
of the enzyme. Even the intensity of staining alone is difficult to consider
because the thickness of the absorbing layer (see BENES 1962¢) changes due to
vacuolization of the cytoplasm and the shade of the final reaction product
also varies.

It is certainly inaccurate to make a static description of localization. Indi-
vidual parts of the root may give different results at different sites, e.g. the
proliferating part of the root cap and its dying part, primary core of the me-
ristematic and prolongation zone etc.

At the present time, there are two reviews on the histochemical demon-
stration of enzymes in plants (Vax FrLeET 1952, 1962). HIiLBE and MARRON
(1941, see vaN FLEET 1962) were the first to make a histochemical demonstra-
tion of phosphatase in plants. In addition to the papers reported in the review
of van FrLeEr (1962) alkaline phosphatase in plants was also demonstrated
histochemically by Ross and Ery (1951), PrrIFFER (1956), SHARMA
(1953), SHARMA and CHATTERIEE (1961). The following papers on acid phospha-
tase were not included in the review by vax FrLeeTr (1962): MaNiNgavuLT and
Jussier (1951), McGrEGOR and STREET (1953), FrREY (1954), WiLsoN and
CuTrTERr (1955), SHARMA (1956), HORAK (1957), AvERS and GRIMM (1959b),
SLEPTCHENKO (1959), AvERs and King (1960), Frey-WissLing and HAUSER-
MANN (1960), ScHLOSSER (1960), AVERS (1961), PoDDUBNAYA-ARNOLDIetal.
(1961), SHARMA and CHATTERIEE (1961).

Even though the literature on the histochemical demonstration of phospha-
tase in plants is far from being so extensive as that related to animal tissues,
it is impossible to summarize all the results on the localization of acid phozpha-
tase in plant tissues, because important methodical details would be omitted.
It was therefore decided to deal in detail with the localization of acid phospha-
tases in the root tips.

Yin (1945) found phosphatase activity to be highest in ths whole root
meristem of Lamium album and Iris germanica, but in the more develoned
zone the activity was weaker in the primary core than in the prozambial
tissues, the cap being inactive. In wheat, GLICK and Fiscaer (1946) found
an intense reaction in the cap; the nuclei and nucleoli in the root meristem
were also very active. DYaR (1950) compared the localization of phosphorylase
and phosphatase in pea root tips and found strong acid phosphatase activity
in the cap. McGrEGor and STREET (1953) observed on paraffin sections of
tomato roots that the whole meristem showed a high activity, particalarly
the root-cap and the differentiating xylem. The nuclei were more intensely
stained than the eytoplasm. Frey (1954) found the periblem to be more
positive than the plerome in the root-tips of various seedlings, however, later
the reaction was most intense in vascular tissues. JENSEN (1956) noted that
the cells of the root-cap and the cells of the developing vascular tissues were
most active in the onion, broad bean and pea. HorAx (1957) obtained a posi-
tive reaction in the meristem and the vascular tissues in adventit»1s roots
of the cuttings of Vitis vinifera. Avers and her colleagues reported acid phospha-
tase in root tips in a number of works performed originally at the University of
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Miami, Coral Gables, Fla. and later at the State University, New Brunswick,
N. J. In her earliest studies AvERs (1958), AVERS and GrRIMM (1959a) revealed
non-specific phosphatase by Gomori’s technique with glycerophosphate. In
the paper of AvErs and GriMM (1959b) the demonstrated enzyme was taken
for glucoso-6-phosphatase. Nevertheless, the assumption of specific glucoso-
-6-phosphatase (compare with e.g. ALLEN (1961) in animal tissues) should
be supported by further evidence. In recent work, Avers and King (1960)
studied the intracellular localization of some enzymes including acid phospha-
tase. In a more recent paper AVERS (1961) was concerned with ATPase,
5-nucleotidase, glucoso-6-phosphatase and acid phosphatase. However, the
differences in the intracellular localization may be due to factors other than
different substrates. It would be useful to compare the results in objects fixed
and treated in different ways, because e.g. the different permeability of indi-
vidual components of the medium can play a role in living roots. SHARMA
and CHATTERIEE (1961) investigated the intracellular localization of acid and
alkaline phosphatase in smear preparations of the root tip of Vicia faba.
It would be of interest to confront their results on alkaline phosphatase in the
nucleus and the chromosomes with the findings in animal tissues (NOVIROFF.
1952 in DEANE et al. 1960, AMENTA 1961). In root tips, they obtained a posi-
tive reaction even after rather drastic treatment of objects and just the reaction
for alkaline phosphatase was strongly positive, whereas the reaction for acid
phosphatase was slightly visible. In our previous work (BENES et al., 1961)
we failed to demonstrate alkaline phosphatase in broad bean root tips.

It can be concluded from the literature on the localization of acid phospha-
tase in apical root meristems that the findings as made independently by
various authors are quite in agreement at the anatomical level. The root tips
mostly display an intense reaction in the meristematic zone, the most intense
staining in the root cap and in the procambium. In the present paper essen-
tially the same localization of acid phosphatase was found.

At theintracellular level, many authors observed an intense reactionin the
nucleus and the nuecleolus. In our preparations we obtained comparable
results exceptionally: only with the Gomori reaction at sites of very weak
activity. In animal material, the majority of the authors consider the intense
reaction in the nucleus to be an artefact. A detailed study of intracellular
localization should be supported by further investigations.

The reaction for acid phosphatase does not seem suitable for the histochem-
ical study of the differentiation of the root meristems, because its localization
is not selective enough even though the activity is not equal in all parts. It
would, however, be of interest to study the localization of acid phosphatase in
the endodermis and the adjacent layers of the primary core in Allium cepa
roots from the aspect of WiLL1aMs’ views (BENES 1962c).

Ross and Eny (1951) did not obtain a positive reaction at pH 9-4 with
glycerophosphate, a-naphthyl phosphate (they detected the liberated phos-
phate) and a series of other substrates. However, some substrates gave a po-
sitive reaction even at this pH level. McGrEGOR and STREET (1953) studied
a wide pH range; they also failed to obtain positive results using the Gomori
technique with glycerophosphate above pH 6. Neither did FrREY (1954) find
the positive reaction at pH below 3 and above 8 using the Gomori technique
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with glycerophosphate; the optimum pH was in the zone immediately above
pH 5. In the present paper we studied the intensity of the reaction in media of
various pH on paraffin sections of broad bean root tips. The optimum was
at pH 4-2 to 4-8 with the azo-coupling reaction and at pH 4-8 with the Go-
MORI’s method; at pH 4.2 this technique was not reliable enough. For routine
work we used a somewhat more alkaline medium to obtain a more contrast-
ing picture.

10-2m NakF inhibited both the Gomori’s and the azo-coupling reaction in
paraffin sections of the broad bean. With this concentration of NaF no great-
er precipitation of the medium took place. 10~2m tartaric acid blocked the
Gomori reaction only. The cause of thisis not known. When using NaF
or tartaric acid inhibition, it proved suitable to expose the tissue to the in-
hibitor prior to incubation in the medium with the inhibitor, as recommen-
ded by Loipa (1961).
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U kofenovych &pidek bobu Vicia faba L. jsme sledovali novejsi metodou Gomoriho s glycerofos-
fatem a azokopulaénimimetodami («-naftylfosfit + fast red ITR nebo fast garnet GBC; AS nebo
ASD fosfat -+ fast blue B nebo fast red violet LB) v parafinovych fezech (fixace Wolmanovou smési)
a v fezech zmrazenych (fixace Bakerovym kalciumformolem) lokalizaci kyselé fosfatdzy. Stejné vys-
ledky jsme dostali u riizné zpracovaného materialu i pfi aplikaci raznych metod. U bobu je nejinten-
zjevnéjsireakece v Cepitee, primérni kiira jevi v meristematické z6n& silngjsi zbarveni ne stiedni
vélec. V sttednim vélei byvaji silng pozitivni lykové a dfevni poly. U vétdiny ostatnich testo-
vanych objekt (kofenové 3pitky skotece obecného Ricinus communis L., vlétho bobu #Zlutého
Lupinus luteus L., hotéice bilé Sinapis alba L., cibule kuchytiské Allium cepa L.) byla zjisténa
metodami obou typl v podstaté stejnd lokalizace kyselé fosfatdzy jako u bobu. U kukufice
Zea mays L. byla nejaktivngjsi rhizodermis a hypodermalni vrstva primérni kiry. Na parafino-
vych fezech bobu jsme zjistili nejintenzivnéjsi reakei pfi pH 4,2 aZ 4,8; azokopulaéni i Gomoriho
reakee je na tomto materidlu inhibovana 10~*m NaF, 10-2m kyselina vinnd inhibuje jen Gomoriho
reakei.

K. beuem, fI. Onavema, WdcTmTyT 3KcmepmMenTaapHoil Goramnwm YCAH, Ilpara:

Joxanuzanua sncnoii ¢gocedarassr B audrpepennupyomeiicas xopueroii mepueteme. — Biol.
Plant. 6 : 8—16, 1964.

Mol m3yuanm y KopHeBHX Bepxyitiek 0oba Vicia faba 1. npn mosowt HOBOTO MeTOAA
Tomopy ¢ ramuepodocdaroy 1 mpH NOMOIIN a30KONYIAIMOHHEX MeTof0B (a-Hadruiadoc-

at + ¢act pex ITR mmu ¢acr rapmer GBC; AS 1 ASD-docdar + dacr 6mo B mm

act pej BuoneT LB) b mapaduronrix cpesdax (¢urcamus cumechio BodnMana) u B 3aMopo-
JREHHbIX cpesax (Pnrcaunsa ramsumidopiosion beiikpa) sokannsaumio ruciaol gocdatasnl.
OnuuakonLie pe3yanTarThl Mbl OJY4HIII B O-Pas3HOMY oOpaboranHoM MaTepnase I B cygae
TpUMEHeHHS DABHEIX MCTOJOB. ¥ KOHCKOro 0o0a Haumboslee WHTeHCHBHA DeaKIusi B Ka-
JAuNTpe, NEPBMUHAA Kopa ABJsETCA B MepHUCTeMaTHYecKOM 30He Oojee oxpaleHHoil 1mo
CPABHEHMIO ¢ JICHTPAJNLIKAM CTeDsKHEM. B IeHTpasbHOM CcTepsKHC HAXOMATCH MHOTHA HMH-
TEHCHBHO NOJMOMNUTELHEE TyOsHbpie W ApeBecHble NOJOCEL Y GoJLUIMHCTBA M3yHeHHHIX
00BeKTOR (ROpHEBLe BePXVIUKH KJemeBHHL Ricinus communis 1., Keqroro JIIONNHA
Lupinus luteus L., ropunnst Gesoli Sinapis alba L., myra Alliwm cepa L.) rerogamu 060mx
THIIOB YCTAHOBJEHA B CYIIHOCTH TaKasA e JIOKAIH3AMA KNcXoil ocdaTasnl, Karas myeeT
MECTO B Yy KoHcKoro Goba. ¥ wykypysst Zea mays L. camoli akTHBHON SBIATack pusofepMa
1 TUIOAEePMAJIBHEIA CJI0H NMEepBUYHOH Kopel. Ha mapadunoBmX cpesax momexoro 6o6a Mu
YCTAHOBUAN CaMyIo WHTEHCHBHY0O peakuuio npu pH 4,2-—4,8; azoxony iAnnoHEaA peariins
m pearuust lomopu marubupopara #a aTom martepmame 10~2 M NaF, 10-2 M suworpansas
KHCJIOTA TOPMO3HUT TOJILKO peakumio omopu.



