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Abstract 

Investigations were performed to study the chemical form in 
which manganese and zinc are transported in sieve tubes. As a 
test plant Ricinus communis was used. From this plant phloem 
sap can be obtained in a rather pure state. The plants received 
labelled manganese or zinc. In the experiments on manganese 
translocation a radioactive phosphorus isotope was added to the 
nutrient solution to test if complex compounds of the cation 
contain also phosphorus. Components of the phloem exudate 
were determined by means of physicochemical separation 
methods. 

Almost all zinc but only a part of the manganese were bound to 
organic compounds. The major part of the manganese was 
in ionic form. The molecular weight of the complexing com
pounds) of manganese was estimated to be between 1000 and 
5000 and of zinc between 1000 and 1500. The complexes probably 
contain some phosphorus. The charge of the zinc complex is 
negative. 

Introduction 

Cations are translocated by the xylem vessels from the 
roots of the plant to the leaves. Redistribution from leaves 
to other plant parts as fruits, storage-organs and growing 
points takes place through the sieve tubes (Van Goor 1974). 

About the chemical form in which the cations are trans
located in the xylem some information is available. Tiffin 
(1972) found negatively charged compounds of copper 
and zinc in the xylem exudates of plants, while iron is 
transported as the citrate. Höfner (1970) proposes that iron 
and manganese in the xylem exudate of Helianthus annuus 
is chelated by amino acids and carbohydrates with molecular 
weights below 1500. 

Much less is known about the chemical form in which 
the cations are translocated in the phloem. This investiga
tion is intended to provide some information on this 
question for manganese and zinc. 

Materials and Methods 

Plant material 

The experiments were carried out with Ricinus communis 
L. var. gibsonii. The plants were sowed in moist peat. About 
2 weeks after sowing they were transferred to 5-litre pots 
containing the culture solution. As a nutrient medium we 
used a solution according to Steiner (1961) as given in Table 
1. The solutions were changed every week. The plants were 
cultivated in a growth chamber with a constant temperature 
of 25°C and a relatively high, variable humidity. The plants 
were artificially lighted during 14 h each day by three Philips 
HPI/T-400 Watt lamps on a surface of 1.5 m2 and at a dis
tance of about 60 cm from the tops of the plants. 

About 8 weeks after sowing, one plant for each experi
ment was transferred to the isotope laboratory with temper
atures of 20-25cC. The plant was lighted here with one 
HPI/T-lamp as closely above the plant as possible. For the 
experiments on manganese translocation, 100 /(Ci 54MnCl2 

and 100 ßC\ 32P were added to the nutrient solutions. For 
the experiments on zinc translocation the addition was 
100 fid or 500 juCi 65ZnCl2. The isotopes used were carrier-
free and were mixed with the proper quantity of the non
radioactive element before addition to the water culture. 
About a week after the addition of the isotopes to the 
solutions, tapping of phloem exudate was started. Milburn's 
method (1971) of making an incision in the bark was used. 
The sap from the incision was drained off via a glass capil
lary. During a period of 2 to 3 weeks the incision was 
renewed daily. For the separations we always used exudate 
tapped on the preceding day and stored at 4°C during the 
night. 

Electrophoresis of the radioactive phloem sap 

Phloem exudate was carried upon the dry paper strips; 
0.03 ml in the double-labelling experiments with manganese 
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Table 1. Nutrient solution according to Steiner (1961). 

Macro-elements 

KNO3 
K H 2 P 0 4 

K 2 S0 4 

Ca(N0 3 ) 2 -4H 20 
MgS0 4 

KOH 

pH = 6.2 

g/1 

0.620 
0.127 
0.238 
0.599 
0.468 
0.018 

Micro-elements 

H3BO3 
ZnS0 4 -H 2 0 
CuS0 4 -5H 2 0 
MnS0 4 - 4H 2 0 
MnS0 4 - 4H 2 0 
Na 2 Mo0 4 

FeEDTA 
FeEDTA 
Co(N0 3 ) 2 -6H 20 

mg/1 

2.02 
0.576 
0.144 
1.51 
0.203 (in S4Mn experiment) 
0.100 

35.75 
17.88 (in S4Mn experiment) 
0.054 

and phosphorus, and 0.08 ml in the experiments with 
labelled zinc. The strips were introduced into a Beekman 
electrophoresis apparatus (type Durrum), after which they 
were saturated with a buffer of pH 8.2, containing 0.05 M 
HCl and 0.1 M tris(hydroxymethyl)aminomethane ("tris") 
in water. For comparison 0.04 and 0.08 ml of a solution of 
54MnCl2 or 65ZnCl2 was used. The zinc and manganese 
concentrations of these reference solutions were about the 
same as those of the phloem exudate. The electrophoresis 
was carried out at 300 V for 31 h. 

The pH 8.2 was chosen because this is the pH of phloem 
exudate. After electrophoresis the paper was cut in strips 
of 5 mm. For counting of s*Mn and 65Zn the strips were put 
into vials and counted directly in a Philips gamma counter 
PW 4520. In order to count the 32P, the strips were ashed at 
400°C. The ash was dissolved in 0.5 ml 2 A' HCl and then 
diluted with 10 ml distilled water. The jS-radiation of the 
32P was counted by means of the Cerenkov-effect. Counting 
took place in a Philips liquid scintillation counter PW 
4510. A correction was applied for the mutual influence of 
the radiation of 32P and 5*Mn on the counting results. 
Counting time was always 40 min. 

Sephadex gel filtration 

Pharmacia glass columns were filled with the dextran 
gels Sephadex G10, Gl 5 or G25 medium. The fractionating 
range for these gels is for peptides and globular proteins 
respectively for G10 up to molecular- weights of 700, for 
G15 up to 1500 and for G25 from 1000 up to 5000. Of course 
these data have to be applied with some caution to molecules 
of unknown composition. The columns were saturated with 
the tris-HCl buffer as described for the electrophoresis. As 
a sample we used 0.4 ml phloem exudate or reference solu
tion in the same way as for electrophoresis. Elution was 
carried out with the tris-HCl buffer. In each elution pro
cedure at first fractions of 3 ml and later of 5 ml were collect
ed. The dead volume of the column was determined with 
blue dextran 2000. 54Mn and 65Zn were determined in 
the gamma-counter, while 32P was counted in the 
liquid scintillation counter. 
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Figure 1. Paper electrophoresis of phloem sap of Ricinus after 
cultivation in a liquid medium supplied with 5iMn and 12P (A) and 
with 65Zn (B). 

Ultraviolet spectrometry 

The extinction of all fractions from the column chromato
graphy was determined in a Zeiss spectrophotometer PMQ 
II. As a blank we used the buffer solution. The determina
tions were performed at 260 and 280 nm. In the case of the 
elution of the zinc peaks on Sephadex G10 a more detailed 
spectrum was determined. 



Physiol. Plant. 36. 1976 CHEMICAL FORMS OF Mn AND Zn IN PHLOEM EXUDATES 215 

counts/mirv ml 
I 

'Mn (A) 
i 

/ \ reference 5^Mn 2T 

/ \ , 
\ 

I B.D. 50 1'50 2D0 
elution volume in m l 

2 000 

1 000 

0 

j /min-ml 

r 

~ 

l-

32p 

1 

f$\ 
vs> extinct ion 

2 .00r 

-© 

)B.D. 50 100 
elution volume in ml 

1.00 

0.00 

Aa Ab 
J^60nm 

.,280 nm 

n 
i i L j L J [B.D. 50 100 

elution volume in ml 
counts /min-ml 

100 

.t B.D. 50 100 100 200 300 
elution volume in ml 

fB.D. 50 100 
elution volume in ml 

Figure 2. Gel filtration of phloem exudate of 
Ricinus through a Sephadex G10 column. 
Elution with tris-HCl buffer. (A) determination 
of 54Mn; (B) determination of 32P; (C) deter
mination of ultraviolet absorption correspon
ding to (A) and (B) ; (D) determination of 65Zn ; 
(E) determination of ultraviolet absorption 
corresponding to (D); fB.D. = blue dextran 
"2000". Separate UV peaks are referred to as 
A, B, C, sub-peaks Aa, Ab, etc 
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Replications 

All experiments were carried out in duplicate with different 
plants. As the results were almost the same, only one of them 
is given. 

Results and Discussion 

For the manganese the presence of two forms is probable. 
One is the cationic manganese, the other an organic com
pound. We can see the ionic manganese as the peaks II in 
Figures 1A, 2A and 4A, respectively, in the electrophoresis 
and in the gel chromatography on Sephadex G10 and G25. 
These peaks do always coincide with the ionic manganese 
used as reference. It was evident from Figures 1A and IB 
that about 60-70% of the 5*Mn-radioactivity was ionic 
manganese. Some properties of the organic compound can 
be deduced from the results given in the graphs. The 

„ „ ^ u u i , »u.uii.eni im compound runs unhampered through the G10 column, 
Figure 3. Same as Figure 2 but a Sephadex G15 column. (A) , . , . . . x. . , . ., , _ „ , mn , c . „mc, - A „ * 
determination of "Zn; (B) determination of corresponding while it is fractionated in the G25 column (Figures 2A and 
ultraviolet absorption. fB.D. = blue dextran "2000". 4A). Taking the data for peptides and globular proteins into 
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Figure 4. Same as Figure 2 but a Sephadex G25 column. (A) deter
mination of 54Mn; (B) determination of 32P; (C) determination 
of ultraviolet absorption corresponding to (A) and (B). (D) deter
mination of 65Zn; (E) determination of ultraviolet absorption 
corresponding to D. fB.D. = blue dextran "2000". 

consideration a molecular weight in the range of 1000-
5000 appears to be a reasonable estimate. 

The picture for zinc differs in that almost all zinc is bound 
in organic compounds. This is apparent from Figure 2D, 
where only a small peak is present at the place of ionic 
zinc. Also almost all Zn has a negative charge, as is evident 
from Figure IB. Another indication for this is that only 
one peak resulted on the Sephadex columns Gl 5 and G25 
(Figures 3 A and 4D). In the case of zinc it can be concluded 
that the molecular weight of the organic compound lies 
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Figure 5. UV-spectrum of a fraction of phloem exudate of Ricinus 
containing 65Zn. The phloem sap was separated in fractions on 
Sephadex G10, eluted with tris-HCl buffer and the fraction(s) 
containing maximum 65Zn radioactivity was (were) subjected to 
UV-spectroscopy. 

between 1000 and 1500, because fractionation takes place 
on Sephadex Gl 5 and G25. 

It is difficult to give more information about the chemical 
identity of the manganese and zinc complex. At the place of 
the peaks on the electropherogram and on the chromato-
grams there is some radioactivity from 32P (Figures 1A 
and 4B). Only on G10 the peaks coincide (Figure 2B). 
An explanation can be that the peak of 32P in Figure 
4B consists of a mixture of compounds of which the 
cation-binding compound may be one. Another indication 
of the identity of the complexes can be found in the 
curves for the ultraviolet absorption as given in Figures 
2C, 2E, 3B, 4C, 4E. For the G10 and Gl 5 columns the 
maximal radioactivity coincides with a maximum absorp
tion at 260 nni; this is not the case with G25, but also here 
there is an absorption at 260 nm at the place of the radio
activity peak. The spectrum in Figure 5 shows a peak at 
260 nm. The spectral data combined with the overlap of 
32P-peaks and cation peaks would indicate the presence of 
polynucleotides. In any case they are not pure, because the 
260/280 ratio is 3.3 at the point of the zinc-peak! For pure 
nucleotides this ratio is about 2. 

The authors are indebted to Mr. J. W. Dalenberg for his contri
bution to the development of the radioactive methodology. 
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