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THE LOCALIZATION OF ZINC-65 IN GERMINATING
CORN TISSUES*

by CARMEN DIEZ-ALTARES** and ELEMER BORNEMISZA

Nuclear Energy Program
Training and Research Center
Inter-American Institute of Agricultural Sciences of the OAS
Turrialba, Costa Rica

Zinc is known to be involved in several enzyme systems in plants
and to play a role in protein metabolism 12. It its also required for
the synthesis of tryptophane, a precursor of indoleacetic acid 22. It
is thought to be of intermediate mobility in plants 4, and since zinc
deficiencies in many plants are common a more detailed knowledge
of its function and intracellular localization would be useful. Wood
and Silby 26 report that up to half of the total zinc in leaves can be
located in the chloroplasts, depending on the plant species, and that
dialysis of an aqueous brei of oat leaves results in no loss of zinc.

The purpose of the following work was to localize the zinc of
various plant tissues.

Materials and methods

Aresan-treated corn seeds were germinated on moist filter paper in petri
dishes. In Experiments A and B and for the solubility study, 50 uc of Oak
Ridge high specific activity zinc-65 were added per 100 seeds, five days after
germination commenced. In Experiment A, after two days, and in B after
three days of the zinc-65 addition, the plants were thoroughly rinsed in tap
water, separated into roots, grains and leaves, and weighed. In Experiment
C, the isotope was added after four days of germination and the plants cropped
after an additional five days.

Each tissue was ground in 0.067 M sodium phosphate buffer (pH 6.7) in an
Omnimixer at full speed. The homogenizer was kept in an ice bath during the

* This work was supported by the U. S. Atomic Energy Commission, under Contract
AT(30-1)-2043.
** Present address: Universidad de Carabobo, Valencia, Venezuela.
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grinding. The radioactivity in samples of the resulting brei was counted in a
well scintillation detector and the remainder of the brei was centrifuged at
31,000 x g for 20 minutes. The supernatant solution was dialysed against
the same sodium phosphate buffer at 10°C until the buffer showed background
radioactivity. In Experiment B, the residues were fractioned in accordance to
the methods of Bonner !, Hawk ef al.9, and Davidson 5, as indicated in
Table 1. The cell wall constituents were fractionated by an adaption of the
technique of Boroughs and Bonner 3, as given in Table 2.

Radioactivity was determined on triplicate aliquots of each sample in a
well scintillation counter. To have comparable data, all samples were counted
until at least 4000 counts per sample were registered.

To study the velocity of solubilization of zinc-65 in tissues, another batch
of grains was germinated, treated with zinc-65 as before, and harvested after
three days, following the application of the radioactive substance. It was then
processed ,as described, up to the separation of the different plant fractions.
Half of the roots, grains or leaves was covered with water, and the other half
with 70 percent (v/v) ethanol. After two hours, the solutions were decanted
and the plants washed three times with similar solutions. The washings were
combined with the extracting liquids, brought to volume, and aliquots of
each counted. This process was repeated after four hours and 24 hours, for
both liquids, and in addition, after six and eight hours for ethanol.

To obtain more information concerning the location of zinc in plants, a
radioautograph was prepared. Washed and dried seedlings grown for two
days in the presence of zinc-65, were put on X-ray film for 35 days. To obtain
an adequate exposure, the grains were cut in such a way as to leave only a
thin central section exposed.

RESULTS

A general idea of the distribution of zinc in germinating corn
tissues is given in Table 3. This table demonstrates the distribution
of the element in the different parts of the seedlings as obtained in
Experiment A. Comparing the percentages of total activity, it can

TABLE 3

Distribution of Zn-65 in different parts of corn seedlings in Experiment A
9, of total

Fresh activity in parts
; X Total % of -
Tissue Weight | om cpm/k Solid | Total | Non-dial,
(g) res- sol. part of
idue frac. sol. frac.

Roots 33.4 189.694 6,360 50.7 46.7 54.0 10.0
Grains 50.0 135,750 2.710 36.3 57.2 45.5 5.5
Leaves 37.5 | 48,502 1,290 13.0 386 | 713 21.6

Whole plant | 120.9 373,946 3,090 100 — } — —
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be noted that more zinc remains in the solid residue of the seedlings
than is extracted, in the cases of roots and grains, while the opposite
holds true for leaves. The latter tissue also has a considerably
higher non-dialysable zinc fraction.

In Table 4, the data from Experiment B are presented in a form
which permits their comparison with the data from Experiment A,
presented in Table 3. The portions of zinc-65 detected in the
different fractions obtained in accordance to the scheme in Table !
were added together and presented in groups similar to the ones
used to obtain the figures in Table 3. Comparing Tables 3 and 4, it

TABLE 4
Distribution of Zn-65 in different parts of corn seedlings derived by summing the
fractions of Experiment B obtained in accordance to the separation of Table 1 in
Experiment B.
% of total cpm,
cpm
Fresh Total
Tissue Weight Total cpm/g f1;ac. pro- cell \  hdial.
cpm as % of | tein | wall +
® total | 4 frac * | frac ** Zn-65
as %
Whole plant 91.2 635,198 6,970 100 67.4 32.6 19.7
Roots 24.4 218,881 8,970 34.4 85.3 14.7 22.9
Grains 44,4 345,852 7,780 54.3 56.4 43.6 12.5
Leaves 22.3 70,465 | 3,150 11.1 65.8 34.2 23.8

* Includes the fractions soluble in 709%, ethanol, water, 1 N NaCl solution and 0.05 N

NaOH solution.
#*% Includes 29% (NHa)2C204, 0.05 N HCI, 0.1 N NaOH, and 1.5 N KOH.

could be noted in both experiments that the roots were the most
active and the leaves the least active tissue, confirming various
reports 18 26, The activity of the non-dialyzable fraction was the
same for both experiments, being highest for leaves, followed by
roots, and finally by grains.

The results of fraction activity are presented in Table 5. These
results indicated that the largest part of the ‘protein plus’ fraction
in grains and leaves was water extractable. In roots, the 70-percent
ethanol-extractable part was highest, followed by the water-
extractable fraction. No ethyl ether-extractable Zn-65 was detected.

The fractionation of the principal constituents of cell walls is
presented in Table 6, indicating that most zinc was found in the
solubility group of protopectines, and of hemi-celluloses. These two
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TABLE 5
Zinc-65 in different protoplasmic fractions of Experiment B
Roots Grains Leaves
Non- Non- Non-
Zn in ‘protein’ T?t;,ﬂ dializable] T(_)t{il dializable T(,)tajd dializable
activity activity activity
frac. frac. frac.
cpm cpm. cpm cpm cpm, cpm
‘Protein fraction’ 186,810 | 50,025 | 195,041 | 43,228 46,368 16,760
Ethanol 70% ex-
traced fraction 74,305 | 19,030 40,656 | 12,470 2,685 1,322
Hz0-extractable
fraction 59,116 | 27,710 | 103,350 | 20,000 22,633 13,420
NaCl 1| M extractable
fraction 46,245 1,070 28,585 733 18,376 573
NaOH 0.05 M ex-
tractable fraction 7,144 2,215 22,450 | 10,025 2,774 1,445
TABLE 6
Zn-65 distribution in the fractions of cell wall constituents in Experiment B
Roots [ Grains | Leaves
Fraction of Zn Total % Total % Total %
extracted with: activity | of total | activity | of total | activity | of {otal
cpm cell wall cpm cell wall cpm cell wall
Total Zn-65 32,071 | 100 | 150,811 100 24,097 100
(NH4)2C204 0.029% 717 2.2 7,761 5.2 789 3.3
HC10.05 N 12,013 37.5 7,763 5.2 10,110 41.9
NaOH 0.1 N 12,307 38.4 135,087 89.6 8,609 35.7
NaOH 0.45 N 3,976 12.4 — — 2,628 10.9
KOH 1.5 M 3,058 9.5 — — - -
Residue, «-cellulose 0 0 — — — —

solubility fractions included at least 75 percent of the activity of the
cell walls examined. From the grains, only three solubility fractions
could be separated, since the treatment with 0.45 N NaOH resulted
in the formation of a jelly from which no residue or supernatant
could be separated. The remaining a-cellulose fraction was free of
zinc-65.

In Experiment C, the seedlings were allowed to grow five days in
the presence of the isotope and a second protein fractionation
scheme, given in Table 2, was employed. The results are given in
Table 7. Comparing Table 4 with Table 7, it could be observed that a
higher and more uniform portion of zinc-65 was found in the
‘protein plus’ fraction after five days than after three days. There
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TABLE 7
Distribution of Zn-65 in different parts of corn seedlings obtained by summing the
activity of the fractions in Experiment C according to the separation in Table 2
% total cpm Non-
Fresh cpm of Troten T | diali
. r.es Total fraction | P oo cell wall talizs
Tissue weight cpm/g o plus’ able Zn-
cpm as % of -+ frac-
: (8) total frac- tion #% 65 as 9%,
tion * ton of total
Whole plants| 60.3 638,333 | 10,580 100. 91.9 8.1 3.6
Roots 17.0 266,869 | 15,700 41.8 93.8 6.2 2.6
Grains 17.9 161,128 8,990 25.2 90.3 9.7 5.3
Leaves 25.4 210,336 8,280 33.0 90.7 9.3 2.8

* Includes fractions soluble in 70 percent ethanol, in 0.5 N NaOH, in H:O and in 1 M
NaCl plus 0.01 M Na/citrate (pH = 6.7).

#* Includes fractions soluble in two percent (NHg)2C204, in 0.05 N HCI, in 0.1 N
NaOH, and in 0.44 N NaOH and in 1.5 N KOH.

TABLE 8
Zn-65 in different ‘protein fractions’ in Experiment C
Roots Grains Leaves
Non- Non- Non-
Tt‘?t‘j‘tl dial, th_’t‘?l dial. Tt‘?t‘?i dial.
. activity fraction activity fraction activity fraction
Total Zn-65 in 250,308 7,032 145,540 8,456 190,871 6,003
‘protein’ fraction cpm cpm cpm cpm cpm cpm
NaCl 1 M +4 Na
citrate soluble 236,040 3,024 126,000 506 181,251 2,631
H,0 redist. soluble 8,824. 1,487 2,268 187 6,357 666
NaOH 0.29%, soluble 4,357 1,484 4,216 1,380 2,227 1,905
Ethanol 70%, soluble 1,087 1,037 13,056 6,383 1,037 801

was also a considerable decrease of the non-dialyzable fraction for
all tissues.

Table 8 represents the distribution of zinc in the ‘protein’ fractions
of the seedlings in Experiment C. The 70-percent ethanol- and
water-soluble ‘protein plus’ fractions have decreased in comparison
to the figures given in Table 5. The extractants used in Experiment
C (1 M NaCl and 0.01 M sodium citrate) contained over 86 per cent
of the total zinc activity. Most of this zinc fraction was lost by
dialysis while the remaining fractions had appreciable non-dialyz-
able portions.

Table 9 gives the zinc distribution of the cell wall components
from Experiment C. Here, as before, the formation of a jelly as the
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TABLE 9
Zn-65 distribution in the fractions of cell wall constituents in Experiment C
Roots Grains | Leaves
Fraction of Zn ex- Total 9, of Total %, of Total % of
tracted with: activity total activity total activity total
cpm, cell wall cpm cell wall cpm cell wall
Total Zn-65 | 16,561 100 | 15,588 | 100 | 19,465 | 100
(NH4)2C204 0.2% 580 3.5 1,250 8.0 326 1.7
HC10.05 ¥ 6,943 41.9 4,484 28.8 7,477 38.4
NaOH 79, 5,478 33.1 9,854 63.2 5,867 30.2
NaOH 17.5%, 2,050 12.4 - — 3,504 18.0
KOH 1.5 M 1,510 9.1 — — 2,291 11.8
Residue, w-cellulose ol o] — — 0 0

result of the 0.45 N NaOH treatment of the grains prevented a
complete fractionation. Over two-thirds of the total activity was
found in the fractions obtained with 0.05 N HCl and 0.1 N NaOH.
This agrees quite closely with the data shown in Table 6. Again, a
zinc fraction was observed, so firmly attached to the cell wall
components, that only boiling 1.5 N KOH treatment could remove
it.

In Table 10, the zinc activities in the main fractions obtained in
the three experiments are compared. Due to the slightly different
extraction techniques, and in order to obtain comparable figures in
Experiments B and C, the activity due to the ‘prolamine’ and
‘gluteline’ fractions had to be transferred from the protein to the
solid residue. Tt could be noted, generally, that the distributions of
Zn-65 detected in the first two experiments were rather similar for
all three plant fractions. For the last experiment, a large increase in

TABLE 10

Activity of Zn-65, expressed as percentage of total recovered activity in the main
tissue fractions obtained in Experiments A, B and C

Time of Roots Grains Leaves
harvest % of Zn in: % of Zn in: % of Zn in:
i- £t -
Experl A | pro. | Solid | Non- | Pro- | Solid | Non- | Pro- | Solid | Non-
ment Zn-65 R . . R ) \
applic- tein | res- | dial. | tein res- | dial. | tein res- | dial.
alg)on + idue | frac. + idue | frac. + idue | frac.

Exp. A 3 days 54.0 | 46.7 | 22.8 | 45.5 | 57.2 5.5 | 71.2 | 38.6 | 21.5
Exp. B 3 days 48,8 | 52,2 | 27.9 | 40.5 | 59.5 | 15.7 | 60.0 | 40.0 | 34.0
Exp. C 5 days 91.8 8.2 1.8 | 80.3 | 19.7 0.4 | 89.4 | 10.6 1.8
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TABLE 11
Zn-65 activity extractable from roots and grains
of corn seedlings with H20 and CoH50H expressed
cpm extracted per unit period of two hours
Extraction Grains cpm Roots cpm,
time, hours | CaHsOH | H.0 | CaHs0H | H20
2 28,700 24,000 51,300 38,500
4 10,450 4,070 8,300 4,050
6 7,140 * 6,140 -
8 4,600 — 3,600 —
24 1,350 695 1,290 335
* No extractions were made with Hz0 at 6 or 8 hours.
COUNTS
FER MINUTE
»
50,0007 |
}
H
1
1
H
H
1
40.000 A :
]
: «---% Grains
f —=8 Roots
1
]
30.000 1 ]
[
|
1
1
|
i
20.000 - \
10.000 -
_________________________________
~~~~~~~ -
2 4 6 o 12 14 18 18 20 22 %4
HOURS

Fig. 1. Cpm vs time in the ethanol extraction of corn tissues.
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the soluble part was observed. It is suspected that this figure might
include some broken-down fractions of a non-proteinaceous nature.

The results of an experiment on the solubilization of the zinc-65
in corn seedlings are presented in Table 11. Only results for grains
and roots are presented, since even after 24 hours, no zinc-65 was
extracted from the leaves.

Fig. 2. Radioautograph (809, originalsize)showing Zn-65 distribution in corn
seedlings.
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In Fig. 1, the cpm measured are plotted against time for the
ethanol extraction, based on unit times of two hours each. The
extraction curves are very similar for roots and grains and appear
to be of a hyperbolic nature.

The movement of zinc in the seedlings is illustrated by calculating
the rations of the ‘specific activities’ (cpm/g fresh tissue) of roots,
versus leaves. The obtained ratios are given in Table 12, for the
different periods the seedlings were allowed to grow in the presence
of Zn-65. This table clearly shows the movement of zinc-65 from the
roots to the leaves, confirming the observations of many previous
investigators 11 14 16 18 21 25,

TABLE 12

Ratios of cpm/g tissue of roots vs leaves, at different
times after adding Zn-65 to germinating corn seeds

Days between harvest and
Zn-65 application 2 3 5

cpm/g tissue of roots vs leaves 4.94 2.85 ‘ 1.90

The radioautograph of seedlings given in Fig. 2 obtained from
plants exposed for two days to zinc-65, also shows the largest
concentration in the roots and grains and only smaller amounts in
the leaves.

DISCUSSION

The data show that a considerable part of the zinc absorbed by
plants is closely associated with the proteinaceous components. It
can be noted from the results of Experiments B and C, that the
extraction techniques separated more than half of the zinc of the
plant in the soluble ‘protein plus’ fraction. For both experiments,
most of the zinc was in the roots and leaves, that is, in the actively
growing tissues. This zinc was extracted with the basic proteins,
albumines and globulines, a fraction including nucleo-proteins and
many enzymes. The solubility class of prolamines and glutelines also
contained an important fraction of zinc. The presence of non-
dialyzable zinc could be observed in all separated fractions. Its
concentration was never less than 0.1 per cent of the total absorbed.
This agrees with the report of Sibly and Wood 19, indicating at
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least 0.56 per cent zinc in their carbonic anhydrase preparations.
It appears probable that zinc is bound, in one or more forms, to
proteins. This bond, or one of them, is believed to be a rather strong
one 12, The capacity of zinc to form stable complexes is well known.
In these complexes, sulphur is considered as the most adequate
electron pair donor. Zinc forms stable complexes with organic
amines, diamines, and alkyl groups as well 5. The reports of
Kidgli and Vallee 183 and of Friden ¢, indicating the interference
of zinc complexing molecules as 8-hydroxyquinoline-5-sulfamic acid
with the functioning of zinc enzymes, make reasonable the as-
sumption that a chelate-type binding exists between zinc and the
protein moieties. The lack of exchange with added zinc-65 in short
term experiments as reported by Tupper éf al., would also support
this observation 28,

A variable amount of zinc remained in the residue (6.2-43.6
per cent of the total) after separating the cytoplasmic fraction. The
largest proportion of this corresponded to the solubility fractions
designated as protopectines and as hemicelluloses in Table 1. It is
worth noting the presence of a small but definite amount (0.6-2.9
per cent) of zinc-65 which remains after most of the cell wall
constituents are extracted. The importance of zinc in cell walls is
evident from the work of Hewitt ef al. 10, reporting exudations as
the result of cell wall deterioration in case of zinc deficient plants.
This evidence indicated a role for zinc in the structure and function
of cell walls.

The remaining zinc residues could only be extracted by boiling
with 1.5 N KOH, leaving a rather pure x-cellulose behind.

The most marked effect of zinc deficiency in higher plants is the
decrease of stem elongation. Experiments by Skoog 20, have
shown the close relationship between the auxin and zinc, possibly
due to the importance of the element in the formation of the
precursor molecules as indicated by Tsui 22, While the function of
auxin in cell elongations is still not understood, there is some
reactive site in the complex group of cell wall materials which is
essential for auxin action as shown by Galston and PurvesS8,
There is ample evidence proving an attachment of auxin to some
receptors in the cell, based on kinetic experiments and on structure-
activity considerations 2 24, However, in the presence of a buffer
which forms stable metal complexes, Galston and Kaur ? did not
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find any evidence for the bindings of auxines to cell sites. It might
be possible, that zinc is a binding agent forming a bridge between
the cell sites and the auxin or auxin-enzyme complexes. This could
explain in part, the almost ubiquitous distribution of zinc including
its presence in the hemicellulose extracts, and its roll in auxin
inhibition noted by Galston and Kaur?.

SUMMARY

The distribution of zinc in the different solubility groups of proteins and
cell wall constituents was studied, using Zn-65 in small maize plants.

Most of the Zn-65 was recovered in the soluble ‘protein’ fraction. The
highest values correspond to the solubility groups for basic proteins, albu-
mines and globulines. The prolamines and glutelines also contained an ap-
preciable proportion. Non-dialyzable zinc percentages varied considerably
between 0.1 per cent and 19.0 per cent, of the zinc absorbed by a tissue being
the lowest figures characteristic for the saline extracts and especially for the
grains.

Between the cell wall constituents, most Zn-65 was present in the solubility
groups of protopectines and hemicelluloses. After different extractions, a
rather tightly bound zinc fraction remains attached to the cell wall. This can
only be separated by boiling with KOH, leaving zinc-free cell wall material.
The pure a-cellulose walls contained no Zn-65.
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