of these findings, there are no R’s in the insulin par-
ticle and the specification of the subunit may be writ-
ten to the form 3 P=Q, + @, . . . @,,, where m need
not be unity, with, say, about 102 residues to be dis-
tributed among all the @’s. To this complement corre-
spond two of Sanger’s A and B components (5). It
will thus be necessary, ultimately, to prove, for any
proposed structure of insulin, that these 4 peptide
chains could be obtained from it by Sanger’s pro-
cedures.

Meanwhile, in the light of early general studies of
the language of the vector space (21), it was becom-
ing clear that the vector map for the wet insulin
crystal calculated from Crowfoot’s intensities could
be interpreted, in the neighborhood of the origin, in
terms of cage structures of about the tetrahedral
dimensions of the C, structures (22), which had al-
ready been shown to maintain their coherence with
as few as 48 skeletal residues. On this basis, it was
suggested (22) that each subunit of insulin may per-
haps correspond to two sub-sub-units of this type,
either as separate entities or (since at that time dis-
sociation below thirds had not been observed) as an
“intergrowth.” Naturally nothing could be presumed
as to whether the two cages are identical in the nature
and placing of every residue or as to whether the
actual residue numbers, or even the skeletal residue
numbers, 48 + k, 48 + &/, are the same, or as to which
of the residues of the original 72-residue skeleton are
deleted.

The two latest developments are therefore of great
interest. On the basis of a physicochemical investiga-
tion, Fredericq and Neurath (23) claim that the in-
sulin particle is dissociable into structures of mol wt
ca 6000, a result which was strongly suggested by the
picture in terms of two cages for each subunit, though
the possibility that these form an intergrowth was
mentioned, in default at that time, of just this evi-
dence. It seems questionable whether we may infer,
even from the finding of a solubility curve indicative
of a single component (23), that these two “6000”
members corresponding to a subunit are identical in
the nature and placing of every residue. That this may
not be so is, in fact, suggested by the still more recent
work of Harfenist and Craig (24).

It is not feasible at this time to draw final conclu-
sions from the experimental data on insulin, which
are of varied types, with margins of error not pre-
cisely specifiable and certain discrepancies still unre-
solved. In such a case, it is often of value to proceed
on a different tack and study, as in this communication,
how far the data can be fitted into a model suggested
on structural grounds. Aectually, the cumulative evi-
dence seems to fit as well as it is reasonable to expect
with the picture given above, which analyzes each of
the 3 subunits of the insulin structure into two strue-
tures, a @, and a @,, separate or as an intergrowth,
and corresponding together to two of Sanger’s 4
components and two of his B components. Taking the
number of residues to be, say, 102, we have for each
Q the necessary minimum of 48 skeletal residues.
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Chelates as Sources of Iron for Plants
Growing in the Field*

Ivan Stewart and C. D. Leonatd

Citrus Experiment Station,
University of Florida, Lake Alfred

Iron deficiency is widely recognized as one of the
most important problems in plant nutrition. It is
known to occur in most of the major fruit-producing
areas of the world. The symptom of iron deficiency
is similar in most plants in that the interveinal areas
of the leaves become chlorotic while the veins remain
green (I'ig.1). In citrus the leaves often turn an ivory
color and usually drop, many of the branches die, and
production of the trees is greatly reduced.

Iron deficiency is found under two widely different
sets of conditions. In the first place, it occurs exten-
sively in erops growing on calcareous soils, where it
is referred to as lime-induced chlorosis. Second, in
certain regions, as in Florida, iron deficiency occurs
most commonly in crops growing on acid soils. The
presence of iron chlorosis does not always mean, how-
ever, that there is a shortage of iron in the soil. Even
in the very light sandy soils of Florida there is usually
sufficient iron for plant growth, provided this element
can be utilized effectively.

It has been reported by various workers (I-3) that
iron chlorosis can be induced by an excessive accumu-
lation in the soil of heavy metals such as copper, man-
ganese, zine, nickel, or cobalt. Hewitt (1) has listed
these elements according to their increasing ability to
induce iron chlorosis in plants. The same worker makes

1 Florida Agricultural Experiment Station Journal Series,
No. 74.
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F1G. 1. Grapefruit leaves. Leaf on left is from a tree treated
with 30 g chelated iron. Leaf on right shows typical iron
chlorosis and is from an untreated tree.

a distinction between the toxic effects of an excess of
these metals and their ability to induce iron chlorosis.

Wallace (£) and Chapman et al. (5) found that iron
chlorosis was associated with plants growing in potas-
sium-deficient cultures. Hoffer (6) has shown that
when potassium is deficient iron is precipitated in
large amounts at the nodes of cornstalks.

Iron deficiency is the most difficult of all mineral
deficiencies to correct. Application of inorganic iron
salts to the soil or as a foliage spray has not been
successful in correcting this deficiency in citrus. In-
jection methods of putting dry iron compounds in
holes bored in trees have been used, along with forcing
iron solution into trees. Although these methods have
been successful in supplying iron to trees, they are not
sufficiently practical for large-scale use.

In solution and sand culture work it is difficult to
keep iron in solution when applied as an inorganic
salt, because it precipitates as iron phosphate. Hop-
kins and Wann (7) found that iron could be kept in
solution, even under fairly alkaline conditions, when
it was supplied as iron citrate. Studies at this station
showed that when roots of iron-deficient grapefruit
trees growing in the field were placed in flasks con-
taining dilute solutions of ferrous sulfate it was not
possible to deteect any increase in uptake of iron in
the trees, as compared with untreated trees. However,
when citric acid was added to the iron sulfate, so that
the ratio was 1:10 by weight, considerable iron was
taken up by the tree, as determined by chemical analy-
sis and greening of the chlorotic leaves. When similar
solutions were put on the soil around chlorotic trees
there was no apparent increase in the uptake of iron,
as compared with the untreated trees.

Studies were then made with chelating agents that
form more stable iron complexes than those formed
with the citrate ion. Jacobson (8) found that ferric
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potassium ethylenediamine tetraacetate was a good
source of iron for plants growing in solution cultures.
During the past year we have applied various com-
binations of iron chelated with sodium ethylenediamine
tetraacetate to the soil in solution and also in dry
mixtures around iron-deficient grapefruit and orange
trees. The pH of the soil on which these trees were
growing ranged from 4.5 to 6.0.

Single applications of chelated iron during the dor-
mant season brought about complete greening of the
chlorotic leaves on these trees within 6 weeks. The new
leaves that came out in the spring on treated chlorotic
trees were green (Fig. 1) and appeared 2-3 weeks
earlier than those on untreated trees. Considerable re-
sponse was obtained when as little as 6 g of chelated
iron was applied to the soil around iron-deficient trees.
Chemical analysis of new leaves sampled in Marech,
2 months after application of chelated iron to the soil,
shows that considerable iron was taken up by the trees
(Table 1). Leaves from treated trees contained more
than twice as much iron as those from untreated ones.
There was only slightly more iron in the leaves from
trees treated with 2500 g Fe applied as ferrous sulfate
than in untreated trees. This small difference was not
enough to produce any noticeable greening of chlorotic
leaves.

TABLE 1

IroN CONTENT OF LEAVES FROM ORANGE TREES TREATED
wITH CHELATED IRON AND IRON SULFATE

Fe applied/

Total Fe ppm
tree Form (Dry wt basis)
()

Untreated 40
10 Chelated 100

20 ¢ 85

30 ¢ 86

40 ‘¢ 85

50 ¢« 90

2500 Ferrous sulfate 50

The reason for the much greater uptake of iron from
the chelate than from ferrous sulfate is not known.
It is believed that shortly after ferrous sulfate is ap-
plied to the soil the iron is precipitated as hydrated
ferric oxide, and this form is much less soluble than
chelated iron.

It is not known whether iron ethylenediamine tetra-
acetate is absorbed by plants. Heck and Bailey (9)
expressed belief that plants do not absorb certain
chelates. Hutner et al. (10) pointed out that ethylene-
diamine tetraacetic acid was not metabolized by micro-
organisms. From these studies it seems probable that
the complex is not absorbed by the plant. Jones and
Long (11), using radioactive iron, found that ex-
change took place between the iron complexed by
ethylenediamine tetraacetic acid and that in the ionized
state. Since the soluble chelate makes intimate contact
with the roots it may be postulated that the roots are
able to take up the iron from the complex by ion
exchange.
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It is believed that chelates in addition to those of
iron may be effective sources of plant nutrients. In
many instances zine, manganese, and molybdenum can-
not be applied effectively to the soil. Foliage sprays are
often undesirable because the residue causes an in-
crease in insect infestation. Studies are now in prog-
ress at this station to determine the usefulness of vari-
ous metal complexes for plants.
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The Binding of Metal Ions by ACTH:
A Property Correlated with
Biological Activity

Jean E. Carr, John B. Conn, and
Thomas G. Wartman® 2

Research & Development Division,
Merck ¢~ Co., Inc., Rabway, New Jersey

A survey of the polarographic behavior of a num-
ber of metal ions in solutions containing ACTH led
to the discovery that the hormone binds zine and cop-
per (II) ions in acid solution, and that a relationship
exists between the extent of binding under certain
fixed conditions and the adrenocorticotropic activity
as judged by rat assay. Manganese (II), cobalt (II),
and nickel (II) were also observed to bind in acid
solution, but without any definite relationship to bio-
activity; no binding occurred with antimony (III),
bismuth (III), lead (II), and tin (II). The forma-
tion of complexes between certain metal ions and
amino acids has been the subject of numerous pub-
lications, and has been shown to involve the carboxyl
group—i.e., to be favored by high pH. The unique
characteristic of the binding of zine ion by ACTH is
that it is favored by low pH, but is substantially un-
affected by buffer composition (Table 1). It is not
practicable to carry out polarographic zinc ion meas-
urements in buffers of pH much less than 4.5, because
of interference by the hydrogen discharge wave; on
the other hand, the copper (II) wave is usually af-

1 Present address: Minnesota Mining & Mfg. Co., Minne-
apolis.

2The authors wish to acknowledge their indebtedness to
T, J. Webb, who suggested the experimental approach which
led to the above findings, and to N, Brink, K. Folkers, F.
Kuehl, and J. Richter for their interest and cooperation.
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TABLE 1

ErrFECT oF PH AND BUFFER COMPOSITION ON THE
BinpiNg oF Zinc Ion BY ACTH*

Diminution
of standard
Buffer zine wave
composition pH ( gbg ﬁfn’ft‘)lir)
0.24 mg/ml
(%)
0.1 M NaQOAc-HOAe 4.64 18
0.1 M NH,OAe 6.46 8
0.1 M N-ethyl
morpholine acetate 8.18 0
0.1 M Na glutamate 4.63 22

* Corticotropin B of Brink et al. J. Am. Chem. Soc., 74,
2120 (1952).

fected by its nearness to the anodic wave of the sup-
porting electrolyte. Practieal considerations have led
to the adoption of the zine wave for study. The visible
effect of ACTH on the zine depolarization wave in-
volves (1) the suppression of the zine diffusion cur-
rent; (2) distortion of the wave, which increases pro-
gressively with the extent of binding to the point
where, above 509, diminution, the diffusion current
loses all definition; and (3) a progressive shift of the
zine half-wave potential to more negative values.

In order to correlate the zinc-binding reaction with
biological activity, a standard procedure for carrying
out the measurement was adopted, and numerous sam-
ples of ACTH (the potency of which had been deter-
mined by the hypophysectomized rat method [1]) were
subjected to zine-binding determination. The data were
assembled in the Klotz (2) function of pm/x versus

o Addition of Zinc to
ACTH (20x) 0.245 mg. / mi.

4 Addition of AGTH to Zinc
Zinc 0.0175 mg./mi.

11074
b-x
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F16. 1. Binding of zinc ion by ACTH in 0.1 M acetate buffer,
pH 4.64.
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