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ABSTRACT OF THESIS

INTRACELLULAR DISTRIBUTION OF IRON, PROTEIN 
AND CATALASE IN PLANT TISSUES

Iron-induced chlorotic and non-chlorotic tomato 
plants (Lvconersicon esculenturn)„ variety Early Pak, were 
grown in nutrient solution culture and separated into 
leaves, .stems and roots at two stages of growth„ A tomato 
seed sample was also used.

The tissues and seed sample were divided into 
particulate fractions,by differential centrifugation, and 
the fractions were analyzed for iron content, protein 
content, and catalase activity. Data were obtained showing 
growth, iron content, iron concentration, percent iron, 
protein content, protein concentration, percent protein, 
catalase activity, and iron and catalase activity on a 
protein basis. These data were compared with regard to 
chlorotic and non-ch loro tic plants, tissue .fractions , and 
harvest dates. /

Points of particular interest include: high iron 
concentration in the plastids-nuclei and mitochondrial 
fractions, high iron accumulation in the cell debris fraction, 
no iron detectable in the supernatant, high protein content 
in the supernatant fraction, and high catalase activity in

ix



the mitochondrial fraction. The results obtained indicated 
that, in general, the iron and protein content and the 
eatalase activity vary in absolute values from tissue to 
tissue.

The iron content may be related to chlorosis in 
leaves but not in Stems. The iron content does not directly 
influence protein content or eatalase activity, but the iron- 
protein ratio may be related to chlorosis in the plant.
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INTRODUCTION

The appearance of chlorosis in plants has,been observed 
for many years in iron deficient environments. The actual 
function of iron in the qhlorotic plant has never been fully 
determined, but much speculation has been offered as to Why 
chlorosis occurs. In much of the previous work, the entire 
'■tissue,- such as 'the :lea£ or the stem, has been analyzed for 
iron content and iron containing compounds. These tissues, 
however, are made up of numerous cells and, as has been 
recognized for years, these cells are composed of distinct 
particulates Which carry out the various metabolic reactions 
"which make iife pps'sibleIt .seemed., .therefore,’''that a study 
©f these particulates in relation to chlorosis might yield a 
more thorough understanding of the mechanism involved, A 
knowledge of the intracellular•distribution of iron may be 
of value in further determining its function and relation 
"to -qhloroeie. ■

The intracellular particulates may be separated by 
differential centrifugation, a method which has been in use 
for many years. Some -investigators dismiss this procedure 
on the grounds that the very act of cell rupture necessarily 
produces artifacts such as redistribution., adsorption and 
other alterationso These limitations may exist, but if
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realization is made of the drawbacks to be encountered and 
if steps are taken to counteract these limitations as ttjuch 
as possible, then differential centrifugation can become a 
valuable instrument in assessing the reactions within the 
cell,

Chlorosis has been found in many cases not to depend 
strictly on the iron content of the plant and, therefore, 
investigators such as Brown and Hendricks (11) have tried to 
relate enzymatic activities to this abnormality. Consequently, 
the possibility exists that c at alase, an iron containing enzyme, 
might be used as a tool in the study of chlorosis. This enzyme 
was of interest because of its widespread occurrence and impor
tance in the functioning of cells,

In this investigation, iron and catalase activity were 
measured in the particulate fractions of chlorofic and non-r 
chiorotic tomato ■ (ivconers1con esculenturn)n variety Early Pak ? 
leaf, stem and .root tissue. Crude protein determinations were 
also made in an effort to observe the effects of chlorosis on 
protein content.and to see if iron and catalase, expressed in 
terms of protein content, would give a better correlation with 
chlorosis than either by itself.



literature review

Chlorosis h£s been a widely studied phenomenon for 
year§ and has b#ep found to be related to various abnormalities 
within the plant. A lack of iron in the leaves has long been 
regarded'As the basic? 'cause■ of chlorosis. Gris, as reported 
by iljin (31) <, discovered over 100 years ago that the chloro- 
fic condition of plants could be alleviated by the addition 
of a solution containing iron salts.

BrOwn and Holmes (12) indicated that plants grown on 
natiira 1 ly calcareous soils diowed a chlorosis which was caused 
by a failure of rhe plantA to absorb iron from the soil or to 
utilize that which was absorbed by the plant» They believed 
these factors to be coexistent with fundamental physiological 
and biochepnical differences within each Species and variety. 
Their view of internal inactivation of iron was shared by Iljin 
:('31). Glenister (24) suggested that this inactivation might 
Occur via one of two mechanisms, First, iron may be precipi
tated due to a high pH value of the cell sap,* Second, man
ganese, if its ratio to iron is not 1:2, may, because Of its 
greater oxidation potential tend to ^eep the iron ip the 
inactive ferric state, Bennett (7) differed with the first 
mechanism on the baefs that although the saps of chlorotic 
tissues are occasionally found to have a. higher pH yalue than

3
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those from greep tissues s there are ipany cases in which both 
tissues have the same apparent pH value. In regard to the 
second mechanism, Bennett found that, for tomato at least,
She ratio of manganese to iron in tt>e tissue had no relation 
to the chlqroeis produced.

An abnormally high concentration of any or all of the 
micronutrients, except iron^ can cause induced iron defioiency 
chlorosis resulting in depression of phlorophyll content and 
catalase activity according tp Argawala et al.' C1) and Brown\ 
(10). Studies by DeKock et al. (18) have shown an-interdepend^ 
enpe to exist among the elements phosphorus ̂ iron, potassium 
and calQium. Much conflicting evidence exists, however, con
cerning just how vital this interdependence is to chlorosis 
(7, 10, 31, 41, 63, 66).'

Opinions also differ widely in regard to the comparative 
amqunf and state pf iron in chlorotic tissue. Various investi^ 
gators have presented evidence indicating that greater, equal 
and lesser amounts of iron are present in chlorotic as compared 
to non-chlorotic leaves (16, 23, 329 67) and, based upon this,
- II jln ".(32-) has ■ postulated that the total plant iron is not cor- • 
related pith 'chlorosis. The term "active'iron," Operkowsky:(55), 
has been introduced in an effort to identify that portion of the 
iron which is related to chlorophyll production or prevention of 
chlorosis. Various investigators have found favor with this 
designation (7, 34, 55, 60).

The discrepancies in reported iron contents of leaves 
may be due to surface contamination. Inadequate washing of 
the sample has been shown by Jacobson (34), Wallihan (63)



• amd Smith -et al. (59) to result In erroneously high values 
for the iton content of plants. Bennett (7) pointed out 
that leaves should be sctubfoed with dilute acid or an 
iron’* free detergent to remove any surface dontaminatioh. 
Jacobson (34) declared that with few exceptions, properly 
acid-washed chlorotic leaves contained less total iron 
than green'-leaves „

An area of general agreement is that the older 
leaves seem to cbntain more iron than do the younger leaves. 
Glenisfe^ (24) discovered that the older leaves contained 
more: iroh than the younger leavess and this was in line 
with the findings of Oborn (541 that iron is not transported 
. from-leaf parts to other growing tissue of the Same plant. 
Therefore^ according to Bennett (7), iron entering the leaf 
very early in the 'season is much more effective for chloro
phyll formatioh than that entering later»

It has been shown that the roots contain a higher 
proportion of iron than the leaves and sterns (54) s and 
HcGeroge (48) found this iron to be an excessive accumula
tion of ina ctive iron. This accumulation may be explained 
on the'basis that root cells tend to meet their own iron 
requirements before transferring it to the transpiration 
stream ' ( 8 )  ̂ ‘

In intracellular studies of iron distribution, a 
majority of investigators have discovered the chloroplasts 
to be the primary site of iron accumulation (34, 40, 51* 53,



Of the total iron in spinach leaves, 82 percent was reported 
to be associated with the chloroplasts by Noack and Liebich 
(53) while Liebich (40) showed that the cell nucleus con
tained only traces of iron and the cell wall no iron, Moore 

/ '(50)s .however9 :found a labile fraction of iron in the •chlpro-.. . 
plaS;t|8 cytoplasm, nucleus and occasionally in the cell wall. 
Iron in both its inorganic form and in organic combination 
exists in chloropiasts (51). Jacobson (34) has shown the 

.-'“active iron" fraction to be localized in the chloroplasts, 
but when iron is no longer limiting in chlorophyll formation, 
it accumulates more rapidly in the nonchloropla st fraction 
of the cell than in the chloroplasts. Jacobson and Oertli (35) 
have suggested that iron is involved in chloroplast formation, 
difectly Pt indirectly, via protein synthesis.

An adequate supply of iron has long been known to be 
heceasary for the formation of chlorophyll. Several workers 
have acquired a good correlation between chlorophyll and iron 
content (2, 7, .17, 34, 54, 55). Oborn (54) found that the 
iron content of leaves was a function of the chlorophyll 
present, which varies seasonally in any given species.
Jacobson and pertli (35) reported that good correlations 
were obfained only if the iron was supplied at a uniform 
rate. Oserkowsky (55) and Bennett (7) found a positive 
correlation between the amount of “active iron06 and the 
chlorophyll content. This “active -iron,1* which acts in the 
catalysis of chlorophyll, was only slightly present in/
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chlorptic foltage (6)„ In fact, a certain level or thresh
old value must be obtained before chlorophyll formation can 
occur. This value was determined by the species and the 
growth conditions (34). Certain qti>er requirements, such 
as iron-containing enzymes, may have to be satisfied before 
active iron and chlprpphyll can be formed.

Agarwala and Sharma (2) showed that both chlorophyll 
and catalase were related to iron supply and suggested that 
the iron supply determines the synthesis of some precursor 
of both of these compounds. These findings were in accord 
with those reported by Appleman (4), Klnzel and Url (37), 
and DeKpck et al. (18). In the event that chlorophyll 
synthesis is blocked to some extent, catalase activity is 
increased (4).

In 1952, Brown and Hendricks (11) repdrted that a 
nutrient deficiency of an element will be evident in a changed 
activity of enzymes requiring that element for function, and 
as early as 1923, Warburg, as reported by Theorell (62), had 
postulated that catalase was an iron enzyme. It is not sur
prising then that the dependence of catalase formation in 
the leaf on the iron supply has been repeatedly demonstrated 
(2? 5, 11, 13). In studies of Neurosnora. Nicolas and Good
man (52) found that as iron deficiency increased, the activi
ties of the iron enzymes were reduced in a similar manner. 
Catalase was the first enzyme to be affected by the deficiency
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followed by peroxidase -and the cytochrome c •enzymes. They 
concluded that this may reflect the relative affinity of 
the porphyrin of these enzymes for iron. Markh et al. (46) 
reported that high catalase activity in the tomato fruit 
was promoted by appreciable concentrations of iron.

In chlorotic tissue, regardless of the cause,
Schwarze (56) has found c a t a l a s e  to be considerably lower 
than in normal tissue. Brown, by himself, and with the aid 
of other investigators (9, 12, 13) has shown in several 
instances that catalase activity was comparatively lower 
in chlorotic than in non-chlorot ic plants . Minasyan (49) 
discovered the chlprotic leaves of apples, pears and ivy 
to contain only half ithe catalase activity of normal leaves. 
Similar findings were made bv Koberidze et al. (39) with 
chlorotic grape wine, whereas Tabadze (61) indicated that 
the reverse was true with the grape leaves which he tested.

Studies on etiolated seedlings have produced -results 
nearly Opposite to those found with chlorotic tissue. Eyster 
(20) and Appleman (4) have reported the catalase activity of 
etiolated seedlings to be significantly higher than of green 
seedlings. Appleman has postulated that the catalase of the 
etiolated seedlings is qualitatively different from that of 
the green seedlings. This work by Eyster and Appleman is at 
variance with that of von Euler (19), who reported the 
catalase activity in etiolated seedlings of barley, rye, 
wheat, and oats to be generally lower than in green seedlings.



McClendon' (47) indicated that catalyse w s  roughly 
proportional to■the protein content pf-various fractions 
pf tobacco leaf tissue and this leads to the possibility 
that the ipon content and the chlorophyll, catalase, and 
protein content are all interrelated, Zucker (70) stated 
■ that "leaf proteins are in a continual state of flux and one 
of 'the ■factors infiviehcing their '.concentration .Is ■ nutritional 
Status.. If is believed by Bennett'-(7.) that chlorosis was a / 
disturbance of both iron and nitrogen metabolism and that 
the t w  are intimately related. The findings of Browt and 
Possingham (14)? however* show that while "iron -has a ;considerw 
able effect on division, it has "little or no ef fect on protein 
synthesis, and ..Fujlwara and • Tsuf sumi (21) found the' prbtein \ 
levels of rice and'barley leaves did not change significantly 
even.ff chlorosis was severe.

As evidenced by the ihfdrmation reported here, no 
postulation or conclusion has the full support of all invesfi* 
gators. In comparing the data of various workers, therefore, 
realisation must be made pf the many variable factprs, such 
as differences in species,v^cleties, analytical methods and 
climatic and nutritional environment, which exist. These all 
must be taken into consideration when evaluations are to be 
•made.



MATERIALS AND METHODS

Greenhouse

Tomato seeds (Lvcopersieon esculentum). variety
■ 2Early fak-, were planted in polyethylene heads, for physical 

support. The heads were cleaned by soaking for ?4 hour? in 
Cldrox (one^third strength), for 24 hours in 3 -1J HNO^ and 
subsequent rinsing with deionized water^ The other equip
ment , Including the styrene cups especially prepared accord
ing to,the: "method.of Greene et al. (25), was washed with 
detergent and rinsed with distilled and deionized water.

The 12-liter polyethylene tubs, approximately six 
inches deep, the 14-liter polyethylene buckets, approximately 
14 inches deep, and the Plexiglas tops for each were covered 
with aluminum foil to prevent entrance of light and subsequent 
bacterial and/or algal growth in the nutrient solutions.

The styrene cups were filled to within oner-half inch 
of the top with polyethylene beads, and 15 tomato seeds, #&ich
. ,  ' V m:"- , ■■ ■ ■ 1 . - . . : ; - ■. - 

Supplied by Ferry Mbrse Company,.Mountain View, 
California.

‘ 2 '' 'Beads No. DYNH-3 purchased from Bakelite Company,
Los Angeles, California.

3 , . .All water used was deionized by passage through a 
mopo-bed cation and apion exchange resin.
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had been pregerminated in aerated deionized water, were 
placed on the surface of the beads. A one^quarter inch 
layer of beads was then placed over the seeds, and the 
cups were inserted into holes/bored through the Plexiglas 
•covers• The tub cover held 12 cups and the bucket cover 
held five cttps (25). The cups were covered with aluminum 
foil until sprouting occurred in order to conserve moisture 
in the beads.

After 12 days, the ptant s were thinned to eight 
seedlings per cup»

The plants were watered three times a day with deion- / 
ized water until the initial thinning. The nutrient solution, 
prepared from analytical grade reagents according to Hoagland 
and Arnon (29) for solution No. 1, except for iron which was 
supplied as FeChel 138,^ was maintained at the low level of 
iron, 0«05 ppm., until the plants were 12 days old. The 
plants were then divided in a random manner into deficient 
(0.05 ppm. iron) and complete (1.0 ppm. iron) treatments.
These iron levels were previously found to be suitable for 
obtaining chlorotic and non-chlerotic tomato plants (45). The 
solutions were continuously aerated with washed, compressed 
air, and the pH value was maintained at 6.8 by the addition 
of 1.0 N.KOH when needed. The pH value was checked once a

AIron chelate of N,N1 -ethylenebis-[ 2-i (o-thydroxyphenyi) ] 
glycine-Che1 138 supplied by Geigy Chemical Corporation, Yonkers, 
New York.
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day. Deionised water was added three times a day in suffi
cient quantities to maintain a constant volume of solution=
The solutions were changed after the first harvest and every 
week thereafter. Wooden structures and cotton string were 
used to support the plants in the latter stages of growth.

Two harvest dates, 23 and 49 days after planting, 
were selected” Two replicates or containers from each treat
ment were harvested on each date. At the first harvest , two 
tubs from each treatment were used, and at the second harvest, 
two buckets from each treatment were used.

The plants were separated into leaves, stems and roots 
using stainless steel scapels and surgical scissors. The tis
sue was washed once in 0.01 N HC1 and twice in deionized water 
to remove surface contamination (7). The washed tissue was 
blotted dry and immediately placed in plastic freezer bags 
along with an identifying tag. The materiel was immediately 
frozen with dry ice and stored at -18°C until it could be 
dried under vacuum in a mechanically refrigerated lyophilizer.

Af ter lyophi1i zation, the plant material was weighed 
to the nearest 10 mg. and ground in a Wiley mill to pass a 
bOrmesh stainless steel screen. The ground tissue was plaeed 
in polyethylene containers and stored at r-18° C until needed 
for analysis.



Homogenization

The first stpp in analyzing the tomato tissue was 
homogenization of the material in a 0,2 M Na^HPO^ - 0*2 H 
^aHgPO^ - 0.3 H suorose buffer8 pH value of 7,0, .Approxi
mately one gram of tissue was weighed to the nearest 0,1 
mg, and placed in a glass homogenizing flask along with' 20 
ml. of sucrose buffer. The flask was packed in ice 9 and a 
Vir Tie'45 homogenizer3 with a macroshaft and blades9 was

■ Gused for 10 minutes at a rheostat setting of 90. Prelim
inary microscopic studies had revealed that at this setting 
and time interval approxiinately 85 percent cell breakage 
could be expected. All homogenization was conducted in a 
constant temperature room at 4° C» After homogenization, 
the blades and the sides of the flask were washed with 
deionized water. The final volume was appreklmate!y 50 ml.

Separation of the tissue intp its particulate frac
tions was carried out by use of differential centrifugation, 
Four fractions were obtained during the process. They were 
cell debris (lOOxG)1 plaatids-nuclei (1500x0), mitochondrial 
size particles (25,000xG), and supernatant. Preliminary 
fractionation and microscopic studies were run in order to

gPowerstat brand of rheostat obtained from The 
Superior Electric Oompanyi, Bristol, Connecticut, Type 116,
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c^raQterize each fraction. The nomenclature of the frac
tions denotes only the majority of the particles pi par
ticulates which were present. Very few intact chloroplasts 
were found in the cell debris fraction or in the mitochon
drial fraction. As pointed out by Hagen and Jones (27), 
however, vith cell fractionation techniques, it is virtually 
•impossible to isolate particulates which are free from con-r 
faminat ipn,

The initial two fractions were separated in an 
International Refrigerated Centrifuge at 0°C, and the 
mitochondrial and supernatant fractions were obtained by 
using a Servall Superspeed SS-1 Centrifuge operated in the 
constant temperature room at 4° C*. All fractionations were 
carried out in 50 ml. polyethylene centrifnge tubes.

The procedure was as follows: the homogenate was
quantitatively transferred from the homogenizing flask to 
polyethylene centrifuge tubes and centrifuged for 10 minutes 
at the appropriate speed. All spins were for a duration of 
10 minutes. The pellet at each speed was washed three times 
by fesuspending it in deionized water and centrifuging at 
the same speed. The wash‘ syater was added to the supernatant 
of that particular fraction. The washing served a dual 
purpose. First of all, it removed any sucrose buffer which 
might have interfered in later dry weight measurements, and 
secondly if helped to remove substances which may have been



isolated in that fraction due to adhesion or trapping by 
larger particles. The supernatants were removed by simple 
decantation except with the cell debris fraction. The 
pellet of this fraction wes not as firm as those of the 
other partiqplates, and it tended to go back into suspension 
if the superpatant was poured off. Therefore„ a epeqial 
suction apparatus was devised, which successfully draiued 
the supernatant off without disturbing the pellet greatly.

The pellet at each speed was resuspended in water 
and brought up to a constant volume. Samples were taken 
from the suspended pellet for subsequent determipat ions of 
catalase activity, protein content, iron content and dry 
weight. The volumes of each of the fractions were as fol
lows s cell debris, ,50 ml.; plastids-nuclei, 25 ml.; 
mitochondfia, 50 ml.; and supernatant, 250 ml. The 
resuspension of the pellet of the first two fractions 
wa^ accomplished by shaking on a mechanical agitator, but 
tt\e pellet of the mitochondfia 1 fraction was re suspended 
by reho mo gen izi ng the pellet with the Vir Tis 45 homogenizer 
for 30 aeconds at a rheostat setting of 20,

Catalase

Catalase activity was measured mahometrieally using 
essentially the method of Sizer (58) with various modifica
tions. The manometric technique was chosen because of certain
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advantages which j-t possesses * This technique can be used 
for apy kind of biological material, its assay is independent 
of small amounts of peroxidase activity, purified enzyme is 
not requited, and it is rapid and simple to perform (43).
An Aminco Rotary Warburg Apparatus with a constant tempera
ture bath was used for all messuremeUts of catalase activity.

The procedure employed was as follows: in the cup
of the reabfidii Vessel, which had two side arms, were added 
1.0 ml, of NaH2P04-Na2HP04 buffer, pH value of 7.0, and 2.0 
ml, of tissue sample. The tissue sample was obtained, using 
a large orifice pipette, from the suspended pellet after the 
suspension had been thoroughly shaken. In the side arm. was 
placed 1.0 ml, of 0,12 percent hydrogen peroxide (^O^), 
prepared from 11 Baker Analyzed" Reagent which is approxi*- 
mately 30 percent H^Og, These volumes and concentrations 
were decided upon after preliminary investigations were 
conducted. As pointed out by Appleman (3), with each neW 
material to be studied, a check on the rate of oxygen 
evolution as a funcfion of HgOg concentration should be 
made. After 30 minutes of shaking (112 strokes per minute) 
in a water bath at 15° C, the Hgpg was tipped in te initiate 
the reaction, The shaking helped to reduce surface phenomena 
which prevent instantaneous equilibrium of oxygen gas at the 
liiquid-gas interface (43). The temperature of the water
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bai;h was determined from preliminary studies of temperatures 
'below 10° Co Temperatures below 20° ’€ were studied in order 
to keep •side reactions at a minimum (43) <,

Readings were made at 2, 4 and 10 minutes$ keeping 
In mind the necessity of measuring the rate as close to 
sero time as possible because of cat alase inactivation by 
HgOg (3) V More: rapid readi.ngs were net made ■because'-of 
limitations introduced by the number of manometers to be 
read and the necessity of making the readings at accurate 
time intervals. A thermobarometer was used in each run to 
"compensate.for temperature and pressure changes.

After each runs the reaction vessels were removed 
from the manometerss emptied 6f their contents and placed 
in a hot detergent bath to remove all the -Vaseline -which■ 
was used to - seal the ■joints. After boiling for one to three 
hourSj, the vessels were removed from the bath and rinsed 
with hot tap water and then with deionised water several 
times. The vessels were dried in an oven at 105° C.

Protein

Protein determinations were made on the tissue 
samples because they provide a basis for expressing mineral 
and enzymatic measurements (7, 14). The method of Lowry 
et al. (42) was used with slight modifications. This method9 
according to Valmikinathan and Shanmugasundaram (64) is
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considered to be the most sensitive and accurate one for 
protein.. ■

A t  issuer sample was taken from the suspended pellet 
and extracted with NaOH (final concentration of 3.0 N) on 
a mechanical shaker for approximately 20 hours at 4° C.
The size of the samples taken were as follows: cell debris, 
.10 ml., plastids-nuclei, 5 ml., and mitochondria, 10 ml.
The supernatant was not extracted with NaOH. The extracts 
of the first two fractions were centrifuged at a speed of 
l,500xG at 0° C for 10 minutes, and the mitochondrial 
extract was removed in. 10 minutes at 25,000xG at C.
The extracts were diluted to final volpmes as follows: 
cell debris, 50 ml., plastids-nuclei, 25 ml., and mito-f 
chondria, 50 ml.

Trichloroacetic acid (TCA) was added to a volume of 
the diluted extracts and the supernatant. The volumes used 
were as follows: cell debris, 0.5 ml., plastids“nuclei,
0.5 ml.jj mitochondria, 0.5 ml. , and supernatant,0 = 25 ml.
To eacdi of these, 2.0 ml. of 20 percent TCA (W/V) were added 
to precipitate the TCA-insoluble nitrogen compounds. As 
indicated by Singh (57), the TCA-precipitated nitrogen 
consists not only of protein nitrogen but also of nucleic 
acid nitrogen. For purposes of brevity, however, the TCA- 
insoluble nitrogen will be referred to as protein in the 
remainder of this thesis. The samples were incubatated at
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4Q C for one hour and then centrifuged at 10,000x6 for 10' 
minutes at 4° 6. The supernatant w s  discarded, and the 
precipit ate was washed with 5 ml. of five percent TGA (W/V) 
and recentrigped under the same conditions. This supernatant 
was decanted, and fhe precipitate was dissolved in 0-3 ml* of 
1=0 N Na0H= Special care was taken not to pour off any pro
tein particles In the process of precipitating and washing * 
After one-half hour, 2=0 ml* of the carbonate copper solu
tion without NaOti were added to the sample, and 10 minutes 
later, 0.2 ml* of 1*0 N Folln-Cldcalteu Reagent was added 
and mixed rapidly* The samples were incubated at room tempera
ture, 27° G, for one-half hour and then transferred to 10 ml. 
spectrophotomefrie tubes * After dilution tp 4 ml ., the 
transmittapcies of the samples were read at a wave length 
of 750 mp in a Bausch and Lottib Spectronic 20 Spectrophoto
meter. Blanks were run with all determinations.

A working curve for determining protein content was 
prepared from a crystalline bovine albumin standard solution 
(200 pg per ml*)* The albumin was subjected to the same 
procedure -as were the samples in regard to precipitation by 
TGA and determination by Folin's method* Hoch and Vallee 
(30) found that the use of TGA results in quantitative 
recovery of proteins from solution.
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Iron determinations and dry weight measurement:s of 
each fraction were made on the same sample» The remaining 
volume of each pellet suspension, cell debris, 36 ml., 
plastids"nucleis 16 ml,, and mitochondria, 36 ml., was 
placed in weighed, 150 ml* tall-form beakers, and 100 ml, 
of the supernatant were placed in 300 ml* tall-form beakers. 
The samples were taken to dryness in an oven at 1059 C. The 
'150 ml, beakers were reweighed and the sample weight calcu
lated. The supernatant weight was found by subtracting the 
weight of the first three fractions from the initial weight 
of tissue used.

The dried samples were oxidized on a hotplate from 
20 ml. of deionized water, 20 ml. of concentrated nitric acid
and 20 ml, of concentrated perchloric acid (44), The residue
was dissolved on a hotplate in 10 ml, of 0,1 N HNOg and placed 
in 25 ml, volumetric flasks, Samples were filtered when 
necessary. To each of the flasks were added 10 ml* of acetate 
buf f er, pH value of 4.5, 1.0 ml. of 10 percent hydrOxylamine 
hydrochloride, 3 ml. of 0,2 percent orthophenanthroline and 
sufficient deionized water to bring the contents up to volume
(33). The transmittancies of all samples except the super
natants were read after one hour on a Bausch and Lomb 
Specfronic 20 spectrophotometer at a wave lenght of 500 mp.
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The supernatants were read after 24 hours due trp a hindrance 
of rapid color development by phosphates (28). Blanks were 
run with all determination. Iron content was determined 
from a standard curve which had been prepared using the same 
procedure as outlined above.

One-gram seed samples were subjected to the same 
"procedures as outlined above for the plant tissue in regard 
to homogenization * f ractionation and determination of catalase 
activitys protein and iron content? and dry weight.



RESULTS AND DISCUSSION

The dry weights of the tomato tissue used in the 
study are $hown in table 1« The data are arranged to show 
the weights of leaves, stems, and roots at the two harvest 
dates and at the complete and deficient iron levels of the 
nutrient ' solution»

The data in table 1 show that the chlorotic tissues 
had less weight than the non-chlorotic tissue at the first 
harvest date, but by the second harvest there seemed to be 
little difference in weight between the iron-deficient and 
iron-sufficient tissues. In fact, there may have been 
slightly more chlorotic tissue than non?*chioro:fcic tissue at 
the second harvest„ This indicates that the iron levels 
had not yet begun to show any drastic effect on the growth 
of the plants although visible signs of chlorosis were 
evident. Since the study was terminated after 49 days, it 
cannot be known if the tissue weights would have become 
affected by the chlorosis, but work by Maier and Cattani 
(45) and Knegek (38) indicates that this would be the case.

The mean iron concentration of the tomato tissues are 
shown in table 2, The data are arranged to show the concen
trations at the two harvests and at the complete and deficient 
levels of the nutrient solution.
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TABLE .1,— Dry weight of tomato tissues grown at two levels of iron,

Harvest time and iron level 
Anatomical 28 days 49 day
Part

s
0.05 ppm. Fe 1.0 ppm. Fe 0.05 ppm. Fe 1.0 ppm, Fe

gm.
Leaf 3.89 6.38 11.40 11.35
Stem 2.88 5.08 14.00 13.12
Root 0.86 2.88 1.95 2.83

Total 7.63 14.34 27.35 27.30

Data represent mean of two replicates,

w



TABLE 2„--Concentration of iron in tomato tissues grom at two levels of iron.*

Anatomical
Part

Harvest time and iron level 
28 days 49 days

0.05 ppm. Fe 1.0 ppm. Fe 0.05 ppm, Fe 1.0 ppm. Fe

pg.Zgm.
Leaf 71.79 154.49 61.70 117.58
Stem 29.85 43.84 19.67 23.87
Root -- —  68.77 179.72

150.14 321.17

*Seed sample = 170.90 pg./gm.
Data represent mean of two replicates.
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The concentration of iron was greater in the non-bhlorOtic 
than in the chlorotic tissues in all cases. The iron concentra
tion Of the leaf and stem tissue at the second harvest was 
considerably lower than that at the first harvest. This indi
cates that the largest accumulation of iron occurred during 
the early stages of growth and that as the plant matured this 
rapid intake of iron decreased. A decrease in iron accumula
tion coupled with continued vegetative growth would account <
for the drop in concentration of iron in the tissues.

Little information could be gained from the root 
material. There was not enough material in the first harvest 

, to analyze, and only the second harvest provided enough tissue 
with which to make any inferences. If the roots did tend to 
follow the same pattern as the other two tissues, however, it 
might be assumed that the roots contained a considerably higher 
concentration of iron than did the other tissues. This would 
support the findings of Oborn (54) and McGeorge (48). The root 
chlorotic tissue also seemed to follow in the pattern of the 
other tissues in that it contained a lower iron concentration 
than did the non-chlorotic roots.

In table, 2 the iron concentration of a tomato peed 
sample is also given. The seed contained a considerable 
concentration of iron. This concentration would probably 
enable the young seedling to start and continue growth in an 
iron deficient environment without showing any ill effects 
for a short time.
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The total iron taken up by the tissues is shorn in 
table 3. The data are arranged to show total iron in the 
tissues at the two harvest dates and at the complete and 
deficient iron levels of the nutrient, solution.

The total iron was less in the chlorotic tissues 
than in the non^chlorotic tissues harvested at the same 
time. The difference between total amounts of iron in the 
particular tissues at the two harvest dates was not too great 
and would indicate that possibly after a rapid initial uptake 
of irong a lag period occurred in which iron was not readily 
absorbed.

• ■ Iron ..Concentration

The iron concentration of each of the fractions of 
the tomato leaf tissue is given in tables 4 and 5, Graphical 
representation of these data are shown in figure 1. Table 4 
shows the data for the first harvest date, 2,8 days after 
planting, and table 5 shows the data for the second harvest 
date, 49 days after planting. The concentration data are 
based on the amount of iron per gram of the particular fraction,

The plastids-nuc1ei and mitochondrial fractions 
contained the highest concentration of iron for both harvests. 
These are the sites of photosynthesis, respiration and other 
metabolic processes in which iron is known to function or is 
suspected to have an active part, and consequently the results 
seem reasonable.



TABLE 3.— Iron content ojE tomato tissues grown at two levels of iron,

Harvest time and iron level
Anatomical

Part 28 days ' 49 days
0,05 ppm. Fe 1.0 ppm. Fe 0.05 ppm. Fe 1.0 ppm. Fe

#g. Fe
Leaf - 279.26 985.07 703.38 1^334.53
Stem 85.97 222.71 275.38 :313.17
Root —  134.10 508.61

Total —  —  1,112.86 2,156.31

Data represent mean:.of two replicates.



TABLE 4.--Distribution of iron in tomato leaf tissue harvested 28 days after planting,

Particulate Weight Iron
fraction "(gm.) Ug./gm, fractien Percent fraction

0.05 ppm. Fe level in nutrient solution
Cell debris 0 o 4997 44.38 89.16 61.85 0.73
Plastids-nuelei 0,0536 13.83 258.74 19.28 0.82
Mitochondria 0,0704 13.59 192.04 18,87 0.36
Supernatant 0,3764 0.00 0.00 0.00 0.00

Total 1.0001 71.80 539.94 100.00 1.91

1.0 ppm. Fe level in nutrient solution
Cell debris 0.4822 99.80 198.50 64,60 2.48
Plastids-nuelei 0.0635 24.91 427.30 16.12 1.92
Mitochondria 0.0524 29.78 v 576.91 19.28 2.00
Supernatant 0.4025 0.00 0.00 0.00 0.00

Total 1.0006 154.49 1»202.71 100.00 6.40

Data represent means of two



TABLE 5.--Distribution of iron in tomato leaf tissue harvested 49 days after planting.

Particulate
fraction

Cell debris 
Plasti d si - nuclei 
Hitochondria 
Supernatant

Total

Cell debris 
Pla stlds-nuolei 
Mitochondria 
Supernatant

Total

Weight 
(gm,)

Iron
ug« Ug,/gm. fraction Percent Mg-

0.

0.0518 
0.2866

61.72 406.17 100.00

0.5591
0.0580
0.0560
0.3272

1̂ 0 ppm. Fe level in nutrient solution
74.38 133.59 63,23
24.05 417.39 20,45
19.19 349.62 16.32
0.00 0.00 0.00

I.0003 117.62 900.60 100.00

Data represent means of two replicates

protein

0.05 ppm. Fe level in nutrient solution
44,14 72.86 71.53 0.75
9,38 175.12 15.19 0.78
8.20 158,19 13.28 0.59
0.00 0.00 0.00 0.00

2.12

1.21
1.28
0.92
0.00

3.41



IR
ON
--
ug
./
gm
. 

FR
AC

TI
ON

1000.

800,

600

400

200

-1st HARVEST--COMPLETE (1.0 ppm. Fe) 

^  -1st HARVEST--DEFICIENT (0.05 ppm. Fe) 

-2nd HARVEST— COMPLETE (1.0 ppm. Fe) 
k m  -2nd HARVEST--DEFICIENT (0.05 ppm. Fe)

I
% i

CELL DEBRIS
ill
PLASTIDS-NUCLEI

L

Ii i
i>jm

ssa

MITOCHONDRIA
PkA* aAKi»«.'-rw -

SUPERNATANT
Figure 1. Iron concentration in the particulate fractions of tomato leaf tissue harvested 28

and 49 days after planting.



31

The cell debris fraction had between one-third and 
one-half the iron concentration of the plastid s-nuclei and 
mitochondrial fractions. This is not as easily explained 
as is the concentration in the two fractions mentioned above. 
The function of the cell debris iron is not readily apparent 
unless it is being utilized in some cell debris enzyme or 
Similar compound. It is not known whether this iron is 
part of a compound or complex or has merely been trapped 
among the cell debris components. The possibility also 
exists that this iron may be due to contamination or 
adsorption to the surfaces of the particulates which 
dcddrred during the homogenization and fractionation pro
cedures, This, however, does, not seem to be the case and 
will be explained more thoroughly in the discussion which 
is to follow.

In the supernatant fraction, no iron was found.
This finding suggests at least three possible hypotheses. 
First , there may have been iron in the parbicies which make 
up the supernatant fraction, but during the homogenization 
arid fractionation procedures this iron was liberated and 
redistributed by adsorption on other particulates. Second, 
the particles making Up the supernatant do not contain any 
iron. Third, the orthophenanthroline method of measuring 
iron content is not sensitive enough to detect the presence 
of minute amounts of iron.
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The first hypothesis has been discounted for two 
reasons. First* a study made by Cattani (15) using Fe 
showed that iron, when added to the homogenate and allowed 
to equilibrate for three days, is not adsorbed by,vthe 
particulates and ends up almost entirely in the supernatant 
fraction. Seconds if there had been iron in the particles 
of the supernatant originally, it seems unlikely that all 
of it would have been adsorbed by the other particulates in 
every case, The second possibility also seems unlikely, for 
it was shown, as will be ment ioned later , that the supernatant 
fraction exhibits catalase activity and catalase is an iron 
containing enzyme. Hence, the third possibility is the most 
likely. More sensitive methods will have to be utilized to 
prove or disprove this supposition.

In all fractions, except, of course, the supernatant, 
the iron concentration was higher at the first harvest than 
at the second. The reasoning here may be the same as that 
expressed previous ly for the tissues, in general. The iron 
Was, accumulated rapidly during the early stages of growth 
and had tapered off by the second harvest, but the vegetative, 
growth, continuing through both harvests, caused the iron 
concentration to decrease from the first through the 'second 
harvest *

At both harvests and in all fractions, the iron con
centration of the chlorotic leaf tissue was only about nne^half
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that -of the ngn-chlorotic ti ssue,, If the ch lorotie plarits 
' had been -.considerably 'sma.l.ler.;'than.':-the ■ nonchi orotic 'plants5. 
it may have been postulated that the decreased iron concen
tration slowed the metabolism of the plants and therefore 
retarded growth. This was not the case, however. Since the 
‘concentrations were lower for the chlomtic tissue, it also 
makes it impossible to say anything about immobilization, or 
inactivation of the iron. It may be concluded, . con sequent.ly, 
that the iron .concentration in the leaves was effective in 
reducing the 'chlorophyll content of the plant resulting in 
the visible chlorotic signs.

The iron concentration of each of the f ract ions of- 
the tomato stem tissue is given in tables 6 and 7. Graphical 
representation of these data are shown in figure 2. Table 6 
shows-the •data, for the first harvest date, and. table 7 - shows 
the data for the -second harvest date.

The -iron concentration "is considerably lower in the 
stems than in the leaves . This may indicate that the need 
for iron in metabolic processes- of, the a tern - ti s sue is not 
as great as it is in the leaf tissue. The plastids-nuclei

i
and mitochondrial fractions still contain the largest concen
trations in comparison to the other -fractions. The same 
'reasons-as given in the discussion of leaf iron concentration 
probably apply.



TABLE 6.--Distribution of iron in tomato stem tissue harvested 28 days after planting,

Cell debris 
Plastids-nuclei 
Mitochondria 
Supernatant

Total

Particulate Weight
fraction (gm.)

Cell debris 0.6662
Plastids-nuclei 0.0293
Mitochondria 0.0293
Supernatant 0.2754

Total 1.0002

Iron

0.7642 
0.0358 
0.0372 
0.1634

1.0006

ug< pg./gm. £raction Percent ■tig<

29.86 403.44 100.00

L.O ppm. Fe level in nutrient solution 
23.87 31.38 54.41
6.95 211.52 15.83
13.05 346.74 29.76
0.00 0.00 0.00

43.87 589.64 100.00

protein

0.05 ppm. Fe level in nutrient solution 
18.79 28.32 62.93 2.49
5.91 198.96 19.79 1.80
5.16 176.16 17.28 0.83
0.00 0.00 0,00 0.00

5.12

1.49
0.90
0.78
0.00

3.17

Data represent means of two replicates,



TABLE 7.--Distribution of iron in tomato stem tissue harvested 49 days after planting0

Particulate 
fraction

Total

Cell debris 
Plas t id s-nuclei 
Mitochondr ia 
Supernatant

Weight
(gm.)

Iron

Cell debris 0.8032
Plast ids-nuclei 0.0308
Mitochondria 0.0234
Supernatant 0.1430

1.0004

Total 1.0004

Hg<

0.05 ppm. Fe level in nutrient solution 
9.72 12.18 49.39
1.56 50.77 7.93
8.40 381.72 42.68
0.00 0.00 0.00

19.68 444.67 100.00

1.0 ppm. Fe level in nutrient solution 
0.7395 16.79 22.74 70.32
0.0271 3.75 139.38 15.70
0.0250 3.34 137.80 13.98
0.2088 0.00 0.00 0.00

23.88 299.92 100.00

Data represent means of two replicates,

pg./gm. fraction Percent pg./pgi. protein

2.07
0.35
1.47
0.00

3.89

2.51
0.66
0.30
0.00

3,47



IR
ON
--
ug
./
gm

. 
FR

AC
TI

ON

1000=

800_

600.

400,

200,

y*-rrrvs*̂<..nr y. uw w -̂

^ - i s t  HARVEST--COMPLETE (1.0 ppm. Fe) 

S - l s t  HARVEST --DEFICIENT (0.05 ppm. Fe) 

-2nd HARVEST--COMPLETE (1.0 ppm. Fe) 

mm -2nd HARVEST--DEFICIENT (0.05 ppm. Fe)

CELL DEBRIS
I 1
PLASTIDS-NUCLEI

Figure 2. Iron concentration in the particulate
and 49 days after planting.

v r  rt«r>-4.*>»N-a .nr-»rew jic*aissee».t

I
% I
MITOCHONDRIA

K5H
bssi

SUPERNATANT w0>
fractions of tomato stem tissue harvested 28



37

Iron .concentration in the cell debris fraction, in 
relation to the plastids-nuclei and mitochondrial' fractions,
.w s  very much lower in stems than in leaves. Secondary 
tissues, having thick cell walls, which aid in support of the 
plants are present and .contribute 'more cell mass than primary 
tissues would in relation to the amount of iron present.

No iron was found in the supernatant fraction of the
stem tissue. This helps to support the conclusion that the 
results obtained in the leaf tissue -were not merely artifacts 
created by the procedures used.

As in the leaves, the first harvest contained a larger
iron concentration than did the second harvest, and the same 
reasoning as was given in the discussion of the leaves holds 
'tie re- An exception to the pattern occurred in the mi to chon 
drial fraction Of the chldrotic tissue at the second harvest. 
As can be seen in figure 2, the concentration of iron in this 
mitochondrial fraction was greater than that of any of the 
other fractions at either harvest date for the stem material. 
No explanation can be given other than it is experimental 
error due to contamination of some -sort ,.

In the -cell debris and p last: ids - nuclei fractions, 
at the first harvest, the chlorotic and non-chlorotic iron 
concentrations were -nearly the same. Also, the chlorotic. 
tissue of the first harvest contained a higher iron concen
tration than did the non-chlorotic tissue of the second har
vest in all fractionsb These two points indicate that the
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iron must be inactivated in some way in the stems because 
there seems to be sufficient iron concentration, to overcome 
chlorosis if it were merely based on iron content. The iron 
may exist in a form in the chlorotic tissue which is not 
readily available for activation of chlorophyll synthesis.

The iron concentration of each of the fractions of 
the tomato root tissue is given for the second harvest date 
in table 8. Graphical representation of these date are shown 
in figure 3. No data was obtained bn the first harvest because 
thege was not enough root tissue upon which to carry out any 
of the determinations, and theoretically no comparisons can 
be made with the other tissues because of inaccurate measure
ments pf fraction weights. Relative comparisons have been 
made where possible, however.

In the second harvest, the same pattern existed in 
roots as existed with the leaves and stems. The plastids- 
nuclei and mitochondrial fractions contained the highest 
concentration of iron with the cell debris iron concentration 
about one-fourth of the previous two fractions. The super
natant of the roots did not contain any iron.

One distinct point in the root data is that the iron 
concentration at the second harvest of the root was consider
ably higher than that at the Second harvest of the leaf and 
stem tissues. This indicates that the root may satisfy its 
own needs first before transporting any of the iron. Whether



TABLE 8.— Distribution if iron in tomato root tissue harvested 49 days after planting.

Particulate
fraction

Total

Weight 
Cgm.)

Iron

Cell debris 0.9182
Plastids-nuclei 0.0494
Mitochondria 0.0602
Supernatant

Cell debris 0.
PlastIds-nuclei 0.
Mitochondria 0.
Supernatant

Pg. pg../gm. fraction Percent Pg. protein

0.05 ppm. Fe level in nutrient solution 
43.52 47,38 63.28
15.39 313.12 22.39
9.86 175.40 14.33
0.00 0.00 0.00

68.77 535.90 100,00

1.0 ppm. Fe level in nutrient solution 
118.04 137.15 65.68
26.55 579.22 14.77
: 35.13 629.80 19.55
0.00 0.00 0.00

2.11
2.41
0.60
0.00

5.12

7.70 
5.76 
2.20 
0.00

Total 179.72 1,346.17 100.00 15.66

Data represent means of two replicates.
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this accumulated iron is in an active form cannot be deter
mined from these data9 however. It may not be, because1 the 
chlorotic tissues had only about one-half the iron concen
tration that the non-chlorotic tissues did in all fractions.
This would indicate that the iron levels did have an effect 
•on the iron uptake by the root tissue.

The iron coneentration of each of the fractions of a 
tomato seed sample is given in table 9. The seed sample was 
subjected to the same fractionation procedures as were the 
other tissues. The fraction nomenclature as used for the 
other tissues may not be 'Strictly appropriate in the case of 
the seeds, but the fractions seem to show distinct differences 
and are probably not merely sub-unit s of the preceding fraction.

The iron concentration of the plastids-nuclei fraction 
was about twice that for the mitochondrial and cell debris 
fractions., The supernatant in the seeds contained a low iron 
concentration which may be redistributed as the seed germinates 
and g rows . The iron con cent ration of the seeds was very high 
and would probably promote good growth for a short time even 
in severe iron deficient environments.

Iron Percentage and Iron Content

The percent iron and the iron content of each of the 
fractions of tomato leaf tissue are given in tables 4 and 5. 
Graphical representation of these data are shown in figures 4 
and 5. Table 4 shows the data for the first harvest date, 
and table 5 shows the data for the second harvest date.



TABLE 9n ̂ ^Distribution of. iron in tomato seeds,

Particulate
Fraction

Cell debris 
Plastids- 
Hitochondria

Total

Weight 
(gm.)

0.3746 
0.0168 
0.0120 
0.5978

dg'

122.44
19.20
6.17
23.09

1.0012 170.90

Iron
Hg./gm. fraction 'Percent Ug«/Wg® protein

327,18 
1,159.91 
554.60 
38.55

2,080.24

Data represent means of two replicates,

71,64 
11.23 
3.61 
13.52

100.00

3.48
2.99

0.18



.vx.w%.vncn>«w *- .\xz±KTr. a r ac j  r

10Q,J v..j

80c

60_

§H 40.

20.

/y -1st HARVEST--CC 

5  -1st HARVEST--DE 

^  -2nd HARVEST--CO 
b® i - 2nd HARVEST--DE

JPLETE (1.0 ppm. Fe) 

ICIEIiT (0.05 ppm. Fe) 

m.ETE (1.0 ppm. Fe) 

ICTENT (0.05 ppm. Fe)

I
CE

I§
LL DEBRIS

EES*
W2H
ma

caa
Km 1rssai0V#r> —  wXn vv tr  vy>sr*%:w^^tw^-raH-vtesc»»iS3e»*^«

PLASTIDS-NUCLEI

E3a 1 IJsS, cam
*T2i

MITOCHONDRIA
v-vivsryo? »wveryjLacir-rm FflTSeiu^ciSBrteroe; f  -

SUFERNATAN
Figure 4. Iron percentage in the particulate fractions of tomato leaf tissue harvested 28 and

49 days after planting.
w



IR
ON
 —

ug
./
gm
. 

TI
SS

UE

125___

v ■xmsaxsmnQtvitx  civas.*; ■jifKa>av.t-3c - 1.

100,

75_

^  -1st HARVEST--COMPLETE (1.0 ppm. Ee) 

=  -1st HARVEST--BEFICIEITT (0.05 ppm. Fe) 

-2nd HARVEST--COMPLETE (1.0 ppm. Fe)

'ICIENT (0.05 ppm. Fe)

!
50„„ %

25_. O

g|

2nd HARVEST--DE

I
CELL DEBRIS 

Figure 5

Rea

rsa
E3a
fcsai r ̂  meor sr *

PLASTIDS-NUCLEI
1tssa

1
%

§
S.

imra
K31

MITOCHONDRIA
rI- .- ;c ..^ .- 'eB w rr.iie e jC M iis -'seF re g ee iu w eitx a -^ ' • yKKtcn*.« ^ e* » e aM

SUPERNATANT
Iron content in the particulate fractions of tomato leaf tissue harvested 28 and
49 days after planting.



Unlike the trend shewn to exist in the data for the 
iron concentration of each fraction, the percent iron and 
the iron content of each fraction showed that iron tended 
to accumulate in the cell debris fraction and not in the 
plastids-nuclei and mitochondrial fractions. This is unlike 
the findings of some investigators (34, 40, .51, 53, 69) but 
is similar to the findings of Haier and Cattani (45).

The plastids-nuclei and mitochondrial fractions were 
similar in the amount of iron and percent iron which they 
contained. The iron contents of these fractions were about 
one*-fourth to one-third that of the cell debris fraction, 
and their percentages were about one-third that of the cell 
debris.

As mentioned previously, no iron was found in the 
supernatant, a result which also correlates with the findings 
of Maier and Cattani (45).

The reasons for the accumulation of iron in the cell 
debris fraction are not known. The high accumulation and the

egwork by Cattani (15) with Fe helps to substantiate What was 
said earlier that the cell debris iron is not merely due to 
contamination or surface adsorption occurring during homo
genization and fractionation. Surface adsorption, other than 
that occurring during the procedures just mentioned, may play 
a part in this cell debris iron accumulation., but it is unlikely 
that it alone can account for such a large percentage of the
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qell iron. Simple trapping of the -iron between or among other 
compounds may be a causative factor. Chelation of some or much 
of the iron has been suggested by Maler and Cattani (45), They 
indicate that protein may act as one of the chelating agents 
in the fraction, and, as will be observed later, the cell 
debris has a fairly high protein content.

On a percentage basis, there was little difference 
between harvest dates or high and low levels of iron within 
each partieulate fraction. On an iron content basis, the 
harvests did not show much difference which indicates that 
if there is a level of iron which determines chlorosis it 
had already been established by the first harvest. Since the 
iron content did not change by the second" harvest, if there 
was a level and it had not been reached, the plants receiving 
the high level of iron could have become chlorotic also. In 
regard to iron content, the chlorotic fractions had about 
one-half that of the 'non-,chlorotic fractions in all cases, 
except, of course, the 'supernatant. This latter finding 
would correspond with those investigators who have found a 
correlation between chlorosis and lack of iron (7, 34, 35, 68).

The percent iron and the iron content of each of the 
fractions of tomato stem tissue are given in tables 6 and 7. 
Graphical representation of these data are shown in figures 
6 and 7. Table 6 shows the data for the first harvest date, 
and table 7 shows the data for the -second harvest date.
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In generals the iron content of the stems w s  con
siderably lower than that of the leaves in all fractions, but 
the 'percentage figures were quite similar. The cell'debris 
showed the greatest accumulation of iron again, but the 
mitochondrial fraction was-slightly higher than the plastids- 
nuclei fraction. As .’mentioned previously, no supernatant i£on 
w&s discovered.

The values obtained for the stem tissue were much more 
erratic than those of the leaves and no definite patterns were 
found. One point that does stand out. however, is that the 
chi orotic tissue -particulate fractions of the first harvest 
Were all greater than their corresponding non-chlorotic tissue 
particulate fractions of the second harvest . This indicates 
an inactivation of iron in the chlorotic tissue and is consist
ent with the earlier discussion of iron concentration of stems.

The percent iron and iron content of each of the frac
tions of tomato root tissue from the second harvest are given 
in table 8, Graphical representation of these data are given 
in figures 8 and 9,

The same pattern for iron seems' to be followed in the 
I- roots as was followed in the other tissues . The percent iron 
and iron content were highest in the cell debris fraction, 
and the plastids-nuelei and mitochondrial f ractions had 
similar values but much lower than the cell debris values.
The non-chloro11c cell debris f raction had much more iron 
than did the cell debris fraction of the other tissues.
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The percent iron and the iron content of each of the 
fractions of the tomato seed sample are given in table 9. As 
in every other case, the reel1 debris fraction contained the 
highest.percentage and coti#erfE of iron. The supernatant also 
contained some iron in the case of seedss but it is evidently 
redistributed as ifihe seed germinates and a mature plant is 
produced.

Prot ein Concent ration and 
Iron-*Protein Relationship

The protein concentration and the iron-protein relation
ship of each of the fractions of the tomato leaf tissue are 
given in tables 10 and 119 and 4 and 5S respectively. Graphical 
representation of these data are shown in figures 10 and 11. 
Tables 4 and 10 show the data for the first harvest date, and 
tables 5 and 11 show the data for the second harvest date.

The plastids-nuclei, mitochondrial and supernatant 
fractions all seem to have nearly the same protein concentra
tions. The concentration of the cell debris fraction is about 
one-half that of the other fractions. The protein concentration 
of the supernatant fraction seemed to be a little lower than 
the plastids-nuclei and mitochondrial fractions, but this may 
not be the actual case at all. In every instance,„ the chloro- 
tic tissue fractions had a higher protein concentration at the 
first harvest than did the non-chlorotic tissue fractions, but



TABLE 10.—“Distribution of protein in tomato leaf tissue harvested 28 days after
planting.

Particulate 
fraction '

Cell debris 
Plas tids-nuclei 
Mitochondria 
‘Supernatant

Total

Weight
"(gm.)

0.4997
0.0536
0.0704
0.3764

1.0001

Protein
Q Opgp (x 10 ) [ig. /gm. fraction (x 10 ) Percent

0.05 ppm. Fe level in nutrient solution 
61.12 122.40 26.58
16.92 315.,17 7.36
37.65 534.97 16.37
114.24 304.20 49.69

229.93 1,276.74 100.00

1.0 ppm. Fe level in nutrient solution
Cell debris 0.4822 38.73 80,08 29.62
Plas t id s-nuclei 0,0635 14.48 222.92 11.07
Mitochondria 0.0524 15.49 288.85 11.85
Supernatant 0.4025 62.06 153.38 47,46

Total 1.0006 130.76 745.23 100.00

Data represent means of two replicates



TABLE 11.— Distrlbutixm of protein in tomato leaf tissue harvested 49 days after
planting.

Particulate
fraction

Cell debris
Plastlds-nuclei
Mitochondria

Total

Weight
•Cgm. )

Protein

0.6078
0.0542
0.0518
0.2866

• a  ■ opg. (x 10 -) pg./gm. fraction (x TO ) Percent

0.05 ppm. Fe level in nutrient solution 
59.28 97.77 38.89
12.16 224.80 7.98
13.82 -266.81 9.06
67.17 t 236.66 44.07

1.0004 152.83 826.04 100.00

Cell debris 0.5591
Plastids-nuclei 0.0580 
Mitochondria 0.0560
Supernatant 6.3272

Total 1.0003

1:0 ppm. Fe level in nutrient solution
61.17 110.25 33.55
19.04 326.87 10.44
21.46 380.96 11.77
80.65 246.81 44.24

182.32 1,064.89 100.00

Data represent means of two replicates.
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by the second harvest the non-chlorotic tissue fractions 
##r# about even or slightly higher thanthechlorotic 
■fractions, This indicates that a lack of iron may stimu
late protein synthesis in the early stages of .growth which 
agrees with work by Brown and Possingham (14)9 but as the 
plant matures, this rapid production probably slows down 
and the non-chlorotic tissue9 which does not experience any 
erratic fluctuation in protein concentration9 eventually sur
passes the chlorotie tissue«

With regard to the iron-protein relationship, all 
fractions of the leaf tissue at comparable iron levels and 
harvest dates had nearly the same amount of iron per unit of 
protein. The -supernatant is the exception. The question of 
why the supernatant is the exception is not easy to answer,
Tt could be that there is actually only a minute amount of 
protein in the -supernatant to go along with a small amount of 
iron, and the protein which is measured in the supernatant 
fractions is due to elution from other fractions, This is 
not very tenable9 however, because ribosomes, which are 
thought to be sites of protein synthesis, are probably part 
of this supernatant and this would make it seem that a major 
portion of the protein concentration would be -in the super
natant, That the -protein content of the supernatant is not 
due to elution is consistent with work by Eucker and Stinson 
(71) who found that plastids lost little protein if isolated 
in a sucrose -medium containing phosphate as a buffering ion.
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Since there is not a unique iron^protein ratio in all 
the "fractions at both harvests, it may be said that iron was 
probably not influencing protein production directly, but 
since the iron-protein ratio was greater for the non-»chlorotic 
than for the chlorotie tissue in all fractions at both harvests, 
perhaps this ratio may be a clue to chlorosis in leaves.

The protein concentration and the iron-protein relation
ship of each of the fractions of the -tomato stem tissue are 
given in tables 12 and 13, and 6 and 7, respectively. Graphical 
representation of these data are shown in figures 12 and 13. 
Tables 6 and 12 show the data for the first harvest date, and 
tables 7 and 13 show the data for the second harvest date.

The mitochondrial fraction from the stem tissue had 
the highest protein concentration. The plastids-nuclei and 
supernatant fractions are about equal and not much lower than 
the mitochondrial fraction. The cell debris fraction's con
centration of protein was low. In fact, all stem fractions 
contained less protein than did the fractions of the leaves.
This is what may be expected for the major metabolic activities /- 
are occurring in the leaves.

Results were erratic for the protein .concentration and 
the iron-protein relationship of the stem tissue and no definite 
or consistent patterns seemed to exist * The theory postulated 
for the:leaves that the lack of iron in chlorotie tissues may



TABLE 12, — Distribution of protein

Particulate
fraction

Cell debris 
Fla stids-nuclei 
Mitochondria 
Supernatant

Total

Cell debris 
Plastids-nuclei 
Mi to chondr ia 
Supernatant

Total

Weight
(gm„)

0.6662 
0.0293 
0.0293 
0.2754

1.0002

0.7642
0.0358
0.0372
0.1634

in tomato stem tissue harvested 28 days after
planting.

Protein

1.0006

3 jpg. (x 10 ) pg./gm, fraction (x 10 ) Percent

0.05 ppm. Fe level in nutrient solution 
7.60 11.37 16.72
3.25 110.37 7.15
6.20 211.63 13.64
28.39 154.13 62.49

45.44 487.50 100.00

1.0 ppm. Fe level in nutrient solution 
15.99 21.08
8.06 234,28
16.64 446.31
41.22 254.91

19.52
9.84
20.31
50.33

81.91 956.58 100.00

Data represent means of two replicates.



TABLE 13e--Distribution of protein in tomato stem tissue harvested 49 days after
planting.

Particulate
fraction H

Ft Protein
M-g. (x 10"*) 3Ug./gm. fraction (x 10 ) Percent

0.05 ppm. Fe level in nutrient solution
Cell debris 0.8032 4.75 5.90 12.64
Flastids-nuclei 0.0308 4.50 146.04 11.98
Mitochondria 0.0234 6.07 260.21 16.17
Supernatant 0.1430 22.24 156.72 59.21

Total 1.0004 37.56 568.87 100.00

-*T-' 1.0 ppm. Fe level in nutrient solution
Cell debris 0.73 95 6.70 9.06 14.91
Plastids-nuclei 0.9271 5.69 212.38 12.66
Mitochondria 0.0250 11.60 464.05 25.81
Supernatant 0.2088 20.94 97.72 46.62

Total 1.0004 44.93 783.21 100.00

Data represent means of two replicates„
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cause an initial increase in protein synthesis does not hold 
in the -stem tissue.

Data for the protein concentration and the iron-protein 
relationship in tomato root tissue were very uncertain because 
of the previously mentioned fraction weighing errorsa There
fore* no values or evaluations are presented®

The protein concentration and the iron-protein -relation
ship of each of the fractions of a tomato seed sample are given 
in tables 14 and 99 respectively. The values obtained for the
seed were very interesting. The -p last ids-nuclei fraction had

!the highest protein concentration followed in order by the 
supernatant and the cell debris fractions. The mitochondrial 
fraction showed no protein. This value, although appearing 
to be very unusual, helps to confirm the feeling expressed in 
earlier discussion that the seed fractions, although they may 
not be properly named, are distinct fractions and not merely 
sub-units of the next higher fraction. This lack of protein 
in the mitochondrial fraction is very -puzzling and no plausible 
explanation can be given. No constant iron-protein ratio exists 
for the fractions.of the seed sample.

Protein Percentaete and Protein Content

The percent protein and the protein content of each 
of the fractions of tomato leaf tissue are given in tables 10 
and 11. .Graphical representation of these data are shown in .



TABLE 14. -distribution'' '©£ protein in -.tomato.:.seeds.,

Particulate
fraction

ProteinWeight =G=a=:=====̂ ^ ________________
(gnu) pg„ (x 103) pg./grru fraction (x 10 ) Percent

Cell debris 
Plas tid s-nuclei 
Mitochondria

Total

0.3746 
0.0168 
0.0126 
0.-5978

1.

35.24
6.44
0.00

170.29

94.02
388.40
0.00

215.-31

73

20.69
3.78
0.00
75.-53

100.00

Data represent means of two replicates,
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figures 14 and 15, Table 10 shows the data for the first
harvest date, and table 11 shows the data for the second

. 1
harvest date.

The supernatant fraction contained the highest 
percent protein and protein content, and the cell debris 
fraction was :slightly lower. The plastids*nuclei and mito- 
ctooddrial fractions contained about the same amount of pro
tein. These results hold for chlorotic and non-chlorotic 
tissue at both harvests. The high protein content shown 
in the supernatant is to be expected, as mentioned earlier, 
because of possible location of ribosomes. Some protein 
elution from the other fractions had probably occurred also.

The cell debris protein content seemed to be rather 
high, and it, by means of chelation, may be one of the causes 
of the high iron accumulation in the fraction as suggested by 
Maier and Gattani (45),

The low protein percentage in the pla stids-nuclei 
fraction tends to be in opposition to the findings of other 
workers (69, 71). These investigators, however, were not 
working with tomato tissue in their studies..

Protein percentages of the leaves did not vary much 
from harvest to harvest. The protein content was higher in 
the chlorotic tissue of the first harvest, but by the aecond 
harvest the difference between chlorotic and non-chlorotic 
tissue protein content was negligible. -Possible reasons
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for this have been given in the discussion on leaf protein 
ooncent ration..' A

The percent protein and the protein content of each 
of the £ractions of tomato stem tissue are given in tables 
12 and 13. Graphical representation of these data are shorn 
in figures %6 and 17. Table 12 shows the data for the first 
h a r v e s t  date, and table 13 shows the data for the second
harvest' date, ■

The stem tissue was considerably lower in protein 
content than the leaf tissue.. The supernatant fraction 
contained nearly three times the protein that the other 
fractions contained. The low values for stem tissue are to 
be expected because the sites of greatest metabolism are in 
the leaves, and the high supernatant values may emphasize 
%here the 'Sites-of ̂ greatest protein synthesis occur.

Protein content seems to be fairly stable in any one 
f raction at both harvest dates for the chlorotic and non- 
chlorotic conditions. This indicates that protein content 
is not influenced greatly by the iron levels and maturity of 
the plants. This may change, however, in older plants.

In comparing the tomato root tissue with the other 
tissues in a relative way, it might be said that the root 
fractions tended to resemble the 'stems in amount of protein, 
but were similar to leaves in the percentage protein distribu
tion in the fractions.
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The percent protein and the protein content of each 
of the fractions of a tomato seed sample are given in table
14. The predominate feature of these values was the lack 
of protein in the mitochondrial fraction. This, however, 
has been discussed previously. The cell debris and super
natant fractions contained nearly all the protein of the 
cell. Much of the supernatant protein could have been 
eluded from the other fractions.

Catalase Activity

Catalase activity was measured at 2, 4 and 10 minute 
intervals for each of the fractions to determine if the 
oxygen evolved was given off in a linear fashion over the 
period of testing and to determine the maximum rate of 
evolution. From plotting the total oxygen evolved at these 
time intervals, it was found that the oxygen evolution did 
follow a linear path. An initial lag period near the two 
minute mark was noticed but this would be in agreement with 
observations by George (22) who found the reaction between 
catalase and hydrogen peroxide to consist Of two phases: 
a rapid initial reaction lasting nearly two minutes and a 
superimposed slow, steady reaction whose rate decreased 
slowly in the course of an hour. Assuming this to be the 
case, the catalase activity measured in this study was of 
the second, more steady type referred to above.
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The rate of oxygen ■ .evolution -ms also plotted for each 
of the time intervals in an effort to determine at ’which point 
in the reaction3 the process was proceeding at its maximum 
rate,, It was. found in nearly every case that "the maximum 
rate of catalase activity occurred at the four minute point 
in the reaction. , for this reason5 the catalase -activity in 
this Study has been expressed as micro li ter s of oixygen evolved 
per minute at the four minute interval. Exceptions to these 
findings will be noted in the discussion which is to follow.

Catalase activity of each of the fractions of the 
• tomato-■ leaf .tissue -is.-given in tables i5 and 16. Graphical 
representation of these data are given in figure 18. Table:
15 shows the data for the first harvest date* and table 16 
shows the -data for the ■ •second harvest date.

The mitochondrial fraction had the highest catalse 
activity. The plastids-nuclei and supernatant fractions had 
nearly equal activities* but they were only about one-half 
.that of the mitochondria. That the highest activity was in 
the -mitochondrial fraction is not unusual * for catalase can 
be active in respiration to break down any hydrogen peroxide 
formed. The high catalase activity of the mitochondrial 
fraction is supported by the 'f indings ;-of other investigators 
(26* 36* 65). Although it is not too surprising that the 
plastids-nuclei fraction had a lower catalase activity than 
the mitochondrial, fraction* .it is contrary to findings-of



TABLE 15,— Distribution of catalase activity In temato leaf tissue harvested; 28 days
after planting.

Catalase activity*
Particulate
fraction

Cell debris
Plastlds-nuclei
Mitochondria

Total

Total

Cgm, )

0.4997
-0.0536.
0.0704
0.3764

Ml. P2/B°-n’Vgm. fraction
-pi. O^/mln./ 
mg. protein

pi. 02/min./ 
mg. iron

0.05 ppm. Fe level in nutrient solution
252.75 2.07 2.83
741.03 2.35 2.86

1.353.44 2.53 7.05
575.00 1.89

1,0001 2,922.22 8.84

Cell debris 0.4822
Plast ids-nuclei 0.0635 
Mitochondria 0.0524
Supernatant :0.4025

1.0 ppm.. Fe level in nutrient solution
287.80 3.59 1.45
884.57 3,97 v 2.07

1,606.66 5.56 ' 2.78
724.36 4.72

1.0006 3,503.39 17.84

*A11 catalase activities expressed at 4-minute time interval.
Data represent means of tm replicates.



TABEiE; 16.— Distributlon of catalase activity in tomato leaf tissue harvested 49 days

Particulate
fraction

II pi. 02/min. / 
gm„ fraction

pi. 02/min./ 
mg. protein

pi. Og/mln./ 
mg. iron

0.05 ppm. Fe level in nutrient solution
Cell debris 0.6078 178.26 1.82 2.45
Flastids-nuclei 0.0542 567.22 2.52 3.24
ML tochondria 0.0518 1,150.00 4.31 7.27
Supernatant -.0.2866 580.00 2.45

Total 1.0004 3,475.48 11.10

' 1.0 ppm. Fe level in nutrient csolution
Cell debris 0.5591 237.47 2.15 1.78
Plastids-nuclei 0.0580 860.92 2.63 2.06
Mitochondria 0.0560 1,532.52 4.02 4.38
Supernatant :0.3272 840.32 3.40

Total 1.0003 3,471.23 12.20
\

*AL1 catalase activity expressed at 4-minute time interval.
Data represent means of two replicates.
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ISIeish (51) #10 reported that catalase is highly concentrated 
in the chloroplasts. Jag.endorf and Wildman (36)s however % 
found that purified chloroplasts of tobacco leaves contained 
iit*'t.le or no cataiase activity*

Catalase activity in the supernatant fraction indicates 
that some iron should be present in this fraction. Only a very 
small quantity, though, would be necessary to fulfill the 
requirements of the catalase which produced the activity found. 
On the other hand, the iron needed for catalase activity may 
not necessarily have to be endogenous to the supernatant, 
because the catalase in this fraction may have been eluded 
from the other particulates, In fact, Greenfield and Price 
(26) have shown that catalase is eluded from mitochondria by 
repeated washings with sucrose buffer.

The cell debris fraction exhibited some catalase 
activity, but it was only about one-fourth of the mitochon
drial values. This activity could very well be due to con
tamination of the cell debris by trapped plastids and 
mitochondria„ More purified cell debris fractions, however, 
would be needed in order to check this possibility.

: Chlorotic tissue, for any one harvest date, always 
had a lower catalase activity than the corresponding non- 
■ chlorotic tissues in all fractions. This difference, though, 
was not great and a definite relationship probably could not 
be drawn.
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As had occuTEed with the iron eontene^ -tihe ■ ' * (.,
second harvest exhibited a lower catalase activity than 
the first harvest.. The only explanation is that the vegeta
tive growth proceeded at a more rapid rate than did enzyme 
synthesis between the first and second harvests.

The catalase activity, in an overal1 picture 5 more 
■closely tesembled the fraction relationships shown for protein 
concentration, figure 10, than for iron concentration, figure 1, 
This indicates that the iron concent rat i on does not necessarily 
determine catalase activity. This is also pointed out, as 
ment io ned ear li er , i n the supe mat ant which showed catalase 
activity but a lack of -iron. It cannot be concluded from this 
resemblance, however, that there is any definite catalase- 
protein relationship. Values for this ■relationship are given 
in tables 15 and 16,

Catalase activity of each of the fractions of tomato 
stem tissue is given in tables 17 and 18. Graphical representa
tion of this data are given in figure 19. Table 17 shows the 
data for the first harvest date, and table 18 shows the data for 
the second harvest date.

The stem tissue showed essentially the ;same pattern 
of catalase activity as the leaves with respect to the rela
tionship between fractions, A difference between the two 
tissues existed, though, in that some of the chlorotic tissue 
had a higher catalase activity than the corresponding



17.— Distribution of catalase activity in tomato stem tissue harvested 28
after planting.

Catalase
Particulate
fraction

Cell debris 
Plastids-nuclei 
Mitochondria

Total

Cell debris 
Plastids-nuclei

Supernatant

;(gnu>

'6.6662 
0.0293 
0.0293 
#.2754

.1.

0.7642 
0.0358 
0.0372 
0.1634

pi. #2/min./ 
gm. fraction

pi. Og/min./ 
mg. protein

pi. 02/min./ 
mg. iron

0.05 ppm. Fe level in nutrient solution
74.86 6.58 2.64
810.25 7.34 4.07

1,410.51 6.66 8.01
687«06 4.46 —

2,982.68 25.04

1.0 ppm. Fe level in nutrient solution
50.14
633.88
857.77
790.85

2.38
2.71
1.92
3.10

1.60
3.00
2.47

Total 2,332.64 10.11

*A11 catalase activities expressed at 4-minute time interval
Data represent means of two replicates.



TABLE IS,--Distribution of catalase activity in tomato stem tissue harvested 49 days
after planting.

Particulate
fraction

Height
"(gm.:)

Catalase activity*
pi. 02/min./ 
gm. fraction

pi, 02/min. / 
mg. protein

pi. 02/min./ 
mg, iron

0.05 ppm,, Fe level in nutrient solution
Cell debris 0.8032 40.79 6.90 3.35
Plastids-nuclei 0,0308 837.74 5.74 16.50
Mitochondria '0.0234 -915.14 3.52 2.40
Supernatant 0.1430 792.28 5.06 —• “*

Total 1.0004 2$585.95 21.24

1,0 ppm. Fe level in nutrient §•H10

Cell debris 0.7395 42.84 4.73 1.88
Plast ids-nuclei 0.9271 650.79 3.06 4.67
Mitochondria 0.0250 999.81 2.15 7.26
Supernatant 0.0088 493.83 5.05 —

Total 1.00# 2.187.27 14,99

*AL1 catalase activities expressed at 4-minute time interval.
Data represent means of two replicates.
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tion-chlqrotic tissue„ These differences may merely be 
experimental differences and actual differences may not

 ̂- %exist.
Catalase activity of the stem tissue, like that of 

the leaves, followed more closely to the protein concentra
tion than to the iron concentration. From tables 17 and 18, 
it can be seen that in the 'chlorotic tissue catalase activity 
per milligram of protein appeared to be higher than that of 
corresponding non-chlorotic tissue. This is a factor that 
was not evident in the leaf tissue.

Analysis -of catalase activity in root tissue is not 
x presented because of the inaccuracies produced by the errors 

in measurement of fraction weights, which were •mentioned 
earlier. •

Catalase activity of each, of the fractions of a 
tomato seed sample -is given in//table ■19 -. The catalase 
activity was not at a maximum at -the four minute -mark as 
■'Were all the other tissues11 activity. This indicates the
possibility of a different type of catalase in the •seeds.

- !This catalase is inactivated more rapidly than the •catalase 
of the other tissues.

! ' The highest catalase activity in the seed was found
in the supernatant which indicates, again, that iron is not
directly related to catalase activity because this fraction
had, the lowest'iron content of the four.



TABLE 19.--Distribution of catalase activity in tomato seeds.

Particulate
fraction

Weight
(gm.)

Cell debris 0.3746
Plastids-nuclei 0.0168 
Mi t o chondria 0.0120
Supe rnatant 0.5978

pi. 02/min./ 
gm. fraction

136.58
37.98**
141.06**
508.07

Catalase activity*
pi. 02/min./ 
mg. protein

1.45
0.10

2.36

pi. 02/min./ 
mg. iron

0.42
0.00
0.25
13.18

Total 1.0012 13.88

*A11 catalase activities expressed at 4-minute time interval.
**Values reported are .not for maximum rate.
Data represent means of two replicates.



The cafcalase-'iron and catalase-protein relationships 
had varying values and showed no definite trends» These 
values can be seen in the various tables presented for 
catalase activity.



SUMMARY

Studies have been made of the iron content» catalase 
activity and protein content in the particulate fractions of 
chiorotic and nan*ehlorotic leaf, stem and root tissues of 
tomato■(Lvcopersleon •esculentum), variety■Early"Pak. An 
attempt was made to see if any relationship existed between 
chlorosis and these factors, and how these factors influence 
each other within the cells of the tissues,

Chiorotic and non-chiorotic conditions were induced 
in the tomato plants by growing them in nutrient solution 
containing 0*05 ppm, iron and 1.0 ppm, iron, respectively, 
The'plants were divided into leaves, stems and roots at two 
stages of growth^ 28 and 49 days after planting, and each of 
the tissues was fractionated by differential centrifugation 
into its various particulate fractions, The particulate 
fractions were analyzed for iron and protein content and for 
catalase activity, A seed sample was also fractionated and 
analyzed in the same manner.

The tomato tissue weights for the chiorotic and non* 
'Chiorotic plants indicated that even by • the second harvest 
no drastic effects on growth had been caused by the differ* 
ent levels of iron used, With each fraction of the leaf 
and with the tissues as a whole, the iron concentration was

. 84
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found to be lower at the second harvest than at the first, 
indicating that iron was probably accumulated rapidly during 
the early stages of growth. As the plant matured, though, 
thig iron uptake decreased whereas the vegetative growth 
continued, causing the concentration values to be lower at 
the time of the second harvest.

The root tissue and its fractions, although the 
information obtained may not be too reliable, seemed to have 
the highest iron content of the three tissues. This indicated 
that the todts may tend to satisfy their own needs before 
transporting any of the iron. The seeds also had a high iron 
content, indicating that they would probably survive germina
tion and initial growth even in severe iron deficient environ
ments .

The iron concentration of the fractions of all tissues 
seemed to be centered in the plastids-nuclei and mitochondrial 
fractions, sites of photosynthesis, respiration, and other 
metabolic activities, but the majority of the total iron of 
the tissue cells was located in the cell debris fraction.
This accumulation in the cell debris may have been due to 
surface adsorption, trapping by other particles or possibly 
even chelation by substances such as protein. The protein 
chelation possibility was emphasized by the large content of 
protein in the cell debris. The supernatant fraction showed 
no iron in any of the tissues. Because catalase, an
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iron-contiaining enzymes was found in the supernatant fraction, 
it td.ll not be known for sure if there was actually a lack of 
iron in this fraction until more sensitive methods of iron 
detefmination are utilized.

The iron content of the leaves may be correlated with 
chlorosis, but the stem iron content indicates that an inactiva
tion of iron may be occurring in this tissue. In many respects, 
the leaf and stem tissue fractions are similar, but the iron 
and protein content and catalase activity of the stem tissue 
was always lower than those of the leaves. This may be 
explained on the premise that the major metabolic activities 
are occurring in the leaves, and the need for these substances 
is not as great in the stems as it is in the leaves.

In the leaf tissue, results indicate that the lack 
of iron may stimulate protein production, but this finding 
does not extend to the stem tissue. The major protein- 
containing fraction was the supernatant fraction, which is 
believed to contain most of the ribosomes of the cell. The 
ribosomes are believed to be the site of protein synthesis 
in the cell. The seeds contained no protein in the mito
chondrial fraction which helped to show that the seed 
particulate fractions, although possibly misnamed., were 
distinct units.

Catalase activity was measured at the four-minute 
interval in the catalase-hydrogen peroxide reaction, because
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It w s  found for this tomato tissue that the reaction was 
progressing at its maximum rate at this time. The highest 
eatalase activity was found in the mitochondrial fractions^ 
the site of respiration. The cell debris fractions also 
exhibited catalase activity% but this may be attributed to 
contamination with other particulates. As with iron., lower 
catalase activity was found at the second harvest than at 
the first9 which indicates that vegetative growth possibly 
surpassed enzyme production between the two sampling dates. 

The catalase of the seeds did not show a maximum 
rate of activity at the four^minute interval as did the 
other tissues* so it was postulated that possibly the seed 
catalase is of a different form than that of the plant tis
sues, Results also showed that iron concentration was not 
necessarily directly related to catalase activity.
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