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Abstract-Incubation of intact segments or isolated nuclei of bean hypocotyls with IAA-2-“C and kinetin- 
8°C. showed that these hormones associate with the nuclear proteins. DilTerences in the degree of association 
of these hormones with the nuclear proteins were found between the isolated nuclei or intact segments. 
Partially purified nuclei from undifferentiated hook and the more differentiated lower section of bean hypocotyl 
displayed quantitative and qualitative changes in nuclear proteins due to hormone treatments. Four of the 
five nuclear protein fractions of each of the tissues were quantitatively reduced by the hormone treatments. 
The acidic proteins associated with DNA were increased by IAA but not be kinetin. However, most of the 
proteinlelectrophoretic patterns were qualitatively unchanged by hormone treatment. 

INTRODUCTION 

IN 1961, Zaloker’ proposed that hormones produce their effects primarily by regulating gene 
activity. Evidence in support of this hypothesis has come from studies of plants,2-4 insc&, 6 
and mammals.7-9 That hormones specifically control gene transcription has been demon- 
strated in some cases, but is still subject to some controversy.‘0 

The chemical mechanism by which hormones may ‘regulate DNA-dependent RNA 
synthesis is not known. One explanation could be that hormones interact with products of 
regulator genes.“*12 While such regulating substances have not yet been found in higher 
piants, it was shown that in bacteria they are proteins. 13* I4 Certain plant hormones have 
been shown to affect the rate of synthesis of RNA in isolated plant nuclei.15-‘6 Consistent 

* Based on a dissertation entitled “Effects of Differentiation and Hormones on Nuclear Proteins” by T. C. 
Spelsbe.rg. 
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alterations of electrophoretic patterns of nuclear proteins of bean hypocotyls treated with 
indoleacetic acid (IAA) have been observed. I’* l8 The fact that some nuclear proteins are 
speciGc for a given stage of development of the hypocotyl suggests that they are possibly 
involved in the process of differentiation and thus gene regulation. Studies into hormonally 
induced alterations (qualitative and quantitative) of nuclear proteins could increase our 
understanding of the role of these proteins in metabolism and gene regulation. 

RESULTS 

The Association of IAA and Kinetin with Nuclear Proteins 

Incubation of hypocotyl segments in IAA-14C resulted in a high specific activity associating 
with the nuclear proteins pable 1). However, the activity was found in high amounts in the 

TABLES. THE ASXK!IATlON OF LABBLED HORMONES WITH PROlXIN.9 FROM VARIOUS 
am4 ORQANELLES ANDNUCLEARPR~ 

system Hormone treatment 
Protein fraction 

cell fraction 

pmoles hormone/g 
protein 

, , 
LOWer 

Hook hw=tyl 

Intact hypocotyl 1O-5 M IAA 2-“C Cytoplasm f30 
segments (‘5 W Microsoma 450 

(Incubation) Mitochondria 800 
Nuclei 900 

Protein fraction 

Intact hypocotyl 1O-5 M IAA 2-“C Total cell soluble protein 750 1200 
see==@ (6hr) ETOH-HCl extracted (cbromatin) 900 

(Incubation) HCl extracted (chromatin) !z 700 
NaOH extracted (chromatin) 3200 3900 

Isolated nuclei 3 x 10” M IAA 2-“C Nuclear sap 170 120 
(1 hr) Acidic ribosomal 60 90 
(Incubation) Acidic ribonuclear 70 

Total histone 40 : 
Acidic chromosomal 12 10 

8xlFMkinetin Nuclear sap 100 110 
8-W Acidic ribosomal 65 

(1 hr) Acidic ribonuckar :i 
(Incubation) Total histone 30 :: 

Acidic chromosomal 5 7 

cytoplasmic, microsomal and mitochondrial proteins as well. Part of this activity could be 
metabolic products of the IAA and not the hormone itself. Further investigation into the 
various subfractions of the chromatin-proteins showed that most of the activity was found 
with the alkali-extracted (acidic) proteins associated with the DNA. When isolated nuclei 
were incubated with IAA-2-14C, various associations became apparent (Table 1). Nuclear 

“1.V.S~andT.C.S PELSBBRQ, Physiol. Pkmtarum 20,991(1967). 
“T.C.S P~LSBERO and I. V. SNXLWAN, Phytochem. 7,2083 (1968). 
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sap proteins had the highest amount of radioactivity regardless of the hormone. When IAA 
(radioactivity) is expressed per unit protein, it is evident that the degree of association of 
hormone with any nuclear protein fraction depends on the stage of development of the hypo- 
cotyl. The much higher amount of IAA associated with nuclear proteins when intact sections 
of hypocotyl are used as compared to nuclei may be the result of the longer period of incuba- 
tion (6 hr). It is possible that the hormone was broken down in the intact cells and the label 
was incorporated into a metabolite which became associated with the nuclear proteins. On 
the other hand, the intact segments represent a situation more natural than the isolated nuclei, 
which may include receptor sites or metabolic alterations essential for hormone action. In 
any case, much more of the label was found associated with nuclear proteins when intact 
tissues were used as compared to isolated nuclei. As is shown in Table 1, the degree of asso- 
ciation of the activity to the proteins was similar between the two tissues and between the two 
hormones. However, the activity was found to be associated quite differently between the 
various protein fractions of each tissue. 

Eflects of Hormones on the Quantity of Nuclear Protein 
Table 2 shows the effects of IAA and kinetin on the quantity of each protein fraction of the 

nuclei of both stages of development. Both levels of IAA caused a reduction in most frac- 
tions in the lower hypocotyl and in the hook, 3 x 10e5 M having a much greater effect in 
reducing the protein centent of the nuclei than did 5 x 10V6 M IAA in the lower hypocotyl. 
In the hook tissue, the histone fraction was unaffected while the acidic chromosomal proteins 
were increased in nuclei treated with 5 x 10m6 M IAA and decreased in nuclei treated with 
3 x 1O-s M IAA. 

TABLE 2. THE EFFECXS OF VARIOUS HORMONE TREATMEMS ON THE QUANTlTY OF THE 

NUCLEAR nun-zlus 

source Hormonal 
of nuclei treatment 

Nuclear 
saP 

Acidic Acidic Acidic 
ribosomal ribonuclear Histone chromosomal 

Hook 5x 10-6MIAA 83+5% 68*3% 96&4% 102+8% 128 + 12% 
3 x 1O-5 M fAA 88+4% 96*3% 90+2% 106*6% 695 10% 

5 x 10d M kinetin 62& 13% 92*4% 91+3% lOl& 10% 75&S% 
8 x lo4 M kinetin 61 f 10% 91+8% 99*7% 98+8% 79?5% 

Lower 5x104MIA4 91+8% 9423% 90&5% 89+9% 108+3% 
hypocctyl 3 x 10J M IAA 64+5% 85*5% 80&4% 84f5% 81*8% 

5 x lo4 M kinetin 96*4% 98+3% 58 f 12% 87 + 10% 
8x10-6Mkinetin 

96+8% 
9525% 90+ 10% 74+8% 68&10% 72&4% 

The nuclei were incubated 1 hr in the respective hormone solutions and the nuclear proteins extracted and 
puri6ed as described. Values are stated in terms of 100% as the value for the level of protein in each fraction 
from nuclei incubated in solutions without hormone. The variations of five replications are shown. 

The increase of acidic chromosomal proteins of hook nuclei with 5 x 10e6 M IAA was 
much greater than that of the acidic chromosomal proteins of the lower hypocotyl although 
the responses were in the same direction for both stages of development. In any event, hook 
and lower hypocotyl nuclei reacted differently to IAA treatment with respect to content of 
protein after treatments. 
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Kinetin reduced protein levels of all fractions of nuclei of lower hypocotyl. However, a 
reduction in protein was caused by kinetin in only two of the five fractions of nuclei of the hook. 

Kinetin and IAA have been shown to increase the rates of synthesis of nuclear proteins in 
plant cells6 Although the rate of amino acid incorporation into nuclear proteins was en- 
hanced by hormones, the levels of some nuclear protein fractions were found to be decreased ; 
this suggests a parallel increase in the rate of destruction of these proteins.2-4 The decrease in 
the levels of the nuclear proteins described in this paper may be due to the use of isolated nuclei 
rather than intact tissues in the incubations; the decrease may also be the result of accelerated 
breakdown of protein in nuclei influenced by hormones. 

Qualitative Effects of Hormones on Nuclear Proteins 

No alterations of the electrophoretic patterns were observed with the histone, nuclear sap, 
or acidic ribosomal protein fractions when the nuclei were treated with the two hormones. 
The changes in quantity of these protein fractions with hormone treatment appear to reflect 
only a general change in level of all proteins in these fractions and not a loss of gain of any 
particular fraction. 

Acidic Chromosomal Proteins 

The acidic chromosomal proteins appeared to be altered only slightly by both IAA and 
kinetin (Fig. 1). In the lower hypocotyl band “A” was altered in its rate of migration by both 
hormones. It is of interest that hormone treatment caused band “A” of the lower hypocotyl 
to migrate at a rate similar to band “A” of the hook. The alteration of the migration of the 
band by the two hormones suggests a possible transition in the conformation of the protein 
in that band. Both hormones caused the same type of alteration. The effect appears to be 
specific to more highly differentiated tissues in that the hormones caused no alterations in the 
patterns of the acidic chromosomal proteins from the hook. This alteration of the electro- 
phoretic pattern by the hormones seems very minimal. It is, of course, possible that the levels 
of hormone chosen are simply not effective doses for these experimental conditions.’ 
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FIG. 1. Acme cmtorwso~ PROTBINS OF BEAN NUCW. 

(1) Nuclei of hook incubated in butler; (2) nuclei of lower hypocotyl incubated in 5 x lad M 
kinetin ; (3) in 5 x lo-” M IAA and (4) in buffer. The gels are 15 %, pH 8.9. Top : cathode; bottom : 

anode. 
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A&.% Ribomccleoproteins 
Hormone treatment altered the electrophoretic pattern of acidic ~bonucl~pro~~ in a 

manner specific to both stage of developm~t and hormone. When nuclei from the low& 
hypocotyl were incubated with either level of kinetin, band “A” was eliminated (Fig. 2A). 
The same band was not affected when the nuclei were incubated with WA. In contrast, 
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FIG. 2. Acmrc ~~~~~ OF NUCLBI OP UWER EWPOCOTYL. 
Incubated in (A) but&x (right) and 5 x la-6 M kin&in (left) and (B} in a buffer (rig&) and 5 x lb6 M 

FAA (left). The gels are lSo/, pH 8.9. Top: cathode; bottom: anode. 

incubation with 5 x 10” M IAA caused the appearance of a new band, “‘A-l”. This band 
was never found after kinetin treatment. As in the case of acidic chromosomal proteins, the 
patterns of the acidic ribonucleoproteins from the hook nuclei were not altered by the 
hormone treatments of nuclei. 

The differential response of acidic ribonucleoproteins from the lower hypocotyl to the 
two hormones is of interest. The elimination of band “A” in the ribonucleoprotein patterns 
by kinetin treatment creates a pattern resembling that of the hook acidic ribonucleoprotein. 
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There appears to be a dedilferentiation of nuclei caused by kinetin with respect to the elctro- 
phoretic patterns. ‘The effect of IAA is the reverse of that of kinetin suggesting different 
mechanisms of action for the two hormones. 

DISCUSSION 

It has been showni that each protein fraction of the nuclei upon gel electrophoresis dis- 
played patterns which were specisc for the particular stage of development. This speciticity 
suggests that these proteins may play a role in differentiation. Whether their role in develop 
ment is an active one as enzymes or as gene regulators, or a passive one as structural proteins 
is not known. That hormones do activate RNA synthesis in cells is known in plants.2-4 Recent 
evidence has shown that IAA and other auxins can activate RNA synthesis in isolated plant 
cell nuclei.20* 21 In these studies, auxins were bound to nuclear components within 1 min.2’ 
If the special receptor molecules in nuclei are lost during isolation of the nuclei, then the hor- 
mone action by IAA (i.e. activation of RNA synthesis) is lost.20 

The qualitative and quantitative response of these nuclear proteins to the hormone 
treatments indicates a possible interaction of these components. Whether such an inter- 
action is essential for hormone action remains to be determined. Specific hormone receptor 
proteins have been found and partially characterized in mammalian systems.22n 23 However, 
in plants such investigations have not been as numerous. These experiments suggest that IAA 
and kinetin do bind to the nuclear proteins especially when the hormones are applied to 
intact tissues instead of isolated nuclei. The nuclear proteins with the highest specisc activity 
of the label were the acidic proteins associated with the DNA; this was only found when the 
IAA 2J4C was incubated with intact tissue and not with the isolated nuclei. These acidic 
chromosomal proteins and not the histones may be the receptor molecules involved in the 
accumulation of the auxins and kinetins with the deoxyribonucleoproteins observed by 
Fellenberg.24* 2s 

Our studies with isolated nuclei however, indicate that the other nuclear proteins are also 
complexed with IAA and kinetin. The differences in association of these hormones with the 
nuclear proteins in intact tissues or isolated nuclei cannot be explained at present. The poss- 
ible metabolic alterations of the hormones by the intact cells, the effect of binding of hormones 
to cytoplasmic protein receptors22* 26 as well as the general differences in environment of the 
nuclei during hormone treatment may explain the differences observed. Variations in the 
methods of isolation of nuclei have been explained as the cause of different responses of 
nuclei of tobacco tissue culture cells to IAA or 2,4-D.?O 

Since IAA has been shown to not only increase the rate of RNA synthesis but also to 
cause the appearance of some new species of RNA,2 speculation can be made that the nuclear 
proteins are involved in the regulation of gene activity. The tissue speciGcity of these proteins 
and the association of the labeled hormones with them indicates a possible link in the regula- 
tion of RNA synthesis. 
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It should be mentioned that nuclei which were further purifled using concentrated sucrose 
solutions of 2-O M or which were allowed to age for several hours did not respond to the 
hormone treatments. 

EXPERIMENTAL 

The preparation of segments of shoots of 7- to 8-day-old bush beans (Phuseolus vulgar&) has been de- 
scribed.‘s In one series of e xpe&ments the undi&rentiated hypocotyledonary hook and a maturing section of 
the lower hypocotyl were incubated for 6 hr in 1O-5 M IAA-2°C (sp. act. @5 mc/mM) in O-05 M phosphate 
butfer, pH 7-O. The tissues then served as sources of nuclear proteins. 

Isolation and Purification of Nuclei 
All isolation procedures were carried out at 4” and were similar to those described in the preceding paperi 

except for the final purification of the nuclei. The nuclei were puri8ed by layering the crude suspension on 
1.4 M sucrose in TRMC but&r and centrifuging for 30 min at 16,080 g in a swing&bucket rotor. The sedi- 
mated nuclei were suspended in 18 ml of TRMC but&r for use. Routine observations of nuclei with the 
microscope revealed some comaminating debris in such preparations. Further puritication in higher concen- 
trations of sucrose as described in the pmcedmg paper apparently damaged the nuclei since they failed to 
respond to hormone treatments as observed by gel electrophoresis and quantitative analysis. 

Inc&ation of Nuclei 
Suspensions of nuclei were separated into three equal ~olumea and placed into three sterilized flasks at 4”, 

one with 0.6ml of water, one with 0.6ml of a specitied amount of IAA inTRMC bulfer and one with an amount 
of kinetin in O-6 ml of TKMC buffer. The llasks were gently warmed to room temperature and were then 
placed on a shaker. After 1 hr the contents of the flasks were quickly cooled to O-l ’ and centrifuged 10 min at 
10,080 g. The sedimented nuclei were resuspended in TKMC bulfer and were centrifuged again. Following 
the second sedimentation the nuclei were ready for analysis. 

Analytic Procedures 
The following protein fractions were extracted from the nuclei: nuclear sap, acidic ribosomal, histone, 

acidic chromosomal and acidic ribonuclear .I9 Protein quantity was determined by the method of Lowry and 
co-worken?’ and spectrophotometrically .2s Standards for neutral and acidic proteins were established with 
egg albumin; commercially prepared calf thymus histone was the standard for histones. Methods of poly- 
acrylamide gel electrophoresis have been described.” Amounts of IAA- and kmetln-“C associated with 
nuclear protein were determined by measuring radioactivity of O-7 ml of each protein suspension in a scintilla- 
tion spectrometer. Total proteins of mitochondria, cytoplasm, mkzosomea, and nuclei were extra&d by the 
methodofShiheta1.29 whichisamodiiedversionusedbyotherinvestigators.30~3’ Theproteinwasquantitated 
and compared with the radioactivity to determine the speci5c activity as described above. 
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