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Histone proteins were examined during development in 

the meiotic mutant elongate and a genetically close line 

N6HT, Histones were also extracted from an F1 (el X N6HT).  

Comparisons between the histone samples from each line of 

N6HT, elongate, and the F1 for leaf, root, and stem were 

inconclusive. A tassel sample from elongate exhibited a 

markedly slower migrating band that was not present in 

N6HT. The histone profiles of elongate and N 6HT also 

differed. Each line N6HT and elongate exhibited three 

protein bands in the H1 region. Maize histone samples have 

been shown to exhibit four major H1 bands. The possibility 

exists that an HI protein altered in its molecular weight 

and possibly in its interaction with the chromosome is 

present in elongate.
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CHAPTER I

INTRODUCTION 

DNA is the basic coding element for all structural pro
teins involved in life processes, The DNA in eukaryotic or
ganisms must be organized into chromosomal structures within 
the cell nucleus, The DNA of each organism must have genes 
coding for proteins which aid in its chromosomal structure 
and packaging, control of cell cycles, and regulation of gene 
products, These proteins consist of the histone proteins and 
the non-histone proteins, 

Protein extracts from nuclei and DNA are made up of 
histone proteins, non-histone proteins, and a subgroup of the 
non-histone proteins--the HMG proteins or high-mobility-group 
proteins, The histone proteins are directly related to the 
packaging of the DNA molecules, Also, involved in a minor 
structural role and possibly in transcription of gene se
quences are the non-histone proteins and HMG proteins, 

The histone and HMG proteins have been isolated from 
whole tissue, nuclei, or isolated DNA (7), and have been 
separated and analyzed by differential extractability (70), 
solubility (34,55), electrophoretic mobility (7,14,19,20,57, 
61,70), column chromatography (40,44,46,69,71,73), raman 
laser spectroscopy (78), NMR analysis (78), C.D. absorption 
spectra and U,V, absorption spectra (69,72).  

As investigations into histone chemistry progresses, 
several different nomenclatures were used. (Table 1)

I
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Elongate Mutant 

The elongate mutant of corn originated from an open 

pollinated line Hays Golden (65). The elongate mutant is 

inherited as a simple mendelian recessive trait, and demon

strates an elongation or despiralization of the chromosomes 

at both meiotic anaphases and telophases. The mutant has not 

yet been placed in any linkage group (52,65). The effect of 

the elongate mutant on the plant is in reproduction.  

Elongate plants exhibit partial sterility of the ear and 

variable pollen abortion, ranging from fully fertile to 

almost sterile pollen. In the ear, the eggs produced are 

either 1n or 2n. The 2n eggs when fertilized, yield poly

ploid gametes which form shriveled seed. Many ovules are 

aborted. The In eggs produce normal 2n seed when fertilized.  

The formation of 2n eggs does not take place in the second 

meiotic division (52).  

Histone Proteins 

Histone H1 

Histone H1 differs in many ways from the other histones.  

It is the most lysine rich of the histones, with approximately 

30% of its amino acids being lysine (624. H1 is not involved 

in the formation of the nucleosome, but it is involved in the 

condensing of the nucleosome units through interaction with 

the outside of the DNA molecule (31,42,50,77). Develop

mentally it has been correlated with chromosome condensation, 

mitosis, and spermatogenesis (10,32,42). Serines and 

threonines of H1 can be phosphorylated causing changes in the 

binding characteristics of H1 to DNA (10,32). However, 

phosphorylation in mouse tumor cell lines is not responsible 

for the different H1 protein bands (35). Histone H1 can 

undergo degradation during isolation (29,37) or in times of
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stress experienced by the organism. Histone H1 is displaced 

from the chromosome during transcription; in spermatogenesis 

it is replaced by protamine.  

Of the histone proteins, H1 exhibits the most variabil

ity among both tissues and species (5,41,63,71,75,79). The 
H1 proteins have been resolved by electrophoresis into: 

four bands in ea mas (75), two bands in Xenopus laevis 
(79), four in ox liver (5), four in Hippeastrum belladonna 
(63), and several bands in other organisms.  

The molecular weight of maize HI subfractions varies 

from 22,100 to 24,400 depending on the inbred line from 

which they are isolated (30). These molecular weights are 

greater than the molecular weight of 21,000 observed in 

calf thymus H1 (16).  

The sequencing data of H1 shows HI to consist of a 
basic N-terminal region with a central apolar core and a 

basic C-terminal region. The hydrophobic core is the least 

variable (among species) region of the molecule (42). The 

secondary structure of HI has been predicted using charge and 
conformational anlysis of the amino acid structure of the 
molecule (25,78).  

HistonesH2AAH2B-HK and H4 

The four histones H2A, H2B, H3, and H4 form an octamer 
which is the nucleosomal core. A 140 to 175-base-pair length 
of DNA wraps around the histone octamer and a 20 to 100-base
pair length of DNA forms a linker region to separate the 
nucleosomes (39). The core histones are the most conserved 
group of chromosomal proteins in plants (51) or in animals 
(9,46,56).  

Each of the nucleosomal proteins has been sequenced: 
H2A (2,46,66,82), H2B (80), H3 (22,60), and H4 (21,23). The 
secondary conformations have been predicted from the amino
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acid and charge characteristics of H2A, H2B, H3, and H4 (25).  
Each of the nucleosome octamer cores has a cationic end and 
a hydrophobic end. The total conformational interaction of 
the H2A, H2B, H3, and H4 octamer has been predicted in 
several models (9,25). These models are based on confor
mational studies and histone interactions.  

Interactions between histones occur and have been 
visualized as missing bands in gels (70); bands migrating at 
twice the monomers molecular weight (58), or as regions of 
intense staining at the beginning of the gel (43).  

The following are factors which can affect histone 
interactions: 

1. #-mercaptoethanol can prevent H2A, H2B dimer 
formation (58).  

2. The nuclear protein A24 can be cleaved by an 
enzyme into histone H2A and ubiquitin (47,48).  

3. Ultraviolet light can induce the formation of 
histone dimers (70).  

4. The high lysine histones can easily form cross
links with other high lysine histones (49,70).  

5. In addition, variations in salt concentrations and 
pH can cause the formation of multiple histone 
structures up to an octamer in size with the octamer 
being the preferred arrangement and made of one, 
two, three, or all four of the nucleosome histones 

(70).  

Other changes which can affect the nucleosome core are; 
acetylation (6,32), phosphorylation (32), degradation (44), 
and antibody binding of the core histones (11). These 
modifications have a tendency to open up the nucleosome and 
to make the DNA more susceptible to nuclease digestion and 
to transcription.
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The High-Mobility-Group Proteins 

The chromosomal proteins are categorized into two main 
groups, the nonhistone proteins and the histone proteins.  

The high-mobility-group or HMG proteins are a subgroup of 
the nonhistone proteins. The HMG protein group shows at 
least thirty bands in electrophoresis (38).  

The nonhistone proteins which may appear in HMG protein 
extracts are--myosin, actin, tubulin, trypomyosin (24), 
phosphoprotein kinases (36), and ubiquitin (4), The major 
HMG proteins are HkG1, HMG2, HMG14, and HMG17. Many other 
bands are also visible, however these may be due to degra
dation products (18), or due to phosphorylation of HMG14 
(4,17).  

Nonhistone and HMG proteins may play a role in the 
control of transcription (3,31,36,64,67,74,83), in nucleosome 
structure (45), in the basic chromosomal structural latice 
(1,38), in the condensation of the DNA present in nuclease 
sensitive regions of DNA (31), and in the ability to bind 
to DNA (13,26,32,68), 

The molecular weight of HMG1 is approximately 26,500 
and the molecular weight of HMG2 is approximately 26,000.  
Each os these has the same distinct structural domains: An 
N-terminal and central region with some of the properties of 
a structured protein and a very acidic 0-terminal region 

(81).  

HMG1 and HYG2 are involved in the supercoiling of DNA 
(33). The protein HMG1 has been shown to bind to DNA (68).  
One portion of the HMG1 molecule remains unbound allowing 
the formation of a soluble protein--DNA complex with a ratio 
of HMG1 to DNA of ten to one (68). When the HMG2 protein 
binds to DNA, the size of the DNA molecules can decrease by 
50% (26). Proteins HMG1 and HMG2 have specific regions 
which interact with histone H1 (12). This binding inter-
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action (12) has been shown to involve some subtractions of 

H1 and not others (8). Proteins HMGI and HMG2 may be able 

to substitute in vivo for H1 (31).  

Proteins HMG14 and HMG17 have molecular weights of 
approximately 10,700 and 9,250 (81). They have acidic C

terminal and N-terminal regions with a basic core. The 

nucleosomal core has two specific binding sites for HMG14 

and HMG17 (45), Phosphorylation of HMG14 and HMG17 has been 
shown not to increase nuclear activity (17), even though 
phosphoprotein activity can increase transcription (67).  
HMG17 has also been shown not to be phosphorylated (4). The 

HMG14 and HMG17 protein molecules have been shown to 

stabilize the nucleosome (59).  
As a group, the HMG proteins behave similarly during 

extraction (4,12,14,68,76). The HMG proteins may comigrate 
in electrophoresis in SDS gels (19). When run on electro
focusing gels, HNG1 and HMG2 can be stained but HNG14 and 
HMIG17 proteins cannot because the conditions which remove 
the ampholytes remove the HMG14 and HMG17 proteins (53).



CHAPTER II

MATERIALS AND METHODS 

Strains 

The meiotic mutant elongate (el) was obtained from the 
Maize Genetics Cooperative, Urbana, Illinois. The control 
line N6HT was obtained from Nebraska Foundation Seed. The 
line W64A was obtained from Wisconsin Crop Improvement 
Association, University of Wisconsin.  

The original open pollenated line of Hays Golden from 
which the elongate mutant was isolated is not commercially 
available. The line N6HT which was developed from a Hays 
Golden inbred is of a common genetic background to elongate, 
as shown in Table 2. The N6HT line was used in crosses with 
elongate to produce an F1 generation.  

Treatment and Sampling 

Seed for each line N6HT, el, and the F1 (el X N6HT) 
were surface sterilized in 10% bleach for ten minutes. The 
seed were then rinsed several times and soaked overnight in 
distilled water. The seed were inserted into Jiffy Pot 
peat planters and planted in a greenhouse. The use of peat 
planters facilitated removal of plants in the early stages 
of the study. All seed of each plant line were planted on 
the same day, 

Sampling started on the fifth day after planting and 
continued at five day intervals. Whole plants were removed 
and dissected into: leaf, root, and stem. When the meiotic 
related tissues appeared, the ear, ear husk, and tassel were 
dissected. The sampling of a plant line continued until

8
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TABLE 2 

GEETIjC ANCESTRY OF ELONGATE AND N6HT

Hays Golden 
(open pollenated line)

Elongate 
(isolated prior to 

(inbred line)1966)

Hays Golden 
(inbred line) 

N6 
(isolated prior to 

1948)

Hays Golden

N6G 
(inbred 

lina )

(isola 
t( 

Hays Golden (inbre 
(open pollenated line) 
not commercially available

XN6

N 
(in 

ted prior 
o 1964) 
d line)

6HT 
bred 
line)

I

I
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that line began to flower and shed pollen. Samples of pollen 
were taken from each plant line, 

The plants of each line which were used for pollen 
samples were also used for making crosses.  

Experimental Procedures 

Nuclei, pollen, or whole tissue were prepared using a 
modification of Hamilton (28) for whom buffer "H" is named.  
Buffer "H" contained 1.14M sucrose, 5mM MgC12 , 5mMt -mercap
toethanol, and 10mM Tris. The buffer "H" was removed in 
each procedure by rinses of RSB buffer (27). The RSB buffer 
was supplemented with 0.4N H2SO4 for extraction of histone 
proteins and supplemented with 0.35M NaCl (53) for ex
traction of the HMG proteins, RSB buffer contained 0.01M 
NaQI, 0.003M M012, 0.01M Tris, and 0,001M Ca012 . The 
buffer "1H" and RSB buffer were supplemented in some proce
dures by phenylmethylsulfonyl fluoride (PMSF). The PMSF 
was used to stabilize the histones and prevent degradation 
(54). Buffer "H" was suplemented with PMSF to contain 
0,1mM PMSF (buffer tH"s). RSB buffer was suplemented with 
PMSF to contain 1mM PMSF (RSBs buffer). All procedures were 
performed at 40c or colder, 

i.#Nuclei Isolation. Nuclei were prepared from plant 
tissue by immersing the tissue in ice cold ethyl ether for 
one minute. The ether was decanted and the tissue was 
washed in cold buffer "H" to remove the ether. After 
removal of the ether, the tissue was suspended in buffer 
"H" and homogenized in a Waring blender for 30 seconds.  
The homogenate was filtered through a 534m soil test sieve 
(U.S.A. Standard Testing Sieve from Soiltest, Inc.). The 
tissue debris was carefully removed from the sieve and re
turned to the blender with an equal volume of buffer "H" 
and blended for 30 seconds, The homogenate was refiltered
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then depending upon the degree of homogenization of tissue, 

the tissue was either blended again or discarded. The 

solution was centrifuged at 1000 X G for 15 minutes. The 
nuclear pellet was washed two or three times with buffer "H" 

containing 0.15% Triton X-100 or until the supernatant was 

clear and colorless. Each wash was followed by centri

fugation at 1000 X G for 15 minutes and then the super
natant was discarded. The nuclei were rinsed and resus

pended in RSB buffer to remove buffer "H". The nuclei were 

centrifuged at 1000 X G and the supernatant discarded. The 

nuclei were rinsed in RSB buffer again and centrifuged at 

1000 X G and the supernatant discarded.  
The histone proteins were extracted from nuclei by 

resuspending the nuclei in RSBs buffer 0.4N in H2S04. The 

suspended nuclei were incubated for one hour or overnight.  

The nuclei in RSBs buffer were centrifuged at 1000 X S for 
15 minutes and the supernatant decanted and saved. The 
nuclei were extracted a second time with RSBs buffer 0.4N 

in H2SO4 . The nuclei in RSBs buffer were centrifuged at 1000 

X G for 15 minutes and the supernatant decanted and saved.  

The nuclei were then discarded. The first histone extract 

and the second histone extract were not pooled. Precipi

tation of the histone like proteins was accomplished by 
adding ten volumes of acetone to the supernatants and 

storing overnight in a freezer to facilitate precipitation.  

The histone proteins were then centrifuged at 8000 X G and 
the supernatant discarded. The histone like protein ex

tracts were stored frozen.  

IIT',Pollen Extraction. Pollen were prepared for 
extraction by immersion of the pollen and pollen sacks in 

cold ethyl ether in a separatory funnel for one minute. The 

pollen grains were drained out of the bottom of the funnel 

as they settled, and the ether was decanted off. The ether
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was decanted off. The ether was rinsed out of the pollen 
by consecutive washes with buffer "H". The pollen and 
buffer "H" mixture was filtered through a 150Am soil test 
sieve (U.S.A. Standard Testing Sieve from Soiltest, Inc.) 
to remove anther debris and insects. The pollen was allowed 
to settle and the buffer "H" was decanted. The pollen was 
then rinsed with RSB buffer to remove the buffer "H". The 
pollen was allowed to settle and the RSB buffer was dis
carded. The pollen was rinsed with RSB buffer a second 

time.  

The histones were extracted from pollen by immersing 
the pollen in RSB buffer 0.4N in H2SO4. The suspended 

pollen were incubated for one hour or overnight. The pollen 
in RSB buffer was centrifuged at 1000 X G for 15 minutes.  
The supernatant was decanted off and saved. The pollen 
was extracted a second time with RSBs buffer 0,4N in H2504 
for one hour or overnight. The pollen in RSBs buffer was 
centrifuged at 1000 X G for 15 minutes. The supernatant 
was decanted off and saved. The extracted pollen was then 
discarded. The two supernatants were kept separate. The 
histone like proteins were precipitated by the addition of 
10 volumes of acetone to the supernatants. Precipitation 
was facilitated by storage overnight in a freezer. The 
histone proteins were centrifuged at 8000 X G for 15 
minutes and the supernatant was discarded. The histone like 
protein extracts were stored frozen.  

III. Whole Tissue Extraction. Whole tissue was prepared 
by immersion of the dissected tissue in ice cold ethyl ether 
for one minute. The ether was decanted and the tissue was 
rinsed with RSB buffer to remove the buffer "H".  

The HMG proteins were extracted from whole tissue by 
immersion of the tissue in RSBs buffer O.35M in NaCl to 
extract the HMG proteins. The tissue was extracted over-
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night in the cold and the supernatant was decanted off and 

saved. The tissue was immersed in RSBs buffer in prepara

tion to extract the histone proteins. The HMG protein ex

tract was made 2% in trichloroacetic acid (TCA) with 100% 

TCA (w/v) (15) to precipitate the Low-Mobility-Group pro

teins. The proteins were allowed to coagulate and precipi

tate overnight. The HMG extract was then centrifuged at 

4000 X G for 15 minutes to precipitate the 1MG proteins.  

The supernatant was decanted off and the 1MG protein pre

cipitate was discarded. H01 was added to the supernatant 

to a concentration of 0.3M H01, and precipitation of the 

HMG like proteins was accomplished with the addition of ten 

volumes of acetone to the supernatant. This was then 

stored overnight in a freezer to facilitate precipitation.  

The histone proteins were extracted from whole tissue 

by suspending the tissue in RSBs buffer 0.4N in H2SO4. The 

tissue was extracted overnight in the cold and the super

natant was decanted and saved. The tissue was resuspended 

in RSBs buffer C.4N in H2504 for a second extraction of 

histones. The supernatant was decanted and saved, with the 

twice extracted tissue being discarded. The two super

natants from the histone extractions were not pooled. The 

histone like proteins were precipitated by the addition of 

ten volumes of acetone to the supernatant and stored over

night in a freezer to facilitate precipitation. After pre

cipitation of the histone like proteins, the acetone and 

RSBs mixture was drawn off and discarded. The protein pre

cipitate was rinsed into a centrifuge tube. The suspended 

proteins were centrifuged at 8000 X G for 15 minutes. The 

supernatant was discarded and the proteins were rinsed with 

acetone/H1 (400:1). The proteins were then centrifuged at 

8000 X G for 15 minutes and the supernatant was discarded.  

The histone like proteins were then removed from the
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centrifuge tubes, placed in microfuge tubes, labeled, and 
stored frozen.  

I.jNuclei Isolation. Nuclei were prepared from whole 
tissue by immersing the tissue in ice cold ethyl ether for 
one minute. The ether was decanted and the tissue was 
washed in cold buffer "H"s to remove the ether. After re
moval of the ether, the tissue was homogenized at full speed 
in a Waring blender for 30 seconds. The homogenate was 
filtered through two soil test sieves, a 150Am sieve and a 
53Km sieve. The 15OAm sieve was stacked over the 53Km 
sieve. After the fluid drained from the homogenized tissue, 
the tissue was carefully removed and returned to the blender 
with an equal volume of buffer "HIs and blended for 30 
seconds, The homogenate was refiltered, then depending upon 
the homogenization of the tissue, the tissue was either 
blended again with more buffer "H"s or discarded. The top 
of the 53wm sieve was rinsed with cold buffer "H"s to remove 
the almost mature pollen cells which passed through the 
150yum sieve, but were too large to pass through the 53m 
sieve. The two filtrates were kept separate and treated by 
the following procedures. The solutions were centrifuged at 
1000 X G for 15 minutes to pellet the nuclei and the super
natant was discarded. The nuclear pellets were washed two 
or three times with buffer "W's containing 0,15% TritonX-100, 
or until the supernatant was clear and colorless. Each 
rinse was followed by centrifugation at 1000 X G for 15 
minutes to repellet the nuclei. The nuclei were rinsed with 
RSBs buffer to remove buffer "H"s and centrifuged at 1000 X 
G for 15 minutes. The supernatant was discarded.  

The HMG proteins were extracted from the nuclei by re
suspending the nuclei in RSBs buffer 0.35M in NaCI and 
incubated for one hour. The RSBs buffer and nuclei were 
centrifuged at 1000 X G for 15 minutes. The supernatant was
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decanted off and saved. The nuclei were covered with RSBs 

buffer in preparation for histone extraction. The super

natant was made 2% TOA with 100% TOA (w/v) to precipitate 

the Low-Mobility-Group proteins. The proteins were allowed 

to coagulate and precipitate overnight. The supernatant was 

then centrifuged at 4000 X G for 15 minutes to precipitate 

the LMG proteins. The supernatant was decanted off and the 

LMG protein precipitate was discarded. H01 was added to the 

supernatant to achieve a concentration of 0.3M H01. Pre

cipitation of the HMG like proteins was then accomplished 

by the addition of ten volumes of acetone (15) and stored 

overnight in a freezer to facilitate precipitation.  

Histone proteins were extracted from the nuclei by the 
addition of H2804 to the solution of nuclei in RSBs buffer 

to result in a final concentration of 0.4N H2SO4* The 

solution was then incubated overnight. The suspension was 

centrifuged at 1000 X G for ten minutes, and the supernatant 

was decanted and saved. A second extraction of nuclei was 

performed with RSBs buffer 0.4N in 12804. The first and 

second histone extracts were kept separate. Precipitation 

of the histone like proteins was accomplished by the addition 

of ten volumes of acetone to the supernatant and stored over

night in a freezer to facilitate precipitation. After pre

cipitation of the histone like proteins, the acetone and 

RSBs mixture was drawn off and discarded. The protein pre

cipitate was rinsed into a centrifuge tube. The suspended 

proteins were centrifuged at 8000 X G for 15 minutes. The 

supernatant was discarded and the precipitate was rinsed in 

acetone/Hol (400:1). This mixture was centrifuged at 8000 

X G for 15 minutes, and the supernatant was discarded. The 

histone proteins were placed in microfuge tubes, labeled, 

and stored frozen.

.Pollen Extraction. Pollen was prepared for
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extraction by immersing the pollen and pollen sacks in ice 

cold ethyl ether in a separatory funnel for one minute.  

The pollen grains were drained out of the bottom of the 

funnel as they settled. The ether was decanted off and 

rinsed out of the pollen by consecutive washes with buffer 

"H"s. The pollen and buffer "H"s mixture was filtered 

through a 15OAm soil test sieve to remove anther debris and 

insects. The pollen was allowed to settle and the buffer 

"H's was decanted. The pollen was rinsed with RSBs buffer 

to remove the buffer "H"s. The pollen was allowed to settle 

and the RSBs buffer was discarded. The pollen was then 

rinsed with RSBs buffer a second time.  

The HMG proteins were extracted from pollen by sus

pending the pollen in RSBs buffer 0.35M in Na0l and incu

bating for one hour in the cold. The pollen mixture was 

then centrifuged at 1000 X G for 15 minutes. The super

natant was decanted off and saved. The nuclei were covered 

with RSBs buffer in preparation for histone extraction. The 

supernatant was made 2% TCA with 100% TOA (w/v) to pre

cipitate the Low-Mobility-Group proteins. The proteins 

were allowed to coagulate and precipitate overnight. The 

supernatant was decanted off and the LMG protein precipitate 

was discarded. H0l was then added to the supernatant to 

achieve a concentration of 0.3M H01. Precipitation of the 

HMG like proteins was then accomplished by the addition of 

ten volumes of acetone (15), and stored overnight in a 

freezer to facilitate precipitation.  

The histone proteins were extracted from the pollen by 

the addition of H2SO4 to the solution of pollen in RSBs 

buffer to a concentration of 0.4N H2SO4. This was allowed 

to incubate for one hour or overnight. The solution was then 

centrifuged at 1000 X G for 15 minutes to pellet the pollen, 

and the supernatant was decanted off and saved. The pollen
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was extracted a second time with RSBs buffer 0.4N in H2804 
for one hour or overnight. The solution was then centri

fuged at 1000 X G for 15 minutes to pellet the pollen. The 
supernatant was decanted off and saved, and the extracted 

pollen was discarded. The two supernatants were kept 
separate. The histone like proteins were precipitated by 

the addition of ten volumes of acetone to the supernatants.  
Precipitation was facilitated by storage overnight in a 
freezer. The histone proteins were centrifuged at 8000 
X G for 15 minutes, and the supernatant discarded. The 

histone precipitate was rinsed with acetone/H1 (400:1).  
This mixture was centrifuged at 8000 X G for 15 minutes, and 
the supernatant discarded. The histone proteins were then 
placed in microfuge tubes, labeled, and stored frozen, 

Electrophoresis of Protein Samples 

Electrophoresis on SDS polyacrylamide gels (7,20,73) 
was used to compare the proteins with histone like extraction 
characteristics. The gels were stained with a mixture con
taining equal parts coomasie blue R-250 and amido black.  
The gels were destained with ethanol-acetic acid. Destained 
gels were examined on a light box, and then those gels 
exhibiting histone bands were photographed.



CHAPTER III

RESULTS 

Preliminary Investigations 

and Development of Isolation Techniques 

The preferred method of histone extraction is from DNA 

or nuclei. Using nuclei isolation--procedure I, we have 

been able to isolate nuclei and extract histones from as 

little as 9.6g of etiolated corn coleoptiles of W64A (Table 
3). Figure 1 of W64A histone exhibits four major H1 sub

species protein bands.  

Preliminary investigations into the possibility that a 

nuclear structural protein was the cause of the phenotypic 
effects exhibited by elongate provided some interesting 

results. Histones were extracted from tassels of N 6HT and 

elongate using nuclei isolation--procedure I. Figure 2 of 

the elongate histone sample exhibited a band h and three 

major H1 subspecies protein bands, with the NGHT histone 

sample exhibiting only three major HI subspecies proteins.  

Histones were extracted from the tissues and by the 

methods shown in Tables 3, 4, and 5. Comparisons between 

histone extracts of NGHT and elongate showed differences in 

the H1 histone profiles.  

Primary Investigations 

of Developmental Profile 

Whole Tissue Extractions 

Tissue samples for the first three sample dates--day 05, 
day 10, and day 15 were processed using whole tissue

18
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FIGURE 1 - HISTONE SAMPLES FROM ETIOLATED COLEOPTILES OF 
W64A. 1 = W64A coleoptile histone using nuclei 
isolation, procedure I. C = calf thymus histone.  

The samples of histone proteins were extracted from 

etiolated coleoptiles of W64A using nuclei isolation

procedure I. This gel of W64A clearly shows four major H1 

subspecies. Inbred lines have been shown to demonstrate 

four major H1 bands (75). The H1 subspecies shown are 

Hia, Hib, H1c, and Hid.
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FIGURE 2 - COMPARISON OF HI$TONE SAMPLES FROM TASSEL OF 
ELONGATE AND N6HT. A = N6HT tassel histone using 
nuclei isolation, procedure I. B = elongate 
tassel histone using nuclei isolation, procedure 
A. C = calf thymus histone.

The samples of histone were extracted from tassels of 

N6HT and tassels of elongate using nuclei isolation-

procedure I. The tassel samples of both lines exhibit three 

major H1 bands. The bands are labeled bandit, band 2, and 

band 3. Above the H1 proteins in the samples of elongate 

tassel histone is a band labeled band h. Band 1 of N6HT is 

much broader and denser than band 1 of elongate.

+
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TABLE 4 

EXTRACTION OF HISTONES FROM MATURE PLANTS OF N6HT 

TISSUE TYPE MATURE PLANT 

Ear * 

Ear Husk * 

Tassel * 

Pollen 

* = Histones extracted from tissue using nuclei 
isolation, procedure I.  

= Histones extracted from tissue using pollen 
isolation, procedure II.  

TABLE 5 

EXTRACTION OF HISTONES FROM MATURE PLANTS OF ELONGATE 

TISSUE TYPE MATURE PLANT 

Ear 

Ear Husk * 

Tassel * 

Pollen 

* = Histones extracted from tissue using nuclei 
isolation, procedure I.  

= Histones extracted from tissue using pollen 
isolation, procedure II.
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extraction--procedure III. An attempt was then made to 
obtain nuclei for histone extraction from actively growing 
N6HT leaves on the fourth sampling date--day 20 (Table 6).  
Using 16.4g of green leaf tissue, no nuclei were obtained 
using nuclei isolation--procedure IV. From these results 
it was determined that to isolate nuclei from each plant 

line and tissue type prior to histone extraction at least 
1000 plants of each line would have been needed. This far 
exceeded the number of plants available. For this reason 
the leaf, stem, root, ear husk, and ear tissues were 
processed using whole tissue extraction--procedure III.  

The gels of histone like protein extracts from whole 
tissue of leaf, root, and stem failed to show any signif
icant amount of histones. Gels overloaded with the histone 
like protein extract showed faint stained protein bands in 
the region of the nucleosomal histones. All samples of leaf, 
root, and stem tissue (Tables 6,7, and 8) did not yield 
histone profiles which could be compared on a histone or 

temporal basis.  

The gels of histone like protein extracts from whole 
tissue (Tables 6,7, and 8) of ear and ear husk demonstrated 
definite histone profiles. Differences were noted between 
the first and second extracts of ear and ear husk. Gels of 
the first extracts were clearer and produced cleaner protein 
bands in the gels. The gels of N6HT showed HI major histone 
profiles consisting of three bands with the slowest migrating 
band being denser. The gels of elongate showed H1 major 
histone profiles consisting of three bands, no band h was 

apparent.  

Nuclei Extractions 

The tassel tissues were the only tissues from which 
whole nuclei were extracted successfully. The tassels were 
processed using nuclei isolation--procedure IV. Maize
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TABLE 6 

DEVELOPMENTAL SAMPLING OF N6HT PLANTS AND TISSUES 

SAMPLING TISSUE TYPE: 
DAY: LEAF ROOT STEM EAR HUSK EAR TASSEL POLLEN 

00 planted 

05 + + 
10 + + + 

15 + + + 
20 +* + + 

25 + + + 

30 + + + 

35 + + + 
40 + + + 
45 + + + 

50 + + + 

55 + + + + # 
60 + + + + # 
65 + + + + + # 
70 + + + + + # 
75 + + + + + # 
80 + + + + + 

85

+ = Tissues extracted using whole tissue extraction 
procedure III.  

# = Tissues extracted using nuclei isolation, 
procedure IV.  

@ =Tissues extracted using pollen extraction, 
procedure V.  

* = Tissue for which nuclei isolation, procedure IV 
was tried.

,
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TABLE 7 

DEVELOPMENTAL SAMPLING OF ELONGATE PLANTS AND TISSUES 

SAMPLING TISSUE TYPE: 
DAY: LEAF ROOT STEM EAR HUSK EAR TASSEL POLLEN 

00 planted 

05 + + 
10 + + + 

15 + + + 
20 + + + 
25 + + + 
30 + + + 

35 + + + 
40 + + + 
45 + + + 
50 + + + 

55 + + + + 
60 + + + + + i 
65 + + + + + i 
70 + + + + + 

75 

+ = Tissues extracted using whole tissue extraction, 
procedure III.  

# = Tissues extracted using nuclei isolation, 
procedure IV.  

@ = Tissues extracted using pollen extraction, 
procedure V.
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TABLE 8 

DEVELOPMENTAL SAMPLING OF Fl (el X N6HT) 

PLANTS AND TISSUES

SAKFLING TISSUE TYPE: 
DAY: LAF ROOT STEM EAR HUSK EAR TASSEL POLLEN 

00 planted 

05 + + 
10 + + + 

15 + + + 
20 + + + 
25 + + + 

30 + + + 
35 + + + 
40 + + + 
45 + + + 

50 + + + 
55 + + + + # 
60 + + + + + # 
65 + + + + + 
70 

+ = Tissues extracted using whole tissue extraction, 
procedure III.  

# Tissues extracted using nuclei isolation, 
procedure IV.  

(= Tissues extracted using pollen extraction, 
procedure V.
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tassel tissues yield about 2 to 5 I 107 nuclei per gram of 
tissue (75). Differences among tassel extracts exist. The 

extracts from the 53Am filtrates were smaller in amount and 

produced sharper bands than the extracts from the 150Am 

filtrates. Some samples of tassel from the 53Am sieve 

filtrates yielded only enough histone for one or two gels.  

Due to the small amount of sample available, protein deter

mination as related to the percent of sample extracted or 

histone concentration was not performed.  

Tassel samples of elongate histones exhibited three 
bands of HI major histones, no band h was apparent. Tassel 

samples of NGHT histones exhibited three bands of HI major 

histones. In N6HT samples, the slowest migrating H1 sub

species protein was denser than the other two bands.  

Pollen Extractions 

The samples of pollen were treated using pollen ex
traction--prooddure V. The gels of pollen were indistinct 

due to the presence of proteins which extracted with the 

histones. These proteins may be enzymes or pollen coat 

proteins present in mature pollen.  

Samples of tassel just prior to shedding pollen had 

protein profiles similar to the shed pollen. The samples 

which passed through the 150Am mesh and were rinsed off of 

the 53Aym screen tended to show an increasing similarity to 

the mature pollen profile--as the tassels approached 

maturity.  

F1 (el I NOT1 Extractions 

Samples of the F1 tissues of ear and ear husk were 

processed by whole tissue extraction--procedure III. Samples 

of the F1 tassel were processed by nuclei isolation--pro

cedure IV. The gels of the F1 samples were inconclusive 

and showed no clear differences.



28 

HMG Extracts 

Samples of the HMG like proteins were run on gels to 

determine if any H1 histone proteins were extracted, or if 

the band h could have been extracted with the HMG proteins.  

No H1 histoe proteins were found. In samples from elongate, 

no bands corresponding to the position of band h was found.



CHAPTER IV

DISCUSSION 

There are differences among species in the number of 
major H1 bands and their mobilities. An upper limit to the 
number of H1 variant genes for maize may be seven (30). This 
number may increase as more research is performed. To de
termine if the phenotypic effects of elongate were caused by 
a histone gene variant a related line, N6HT was used. The 
histone profiles of the N6HT and elongate are similar which 
indicates a common genetic histone ancestry. Differences in 
the migration of the HI subspecies was noted.  

Histone profiles of the H1 proteins have been shown to 
contain four subspecies (75) in maize. The inbred line w64A 
used in preliminary research demonstrated four distinct H1 
subspecies using nuclei isolation--procedure I (Figure 1, 

Table 3).  

Histone Yields 

The small yield of histone proteins for each tissue 
type and sampling date was due to the limited number of 
plants available for use in extractions. The extraction of 
relatively pure histone proteins from nuclei for each tissue 
would have required the use of 1000 plants from each of the 
three lines tested. Extraction of histones from tassel 
nuclei prepared using nuclei isolation--procedure I or IV 
were relatively pure, though limited in amount. Whole tissue 
was used for extraction to increase the amount of histone 
recovered (whole tissue extraction--procedure III, Tables 

6,7, and 8).

29
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Samples of histone proteins extracted from whole tissue 

of leaf, stem, and root were not composed of histone pro

teins. The identity of the material in these extracts is 

not known. Some gels of leaf, stem, and root exhibited 
stained regions in the areas of the nucleosomal proteins.  

Histone proteins were extracted successfully from the 

ear and ear husk tissues using whole tissue extraction-

procedure III. These extracts did exhibit differences in 

the amount of histone recovered for different days and 

tissues. In Figure 4 of N6HT, histone samples containing 

equal amounts of histone extract in sample buffer was 
loaded into the electrophoresis well, yet differences are 

apparent in the actual amount of histone present in the 
stained gel. The extraction of histone from whole tissue 
was variable, with the best extraction yields and purity 
being from ear and ear husk tissues. In a study where the 
number of plants is limited, histone extractions from whole 

tissue of ear and ear husk may provide an indication of the 

histone profile.  

N6HT 

Tassel histone isolated by nuclei isolation--pro
cedure I from N6HT (Figure 2) demonstrated three sub
species, band 1, 2, and 3. The slowest migrating band 1 
is much thicker and denser than bands 2 and 3. This might 

indicate that band 1 contains both Hia and Hib. If there 

are two protein bands within band 1, their visual separation 
was not accomplished. The N6HT band 2 may correspond to Hic 

and band 3 may correspond to Hid.  

In each sample of N6HT histone, three major H1 histone 
bands were visualized. These gels were of samples from 

different tissues and procedures: Figure 3 of tassel 

histone--nuclei isolation, procedure IV; Figure 4 of ear
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C A A C 

FIGURE 3 - HISTONE SAMPLES OF TASSEL FROM N6HT. A = N6HT 
tassel histone using nuclei isolation, procedure 
IV. 0 = calf thymus histone.  

The samples of histone proteins were extracted from 

N6HT tassels using nuclei isolation--procedure IV. Three 

different concentrations of N6HT histone were run. There 

are three major H1 protein bands present--band 1, band 2, 

and band 3. Band 1 is much more dense than band 2 or band 

3.
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day day day day 
65 70 75 80 

FIGURE 4 - HISTONE SAMPLES FROM EAR HUSK OF N6HT. A = N6HT 
ear husk histone using whole tissue extraction, 
procedure III. C = calf thymus histone.  

The samples of histone proteins were extracted from 

N6HT ear husk using whole tissue extraction--procedure III.  

This gel is one from the developmental series. The samples 

used were from ear husk--day 65, day 70, day 75, and day 80.  

There are three bands in the H1 region--band 1, band 2, and 

band 3. Band 1 in A, day 80 is slightly more dense than 

bands 2 or 3. Notice the differences in intensity of protein 

bands even though equal amounts of histone like protein ex

tracts from ear husk were loaded for each ear husk sample.

I-
2
3"
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husk histone--whole tissue extraction, procedure III; Figure 
5 of ear husk histone--whole tissue extraction, procedure 
III. In each of these, the slowest migrating band --band 1 
is wider and more dense than the other bands. These gels 
provide further indications that band 1 may contain the two 
H1 subspecies Hla and Hb, Other gels of N6HT histone 
samples demonstrated one broad H1 band with two narrower 
ones. Further research needs to be done to determine if 
band 1 of N6HT does contain the Hla and Hlb subspecies 
histones.  

Elongate 

In the preliminary research, histone samples from tassel 
of elongate showed four bands. The histones were extracted 
using nuclei isolation--procedure I (Figure 2). One band is 
approximately 1.5cm above the other three bands. This band 
is labeled band h in Figure 2. Band h may be a larger Hia 
with band 1 being Hb, band 2 being Hic, and band 3 being 
Hid. Band h is not exhibited in the elongate sample isolated 
by whole tissue extraction--procedure III (Figure 5). Only 
three HI subspecies are apparent in Figure 5, labeled band 
1, 2, and 3. In Figures 2 and 5, band 1 is slightly more 
dense and wider than either band 2 or band 3. This may 
indicate that band 1 contains a similarly migrating Hla and 
Rib. Band 2 may then be He and band 3 may be Hid. Further 
research needs to be performed to determine if two HI sub
species are within the band I of the elongate. Work also 
needs to be done to determine if band h is linked to elongate 
and whether it is a histone protein. Proof of band h linkage 
to elongate, and proof of its identity as a histone would 
illustrate a meiotic effect on an organism of having one of 
its four major H1 histones different.  

Elongate may possess only three H1 subspecies with the
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FIGURE 5 - HISTONE SAMPLES F M EAR HUSK OF N6HT AND 
ELONGATE. A = N6 ear husk histone using whole 
tissue extraction, procedure III. B = elongate 
ear husk histone using whole tissue extraction, 
procedure III. C = calf thymus histone.  

The samples of histone proteins were extracted from 

N6HT ear husk and elongate ear husk using whole tissue 

extraction--procedure III. There are three major H1 pro

tein bands in each sample. In comparisons of el with N6HT, 
the H1 bands 1 and 3 show differences in their migrations 
relative to band 2. Band 1 in each sample is more dense 

than bands 2 and 3.
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missing subspecies main function being the meiotic con
traction of the chromosome.  

Fl (el X N6HT) 

Samples of histone from the Fl (el X N6HT) failed to 
yield histone profiles distinct enough for comparisons on 
a temporal basis or with the two parental lines of elongate 
or N6HT (Table 9). The sample wells were filled almost to 
overloading with extracts from the Fl. There was no in
crease in intensity or clarity of the HI histones of the Fl.  
This may be due to the extracted material not being very 
high in histone proteins, The HI histone profile for the 
F1 (el X N6HT) is inconclusive in this study, 

If the elongate mutant is linked to a nuclear protein, 
the nuclear protein profile of an F1 would provide an answer 
as to whether the causative factor was expressed in the Fl 
in a recessive or codominant manner. The histone nuclear 
proteins are expressed in F1 generations in a codominant 
manner. A mutant of the histone proteins if shown to have 
an effect on an organism as in elongate may not be able to 
effect the organism in the presence of the normal allele.  
The mutant histone would still be present for codominant 
inheritance, yet it would have to be acting in a recessive 
manner. Further work with an F1 will need to be performed 
to determine if a causative protein is present in the Fl, 
yet not able to express its action.  

The protein profile of pollen extracts were similar for 
the N6HT and the F1 (el X NGHT).  

N6HT and Elongate Comparisons 

Gels comparing NGHT and elongate histone profiles with 
each other show differences in the migration of the H1 sub
species, Even though differences are not clear, Figures 2
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TABLE 9 

LEVELUMENTAL COLPARsgNS O 

N6HTx ELONGATE, AND THE Fl el X N6HT 

Samples of histone like proteins from each line-N6HT, 
elongate, and the Fl (el X N6HT) were run on gels to compare 
the following: 

1. Root histone temporal expression for N6HT, for elongate, and for the Fl.  
2. Stem histone temporal expression for N6HT, for 

elongate, and for the Fl.  
3. Leaf histone temporal expression for N6HT, for elongate, and for the Fl.  
4. Ear histone temporal expression for N6HT, for 

elongate, and for the Fl.  
5. Ear husk histone temporal expression for N6HT, for 

elongate, and for the Fl.  
6. Tassel histone temporal expression for N6HT, for 

elongate, and for the Fl.  
7. Ear, ear husk, and &assel tissue for histone profile 

differences for N6HX, for elongate, and for the Fl.  
8. Ear histone for comparison between lines of N6HT, 

elongate, and the Fl.  
9. Ear husk histone for comparison between lines of 

N6ET, elongate, and the Fl.  
10. Tassel histone for comparison between lines of 

N6HT, elongate, and the Fl, 
11. Pollen histone for comparison between lines of 

N6HT, elongate, and the Fl.  
12. Histone samples from any gel which demonstrated 

good Hl banding regardless of t sue type for comparisons between lines of N6 T, elongate, and 
the Fl.
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and 5 tend to indicate that: 1) The migration of band 1 in 
elongate is slower than the migration of band 1 in N6HT, as 

compared to the migration of band 2 of each line. 2) The 
migration of band 3 in elongate is faster than band 3 in 
N6HT. 3) Band h is only apparent in elongate.  

These differences in HI migration though not major may 
indicate a change in an HI protein in elongate. The slower 
migrating band h is present only in elongate tassel and may 
suggest that: 1) A temporal gene product is expressed during 
meiosis. This product to effect the chromosomes only during 
anaphase and telophase may have a short time of expression.  
Because the time of expression may be short, the band h 
could easily be missed if sampling took place after meiosis 
was complete. Band h was not found in any other elongate 
tissue samples, nor in any N6HT samples during this study.  
2) Band h may not be present in gels of elongate tassel in 
this study because of a change in procedure. The procedure 
was changed from nuclei isolation--procedure I to nuclei 

isolation--procedure IV.  
Band h as found in elongate tassel treated by nuclei 

isolation--procedure I was not found in elongate ear husk 
tissue treated by nuclei isolation--procedure I (Table 5).  
Band h was not found in N6HT tassel or ear husk treated by 
nuclei isolation--procedure I (Table 4).  

The elongate mutant presents many prospects for further 
research. The results from the histone profile study, 
though inconclusive, did present several possibilities.  

An altered Hi protein corresponding to band h may only 
be present during meiosis. A temporal study of histone ex
tracts of tassel made on a daily, size, or stage of meiotic 
division would need to be performed. A study of this type 
would determine any differences in nuclear proteins during 
meiotic division which is when the elongate chromosomal 
effect is expressed.



The possible histone variant needs to be shown to be 
linked to the elongate mutant before the possible mechanisms 
and effects of its action can be fully described. Some 
investigations into a linked histone protein and the possible 
answers are: 

Qe. Linkage studies would involve the histone analysis 
of progeny from an F2 generation. Analysis of the histone 
profile of the progeny from ears demonstrating elongate semi
sterility would allow comparisons to be made between elongate 
histone H1 proteins and H1 histone proteins recovered from a 
cross. If all recovered elongate progeny demonstrate iden
tical patterns to pure elongate, then the histones or a 
histone would be linked to the phenotypic expression.  

The similarity of the N6HT histone profile to elongate 
may require the use of a completely unrelated line (in his
tone profile) to allow unambiguous scoring of the recovered 
F2 histone variants.  

Two. Purification of elongate and N6HT H1 subspecies 
to determine the number of H1 subspecies. Band 1 in either 
or both may contain two H1 subspecies. If only the three 
subspecies evidenced are present in elongate and N6HT, then 
only three HI subspecies probably would not be responsible 
for the expression of elongate. If four H1 subspecies are 
found in N6HT with three H1 subspecies in el, then the 
expression of elongate may be due to the lack or modification 
of one H1.  

Three* If the elongate effect is caused by a variant 
H1 protein, the change may not be evidenced as a change in 
molecular weight. The conformational structure of the H1 
protein may have been changed so that the molecule fails 
to perform its meiotic function properly. To ascertain 
whether such a change has taken place, sequencing of elongate 
and N6HT histones would need to be done. Protein confor-
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mation analysis and sequencing comparisons could then be 

performed. Proper interpretation of this data could give 
information on how changes in the conformation of HI proteins 

could cause changes in the meiotic process. Insights might 
also be gained into how gene regulation could be effected 

by such H1 protein changes. Analysis of a linked H1 variant 

showing a molecular weight difference could be analyzed in 

the same manner.  

Fur. Samples of the purified H1 subspecies proteins 

of N6HT and elongate could be used to raise antibodies. The 
antibodies could then be used for rocket immunoelectrophore

sis. The H1 histone proteins of NGHT and elongate could be 
tested to determine which subspecies differs antigenically.  

Experiments could be performed to determine if temporal 
changes are evident in any of the subspecies.  

Proteins other than the histone proteins may be involved 
in the phenotypic expression of elongate. A cellular protein 

responsible for preventing or causing the contraction of the 
chromosomes during meiosis may be defective. A cellular 

protein preventing U. V. light damage may not be funtioning 
during meiosis. The U. V. light would cause crosslinks among 

high lysine proteins (the H1 proteins) in effect removing 
them from the chromosomes allowing them to become elongated.  

Samples of whole nuclear proteins could be run on two 
dimensional gels to separate the proteins. Comparisons of 

proteins could then be performed to determine in N6HT or el 
differed. Two dimensional gels of histone proteins could be 
run to even further separate the possible two H1 protein 
subspecies in band 1.  

The histone and HMG proteins are directly involved 
with the DNA and its structure. A difference in histones 
or HMG proteins may effect the structure of the chromosomes.  
A structural difference may cause transcription of different
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temporal gene products and/or cause morphological chromosome 

changes as in elongate. The possibility exists that an H1 
protein altered in its molecular weight and possibly in its 

interaction with the chromosome is present in elongate.  

Further research to link the protein and demonstrate its 

degree of variation from the control will need to be done.  

The discovery of an altered histone profile in elongate 

could indicate that one structural protein could radically 

change chromosome structure during meiosis. Elucidation of 
the biochemical factor responsible for the el mutant would 
help in our understanding of the cellular changes which are 
induced at the chromosomal level during the meiotic process.
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