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ABSTRACT

Dict yasté/;um discordeum Chromatin Capacity for
_\(\ Bndogenous.and Sscherichia 'cot’_( RNA Polymerase : .
. 3 . . ’ . '
Differentia} gene eipressibn oceurs throughout the developmeﬁhal cycle of
Dictyostel um~discordeum. Little is known however, about the mechanisms
involved in regula.tion of differential gene expression. Therefore, a
prehmmary study was undert.a.ken to determine whether differences exist in

~ solated chromatin from vegetative and late aai‘regrat.lon cells_of Axq .
,/iit.h respect to template capacity of RNA polym'erase binding.

* Endogenous RNA polfmerase activity for D discoirdeum chromatin
within intact nuclet was measured. Nuclei isolated from vegetative cells,
displayed the three forms of RNA polymerase activity in a ratio of RNA
polymerase I RNA polymerase il: RNA polymerase 1li of 66:206:123,
respectively, Nuclel isolated from aggregration cells also -contained all three
forms of the enzyme, however, differences occurred in the ratio of activity.

The ratio of RNA polymerase I: RNA polymerase Il RNA polymerase lll in
aggregration nuclei was 201:70.7.88, respectively. This shift in activity

from RNA polymerase | to RNA -polymerase |l reflects the documented transition
in RNA synthesis from predominately, ribosomal RN A synthesis in \.reg,t_etmi\are~
cells to predominately, messenger RNA synLhesis' in aggregrated cells. No -
significant change was detected in the total RNA polymerase activity in
vegetative and aggregrated nuclei.

Template activity and binding capacity of Ksherichia colt RNA
polymerase to isolated Dictyostel/rum chromatin was also measured,
Chromatin isolated from vegetative cells displayed higher template activity and
binding capacity for & cofr RNA polymerase than chromatin isolated from
aggregration cells. It is hypothesized that the higher template capacity of
vegetative chromatin for & co/t RNA polymerase is due lo the extended
nature of Dictyosteltum \'lromat.m dunng ribosomal RNA synthesis.

‘h .
v
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~ INTRODUCTION

The life .cycle- of Dictyostelium discoideum has been extensively

- studied. Myxamoebae grow and reproduce in liquid axenic medfa, -and upon

starvation growth ceases and a developmental cycle is initiated. 'Th_is
developmental cycle consists of three -stages: aggregration, pseudoplasmodial

formation and culmination (Fig. 1). The process begins in response to a cAMP
. A

_ signal, starved amoebae will form multicellular aggregrates. These aggregrates

will mound up and topple over forming a pseudoplasmodium or ‘“slug". The

pseudoplasmodia are able to migrate in search of a new food source. At the end

of migration, culmination begins as the cells of the bseudoplasmodium

differentiate into pre—s-pore' and pre—stalk cells. Cuimination results in the
formation of a developed fruiting body containing a sorus of sporés su_spended
upon a mass of stalk cells, Amoebae cultured in axenic media and then plated
out on agar to stirhulat.e starvation cenditions will proceet‘i through this cycle

to form fruiting bodies in approximately 26 hours {Sussman, 1966).

Morphological differentiation is also accompanied by alterations in gené
expression é’s demonstrated by the pattern of enzyme expression and the
production of RNA transcripts during developmen-t_‘ Thirteen stage—specific
enzymes preferentially accurﬁulate in Dictyosteltum (Review, Loomis,
1975). Accumulation of each enzyme can be blockE}:d when protein synthesis is

inhibited by cycloheximide. .Therefore, concomitant protein synthesis is

e e gt L L bk 5 o e

required for the accumulation of stage specific enzymes. In addition, when RNA —

_ synthesis is inhibited by Actinomycin D accurmulation of stage specfic enzymes

continues but only for a specific period of timé. .This suggests that there is
a hmited pool of mRNA functioning for each siage‘specif'i'c enzyme and that when

the mRNA is degraded, new RNA synthesis is required for further



Figure I The life cycle of Dictyostelium discoideumn
(After Wright, 1968). '
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engyme accumuiation. ' o
Firtel (1972) also demonstrated, using hybridization of extractéd RNA to
unique sequences of Dicéyosée/tum, that only half of the RNA species
present in vegetative amoebae were present in developed cells while new spectes
of RNA consistently appeared during development. Alton and Lodish (1977a)
analyzed the patterns of pr_otéins synthesized throughout the  development of |
Dicié yosfe/;um by two dimensional po]yacrylar'nide gel electrcgpiloresis-
Messenge RNA was isolated from different stages of development a.ncl_i‘ '
translated in a wheat germ cell free sy‘stem. While continuous changes in the )
p;.ttern of protein synthesis aceyr throughout the developmental sequence, major
changes are found onl.ye'in certain stages. The maijor changes in the pattern of
protein synthesis during developmen't take place during late aggregration which
is classified as 8-12 hours after development is initiated. During ihis time  °

’ .
approximately 30 proteins are newly synthesized while many others show

increases in the relative rates of synthesis, In addit.ion‘, about 10 proteins
are either no longer synthesized or are's*}n'thesized at a reduced rate during
this stage. Throughout these changes in protein synthesis, the ratio of lotal
translatable mRNA to total cellular RNA was found to be constant during growth
and differentiation. However, changes in the pattern of protein Synthesis

couid be accounted for by‘ parallel increases or decreases in the amounts of
translatable mRNA encoding these proLeins: This alteration in RNA transcripts
(Firtel, 1972; Alton and Lodish, 1977) following the initiation of development
suggested that a change mayl occur in the enzyme responsible for RN A synthesis,
namely, RNA polymerase. In eukafyotic organisms, RNA polymerase is

subdivided into three groups based on chromatographic analysis and ~-amanitin

~ sensitivity. RNA polymerase I, which is insensitive to «—~amanitin is involved



in the synthesis of rRNA; RNA polymeraée i, wﬁoge-' activity is inhibited by low
concentrations of d—amanitin participates in thé synthesié of hnRNA, the
precursor of mRNA; and that RNA polymerase III, which is sensif.ive‘ to
relatively high concentrations of #—amanitin, is involved in the synthesis of
low .molecular ‘_weight RNAs including the 5S and tRNA (Roeder R.G,, 1976).

Pong and Loomis (1973) eIectrophoreticallf compared RNA polymerase I and
RNA polyinerase II isolated from both vegetative and early aggregrated cells.
They found that there Was 1o s'igniﬁcant. alteration in the subunil’. composifion
of the forms of the eénzyme during development. In addiﬁon, they found thal
specifically, the activity of RNA polymerase II_wa.s'fo-und to decrease during
development which was contrary to the necessary requirement for new |
mRNA synthesis (Flrt.el 1972; Loomis, 1975; Alton and Lodish 1977). As
techniques for the lsolatlon procedure of RNA polymerase improved, lt was
determined that D:c:‘yosfe/zum possessed the three forms of the enzyme
present in all eukaryotic organisms (Takiys, e¢ a/., 1960; Yagura, 2¢
al ., 1976). Template specificities of partially purified RNA polyrnera.se I /
and RNA polymerase II from different stages of deve]opment were measured using
various synthetic polynucleotide templates (Takiya, ef a/., 1980}, It
was found thit sequences rich in pyrimidines were best utilized as templates
(Takiya, ef a/, 1980). However, minima! differences werg demonstrated
in the efficiency of RNA polymerase to utilize these templates during
development (Takiya, ef a/., 1980). l'E‘hls:refore, little evidence exists
for RNA polymerase directly controlling gene transcription of dévelopment:é.lly
regulated sea"uences_ |

Yagura, ef af., (1982} correlated in vivo rRNA and mRNA synthesis in

Dictyosieltum with the tn viiro levels of RNA polymerase activity.



Sucrose gradient centrifugaﬁor; of tritium labelled RNA extracted from ceils at
dif_ferent stages of development were analyzed. It was determined tha.t.‘ during
the vegetative growth phase rRNA synthesis predorpinated over mRINA
synthesis while during de{relopmént mRNA synthesis predominated over
tRNA synthesis. Likewisy{, this alteration in RNA synthesis was accompanied by
a subsequent change in RNA polymerase activity from cleared e;:t.ract.s of .
vegetative ana deve.loping cells. High levels of RNA polymerase I activity were
noted wheln rRNA synthesis predominated and similarily, increases in the level
of RNA polymerase II activity were seen when mRNA synthesis predominated.
_ This distinct difference in the activity of the two forms of the RNA
polymerase may be due to a number of factors. First, there may be an _actual

Increase or 4ecrease in the nuimber of RNA polymerase I and RNA polymerase

I1 molecliles th
’

evidence supporting this hypothesis. Second, the actual number of molecules

ent. As of yet there is little

may not alter through development but rather there may be a chénge in the
enzyme’s ability to be transcriptionally active, It has been hypothesiged that
RNA polymerase may exist in two states — a bound state, which is
transcripbibnally active and a free state, which is not t.ra.nscripti,onally .

active,. RNA polymerase from £'scherichia coft (Chamberlin, 1976) and RNA
polymerase II in human placenta (Seidman, 1980}, wheat germ (Seidman, 19755] and
"‘mouse liver {Warnick, 1983) nuclei have all been found to exist in a bound and
free form. Therefore, transcription may also be cont.rolled‘by the ability of
RNA polymerase to bind to chromatin in an active form. Finally, the chromatin
structure, itself, may reflect the binding and"transcriptional ability of RNA
polymerase. The fundamental structural unit of chromatin is a nucleoprotein

’ .
complex called a nucleosome. Nucleosomes contain two molecules each of



histones H2A, H2B, H3 and H4 in association with approximate.ly 200 base pairs
of DNA., -Thg nucleosome is repeated throué,hout. the chromatin connected by a
linker region of DNA to which historie Hi is closely associabéd. In addition to
histone proteins, non—histone proteins are also.associated with the nucleosome.
' r’The complex nature of chromatin reveals that RN A polymerase accessibility to
the DNA may be highly regulated. There is little conclusive evidence that
| either the histone and non-histone proteins, alone, regulate tra.nscr-iption. It
is now thought that both groups of proteins play important but unique roles in
controlling transcription. | |

In Dict yo;te/ium, Basic chrom'at.i:n struchure has been e*tensively
studied. - It is established that the nucleosome has a core size of
épproximat.ely 137 base pairs which is very similar in sige to that found in
other eukaryotes. The linker region is shorier than e:&peci;ed being only
approximately 50 base pairs (Bakke, e a/., 1978). Purification of the
histone proteins -revealed that Dicéyosie/ium has only four histones
instead of the usual five and that histone H7 i; unique. The arrangément of
the histones in the nucleosbme, based on moleg:ular weight determination,
indicates that there are four molecules of H7, and two molecules each of H3 and
H4-like proteing__(Bakke, 1979). The Hl-like protein is found associated with
the linker region and contains fewer basic residues than expected. Because of
the arrangement and relative proportions of the histones, these differences are
not thought to affect the basic chromatin structure. Parish, ef a/,,
(1980) have found at least 5 non—histone proteins also associated with the -

b ]

nucleosome,

Although chromatin structure has been elucidated, little work has been done

on chromatin as an active template in Dicéyosielium. The ultimate goal



in studying an .organism which has developmentally regulated gene seqliences .is .-
to gain iﬁsight into how gene tranécription’ is initiated. - One primary
investigation that should be first considered is whether chroma.t..in has the same.
-ability to . funciion as a template for RNA polymerase during;' deve]oﬁmer;t.
Measurement of chromatin activity as a template however 1s complex and can be
affected by a number of components. Template activity is detected _by the
amount of RNA synthesized. Therefore, the followihg events may all be involv'é:d
in determining.template activity: 1} the ability of RNA polymerase Lo bind t.o
chromatin 2] the ability of RNA polymerase o search for 1mlna.t.|on 31tes 3)

the formation of a stable RNA polymerase—DNA initiation complex 4]

‘the initiation of RNA chain syntﬁésis 5) the rate of RNA chain propagation 6)
the size of the RN A chains 7) the termination of the RNA chains and 8] the
“reinitiation of the transcriptive process (Tsatl, 1975).

In thié study, nuclei were isolated from vegetative and late aggregration ‘;
cells of Dictyostelium. BEndogenous levels of RNA polymerase activity
were mz?asured in these intact nuclei. In addition, chromatin was also
1solated from the nuclei of these two cell types: Since it is known that
differential gene expression occurs throughout development, total template
activity of 1solated chromatin was examined. & cof/t RNA polymerase was
used to transcribe the chromatin as succe“ssful attempts to isolate
Lictyosteitum RNA polymerase yielded minimal results. Because, &
colt RNA polymerase is able to bind randomly and @sibil; to DNA, a
distinclion must be made between non-specific binding and stable initiation
complexes formed between the enzyme and chromatin. Stable initiation complexes
are detected by rifampicin challenge experiments (Tsai, 1975). Rifa.mpici.n is

an inhibitor of RN A synthesis which funciions by binding to the B subunit of



RNA polyméraée {Heil, e¢ _d! . ,19'70). "‘Binding of ri;ampicir_l to RNA

) polymeras-e inhibits RNA synthesis only ,fnrior. to RNJ'SL ‘chain initiation. -
Therefbre,. £ coff RNA polymerase in a si:a.ble complex wi_t;.,h DNA o
can initiate RN A synthesis but polymerase Erge,in-solutior}'or ran&_omly bound to
DNA will be inhibited (Hartmann, e# a7, 1967). This allowed the total

template 'acti.vity and bin:iing capacity of chromatin for RﬁA polymerase to be
del‘.erminéd during two developmental stages in'Dic:_‘yaste/ium. .

]
L&
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-METHODS AND MATERIAL
Growth of the brsaniap
The axenic strain of Dictyoséelium discoideum designated as

Ax, was utilized throughout this study. Ax, was obtained from "Dr.

‘R. Dimond but originally ﬁa.s isolated by Dr. W.F. Loomis {i971). Axg was

grown in a modified HL5 medium consisting of 10g dextrose, 10g tryplicase
peptone, 5g  yeast extract, 085 Na,HPO,  and -I.2g
KH,PO, suspended in one liter of distilled water. Cells were

moculated into 50 ml of sterile medium and grown at 23° C o?% gyratory
shaker to a cell density of 1 o 5 x 10° cells/ml before harvesting or
transferring to fresh media. Fc.>r isolation of nuclei and/or chromatin, larger
flésks containing 600 ml of media were inoculated with Axg and harvested
at the same cell density.

To study aggregrated cells, differentation was intiated according to the
methods of Clark, ef a/., (1980). Ax, amoebae-, grown axenically,
were washed twice with ice cold nutrient free buffer (NFB) containing per
liter: 23lg KH,PO,, lg K,HPO, and 0.5¢ MgSO, x
7TH,O: Cell pellets were resuspended in cold NFB and applied at 0.2 mi

cm’ to nutrient free agar plates at a cell density of 10® cells

cm?  The cells were spread evenly over the agar surface, first with the

heel of a bent glass rod and then by J;ha.king the plates. The plates were then
incubated at 23° C for 10 to 12 hours.  Aggregration was said to be
completed when hemispherical mounds appeared on 90 percent of the agar surface.

Aggregrated cells were harvested by washing the plates with cold NFB,

Isolation of Nuclel



i

Nuclei from veget.ative,gnd aggregrated ﬁx, amoebae were i?olated
according to the proceciures of Ct}ar}eswor;h and P;;rish‘ (1975) with some
modifications. Hérvesbed amoebae ﬁére washed once in phosphate buffer (0.0l M,
pH 65) and then suspended .in double distil'led deionized water at a
concentration of 'approximately I x 108 cellls/ml. Suspended cells were
shaken slowly for 30 minutes on a gyratory ghaker. After shaking for the
allotted .time, cells were centrifuged at setting 6 on a Damon IEC centrifuge
. _for ten minut.eé. The resuiting pellet wds suspended in cold SF buffer
containing 0.05 M Tris pH 75, 2mM CaCl,, 05 M sorbital and 2?5%. (w/v)
ficol. To this cell suspension was added an apprqpriate%lume of 10% (v/v)
aqueous solution of Triton—X-100 to give a final concentration of 01% Triton—
X-100. This mixture . was gently shaken at room temperature wit.h. cell lysis
b;aing consténtly monttored by phase contrast. microscopy. Cell lysis was
normally complete within five to ten minutes. Aggregrated celis were sometimes
-difficult to lyze because of membrane alterations that occur when aggregrates
are formed, By washing tﬁe cells once with 05 mM EDTA in 005 M Tris-HCl

pH 7.5 before stirring them in water, cell lysis was accomplished using the

above procedure (Charlesworth and Parish, 1977). :To loosen nuclei entrapped "

within cellular debris, the cellular extract obtained from cell iysis was
homogenized with three strokes of a homogenizer. This cell lysate was then
filtered through two layers of miracloth (Calbiochem) to remove large debris.
The cell filirate was centrifuged at 1,000 g for 10 minutes at 4° C and

the resulting pellet was suspended in cold SF buffer. This suspension was
overlaid onto 25 ml of 0.5 M sucrose in 0.05 M Tris—HCI pH 75, 2 mM

v
CaCl, and 0.5 mM MgCl, and centrifuged at 1,000 g for 10 minutes.

The-pellet was resuspended in cold SF buffer and centrifuged through 25 ml of

e e mame mee e e e s e s oon



2
0.5 M sucrose a second time. The supernatant was decanted and the pellet was
’susperided in 0.5 M sucrose buffer and centrifuged at 10,000 rpm for 10 minutes.
The resulting_pellet was air dried and then suspended in 23 M sucrose in 0.05 °
M Trns—HCl pH 75 and 00! M MgCl, Py one stroke o'f' the‘.holmogepizer.
This suspension was overlaid on va. 5 ml cushic.m of 23 M sucrose (}and centrifuged
at 24,000 rpm for one hour using a SW251 rotor. The nuclei were collected .
from a ring-li.ke peliet on the bottom of the centrifuge tube. The isolat;ed .~
nuclei were then washed twice with 025 M sucrose in 0.05 M Tris—HCl pH 75"

and 0.0l M MgCl, (Buffer A) and theﬁ one final time in incubation buffer
(625 mM Tris-HCI pH 79, 12 mM MnCl,, 625 mM
(NH,%,SO, and 25 mM B-mercapto—ethanol). The endogenous

level of RNA polyrr;erase actlvity was measured in nuciei immediatelf after
isolation,

Attempts were aiso made to isolate nuclet from dormant spores of
Dictyo.;‘te/ium. To break open the spore coai, numerous procedures

’

prpendix] were tried but little or no success was Sﬁhe\ip_qfif in isolating intact

¢ . nuclei.

Conditions {or :n viiro Incorporation

Endogenqus RNA polymerase was routinely determined by measuring
the incorporation of [“H]—UMP into RNA (New. England Nuclear 253 Ci/mmol)
which is acid insoluble. The standard reaction mixture (250 ul total volume)
contained: 150 ul of incubation buffer, 50 ul of 0.75 mM each of ATP, GTP and
CTP suépended in incubation buffer, | uCi[SHJ -UTP and 50 ul of nuclear
sample. Immediately before assaying, the nuclear sample was made 0.3 M with

the addition of solid (NH,}SO, [éeda.r and Felsenfeld, 1973).

The inc‘ubatig)n buffer and nucleotides were pre—incubated at 23.5° C for
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10 minutes prior to the addition of nuclei. The assa.y was allowed to incubate
an a.ddltlona.l 15 mmutes and l’.hen the reactxon was termlnated with 2 ml of ice

cold 10% TCA contammg 001 M pyrophosphate The tubes were placed on ice for

at least. 20 minutes and Lhen centnfuged ab set.l;mg 6 of an IEC centrifuge for

40 minutes, The supernatant was decant.ed and t.he pellet was suspended in 200

ul of cold 0'.2 N NaOH (Tsai, ef a/., 1976). The acid insoluble material

was reprecipitated by the addition of 2 ml of iced 10% TCA and allowed to

tncubate on ice for 20 minutes. The precipitate was collected on Whatman glass
fiber filters (QF/C} and the filters were washed with approximately 40 ml of
cold 10% TCA and then with one volume of ethanol. The filters were dried,

placed in 5 ml of Scintisol (Isolab) and counted in a Beckman liquid

_scintillation counter.

Endogenous RNA polymerase‘ activity in nuclet was also measured in the

presence of 3 ug/ml and 33 ug/ml <—amanitin (Boehringer, Mannheim) {Yagura,

et al, 1976; Yagura, ef af, 1977). With these experiments,

‘nuclei and «-amanitin were gre—incubated in the incubation buffer” for 10

minutes. The addition of the nucleotides to each assay imtiated the reaction
which was terminated at the end ofl I5 minutes. ¢+ This allowed total RNA
polymerase activ{ty to be classified into the three forms of the enzyme.
Extraction and Determination of DNA |

DNA was routinely extracted from isolated nuclel. A 200 ul sample of
nuclei was precipitated with an equal volume of 109 TCA containing 00l M
pyrophosphate. This was allowed to sit on ice for 20 minutes and then
centrifuged at setting 6 in a bench top centrifuge for 10 minutes, The
supernatant was aspirated and the pellet was suspended in 500 ul of 05 M PCA.

The sample was then placed in a waterbath at 80° C for 30 minutes with
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" constant stirring. After the 30 min‘ut.e incubation, the nuclear extract . was
centrifuged for 10 minutes and the supernatant was removed and stored. Thga_
" pellet wés resuspended in SOQ ul of fresh 0.5 M PCA and re—extracted a s_econd
time for 30 minutes at 80° C. The extract was again cénhrifuged and the
resulting supernatant was pooled with the previous one obtained. DNA present
in the pooled supernatants was measured with the diphenylamine reaction of-
Burtonf(1956] using an incubation of 20 hours at 30° C. A standard of

calf 'thirmus DNA was prepared by dissolving highly polymerized DN A fn 5 mM
NaOH. Immediately before the assay, a DNA standard was hydrolyzed with an
" equal volume of | M PCA for 15 minutes at 70° C.

Preparation of Chromatin

The nuciear pelle.t. obtained afier ultracentrifugat.ion was washed 2 times

with Buffer A at 10,000 rpm for 10 minutes. The pellet was then washed émore
times -with a 014 M NaCl solution. 'The final pe-llet obtained was suspended in
15 mi iced, deionized, double distilled water and placed on ice for 20 minutes.

At the end of the incubation périod, all nuclei had lysed as determined by
phase contrast microscopy. The chromatin preparation was centrifuged at 10,000
rem for 10 minuteé .and the pellet obtained was dried and sus.pended in an
appropriate volume of incubation buffer. A 200 ul aliquot was removed to
determine the amount of DNA in the sample, In addition, a 10 ul sé.mple w3as
dituted to 1 ml in a nuclear suspension solution {01 M NaCl and 0.0l M EDTA)
and an ODgggpose reading was taken to estimate’DNA content (Schieif,

et al ., 1981). This estimation of DNA allowed the RNA polymerase assay
using the isolated chromaﬁin as template to be run immediately after
preparation. Values obtained were corrected for DNA content after the

diphenylamine reaction had been completed.
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. DNA Fragmentation

Alksline sucrose: density.centrifugation gradiénts were uged to det.ermine
the degree of DNA_:fragfnent.ed during chromatin preparation. Gradients were
prepared using the methods of Jackowski and Kim (1981). A linear gradient
consisting lof 5 to-20% sucrose in 04 M NaOH, 00l M EDTA and 01 M |
NaCl (Solution A) was overlaid o;t.-o/ a Sl ml cushion of SQ% sucrose 1n Solution
A. A lysis solution (0.05 M NaOH, 002 M EDTA and 01% Nonidet P40) was then

layered over the gradient followed by a 500 ul nuclear'suspension solution

containing approximately 5-10 OD,gq units of either a nuclear or

chromatin preparahionjﬂ After 15 minutes of lysis ab 4° C, the gradients
were centrifgllged 17 hours at 24,000 rpm using & SWQS,I rotor. “After
ultracentrifugs;tiﬁn, 1.2 mi fractions were collected from the gradient and an
OD,go was measured.on each fraction. Electrophoretically pufe BSA (5
mg/ml) and IgG (I mg/ml) were also used as protein markers on digesting
gra‘dients- 500 ul of both BSA and IgG were layered over a gradient and
cent.rifugéd at 24,000 rpm for 17 hours. OD,q readings were taken from
12 ml fractions collected from tht; gradieht after ultracentrifugation.
Measurement of Tempiate Activity and Binding Capacity ¥
The template activity gnd binding capacity of prepared chromatin was
measured by the incorporatioh of [SH]—UTP into acid insoluble material by
£ coli RNA po!j}merase (Boehringer Mannheim). To measure template
activity, & ¢coft RNA polymerase at aconcentration of 5 ug/assay was
pre—incubated with 5 ug of chromatir} in 200 ul of incub_a.}zm buffer at
37° C for 40 minutes (Tsai, ef a/, 1976). The reaction was
initiate.d by the addition of 50 ul of a nucleotide solution containing 0.75 mM

each of ATP, GTP and CTP, and | uCi of ,:SH]—UTP. After a 15 minute
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incubation at 37° C, 100 ug of BSA was added to each tube and the
reaction was immediately” terminated with 2 ml of 10% TCA containing 00l M
pyrophosphate. The binding capacity of the chromatin prepara.ﬁon for . &

coft RNA polymerase was_ measured using the same assay as .above except
rifampicin (40 ug/mi) and heparin (800 ug/mi) were included simultaneously with |
the nucleotide solution (Tsai, e# af., 1975). The reactions were -
terminated after a I5 minute incubation by the addition of 0% TCA. TCA

.. o
insoluble materi

\

| was allolled to precipitate on ice overnight. Samples were

| ~washed and fj ‘ red using the same procedure as for the measurement of

endogenous KNA polymerase activity in isolated nuclet.

Isolation of RNA polymerase from Dic yosz‘e/i:;;n dtscordeum
Attempts were made to isolate and purify RNA polymerase from

.

vegetatively growing Ax,. Procedqres' utilized are discussed in the

Appendix.
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RESULTS

Isolation of Nuclei - . | '

* Nuclei can be readily isolated from both vegetative and é.g.grégrated
Ax; cells, Cell lysis with a 0.1.% solution of Triton—X~100 oécurred
within 5 to [0 minutes at 23° C with little or no vnsxble damage to

nuclen Both the temperature and the cell concentration of Axg affected

the rate of cell lysis. Pederson (1977) found lysates-.of Dictyosiel tum
amoebae to contain potent DNases and therefore, recommended that cell lysis
should occur at 4° C using a 05% (v/v) TritonFX—IOO solution. No
evidence of nuclei damage by DNase was seen during preparation and attempts to
lyse Ax, at 4° C required 25 to 30 mmutes to achieve 90% lysis.

In addition, nuclei isolated by é. solution coﬁta.ining 0.5% or more of Triton—X—
100 resulted in nuclei which were less active in RNA synthesis (Marzluff, W.F,
et al, 1973). Charlesworth and Parish (1975) reported that 1solating |
nuclei using SF buffer and 01% Triton—X-100 resulted in intact nuclei free
from cytoplasmic contamination. The use of this procedure found nuclei
remained within the cytoplasmic skeleton or that fragments of cytoplasm became
associated with nuclei as they were released from lyaing cells. Homogenization

of the nuclear preparation, released nuclei from cellular debris, Microscopic
examination of the nuclei with Methylene Blue stain revealed‘ that these nuclei
remained intactaduring homogenization. The addition of this step resulted in

the isolation of clean nuclel as determined by ‘the protein to DN A ratios (Table
1. Protein to DNA ratios from isolated nuclei and chromatin are consistent
wit';h values obtained in Dictyostelium {Bakke, 1977) and in other
eukaryotes. In both vegetative and aggregfated cells, the amount of DNA

extracted from nuclei varied from 244 ug/10'® to 353 ug/10' cells.

3
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Table I: Protein/DNA ratios of isolated: nuclei and chromatin from
.A.XS. - .

- Protein {ug/ml) DNA (ug/ml) Ratio
Cell Type ‘ a Protein/DNA

*

Vegetative cell

Nuclei . . 665 2765 - . 99
Chromatin 1795 96.0 187

. Aggregrated cell . . | \
Nuclei 0380 2935 | 35

Chromatin i87.5 i10.7 169

" Purification-of nuclei and chromatin isolated from vegetatively
growing and aggregrated cells of Axs. Protein was determined by

Bradford using ¥—globulin as standard (Bradford, 1976). DNA was
extracted (see Methods and Materials) and then measured using the
diphenylamine reaction and calf thymus DNA as standard {Burton,
1956). The data presented here is indicative of a single

1solation of either nuclei or chromatin, Protein and DNA values
obtained were normalized for 10'° Axg cells.
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Yield of nucle\i\-isc\latiori from whole-cells was relatively low but the - minimal

protein contammination in the final preparation compensated for this loss. .

Conditions of RNA Synthesis by Endogenous RNA pblymerase Activity
in Isolated Nuclei ‘ _

Figure 2 demonstrates the kinetics of ["‘H]—UTP incorporatioﬁ into RNA
~using the assay system described in Methods and Materials. " From this figure,
an almost linear rate rof incorporation of label into RNA occurred within the
first 15 minutes of incubation, followed by a slower ré.te of incorporation.
Therefore, all following incorporation reactions were incubated for 15 minutes
at 23° ‘C in-contrast to the 40 minute in&ubation\u‘t.ilized for assaying
RNA pol}merase- in Dictyosielium by Soll and Sussman (1973), Pong and
Loomis (1973), Yagura, ef a/, (1976) and Takiya, ¢ af., (1980). |
The a..ssa.y ul'.'i!ized for measuring RNA polymerase activity contained minimal
salts. RNA synthesis has an absolute requirement for the presence of divalent
.oations. RNA polfmerase assay solutions 'usually contain both Mn*? and
Mg*%. However, under our conditions, R.‘I’\IEK polymerase activity was optimal
and required only the presence of 1.2 mM MnCl, (Tsai, ef af,

"
© 1975).  Solutions containing low MnCl, concentrations, in the absence of

'Mg*z, increase the solubility of the nuclei (Cedar and Felsenfeld, 1973).

Isolated nuclei were examined for their endogenous RNA polymerase activity
during two stages of development. To isolate nuclei from aggregrated cells,
cells were vigorously vortexed to disaggregrate clumps and suspend individual
amoebae. Alton and Lodish (1977) demonstrated that synthesis of aggregration
specific sequences required cbntinuous cell to cell contact. Suspension of
late aggregration cells for 5 hours in liquid media results in the loss of

characteristic aggregration proteins. In these experiments, when isolating
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Figure 2. The kinetics of endogenous RNA polymerase

activity in isolated nuclei from 2
discoideum.

Incorporation of [SHJ -UTP into RNA was

measured in nuclei containing endogenous RNA

polymerase. Triplicate assays using 14.2 ug

DNA/assay were terminated ab the various time

intervals with 10% TCA containing 0.0l M pyro—

phosphate. Assays were incubated at 0 © C
and 23 ° C (O). Incorporation of

H{-UTP is expressed as DPM x 10%/

mg DNA.
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nuclei from aggregrated cells, the cells were held in suspension no longer than

30 minutes. .Thert_afore, the assumption 1s made that these cells still
synthesize and possess -.aggregratiog specific sequences. This is supported by
Lhe-féci‘. that the average half life of mRNA during this stage of development is .
approximately 220 minutes (Margolskee and Lodish, 1980; Ennis, 198]1). Nuclei
were made '0.3 M with (NH,),SO, immediately prior to assaying,

'giving a final concentration of 0362 M (NH,},LSO,.

Increasing the sali concentration is thoughf. to play a dual role when measuring
endogenous RNA polymerase activity in riuclei. BFirst, 04 M
(NH.LSO, concentrations in conjugation with low MnCl,

further increase:the solubility of the chromatin by dissociating the proteins
associated with maintaining its structural conformation (Cedar and Felsenfeld,
1973). In addition, high salt concen.{:rations removes any non—initiated RNA
polymerase off the DNA. Thosé enzyme molecules associated with the DNA in |
a stable initiation complex remainlintact; however, re—initiation is severly
inhibited by high (NH,),SO, concentrations when these sites are

later made available iHyman and Davidson, 1970; Cedar and Feisenfeld, 1973).
Table 2 shows the RNA polymerase activity obtained in isolated nuclei from
vegetative and apgregrated cells, In these experiments, endogenous activity of
RNA polymerase was found to be higher in nuclei isolated from' aggregrated
rather than vegetatively grown cells. This difference in endogenous RNA
polymerase activity was found to be significant by one way analysis of variance
with a F'-ratio of 352, The enzyme activity was also measured in the presence
of 3 ug/ml and 33 ug/mi d—amanitjn. By definition, RNA polymerase | activity
* is resistant to A-—amanitin, RNA polymerase II is sensitive to low

concentrations of —amanitin (3 ug/ml) while RNA polymerase III is sensitive to



Table 2: Endogenous RNA polymerase activity in isolated nuclei from
vegelative and aggregrated cells of Dictyostelium.

S
~

N ~
ACTIVITY OF RNA  VEGETATIVE + AGGREGRATED
POLYMERASE NUCLEI - NUCLEI
(DPM/mg DNA) (DPM/mg DNA)

Total RNA polymerase © 846 x 10° . 1.20 x 10°

" Activity +/- 27 x'10° +/~ 08 x 10°

«-amanitin resistant | '

RNA Polymerase Activity 562 x 10° 242 x 10°
#—~amanitin sensitive (3 ug/ml)

RNA Polymerase activity 174 x 10° 849 x 10°
«—amanitin sensitive (33 ug/ml)

RNA Polymerase activity 110 x 10° 1.06 x 10°

50 ul of nuclear preparations, (containing approximately 8 to 15
ug DNA) were incubated in the presence and absence of either 3
ug/ml and 33 ug/ml «i~amanitin. The nuclear preparation in the
presence of «—amanitin were allowed to pre—incubated for 10 min.
at 23° C with the reaction being initiated by the addition of

the nucleotide triphosphates. Assays were incubated for 15 min.
with the reaction being terminated with 10% TCA. The data
.presented here is the mean value obtained for three separate
tsolations of both vegetative and aggregrated nuclei. Analysis
of variance of RNA polymerase activity between vegetative and
aggregrated nuclei is presented in Appendix II.
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relatively‘ high concentrations of o—amanitin (33 .ug/ml). According to ' this
. sensitivity, total RNA pélymerase‘ acti'vit.y can be divided into the three forms.
of the enzyme - In vegetative nuclei, RNA polymerase I contributes
approximately 66%, RNA polymerase II coniributes 20.6% and RNA polymerase
III contributes 12.9% of the total enzyme activity. Howevef, in aggregrated
nuclei, RNA polymerase I, II and Il are 201%, 70.7% and 88% of the total
enzyme activity, respéctively. Statistically significant differences in RNA
polymeigse I and II activity occurred between vegetative growth and
aggregration. This decrease in the activity of RNA polymerase I from
vegetative growth to aggregration coincides with a similar decrease in fRNA
synthesis (Yagura, ef a/., 1982). Likewise, the increase in RNA
polymerase II activity occuring during the same stages of development is
accompanied by the simultaneous incredse in messenger—like RNA {mRNA)
(Yagura, ef al., 1982).
Isolation of Chromatin

Previous techniques to isolate chromatin from ZDicéyosée/tum nucleir
have involved mechanical disruption either by sonication or homogenization and
enzymatic digestion (Pederson, 1977, Kawashima, 1979: Bakke, ef af,
1979). All these procedures result in fragmentation or nicking of the isolated
DNA. Fragmentation of the DNA is, known to stimulate RNA polymerase
activity presumably by increasing the ability of the enzyme to bind and to
initiate non—specific RNA synthesis {Jackowski, ¢ a/., 198]).
Therefore, 1t was necessary to obtain a procedure which isolated pure chromatin
with little or no fragmentation of DNA. Osmotic lysis of nuclei by low salt
washes and then suspension in iced water was the method of choice. As seen

from Table i, protein to DN A ratios of isolated chromatin were less than 2,
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suggesting that the chromatin oblained was relatively pure. Ch_romét.in

isolation from nuciei as r‘neasured by DNA extraction revealed only 181 to 29.2%

yeild. The loss of DNA during"chromatin isolation was due to the washing

procedure as well as the "sticky" nature of the chromatin. Althoygh ;a.ll washes
_were done in plastic centrifuge tubes and transfers were made with plastic | |

tips, nuc‘lei and chromatin pariiculates could be seen adhering to the walls of
both tubes and tips. | )
To determine whether the isolation of chromatin from intact nuclei resuited
in variable degrees of DNA ni_cking; samples were denatured on alkaline surcrose
density gradients. Fiéure 3 demonstrates the digestion profile obtained from
whole nuciei and chromatin prepared from both vegetative and aggregrated cells.
Whole nuclei and chromatin prepared from both vegetative and aggregration cells
" revealed identical profiles, suggesting that the chromatin was not subjected to |
excessive fragmentation ‘during the isolation procedure. Molecular weight
standards run on digesting graaients under similar conditions revealed that the
bulk of DNA fragments from nuclei and chromatin had a molecular weight less
than 68,000 da\-ltons. The t,a.iling which appeared at the end of each profile was
due to the high sucrose concentration present in the final fractions.
Total Template A(_:tivity and Binding Capacity oi' Drctyostel tum
Chromatin
Isolated chromatin from vegetative and aggregration cells were used as
template for & cb/i RNA polymerase. To insure that RNA synthesis
occurred immediately upon the addition of nucleotides, chromatin and enzyme
were pre—incubated for :109minutes. Pre—incubation allows RNA polymerase to
form stable enzyme—chromatin complexes capable of supporting RNA |

synthesis {Tsai, 1973). Binding of RN A polymerase to the templaie is thought



Figure 3: The fractionation of isolated nuclei and
chromatin on aikaline sucrose digesting
gradients. .

Aikaline sucrose digesting gradients of

nuclei and chromatin from vegetative (A)

and aggregration (B) cells. Over 500 ug

of nuclear preparation was placed on the
" digesting gradient. Gradients were cent—
rifuged at 24,000 rpm for 17 hrs. at 4°C

1.2 ml fractions were collected from the
gradients, and the amount of DNA (ug) in each
fraction were determined by an OD,gq

measurement using calf thymus DNA as standard.
(O} Nuclei run on digesting gradient.
(3) Chromatin run on digesting gradient.
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to involve a conformational change to form a stable enzyme-DNA c%plex. Pre—
iﬁcubation times vary between 10 -t.o 40 minutes depending upon the chromatin
source (Warnick, e¢ a/., 1983; Zech, ¢ a/., 198; Tomi, &¢
al., 198; Tsai, 1973; Tsai, 1976). Since a 40 minute ‘pre-incubal:ioﬁ was |
maximal for RNA polymerase binding to the chromatin, it was utilized in these
experiments; Also, template binding capacity assays were run under cor-nditions
where enzyme was capable of .saturating the template. Therefore, 5 ug of RNA
polymerase was prg-—incubated with 2 to 5.-‘ug of isolated ch‘romatin. To
“determine whether endogenous RNA poiymerase complexed with the chromatin
remained active after the isolation procedure, aliquots of chromatin were
assayed under identical conditions in the presence of nucléohides alone and no
exogenous addition of polymera.-se. Inéorporation of EH]—UTP under these
conditions were minimal. o

The incorporation of [SHJ -UTP into RNA by & co/z RNA polymerase
on vegetative and aggregrated chromatin is tabulated in Table 3. As
- demonstrated, the total tempiate aclivity as measured by the incorporation of
label intlo RNA is significantly higher on chromatin isolated from vegetative
rather than aggregrated cells {Appendix II). In addition, the incorporation of
E‘H]—UTP into RNA was measured in the presence of rifampicin and heparin,
As previously mentioned, rifampicin prevents RNA polymerase from initiating
RNA synthesis unless the RNA polymerase i.s associated with the DNA in a
stable conformation. Heparin functions to destablized enzyme that is not
complexed to the DNA in the proper conformation (Wilson, 1982} and inhib'it the
activity of any ribonucleases present in chromatin preparations. Therefore,
the incorporation of label seen to occur in the presence of rifampicin and

heparin may reflect the availability of the template for stable RN A polymerase
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birid‘iné éorriplexes;--Again,‘thg i_ncorporé.tion of EH]—UTP in the presence

of rifampicin and heparin is significantly higﬁe‘r ‘with vegetative-chromatin -

rather than aggregrated (Appendix II). Likewise, it appears that 57.3% of the -

" activity represents RN A synthesized by enzyrﬁe in proper conformation vegetative
chromatin. This compares to only 304% of the activity representing RNA

| synthesized by stable RNA polymerase—aggregraf.ion chromatin complexes, The

. standard deviations obtained for the activity of incorporation of label into

RNA by vegetative and aggregration c_hroma.tin were between 13-16% and 1-12%,
.respectively. Although tl}e standard deviations were a Eittle high using the

data obtained for vegetative chromatin, the irend demonstrated by the %
incorporated in the presence of rifampicin and heparin was consistant

throughout the separate isolation.
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DISCUSSION

In recent years, in vitro studies of nuclei-have been done to ‘yield
_ ‘v‘aluablt? information concerning in vivo controls of . t.rapsc;iption.
Solubiliza-tion:of nuclei by high salt'concentr_a!;ionsrmay enﬁancer transcrip_tioh
by endogenous RNA polymerase, Nuclei isplated f'rc;m_-fe‘géﬁé.ﬁiiré' énd‘ '
aggregréted cells: of Dictyostelium were examined for levels of endogenous
RNA polymérase activity. Soll and Sussman (1973) found that the incorporation |
of [SH]-UTP into RNA in vegetative nuclei was approxim-gtely twice the
amount' of label incorporated by nuclei isolated from cells 5 hours into ﬁhe
developmental sequence. However, in the present study, results showed t.ha._t
nuclei isolated from late aggregration cells (10 — 12 hrs) mcorporated | |
shightly more[sH] —UTP than nuclet from vegetative cells There is two
factors which support the idea that the incorporation of label into RNA should
be fairly consistent in nuclei isolated from both vegetatively growing and_]at.e
aggregration cell;s. First, the experimental conditions utilized, solubilized
the nuclei for maximal transcriptional activity by RNA polymerase. However,
use of such a high salt concentration does not ensure optimal expression of any
form of RNA polymerase in Diciyostel/tum. Partially purified RNA
polymerase I, Il and Il in £ discoidesm function optimally at about

012 M, 017 M and 021 M (NH,},LS0, (Takiya, ef af ., A
1980). Sirfce nuclei containing the enzyme from both stages of development were
subjected to identical assay conditions, distinct differences obtained in the
activities of the various forms of the enzyme and not in the oversll activity .
could be demonstrated. Comparison of incorporation of label into RNA by nuclei
under our assay conditions with those obtained by Soll (1973) could not be

determined since their activity was reported as Gﬂﬁﬁ)? nuclei, Second,

~
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although the tot.al RNA content of D:ctvo.st‘elmm decrea.ses durmg

development (White and Sussman, 1961) transitions oceur in Lhe ra.te of both

rRNA and mRNA synthesis. A majority of the RNA,present. and.synthe;fzed in
#egep_aiive cells is IRNA [Loer'n_is,',1975]. ,.Howe_\_re_r, as’ ce]is proceed .intc:)‘ Eh‘e_ _

developn;entel cycle; rRNA content is found to decrease and although some de.

novo sj’nthesis of rIRNA occurs, the rate of synthesis is also decreased

-(Cocuccl and Sussman 1970; Yagura e:‘ al. 1982] Blumberg and Lodish

[1980] studied the polyadenylated mRNA populatlon dunng drfferentlatlon _They
found that there is only one time in the de_velopmental program when expressmn‘
of a large number of new genes is known to occur. This perioﬁ occurs between §

and 13 hours {ollowing the initiation of development, . just prior to the onsét.

of 'spore—stalk cell differentiation. By cDNA.hybridizations, it was ‘d‘eyerr’nined '

that over 7,000 genes are expressed at 13 hours into development,'rev‘eeﬁiing a
burst of increased expression, from only approximat_el){ 4,800 genes.e_xpressed ab
6 hours to a final 7,600 genes at the end of develo'pment. -(‘Blumberg, e

a/ ., 1980). Cells late tn aggregration (10 — [2 hrs), then, are expected to

be active in synthesizing mRNA. Therefore, the overall activity of RNA
polymerase may be similar within the isolated nuclei from vegetative and -
aggregrated cells under our transcribing conditions. Changes in the activity

of the various forms of RNA polymerase throughout development is indeed more:
likely. Using a concentration of 10 ug/ml —amanitin, Soli and Sussman (1973)
demonstrated alterations in the ratio of activity resistant- and sensitive to

the toxin during development. The relalive proportion of incorporation

resistant and sensitive to #~amanitin in nuclei from vegetative cells decreased
from approximately 50:50 to 30:70 in nuclei from early aggregration cells.

However, by using one concentration of “-amanitin, only RNA polymerase II
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'_acl.mt.y whlch Is sensrl'.we to low concentrat.lons of the toxm can be separat.ed

2 IRNA polymerase I RNA polymerase I in vegetat.lve nuclel was 66 21 l3
. respectwely, as compared l:o 20: 719 respect.wely, in aggregrated cells Thrs o -

) demonstrates then t.hal. Lhere IS a ma]or transrtron n- RNA polymerase
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from RNA polymerase 1 whlch is resrstant. t.o the t.oxm and RNA polymerase III . s

" which is sensitive to only hrgh concent.ral.rons Incubatmg nuclei from

Dt yosr'e/mm In the presence and absence of 3 ug/ml and 33 ug/ml ol— :

amamhln all three forms of the enzyme can’ be det.ecl.ed (Yagura ef at’

',1976 Yagura ez’ a/ 1977] The ratro of activity ‘of RNA polymerase

actwrty during development RNA polymerase Iis most active durmg vegetatwe
growth while RNA polymerase II is mosl. active during aggregration. Decreases
in the activity of RNA p_olymerase I with a simultaneous i lncrease inthe N\

activity of RNA poly'merase I is also seen to oceur with the activity of

.parl.ially purified enzyme isolated from high salt extracts of “

Dicz‘_vosr‘e/it{m_ dllrini;"the same sl.ages ol development (Yagura, ef

al ., 1977; Yagura, ef af ., l982l. This trend also paraliels cellular

events where rRN A" synthesis by RNA polymerase | is known to decrease durlné
development_ Likewise, new gene expression occurring during this time would
reflect increases in RNA polymerase 11 acl.ivil:y {Firtel, 1972; Alton and |
Lodish, 1977; Blumberg and Lodish, 1980). Little work has% done on the.
modulation of partially purified RNA polymerase III during development because
/

#

of .difficuities in detecting its activity due to the small amount present in -
relative proportions to the other two forms of the enayme. From our fesuits,
there is a small decrease in RNA polymerase III activity between vegetative

growth and aggregration but this decrease is not significant by one way

analysis of variance (#Appendix II). This is not surprising since it is thought
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: that. RNA polymerase III is responsnble for the synt.hesns of I'.he .55 rRNA and

.t;RNA The reduct.lon of rRNA synthems occurrmg durmg eggregrat.lon ma.y also
| decrease the requu‘ement for the synt.hesns of the SS rRNA Therefore although
C}J hhere are def:mt.e changes in the actmty of the forms of RNA polymerase, I'.he
"_ overa.ll acbmt.y of the enzyme may be const.ant during development
Chromatln Qas 1solal.ed from ..Lwo st.ages o[ development in
| chiyo.st’e{ um - | where - dlfferentlal expressmn of the genome 1s known to
‘: occur . (Blumberg and Lodlsh 1980) Tt is wldely beheved that proteins
A' a.ssoma.ted wnLh Lhe chromat.m ple.y a major role in limiting the t.emplate
Co actmt.y of the DNA to whlch t.hey are bound (Lllley, 1979). To establish
'whehher the chromatm and- assocnated prot.ems of Dtct yoséelium are
capable of regula.tmg dlfferentlal gene expression, it must first be determined
",whel'.her there: are any alteratlons in templake actmty of the chromatin during
. these Limes. C:’f differential gene eipression. /n wvitro transcription
s-ys.t.ems' utilizing. 1solated chromatin and exogenous RN A polymerase have
been' developed to determine the capacity of chromatin to function as a tempiate
~ and synthesize RNA t.renscripts.

'In our experiments, isolated chromatin was transcribed by & cofr RNA
polymer‘ase.‘- Overall template capacity of the chromatin for & co/: RNA
polymerase was measured. It was determined‘that chromatin isolated from
vegetative nuclei has a higher template capacity than chromatin isolated from
aggregrated nuclei. Because & co/t RNA polymerase can non—specifically
bind to a template, stable complexing of the enzyme must be dist.'ing'ui"shed from
random binding.  Pre—incubation of & coft RNA polymerase with
Dretyosteltum  chromatin aliows stable pre-initiation complexes to form.

RNA synthesis is then initiated by the simultaneous addition of nucleotides and
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rifémpicin (Tsai, &f a/, 1975). RNA polymerase present in a stable
initiatidn‘ complex will initiate the synthesis of a RNA chain while RNA
polymerase randomly boun.d to the template is readily displaced. Rifampicin
prevents re—initiation of displaced polymerase (Tsai, e¢f a/, 1975).
Chromatin isolated from vegetative cells was also seen to exhibit higher
_binding capacity for 5. co/t RNA polymerase than chromatin isolated from
developing cells. Taken literally, this suggests that vegetative chromatin may
have more available binding sites for the enzyme than aggregration chromatin.
However, this statement should be tempered with the fact that 2 large amount of
conlroversy exists concerning the ability of 5. co/t RNA polymerase to
efficiently transcribe eukaryotic templates. Tsai (1976) compared initiation

of RNA synthesis on oviduct chromatin by hen o.viduct. RNA polymerase

II and & co/t RNA polymerase. He demonstrated that the level of |
initiation sites as measured by either homologous or heteroloéous polymerases
.followed a similar pattern. In a.daition, comparison of the initiation sites |
utilized by these enzymes revealed that these enzymes compete with each other
for the same initiation sites (Tsat, ef a/., 1976). Similar results

using & coft RNA polymerase to transcribe mammalian chromatin have been
demonstrated (Axel, ef a/., 1973; Gilmour and Paul, 197]; Steggles, e¢

al., 1974). In contrast, however, Palmiter and Lee (1980) found that &

colt RNA polymerase was not able to transcribe ovalbumin genes in nuclei or
chromatin as efficiently as endogenous enzyme. Likewise, companson of
initiation of cauliflower and pea RNA polymerase II with & cofr RNA
polymerase on pea chromatin have revealed that the two eukaryotic enzymes
compete with each o_ther for the same recogmtion sttes on the chromatin whereas

the prokaryotic enzyme utilized different sites (Tomi, e¢ a/., 198]).
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Tomi (198) suggests that it is the proteins associated with the chromatin
which are .respogi;ible for the interaction with the eukg,ﬁot.ic polymt;rase and
not with the bacterial enzyme. He concluded this since all three enzymes were
able to compéte for the same recognition sites on pea DNA with equal efficiency:
{Tomi, 198]). | The basis of these studies in isolating chromatin and adding
" back the ensymes required for RNA synthesis is to gain insigﬁt into how the
chromatin structure_regulates transcription. If it is supposéd' that. proteins
on the eukaryotic chromatin can efficiently interact with only eukaryotic |
enzyme, the efficiency of utilizing & coft RNA polymerase in these
studies is gieatly reduced.

In eukaryotes, branscription of active chromatin by either RNA polymerase
[ or Il may be subiected tc; different control mechanisms. Active chrom.atin
transc,;ribed by RNA polymerase II when viewed by the electron micrascope
have been shown to possess a compact structure of nucleosome-like beads (Lilley
and Pardon, 1979). . Immunological studies demonstrated that histones and/or
modified histones are contained within these nucleosome-like particles. This
suggests Lhat active genes transcribed by RNA polymerase II are continually
associated with histones or modified histones (Lilley, 1979). Variable resuits
suggesting that either nucleosome structure remains intact or that it is
disrupted beyond recognition during transcription exists (Weisbrod, 1982; Levy
and Noli, 1981). A most recent study by Baer and Rhodes, (1983) have confirmed
that RNA polymerase II interacts with the actively transcribing nucleosome
core, however, analysis of these cores suggests that histones 2A and 2B are
displaced when the enzyme binds, The remaining histones present in the
nucleosome core continue to be assotiated to the DN A during the binding

of RNA polymerase II {Baer and Rhodes, 1983). Active transcription of
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chromatin b; RNA polymerase I, however, has demonstrated that traﬁsc{ribing
ribosomal genes are in an extended configuration (Scheer, 1980). Labhart and
Koller (1982) recently éxamined transcribing ribosomal cﬁromatin in
Xenopus oocytes using the EM. and found that-it was indistinguishable
from free DNA, implying that the chromatin may be lacking ail proteins not
'direct.ly involved in transcription. This experiment was conducted at vaerious
Jionic strengths and pH values since it has been suggested that contaminating
_protein may adhere to DNA during preparation for EM. studies (Labhart, 1982).
Micrococcal nuclease digestion of IDNA, however, has generated repeating
patterns when electrophoresed suggesting nucleosome arrangement of DNA
(Mathias, 1976; Liiley, 1979). ‘Inacti\?e genes in a highly reiterated gene
family such as the I'DN.A.. may accour:t. for nucleosome skructure t;etected by
micrococcal nucléa.se (Lilley, 1979; Ness, 1983]. |

In Dictyoséelrum tDNA exists as éxtrachromosomal pallindromic dimers
contained in about 90 copies within thé nuclei (Cockburn, &¢ a/., 1978).
The number of copies of IDNA remaiﬁs constant throughout dé’velé:pment
{Cockburm, e¢ a/., 1978) although changes in TRNA synthesis occur. Ness
e¢ al ., (1983) studied the chromatin structure of the tDNA during
development using the E.M. and micrococcal nuclease and restriction
endonuclease digestion. All three studies revealed that activeerNA IS In an
extended configuration. Micrococcal nuclease digestion of IDNA from vegetative
amoebae revealed that there was no regular repeating units in the coding region
(Ness, 1983). While nucleosome structure is known to protect DNA agamst
restriction endonucleases, analysis of IDNA from vegetative cells revealed
extensive digestion when exposed 'to restriction enzymes (Ness, 1983). rDNA

from Dictyosteltum slugs, where TRNA synthesis occcurs at a low rate was
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also examined. Micrococcal nuclease and rest.riét.ion endonupléé.s_e digestion of
this rDNA resulted in a repeating pattern wh'ic'hl suggests that a majority of the
rDNA was compacted into an inactive form (Ness, 1983). |

. The data obtained from thi’s present study revealed that vegetative
chromatin as compared o aggregration chromatin had a higher template caﬁacity
and binding ability for_ & coli RNA polymerase. Even accounting for the
non-specific binding which the prokaryotic enzyme may display for eukaryotic
templates, the higher activity obtained with vegetative chromatin may reflect
the extended nature of the chromatin. Chromatin isclated from vegetative
nuclet should be capable of synthesizing abundani rRNA ‘(Yagura, 1982) -and
therefo;e, - exhibit a more extended configuré.t.ion as described by Ness (1983).
One characteristic distinguishing prokaryotic and eukaryotic chromatin is the
nature of histones association with DNA template (Lilley, 1979). Although
prokaryotic DNA is normally coated with basic proteins, this binding is very
easily “disrupted. In contrast, however, eukaryotic histones are usuallly
tightlty complexed to the DNA giving the charactenstic ‘l-)‘eac.ied appearance.
Histone depleted chromatin, such as, active rDNA in Dictg(/\osfe/ium‘, may
readily bind & c¢oft RNA polymerase z;nd either specifically or non—
specifically initiate transcription. Although EM. and digestion studies of
IDNA in Dicéyosteltum reveal an extended configuration (Ness, ef

al., 1983), no evidencé for complete histone loss can be ascertained.
\ .

" However, Parish (1980) has demonsirated by electrophoretic analysis of

nucleosomes from nucleoli that histone proteins are more readily lost from the
DNA of nucleoli than the DNA of nuclei. This suggests that the histones in
nucleolt are associated more weakly, Decrease in the template and binding

capacity of prokaryotic enzyme demonstrated with aggregration chromatin may
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reflect compaction of the rDNA into an inactive form. The low. tempiite and
binding activity demonstrated with aggregration chromatin, however,  has to be
reconcilgd with the in_cre;se in new gene expression occurring at this time.
Cockburn (1979) reports that about 17% of the nuclear DNA is IDNA while single
copy DNA sequences are thought to represent 70% of the genome (Firtel, 1976) of
which about 80% is being expressed during late aggregration as mRNA (Blumberg,
1981). It was expécted that this large amount of synthesis occurring normally
within the cell, would be reflected by t‘he accessik.aility of isolated chromatin
to bind RNA polymerase. As demonstra‘ted, approximately 70% of the
endogenous RN A polymerase activity in isolated nuclel was RNA polymerase II,
reflecting a substantial amount of transcriptional capability for single cop
sequences. However, in the transcription system using & (:'oh' RNA
polymerase and éggregration chromatin revealed both low template and bind{ng
capacity. Since it is known that active chromatin trahéél;ibed by RNA
poiymerase II requires continual association with either histones or modified
histones (Tomi, 198l; Weisbrod, 1982; Lilley, 1987), we suggest that, theée
histones play an important regulatory role in this transcription. &
coft RNA polymerase may lack the specificity to recognize the histones
associated with the true binding sites on aggregration chromatin (Tomi, I961).

The regulation of chromatin activity by histones and the decrease in
é.ccessibility of the IDNA during late aggregration may account for the low
templz‘tte activity detected.

This investigation was a plrelimi.na.r)r study to determine whether chromatin
1solated from two developmental stages of Dictyosie/rum displayed any
distinctions in template capacity and initiation of RNA synthesis. It can be

concluded that there are indeed differences in both the template capacity and
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binding of & cof¢ RNA polymerase to chromatin from vegetative and
aggregrated cells, It is suggested that these apparent differences are due to,

-

regulatory,”r‘n‘écha‘riis-ms which are contained within the chromatin structure.
. ) S e

~

Analysis of the sizé and nature of the RNA transeripts produced under our
transcribtion conditions, would substantiate this hypothesis.  Although
transcription of 2. dirscoideum chromatin occurred using & co/i RNA
polymeré.se, an even higher efficiency of transcript.i’on would be expected using
an eukaryotic enzyme. The importance of histone regulation in transcription by
either aidir;g in RNA polymerase binding at the appropriate initiation site or

by directly allowing the DNA to unwind is for future studies to ascertain.
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APPENDIX

Original 'ahte_mp‘t'.s to isolate RN A polymerase were done to determine whether

- the three forms of the enzyme Wwere present in the dormant spore of

..Dietvoste/ium If the dormant spore contained the three forms of the

enzyme ‘the activities of RNA polymerase I RNA polymerase I and

RNA polymerase Il were to be momtored during the germmatlon process. To

__establrsh that the isolation procedure ylelded the three forms of the enzyme,

all prehmmary work was done on Axg, which is known to contain all forms

of the enzyme. Alt.hough Axg s easlly cultured and harvested, cell

concentrations had to remain within an employable range when routinely

isolating the enzyme from dormant spores. In addition, Axs had to be

‘subjected to harsh breakage trestments. The dormant spore is contained within

a rigid spore coat which is efficently broken only by three passages through a

French pressure cell at 20,000 psi. The plasma membrane of Ax, is easily
ruptured by one passage through a french pressure cell ano the effects of the
additional passages through the.oell are -unknown.

The initial isolation procedure for RNA polymerase was a modified method of
Roeder e a/. (1969). Pong and Loomis (1973), who first attempted to
1solate RN A polymerase by this meLhod obtained some success. They were able
to isolate RNA polymerase I and RNA polymerase II from frozen nuclei. It is
now. concluded that isolation of nuclei should be dvoided as the first step
in purification because the yield is reduced and only a small purification
a.dva.r;t.age 1s achieved [Le\;:is, MK. and Burgess, R.R,, 1982). In addition, all

a.t.tempts to isolate nuclei from dormant spores have so far been unsuccessful.

Therefore, whole cell extracts of Axs were used for isolating the enzyme,
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The simplest procedures utilized for isolating RNA polymerase involye ammonium
sulpha\.t.e fractionation of the whole cell lysate and then col.umn. chromatography
on DEAE-cellulose (Whatman). Two (NH,),SO, fractiorations
were atiempted a 30-70% (N'I-LLSO4 cut and a 30-50%
(NH,),S0, cut on whole cell lysate of Ax,. The use of & high
(NH,%LSO, concentration (greater than 30%) early in purification
dissociates the enzyme—_DNA—RNA complex and éllows the sigma subunit to
re—combine with the core ensyme (Roeder, R.G. and Rutter, W.J, 1969). This
insures t_hAt functionally active RNA polymeraée will be isol;ated. The protein
precipitate resulting from the [NI—L).ZSQ fractionation was
di:'a.lyzed overnight to remove the salt and then placed on a DEAE-cellulose
column. The enzyme was eluted with a 005 M t.fo 03 M
(NH,},SO, gradient in 0.05 M Tris-HCI pH 7.9 containing 001
M MgClg,.O.l mM EDTA, ImM DTT and 25% glycerol. One ml fractions were
collected from the column, A RNA polymerase assay and a protein
determination were done on each fraction. The following figure (Fig. 4)
demonstrates a typical profile obtained from the DEAE column for RKIA
polymerase. Numerous protein peaks obtained at the end of the DEAE—cellulose
profile suggest that the sample placed on the column is highly contaminated
with nucleic acid. Therefore, the whole cell extract was treated by several
procedures In an attempt to remove excess nucleic acid.

Polymin P (Sigma), a polycation, was used by Burgess (1975) for removing
nucleic acid during purification of RNA polymerase.r Polymin P .precipibates DNA
-but few proteins. Any proteins precipitated by Polymin P can be released from

_—

precipitated DNA by increasing the salt concentration (Schleif, 198]), Because
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Figure 4: The profile of RNA polymerase activity from
cell extract by DEAE-52 chromatography.

DEAE-cellulose chromatography of whole cell
lysate from Ax, (as prepared in appendix).

RNA polymerase activity (Tsai, 1973) and
protein concentration (Bradford, 1976) were
determined in alternate fractions. RNA
polymerase activily was measured by the CPM
obtained from incorporated |*H| ~UTP

into RNA.

@} RNA polymerase activity

(O} Protein
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of this function, -Polymin P fractionation was done on whole cell extract - from

v
Axs. Optimal conditions for precipitating RNA polymerase by Polymin P

fractionation had to be first determined. Variable results were obtaineq from

the percent Polymin P needed to precipitate out nucleic acid. The optimal

perceﬁt "Polymin P varied from 50-80%. Due t:o the vanability in results,
Polymin P fractionation was replaced with p}lase partitioning Lo remove ‘nucleic
acid. Phase pz;rtitioning can be used not oniy to separate DNA from’ proteins‘
but also to purify DNA-bound proteins. An aqueous solution of 6.4% (w/w,] .of
Dextran T500 (Pharmicia;] and 256% {w/w] Polyethylene glycol {PEG) were r'nixed
by weight’ with the cellular extract (Schleif, 1981). After mixing for | hour‘,

the mixture is centrifuged at 5,000 x g for 10 minutes which separates it into

two phases. The top phase i‘s removed and discarded while the Bohtdm p};ase ts
made 4 M with NaCl. Approximatel)? 5 vélumes of a 6.9% PEG solution
containing 4 M NaCl is added to the bottom phase and stirred for 1 hour.

Centrifugation again results in a separation of two phases. This time the top

" phase is removed and stored since it contains the RNA polymerase activity and

the bottom phase is re-extracted with the PEG/sait solution for a second time.
After centrifugation, the two top phases are pooled and fractionated with

(NH,),SO, to remove the PEG. 30-35% saturation with
(NH,),SO,4 will remove the PEG, having it form an oily layer

on top after centrifuging for | hour at 10,000 x g. The lower phase obtained

» from this centrifugation is then saturated with 50% (NH,),SO,

to precipitate all proteins, Proteins are precipitated oM overnight and then
collected by centrifugation at 30,000 rpm for 30 minutes. The final pellet was
suspended in a small volume of elution buffer and then diluted Lo the proper

molarity as determined by conductivity measurements. Usually, the sample had
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to be diluted in about 5 to 10 mi to obtain a molarity of 005 M

(NI—LLSO,.. | The sample was then chrérﬁatogra;)hed oﬁ a Sephadex

A—-25 (Pharmicia) column, A Sephadex A-25 column replaced the DEAE- _
cellulose column since the Sephadex is able to separate out all three forms of-
- the enzyme. DEAE—ceIlulose only separates RNA polymerase I from-RNA .
polymerase II and IIl. The Sephadex A-25 column was eluted with a 120 ml
gradient of 005 M to 0.3 M (NH,),SO, in elution buffer. Five

ml fractions were collected and assayed for the presence of protein and RNA

polymerase activity. The following figure (Fig. 5) demonstrates a Lypical
column-run from a Sephadex A—25 column. * Efficiency of the colurﬁn. usually

rang.e-d from 60-67%. The protein profile obtained is indicative of the

pattern of RNA polymerase isblatiqn from a Sephadex A-25 column obtained by

Iwabuci{i et af. (1979, 1980). On this column, protein peaks indicating

RNA polymerase acﬁvit.y are known to occur at around 012 M, 017 M and 021 M

(I\fH4}zSO4_ According to x~amanitin sensitivity and salt

requirements, RN A polymerase I elutes at 012 M, RNA polymerase Il at 017 M
~and RNA polymerase III elutes at 0.2l M (NH,4),SO, (Takiya,

et al ., 1980). Dufing all column runs, maximal activity obtained for RNA
polymerase I, RNA polymerase II and RNA polymerase III was 209.6 DPM/ug
protein, 2891 DPM/ug protein and 202 DPM/ug protein, respectively.
Designation of RNA polymerase I, II and III was based only upon salt molarity

with which activity was eluted from the column. .
(a) Column efficiency refers to the % of protein in all fractions

obtained ‘from the column as compared to the total amount of protein present in

the original sample chromatographed.
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Figure 5:

-

The profile of RNA polymerase activity from

~whole cell extract by Sephadex A—25 Chromato—

graphy.

Sephadex A-25 column profile for the isolation
of RNA polymerase from whole cell extract
of Axy. Samples to be chromatographed

were prepared as described in the Appendix.
RNA polymerase activity was detected by the
amount of F‘Hj ~UTP incorporated into RNA.
Protein was measured by Bradford (1976) using
¥—globulin as standard. .
(O) RNA polymerase activity

(O) Protein
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Table” 4 summarizes .t.he. purificatic.m of RNA poiymerase for 2.
di.scoideur{:. After Sephadex chromatography, the specific activity of t"._he
enzyme greatly increases. However, this does not indicate a large amount of
enzyme being prese!'nt.- The aciivity of the enzyme was only 2 to 3 times above a
background level of approximately 50 CPM. One crud:e eyéluation' of enzyme
activity suggests that counts should be at least 4 to 5 tlmes above ba.ckgroﬁnd

to denote true RNA polymerase activity (Schieif, 1981}, - R

Concentration of activity peaks from the Sephadex col'u'iﬁn'_ w.a.s a@tg_rﬁp_tg_d by . '

numerous procedures including vacuum dialysis, [NH;}‘,SO;. ' : | ‘. i
precipitation, a protein concentrator (Isco) and qltra— |

filtration (Milliporei. Many of these concentrating techniques proved
ineffective. Vacuum dialysis and ultrafiltration required 48-72 hours to
.concentrate 10 ml down to approximately | mi. The extensive period‘ of time
required to concentrale was due to the presence of 25% glycerol in the
isolation buf.fe‘fs. The high concentration of giycerol was needed to increase
the stability of the enzyme. In addition, protein may be lost during dialysis
by ﬁon—specific binding of proteins to the dialysis bag. Therefore, both the
.extensive time required to concentrate the sample as well as non-specific
binding of the protein fna.y help to explain why little increase in protein
concentration was seen.  Ammonium sulphate precipita.t.io'n of ‘the active
fractions also yielded minimal results, Fractions were madé 70% wii.h
(NH),SO, by the addition of the appropriate volume

of a 100‘?; solution of fN}L]?SO4, stirred overnight and then

centrifuged at 28,000 rpm for 1 hour.  After centrifugation, no pellet or film
could be detected in the centrifuge tube. This procedure was at.tempted. three

times, each time resulting in no visible pellet. It can only be suggested that
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Table 4: Purification of RNA polymerase from whole cell extract
Of Ax.s. .

Protein (mg) “Activity (CPM) Specific Activity
* Purification Step

Supernatant from cell

lysis 749 1722 023 -
(NH,),SO,

Precipitation 35.98 1440 - 40

Sephadex Chromatography

0l2 M (NH,,S0, . 3% 54.1 166.5
ol7 M (NH,,SO, =~ 58 1366 0577
02 M (NH SO, 470 148 3l

Summary of the purification of RNA polymerase from 0. discotrdeum
Axg. The data is from a single representative experiment.

About 10 g (wet weight) of cells from the vegetative stage were
used as starting material. The phase partitioning step was not

. included since PEG interferes with protein determination.

Activity denotes the CPM obtained for incorporation of E'H) -UTP -
into . RNA by 20-50 ul of sample at the various times during
purification. Protein determined by Bradford (1976).
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‘since there was routinely less than 500 ug of protein in the total sample,
ammonium sulphate may. not be sensitive enough to precipitate su¢h Smail

quantities of protein,

. R P, . ,
One major drawbacR®n isolating RNA polymerase is that large amounts of

start'ing material are usually required.' RNA polymerase ‘has been isolated from
whole cell extracts of a large variety of eukaryotic organisms (see .Revieﬁ,,,-
Lewis and Burgess; 1982) but kilogram ‘amounts of starting mat‘eria}l have yielded
sufficient quantitieé of enzyme from only yé_ast, \}heé.t germ Iamd calf t,il;vmus'
tissues, I was attempting.to isolate the en'zyme from approx.imately [0 grams of
‘Axs cells. Using standardized isolation procedures for RNA polymerase, I
have concluded that 10 g of starting material is insufficent even ‘to detech.
rather than purif y.Lhe ensyme, In Dictyostelium discoideum spores, 16 °
grams of starting marterial alone would require 5000 plates since 1 plate
containing approximately 10° spores would have a dry weigh'.t. of 24 mg’
- (Jackson, 1982)). ! _

Takiyé. et al. (1980] have isolated RNA polymerase I and II from 5.g
of DicéyWi.scoia’eum nuclei.. RNA polymerase III, however, could
only be detected since it is present in insufficient quantitites to allow
isolation. Therefore, atter\h/gs were made to aetect RNA polymerase acti\.rity in
nuclel isolated from a.ppréximately | x 10" ‘Axg cells. Nuclei
isolation utilized during this procedure was similar to that described in
Methods and Materials, Howe;rer, nuclei .were not pelleted through 23 M
sucrose, This increased the efficiency of nuclet isolation since nuclei free
of protein contamination were not so stringenl’.ly required. Nuclei were
sonicated with three 10 second pulses at the maximum frequency of a Bronwill

Bio-sonik sonicator. The sonicated preparation was saturated with
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. (NH,),SO,. Prolteins | were allowed to precipitate out
overnight and_ then centrifuged at 28,000 rpm for 1 hour. The péileb' obtained
was suspended into a small volume of elution buffer and then diluted with the
appropriate volume of buffer to less than 0.05 M (NH,)SO, ‘as
determiqed by éonductiv}ity measurements. The sample was then placed on a
'_ Sephadex A-25 co]ur_ﬁn -and eluted with_lIQO ml of elution buffer. Five mi
fractions were collectéd and RNA polymerase activity was measured in the
~ fractions eluting at 012 M, 017 M and 2i M tNH4)QSO4. The
column brofile obtained was identi_cal to the profile produced from partially
purified whole cell extract of Axg on'Sephadex A—25. Table 5 details
the detection of RNA polymerase from isolated nuclei. Acti—;iTy of the enzyme
was detected p.fi_or to placing the enzyme preparation on the Sephadex column.
Column chromatography of the eﬁzyme preparation diluted out the acbiyity.

~ To answer the original question of whethgr spotes of 0. discordeum
contain RNA polymerase, another approath Qas attempted. “Since RNA
‘faol;fmerase could be detected in nuclei and distinguished into the three forms
by —amal{itin-sensitivity, attempts were made to isolate nuclei from dormant
spores. Dormant spores contain approximately one third the DNA found in
v‘egetative amoebae (Sharpe, ¢ a/., 1983). . Therefore, since spores
contain less DNA, it would be likely that the nuclei', too, are smaller in size |
than that found in vegetative amoebae. The various.; Breakage procedures
utilized in an attempt to isolate nuclei from spores is demonstrated in Table
6. To determine if nuclei are released from spores by the va'rious breakage

" procedures, subsamples of the prei)a.ra.t.ions were stained with methylene blue,

A i e et et 2



Table 5: Detection of RNA polymerﬁse in nuclei isolated from -
Axg.

Protein (mg) Activity (CPM) Specfic Activity

Purificat.ion Step

Nuclel 80.55 247 ' 3.‘1
Sonicated Nuclei 73.45 189 . 26
. 60% (NH,),SO, 259 . a7 - on2

Sephadex Chromatography

012 M (NH),SO, . ... 594 42 707

017 M (NH,),SO, 592 45 851
021 M (NH,),SO; 277 43 1552

The detection of RNA polymerase in nuclei was isolated from
approximately 1 x 10 '° cells of Axs. The data presented here

is from a single representative experiment. Protein was
determined uging Bradford (1976). Activity denotes the CPM of
incorporatedEI‘-I —UTP into RNA under assay conditions { as

described in Methods} by a 20 — 50 ul subsample at the various
step in detection. :



Table 6: Breakage Procedures Atternpted for Obta.lmng Nuclel from |

Dorma.nt. Spores

Procedure % _Breaksge. % Nudlei
French Pressure Céil . o

'3 Passages at 20,000 psi -~ 100

0
| Passage ab 20,000 psi - 60 0
3 Passages at 10,000 psi - 75 0
- Rapid Freeze Thaw |
-70° C to 23° C s 0 -
-70° C t0 80° C 40 0
Glass Beads
25 mm bead size ' 65 0
5 mm bead size 67 0
Mixture of Il mm, [7mm,
25 mm and 5 mm beads 64 0

Dormant spores of 2. drscoideum were disrupted by mechanical
procedures. French pressed spare preparations contained a
concentration of kx 10° to I x 10° spores/ml Rapid freeze thaw
preparations consisted of 10° spores in a final pellet. Freeze

thaw preparations were also ground with a mortar and pestle to
achieve the % breakage. Spore suspensions were broken with glass
beads using a Bead-Beater {Biospec). Spore concentrations of
this preparations ranged from 1-5 x 107 spores/ml.

e edamie —— e
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Following é.ll mechanical procedures where breakage was seen I:o.occur, no intact
nucleil were discefnable. Rather, small fragments which s_'_ta.ined intensely blue - |
were scattered throughout the preparation. |

Dormant spofes of -Dictyostelium can be activated by av heat shock
breatment of 45° \C for 30 minutes (Cotter and Raper, 1966). Activation
of a spore population results in £he synchronous release of amosbae within 5
hours. “Prior to releasing amoebae, sporés are knc;wh to swell as the outer two
ls;.yers of t.he spore coat ruptures (Hohl, 196_9]. Activated s;;ores in l'.hé
.presence of cycloh.exim‘ide {200 ug/ml) wili swell but not release amoebae
(Cotter and Raper, 1968). Therefore, activated spores in the presence of
cycloheximide were treated with osmotic agents (3 M to 8 M ethylene glycol and
25 M sucrose) to determine if osmotic pressure would lyze the inner ‘third
layer of the spore coat (Cott.eE 1977).. In addition, Hohl &¢ a/. (1972)
detalled a procedure whereby protoplasts are made from dormant spbres.
Activated spores in the presence of cycloheximide are incuba.t.ed with cellulase
{5 mg/ml) for | hour and then pronase (I mg/mi) for a second hour. Protoplasts
were algwﬁbjected to osmotic agents to see if they would lyze. Kthylene
glycol treatment of activated spores and protoplasts resulted iﬁ cell lysis.
However, mét.hylene blue staining of the preparation revealed that nuclei had
also ruptured during the osmotic treatment. Sucrose treatment of activated
spores and protoplasts did not cause cells to lyse. Since the techniques

atﬁempted yielded low breakage of the dormant spore, isolation of nuclet from

this developmental stage was abandoned.

N



APPENDIX II

TOTAL RNA POLYMERASE ACTIVITY IN NUCLEf
ANALYSIS OF VARIANCE

"ONE WAY ANOVA

GROUP ) MEAN

i ) 8.433

9 11.703

- .GRAND MEAN: 10.068

'SOURCE SUM OF SQUARES D.F_'

BETWEEN 21.389 1
WITHIN 3.646 6
TQTAL 25036 7

o

MEAN SQUARE F RATIO

21.389 35.194
0.608
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RNA POLYMERASE ACTIVITY SENSITIVE TO LOW -AMANITIN
ANALYSIS OF VARIANCE
ONE WAY ANOVA

GROUP MEAN N
. 1735 - 4

- D - 8.408 4

GRAND MEAN 5071 g

SOURCE SUM OF SQUARES DF. MEAN SQUARE ™ F RATIO

BETWEEN 89.045 1 89.045 1446 408
WITHIN 0.369 6 0.062
TOTAL . 89.414 7



RNA POLYMERASE ACTIVITY SENSITIVE TO HIGH -AMANITIN .
ANALYSIS OF VARIANCE T

ONE WAY ANOVA - d
GROUP MEAN N
{ 085 4
2 1,068 4
' GRAND MEAN 1,076 8

SOURCE SUM OF SQUARES DF. MEAN SQUARE F RATIO

BETWEEN 0.00t 1 0.001 0.077
WITHIN -0.048 6 0.008
TOTAL 0.049 7



RNA POLYMERASE ACTIVITY RESISTANT TO -AMANITIN
ANALYSIS OF VARIANCE
ONE WAY ANOVA

GROUP MEAN N

i A | 5603 4
2 0433 4
GRAND MEAN 4018 g

SOURCE SUM OF SQUARES DF. MEAN SQUARE F RATIO

BETWEEN 20.104 1 20.104 87.160
WITHIN 1.384 6 0.231
TOTAL 21.488 7



RNA POLYMERASE ACTIVITY ON CHROMATIN TEMPLATE.
| ANALYSIS OF VARIANCE
ONE WAY ANOVA

GROUP MEAN "N

i ' 8.695 4

2 | 27,605 4
GRAND MEAN' £8.450 8

SOURCE ©SUM OF SQUARES DF. MEAN SQUARE F RATIO

BETWEEN 715.176 I 715176

WITHIN 41.685 6 6.948
TOTAL 756.861 7

102.940
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- RNA POLYMERASE BINDING RESISTANT TO RIFAMPICIN
AND HEPARIN

ANALYSIS OF VARIANCE
ONE WAY ANOVA
GROUP MEAN N

1 15818 4
2. 2,650 4
GRAND MEAN 9.234 8

SOURCE SUM OF SQUARES DF. MEAN SQUARE F RATIO

BETWEEN 346.766 ' 1 « 346,766 B81.805
WITHIN 25433 6 4239

TOTAL 372.200 7

\

i
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