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wstract

A methed was established for the isclation and purification of

nuclei in high yield from the microplosmodia of Physarum flavicomo:s

Puritfied nuclei were resistant te hreakaae by methods commonly
employed for isolatced plant and animal nuclei. Incubation of
nuclei with 5 M Dithiothreitol ot pll 9.2 was found to be the
simplest and most e¢ffective method !ur.broaking the nuclei.
Several methods for the extractina of nuclear protein were
comparcd. Incubation ot nuclear Iysaetcs with either 2 M NaCl,

-~

’

o

with or without 5 M urea, er 1 M CaCl, resulted in the extractior

nuclear actin together with histones., 7The histones were chemica?

fractionated into the 5 basic groups common to other eucaryotic

tissue. Amino acid analyses of the total histone were ¢lso

perforned. Nuclear actin was found to have a molecular weight of

41,000 ¢ 4,000 daltons as deternined by S5DS polyacrylanide gel

electrophoresis. The amino acid compositicn «f the nuclear actin

was established.
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introduction

= \ ; o
The myxomycete Physarum tlavicomum is a eucaryoti "jorganism with a

life cycle exhibiting alteration of gencrations. The diploid phasc
consists of a motile syncytial plasmodium, charactvfixcd by a naturai
synchronous nuclear division (Chcu&;g& al., 1974; Gray and Alexup-
oulos, 1968). Large quantities of the plasmodia can be obtained Ly
growth in pure culture in synthotic media (Henney and Henncy, 1968).
»
Thus, the organism provides a unigue opportunity for the analysis of
the replication and expression of the cucaryotic genome.
. As the initial step for such studies, we havse established a
method for the prcparation of purified nuclei in high yield from
the plnsmodia. In addition, nuclear proteins have heen extracted

and fractionated and some properties of the major protein classes

established.
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Diploid microplasmodia of Physarum flaviconumn va: -¥ 1 were grown

'n our semidefined medium (Hoenney and Hennesy, i in 9 liter

glass bottles as periously described (Teague and lenney, 1973).
Hicroplasmodi$ were subsequently allowed to sett from the growth
medium for 10 to 1% min at 40C,‘mout of the h~di"‘wnﬂ roured off
and the cells collected by cen rifugation at 2,002 x g for 5 nin

.

O 3 . . .
at 2°C. The ccllis were washed v suenension and zentrifugation

in two voluwes of 0.01 M Tris-HCl, phi 7.2 conta.ring 0.25 M sucrose

and 0.01 M EDTA.

1solation of nuclei

The washed p.cked cells were immediately suspended in 0.01 M
Tris-HCl, pll 7.2 containing 0.25 M sucrose, 0.01% Triton X-100
and 0.005 M CaCJ2 and homogenized for 2 min at high speed in a
Waring blender. All procedures were performed at 4°c, The
homogenate was filtered through two thickeness«s of milk filters

(& 1d 51 » gaunzes~face

» vGhNnsOn and Jolirzson Co.) previ

wWas t

tared. ]

~ om polyenrl
i €85 of 0.C
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contrifu ‘on ropeated.
The sodimented nuclei were susp-nded in twice the original
packed ccll volume of wash medium ccitaining 0.25 M sucrose, 0.02 M

EDTA, 0.5 M XC1 and 0.01 M Tris-HClewith a final 'H of 6.3. The

nuclear susponsion was blended at v speed for 1 min and centrifuged
.at 2,000 x g for 5 min. The washi:o was repeated about twice more
.

until microsceopic examination, after staining with.0.1% Azure C
in 0.25 1 sucrose, revealed a puri:y of at least 95%. The con-
centration of nuc'el was determined Jsing a hemacytometer.

Breakage of nuclei

-

Purified nuclei were virtually unaffectcecd by the following treatments:
repeated freezing and thawing; suspension in distilled water or

0.2 mM EDTA, pH 7.2; homogenization in a2 blender or Dounce hdmogenizer
in hypotonic solutions; ;r grinding witl. glass pocwder or alumina

for 30 min. Sonication for 20 nin, repcated grinding with dry ice,

or passage through a French press at ,000 psi produced about 70%
breakage. A Parr Ccll Disruption Bor:n 2t 2,00C psi or incubation
with pancrcatic li.:aec for 30 min at pH 8.0 procuced about 50%
breakage. However, incubation of the nucleic w.th 5 md Dithicthe
(DTT) at ;i 9.2 at ruom temperature for 30 min produced 100 bre

Chromatin preparation
o I

The viscous nuclezr solution after DTT incub~ation was dialyzed

. & ” i & - NP :
jainst 50 volumes Dok M EDTA,; PH 7.2 at C with twe add. ti vk

changes over a period of 24 h. This crude chromatin was centri iuuad

DEL OO0 %o Tl 18- il Bt 4 C. - The clear vigcous matéerial on ¢ Wwas
3 PR Ghhes Ll ¢ 4 £ ‘.)E)-'i::".i"'

at the bottom was referred to as the “"chromatir pellet".



Extraction of chromatin proteins .
Thrce methods of extraction of proteins f[rom chr ..Iz«Li.\ were usad.
The first method was the extraction of truc chromatin with 2 M NaCl
or 2 M NaCl and 5 ¥ urea (rocrystu{lizcd from 95% ethanol). The
solution was stirred in the cold for 30 min, centrifuged at 306,000 x g
for 18 h at 4°C and the supernatant conteining the soluble proteins
was dialyzed for 24 h against distilled water arnd ]ypphilizcd.

The second method extracted the chromatin prllet or true

. . -~ P & an . . .
ehromatin with 1 M CaCl. feor 24 h at 4§ C. After clarification by

centrifugation at 50,000 x g for i5 min, a solvtion of trichloroaceti
acid (TCA) was added to produce a 25t concentrotion, followed by
ircubation at 4°C for 2 h. After centrifugation at 50,000 x g for

15 min, the precipitate was suspended in cnld 0.04 N HZSO4 by use

of a glass homogenizer. After dialysis against 100 volumes of

0.04 N Il2504 for 24 h at 4°Cc, the suspenvion was centrifuged at
50,000 x g for 15 min. The supernatant was dialyzed in the cold

against 100 volumes of distilled water and iy -ophilized.

The third method was the direct extra 1 0f true chromatin
! " 94 & 3 p= - wr e &) R : 4 ¢ : & 2 &) o
or the chromatin pellet with 0.4 H .80, oz 0 min at 4 C.
sample was centrifuged at 35,000 x g for 15 : n, the superna
saved and the sediment re-extracted. The o ined supernatai
were dialyred againct distilled water ond lyo-hilized.

Colunn chromatograbhy

ehad

’
L

ex G~100 (fine) and G=-75 {1 in) €l 8 {9 mm X 240

4g)

were used at room tempsorature in the vresence 9f 0,02% scdiu
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“lectrovhoresis

\\iralyacxylumidc gel u;uctruphéxcsis according to Boaici, et al., (1368)
was used to monitor basie nuclecar proteirs. The coparating gels
contained 7.5% acrylamide and 6.25 {§ urca. The L icr was 3.2%
f-alanine and.0.0SQ acetic acid, pH 4.4 and a chi e of 4 ma/gel
was applied for 1.5 h. Basic proteins were separated from actin hy
preparative electrophoresis in 2.2 x 3 cm el tul 5 for % h - the
basic proteins wore collected in a dialysis bag. SDS polyacrylamide
gel electrophoresis with ]0; acrylamide v usca Lo detormine the
molecular weight of actin {(Weber and Osborn, 19(9).

Gels were stained for protein in 0.1% Amido Black in 7% acetic
acid for 30 min, and destained in a solution of 7% acetic acid -
10t ethancl. Densitometric tracings were prepared with a Gilford
linear trunsport apparatus at 575 nm.

Chemical analyses
Analyses for protein and RNA were as described previously (Henney

and Jungkxind, 19¢5). DNA was determined with diphenylamine (Burton,

1568).
i
p rformed
‘ ' In additio
i phan wex
il 55>
(o3} nre v ey - . \ ! O \ 1" to fr’.‘,_.n ’(--':\l.""-v
i :

{eligutly lysine rich), I11 (very argining rich), Ilbl (slightly



Electron microsco: v

Nuclei were fixed with 2.5% glutaraldohyde in
\\ = pigs— _ % ;
\miner e PH 7.4, followed b; 1% osmium telroxi

buffer. Other procodures were according to ()

odium phoasn!

i} - L, ¢
Paospaate

ot al. (1974).

el
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The purified nuclei were about 5 p in diazsctor (4 o 6 p range)

and the nucleoli occupied about hailf the nucloar volune. About

K

1% of the nuclei had two nucleoli. ‘The nuclear nmeubrane was

guite clastic.siucu many methods atteompted to produce breakage were
unsuccessful but did produce volume chanaes and ‘istortions of the
nuclei. The yicld of purified nuclei was about ! X .'le3 nuclei/gram
wet weight of microplasmedia. The composition ¢f the nuclei was

(picogram/nucleus : standard deviation): proteir 10.50 + 0.50,

RNA 1.59 < 06.21 and DNA 0.84 * 0.05.

~

Figures 1 and 2 present photomicrographs ard electron
micrographs, respectively, of the nuclecar preparations, illustrating
the purity and inteqgrity of the organelles.

Chromatin preparalion

Regardless of the nethod employed to break the purified nuclei,

the resuliant true chromatin {(the clear gelatinous supernatant
: : A2€Q

nfter £} S4.000 scentryfooation) B - vr-ieal e f akout
s TE) : 23, VUL o 9 CRNHTIN LI wydll y) FRtE 8- 5 1 C'e . Q atout
s : * A280
furbicdi Y g of rout 0,04 ¢ 19
romatin 1501 3% 0of the tot.
i
1
it~ iaay nrote reparatbion L nhave an -2 of less th:
i {'.,
Ned. Ll JCHLarin o B IedE ot aglid. “EXUL
OfF true chromatin or the chromatin pel £ wit! the follewing
341 il '
1 4 . !
~ \ ¢ “ ‘a4 biv 4 v 1 ’ CAalrl: \ ol v 4
‘ 2 4



0.04 N H_SO, <liminated the nucleiec acid " nations and
-~ >

resulted in an & of about 0.85%:¢ Dire © 101 of
2% [+

nuclei with 0.04 N H?SO !

protein preparation but the protzin yield was lass than 1%,

yaslic nucloar

e

4 ‘115; E‘Yl'd"\': d .a

Table 1 summnarizes the nuclear protein vields Uising various
extraction reagents. It is clear rp:t the reagoents which
extracied the most nuclear protein(i¥iC: + or - urea) also
extracted the most non-histone protein. The latter protein
(which we later identificd as actin) created & problem in that it
collected at the top of the gel during pH 4.4 disc gel elcctro-
phoresis. We could eliminate this protein from the histone
preparation by preparative electrophoresis and by gel filtration
chromatography. sing the latter procedure the actin protein
eluted before the histones with a hiun degree of purity. itloweve:,
the gel filtration chromatography did not sufficiently separate
the histones into their fractions without cross contamination.

Figure 3 presents a tracing of the total histone fraction

eparated by geél electrophoresis at pH 4.4 The actin protein
i 1 1 T Tetxle
P i @ and n
. i i erehet
) i | revealed it !
3 ‘ (Bigure 4d)
t'ign
L ra ) hicsone ‘fraction 1
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Discussion
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P. flavicomum nuclei contain histones which e2r! he fraction .3

'

into the same 5 basic groups as arc tound in all plant and

animal tissues (DeLange and Smith, 1971).

Amino acid analyse s

4180

reveals a similarity in composition to the histones of Tetrah mona

pyriformis (Iwai et al., 1965)

1973). This is not surprising since
\

be conserved during the courcoe of evolution

1971, 1972). Some diffcrences

histones can be accounted for by modificati

chains by acetylation, methylation,
phosphorylation. Other differcnces

between tissues is the relative guantity of

hictonos

in properties

in histones which can

|

and P. pelyceplalum (Bradbury ot al.

nave been founl to
(LeLange and Smith,

:nd functions ol

n of amino acad cide

oxidatioa-reduction and

occur

2ach histone fraction.

Histones are involved in regulatiing the conformation as well as

the activity of DNA (Lelange and Smith,

1973). As organisms become more complex in

the rclative quantities of the various fract

varied rather than their chemical comuosit

would be less tolerated.

Another essential protein found in al.

1

also highly conserved is actin (Clark 1

1978). This study has demonstrated the occ
as a major protein in the nuclei of P. fla-

and amino acid analysis of the nucloav

occurring in the cytoplasm of P. polycephal

well as other cells (Adelm:n and tor, 19
1)
1976). Early studies on cytog mic ackin

1971;

-1 since the

Skidmore and Walker,
structure and function,

~ons apparently

lattex

~iving cells whion i:
budieh, 1977
‘rence of ac
-pgﬁﬁ.Th("f

are similer
' plasmodia as

9. Adelman,

’




(Hatano and Cosawa, 1966; Hatano and Ohnuma, 1970} showed that *he
protein was casily c¢xtracted with a neutval salt blution., Tn thie
study we found that nuclear actin is also rcadily extracted togetl

with histones by NaCl, (with and without urea) or CaCl,.

2 . 2

The presence of actin in the nuclcus may explain the plasticity,
stability and resistance to breahage of isolated diploid nuclei,
The contractile protein may be,hnsociatvd with the nuclear memboane,
thus giving the meabrane a flex:ible nature to acco@odate stress. It
is also noteworthy that mitosis in plaswodia is intranuclecar in that
the nuclecar membrane rcomains intact instead of disintegrating
(Gray and Alexopoulos, 1968). . Only incubation &t pH 9.2 and
room temperature with RTT, which has beon used to disrupt membranes
of other organisms (Epel et al., 1970), was found to achieve complotc
nuclear and nucleolar breakage.

Actin probably plays other roles in the cell nucleus. Actin
may be necessary for the constricticnof the nuclear membrane during
telophase in intranuclear mitosis. There is also some evidence for

the involvement of actin in the movenment of o -omosomes during mit-

and mciosis (Goldman et al., 197€). In addition, nuclear act
may be associated with chromatin condenzatic: {(Goldstein !

An understanding of these complex nuclear eve its may well

further characterization of this universally ozccurring cont:

protein, Cip .
Qe -,
Abo", i~
? oyl
AUt
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i. Compariscn of reagents

extraction of nuclear

L

DYo

{ “ethod of ¥ of total nuclear % non-h:stone
Extraction reagent Scurce nuclear breakage protein extracted protein {actin)
v.4 N u5.S0, True chromatin Co. .58 0
- b -

G.4 X H, S0, Chromatin pellet CO2 U.50 G
0.4 N B.S p True chromatin DTT 0.25 0
C.& N .._,SO4 Chrometin pellet DTT 3.50 0
0.4 N ﬁ7304 » True chromatin Sonication 0.30 O
0.4 N i,80, Chromatin pellet  Sonication 0.78 0
2 M NaCi True chromatin DTT 15.00 50
Z2 ¥ NaCl + 5 M urea True chromatin T 30.060 a5
1M Ca:Lz: TCA True chromatin DTT 5.00 10
precipitation;
.04 N H_50
” "
1M CaClZ: TCA Chromatin pellet DTT 5.00 10
precipitation:;
0.04 N H.SO

e e
1M CaClz: TCA Chromatin pellet N2 5.00 10
pPrecipitation;
0.04 N Ei;,SO4 1




TABLE 2. Amino acid composition ofl nuclear acti vivd total hist

Amino Acid

Aspartic acid (4)
Threonine

Serine

Glutamic acid (A)
Proline

Glycine

Aianinc

Valine
Cystine/2%

Methionine

Leucing
Tyrosine
Phenylalanine

T wre 1
N Lneae

Histone (moie %) Actin (mole %)
6.1 10.0
5.4 5.8
6.9 9.5
TN 11.6
3.8 5.5
) = 12.4
: 45 8.5
6.6 3.6
: tracce trace
0.7 1.2
5.0 5.0
743 9.0
- £S5 2.6
1.9 4.4
12 /.6
q.
4 29
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Figure 2.

Electron micrographs of purified nuzlei fixed with

2.5% glutaraldehyde followed by 19 osmium tetroxide in 0.1 M sodium
rhosphate, pl. 7.4. (A) 9,000 X, (B) 15,000 X.
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Figure 3. Densitometric tracing of histones se

8]

polyacrylamide gel electrophoresis at S 4 d . T

stained with Anido Black and scanned at 575 nm.

rotea by

2 gels were

The arrow

indicates the direction of movement of the proteins during

electrophoresis.,
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Figure 4.

‘e

N

Molecular weight determination of nuclear actin by

SDS gel electreophoresis. The actin was

isolated by gcl filtraltion chroma:

¢

ctracted with 2 M NaCl,

tography, and electrophoresed

on 10% acrylamide gels containing 0.1% SDS (Weber and Osborn, 1969).

Standards used woere:

(2) Bovine serum albumin 68,000 daltons
(b) Ovalbumin 43,000 daltons
(¢) Cytochrome C 12,000 daltons

The actin sample(d) had a molecular weight of 41,000 * 4,000 daltons.

Insert (D)

is a densitometric tracing of

the actin sample gel.

TN
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Figure 5. Densitometric tracings of isolated histones fractionated
chemically by the method of Oliver et al. (1972). (I) very lysine
rich; (IIb2) slightly lysine rich; (ITI) very arginine rich; (Iibl)

slightly lysine rich; and (IV) slightly arginine rich.






Abstract

- ; ¢ =5 | :
Antibodics were produced against filamentous proteins

from haploid and dipleid cells @f Physarum flavicomum, as well

|
as rabbit skeletal muscle actin, ‘The optimunm conditions were

determined for "Ring tests" and immunodiffusion tests and for

N

photography of immunodiffusion test plates.  The data reveal

that the proteins eoxhibit common antivenicity,



Introduction

The purpose of these experiments was to nmraoduce antibodices

against the fitomentous proteins from haplood and diploid

&

of I'hysarum flavicomum and rabl it skeietal mascie actin and

to determine the antigenic relatedness of these proteins,

N\
Materials and Methods
Young adult New Zealand white rabbits were obtained for
the mmunization experiment s, e folloving mmmunization scheme

(a moditication of the one for the preparation ol actin antibody
by Lazarides, 19761 was adopted for the production of antibody

against actin: days 1 and 8 (2,25 mp administered subcutancously

in Freund's complete adjuvant); days 15, 17 and 19 (0,1 mp

administered intravenously); days 22, 24 and 26 (0.2

7

NEY

administered intravenouslyj); doy 29 (0.3 me) and day 33 (0.5 mg

administered intravenously).

\ 1 was prepared from diploid microplasmodia and haploid
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Gel diffusion plates were preparcd in cicvile 00 x 50 mm
plastic petri dishes containing 1L agarase m 5% “sodium
azide in phosphate buffered saline (PBES), plt 7.2-7.4. A center

hole and 4 civcumferential holes were punched into the agar,

K

the plugs removed and the bottom of the hole scated with a
drop of the above agarose solution,  The centor well was illed
with serum and the 1 peripheral welis with antigen solutions;
alternately, antigen was placed in the center well and sera in
the peripheral wells. Incubation was at 250(

Imimunodif fusion assavs al:o were conduciod under other
conditions including: agarosc-merthioiate-borate buffered
plates; RM-actin in PBS; Rm-actin in Tris-ATP-mercaptoethanol
(TAM); Rm-actin in 6.01 % sodium dodecyl sulfate (SDS); Rm-actin
in urca; Rm-actin in TAM + 0.5 M KC1 + 1% Nonidet P-40 + urca.

Additional precipitin tests were conducted in 6 X 50 mm tesi
tubes.  These "Ring tests" were conducted by pl;l('.ing: antiscrum in

the bottom of the tube and layering antigen or buffer (control)
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