PHYSARUM WORESHOP 1976

The next Physarum meeting will take place from September 14 to 16, 1976, in the
vicinity of Berne. It will most likely be held at a simple, but charming 0ld hotel
at Riitihubelbad some 20 kilometers from Berne, amidst the rolling hills of the Emmenthal.

As the meeting will start at 9 a.m. on Tuesday morning, it would be wise to plan
to arrive on Monday evening. Depending on the program, we would hope to make an
outing on Wednesday afternoon.

The hotel will cost approx. 35.- francs per day. If you need further registration
forms, please make photocopies. It may be possible for us to obtain a modest grant

for travel allowances.
For reglstration and further information, contact:

Prof. R. Braun

Institute for General Microbiology
of the University of Berne

Altenbergrain 21

CH-3013 Berne, SWLTZERLAND

(Phone: 031 / 42 20 38)

REPORT ON THE GAINESVILLE MEETING

The sixth Physarum conference was held at the University of Florida, November
8-10, 1975. Thirty sclentists from the U.S., Canada and Germany participated.

The meeting began with a myxomycete hunting expedition on Saturday, followed by
a4 sea food dinner at Cedar Key on the Gulf coast. After ten half-hour paper pre-
sentations on Sunday (molecular bioclogy and genetics), the participants adjoutrned to
the Aldrich home for refreshments before the traditional conference dinnmer. Ten
reports were presented on Monday (six on ultrastructure, four on cell cyecle and
differentiation). For those who did not attend, abstracts are included with this
mailing of the newsletter.

Most participants stayed at the J. Wayne Reitz Union, an outstanding facility
located on the campus of the University of Florida. They enjoyed fine hospitalicy
during their stay in Gainesville. The hard work of Henry Aldrich and his assoclates
Mike Dykstra and Bill Dougherty is greatly appreciated. Tt was an excellant conference.

MATLING FUND REPORT

Balance, 12/31/74 5192.82
Recelpts:
Contriburions 172.40
Interest 11.40
183.80 183.80
376.62

Disbursements:
Mailing costs 103.07 103,07

Balance, 12/31/75 $273.55



TITLES AND SUMMARIES IN PRINT

- SCIENCE, VOL. 190,85 ,OCTOBER 1978

Life Cycle Variants of Physarum polycephalum
That Lack the Amoeba Stage

Absiruct, The myxomycete life cycle ordinarily proceeds in the sequence plasmodium-
spore-amoeba-plasmodium. Extraordinary variants are described in which the sequence
is plasmodiurm-spore-plasmodiun.
- PauL N. ApLer

LancE 5. DaviDow
CHArLEs E, Hout
Department of Riology.
Massachusetts Institute of Technology,
Cambridge 02139

Eur. J. Biochem. J7, 161 — 369 (1975

Circular DNA and Rolling Circles in Nucleolar rDNA
from Mitotic Nuclei of Physarum polycephalum

Hans-Jiirgen BOHNERT and Barbara SCHILLER

Botanisches Institut der Uiniversitdt Ditsseldort

Roswita BOHME and Helmut W. SAUER

Fachbereich Biologie der Universitdt Konstanz

1. About 15%,of nucleolar DNA (1.712 g/em?) from Physarum polycephalum displaying maximum
hybridization to ribosomal RNA, is composed of circular DNA of 3.9 & 0.2 pm contour length or
multiples thereof.

2. A portion of these circular molccules (25%,) contained lineur DNA pieces longer than circum-
ference length. [n a small fraction of circular DNA linear pieces, shorter than the unit length. were
observed.

3. Most nucleolar DNA. [PH]thymidine-labeled or hybridizable to ribosomal RNA was se-
parable from chromosomal DNA during G, phase. mitosis and S phase of the cell cycle.

4. Ribosomal DNA content was not amplified during the cell ¢cycle, was unchanged during ex-
ponential or stationary growth phase and amounted to about 0.11-0.21%; of nuclear DNA in
diplaid and haxaplsid ctraing of Phyearon or 100 =200 ribosomal genes per diploid genome,




FLUCTUATIONS IN DEOXVRIRO. AND RIDONUCLEOSIDE
TRIPHOSPHATE POOLS DURING THE MITOTIC CYCLE OF
PHYSARUM POLYCEPHALUM

KIRSTEN FINK#*
Enzyme Division, Unjuersity Institute of Biolagical Chemistry B, Copenhagen (Denmark)

Biwchimica el Biophysica .ﬂ‘;ta,‘ 414 (1975) 85—89

Summary

Fluctuations in the pools of deoxyribo- and ribonucleoside triphosphates
have been measured during the synchronous mitotic cycle of the slime mould
Physarum polycephalum.

The most pronounced fluetuation of the deoxynbonucleomde triphos-
phates was seen shortly before and after initiation of DNA synthesis. The pools
of dTTP, dATP, dCTP and dGTP expanded before initiation of DNA synthesis
and decreased again in early S phase,

The pools of ribonucleoside triphosphates increased during mitosis and
again 1 h after mitosis and 5 h after mitosis.

SOME EVIDENCE FOR REPLICATION-
TRANSCRIPTION COUPLING IN
PHYSARUM POLYCEPHALUM

H.FOUQUET, R, BOHME, R.WICK, H. W. SAUER®*
Universitdt Konstanz, Fachbereich Biologie,

D-775 Konstanz, GFR

Anno K. SCHELLER

Institut fiir Physiologische Chemie,
Universitat Marburg, Deutschhaussir, 1-2,
D-155 Muarburg, GFR

J. Cell Sci, 18, 27-39 (1975)

SUMMARY

Hydroxyurea, at concentrations of 4o—6a mm, selectively and effectively blocked incorporation
of thymidine into DNA. Inhibition eccurred within s—10 min of application of the agent
when DNA synthesis was in progress, while the onset of replication at the beginning of
S-phase and DINA synthesis in G; phase were not affected,

Uridine incorporation into TCA.precipitable material, in the presenee of hydroxyurea, was
significanty (up to 70 %) inhibited in early S-phase of the ¢ell eycle. Selective inhibition of
RINA synthesis was confirmed for RNA separated Inte rRMNA-rich and poly-(A)-rich RNA
fractions and analysed by the 2 kinds of DNA-RNA hybridization reactions, Uridine
incorporation into poly (A} RMNA was alse inhibited under conditions where cycloheximide
prevented maturation of nascent DNA molecules in carly S.phase.

We assume that chromatin which is replicating early DNA sequences may be a more
competent template for transcription.



Nature, Vol 255, No. 3505, pp. 233233, May 15, 1973

Variable redundancy in RNA
transcripts isolated in S and G;
phase of the cell cycle of Physarum

H, FouQuET
H. W, Sauen
Universitdt Konstanz,
Fachbereich Biologie,
GFR 775 Konstanz,
Postfack 7733, West Germany

ARCHIVES OF BICCHEMIGTRY AND RBIQPHYSICE 168, 273-280 {1975)
Effacts of Cordycepin on RNA Synthesis in Physarum polyeephalum
H. FOUQUET, R. WICK, R. BOHME, asxo H, W, SAUER

Universitdt Konstanz, Fachbersich Binlogie, -775% Koratanz, GFR

AND

K. SCHELLER

Institut Fuir Phyvivtogische Chemie Universitdt Marburg, Deutschhaussirale (=2 D-233 Morbueg, GFR

Cordycepin {100-200 ug'ml} blocked synthesis of ail species of RNA separabie by zel
slectrophonisis and by cellulose chromatography, similarly to actinomyzin D, bot more
effictently and rapidly. At low concentrations 140+80 ug/ml) cordycapin inhibited pradomis
hantly ribosamal RN A synchesis in Phyzarum, like tovocamyein, ansther adenosing analog,

In nuclear preparations poiyadenylylation of RNA was not allectzd by cordycepin.
However, in the presnce of cordycepin, no palytd) RNA was feund in the polysome
fraction.

Velume 2 number B August 1975 MNucleic Acids Research
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DNA replication in Physerum polycephalum: characterization of replication
products in vive

Steimar Funderud and Finn Haugll

Institute of Medical Biology, University of Tromsg, Tromsg, Norway

AB3STRACT

Synehronous plasmodia of Physarum polycephalum in DNA

synthesis were pulse-labelled with ["H]- thymidine for time
periods of 15 seconds up to 9 minutes, or given a 30 seconds

pul=e folliowed by chase periods of 9 minutes up to 6 hours.
CEadimentat fon anelrewle dn alkaline sgorosce gradiernts revealed

at least five apeaies wf gingle atranded DMA, moleculez in the

- - 1y
DULSe experiments, Co-sedimentation of 1*7Cl-labelled
phage-DNA gave relative S-values of 5-7, 13-1%, 23-29, 30 and
3%3=-35 for these DNA molecules, all of which can he chased into
CNA of higher melecular weight.




The function of slime from Physarum flavicomum in the control
of cell division'

Hemnay R, Hemney, JrR., AMD MORTAZA ASGARS
Department of Biolegy, University of Honston, Houston, Texas 7700+

HENNEY, H. R., J&., and M. AscAri. 1975, The function of slime from Physarem flavicomum in
the controt of cell division, Can. J. Mierobiol, 21 |R66=-1876.

A haploid cell of the myxomycete Physarum fluvicomum underpoes cytokinesis, producing a
large population of cells, However, aller syngamy, cytokinesis no longer occurs but karyokinesis
does and subsaquent growth results in the formation of a diploid syncytial plasmodium, Slime,
which is produced by the plasmodium but not the hapioid cells, was aseptically isolated and
purified. and tested for its effeet as a cytokinetic regulator. Slime (a viscous, high molecular
weight, acidic glycopratein) affeeted eytokinesis of the haploid myxamocbac growing in pure
culture in soluble media, and the ¢ffect was concentration dependent, In simple media, a slime
concentration of about & x 103 g protein per eell suppressed cytokinesis about 56%, unequally
inbibited the synthesis of prolem. RNA, and DNA, but stimulated respiration. The biological
activity of slime was not spceies specific and it also affected the bacterium Bacillus sabtilis by
inhibiting cytokinesis, stimulating oxygen uptake, and producing an aberrant cell morphology.
Slime was inactivaled by heat, fragmentation, and incubation with dithigthreitol, mercap-
toethnnol, znd 1he proteolytic cnzy me papain (EC 3,4.22.2), The inhibitory effect of slime on cell
division of haploid cells could not be achicved using mucin or various polyanions. The possible
role of slime in the production of the diploid syncytium is discussed,

Nutritional Control of Differentiation (Sclerotization)
of the Myxomycete Physarum flavicomum

Henry R, HENNEY, JR. AND GLENNA MAXEY
Department af Bidlagy, Undversity of Houston, Houston, Texas T7NH

Henney, H, R, Jr. & Maxey, G. (1975) Nutritional Contral of Differentiation (Selerotization)
of the Myxomycete Physcrum flavicomum, Cent, J. Biochem, 53, 810-818

Dhuring dilferentiation (selerotization) of the Myxomyecle Prysarum flavicopmn, the acellular
plasmodium ¢onverts into numernys dormant colls surrounded by cell walls, This work estabe
lishes that a condition of nutrient imbalance triggers the dilferentiation procuess. Specitically,
the unavailability of an adequate spectrum of aming acids in the medium initiates the metabolic
and morphological alieralions characteristic of the sclerotizing plasmodium,

In the absenee of exiracellular amino acids, the celiular pool of aming acids and cellular
prosein were catabolized as dilferentiation proceeded. The pattern of amino acids in the
celtular pool also changed during ditferentiation. as the content of pool aming acids was rc-
duced at least 75¢ - The decrease in prolein content was negligible after 12 h incubation but
was about 40¢; at 48 h when differentiation was complete. However, in the presence of extra-
cellular amino acids, protein degradation. amino acid pool depletion. and ditferentiation were
all inhibited, Amrnonium ions (12.4 mM) similarly delayed dilferentiation.

Differentiation, amino acid pool depletion, and the degradation of cellular protein readily
oceurred in the presence of an exiracellular supply of dextrose. which stimulated ceil wall
formation. The etfect of dimethyl sulfoxide, cyclic 3.5 -adenosine monophosphate, plutathione,
diamide, and other compounds on the differentiation process are reported also,

Amino Acid and Protein Metabolism During Differentiation
(Sclerotization) of the Myxomycete Physarum flavicomum

HenrY R. HENNEY, JR., AND GLENNA MAXEY
Deparement af Biofogy, University of Houston, Houston, Texas 77004

Henney, H. R., Je. & Maxey, G, (1975) Amino Acid and Protein Metabolism During Differ-
gggaézo.zn {Szlerotization) of the Myxomycete Physarum favicermtim. Can. 1. Biochem. 33,

Protein synihesized by growing plasmadia of Plvsarum favicomm was sweadily degraded
when the plasmodia were induced to differentiate (form sclerotia). Protein synthesis occurred
during the initial one-fifth (9 h) of the 48 h differentiation period, but most of this protein was
also degraded shortly after its synthesis. Amino acids were primary catabolites during the
differentiation process, and catabolism was extensive, even in the presence of dextrose, Glutamic
acid was catabolized at a rate about two and a hatf or thres times greater, respectively, than
that observed for valine and arginine, Active transport systerns for amino acids appeared 1o be
present and to remain functional in P. Aavicomum duping differentiation, Armino acids included
in the sclerotization media were rapidly accumulated into the ¢ell poal and protein fractions.
intracellular amino acids were actively retained and were not released into © = medium during
differentiation,

Differentiation of this Myxomycete, therefore, is characterized by a change in the metabolism
of the scleratizing plasmodium 1o an autglytic type, as cellular proteins and amine acids are
actively catabolized during the formacion of the dormant sclerotia.




Aminopeptidases of Physarum polycephalum

ACTIVITY, ISOENZYME PATTERN, AND SYNTHESIS DURING DIFFERENTIATION*

WoLr HorrMaNNt aNp ALovs HUTTERMANN
From the Forstbotanisches Institut der Universitdt Gottingen, West Germany

Tue Jourvat. or BIOLOGCICAL CHEMISTRY
- Vol. 250, Mo, 18, lisuc of September 25, pp. T420-7427, 1975

In extracts from both growing and differentiating (spherulating) plasmodia of the true slime mold
Physarum polycephalum, high aminopeptidase activities were found, The specificity of the aminopepti-
dases changed during differentiation with a higher relative activity towards hydrophobic NH,-terminal
amino acids, This change in specificity was found to be the result of a shift in the isoenzyme spectrum
during differentiation as was tested by isoelectric focusing in suerose gradients. Three different classes of
isvenzymes were found: one band which was present in both growing and differentiating cultures; two
bands which were found only in growing cultures; and four bands which were detectable only in
diffsrentiating plasmodia, If cycloheximide was applied during the induction of diffsrentiation, only one
band, the one present in bath types of plasmodia, was found in the izcelectric focusing.

Density labeling experiments using deuterated amino acids revealed that the bands which are present
in differentiated plasmodia only are synthesized de novo during this differentiation.

ACTIVITY, ISOENZYME PATTERN, AND SYNTHESIS OF UDPGLUCOSE
4.EPIMERASE DURING DIFFERTIATION OF PHYSARIUM
POLYCEPHALUM

L]

ALOYS HUTTERMANN, MARLIES GEBAUER, [RMGARD WESSEL and WOLF
HOFMANN

Forstbotanisches Institut der Universitdt Gdttingen, Gittingen (G.F R.)
Bigchimica et Biophysica Acta, 384 (1975) 493500

Summary

1. The specific activity of UDPglucose 4-epimerase (EC 5.1.3.2) increases
by about 50% during the first 24 h of starvation-induced differentiation (sphe-
rulation) of Physarum polycephalum,

2. At all stages during differentiation, the enzye activity is very sensitive
to actinomycin-C and ecycloheximide, inhibitors of transcription and transla-
tion, with a half life against cycloheximide of about 20 min (if added 12 h after
the induction of differentiation).

3. The isoenzyme pattern, as revealed by isocelectric focusing in sucrose
gradients, does not change during spherulation. One main band with a pl of
6.7, with a shoulder (p/ 7.6) and a minor band (p/ 6.0) was observed in extracts
both from growing and differentiating cultures. T

4. Density labelling experiments using deuterated amino acids with sub-
sequent analysis by equilibrium density gradient sedimentation in 15—35%
{(wiw} iadlnicamide gradients reveated a rather slow rate of snzyme synthesis,

which 18 in contrast to the observed high sensitivity against actinomyein-C and

cycloheximide.




Naturwissenschaften £3. 283320 (1075) -

Neuere Forschungen iiber Zellzyklus und Kernteilung
am Schleimpilz Physarum polycephalum

Brigitte M. Jockusch™

Max-Planck-Tastitut fiir Biotogie, Abt. Melchers, Tlbingen

The plasmodial stage of Physarum polycephalum contains up to 10® nuclei which
undergo a naturally synchronous mitosis cvery 8 h. Nuclear processes such as DNA
and RNA synthesis as well as many cytoplasmic processes such as histone synthesis
are also svnchronous. Physarum polycephalum is therefore widely used in studies
of cell-cycle events. This article describes experiments that may help to explain
two fundamental biological processes: (1) the mechanism that triggers mitosis. (2)
the structural basis of mitotic movement.

ARCHIVES OF RIOCHEMISTRY AND BIOPHYSICE 170, 10-60 (1975)
Nuclear Phosphoproteins of Physarum polycephalum

Characterization and Phosphorus Content of the Phenol-Soluble
Nuclear Acidic Proteins’

BRUCE E. MAGUN, RICHARD R. BURGESS, ano HAROLD P. RUSCH

Mcardle Laboratory for Cancer Research. University of Wisconsin, Madison, Wisconsin and Department of
Angtomy, Untuersity of Tennessee Center for the Health Sciences, Memphis, Tennessee J8163
AND
McArdle Laboratory for Cancer Research, University of Wisconsin, Madison, Wisconsin

/
!

The phenol-soluble nuclear phosphoproreing of the slime mold Physarum polycephalum
have besn characterized using P isotopic labaling followed by electropheresis on sedium
dodecyl sulfate-polyacrvlamide gels. Plasmodia were labeled continuously with *H-amine
acids and *7P, before extraction of the phenol-goluble nuclear phasphoproteins, which were
then separated by acrylamide gal electrophoresis. After seintillation counting of gel slices,
wa ware able to calculate the moles phosphate per mole polypeptide in individual gel slices.

“The results indicated minimum valuss of less than 2 phosphates per polvpeptide for
most resolvable P bands. The phenol-soluble nuelear acidic protein fraction eontained
less than (.1% phosphorus by weight. Gel autoradiographs demonstrated that most of the
phosphoprotein peaks did not correspond to major protein peaks, a situation that was alsa
found in sutoradiographie profiles of other nuclear protein fractions. Pronase digestion of
samples before electrophoresis abalished the appearance on gels of bands with **F activity,

The resultz of this investigation suggest that in Physarum the phenol-soluble nuclear
acidic protsing appear to be similar to other puelsar proteins in their phosphoprotein
composition. The evidence presented suggests that phosphoproteins comprise & small part
of the complement of nuclear acidic proteins.



Experimental Cell Research 95 (1975) 405-415

THE CONTROL OF MITOSIS IN PHYSARUM POLYCEPHALUM
The Effect of Lowering the DNA : Mass Ratio by UV Irradiation

P. E. SUDBERY ' and W. D, GRANT

Depariment of Genetics. University of Leicesier, Leicester, LEI 7RH, UK

SUMMARY

A model for the control of mitosis is presented and, along with four other models deseribed
previously, is tested by the response of Phvsarum polycephalum w UV irradiation, Plasmeddia
were irradiated following the second mitosis (M 11) after fusion of microplasmodia. As shown by
other authors, the onset of the next mitosis (M 1) was delayed but the period M III-M IV was
shortencd relative to control plasmedia. [t 15 shown that the period MII-MIV cannot be
shortened beyvond 2 minimum of & h despite increasing doses of UV, This minimum length s
shown 10 be relatively independent of growth rate. If conditions were such that the length of
M 111-M 1V was shortened to this minimum value the length of MIV=-MV was also shorner than the
corresponding control period. If the period M II-M [V was longer than the minimum following
irradiation then the length of MTV-MYV was not shortened. It is argued that only the latter
situation allows models 10 be tested and it is shown how the observed resull is consistent with only
twa of the five models considered. A further test compared the length of M IT1=M [V under these
conditions with that pradicted from rthe amount of DNA destroyed by the UV, This result was
consistent only with the same two modets,

T ARCUIVET OF BIOUHEMISTRY AND wioritvsics 172, 20{=208 (1878)

Poly(Adenosine Diphosphate Ribose) Glycohydrolase in Physarum
polycephalum! '

MIYOKO TANAKA, MASANAQ MIWA, TAIJIRO MATSUSHIMA, TAKASIHI
SUGIMURA, anp SYDNEY SHALL

Binchemigtry Division, National Cancer Center Research [natitute, Chus-kiz, Tokyo 104, Japan, Deparimend
of Molecular Qacology, Institute of Medical Science, Universily of Tokyo, Minalo-ku, Tokyo 108, Jupun, ard
Bigchemistry Loboratory, University of Susaex, Orighton, England

Poly{adanosine diphosphate ribose) glycuhydrulase, which line thus fur uniy lewu
fyund in mammalian tizssues, was lound for the firel time in the primilive cukuryutic
slime mold Physarum polycephalum. The hydrolytic product of poly(udenuaine diphos-
phate ribose) with this enzyme was identified va adenagine diphesphuty vilose by puper
and thin-layer chromatography. Tt ia likely that the enzyme cuused exoglycouidic hydrol-
ysis. The optimal pH of this enzyme was 6.0, and the K value was 4.3 uM, as adenggine
diphusphate ribose residues of polymer. Adenosine diphosphate riboge, ADP and ATT at
a concentration of 0.1 mM strongly inhibited the enzyme activity, 3.5 -Cyelic AMP wus
inhibitory at a concentration of 1 mm. The molecular weight of this enzyme was
estimnted Lo be 57,000

Amoebal culture is fast becoming an exact sclence. According to A, Hittermann,
the aqueous compeonent of axenic medium should contain 99 parts triply-quartz-dis-

tilled water and 1 part Gittingen tap water . . .
‘ (




PREMATURE REPLICATION OF LATE § PERIOD DNA REGIONS IN
EARLY § NUCLEI TRANSFERRED TO LATE 5§ CYTOPLASM BY FUSION
IN PHYSARUM POLYCEFPHALUM

JOHN J. WILLE, Jr* and STUART A. KAUFFMAN**

Departmeni of Biophysics and Theoretical Biology, The University of Chicage, {hicago,
I, 80637 (U.5.A.)

Biochimica el Biophysica Acta, 407 (1976) 158—173

Summary

Fusion of a late § period plasmodium of Physarum polycephalum to an
early S period plasmodium causes premature replication of late S replicating
regions in the nuclei of the early 8 plasmodium. The extent of ahead-of-sched-
ule replication of late S replicating regions in early S period nuclei increases to
a plateau of 16—20% for fusions with 40—70 min of phase difference, then
declines for larger phase differences. The stimulatory factors for late 5 replica-
tive units are present only in late § plasmodia and appear to act only on late §
regions. Once replicated, arly 5 replicating regions are not stimulated to repli-
cate again by fusion to a plasmodium entering the 3 period. Our data do not
discriminate between anti-termination of replication by factors of stop sites on
long replicons, and a sequential initiation of replication on new, possibly non-
adjacent regions, but does provide evidence that the stimulatory factors are
distinct from one another and specific for certain target replicative units.

Nature Vol 236, 413~414, tuly 31 1975

Sp.o.rulation-inducing factor in
“slime mould Physarum polycephalum

WiLLiam M, WorMmiNGTON
CHoNG G, CHO
Rosert F. WEAVER
Deparreent of Biochemistry,
MeCollum Laboratories,
University of Kansas,
Lawrence, Kansas 66044

Nature, VoL 257, No. 5525 pp. 422-423, October 3, 1975

DNA breakage caused by dimethyl
‘mercury and its repair in a slime
mould, Physarum polycephalum

RANDALL W, YATSCOFF
JosEPH E. CUMMINS
Depariment of Planr Sciences,
The University of Western Ontario,
London, Ontario, Canada
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ADVANCE OF MITOSIS BY HISTONE PHOSPHOKINASE

E.M. Bradbury, D.G. Hardie, R.J. Inglis, H.R. Matthews

Department of Physics, Portsmouth Pelytechnic,
Gun House, Hampshire Terrace, Portsmouth, UK

and T.A. Langan

Department of Pharmacology, University of Colorado
School of Medicine, 4200 East 9th Avenue
Denver, Colorado 80220, USA

SUMMARY

The previous observation that growth associated histome kinase (HKG)
from Ehrlich ascites cells brings forward mitosis in Physarwm polyeephalum
haz been confirmed with wmore step 1 histone kinase and a more purified
(step 2) histone kinase and the statistical significance of the results
assessed. The mitesis appears normsl in the phase contrast microscope and
DNA synthesis is initiated after wmitosis as usual. In vitre the growth
associated histone kinase phosphorylates chromatin, the phosphate appear-
tug in Fl histone. The results are interpreted as providing support for
the hypothesis that growth associated histone kinase controls the initia-
tion of mitosis through FL histone pheosphorylation and chromosome conden-
gation.

Experimental Cell Research, in press

FACTORS AFFECTING THE MOVEMENT OF SLIME MOLD PLASMODIA
John R. Denbo and Donald M. Miller

Department of Physiology, Southern Illinois University
Carbondale, Illinois 62901

ABSTRACT. Migration rate of oriented plasmodia of Physarwn polycephalum
2 determined by environmental parameters of substratum cswmolarity, pH,
temperature, and gpecific ion concentrations. 2. Mipration occurred be-
tween substratum osmolarities of 0-340 mOsmoles, pH values of 2.35-12.0,
and temperatures of 89¢-379C (optimum for our experimental conditions,
24°C). 3. Except for rubidium, common metallic cations depressed migra-
tion rate over and above their concentration effact, as follows in de-

creasing order of effactiveness: Mg++ Ca"Li+, Na+, K", rbt. 4. Data
obtadnad in rhens cxporimmnts are intarprered co demonsecrate chat the sol-

gel equilibrium of the plasmedium i3 the wajor determinant of migration
rate.

Journal of Comparative Biochemisztry and Physiolegy, in press




Naturwissenschaften, 1in press

Differestial Expression of RWNAse Activities
in the Life Cycle of Physaram polycephotum

Gesche Brand and A. Huttermann
Forstbotanisches [nstitut der-Universitat Gottingen

F. B. Haugh .
lnstituLt'or Medisinsk Biolog, Universitet i Tromse

Most eukaryotic organisms have a complex life cycle in which
haploid and diploid stages usnally show a different morphol-
ogy. An organism which is well suited for a study of the
biochemical basis for these differences, which probably occur
in identical genctical background, is the true myxomyeete Phy-
sarum polycephalum (review in [1]).

We used the strain Colonia, which is either homothallic (2]
or apogamic [3); the amoebae from this strain can form plas-
modia with an identical genome (either haploid or diploid).
Thus. complications in the interpretation of biochemical data
due to segregation of chromosomes and new genetic combina-
tions are avoided (for a detailed review of Physarum genetics
of. 14D

When extracts were made from growing plasmodia of this
strain and analyzed by isoelectric focusing in sucrosc gradints
(5]. three isoenzyme bands were found in the agidic region
of the pH gradient with isoelectric points of 3.9, 3.7, and
3.4 (mean values of ten different analyses: in individual experi-
ments, we found a variation of about + 0.2 pH for the different
bands, the paitern always being the same) (Fig. 1a). This indi-
cates that in growing plasmodia of this strain at least three
different RNAse isoenzymes are present which arc all acidic.
When extracts made from growing amoebae of the sume strain,
grown on formaldehyde-inuctivated Escherichia coli 6], were
analyzed by the same method, a different RNAse patiern was
observed: only main band was observed in the acidic region
with a pl of 3.4, and a second band, in the neutral region,
with a p} of 6.2 {Fig. 1b). From this it is evident that two
of the three acidic RNAses present in the plasmodial stage
are very much reduced in their relative activity in the growing
amoebae, On the other hand, one neutral RNAse band was
found in the amoebae which is absent in the plasmodia. We
could exclude the possibility that this band is an artefact due
10 & contamination of the extract with the food bacteria. This
was tested by measuring the RNAse activity present in the
formaldehyde-inactivated E. cofi. In an exiract made from
101° cells, no RN Ase activity was detectable under our assay
conditions.

The différent RNAse isozyme patterns as shown in Fig. |
were obtained from amoebae and plasmodia which have an
identical genome. The changes observed must therefore be
associated with different gene expression in the different stages
of the life cycle of Physarum polvcephatum. The presence of
such differences has been suggested from studies on Lhe acidic
nuclear proteins from amoebae and plasmodia of the hetero-
thallic ** Wisconsin "-strain of Physarum polvcephakam (7). We
have studicd the RNAme isozymes during the life eycle of
this strain too and found the same RN Ase pattern in plasmodia
as shown in Fig. 12 and in amoebae as shown in Fig. b,
Crur findings agree with the hypothesis that different sets of
genes may be active in the amoebae and plasmodia of Phy-
sarum polyeephatum {1}, which is based on the observation
that some temperaturc-sensitive mutations isolated as amoe-

bae from the homothallic strain are not expressed in the plas-
modia,
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Fig. }. (a) Enzyme patiern of RNAses in extracts from plasmedia
of Physarum polycephatum, strain. Colonia, The plasmodia were
grown. harvested, and homogenized as described [8] Smi enzyme
extract. containing about 30 mg protsin, were loaded on ispelectric
focusing column. using the published method (5] ARer the run,
fractions were analvzed for the pH and the RNAsz activily 9.
The upper curve indicates the pH gradient (right ordinate), the
left ordinate indicates the activity scale expressed increase in absor-
bance unit in the assay. (b} Isocnzyme pattern of RMAsea in extracs
from amoehae of the homothatlic strain Colonia, isogenic with the
plasmodia analyzed in (a). § x 10° amoebac were grown of formalde-
hyde-inactivated £. coli, Homogenized with ulirasopication and
analyzed as described for (a)
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EFFECTS OF CYCLOHEXTMIDE ON THYMIDINE METABOLISM
AND ON DNA S5TRAND ELONGATION IN PHYSARUM POLYCEPHALUM

Helen H. Evans, Sandra R. Littman,
Thomas E. Evang, and Eugene N. Brewer

Departments of Radiology, Biochemistry and
Microblology, Case Western Reserve University
Clevaland, Ohioc 44106

SUMMARY

Treatment of FPhysarwn polycephalum with cycloheximide during the
S period resulted in a reduction in the incorporation of [3H]thymidine
into DNA. This effect was caused by both a reduction in the specific
activity of TTP and by an inhibition of progeny strand elengation with-
in replication units. No effect of the drug on the initiation of syn~
thesis of replication units or on the ligation of DNA fragments was
detected,

Journal of Molecular Biology, in press

EFFECTS OF EXTREMELY LOW FREQUENCY ELECTROMAGNETIC
FIELDS ON PHYSARUM polycephalim

E.M. Goodman, Ben Greenebaum and Michael T. Marron

Division of Science
University of Wisconsin~Parkside Campus
Kenosha, Wisconsin 53140

ABSTRACT. Microplasmedia from the slime weold Physarmem polycephalum have
been continuously exposed to weak electromagnetic flelds at 45, 60 and

75 Hz, To date, microplasmodia have been exposed to fields of 75 Hz,

2.0 G, 0.7 V/m for more than 700 days. Two other sets of cultures have
been exposed to 45 and 60 Hz fields (2.0 G, 0.7 V/m) for 180 aund 400 days,
respectively., The time between successive witotic divisions in cultures
exposed to fields varied from 0.5 to 2 hours louger than their respective
contrels. The mitotic delay is reproducible and the onset frequency de-
pendent with approximately 14, 90 and 120 days exposure to 45, 60 and 74
Hz electromagnetic radiation required before a significant effect is ob~
served. Removal of affected cultures from the electromagnetic field (75
Hz, 2.0 G, 0.7 V/m) results in the disappearance of the mitotic delay in
approximately 40 days. In addition to the mitotic delay, a retardation
in revergible protoplasmic streaming was observed at all frequencies.

Radliume lon Research, 1o press




REPEATED STRUCTURE OF CHROMATIN IN METAPHASE NUCLEI OF PHISARUM

Volker M. Vogt and Richard Braun

Institute of General Microbiology, University of Bern
Altenbergrain 21, 3013 Bern, Switzerland

. the size of the DNA in Phyaqrwm nucleosomes is closely similar to
the size of protected fragments obtained from mouse cell nuclel, which we
assume to be multiples of 200 nucleatide pairs .

" . the chromatin in interphase and in metaphase nuclei appears
to be equally accessible to micrococcal nucleasa.

" . we conclude that the basic repetitive structure of chromatin
does not change as Physarum nuclei pass through mitesis.

FEBS Letters, in press

THE STRUCTURE OF RIBOSOMAL DNA IN PHYSARUM polycephalum
Volker M. Vogt and Richard Braun

Institute for General Microbiology, University of Bern
Altenbergraln 21, 3013 Bern, Switzerland

ABSTRACT. The sequences coding for Fhysarum ribosomal RNA are localized
on independently replicating, linear DNA molecules of a dizcrete size,
37 x 105 daltons. Restriction endonucleages EcoRy and Hindyyr each cut
rONA into one large and two small fragments. The latter are represented
twice per intact molecule, once at each end. Sedimentation and electron
microscopic analyses of intact rDNA that has been neutralized from alka-
l1ine solution indicate that the entire rDNA molecule has a rotational
axis of symmetry near the center. Blocks of ghort, inverted repetitious
sequences appear to be located at the center of the native rDNA and also
3.7 to 11 x 108 daltons flanking the center.

Submitted for publication
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Further Reading

THE
MYCETOZOANS

By LINDSAY S. OLIVE
Univarsity Qistinguished Professor of Botany
Departrment of Botany
University of North Cartiina
Chape! MHitl, N,C,

Novamber 1974, 304 pp,, $23.50/£11.30

15BN: 3-12-526250-7

The mycetozoan characteristic of combining within a
single life cyele an animal-like feeding stage with a
plant-like fruiting stage has fascimated biologists for
years. These organisms are gasily isolated in the labora-

Loy anerble resrmiernioen of equlomens soed S PRoet aod ey

are ideal wwbiseta T91 Clasyroum demunstratiom and re-

search projedts,

This is perhaps the only comprenensive monograph avail-
able an mycetazoans (protostaltds, cellular stime maolds,
my=omycetes) and their associates (plasmodiophorids
and labyrinthutids), It consotidates for the first time a
mass of seientific information on the classification, life
cyeles, cell behavior, morphogenesis, ultrastructure, and
genetics of these unusuat protists,

Techniques for collecting, identifying, isolating, and
maintaining mycetozoans are clearly described. Particu-
lar emphasis is given to the life cycles of Dictyostelium
discoideum and Physarum polycephalum, organisms that
have become favored laboratory subjects for the study
of development at the molecular ang ultrastructural
levels,

Since mew taxa continue to be discovered armong these
organisms, taxonomists and phylogenists will appreciate
the practical value of this reference work. THE MY
CETOZOANS will also be of great importance to
students of mycology. protozoology, develapmental
morphology, and cell Diclogy. Moreover, the boaok is
ideally suited for use as a texthook, especially for 3 full

course on the mycetozoans and their associates.

Academic Press

(Reviewed by K.B. Rape

r, ASM News 41, 564, 19753)
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THESES

Control of the Differentiated State in Physarum polycephalum

by
Paul Neil Adler

(4 thesls submitted in partial fulfillment of the requirements for the
degree of Doctor of Philosophy at the Massachusetts Institute of Technology
May, 1975)

The work described in this thesis had two objectives: to develop
further genetic tools for the analysis of cellular mechanisms in
Physarum polycephalum, and to begin to study the control of the amoebal"
and plasmodial states as a model for the control of cellular differenti-
atien.

The life cycle of the acellular slime mold P. polycephalum contains

two vegetative forms: small uninucleate amoebae and large multinucleate
- plasmodia. Plasmodia develop from amoebae by one of two modes: sexual

or ¢lonal. In the sexual mode haploid amoebae ¢of different mating
type (mt) fuse to form a zygote that develops into a diploid plasmodium
by nuclear mitosis. Amoebae carrying the mth allele form haploid plas-
modia asexually, a property that is useful for genetic and developmental
studies. Heterothallic amoebae do not normally form plasmodia asexually.

The initial part of this thesis reports a method for crossing mth
amoebae derived from the Colonia isolate with mt3 or mtd4 heterothallic
amoebae derived from the Indiana isolate. Strains carrying mt3 or mtd
in a Colonia genetic background have been constructed by a series of
backcrosses., The backcrossing resulted in dramatic reductions in
heterogeneity of somatic fusion and amoebal plaque size phenotypes,
elimination of heterogeneity in plasmodial growth on both defined and
rich medium, and a conversion to the Colonia phenotypes.

The progeny of diploid plasmodia formed sexually by crossing two
heterothallic amoebal strains were found to include occasional amoebae
that formed plasmodia in clones. These amoebae formed plasmodia at a
smaller clone size than mth amoebae, but nevertheless could be passaged
as amoebae indefinitely. Genetic and cytochemical analysis of these
amoebae showed that they were heterozygous for the mating type locus
and contained a diploid DNA content. It was also shown that they dif-
ferentiate into plasmodia without a change in ploidy.
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Adler - Control of the Differentiated State in P. polycephalum (continued)

I have also shown that heterothallic amoebae (mtl, mtZ, mt3, mt4)
.form plasmodia (these plasmodia are referred to as illegitimate plas-
modia) at a low frequency. These haploid plasmodia are physiologically
indistinguishable from plasmodia formed in other ways, if the parental
amoebae had been inbred to Colonia. A mating type allele specific
pattern was observed with regard to the frequency of illegitimate
plasmodium formation at three temperatures, When spores produced by
an illegitimate plasmodium are plated in most cases only amoebae of the
parental type are obtained. Thus in these cases (which are called pheno-
copies) the formation of the illegitimate plasmodium does not appear
to be the result of a mutation. In a minority of the cases the formation
of the illegitimate plasmodium did appear to be the result of a mutation.

Two general c¢lasses of mutants have been obtained. In one class
the mutant amoebae now form plasmodia clonally at a much higher rate
than the parental amoebae (indeed in some cases at a higher rate than
‘mth amoebae}. In the other c¢lass of mutants the amoebal stage in the
life cycle has been eliminated as plasmodia germinate directly from
spores.

In summary, I have shown that the amoebal and plasmodial states
are compatible with any set of mating type alleles. Thus, the mating
type locus controls the probability that an amoeba within an amoebal
clone will develop into a plasmodium, but not in an absolute way the
differentiated state. The mating type locus must also be involved in
the control of sexual plasmodium formation.

Bromodeoxyuridine Incorpeoration as a Probe
for Studying the Nature of Radiation Response
of the Slime Mold, Physarum polycephalum

by
Violet A. Breckbill

(A thesis submitted in partial fulfillment of the requirements for the degree
of Doctor of Philosophy, Department of Biology, Case Western Reserve
University, December, 1975)

The effect of the incorporation of S5-bromodeoxyuridine into DNA on
the induction of mitotic delay by radiation was studied in the synchronously
dividing slime mold, Physarum polycephalum, in its vegetative stage, in an
attempt to relate this radiation response to DNA damage. S5-Bromodeoxyuridine
was incorporated into the DMAof Physarum polyecephalum during (1) the first DNA
synthesis period (8-I) following Mitosis I (first mitosis after fusion of
microplasmodia} and the extent of unifilar substitution of deoxythymidine by
S-bromodeoxyuridine prior to Mitosis II was determined to be approximately
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Breckbill - Bromodeoxyuridine Incorporation as a Frobe for Studying the Nature
of Radiation Response of the 5lime Mold, Physarum polycephalum (continued)

45%: or (2) the DNA synthetic periods following Mitosis I and Mitosis 11

(5-T and $-1I) and the extent of bifilar substituction of deoxythymidine by
S-bromodeoxyuridine prior to Mitosis III was determined to be approximately
75%. TFive to 300 pg/ml of the analog was used in the medium for differenct
experiments, Control and S-brcmodeoxyuridineEaubﬁtituted molda were irradiated
with 1000, 2400 and 4300 R (Roentgens) in a [ Col-y-irradiater at various times
throughout the cell cycle following elther unifilar or bifilar incerporation.
There were significant increases in radiation induced mitotic delay observed in
the molds (unifilar substitution) that had incorporated S-bromodeoxyuridine
from medium containing 100 pg/ml compared to nonsubstituted molds. There

were 3ignificant increases in the radiation induced mitotic delay at Mitosis IV
(with bifilar substitution) in plasmodia that had been grown in medium contain-
ing 25 ug/ml of 5-bromodeoxyuridine. When DNA from irradiated molds (harvested
during S-IT or G.-IIafter 40,000 R) was subjected to alkaline sucrose density
gradient centrifiigation, it was found that the DNA from plasmodia treated with
S-bromodeoxyuridine initially contained more strand breaks than the similarly
irradiated control molds. This difference was statistically significant in

G, and suggests a correlation between the greater initial strand break damage
o%served in G, and the enhancement of radiation induced mitotic delay in the
premitotic in%erval of G,. No such correlation can be made for events in 5 with
the results of the present study.

Strong Antigens in Physarum polycephalum

by
Irene Kuhn

(A thesis submitted in partial fulfillment of the requirements for the
degree of Master of Science (Molecular Biology) at the University of
Wiscongin, 1975)

Five types of antisera were prepared in syngeneic rats, three
against amoebal strains and two against genetically related plasmodial
strains of Physarum polycephalum. Differences in gpecificities between
the antisera were looked for using immuncfluorescence tests aund Quchterlony
double diffusion tests. There no detectable differences between any of
the three antiamoebal sera, nor wera any differences found between the
two antiplasmodial sera by either method. However, differences as well
as some cross-reactions between anti-amoebal and anti-plasmodial sera
wara evident.
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E. Dworzak, G. Woeriz, W. Linser and W. Sachsenmaier

Effects of Antimerabolites and X-Rays on the Regula-
tion of Deoxyrucleoside Phospharylating Enzymes in
FPrysarum polycephalum

Inhibitars of DNA synthesis stimulate axcess production
of thymidine {T) and deoxycytidine (I1) kinases (EC
2.7.1.75 and 1.7.1.74) bevond the normal activity
peak in the sarly 5 phase of synchronous multipuclear
macroplasmaodia of Physarum polyeephalum,

Similar effects are abserved after partial inhibition of
RNA synthesis with actinomycin €. The latter effect is
mast pronounced under conditions which cause mitotic
nuclei to be arrested in the metaphase (30 ug actinomy-
cinfmi), preventing them from entering the 8 period.
X-Rays (1000 R), which do not interfere with overall
DMA synthesis, cause a delayed stimulatory effect on
(1). This effect is most pronounced if irradiation occurs
during the narrow period between prophase and telo-
phase which also coincides with the most sensitive pe-
riod for the delaying effect on mitosis. The relative pro-
portions of enzyme variants of (I)l 1} are not changed
significantly by X-irradiation. Stimulation of (1) by
X-irradiation of & mutant resistant against bromode-
oxyuridine (BrdUrd}*, which contains less than 10% of
wild type (1} activity, is largely reduced correspond-

ing to the low gnzyme level. Activity of enzyme (11) is
stimulated by X-rays, both in the wild type and in the
BrdUrd-resistant mutant, but this effect is not ag phase-
specific as in the case of (T). Sensitivity to actinomy¢in
of irradiated plasmedia is considerably diminished
probably due to repair processes. A model is diseussed,
suggesting that production of enzymes (1) and tli} is
controlled by discontinuous gene activation prior to the
anset of mitosis and by a “shut-off"” mechanism related
to DNA replication in early 5 phase.

Courtesy £ Heugli, Tromsd Univ,

! Gribner P., Finkenstedt G., Woertz G. & Sachsen-
maier, W, (1975 this J. 356, 233,

Address: Prof. Dr. W, Sachsenmaier, Inst. f, Biochemie
u. Exp. Krebeforschung d. Univ., Peter-Mayr-Strake 2,
A-&020 Innsbruck.

H-$ Z. Physiol. Chem. 356, 227 (1975)

P. Griibner, G. Finkenstedt, G. Woertz, H. Wolf and
W. Sachsenmaier

Enzyme Variants of Thymidine Kinase in Physarum
polycephalum: Changing Pattérm during the Synchro-
nous Mitotic Cycle -

Specific enzyme activities of thymidine (1), deoxycyti
dine (I1), and deaxyadenasine (1) kinases (EC 2.7.1.75,
2.7.1.74 and 2.7.1.76) undergo cyclic variations during
the synchronous nuclear mitotic cycle in multinuclear
plastnodia of Physarum polycephalum. Maximum activ-
ity of all three enzymes is reached during the early

5 period comprising a 2- to 4-fold increase over the mink
mumi level in the G4 peried. The bulk of enzyme activ-
ity is found in the high-spsed supernatant of plasmodial
homogenates. Enzymes (1) and (11} are rather unstable
in vitro, but may be stabilized with glyeerol and bavine
serurn albumin. Molecular welghts were determined by

gel filtration and sucrose gradient ultracentrifugation:
70 0G0 (I); 53000 {11); 85000 (111). Chromatography
on DEAE-cetiulose of plasmodial cxtracts reveals hetere-
geneaus actlvity profiles of (I), suggesting the presence
of isoenzymes or enzyme variants. This was further con-
firmed by polyacrylamide gel electropharesis and iso-
electrofocussing, Al least three bands (A, B, C) with
isaelectric polnts at pH 7.3, 6.5, and 6.15 may easily be
distinguished by this method, The relative amounts of
thess enzyme variants change drastically during the
synchronous nuclear mitotic eycle. Enzyme band (C),
with an isoelectrie point at pH 6.13, is most pronounced
(> 40% of total activity) at the time of mitogs, s rela-
tive proportion decreases rapidly during the 5 period
and disappears almost completely (< 5% of total acti-
vity) during late G4 period. 1t is assumed that during
the induction of thymidine kinase, shortly bafore the
onsct of mitosis, mainly the enzyme variant (C) is for-
med, which may be modified subsequently during the
cycle giving rise 10 enzyme variants with higher isoelec-
iric points,

Address; Prof, Dr. W. Sachsenmaier, Institut f, Bio-
chemie v, Exp. Krebsforschung d. Univ,, Peter-Mayr-
Strafe 2, A-6020 Tnnsbruck.

H-3 Z. Physiol. Chem. 356, 235 (1975)

H.W. Sauer, A. Hildebrandt, H. Fouquet, R, Bihme,
R. Wick, G. Emst, K. Scheller, B, Bierweiler and
H.-]. Bohnert

Aspects of Coarse Growth Controls in Phy sarum

Synchroneus mitoses and formation of ¢ysts make
Physarum a suitable system for studies of growth and -
differentiation.

Chromosomal DNA starts replication in S-phase with
predominantly single-copy DNA (euchromatind, while
ribosomal cistrons are produced thrcughout the ceil
cycle, probably by a rolling circle mechanism,

RNA polymerase A (EC 2.7.7.6} is tightly bound to the
nueleolus, binds differentially to nucleclar DMA in vitro,
and is significantly (B0%) reduced during encystment. Nu-
cleoli from starved ¢ells contain an unchanged number
of ribosomal genes and an inhibitor selectively and re-
versibly affecting enzyme A.

Enzyme B shows little activity on mative DNA. Tem-
plare activity can be increased by an endogenecus elon
gation factor in vitro,

Muclear and polysomal RNA contain pely (A)-rich frac-
tions. C¢ dyscpin inhibits synthesis of all classes of
RINA and the polyadenylation of eytoplasmic hat not of
nuclear RNA. Paly (A) stretches from cytoplasmic RNA
become shorter with time.

Polysemal, and small molecules of nuclear poly (A)RNA
contain fewer redundant base sequances than large nu-
clear poly{A)»RNA molecules (5 - 107 vi. 20 - J0%).
Poly (A)>-RNA from Go-phase contzins more redundant
base sequences than that from S-phase (30% or 20%,
respactively),

Furthermore, we have evidence for replication-tran-
seription coupling of about half of the poly(AkRNA
fraction in carly S-phase.

Addrezs: Peof. Dr, H. W. Sauer, Fachbereich Biologie d.
Univ., D-775 Konstanz, Postfach 7733,

. H-5 Z. Physiol. Chem. 356, 272 (1975)
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STUDIES ON THE INHIBITION OF DNA REPLICATION BY CYCLOHEXIMIDE IN PHYSARUM
POLYCEPHALUM. Helen H. Evans, Sandra Littman, and Thomas E. Evans, Division
of Radiation Biology, Case Western Reserve University, Cleveland, Ohlo 44106

Inhibitors of protein synthesis have been shown to interfere with DNA
replication in many eukaryotic cells, but whether the inhibition is due to
a decrease in the rate of chain elongation or to a decrease in the mumber of
repliesating units being elongated is a subject of some controversy (for a
summary, see Gautschi, J. Mol. Biol. 84, 223, 197T4). In this study, treat-
ment of naturally. synchroncus plasmodia of P. polycephalum with cyelcheximide
was Tound to cause a decrease in the specific activity of TTP (determined
according to Walters, Tobey, and Ratliff, Biochim. Biophys. Acta 319, 336,
1973). During the first 15 min after drug addition, the amount of DNA sym-
thesis -- determined by 3Hmthymidine inceorporation into DNA corrected for
the change in the specific activity of TIP -- was TO% of the control level.
Similarly, the molecular weight of progeny strands pulse labeled during the
first 15 minutes of the § period in the presence of cycloheximide was approx-
imately T0% of the control (as determined by sedimentation in slkaline sucrose
density gradients). Our previous results have indicated that this drug has
no effect on either the initiation of repiication units or con the ligation of
DNA fragments produced by ionizing radistion (Evans, Evens, and Brewer, in
Proceedings of the 1975 ICN~UCLA Symposium on INA synthesis and its Regulaticn,
ed. M. Goulian and P. Hanawal®: W.A. Benjamin, Ine., In Press). It appears,
therefore, that cycloheximide inhibits the elongation of progeny strands
within replication units, presumably by affecting the synthesis of short-lived
proteins necessary for this process. (Supported by NIH Grant GM 1948k,
U.S.A.E.C. contract W-31-109-ENG-T8, and U.$.E.R.D.A. contract AT(11-1)2486.)

Second Annual Colloquium ("Regulatory Bioleogy')
The Ohio State University, Columbus, September 4-6, 1975

STUDIES ON MOTILITY IN PUHYSARUM PCLYCEPHALUM. D. N.
Jacobson, R. M. Johnke, and M, R. Adelman. Duke Universicy
Medical Center, Durham, North Carolina 27710.

A wide range of phenomena involving mogility can be
studied in & single genctype by using the slime mold P.
polvcephalum. These phenomena Include rapid protoplasmic
streaming, cell shape changes, translocation of cells along
surfaces, and the propulsion of cells by flagella.

Actin and myosin, which may be prepared in high yield
and purity, constitute 5% of the proteln of migrating
plasmodia and have been identified in shaker-cultured micro-
plasmodia as well as in the haplold gametes of Physarum.
Wnile there are important similarities between Physarum and
muscle actins and myosins, bicchemical studies do raveal
significant differences, Plasmodial actin is easily extr-
acted at low ionic strength and actin polymers are stable
over a limited range of conditions: thus actin filaments
may be metastable in situ., Moreover, since the particle

asymmatry of actin aggregates formed in vitro is affected
non—actdn "dmpurierie=s", the acetin may exist in alraroz—

tive polymeric forms in vivg, Plasmodial myosin aggregates

less readily than does musecle myosin and has a different




Jacobson, et al., Studies on Motility in P. pelycephalum (continued)

polypeptide composition., The myosin ATPase is Ca2*-depen-
dent and has no K™-EDTA activity. The low ionic strength
Mgé+-ATPase of plasmodial myosin is strongly activated by
plasmodial actin., This activation is Cal -independent and
various experiments indicate that regulation of the actin-
myosin interaction must differ from the various muscle
SYSLEMS NOW KIOoWn. .

Physarum gametes may exist as sither amoeboid or flag-
ellate cells, The culture of gram quanticies of amoebae is
now possible, Movement of these 7-8u cells, like PMN loco=-
tmetion, invelves the extenslon of granule-free cytoplasmic
processes and protoplasmic flow, Rapid (13') and synchron-
ous transformation of large populations of the amoebae into
elongate (15u) swimmers can be obtained. This transforma-
tion involves several motllity patterns including extensiocn
of a 3-5u granule-free process and propagation of waves of
protoplasmic constriction. The swimmers retain their acto-
myosin and contain flagella with the typical "9+2" array of
axonemal microtubules as well as an extensive cortical ar-
ray of cytoplasmie microtubules. These observations are
interesting in light of the fallure of various attempts to
define tuybulin in plasmodia or micreplasmeodia. Suppeorted

bv NIH grants 5-504-RR-6148, 2-RO1-GM-20141 and NSF grant
EMS=74-04967-A01,

Meeting on Cell Motility
Cold Spring Harbor, September 9-14, 1975

Fifteenth Annual Meeting
The American Society for Cell Blology
San Juan, November 1i-14, 1975

277, EFFECTS OF LONG-TERM WEAK ELECTROMAGNETIC RADIATION ON PHYSARUM
FOLYcﬂPHZEEﬁ E.M. Goodman, Michael T. Marron®*, and Ben Greenebaum®,
Division of Science, University of Wisconsin-Parkside, Kenosha, Wisconsin.

Te date, the slime mold Fhysarum polycephalum has been continuously ex-
posed to a weak electromagnetic rield (EMF) of 75 Hz, 2.0 G, 0.7 V/m for
more thanl 1000 days. Cultures exposed to EMF exhibit three significant
rhysiological and biochemical alterations: (1) the time required to complate
a mitotic cell cycla increases by ope or two hours, (2) the rate of respira-
ticn (ul O./min/mg protein) is depressed by about 15% and (3) the shuttle
streaming Geried increases. These EMF effects are reproducible and appear
after approximately 90 to 120 days of continuous exposure. If EMF affected
ctultures are returned to a control enviromment {(ne EMF expesure) the ob-
served altarations disappesr within three to six weeks. Applicatien of the
electpic (0.7 V/m) component alons resulted in similar but less pronounced
effects. The magnetic (2.0 G) component alone had no effect. Completion of
either gexual or asexual life ¢yclas is not prevented by exposure to these
radiations. (Supported by the Office of Naval Research with funds supplied
by the Naval Electronics Systems Command )

J. Cell Biol. 67, 139a (1975)
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372, THE EFFECT OF CADMIUM UPON NUCLEAR ACTIVITIES IN FPHYSARUM POLY-
CEPHALUM Camflle Hyde*, M. Frikker*, M. Herps*, J. Sina* and B. Chin.
Department of Environmental and Industrial Health, Scheol of Public Health,
The University of Michigan, Ann Arbor, Michigan.

Cadmiym iz an environmental pollutanct of current concern, and has been
implicated in mutagenesis, teratogenesis and carcinogenesis. Cadmium
toxiclty was studled at the cellular level im Physarum polycephalum. At
the physiological level, cadmium delays mitesis, with one peak of sensi-
tivity at sarly-S in the cell cycle angd a second peak in mid-G,. At the
biochemiczi level, exposurs to 5 x 1077 M cadmium fon for 30 min at early-3
srimylates the incorporation of tririated thymidine (M-”-TdR) into DNAse
sensitive macerial by 85% during the period of DNA synthesls which follows.
This exposure to cadmium stimulates the racm, the amount and the duration
of H'~TdR Incorporation. Conversely, the same exposure at early-3 depresses
incorporation of tricliated uridine (H3-UR) into BMA by 45% and of a triti-
ated amino acid mixture inte protein by 17%. Stimulacion of TdR incorpera-
rion cacurs only if exposure o cadmium is made close to or during 3, but
not if exposure is made in mid-G,. Effectiwe concenurag%ons of cadmium for
stimulation of TdR incorporatien lie within 10=2 and 1077 M, Scimulacign
of TdR incorporation ia+ipecifi¢ for cadmium ion; Mn*t, N1, cott, cu,
Fatt, Pb++, zott and Hg = have no effact. These cbservatioms, 1.a., micotic
delay, stimulation of TdR incerporation, and depressien of H7-UR incorpora-
thon Ilnto RNA, ifdengify the cell nucleus as a target for cadmium roxielty,
and suggest that some of thess events may play a role Iin taratogenesis,
mutageneésis and carcinogenesis,

J. Cell Biol. 67, 1l86a (1975)

176, AMOEBO-FLAGELLATE TRANSFORMATION IN PHYSARUM POLYCEPHALUM. David N.
Jacobson* and Mark R. Adelman. Department of Anatemy, Duke Unlversity Medical
Center, Durham, WN.C. 27710

A method has been developed to synchronize the amoebo-flagellate tranafor-
mation in large populatioms of P. polycephalum myxamoebaa for phenomenclogl-
cal, ultrastructural, blochemical, and genetic studies of mocility, flagellar
morphogenasis, and alcerations in gaellular form. When populations of flagel-
late swimming cells are plated on an agar surface, the cells assuma an amoe~
boid form and flagella are resorbed within 30 minutés. When these cells are
reguspended in buffer, flagella appear on 100Z of the cells within 15 minurtes
and the rounded cells ¢(7-85 u in diameter) transform ince elongate ones (v 14 u
in length). Cloemicrographic observaclons of the transformation of cells ad-
herent to a microscoplc slide have revealed several interesting phencmana. The
initial avent in call zhape change ilnvolves extension of a 3-5 u cellular pro-
cang which is free of visible cytoplasmic inclusions and which moves across
the slida ar a rate on the order of 1 pfaec, - Later during the tranaformation
waves of contraction propagate down the alongate cell: about 3 seconds are
required for a wave to move one cell length. Initial ultrastructural studies
have confirmed that the flagella of the swimmers have a typleal "9 + 2" set of
axonemal wmicrotubules and have revealed that the slongate cells contain an ex—
tensive cortical agrray of cytoplasmic microtubules. The culture cechniques de-
veloped for the astudies inveolve the growth of myxamoebae on dense bactarial
lawns and allow the routine collection of gram quantities of amoeboid cells.
Initial biochemical ztudiez of che amoebae have established that they contain
actin and myosin similar to the corrasponding plasmodial proteins.
Supported by NIH Grants 5-504-RR-6148 and 2-RO1-GM-20141 and NSF Grant BMS74~
04967~401.

J« Cell Biol, 67, 1G88a (1973)
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534, CA++ REGULATION AND INITIATION OF MOTILITY IN MICROPLASMODIA OF PHYSA-
RUM POLYCEPHALUM Larry Matthews* Prgrm. in Biophys. Cytol., Dept. of BIoL,,
University of Pennsylvania, (Introducted by T, Okigaki).

Plasmodia of the slime mold Fhyzarum polycephalum ingubated in lomd caf-
faine and 10mM Triz maleate buffer, pH 7.1., form spherical migroplasmodia
(MP) 50-250pm in diameter. These MP ape capable of reforming whole plasmodia
under the conditions of darkness, high humidity, and 18-22%, They possess a
granular cytoplasm which streams with a variety of meorpholegical patterns
within the larger volume of the micropligmodium.

Incubation of the MP in 10mM EGTA Ca -chelating medium leads to a cessa-
tion of streaming and a subsequent spreading of the granular cytoplasm
throughout the volume of the MP. Bxggaurgsof a MP, "relaxed'" by the LOmM
EGTA medium, to concentrations of Ca = 10 "M produces a compaction of the dif-
fuse granular gytoplasm into & dense sphere within the larger total volume,
This is followed by a presumption of streaming which halts within 30 minutes
and the granular cytoplasm again diffusea throughout tha+$ntire valume of the
MP. Caffedine, which is thought to cause a release of Ca'  from the sarco-
plasmie reticulum of vertabrate striated muscle, produces identical results
in concentrations of 20-50mM. Expesure to 10-100mM NaCl, KCl, op Mg(’.‘-l2 fails

to Initiate compaction and streaming.
‘ Repsatad applications by micropipette of l0mM CaCl, to the "raelaxed" MP in
LimM EGTA produce equally §Frong responses each time.” Repeated applications
of S0mM caffeine in the Ca -free medium elicit progressively weaker responses.
Eventually the MP fails to respond. An application of 10mM CaCl, will now
produce a compaction of the diffuse granular cgytoplasm and a resgmption of
streaming. Subszequent applications of 50mM caffeine once again produce an
initial strong vesponse follawad by prog¥essively weaker pesponses. These re-
sults demonstrate the existence of a Ca -sequestering system which contrels
the initlation of streaming in this non-muscle system. (*Supported by gramts
NIH CA 10 10171-10, NSF BMS 75-00473 AOL).

J. Cell Biol, 67, 267a (1975)

540. CHANGES IN ACIDIC NUCLEAR PROTEINS, NUCLEIC ACIDES, AND
ULTRASTRUCTURE IN RESPONSE TO HIGH PLASMODIAL DENSITY IN
PHYSARUM POLYCEPHALUM L.E. MeAlister¥ V.F. Allison¥ J.R. Jeter,
and C. Nations. Department of Biolagy, Southern Methodist
University, Dallas, Texas, and Department of Anatomy, Tulane
Medical School, New Orleans, Louisiana.

Starvation-induced differentiation in the simple eucaryote
Phyaarum polvcephalum has been characterized by specific and re-
producible changes in the complement of acidiec nuclear proteins.
When exponentially growing microplasmodia are subjected to con-
ditiens of high density, changes in the electrophoretic profile
of the acidic nuclear proteins are observed which correspond in
part te those induced by starvation. This indicates the possi-
bility of a generalized mechanism for cellular trangition from
active growth to a non-proliferative cell state. Comparison of
the ultrastructural meorphology of microplasmedia at high densi-
tizs with that of starved cultures shows some striking similari-
ties between the two cell states. Nuclei in both cases show an
increase in heterochromatic ¢lumping and a decrease in diffuse
euchromatic areas relative to nuclei characteristic of exponen-
tial growth. Mitochondrial morpholegy and cytoplasmic organiza-
tion are also similarly and distinetly altered by starvation and
high denaity. Incorpeoration of Jg-thymidine into nuclear DNA de-
creases by 53.2% during the first hour of the high density treat-
ment. DNA synthesis also decreases by more than 50% after eight
hours of starvation. No gualitative changes in RNA composition
cocur in response to high density conditioens; however, a quanti-
tative decrease in the 265 fraction is ohserved.

J. Cell Biol, 67, 270a (1975}



577. CELL CYCLE DEPENDENT POST-TRANSLATIONAL MODIFICATION OF ORNITHINE
DECARBOXYLASE. John L.A. Mitchell. Dept. of Biological Sciences, Northern
I1linois University, DeKalb, IL  60L1S

Ornithine decarboxylase is the rate limiting enzyme in the synthesis of the
polyamines required for cell growth and proliferation. Wa have investigated
the rtapid fluctuations in this enzyme's activity during the synchronous mi-
totic cycle of Physarum polycephalum to elucidate the mechanism of this pre-
cise control of activity. sSubstrate and coenzyme saturation kinetic studias
indicate that this enzyms exists in two forms within the cell, and the rela-
tive amount in each form varies with position in the mitotic eycle. Sephadex
column chromatography resolved this enzymatic activity into a low molecular
weight species (M.W. 90,000) which is activated by low levels of coenzyma
(PLP), and a second form of about M.W. 130,000 which is active only at very
high levels of substrate and PLP. These forms are readily interconvertible
in vitro with high levels of ornithine, PLP and EDTA favoring the transition
to the smaller species snd the presence of polyamines, putrescine or high salt
reverting the enzyme to the high molecular weight form. The data suggest that
the active form of this enzyme is the M.W. 90,000 unit which, under adverse
conditions of low substrate, high salt, or polyamine accumulation would be
inactivated by forming a dimer. Although the dimer form 1s catalytically in-
active at the substrate and coenzyme concentrations of the cell's cytoplasm
it can be measured by conversion to the active, monomer form in the high PLP
and ornithine concentrations of an appropriate assay buffer. Recent reports
indicate that c-AMP is involved in the activation, and thus the dimer to
monomer conversion, of this enzyme. Activity fluctuations during the mitotic
cycls may therefore result from known variations in these cyelie nucleotides
(Supported by grants #74-11 of the Illinois Division of the American Cancer

Society and #1-RO1-AM 17949-01 from N.I.H.].
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