
う
吋
・
J
．
、
 
 

一
？
 
 

9
一
 
 

／
 
 

GENET＝CÅL AND B＝OCHEM＝CAL STUD＝ES ON DEVELOPHENT OF THE  

b■s七古1●土u血 ■dユ‘s七0■i．deum．  CELLULAR SL＝ME MOLD．Dict  

RYU工CH工 RONNO   

ZNST＝TUTE OF B＝OLOG工CAL SC＝ENCES，THEIuNJVERS＝TY OF  

TSUKUBA，＝BARAK＝，300－3l，JAPAN．  

？9701744   



CONTENでS  

PART ＝：ZSOLATZON AND CHARACTER＝ZAT＝ON OF AGGRE－  

GATELESS MUTANT，Ⅰ‡T4l．  

ェNでRODUCでエON  

MATER＝ALS AND METHODS  

RESULでS  

D工SCUSS工ON  

StJ比MARY  

REFERENCES  

F工GURES   

PART Z＝：GENET＝CAL ANALYS＝S OF A SZGNAL－ AND  

REエAY－LESS MUでANT′ Hで41．  

工NでRODUCで工0Ⅳ  

MATERZALS AND METHODS  

RESロムでS  

D工SCUSS工ON  

SU皿ARY  

REFERENCES  

でÅB工JES  

F工GURES   

PART 工1＝：ANALYSZS OF B＝OCHEM＝CAL PATHWAY IN  

DEVELOPMENT OF CELLU工AR SLZME MOLD．  

1  

3  

7   

13   

17   

18   

23  

37  

40   

，43   

47   

51  

52  

56   

64   

Dict os坦ium   

工NワRODUCで工ON  

d土sco土d●eum  

MATERZALS AND METHODS  



RESU工一でS  

D工SCUSS工ON  

SUHMARY  

REFERENCES  

FエGURES   

ACKNOWLEDGEMENT   

77  

82  

86  

87  

91   

107   



pARで 工   

＝SOLAT＝ON AND CHARACTER＝ZAT＝ON OF AGGREGATELESS MUTANT，  

Hワ41．   



工NでRODUCワ工ON  

1n the cellular slime mould DictYOStelium d・i・SCOideum，  

One Of the firstimportant stepsinits developmentis the   

PrOCeSS Of cellaggregation triggered bY StarVation・  

During severalhours of starbation amoebae 

acquire aggregation competence．TheY first become sensitive   

to the aggregation signal，CYClid AMP（eAMP）（Konijin et   

al．，1968；Robertson et al．，1972）． Thisis probablY due   

to either a greater number of，Or mOre SenSitive cA虻P  
●  

receptors on the cellsurface，andincrease of a cAMP－   

destroYing enzyme．phosphodiesterase（Malchow e七al．，1972；   

Riedelet al．，1973）． A few hourslater cells acquire the   

abilitY tO relaY the slgnal．thatis，they synthesize and ●  

release cAMP when stimulated bY eXOgenOuS CAMP（Robertson   

et al．，1972；Roos et al．′1975）． Subsequently some cells   

appear in the celL population which emit cAMP autonomousry 

and rhythmically（Robertson et al．，1972；Gerisch ＆Wick′   

1975）． As periodicallY emitted cAMP acts not onlY aS a   

Slgnalfor cellaggregation bu七also as a stimulus for cell ●  

differentiation，Cells surrounding the slgnaling－Cells gain   

enhanced chemotactic responce．and move activelY tOWard the   

SOurCe Of stimuli． They also acquire new cohesiveness   

Whichis necessarY for cellcontacts（Gerisch et∴al．．1975；   

Darmon et al．，1975）． These stepslead to collection of a   

large number of cells toward the centval points and 
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construction of multicellular qggr9gateS・  

At present（SeVeralquestions remain unanswered  

concerning the process of cellaggregation′ SuCh as the  

appearance of slgnaling－Cellsr and the mechanisms of auto－ ■   

nomous signaling・Analysis of mutants which are defective  

●一■t■■■■■ in either slgnalrelaYlng Or autOnOmOuS Slgnaling maY   

elucidate some important mechanisms in aggregation. We 

have isolated a mutant which has defects in both functions．   

Zn this paper we describe and discuss the characteristics  

of this mutant∴・＝tis a usefulstrain for understanding  
●  

the basal mechanisms underlying cell aggregation. 
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MATER＝ALS and METHODS  

Strairis and culture’co－ndi七ions．  Experiments were  

Performed－With－Dic’tyo’s’te’1’土urhldi’sCoideum strain NP14，Which  

WaS kindlY SuPPlied bY Dr．P．C．Newell，0Ⅹford University．   

and aggregateless mutants isorated from NP14 in this 

laboratorY． NP14 cells aggregate and construct normallY   

White fruiting bodies． This strain was used as a stand尋rd   

Strain throughout the experiments．  

Cells were grown with Aerobacter aerogenes on nu七rient  

agar at 22 C（Hashimoto et al．，1976）． Growing amoebae   

Were harvested using either LPS buffer（Sussmanl’，．1966）   

Or17mM pbosphate buffer，PH 6．0，WaShed three times bY   

Centrifugation and resuspendedin the same buffer． Number  
▼  

Of cells was counted using a haemocytometer．  

Mutagenesis． Freshly constructed fruiting bodies  

wereirradiatedwith60co争raYat3．7－5．0Ⅹ105Rand  

developmentallY deficient mムtants wereisolated（Yamada  

e七 al．，1973）．  

【→ ・・Timeqlapse、CinematographyこI‾Washed．・amOebae y畠re一癖1aced  

onnon－nutrientagarplates at alQWdensitYOf2Ⅹ10 5  

cells cm－2to observe the movement of theindividualcells．  

Films were taken at a constant temperature with a Bolex   

16 mm movie camera and a Nikon CFMA camera drive． Kodak  
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4pX16 mm reversalfilms were used for recording． Frame  

－1 
ratewas2framesminr and filrnmagnifications betweenlO  

and 20 were used．  

Light－SCattering．  Light－SCattering changes of cell  

SuSPenSion were measured as described Gerisch ＆ Hess（   

1974）・ Washed amoebae were shakenin17 mM phosphate  

buffer at a densityoflxlO7cellsml－1．Aftervarious  

times ofincubation’■．二 theY Were Centrifuged and adjusted  

in c01d buffer to3．xlO7cellsml－1，then transferra  
●  

into a cuvette． The ce11suspension was agitated bY   

bubbling water－Saturated air and recorded forlight－SCat－   

tering at 405 nm． Sometimes，Smalldrops of cA虻P were   

●■ 1P〕eCted through a needle and response of cells was   

recorded． All measurements were done at 22 C．  

Cyclic AMP pulses on a ce111ayer． Amo畠bae were   

harvested，WaShed and plated on non－nutrient agar at a  

densityoflxlO7cells cm－2・After theYadhered to the  

surface′5ulof cA肝SOLution（10－4M）was added  

dropwise on a celllaYer at timeintervals of 5min with   

the use of an electrically contr011ed peristaltic pump．   

After15 hr the agar plates were examined under a microq   

SCOpe・  

＝ntercellularinteracti’on between NP141and aggregate－  
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less strain． CapacitY Of the aggregateless mutant to  

COSPOrulate with NP14 was examined． NP14 cells were mixed   

With aggr9gateless mutant cells at a rati00fl：5・ The  

mixturewas platedonnon－nutrientagarplates atlxlO 
7  

cells cm「2andincubatedat22C．After48hr spores  

Were C01lected from the frui七ing bodies and plated clonallY   

On nutrient agar with the bacteria after appropriate   

dilutions． plaques were examinedin their abilitY tO L   

ag■gregate．  

Extracellular cAMP－Phosphodiesterase activitY． Extra－  

Cellular fractions were c011ected according to a modified   

method of Riedelet al．（1973）． The growing amoebae   

yere freed from the bacteria．suspendedin LPS buffer at  

lxlO7cellsml－1and shakenat22C・After aliquots  
Were remOVed at various times during development and  

centrifuged at3000rev・min－1for30min′the supernatants  

were dialYZed0VernightagainstlO－2MTris－HClbuffer，  

PH 7・5． EnzYme aCtivity was assaYed according to the   

methods described bY Yanagisawa et al．（1974）．  

AssaY for contact sites A． Cellcontact whichis  

resistant to EDTA was assaYed according to the methods of   

Beug et al．（1973）． Washed cells were shakenin17 mM  

phosphatebuffer atlxlO7cellsml－1・Aliquotswere  
taken at vario也s times and EDTA was added at final  
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concentrationoflO－2M・After shaking todissociate  

POSSible agglutinates，the nurnber of totalcells and   

dissociated cells was counted with a haemocYtOmeter・The  

PrOPOrtion of single and double cells was calculated．  

Effects of cAMp  uls▲es on the accumulation of extra－  Cellular p坤・  
Mutant cells were washed, suspended and shaken in phos: 

phate buffer atlxlO7cellsml－1・Smalldrops of cAMP  

SOlution were added a七timeintervals of5min（Darmon雲生  
●  

吐・．1975）・Finalconcentration of cAMPin the suspen－  

sionlafter addition of one dropr waslxlO－7出● At  

appropriate times，aCtivity of extracellular phosphodi－   

esterase and EDTA－reSistant cellcontacts were assaYed．  
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RESロムTS  

Mutants which do not emit or relaY the早ggr甲ation  

Slgnalwould be aggr甲ateless or would form very small  

aggregates． Thirty－tWO aggregateless mutants were・、1solated   

from the standard strain NP14 at survival rates of l－5 ％   

after praYirradiation． various m色thods were used 七O   

find slgnal－ Or relay－1ess mutants among them．  

Time－1apse  

As a’first step，Cellmovements during aggregation   

Stage Were anal致Zed using tirne－1apse films on NP14 and   

5 compl色te 争ggregateless mutantsisolated・工n the standard  

Strain NP14，individualcells showed pulsatile movements  
ナ  

toward aggregation centers and such movements as a whole   

PrOPaga七ed outward from the centerslike waves． The   

intervals，Of intermittent waves were 7 min at the onset   

Of aggregation and gradua11y became shorter to 5 0r 4 min   

inlater stage． 五Ventually celLs wereincorporatedinto   

the aggre卓ation streamsleading to the centers． Thes   

Observations were consistent with others（Shaffer，1962；   

Gerisch，1968）， and such organized pulsatile cell   

movements are believed to be primarilY aSCribed to   

Periodic emissions of aggregation slgnalfrom the centers   

（Robertsori■et al．，1972；Durston，1974）．  

However，the cells of the complete aggregateless  
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mutants never showed ordered movements even after prolonged  

incubation・but moved randomly・This s甲geSted that these  

mutants might be defective in emission of the aggregation 

S19nal．  

LightNSCattering changes9f cellsuspension・  

To ensure that they did not emit the slgnalrlight－ ●   

SCattering of cellsuspension was measured．1n NP14，・   

When cells were used6 hr after starvationt periodic   

decrease of opticaldensitY WaS Observed（Fig．1a）．  
∵  

Theintermittent decreases occurred at nearly sameinter－  

Vals as the periodic cellmovements observedin time－   

1apse films． This change has been considered to be req   

lated to the activity of slgnaling－Ce11s and probablY   

represents the changesin either cellshape，Ⅴ01u皿e Or   

degree of agglutinationin response to the signal（   

Gerisch ＆ Hess，1974；AIcantara ＆ Monk．1974）． However，   

Cells of HT41，One Of the aggregateless mutants，did not   

Show such a change under the sarne COnditions even after   

the prolongedincubation（Fig．1b）． Therefore，HT41   

SeemSindeed to be a mutant deficientin slgnalemission．  

Furthermore′ anOther slgnificant defect of HT41was   

revealed from the analysis oflight－SCattering changes   

CauSed by cAMP・ The response to the nucleotide was quite   

different between NP14 and the mutant cells． When cA丑P   

WaS addedinto ag・gregation－COmPetent Cellsuspension，   

NP14 cells showed two peaks of decrease of opticaldensi－  
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ty，fast respOnSe and slow response（Fig・2a）（While  

HT41cells showed only one peak（Fig．－2b）． The   

response of mutant cells coincided with the fast response   

of NP14 cells． ＝七is suggested that the fast response   

maY COrreSPOnd to the response of cells to applied cAMP  
イ  

and that the slow response may be the response of ce11s   

●■■■■ to cA朗P releasea from slgnalMrelaylng Cells which have   

been stimulated by externallY added nucleotide（Gerisch   

＆ Hess．1974）．   

●●     ＝tis wellknown that s・1gnaling－ and relaylng－Cells   

are not foundin the cellpopulation and that no oscilla－   

tionsinlight scat七ering are observed tillatleast 4 hr   

after starvation（Robertson et al．，1972；Gerisch ＆   

玉ess，1974）． Then，if cAMPis added to cellsuspension．   

Only chemotactic response without slgnalrelayis ■  

expected to be observed． NP14 ce11s at about 4 hr   

StarVation were stimulated bY 七he nucleotide andlight－   

SCattering changes were recorded・As shownin Fig・2c′   

the cells responded to the stimulus but showed only one   

peakinlight－SCattering decrease．This peak coincided   

With fast response of biphasic decrease of aggregation－   

COmPetent Cells．  

These results suggest that strain HT41 has defect 

in a signalrelay system・                                 ●  
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Cycl土c AMp pulses on a c包11  1ayer．  

Lack of slgnalrelayin HT41was shown by another  

additionalexperiment． Amoebae were freed from bacteria   

and plated on non－nutrient agar・ After theY Settledl   

drops of cAMP were administered on a celllayer atinter嶋  

Vals of5min as an artificiと1slgnalfor aggregation． ■   

Forming the characteristic streams，NP14 cells were   

attracted toward the source of the signaL（Fig．3a）．   

Although the mutant cells could respond and were attracM   

ted，they did not form the streams but gathered centrip－ ●  

etally（Fig・3b）． ＝tis wellknown thatlocalslgnal   

relaY CauSeS the cells to assembleinto the streams in  

D．discoideum（Shaffer，  1962）．and thatin the aggre－  

gation of D．minutum，Whichis known for thelack of  

SignalrelaY，aggregation streams are not formed（   

Gerisch，1968）． Therefore，itislikely thatIIT41has   

a defectin the slgnalrelaY SyStem．                                                                  ■  

Orula七土on w土thNP14 cells．  Co－S  

Zf mutant strain HT41has no serious defects other   

■ thanin slgnalernission and relaY，HT41cells maY aggre－   

gate and eventuallY differentiateinto normalspores，   

When standard strain NP14 cells help themin generating   

and transmitting the sLgnalin the mixed cellpopulation．   

This possibility was examined． The mutant cells were  
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mixed with the stanaard cells and allowed 七O develop on   

non－nutrient agar・After 2 daysincubationlSPOreS Were   

C011ected and examined by plating them clonallY． Conse－   

quentlY，早ggr？gateless plaques were foundin sufficient  

amount among fruiting bodY－forming plaques． Thus，though  

HT41cells could neither emitt nor relaY the signalrit   

WaS Clear that theY POSSeSSed the abilitY tO COmPlete the   

developmentalprogram．  

Extracellular cAMP－Phosphodiesterase．contact sites  

A and the effects of cAMP pulses．  

Darmon et al．（1975）is01ated manY aggregateless   

mutants and classified theminto 3 groups by cellophane   

七est・ Among them′ GroupIlmutantsr which seemed to be   

quite similar to aggregateless strain HT411displaYed an   

enhanced chemOtaCtic response to cAMP and developed   

contact sites A when treated with cAMP pulses（Darmon至宝  

al．，1976）． Most mutants of this group did・nOt Show  

anY Substantialincrease－in－fCellular phosphodiesterase  

activity，but when subjected to cAMP pulses they showed a   

dramaticincrease（Darmon et al．，1976）．1n this   

experimentr we examined effects of cAMP pulses on the  

aggregateless mutant HT41. The cells were shaken in the 

buffer solution with or without the addition of cAMP   

pulses・Samples were taken at regularintervalsland  
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COhesive properties of the cells and extracellular phosr   

Phodiesterase activity were assayed・ NP14 cells became   

cohesive after 4 hr and formed agglutinates which could   

not be dispersed by EDTA due to the acquisition of contact  

sites A，While HT41cells dis not・But the mutant cells  

could gain such cohesivenessLwhenimposed bY CAMP pulses  

（Fig．4）．The enzYme aCtivitY Of NP14increased after  

starvation′ reaChing maximum at 6hrr whereas suchincrease   

was not observedin HT41． However，When cAMP pulses were   

applied′ HT4lcells also accpmulated substantiallevelof  

Phosphodiesterase（Fig・5）・  
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D工SCUSS工ON  

Periodic emission and relay of the aggregation slgnal   

maY be the most criticaleventsin the cellaggregation of  

D．discoideum（Loomis，1975；Newell，1977）． Allresults  

Obtained here are consistentIin respect that strain HT41   

● is a slgnalless and relaYless mutant．  

Thisis the first report that describes thelight†   

SCattering pattern of aggregateless strain． The periodic   

decrease oflightMSCatteringin wild－tyPe has been  
＝  

COnSidered to be related to the activitY Of slgnaling－ ●  

Cells（Gerisch ＆ Hess，1974）． Thereis evidence that   

the decreaseis alwaYS aCCOmPanied by the peak of ex七ra－   

Pellular cAMP concentration（Gerisch ＆Wick．1975）・   

Therefore．this procedure was thought to be sufficient   

to analyze signal emission in developmental mutants. 

Such periodic decreases were not observedin aggregateless   

HT41（Fig．1b），Which was concluded t01ack signal   

emission′ tOgether with the result of timeqlapse film・  

Externally applied cAMPinduced a biphasic decrease，   

fast and slow responses，inlightMSCat七eringin NP14 ce11   

SuSPen＄ion（Fig．2a）． The former would correspond七O   

response to externalcAMP and thelatter would be cause   

＝ by the endogenous nucleotide released bY relaying as  

sugges七ed by Geri＄Ch ＆ Hess（1974）． The reason which  
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leads to above notionis that timelag between fast   

response and appearance of s10W reSPOnSe COrreSPOnds to   

that required for sIgnalrelaY rePOrted by AIcantara ＆  

Monk（1974），and that slow responseis not observedin   

Preaggregative cells of NP14which areirnmature for   

SignalrelaY（Fig．2c）． Besides Wurster et al．（1977）   

PreSented the evidence thatintrace11ular cAMP which was   

releasedinto extrace11ular space reached maximumCOnCen－   

tration］uSt Prior to slow response． ＝n the present   

experiment，eXternally added cAMP elicited only fast  
●  

responsein HT41cellsuspension（Fig．2b）． Therefore，・  

‾’‾せ払土s HT4■1’WaS ＄uggeStedrtb hav畠rdef由ct．‾in：’sigflaユrl・吏eユaY．・   

WaS further confirmed bY the aggregation patter■ninduced   

わY artificialsignal（Fig・3旦）・  

●    ＝n D．discoideum，intercellular slgnal，CAMP，is  

thought to be received bYits receptors on cellsurface′   

and processed to reachintracellular targets，CauSing   

SuCh responses as chemotaxis，induction of synthesis of   

Phosp．hodiesterase and contact sites A，and transient   

activation of adenYlate cYClase（Newell，1977；Gerisch   

旦互生主・，1977）・Aggregateless HT41seems to have  

functionalreceptors，Since cAMP causes characteristic   

decreaseinlight－SCattering（Fig．2b）and cAMP pulses  

Can attraCt the ce11s 

extracellular phosphodiesterase（Fig．4）and appearance   

Of contact sites A（Fig．5）in this mutant． But signal  
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relayis absent・Therefore，the processing pathwaY tO  

activate adenYlate cYClase seems to be different from   

those mediating chemotaxis，aCCumulation of extracellular  

phosphodiesterase and acquisition of contact sites A・  

AlternativelYICe11s maY have severaltYPeS Of receptor  
（  

and thatinvolvedin．slgnalrelaY maY be different from ■  

those mediating other responses，aS SuggeSted bY Green ＆   

Newell（1977）．  

Darmon et al．（1977）suggested that their group Z＝  

aggregateless mutantsF Which showed enhanced chemotactic  

responses to cAMP and forrned EDTA－reSistant contacts when  

pulsed with cAMPr might be unable to sustain a functional  

oscillatory system. Although aggregateless HT41 seems to 

Yesemble phenotypICallY tO grOuPl工mutantst thereis one ●  

difinite difference between them． HT41can differentiate   

into spores when mixed with wileトtype cellsT Whereas group   

工1mutants can not．  

The deficiencYin slgnalrelaYis first provedin   

this experiment・Concerning the mechanisms of appearance   

of slgnaling－Cellslitis not clear at present whether  

these cells exist predetermined in the population or 

appear as differentiation proceeds（Raman′1976）・As  

strain HT41 can neither emit nor relay the signal, but . 

can respond toitrit may be suitable to studY the mech－  

anisms of appearance of signaling－Cells・For example′  
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a series of smalldrops containing onlY One Wild－tyPe・Cell   

and severalhundreds of HT41cells are plated on non－   

nutrient agar and allowed to aggregate．as suggested bY  

Raman（1976）． ＝f signaling■－Cells are predetermined，   

most of such cellpopulations would failto aggreg・ate．   

On the contrary′if allcell畠 Of wild－tyPe have the po－   

tentialto differentiate to them，mOSt POPulations would   

aggregate，though theintervalwhichis required for   

each to aggregate after the deposition maY VarY．  

AIso．as strain HT41can not acquire aggregationM  
■  

competence by itself but can gain it when stimulated by 

either artificialor naturally occurring slgnal，it maY   

be suitable for the study of the differentiating proc一   

声SSeSleading to the cellular differencesin the popuq   

lation and b七her unsolved mechanisms accompanied with   

Cellaggregation・  
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SUMMÅRY  

ostelium disIcoid：eum，a  developmentalmutant，  1n Dict  

HT41，WaSisolated． BY time－1apse cinemato如aphy．this   

mutant was shown tolack the slgnalemission． Zt was   

proved directlY bYlight－SCattering pattern of the cell  

suspension．Bylight－SCatteri：ng，defect of the signal  

relaY WaS also fo也nd・ HT41cells could not form aggregation  

streams but gathered centripetally．when artificialslgnふIs， ■  

CAMP pulses・，・Were administered on the celllayer・ TheY  

could aggregate and differentiateinto normalspores／if ●  

theY Were mixed with wild－tYPe CeLIs・ Results suggested  

that HT41 was the mutant which had a defect onLy in the 

signal emission and relay system of their developmental 

program. This kind of mutant would be useful to study the 

mechanisms of appearance of slgnalemittingpcells and relay岬  

ing－Ce11sin cellpopulation during aggregationin the  

cellular slime mould．  
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工NでRODUCで工ON  

1tis worthwhile to revealthe r甲ulation’me－」chanism  

at the genelevelas we11as the m01ecular and cellular  

level・Despite the availability of numerous mutants  
†  

affecting the development, however, no means of genetic 

s tel土um  D土ctyo   analYSis was available untilrecentlYin  

discoideum．1tslife cYCle contains n00bligatelY  

sexual stage. Almost all of the haploid cells retain 

theirindividuality throughout the cYCle・A complete   

SeXualcYCle has been postulatedlbutitis not clear at   

PreSent（Filosa ＆ Dengler，1972；Erdos，Raper ＆ Vogen，   

1973；Mac土nnes ＆ 甘ranc土s．1974；Franc土s′1975）．  

But recentlY this organism has been shown to have  

similar to -that of Aspergirus nudulans a parasexualcYCle  

（Pontecorvo．1956；Sussman ＆ Sussman，1963；Loomis ＆   

Ashworth，1968；Sinha ＆ Ashworth，1969）． ＝tis a similar   

processin principle to that used corrmonlYin somatic   

Cellgenetics． ＝tincludes the f01lowing processes（see   

Fig．1）． On occasion two haploid cells fuse to form a  

heterokarYOtic cellat alow frequencY（10－5－1つ－6）・  

Then the nucleiundergo karYOgamY tO glVe rise to a   

diploid cell． ＝t propagatesindefinitelY but sometimes  

loses chromosomes at alow frequencY（10－3岬10－4）．giving  

rise to aneuploid and haploid progeny． Asloss of chromo－  
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some occurs at random， 

Through this cyclelthdrefore／ 

ble．  

HOWeVerr Since both diploid formation and segreqation  

OCCur atlow frequencY，Selective techniqu雨in botn   

StePS are needed for routineIgenetic analysis． For this   

PurPOSe，Suitable methods wereintroduced bY Loomis   

（1969）and 王くatz ＆ Sussman（1972）． Zn their methods   

● the haploid parentalstrains are glVen nOn－allelic muta－   

tions to temperature sensitivitY for growth and，at the  
●  

Same time，One Of themis also marked with a recessive   

drug－reSistant mutation． The rare heterozygous diploids   

formed bY fusion can be selected at a restrictive   

temperature which does not allow the growth of both ▼l   

haploid parents． ＝f the parents have other genetic   

rnarkers，dominance relationships and complementation   

between them can be determined from the phenotype of   

the dipLoid． On the other hand，the presence of the   

recessive drug－reSistant marker pemits the selection of   

drug－reSistant haploid progenY． The nurnber and pheno－   

type of these seg■regantS With other unselective markers   

determine thelinkage relationship between genetic   

markers． Since then，Various markers have beenlocated   

Onlinkage map and sixlinkage groups have been estab－   

1ished so far（Williams，Kessin ＆ Newell，1974a；  
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Kessinr Williams ＆Newell（1974；Freet Schimke ＆L00mis（   

1976）．While cytologlCalevidence shows that the haploid  

Chromosome number of●D．－’disc■○●i■deumis seven（Wilson，  

1953；Brody ＆ W土11土ams，1974）．  

The present study has been initiated to elucidate the 

‘  

mechanism of cellaggregation at the genelevel． To   

COmPlete thelinkage groups has been another purpose of   

this study． ＝n this paper，the mutation of aggregateless   

HT4lwas examined for both dominance－reCeSSive relation－   

Ship to wild－tyPe allele an且ユinkage reキationship t0 0ther   

ma．rkers．  
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mTER＝ALS and METHODS  

Che血i七als．  Proteose peptone and yeast extract were  

Obtained from Difco Laboratory． CYCloheximide and p－   

fluorophenYlalanine were obtained from Wako Pure Chemical  
I  

lndustriesr co．and acriflavin from TokYO Rasei＝ndustries・   

StreptomYCin sulphate was purchased from MeijiSeika   

Kaisha′ LTD． A1lother chemicals were analYticalgrade．  

strains were D．discoideum NC～4  Stra土ns． Used  

Raper，1935），NP14（W土11土ams宣主星主・．1974a）′ Ⅹ2（  

W土11土ams里壬生・．1974a）and椚41（Ronno至宝或・′1n  

PreSS）．NP14 and X2were obtained from Dr・P．C・Newe11，  

bxford UniversitY．椚41was a slgnalless and relaYless  

mutant is01ated from NP14． The characteristics of these   

strains are detailedin Tableland genetic notation used   

is described in Table 2．  

Growth conditions and media． Cells were grown on  

nutrient agarin association with A・aerOgeneS at 22 C   

unless othewise stated（Konno堕吐・，in press）・  

DrugslユSed for the selection of haploid progenY Were  

added to the m01ten叩arEtO the fo110Wing concentration  

in pg per ml：CyCloheximide・500；aCriflavin，100）・  

Methanol was added to dried nutrient agar to the final 
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COnCentration of either 3 0r 3．5 ％（Ⅴ／V）（Williams’et  
＝1．■■■■＝．  

al．′1974a）． Para－fluorophenylalanine was added to   

m01ten agar at a concentration of O．1％（W／V）（Coukell   

＆ Roxby．1977）．  

† HeterozYgOuS diploid strain was  forma七土on．  

COnStruCted between haploid X2 and HT4laccording to the   

method of Wi11iams，Res岳in ＆ Newell（1974b）． These   

haploid strains carried nonqallelic growth temperature－   

SenSitive mutations． TheY Vere grOWn SeParatelY On nu－  

trient agar with A．  approximatelY 48 hr at  aero冒eneS fo工■  

22 C・ The amoebae were harvested，WaShed repeatedly bY   

Centrifugation to remove the remaining bacteria，and re－   

TSuSPendedin LPS（Sussman．1966）． Portions of two  

strains containinglxlO7cells／mlweremixedinLPS．  

The mixture were shaken reciprocallY at120 strokes／min   

at 22 C for about12 hours． Under these conditions   

amoebae formedlarge clunPS Of agqlutinated cells． After   

incubation，Cells were c011ected′ SeParated bY VOrteXing  

and plated on nutrient agar vithbacteria atlxlO5－  
7 

1Ⅹ10cells perplate．Theseplateswereincubatedat  

restrictive temperature（27 C）tillplaques appeared．   

Haploid and diploid obtained were distinguished by spore   

SユZe．  
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盟 Haplo土d s甲regantS  Select土on o’f ha■p■10土dlse  

Were Obtained from the diploid by plating amoebae or   

SPOreS With bacteria Qn nutrient agar containipg either  

CyCloheximide，aCriflavin or methan01（Williams望主真土・．  

1974a）． AlternativelY diploid amoebae were culturedin  

J  

axenic medium which contained streptomycin sulphate（250  

Pg／ml）to avoid the bacterialgrowth（Williams至主皇主・・  

1974b）．  

The phenotYPe Of the segregants was determined bY   

transfering each of them on・nutrient agar previousIY   

SPread with bacteria．  
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RESULワS  

The mutated gene of aggregateless HT41was desTg－  

nated as‥agg－1．To study whether this alleleis domト  

nant to wilかtype one or notr as wellas to asslgnit to  
I  

alinkage group previously establishedlthe cells of  

HT41and strain x2were fused to form diploid．  

and its characteristics．  ＝s01ation of diploid  

Diploid was obtained aもnon－Permissive temperature   

（27 C）which did not allow the growth of parental   

Strains． The diploid strain was desLgnated as DT24・   

One of the criteria for diploid was spore size・ As shown   

ln Fig・2r the spore of DT24waslarger than those of   

either X2 0r NP14 from which HT4lwas derived． The agg－1   

a11ele was found to be recessive since diploid hetero－   

ZygOuS for this matker underwent cellaggregati．0n and  

constructed normalfruiting bodies（Fig．3）． AIso′   

both whi gene of HT41 which causes the formation of white 

SPOre and bwn gene of X2 whichis responsible for the   

PrOduction of brown plgment Were found to be recessivet ●  

because cells of DT24 formed Yellow spores and did not   

produce brown pigment（Fig．3）・ rt WaS COnSistent with   

Xatz ＆ Sussman（1972）．  

ー 43 －   



些牢乎竺竺至中箪 

1n orde士to・e女amine七h占1inkage relationship二，between” 

agg－ユgene and other mark6rsIhaploid segregantS Were  

screened from DT24using various selection media・  

At first，DT24cells were plated on nutrient agar  

l C。ntaining b。th cycloheximide（500pg／ml）and methanol  

（3 ％）．After10daYS Ofincubation，reSistant cLones  

which had both cyc and acrA genesr aPPearedin the bacte－  

riallawnat frequencies oflO－5－10－6・The segregant  

Obtained were scored for the．phenotYPeS Of unselecte   

markers． As shownin Table 3，almost segregants were   

aggregateless． Then，agg－1gene was suggested to be   

located on eitherlinkage group ＝（cYC gene）or rX（   

畠crA gene）． ＝t was further confirmed bY Plating the   

diploid cells on nutrient agar containing both cYClo－  

heximide and acriflavin（100pg／ml）・rn this case，  

howeverr the growth of ce11s were considerablY Slower   

than that on medium containing both cYC10heximide and   

methan01・ Zt was shown to be solelY aSCribed to 七he  

PreSenCe Of acriflavin（data not shown）．Nevertheless，  

the maコOr Class of segregants was aggregateless phenotYPe  

（Table4）・Therefore・itis probable that盟望二主gene  

islocated on eitherlinkage group＝ or Z＝．  

Linkage relationship between agg～・1and望三gene・                                                                                                             ‾■ ■ ‾一▼     二二  
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As a next step，it was examined whether虹gene  

WaSlinked to■c’YC gene． DT24 cells were plated on nutri－   

ent agar containipg only cycloheximide・ ＝t was expected  

that allsegregantsis01ated would be aggregatelessif   

agg－1gen草WaSlinked to‥c－YC gene． ＝n this case，however，  

†  

the segregants having the abilitY tO aggregate Were   

Obtained nearlY tWice as many as aggregateless ones（   

Table 5）． Then，agg－1gene seemed not to belinked to   

望芝生gene・As Rothman＆Alexander（1975）suggested that  

One drug selection resultedin the enrichment of the   

fraction of diploid segregants which acquired drug resist－   

ance due to thernitotic crossing over，however，fruiting   

bodY－forming segregants were suspected of diploid．   

r  Then，after DT24 cells had been grown on nutrient   

agar containing巳Pfluorophenylalanine（1％，W／V）  

Which was known to promote haploidization（Coukell＆   

Roxby，1977），theY Were Plated on cycIoheximide－COn－   

taining agar． This procedure gave rise to a rather high   

recovery of resistant segregants．As shownin Table 6，   

though a partialincrease of the fraction of aggregateless   

SegregantS WaS Observed，there was stilla sufficient   

number of fruiting bodY－forming segregants． Therefore，   

this class of segregants was considered to be haploid．   

Thenitis probable that agg－1geneisindependent t0   

1inkage group ＝．  
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Linkag．e．rela七ion．ship b．畠七W．6eri息gg甲，1．．a．nd∴a七rAL．g．ene．  

Asindicated above，dif）loid cells were precultured   

On nutrient agar containing’E－fluorophenYlalanine・Meth－  

an01鵬reSistant clones were isolated from these cells． ＝n   

this case．almost resistant cIones were aggregateless（  
l  

Table 7）・Therefore′ 堅埋二±gene seemed to belinked to  

望王室gene・ The fruiting bodY－forming clones were proba－   

blY dipIoid which arose from mitotic crossing over．  

The relation of agg－1gene 七O the genes which confer the  

辿 to grow axenically・ 

To confirm that堅週二主gene waslocated onlinkage  

group ＝＝，SegregantS having the ability to grow axenicallY  
■  

Were Selected by shaking DT24 cellsin axenic medium．   

This ability is a recessive character and is conferred by 

both genes真空里旦（linkage group ＝Z）and生壁旦（1inkage  

group ＝＝＝）（Williams et al．，1974a）． ＝n this experi－   

ment，it was expected that al10f axenic segregants   

WOuld be fruiting bodY－formingif早g望rlgene waslinked  

t01inkage group ＝＝・ Becauseit resultedin that   

and axeA genes were mapped on the different hom010gueS．   

As shownin Table 8，this was the case． Most segregants   

is01ated were able to perform aggregation． Therefore′it  

＋ 
a・gg－1geneislinked to axeAgene，Wilか  1sl土kely that  

tYPe allele to axeAr onlinkage groupl＝・  
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DtSCUSSlON  

The出mutation of？ggregateless HT41islocated  
onlinkage group ＝＝．Furthermore（the relative position  

Of鍵gene to otherrnakers onlinkage group＝1maY be  
イ  

deduced from the appearance of mitotic diploid・ On   

linkage groupl＝（the order of 2markers has been estab－   

1ished as follows（Mosses，Williams ＆Newell，1975）．  

Centromere－－一一 Whip－－－ aCrA．   

＝f堅望旦二旦geneislocated distalto acrA gene，the selec－  

tion for acrA gene should resultin that allsegregants  

obtained are aggregateless irrespective of haploid or 

diploid．But this was not the case（Table 3，4 and7）・  

▼Therefore agg－1geneislocated proximalto acrA gene・  

Thenr the order of the genes′ CentrOmerer Whiand agg－1，  

is discussed． ＝f agg－1geneislocated distalto whi   

gene as shownin modellof Fig・4JanY CrOSSing over at  

the positions oflr Z＝or＝＝＝do not produce fruiting  

bodY－forming segregants with white spores・On the conq  

trarY（if aggplgeneislocated on proximalto whigene  

asindicatedin mode12，mitotic crossing over at the  

position＝＝IglVeS rise to fruiting bodY－PrOducing dip－  

loid with white spores and similar haploidif haploidiza－  

tionis followed． Experimentalresults shownin Table 3r   

4 and 7 are consistent with mode12． Therefore the order  
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of centromere…aggrlM・Jwhi仰a’crA maY be established・  
「 ・       ＝＝1i 丁‘‾  

The behabior of独．gene whichis responsible for  

the production of brown pigment was curious・1t has   

been mapped onlinkage group ZVr and thereforeisinde－  

Pendent to旦E⊆gene（1inkage group＝）and旦望旦gene（  

1inkage group Z＝）（Katz ＆Isussman，1972；Williams皇主   

里主・．1974a）・Howeverin our experiment，independent  

Segregation of bwn g■ene from above two genes was not   

Observed（Table 3，5 and 7）． Even when the segregation   

Of bwn gene occurred，the number of brown segregants was  

much fewer than expected（Table 4 and 6）・ These   

results maY SuggeSt SOme COnneCtion between the genes of   

bwn，CYC and acrA． However this explanationisincom岬   

Patible with the result sh．ownin Table 8・ Axenic selec～  

acrA 
＋  

tion，Whichis equivalent to the selection for   

gene，also resultedin few′instead of abundant，reCOV－  

ery of brown segregants・Thusitis more considerable  
＋ 

that the segregation between bwnandbwn gene did not  

occurin our experiments．1n non～brown segregants there   

may be sufficient number of segregants having genotYPe  

＋ 
of（bwn／bwn）．However，this explanationis also  

incornPatible with Rothman ＆ Alexander（1975）who sug－  

gested that double drug－Selection resultedin the recovp  

ery of haploid at nearlYlOO！・Even when double drugs  

were used for selection，however，We COuld obtain onlY  
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few brown s9gregantS（Table3 and4）・Tholユgh the sLow  

growth of brown cloneis partlY reSPOnSible for a few   

recoverY Of brown segregants because selection of the   

Segregantis tend to select the rapid grower9gainst the  

Slower（Wright，Williams ＆Newell′1977），nOndisjunc－  

tionof the homologues carrYlng夏and塾数9enereSPeC－  
tivelY maY eXPlain more easily our results・Asin genet－  

icalanalYSis，C011ection of complete haploidsis requir～  

edlSOmeimprovementsin selective procedure are needed   

for the routine use of parasexu皐1system・  

Aggregateless HT41seems to have a single mutation   

Since haploid segregants were either aggregateless or  

fruiting boaY－former・None of thernShowed aberrations  

，in development other thanin aggregation・Though there  

is some possibility of other mutation closely linked to 

agg－1mutation′itis notlikely since HT41hadis0lated  

at relatively high rate of survivalafter mutagenesis・  

Coukell＆ Roxby（1977）analyzedlinkage relation－   

ship of 28 aggregateless mutations using similar proce－   

dure described here and found that as many as16 muta－   

tions among・them falledinlinkage group ＝1・Aggregate－   

1ess HT4lalso has the mutationinlinkage groupI＝・   

Thoughitis not certain whether HT41resembles to some  

of their group ＝＝mutantsr these results suggest that  

the genesinvolvedin cellaggregation maY be clustered  
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onlinkage group ＝＝ and that theY maY be susceptible to   

muta七土on．  

GeneticalanalYSisis usefulfor the 

of mechanism of cell aggregation but also may be used for 

the typing of the aggregateless mutants・ As these   

mutants have not remarkable differences，itis extremely   

■ difficult to discriminate them one another phenotYPICallY・   

1t maY COnVenient to analYZe them geneticallY Prior t0   

0ther biochemicalor ph・YSi0loglCalanalYSis・ This maY   

helpinvestigators by saving them from timepconsuming and   

labor土ous work．  
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SけMMARY  

Th畠mutation of aggr9gateless HT4lwhich has the  

defectin slgnalemission and rel－aY SyStem WaS Studied   

using parasexualsYStem． Thd mutated gene was designated   

as agg－1． HeterozYgOuS diploid（DT24）for this marker   

WaS formed between HT4land strain X2 which undergoes   

Cellaggregation normallY． As DT24 cells perforrned cell   

ag■greg■ation，agg－1mu七ation was found to be recessive．   

To studY thelinkage relationship of旦旦望二塁gene to other  

marker genes，haploid segregants wereisolated using   

Various selection media． Gene agg－1was mapped onlinkage   

group＝＝on which acrA and更庄genes had been previousIY  

Jocated・The relative order of these3genes onlinkage  

group ＝＝was●discussedこ・The・わrobユ’e血・‘invo・1ved∵in・Para－   

SeXualgenetics was also discussed．  
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Fig．1． Parasexualcyclein D．  d土scoldeum．  Haplo土d  

Strains carrYlng●independent genetic markers，a and b．   

form diploids at alow frequencY．Lines representindiN  

▼Vidualchromosomes． The diploid propagates but also   

loses chromosomes at alow frequencY glVing rise to rec－   

Ombinant aneupIoid and haploid progeny．  
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Fig・2． Spore size and shape． Parentalhaploid   

Strain x2 and NP14 from which aggregateless HT41was   

isolated． Diploid strain DT24．  
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Fig．3． Fruiting body′ SPOre COlor and pigment   

PrOdtlCtion． strain NP14with white spore and without   

brown pigment production（upp忠｛r right）． Strain x2 with  

立ellow spore and brown pigment production（upperleft）．   

Diploid strain DT24 with ye1low spore and without plgment   

produc七土on（■．lower．）．  
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Fig．4． Tentative gene order oflinkage group ＝1   

and diploids which arise from mitotic crossing over・   

GenotYPe and phenotYPe Of the diploid derived from   

CrOSSing over at the positions of ＝，Zland ＝1＝ are   

■shown． PhenotYPeis enclosedin parenthesis・ Agg ：  

＋ aggregateless・Agg：nOrmalaggregation・Y：Ye1low  

spore．w：White spore．（Y）and（W）：uneXPreSSed  

SPOre COlor due to aggregateless phenotype・  
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ANALYS＝S OF B＝OCHEM＝CAL PATHWAY ＝N DEVELOPMENT OF CELLULAR  

OSte■lium disco’ideum．   S工一ェ班E MOID′ D土c七  



工NワRODUCT工ON  

＝tis wellknown that cyclicÅMP（cAMP）plaYS  

important roles in the developnent and differentiation of 

the cellular slime m01d Dic七  Stel■ium－di－s’coideum． First，  

イ it acts as a signalfor aggreqation of mYXamOebae（Ronijn   

堕旦主・′1967；Robertson，Drage ＆ Cohen，1972）． Second，  

it accelerates the sYnthesis of cA虻P－Phosphodiesterase   

and of contact sites A which mediate cell adhesion（   

Klein ＆Darmon，1977；Gerisch皇互生・，1975）・At the  

Same time，itinhibits the synthesis of an extrace11ular   

Phosphodiesteraseinhibitor（Klein ＆ Darmon，1977）．   

Third，itis assumed to beinvolvedin the determination   

Of developmentalpathwaY（Sussman ＆ Schindler，1978），   

and acts to form the．p01aritY Of slug（Nestle ＆ Sussman，   

1972）． Furthermore．itinduces 七he differentiation of   

Stalk cells and alsoisinvolvedin prespore differenq   

tiation（Bonner，1970；RaY，Garrod ＆ TillY，1978）・  

Activities of manY enZymeS and some membrane proteins   

are known to appear or disappear at the specific stages  

during developmentalcourse（Loomis，1975）・Such bio－  

chemical activities have been studied by several inves- 

tigators（see Loomis，1975），howeverlthe mechanisms  

causing such changes have not been understood・＝tis  

barely known how each change in enzyme activities or 
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membrane proteins relates to other biochemicaleventsin   

Cells． The developmentalprocess could be either ah   

array of successive reactions or multiple arraYS Of these   

reactions・ ＝n thelatter caser each array of reactions   

could be either independent or mutually dependent each 
I  

O七her．  

We previousIYisolated an aggregateless mutant HT4l   

which could neither emit nor relaY CAMP pulses（Ronno≦生   

al．，in press）．This mutant seems to be usefulfor  

analyzing some of the causaL relations among biochemical  

events during the early developmentalprocesses・工n the  

present experimentsT We eXamined effects of externally  

added cAMP pulses on six developmenta11Y regulated enzYmeS  

†and one membrane proteinin the mutant HT41and the Strain  

NP14as畠Wild－tYPe・The results士evealed someinterr  

relations among the changes of these enzyme activities  

and the appearance of membrane protein during the deve10P－  

mentalcourse of D．discoideum．  
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MATERZALS and METHODS  

堅些旦MnitrophenylpP－D～glucopYranOSide′ E～  Ch由止ca工S．  

nitrophenyl－Ci－DMmannOPyranOSide，PYridoxalphosphate，and   

adenosine 3T，5，－CYClic phosphate were purchased from P－L  

Biochemicalslnc・堅旦－nitrbphenYトN－aCetYl一守一D－gluco－  

Saminide．glucoseM6－Phosphate，PhosphoenoIpYruVate，and   

bovine serum albumine were obtained from Sigma・哩些－   

Ketoglutarate was a product of Wako Pure Chemicals，Japan．   

Uridine diphosphoglucose was purchased from壬こYOWa Hakko  

Kogyo，Japan． Pyruvate kinase and dinitrophenYlhYdazine   

Were Obtained from OrientalYeast C0．．Japan and Daiichi   

Chemicals，Japan．respectivelY． A110ther chemicals were   

Of reagent grade． ▼  

Strains and culture conditions． strains used were  

D．discoideum NP14 and  HT4】＿． Np14 was a g土f七 from Dr．P．  

C．Newell，0Ⅹford Univ．and used as the standard strain．   

HT41was an aggregateless strain which had beenisolated  

from NP14 afterす－raYirradiation．＝t can．neither emit   

nor relaY the aggregation signal，CAMP（Ronno et al．，in   

PreSS）． The cells were grownin association with  

Aerobacter aerogenes on nutrient  a9ar・  

Cond■土t土ons for  Growing cells were   
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harveS一ヒed us：Lng cold Bonner－s sal七 soユ＿u七土on（BSS）   

（β0エーner′1947）′ Cen七ご土fu9ed 4 七imes 七O remOVe bacteria   

and・reSuSPendedin BSS・Cells were plated on non－nutrient  

呼ばa七1Ⅹ107cells／cm2and土ncuba・ヒed a七22C as  

described by Sussman（1966）・Atintervals，they were  

‘ C01lccヒed and ccnしrifugcd at 2tOOO rpm for 3 min． The   

pelle七S Were frozen aモー20 C for subsequen七enzyme assays・  

工n ano七he工・exper土men七／Cells were suspendedin 200mlBSS  

atlx107cclls／mlin～mllitcr flaskこ1nd shこ1ken recip－  

rocallY at 70 sヒ1：Okes／min 叫 22 C． To study effecヒ Of   

CAHp pulses′10plof 七he nucleo七土de solu七土on was added  

dropwise 土n七O Cellsuspension a七 ま．n七ervals of 5 min from   

loユ：2 hr′ a㌣ヒer 七heini．七ia七土on o£ shaking′ up 七0 24 h工・．  

加e君主nalconcen七ra七土on o雲cAMp waslO－7軋 批土n七ervals′  

Samples were removed and cen七ごエfu9ed． The pく∋11e七S Were   

fro芸en £or enEyme aSSay．  

Enzyme assays・ FroEen pelle七S Weエーe 七hawed by 七be  

addi七土on of 飢s七土11ed wa七eコ＝ andlysed．by sonica七土on for   

30 sec a七 25 W wま亮h a でOmy SOnj＿f土er equェpped wシヒh a mエcro－   

tip（Tomy Seiko Co．）． Enzyme assays were performed  

土media七ely af七e】ごprepara七⊥on of七he ex七rac七S・守一Gluco－  

S土dase（EC 3．2．1．23）was assayed accord土ng‘七0 七he   

procedure of Cos七On ＆ も00m土s（1969）．d叫mannOS土dase（   

EC 3．2．1．30）of Loomis（1970），tYrOSine transaminase  
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（EC2・6・l・5）of Popg＆L00mis（1971）and trehalose  

6－Phosphate sYnthetase（EC 2．3．l．15）of Roth ＆   

Sussman（1968）． Protein was determined by the method   

Of LowrY皇主l塾・（1951）usipg bovine serum albumin as a  

Standard・ A unit of enzYme aCtivity was defined as that  
（  

amount whichliberatedlnm0lof product／min・Specific   

activitY WaS eXPreSSed as units／mg■Of protein・  

For・二the一一aSS学y＄Of extracellular cAMP－Phosphodiester－  

ase and EDTA－reSistant cellcontacts，Cells were shaken  

in suspension with or withou七addition of cAMP as describ－  

ed above．Atintervals，SamPles were removed・Aliquots   

were centrifuged at3TOOO rpm for30min and the super－  

natants were dialyzed overnight against10mM TrisMHCl  

buffer，PH7・5・Phosphodiesterase activitY WaS aSSaYed  

according to the method of Yanagisawa皇互生・（1974）・  

To another aliquots EDTA was added at a finalconcentra－  

tion of10－2M．After shaking to dissociatepossible  

agglutinates, the number of total cells and dissociated 

cells was cOunted with a haemocYtOmeter・The proportion  

of single and double cells was Caltulated・  
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RESロムTS  

HT41 was an aggregateless strain which could neither 

emit nor relaY the早ggregation slgnal，CAMP・＝n HT41and  

Wild－tYPe NP14as a standard（Changes of activities of  
イ  

Six enzYmeS ana One membrane protein during development  

and effects of cA班P pulses on them were examined・Cells   

were shakenin sispension and cAMP were applied atinter－  

vals of5min at a finalconcentration of10－7M．  

At first three enzYmeS・Whose activities changed   

soon after theinitiation of development were examined・  

Changes in the specific activity of S－Glucosidase．  

早－glucosidase during earlY developmentalphase were  

’examined and resut was shownin Fig．1． ＝n wild－tyPe  

NP14′守一glucosidase activitY began to decrease soon after  

the initiation of development. The decrease became sLow 

after about6hr and gradualdecrease continued t012hr・  

The enzyme activity decreased throughout the earlY devel－  

opmentalphase・Even when cAMP pulses were applied′ the  

decrease in enzyme activity was not affected at all. In 

aggregateless HT41r though enzYme aCtivity of growing  

cells was somewhat higher than that of NP14′it decreased  

in the same way as NP14 during developmental stages. 

AIso′ the decrease was not altered bY the addition of  

CÅMP pulseβ・  
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Ci－Mannosida＄e aCtivitY Of NP14began  Ⅳ－Mannos土dase．  

toincrease also soon after theinitiation of development．  

Accumulation of enzYme COntinued up t0 9 hr and became   

Slow thereafter・ When the cells were pulsed with cAMp，   

the rate of enzYme aCCumulationincreased and a maximum   

activity was observed at 9 hr． The maximum activitYin   

the presence of cAMP was higher than the peak activitY Of   

the control． The activitY declined markedly thereafter．   

＝n aggregateless HT41，aCCumulation ofcJMmannOSidase also   

OCCurredimmediatelY after starvation，and reached the  

Plateau at 8 hr． The highest activitY WaS about 70per   

Cent Of the peaklevelof wild－tYPe Strain．when cAMP   

Pulses were applied，aCCumulation of enzyme also stimu－   

，1atedin HT41． The peak activitY WaS higher than that   

Of unpulsed cells・ Howeverr the peak activitY Of pulsed   

cells remained constantinstead of declining which was   

Observedin wildptYPe Cells（Fig．2）．  

N－Acetylglucosaminidase． Following the onset of  

developmentr N－aCetYlglucosaminidase activity of NP14  

began toincreaser reaching a smallplateau at about9－  

15 hr，and subsequentlYincreased graduallY・ The enzyme  

accunulation of NP14was completelyinhibited2－ 3hours  

after the commencement of pulsation and enzYme aCtivitY  

remained atlowlevelthroughout・The enzYme aCCumulation  

did not occur・：ih－HT41even after the prolongedincubation・  
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CYClic AmP pulses did not alter the enzyme accumulation  

Of H：P41（F土g．3）．  

Next，One enZYme and one membrane protein which have  

been shown to beinfluenced bY CAMP pulses were examined．  

Extracellular’cAMP－  ■hodies七erase． Extrace11ular  

CAMPNPhosphodiesterase activity began toincrease 2 － 3   

hr after starvation in NP14, reaching maximum at about 6 

hr and declining thereafter・When cÅMP pulses were   

applied．the enzyme accumulation was stimulated remarka－  
1  

bly・ The peak activitY WaS about 4 times higher than   

that of unpulsed cells． On the other hand，the enzYme   

accumulation of HT41was again different from that of   

NP14． Accumulation was not observedin HT41． However，   

in contrast to N－aCetYlglucosaminidase．accumulation of   

extrace11ular phosphodiesterase wasinduced bY CAMP pulses   

（Fig．4）． The effect of cAMP pulses on the accumula－   

tion of this enzYme WaS COnSistent with previous observa－   

tions（Klein ＆ Darmon，1977；Juliani＆ Klein，1978）．  

Contact sites A． Cellcontacts mediated by contact  

sites A are known to be resistant to 王：DTA． ＝n NP14，Cells   

began to form EDTA－reSistant contacts at about4hr and   

most cells at 7 hr remained agglutinatedin the presence   

of EDTA． Pulsed cells became cohesive faster than controI   

cells and maximum agglutination occurred at 5hr・ ＝n  
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COntraSt tO NP14′ HT41cells scarcely formed EDTA－reSist－   

ant cell？gglutinates・When pulsed with cAMP，however，  

they were alsoinduced to form such agglutinates（担g・   

5）． Theind．uction of contact sites A with cAMP pulses   

WaS also observed bY Gerisch et al．（1975）and Darmon  

イ  

e七 al．（1977）．  

FinallYT tVO・enZymeS Which are known to accunulate  

atlate and post aggregation stage were examined・  

rosine transaminase．．＝n NP14．tYrOSine trans－  

aminase activity was constant atlowleveluntilapprox－  

matelY15hrland graduallYincreased thereafter・When   

CAMP pulses were appliedr the enzyme activity began to   

▼increase at 9 －12 hr．1ncreasein enzyme activityin   

Pulsed cells occurred earlier than thatin unpulsed   

Cells． On the other hand，NP14 cells shakenin suspen－   

Sion acquired cohesiveness and formed roughlY SPherical   

Clumps of a few hundred cells at about12 －15 hr／While   

they constructea the tight clumps at 8 －11hrin the  

PreSenCe Of cAMP pulses・Ther畠fore′increasein enzYme  

activitY Seemed to begln at the time of contact formation   

among cells・ ＝n HT41／enZYme aCCumulation also occurred  

slowIY after about15hr・ CYClic AMP pulses caused pre－  

cocious accumulationin HT41as 苫e岳n＿土n NP14． ＝n this   

case，Changein enzyme activitY also coincided with the  
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time of contact formation しF皐g・6）・  

ha■te s  nthetase．  Trehalose 6－  Accumulation of  

trehalose 6－Phosphate sYnthetase did not occur up t0 24  

hr when NP14 cells were shakenin stlSPenSion・The enzyme  

levelwas unalteredin the presence of cA皿P pulses（Fig．  

7）．However，When cells w占re developed normallY On nOnd  

nutrient agar，the enzyme activity began toincrease at   

PSeudoplasmodialstage and theincrease continued to chl－   

mination stage（Fig．8）． ＝n aggregateless HT4l，als0．   

noincreasein the enzyme activitY WaS Observed when  
■  

Cells were shakenin suspension regardless of addition of   

CAMP pulses（Fig．7）． Even when ce11s were deve10Ped   

On agar，however，the enzyme activity remained constant   

，a七lowlevel（F土管．8）．  

As shown′ Strain HT41was found to have differences   

in the accumulation of severalenzymes from parental   

Strain NP14．and externally added pulses of cAMP were   

found to cause various effects on both NP14 and HT4l．  
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D工SCUSSエON  

1n D．discoideum′  cells developed in suspension can 

Sti11accumulate some of developmentallY regulated enzymes   

in almost similar manner as theY are developed on sub－  

Stratum（Grabel＆L00mis，土977；Rickenberg，Tihon＆  
ll  

Guzel，1978）・ For accumulation of most enzYmeS eXamined   

here，Prior RNA and protein sYntheses are required（Rbth   

＆ Sussman，1968；Loomis，1970；Pong ＆ L00mis，1971）．  

From the results obtained here，it maY be possible  

to draw some relationship among biochemicalevents which   

OCCur SequentiallY during development and to deduce   

factors causing silCh changes．  

Following theinitiation of development，aCtivitY Of  

苧－glucosidase began to decrease and・On the contrarYt  

accumulations of Li－mannOSidase and N－aCetYlglucosaminidase   

occurred（Fig．l，2 and 3）． Trigger thatinitiates   

these changes is starvation. However, starvation signal 

res・POnSible for accumulation of N－aCetYlglucosaminidase  

seems different from that causes the other two responses   

since onlY aCCumulation of N－aCetYlglucosaminidase among  

these three responses was not observedin aggregateless   

stra土n Hで41．  

As development proceeds, some cells in population 

begin to emit cAMP periodicallY（Robertson et al・・1972；  
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Geユニ土scIlふⅠ－王ess′】，974）． pr土0エー セO aCquisi上土on of such   

ability，however，theY may need to pass the stage of accu－   

mulation of N－aCetYlglucosaminidase． Because HT41cells   

which failed to accumulate this enzyme were also unable   

to emit cA朗P pulses・Accumulation2空主星里may nOt be necM  
†  

essarilY required′ however，Since mutants whichlack this   

enzyme can s七土11comple七e 七he developmen七alcycle（   

Dimond，Brenncr ＆ L00mis．1973）．  

HT4l cel］．E7．（1id ncithcr accumulilヒC eXヒracel］＿u：Lar phos－   

Phodiesterase nor acquire contact sites A but they could   

do so 土n 七he presence of ex七ernalp㍊1ses of cAmp（野上q．4   

and 5）． でherefore′ Peニビ土odi．callv 藍mlセセed cAMp 土s d土rec七1y   

respons土ble for 七he まni．七ia七lon of 七hese chanqes． 工n Np14′   

1七 CauSed s七土muユ檜a七土on of accumula七ion o£ 七he enzyme and   

PreCOCious ac（Tuisition o［meltlbrこIn〔：下）rOヒCin．（Fi〔ト 5）．   

Itis because N］一ユ4 cells can cmit c＾MP pu二Ls（モS eVCnin thc   

absence of externalpulses． Similar phenomena were ob－   

SerVCd bY Darmon生皇l・（1977）・  

：【n addiヒion，CAMP pulses stimu二Lated accumulElヒニLon of   

〆－mannOSidase butinlュib二Lted accumulation of N－aCCtylgluco－   

Samin二Ldase（Fig．2 and 3）． Xヒ j．s not cerヒain Elt PreS－   

ent，however，Whether the decおease of the activity of o（－   

mannosidase after 8 hr dcvclopmentin NP14is caused  

directly or secondarily bY CAMP pu］一SeS 

N－aCetylglucosaminidasein wild～tyPe Strain was completelY  
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inhibited within 2（）r 3 hours after commence血ent of   

addition of cAHP pulses． Thi－s・may e衰plain the decrease  

of enzyme accumulation of unpulsed NP14 ce11s which was  

observed at around 9 －■15hrin development（Fig．3）・  

Because naturally occurring cAMP puLses begin at about 6 

hr after starvation（Robert畠On et■al．′1972）． ：上：し  

Znitiation of accumulation of tyrosine transaminase   

occurred at the time of the formation oflarge cell  

clumps．Cyclic AMP pulses caused the precocious accumu－  

lation of this enzYme（Fig．6）．As formation of cell  
●  

clumps was also stimulated by cAMP pulses，however，COin－  

cidence between these events was als00bserved． The工efore，   

cellcontacts seem to be responsible for theinitiation  

pf accumulation of this enzyme・Grabel＆Loomis（1977）  

also reported th占necessitY Of cellcontaqts for this  

change．Contact sites A are probableYinvolvedin this  

processr because their synthesisis also stim11atea by  

cAMP pulses 卜F土g・5）・  

Solong as cells were shaker聖in suspensionirrespec－  

tive of addition of cAMP pulses，trehalose 6MPhosphate  

synthetase failed to ac－C・umulate（Fig・7）・Butit oc二  

curred at pseudoplasmod・ialstage when NP14 cells were  

allowed to develoわon aqar（Fiq．8）． Zn suspension，  

1arqe and spheriGalclumps of ce11s were thelast stage  

of development・Thereforet cellcontacts seeminsuffi－  
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cient for theinitiation of accumuLatiQn Of this enzyme．   

工n add主七lon 七0 七hem′ SOme SpeCi．alo閏an上之a七ion o王 cells   

or conditions founain slug seem to be requirea for   

triggering this change・  

CYClic AMP pulses seem mainlY tOinfluence rlmiddleII  

stage enzymesin development whose activities change  

during preaggregative and aggregative stage・Accumula－  

tions of TT earlYIIandl11ate tlenzymes are hardly  

altered bY them・＝t maY be related to thelevelof cAMP  

receptors on cell surface hecause cells at early and 
■  

late stage of development can not bind sufficient amount  

of cAMP（Malchow ＆ Gerisch，1974）・  

ExternallY aPPlied pulses of cAMP caused various  

，effects on the enzYme aCCumulation，SuCh asinhibition．  

stimulation orinduction． ttisinteユ：eSting to know how   

these diverse reponses are caused by a single species of   

molecule． 工七may be essentlallyL．■tb巳・Sameごp印bl短m・aS∴   

the hormonalcontrolof the metabolismin higher animals．  
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SU♪騨1ARY  

＝n wild－tYPe Strain NP14 and sTgnal－・・and relaY－1ess ●   

mutant HT41r changes of activities of six developmenta11Y   

regulated enzYmeS and of onernembrane protein during  

development were examined・LEffects of externallY added  

CAMP pulses on them were also examined・  

HT41differed from NP14in accumulation of both 雨－   

acetYlglucosaminidase and extracellular phosphodiesterase  

and acquisition of contact苧ites A・Howeverr cAMP pulses  

induced thelatter two eventsin HT41． TheY did not   

alter the disappearance of 6pglucosidase activity but  

stimulated accumuLation of eぐmannoSidase・Accumulation  

†Of N－aCetylglucosaminidasein NP14wasinhibited by them・  

They also caused precocious accumulation of tyrosine  

transaminase． Trehalose 6－Phosphate sYnthetase failed   

to accumulate in suspension irrespective of them, but 

occurred at pseudoplasmodial stage during development on 

agar. The causal relationship between these biochemical 

events and factors responsible for these changes are   

d土scussed．  

－ 86 －   



．RE．FERENCES  

Bonner，J．T．（1947）． Evidence for the formation of  

Ce11早ggregateS bY Chemotaxisin the development of  
the slime m01d Dict  OStelium discoideum．  J．Exp．  

J  

Z001．106．1－26．   

Bonner，J．T．・（1970）． ＝nduction of stalk celldiffer－  

entiation by cycLic AMP in the cellular slime mold 

D土c七  OStelium discoideum． Proc．Nat．Acad．Sci．u．s．  

A．65．110－113．  

Coston′ 班・B・＆ L00mis，W・F．．Jr．（1969）．1sozymes  

Of学－glucosidasein Dictyosteliumdiscoideum．J．  

Bacterlol．100．1208－1217．  

’Darmonr M・′ Barranat P・r Brachetr P．［Klein，C．＆Pereira  

da Silva，L・（1977）． phenotYPIC SuPPreSSion of  

morphogenetic mutants of Dict  OStelium discoideum．  

B土01．58′174－184．  Develo  

Dimond，R．．Brenner，M．＆ L00mis，W．F．（1973）．  

Mutations affecting N－aCetYlglucosaminidasein  

DictYOStelium discoideum． Proc．Nat．Acad．Sci．u．s．  

A．70′ 3356－3360．   

Gerisch，G・＆ Hess，B・（1974）． CYClic AMPNCOntrOlled  

OSCillationsin suspended Dictyostelium cells：their  

relation to morphogenetic cellinteractions． proc．  

Nat．Acad．Sci．U．S．A．71，2118－2122．  

－ 87 －   



Gerisch，G．，Fromm，技・，Huesgen，A．＆Wick′ U．（1975）．  

Contr0lof cellれCOntaCt Sites by cYClic AMP pulsesin  

differentiating・Dictyostelium cells．N・ature，L255′  

547－549．   

Grabel，L．＆ L00mis，W．F．（1977）． Cellularinter－  

（  

action regulating early biochemical differentiation 

in DictYOStelium．  ＝n －7 Development and Differenti－  

ationin Cellular Slime Molds ‖′（P．Cappucinelli  

ed．）． EIsevier，Amsterdam．   

Kay．R・R・，Garrod，D．＆ Ti11Y，R．（1978）． Require－  

ment for celldifferentiationin Dictyostelium dis－  

COideum． Nature，271，58－60．  

Klein，C・＆ Darmon，M．（1977）． Effects of cyclic AMP  

Pulses on adenylate cYClase and the phosphodiesterase  

inhibitor of D．discoideum． Nature′ 268，76－78．  

Konl］n′ T．M．′ Van de Meene，J．G．C．，Bonner，J，T．＆  

BarkleY，D．S．（1967）． The acrasin activity of  

adenosine－31，5T－CYClic phosphate． Proc．Nat．Acad．  

Sc土．U．S．A．58′ 1152－1154．  

Loomis，W．F．，Jr．（1969）． Acetylglucosaminidase，an  

earLy enzyme in the deveLopment of Dictyostelium 

discoideum．J．Bacteri01．97，1149－1154．  

Loomis，W．F．，Jr．（1970）． Developmentalregulation  

of c（－mannOSidasein DictYOStelium discoideum．J．  

Bacter土01．103′ 375－381．  

－ 88 －   



LowrY10・H・r Rosebropgh，N・J・，Farr，A・L．＆ Randall，  

R・J．（1951）． Protein measure血ents with the F01in  

Phen01reagent・J・・Biol．Chern．193，265－275．  

Malchow′ D・＆Gerisch，G・（1974）．Shorトterm binding  

and hydrolysis of cyclic 3I：5l－adenosine monophos－  
（  

Phate bY aggreg・atin・g DictYOStelium ce11s． Proc．Nat．  

Acad．Sci．U．S．A．71，2423M2427．  

Nestle，M・＆ Sussman，M．（1972）． The effect of cYClic  

AMP on morphogenesis and enzYme aCCumulationin  

D土ctyos七elエum d土sco土deum．  Develop．B土01．28′ 545－  

554．   

Pong，S・S・＆ Loomis，W．F．，Jr．（1971）． EnzYmeS Of  

amino acid metabolismin DictYOStelium discoideurn．＝．  

Tyrosine transaminase．J．Biol．Chem．246，4412－  

4416．   

II II  

Rickenberg，H．Ⅴ．，Tihon，C．＆ Guzel，0．（1977）． The  

effect of pulses of 3一：5－ cYClic adenosine mono－  

Phosphate on enzYme formationin non－aggregated  

amoebae of DictYOStelium discoideum． Zn 7．Develop－  

ment and Differentiation in Cellular Slime Molds．T，  

（P．Cappucinellied．）． EIsevier，Amsterdam・   

Robertson，A．，Drage′ D．J．＆ Cohen，M．H．（1972）・  

Controlof ag・gregationin Dictyostelium discoideun  

by an external periodic pulse of cyclic adenosine 

Science．175，333－335．  monophosphate・   

ー 89 －   



Roth，R・＆ Sussman，乱 し1968）・TrehLalose6†Phosphate  

SYnthetase（uridine diphosphate 

6－PhosphatelMglucosyltransferase）andits regula－  

tion duripg slime mold development・  

243，5081－5087．  

J．Bi01’．Chem．  

Sussman，M．（1966）．Bio占hemicaland genetic methods  

in the studY Of cellular slime m01a development．1n  

n Methodsin CellPhYSi0logY一一，（D．Prescott ed．－）′  

Vol．2，PP．397－410． Academic Press，New York．   

Sussman，M・＆ Schindler，J・．（1978）． A possible  

mechanism of morphogenetic regulationin Dictyosteト  

ium discoideum． Differentiation，10，l－5．  

YanaglSaWa，K．0．．Tanaka，Y．＆YanaglSaWa，K．（1974）・  

Cyclic AMP phosphodiesterase in some mutants of 

r．B土01．Chem．38′1845－  OStel土um  D土ct   purpure um... 

1849．  

－ 90 －   



Fig．1． Changes of寧Mglucosidase activity and虔ffect   

Of cAMP pulses during the development of wild－tYPe NP14   

and aggregateless HT41． Cells were shakenin s豆spension   

With or without the addition of cAMP pulses．Atinter－  

）als，争－glucosidase activitY WaS aSSaYed．Pulse treatment  

WaS began at the timeindicated bY arrOW．（0）′ NP14   

Without cAMP pulses；（◎）．NP14 with pulses；（△），HT41   

Without pulses；（▲），HT41with pulses．  
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Fig．2． Changes of c＊－mannOSidase activity and effect   

Of cAMP pulses． EnzYme aCtivitY WaS aSSayed as descibed   

in thelegend of Fig．1．（○）．NP14without cAMP pulses；   

（○）′ NP14 with pulses；（△）′ HT41without pulses；   

（A）．Hで41w土七h pulses．  
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Fig・3・Chapges of N－aCetylglucosaminidase activitY  

and effect of cAMP pulses． EnzYme aCtivity was assaYed   

as describedin thelegend of Fig．1．（○）′  NP14without   

CAMP pulses；（◎）．NP14 with pulses；（ム）．HT4lwithout   

Pulses；（A），HT41with pulses．  
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Fig．4． Changes of extracellular phosphodiesterase   

activity and effect of cAMP pulses． EnzYme aCtivity was   

assaYed as describedin thelegend of Fig．1．（○），   

NP14without cAMP pulses；（⑳）′ NP14with pulses；（．ム）．   

HT4lwithout pulses；（A）′ HT41with pulses．  
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Fig．5． Acquisition of contact sites A and effect   

Of cAMP pulses． Cells were shakenin suspension with or   

Without the addition of cAMP pulses． Atintervals，Cells   

dissociatedin EDTA s01ution were counted．（0）′ NP14   

Without cAMP pulses；（◎）．NP14 with pulses；（△），HT41   

Without pulses；（A），HT41with pulses．  
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Fig．6． Changes of tYrOSine transaminase activitY   

and effect of cAMP pulses． Enzyme activity was assaYed   

声S describedin thelegend of Fig・1・（0）′  NP14   

Without cAMP pulses；（○）′ NP14 with pulses；（A）．HT41   

Without pulses；（▲），HT4lwith pulses．  
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Fig・7・Changes of trehalose 6－Phosphate sYnthetase   

and effect of cAMP pulses． EnzYme aCtivitY WaS aSSayed   

声S describedin thelegend of Fig．l．（0）′ NP14   

Without cAMP pulses；（○）′ NP14with pulses；（△）′ HT41   

Without pulses；（A）′ HT4lwith pulses．  
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Fig．8． Changes of trehalose 6－Phosphate sYnthetase   

activity． Ce11s were allowed to develop on nonMnutrient   

7agar． Atintevals，Cells were harvested and enzYme   

activitY WaS aSSayed．（○）NP14 and（△）HT4l・  
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