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General＝ntroduction  

l   Complex carbohYdrates are ma］Or COnStituents of the outer   

surface of plasma membranes and extend out some distance from the   

lipid bilayer・   TheY Can form polar bonds of various sorts andl   

bY Virtue of their structure．can confer a large degree of   

StereOSPeCificity to glycoproteins and glYCOlipids．  Because   

Of these properties，it has been suggested that complex   

CarbohYdrates play a ma〕Or rOle in cellular interactions．   

Although the molecular mechanisms are still a matter of   

● COn〕eCture．eVidence has accumulatedimplicating carbohYdratesin   

SeVeralprocesses of cellinteractions，including fertilization，   

mating type ce11interaction in micro organisms，Cell－Cell and   

Cell－Substratum adhesion and phagocYtOSis．（Bozzaro．1985）．  

The cellular slirne mold′  Dict  rostelium discoideum has been 

used as a suitable modelsystem to studY Cell－Cellinteractions，   

and evidence indicates that in this organism carbohydrates，   

especially as prosthetic groups of glycoproteins，also play an   

important rolein process of ce11－Cellinteractions．  

two different developmental pathwaYS．  D． discoideum has  

fruiting－bodY formation and macrocyst formation．  These are   

COnSidered to be the asexual and the sexual cycles in this   

Organism．respectively（Clark法皇L．1973；Erdos堕Aii，1973；  

Mac＝nnes and Francis，1974；Okada5生 』．1986）．   During the  

growth phase．haploid myxamoeboid cells of D．  discoideum feed on   
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bacteria and grow by fission．  When bacteria are no longer   

presentp the cells on a solid medium aggregate to form a  

fruiting－body consisting of spores and stalk cells（Bonner，   

1959）．  On the other hand，under appropriate culture   

conditions，SuCh as excessive water and certain period of   

darkness， the cells acquire fusion competence（Nickerson and   

Raper，1973；Erdos 旦主裏エ．1976；Saga and YanaglSaWa，1982；Saga ●  

et al．，1983）to fuse sexually between two opposite mating ＝二二丁  

types，and produce a zygotic giant cell（0－Day．1979；Robson and   

Williams，1980；S2：abo 全土旦主エ． 1982；Okada 旦主旦主エ′1986）・   

SubsequentlY the glant Celldevelops・into a macrocYSt enClosedin ＝  

a thick fibrillar wall．（Filosa and Dengler，1972；Wallace and   

Raper，1979；0－Day．1979；0－Day and Durston，1979；Abe 生 Aii，   

1984；Okada坐払．1986）（F土9・1）．  

Recently．旦工 旦主旦三旦主旦旦旦望 has been realized as a quite   

attractive systern for studying cell interactions in the sexual 

event．  Because′ this organism has sexuallY heterotha11i   

Strains such as described above and homothallic strains．  ＝n   

addition，that has asexualand bisexualstrains・（Erdos 旦互生主エ．   

1973；Robson and williams，1980）（Tablel）．   Therefore．the  

Studies on sexualinteractions of D．discoideum  ● might glVe SOme  

Clue to understand evolution of the sexuality．  

Al亡hough旦∑  had such manYinteresting properties，  discoideum  

it had beenimpossible to analYZe their sexualinteractions on  

molecular level．  One of the main reasons was the lack of  
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sYnChronous developmentalsystem・  However，in1983，Saga堕  

al．succeeded to develop the synchronous system and divided   

macrocYSt formation processinto 3 ＄tageS：1）acquisition of  

fusion competence．2）fusion of cells，and 3）zygotic giant cell   

developmentinto macrocYSt．  

In the present experiments, attempts were made to investigate 

the mechanism of sexual cell fusion on cellular and m0lecular   

levels using the synchronous system・  ＝n part ＝（the effects   

of environmental factors at the each stage of the macrocyst   

development were investigated・  A cell surface molecule   

inv0lved in sexual cell fusion was identified in part Zl．   

Purification and characteri2：ation of this molecule were carried   

Out 土n part 工工工．  
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PART   工  

Environmentalfactorsinducing sexualdevelopment  
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1ntroduction  

Multice11ular higher organisms possess two functionally   

different tYPeS Of cells：germ and somatic ce11s，the former are   

CaPable of sexual fusion but not the latter．   1n some   

unicellular organisms such as ce11ular slime molds，a Single cell   

Should perform the r0le of a somatic cellat one time and that of   

a germ cellat another for sexualgenetic exchange．  Such a   

Change in the function of a cellis often regulated by the   

particular surrounding environmentalconditions．  

1n heterothallic strains of Dict  OStelium di  SCOideum， When  

Cells of tw0 0PPOSite mating types′ HMl and NC4．are cultured   

With bacteria in the dark on a wet・nutrient agar plate′ fusion   

OCCurS tO PrOduce zygotic dipIoid glant Cells，followed by l  

development into macrocysts，the sexual structures of this   

Organisrn（Clark 堕旦L．1973；Erdos 全土 旦主エ．1973；Mac＝nnes and  

Francis，1974；0’Day．1979；Saga 旦互 生主エ．1983；Okada et  

旦L．1986）．  However，When the cells are culturedin the  

light on a dried agar plate′ aSeXualfruiting－bodies are slightlY  

PrOduced．  

Severalresearchers（Blaskovics and Raper，1957；Nicker．son  

and Raper，1973；Erdos 旦主AiL，1976）studied environmental  

conditions responsible for macrocyst development in cells of many 

SPeCies and strains of cellular slime molds and found that   

darkness，eXCeSSive water，relativelY high temperature（200c －  
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250c）and the absence of phosphateionsin culture medium   

CauSed cells to develop into macrocYStS in most species and   

Strains，While the opposite conditionsled to the development of   

fruiting－bodies without anY glant Cell formation． ●   

Furthermore，0－DaY 旦主 旦L reported calcium ions also are   

l essential for the production of zygotic glant Cells in D．  

（Chagla 旦呈吐＿，1980；McConachie and O．DaY，1986）．  discoideum  

Saga and Yanagisawa（1982）developed a sYnChronous cell－  

fusion system for D．  discoideum and  found through its use that  

macrocyst formation occurred in at least two steps．glant Ce11 1   

PrOductionl．and their subsequent development into macrocysts・   

They also found thatinliquid culture′ a Certain period of   

darkness was necessary for the first steplbut not for the   

SeCOnd・  ＝n additionr HMIcells became fusion competent only  

in darknessr but NC4 cells were able to becorne fusion competent  

in either darkness orlight・  ＝n the present studY（the  

PrOCeSS Of macrocYSt formation was dividedinto 3 stages：1）   

acquisition of fusion competence． 2）fusion of ce11s，and 3）  

2：ygOtic giant celldevelopmentinto macrocYStS・  The effects  

Of excess waterltemPeraturelphosphateions and calciumions at  

the each stage were examined．  
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Materials and Methods  

Strains  

discoideumlStrains NC4 and HMl′ Were uSed・   These were  

maintained as a stock fruiting－bodY Culture on nutrient SM－agar  

Klebsiella  （Sussman，1966）with  a串rOgeneS・   

environmental effects  Tests  

1）To examine the effects of excessive water on the   

acquisition of fusion competence′ Cells of the each strain were  

culturedinliquid medium． BSS（Bonner’s salt S0lution）   

（Bonner，1947）containing旦二aerOgeneS，in the dark for15 hrs  

at 220c on a reciprocalshaker（120 strokes／min）．   Growth－  

phase ce11s were used for the cellfhsion assay．   Cells grown  

on sM agar plates（220cin the dark）were used as a control・  

2）The effects of temperature on（a）the acquisition of   

fusion competence．（b）cell fusion and（c）giant celldevelopment   

into macrocYStS Were eXamined as f01lows．  For（a）．NC4 and   

HMI cells suspended separately in BSS containing bacteria were  

incubated atll′14′18122，2510r 280cin the dark on a shaker  

（120 strokes／min）．   Smallsamples were taken at successive   

intervals duringincubation and used for the cell fusion assaY．   

For（b），fusion competent NC4 and HMIcellsuspensions were mixed   

in equal v0lumes and shaken at the following temperatures：0，  

5・518・5111′14116118（22125128（Or 300cin thelight．  

9   



The percentage of fused cells was determined after 30 min・・  

For（C）．NC4 and HMlmixed cellsuspension containing giant cells   

was placed on wet BSS agar plates, incubated at the above 

temperaturesin the dark and observed for macrocyst production   

after 7 daYS．  

3）The effects of phosphateions on（a）the acquisition of   

fusion competence，（b）cellfusion and（c）giant celldevelopment 

were studied as f01lowed．  （a），NC4 and HMI cells separatelY   

SuSPendedin different concentrations of bacteria containing   

Phosphate buffers′ 0．2．5，5，10．25，Or 50 mM（pH6．5）were  

shaken in the dark at 220C for 18 hrs and used for cell fusion 

assaY．  （b）．The fusion－COmPetent NC4 and HMI cells mixed in   

equal numbers were suspended in different concentrations of the   

above phosphate buffers（containinglmM CaC12）′ and examined  

for cell fusion after shaking in the light at 22 OC for 30 min. 

（c）．The mixed cell suspensions containing giant cells in   

Phosphate buffers（COntaininglmM CaC12）at the different  

COnCentrations were plated on plain agar plates，incubated at  

220cin the dark and examined for macrocYSt PrOduction・  

4）The effects of calciumions on（a）fusion competence and   

（b）cell fusion were examined as f01lows．  （a）．NC4 and HMI   

Cells separately suspended with bacteriain either BSS ot・Calcium  

free BSS（50 mM KClor 50 mM NaCl）and shaken at 220cin the   

dark・   After15 hrsincubation（．the ce11fusion assay was  

Carried out・  （b）′ CaC12WaSintroducedinto the mixed fusion  
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competent cellsuspensions（containing50mM NaCl）at different  

concentrations and the cellfusion assaY WaS Performedlafter 60  

min of shaking at220c・  

Cell－fusion  a甲声ay  

The degree of fusion competence of cells was estimated from  

the percentage of fused cells according to the method of Saga 全土  

al．（1983）．  
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Resul亡s  

Water  Effec亡s  

The fusion competence of NC4 and HMIcells grown inliquid  

cultures was examined．  As previously reported bY Saga旦主虹   

（1983）．HMIcells culturedin the dark for15 hrs possess  

fusion competencelbut HMIcells culturedin thelight for15 hrs  

do not．  However，NC4 cells，Culturedin either darkness or  

light possessed fusion competence・  Figure 2 shows the  

acquisition of this competencein NC4 cells with timeinliquid  

culture under either dark or light condition．  Zt is evident   

that although NC4 cells culturedin both darkness andlight are   

able to acquire fusion competence as previously reported by Saga   

長生吐 ＿ 

competence to a slightly higher extent than those culturedin the   

light．   ＝tis ofinterest thatinliquid，Cells have no fusion   

COmPetenCe at allat the beginning of cultivation．   Thatis，a   

Certain period of cultivation is required for the acquisition，   

Which raises the question whY these ce11s have no fusion  

COmPetenCe at the beginning of liquid cultivation．  A   

POSSible explanation for this is that cells grown on agar plates   

have no fusion competence．cellsinliquid being taken from agar   

Plates．   To examine this possibility．the fusion competence of   

Cells grown on agar plates was examined．   Plate－Cultured cells．   

both NC4 and HMlin either darkness orlight，Were found to fail  
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to have any fusion competence・  However，introducing excess  

water to the plates makes these cells fusion competent・  

To determine whether or not fusion competent cells lose their 

competence with the removalof water，NC4 cells culturedin  

liquid for15 hrsin the dark were placed on agar plate and  

culturedin the dark．  As shownin Fig・3（their fusion   

competence was found to belost withinlhr・  

Ztis also evident from Fig．2 that fusion competent NC4 ce11s  

lose their competence during continuous cultivation even in 

liquid．  This has also been reported for HMIcells（Saga 旦旦  

卓ユニ，1983）・   Weinvestigated why this competenceislost  

during continuousliquid cultivation（and found that starvation  

of the cells was the reason for thisloss．  During liquid   

cultivationin the dark．NC4 cells were able to maintain fusion   

COmPetenCe aSlong as bacteria were available as a food source・   

After thorough washing to remove bacteria and resuspension in  

BSS（5Ⅹ106 cells／ml）．NC4 cells were noted to startlosing  

their fusion competenceimmediately as shownin Fig．4，but when   

the cell suspension was replenished with bacteria， the   

acquisition of fusion competence was resumed．  

Effec亡s  eratures  

＝n most cellular slime m01ds．relatively higher temperatures  

（200c － 250c）are favored for macrocyst formation（Nickerson．   

and Raper，1973）．   According to Saga 旦主旦L（1983）．HMl  
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cells culturedin the dark failto 早Cquire fusion competence at  

250c（but are able to fuse at temperatures between150c and280c・  

On the other hand．itis evident that NC4 and HMIcellsincubated   

as a mixture on wet agar platesin the dark actually developinto  

macrocysts even at 250c・  To reconcile these contradictory  

results，the effects of temperatures on macrocyst formation was   

again examined．  The effect on fusion competence acquisition   

is shownin Fig．5．   Zn both strains，Cells culturedin the dark  

at140c were found to acquire fusion competence′ although the   

time required for this was rnuchlonger．   Both strains acquired  

this competence at 250c（butin HMlit was quicklYlost bY  

furtherincubation，before15 hr（Fig・5）・   Since Saga旦生Aii   

（1983）examined fusion competence after15 hr of incubation，  

the HMIcells hadlost their competence before that time at 250c．   

However，When in the presence of NC4．HMI ce11s will fuse with   

the NC4 cells before this loss occurs・  This should explain  

the variance of results mentioned above．  BelowllOc or above  

280c（nO aCquisition of fusion competence was possible at all．  

Next，the effects of temperatures on cell fusion were  

examined・ The results are shownin Fig・6・   Fusion competent  

NC4 and HMIcells fused within 30 min between160c － 280c，and  

With alonger period of incubation such as120 min，the cell＄  

become fusible even at temperatures aslow as5・50c（although not  

at oOc．  
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≦旦1－OS haヒ亭主旦王望  Effecヒs  

The effects of phosphate ions on each stage of macrocyst 

development were Studied・   As far as we have examinedr  

phosphate ions were found to have no effects on any stage for the 

acquisition of fusion competence′ Cellfusion，Or glant Cell  

development・  

Calcium ions  Effects  

Chagla卓上卓ユニ（1980），and McConachie and O－Day（1986）  

have reported that calcium ions are required for production of 

zYgOtic glant Cells・   ＝n the present studY，it was found that  

there was noindication at allofits requirement for the   

acquisition of fusion competence by NC4 and HMIcells・  NC4  

cells grown on bacteriain either 50 mM KClor 50 mM NaCI  

solution instead of BSS containing CaClZ acquired a high degree 

of competence after15hrs darkincubation at 220c・  However，  

calcium ions were found to be necessary during the celL fusion 

stage・  As shownin Fig・71When fusion competent NC4 and HMI   

ce11s suspendedin 50 mM NaCIs0lution were rnixed at al：1  

ratio′ andincubated at 220c for 60minlfusion failed to occurl  

but with theintroduction of O・1mM CaC12into the cell  
SuSPenSionlCellfusion wasinitiated，and O・5mM CaC12 CauSedit  

to reach a maximumlevel．  However，With the introduction of  

25mM MgC12into the suspension，nO Cellfusion wasinitiated・  
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D土scuss土on  

＝n ce11ular slime m01ds，alternate modes of development   

either sexual or asexualare known to result from responses tO   

various environmental factors（Blaskovics and Raper，1957；   

Nickerson and Raper（1973；Erdos et al・（ 1976；Chagla et al・1   

1980；McConachie and O－Day，1986）．  The present findings with  

HMl．generally agree with  the D．discoideum， Strains NC4 and  

most previous reports exceptin regard to phosphateions・  

The present study demonstrates that excessive water and   

bacteria as food source are the conditions indispensable for the   

acquisition of fusion competence in cells．  Even in liquid   

Culture if the supply of bacteria is not replenished，fusion   

COmPetenCeis quickly lost．  Phosphate buffers at   

concentrations from 1 mM to 50 mM failed to affect any stage of 

macrocYSt development of D．  discoideum  in the present experiment．  

1n contrast，Nickerson and Raper（1973）have indicated   

PreViouslyin the same species that the production of macrocYStS   

is greatlY SuPPreSSed depending on the concentration of phosphate   

ion and that virtuallY COmPlete inhibition occurs at 50 mM．   

One possible explanation for this conflict seems to be the   

differencein culture methods．  ＝ grew cellsin BSSIwith K．   

旦隻墜岬P阜旦．While they used O．1％1actose－PeptOne agar With E．  

COll・  However． 旦⊥  discoideum cells  Can PrOduce macrocysts  

even on agar plate provided water is present in excess, and celZs 
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Cultured with either 些上皇旦王Sl旦旦旦主星 Or E．c01i．can produce   

macrocYStS tO the same degree（Blaskovics and Raper，1957）・   

Another explanation is the difference in the strains used・   

Nickerson and Raper used a homothallic strain AC4．while l used   

the heterothallic strains HMland NC4．  They have mentioned   

that the effects of the environmental conditions on macrocyst   

formation are quite varied depending on species and strain．   

Therefore′ this would explain the variancein the results．  

discoideum  Cells，the switching from sexually fusion  工n D．  

incompetent to competent and vice versa occurs according to what   

environmentalfactors are present，SuCh as darkness orlight，the   

PreSenCe Or absence of excessive water and bacteria as a nutrient   

SOurCe・   These factors are believed to change directlY Or   

indirectly the properties of the cell surface．and surface   

PrOteins would beinv0lvedin this change・  Attempts are now   

being made to find a cellsurface protein（S）inv0lvedin the  

SeXual cell fusion of D．  discoideum．  
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PART  工工  

＝dentification of the cell surface m0lecule  

inv0lved in sexual cell fusion  
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1ntroduction  

Sexuality plays animportant role for ev0lution by exchanglng   

genes・   1n an unicellular organism cellular slime rnolds  

haploid amoeboid cells acquire fusion  OStelium discoideum．  D土ct  

COmPetenCe under the condition of the presence of excess water，   

nutrient and certain period of darkness and produce diploid   

ZYgOtic giant cells bY fusion（Nikerson and Raper，1973；Robson   

l and Williams，1980；Saga and YanaglSaWa，1982；Szabo et al．，1982   

；Saga旦主裏ユ．1983；Suzukiand Yanagisawa，in press）・  1n   

heterothallic strains such as NC4 and HMl．sexual fusion occurs   

l Only between cells belonglng t0 0PPOSite mating types   

（Blaskovics and Raper，1957；Erdos 主立 至ユニ． 1973；Saga and  

Yanagisawa，1982；Szabo旦ヒAii，1982■）．   This fusion process  

SeemS tO be essentially the same as fertilization in   

multicellular higher organisms．  ＝n this study．D．   

discoideum was used as a modelsystem for elucidating the   

m0lecular mechanisms．0f sexual cell fusion．  

A zYgOtic giant cellexcretes cyclic AMP（cAMP）to attract   

SurrOunding cells to engulf them．and subsequently grow into a   

mature macrocyst（Filosa and Dengler，1972；0’Day．1979；OIDay   

and Durston，1979；Abe生 』．1984；Lewis and OTDay．1985；Lewis  
｛  

and OTDaY，1986）．   Giant cells are often multinucleated，   

being the result of the fusion of more than two cellsr but only   

two nucleiactuallY make fusion to produce a diploid nucleus，and  
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allothers disappear（Okada 旦主旦L．1986）．  During the   

rnaturation of a macrocyst，meiosis takes place and subsequent   

mitosis produces dozens of haploid cells（Mac＝nnes and Francis′   

1974； Okada堕裏ユ．1986）・  

Saga et al．（1983）and Suzuki and Yanagisawa（in press）   

reported that both NC4 and HMI cells required excess water and   

bacteria as f00d source to acquire fusion competence．but that   

darkness was only required by HMIcells．  NC4 cells are able   

to acquire fusion competence even under the condition of light．   

RecentlY， Urushihara長生Aii（1988）found a protein related to   

SeXualcellfusion on cellsurface of HMl．  This proteinis   

SPeCificallY PreSent On the surface of fusion competent HMI   

Cells，but not on the surface of fusionincompetent HMIcells．  

The present paper will report another such proteininvolved   

in their sexualcellfusion．  This proteinis138Ⅰく daltonin   

m01ecular weight（and appears specifically only on the surface of   

fusion competent NC4 cells．  
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Materials and Methods  

and culture conditions  Or ▲anisms  

discoideum，NC4 and HMl．were  Two heterothallic strains of D．  

used．   HMIwas derived from V12（Kay長生j廷．i，1978），a Strain   

Of the opposite mating tYPe tO NC4．  Stock fruiting－bodY   

Cultures of each strain were maintained separatelY On nutrient SM  

With Klebsiella  卑erOgeneS（Sussrnan，1966）．  agar  

Cells  ≦OmPetent  Fus土on  

Growth－Phase cells harvested from agar plates were suspended  

in BonnerTs salt s0lution（BSS）（Bonner，1947）（3 － 5 xlO5  

cells／ml）with里エaerOgeneS and cultivated at220 cin the  

dark on a reciprocalshaker（120 strokes／min），and15hr   

Cultivated cells were used as fusion competent ce11s．  Growthq   

Phase cells from SM agar plates were used as fusionincompetent   

Cells（Suzukiand Yanagisawa，in press）．  

冬草軍ヱ≦廷  Cell fusion  

The degree of fusion competence of cells was determined and   

expressed as the percentage of fused cells according to the   

PrOCedure of Saga旦巨Ai＿i（1983）．  

鱒叩阜  treatments  

Cells were treated either with trypsin or papain at various  

COnCentrations（10rlOOO pg／mlat final），andincubated at  
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220c on a shaker（120 strokes／min）．  ThirtY minlater，the  

cells were washed．resuspendedin BSS（5xlO6cells／ml）and  

mixed with an equal number of fusion－COmPetent OPPOSite mating－   

tYPe Cells・   The percentage of fused cells was estimated after   

30 min of continuous incubation．  

Antibod里 preParation  

Rabbits were immunized at weeklY intervals with fusion  

competent NC4cells（3xlO7cells）・  One week f0110Wing the  

6thin］eCtion（antiserum was c011ected and stored at －800c・  

Anti－fusion competent NC4 activity was assayed bY titrating the   

ability for agglutination of fusion competent NC4 cel・ls after   

heatinactivation．  Antiserum with maximum cell agglutinating 

activitY at a2－8dilution was used for the experiments・  

The crude immunoglobulin G（＝gG）fraction of antisera was   

Obtained by 50％ ammonium sulfate precIPitation．   Fab fragments   

Of ＝gG were prepared according to the procedure of Utsumi   

（1969）．  

＝nhibition  Cell fusion  卑SSay≦廷  奴互生塾  

Fusion competent NC4cellsuspensions（1Ⅹ107 cells／mlin  

BSS）were preincubated with various conFentrations of Fab at OOc  

for15 min．  Equalnumber of fusion competent HMIcells were  

introducedinto the NC4cellsuspensions andincubated at 220c on  

a shaker（120 strokes／min）．   TheinhibitorY aCtivity at Fab   

COnCentration C（＝ A（C））was calculated as f01lows：  
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F A（0） － F A（C）  
Ⅹ100  工 A（C）  

F A（0）   

FA（0）and FA（C）are fusion activities at Fab concentrations of O   

rng／mland C mg／ml，reSPeCtivelY・  

奴里旦塾   cell adhesion  assay≦廷  工nhlbltlon  

Fusion competent NC4cells（1xlO7cells／mlin BSS）  
preincubated with Fab at OOc for15min（Were mixed with an equal  

number of competent HM1 cells and the percentage of cell adhesion 

was determined after 30 min of incubation．  The adhesion   

was expressed as the percentage of number of theinitial cells   

and cell clumps．  Thus，100％ correspond to the complete   

inhibition of celladhesion（Chadwick and Garrod．1983）．  

Cells  inhibitory activity‡珪里旦塾奴  Absorption of  fusion  

An NC4cellsuspension（1Ⅹ1071Cells／mlin BSS）was mixed  

with an equalv0lume of a Fab suspension（4 mg／mlin BSS）in a   

Siliconized microfuge tube and kept on ice with occasional   

Shaking．   Afterlhr incubation，the supernatant was c011ected   

as absorbed Fab and assayed for fusioninhibition．  

Absorption of Fab   

鯉  

inhibitory activity 奴  fusion  

The absorption was carried out by a modification of the   

method of Steinemann 卓上 皐1．（1979）．  Fusion competent NC4  
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ce11s（5Ⅹ108）extractedinincubation medium（2％ SDS，10％  

qlycer0l，5％ 2－merCaPtOethan0l，in125mM Tris／HClbuffer，PH6・8）  

were boiled for 5 min and centrifuged（10，000Ⅹg forlO min）．   

The supernatant was separated bY SDS p01YaCrYlarnide gel   

electrophoresis．  After fixation withisopropan01／acetic   

acid／water（5／2／13 by vol．），the gelwas thoroughlY WaShed to   

remove SDS，Sliced from top to bottom，and washed again with BSS．   

Each washed gel slice was finelY Cut，SuSPended in 3ml BSS and   

mixed withlmlFab（1．5 mg）．  After incubation for 24hr 

at 40c on a r011ing－mixerr Fab that did not bind to proteins   

in the gel（supernatant）was collected，and assayed for fusion   

inhibitory activity．  

eroxidase－Catal  Zed iodination  Lacto  

Lactoperoxidase－CatalYZediodination was conducted according   

to the procedure of Hynes（1973）．   Well washed fusion  

dompetent NC4cells（1xlO7）were suspendedin17 mM sodium  
Phosphate buffer（pH7・2）・   FiVe mM glucose and 200JユCi／ml  

of carrier－free Na125＝wereintroducedinto the cellsuspension．  

The reaction wasinitiated by the addition oflactoperoxidase and  

glucose oxidase at finalconcentrations of 20Jlg／mland  

O・1units／ml，reSPeCtively．then allowed to remain on ice with  
■、  

OCCaSionalswirling・  Labeling was stopped after 20min by  

addition of 5Jllphosphate buffer containinglmg／mlK＝・   The  

cells（1xlO7）were washed with the above buffer▼．diss0lvedin  
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120ulRIPA buffer（Collett and Erikson，1978） and centrifuged  

（10．000xg forlOmin）・  The supernatant（R＝PA extract）thus  

obtained was used forimmuno－PreCIPitation and electrophoresis・                                                                                                                                      l  

1tatlon  reCl  ＝mmuno－  

＝mmuno－PreCIPitation was performed according to the procedure  

of Richert et al．（1979）．  For preparation of boiled －  

aureus suspended in 20mM formalin－fixed S．  lococcus aureus，  

Tris buffer saline（pH7．2）containinglO％ 2－merCaPtOethanoland  

3％ sodium dodecylsulfate（SDS）was heated at 950c for 30min・  

After centrifugationlthe bacteria were resuspendedin the fresh  

buffer and heated again・   The bacterial pellet was washed and 

suspendedin R＝PA buffer and stocked forimmuno－PreCIPitation・                                                                                                                                                                                                                  I  

Sixplantiserum was adsorbed to the boiledlOOpl旦L  aureuS  

at oOc for 30min，  COmPlexes were suspended  and antisera－S．aureus  

inlOOJllR＝PA buffer・   Varying amounts of R＝PA extracts of  

complex at OOc  dells were incubated with the antisera－S．aureus  

for 30min．  Theimmuno－PreCipitates were washed with RZPA   

bufferland centrifuged・ For gelelectrophoresis of theimmuno－   

PreCIPitated proteinslthe precIPitates were boiled for 5minin l   

incubation medium．centrifuged（10，000xg forlOmin），and the   

SuPernatant WaS Subjected to the gelelectrophoresis・  

hores土s  electro  1amide  SDS－  

R＝PA extracts of cells andimmuno－PreCIPitated proteins were l  

boiled for 5min in incubation medium containing O．02％ Bromo  
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Phen01Blue（BPB）．and centrifuged（10．000xg forlO min）・  

Supernatant was analyzed on 8 －16％ gradient poIY－aCrylamide／SDS   

gels using the discontinuous buffer sYStem Of Laemmli（1979）・   

Electrophoresis was started by applidation of a constant current   

of lOmA for the first half hour and then of 30mA current until   

the BPB dYe reaChed thelower end of the separation gel．  The   

gelwas fixed and stainedin methan01／acetic acid／water（10／3／7   

by vol．）containing O．1％ Coomassie Brilliant Blue R for 2hr，and   

destainedin ethan01／acetic acid／water（2／1／7 bY V0l．）for 4hr．   

For autoradiographY，the gels were dried on filter paper and   

Placed against Fuji－RX X－ray film for 6 － 24hr．  
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Results  

工nh土b土t土on  Cell fusion  Of  Fab－fra  rment 

Cellfusionis generallY mediated bY Cellsurface m0lecules，  

and that is also suggested in Dict  OStelium discoideum  （0’Day  

and Rivera，1987）・   To determine which molecule（S）on the   

Surface of NC4 cellsisinv0lvedin the sexualcellfusion of D．  

discoideum  ′ first，Fab fragment of antiserum for fusion competent  

NC4 cells was prepared，andits effect on cell fusion was   

examined（Fig．8A － 8D）．  

Mixing fusion competent NC4 cells with fusion competent HMI   

Cells produced many cellclumps（Fig．8A）．   However，When 5mM   

EDTA was introduced into the cell suspension the agglutinated   

Ce11s were separated each other and onlY fused cell remained as   

Clumps（Fig．8B）．   On the contrary．the fusion competent NC4   

Cells pre－treated with Fab produced cellclumps after mixing them   

With fusion competent HMI cells（Fig．8C），but no fused cell   

Clumps remained afterintroduction of EDTA．  Addition of 5mM   

EDTA caused dissociation of allce11clumps（Fig．8D）．  

Fusion competent NC4 cells pre－treated with Fab at various   

concentrations were mixed with fusion competent HMIcells and the   

PerCentage Of cell－fusioninhibition was determined・  1t was  

found that the degree of cell－fusioninhibition was dependent on   

the concentration of Fab． Ce11fusion was completelYinhibited   

at concentrations exceeding O．5mg／ml（Fig・9B）・   However，Cell  
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adhesion was notinhibited even at a concentration of 2mg／ml   

（F土g．9A）．  

For assay of the antiserum specificity, the cell fusion 

inhibitory activity of Fab absorbed by fusion competent NC4 cells  

was examined′ and compared with that of Fab absorbed by fusion  

incompetent NC4 cells・  While there was aloss ofinhibitory  

activityin the formerr whichis dependent on the number of cells  

absorbing Fabrin thelatter（nOloss ofinhibitory activity was  

observed（Fig．10）．  ＝tis evident from these findings that  

a specific antigen（s）is present on the cellsurface of onlY  

fusion competent NC4 as the target（s）of fusion－blocking Fab，but   

not on the cellsurface of fusionincompetent NC4．  

inv01ved in cell fusion  Of a protein  ＝dentification  

For theidentification of a specific antigen（s）on NC4 cell  

亭urfaceinv0lvedin sexualcellfusion，immuno－PreCIPitation l   

analYSis was carried out・   First（attemPtS Were made to detect  

all of the antigenic proteins of fusion competent－ and  

incompetent－NC4 cellshrfaces・  At least 27 and 26 bands 

were reproducibly detected on fusion competent cells and  

incompetent cellslreSPeCtively・   There were two proteins，39王（  

and 138K dalton in molecular weight, detected specifically on 

fusion competent cells（Fig．11）・  

Next，fusion competent cells were treated with prote01Ytic  

enzymes, and examined for the loss of fusion competence. 
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Treatment with trYPSin had no effect even at a concentration of  

l′000pg／mtl（Fig・12A）・While cells treated with300pg／rnlpapain  

lost their fusion cornPetenCe almost completely（Fig．12B）．   

StudY Of theimmuno－PreCIPitate patterns of fusion competent NC4 1   

cells treated either with 500pg／mlof trypsin or papain showed  

that bands for the 39K and138K proteins could still be seen   

f01lowing trYPSin treatment，but after papain treatment，the138Ⅰく   

band disappeared completelY（Fig．13）． Therefore，the specific   

PrOtein related to sexualcellfusion appears to be the138K   

prote土n．  

For confirmation，blot－absorption experiments were performed．   

Solubilized fusion competent NC4 cells were separated by SDS－   

p01yacrylamide gelelectrophoresis・  A gel was sLiced into 7 

fractions（＃1－＃7）．  Each of which was incubated in Fab at 

40c for 24hr，and assay was made of the fusioninhibitory effect  

of Fab．  ＝t was found that Fよb absorbed by the ＃1gel   

fraction containing the138K proteinlostitsinhibitory activitY   

to a remarkable degree．but there was noloss at a11in Fab   

absorbed by the ＃4 fraction containing the 39K protein or the   

other gelfractions（Table 2）．  From these findings，it   

was concluded that the138K surface protein on NC4 cells was   

involved in their sexual cell fusion．  

COmpetenCe 奴   fusion  of 138K protein to acquisition of Relat土on  

Cells  
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NC4 cells cultured on a agar plate containing minimum water   

are not fusion competent（Suzukiand Yanagisawa，in press），but   

start to become fusion competent 6 hrs after being transferred to   

aliquid culture・  This competence reaches a maximum by12hr   

（Fig．14A）．  We thus made an attempt to determine the time   

required for the138K protein to be expressed in liquid   

cultivation．  T0 0ur SurPrise．the protein was expressed after   

3hrs of liquid cultivation and was continuousIY PreSent   

thereafter（Fig．14B）．   Thisi，S 3－6 hrs earlier than the time   

at which cells start acquiring fusion competence・  

In order to confirm this result，an eXPeriment was conducted   

from a different approach・  NC4 cells from agar plates were   

transferred to a liquid mediumland after 4hr of cultivation（   

prior to the acquisition of fusion competence′ they were  

harvested′ WaShed and used for Fab absorption・  The  

inhibitory activity of the absorbed Fab on cell fusion was then 

examined．  As a contr0l，15 hr cultivated cells with   

sufficient fusion competence were employed to absorb Fab・   Fab  

absorbed by both 4 and15 hrsliquid－Cultivated cellslost their  

inhibitory activitYland the extent∵Ofloss being dependent on   

the cellnumbers used for absorption（Fig．15）．  

This result suggests a possibility such as that there is the 

presence of another factor（s）that affects the action of the138‡（  

protein and its modification during the course of cell fusion. 
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Discussion  

The 138K protein present on heterothallic strain NC4 celll 

surface was found to be inv0lved in their sexual cell fusion．   

This protein can be detected on the surface of fusion competent   

NC4 cells，but not on the surface of fusion incompetent cells．   

Furthermore．as additional data，it was found that the138K   

PrOtein was also present on the surface of fusion competent HMI   

Cells（Fig．16）．  Since cells fuse onlY With cells of the   

OPPOSite mating type，there must be sorne mechanisms operative   

Within them for recognition and adhesion prior to fusion．  ＝n   

Other words，at least two steps are required for complete cell   

fusion to occur：1）mutualrecognition and adhesion between cells   

and 2）membrane fusion．  Whether the 138K protein is actually 

inv0lved in either one or both of these steps remains to be   

determined．  However，an eVidence that this protein is   

PreSent On the surface of both fusion competent NC4 and HMIcells   

SuggeStS that thereis greater possibility of its involvement in   

membrane fusion rather than cellrecognition．  

＝ previously reported that there is another protein which   

is also related to cellfusion，70K・daltonin m01ecular weight，   

On the surface of HMIcells（Urushihara 旦主 旦主エ．：－1988）・   

This proteinis found to be onlY On fusion competent HMI cells，   

but not on fusionincompetent HMIcells or both fusion－COmpetent   

and －incompetent NC4 cells．  Therefore′ ＝ assume that the 70K  
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PrOtein hasinv0lvementin mutualcellrecognition．  

As described above．if the138k proteinis actuallyinv0lved   

in cell fusion，there are the problems of explaining the   

COnflicting results that this proteinis present even on the   

Surface of fusionincompetent NC4 cells cultivated for only 3hr   

inliquid culture・   Furthermore．Fab absorbed by 4hr liquid－   

Cultured fusionincompetent NC4 cells，decreases markedlyin   

inhibitory activitY Of cellfusion muchlike Fab absorbed by15hr   

liquid cultured fusion competent NC4・Cells．   These conflicting   

findings are res0lved allowing the fqllowing presumptions，1）1n   

addition to the138K protein，SOme Other m0lecule（S）which could   

not be detected bY the present experimentalmethods，muSt also be   

PreSent On the cell surface for cell fusion to occur．  2）   

reorganization or／and modification of the138K protein is   

necessarY forits function．   3）＝ntracellular structures，SuCh   

as cytoskeleton，muSt undergo certain changes for function of   

th土s proヒeln．  

32   



PARで  工工工  

Purification and Characterization of gp138：   

A Surface Glycoprotein ＝nv0lved・in SexualCellFusion  
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Zntroduction  

OStelium discoideum cells fuse  D土ct  SeXuallY between two  

OPPOSite mating type strains，NC4 and HMlto produce macrocYStS．   

0－Day and Rivera（1987）reported that certain］こ土nds oflectins，   

SuCh as Con－A and WGA，inhibited macrocyst formation，and   

SuggeStedinv0lvement of cellsurface sugarin the early event of   

macrocyst development including cellfusion．  Ce11fusion   

Should consist atleast of two steps，mutualrecognition between   

Cells and membrane fusion．  Urushihara and Yanagisawa（1987）  

found that the mutual recognition and membrane fusion were talcen 

even between intact ce11s and cell ghosts．  Recently，   

Urushihara et al．（1988）discovered a protein，70K dalton in   

m0lecular weight，aPPeared specificallY in fusion competent HMI   

Cells．  More recently，Suzuki and Yanagisawa detected the   

PreSenCe Of another protein on fusion competent cells of both NC4   

and HIY11．  M0lecular weight of this protein was138K dalton．   

Out of these two proteins，70K might be inv0lved in mutual   

recognition between cells．  Because．it exists only on HHI   

Ce11surface．  Therefore．fusion competent HMI ce11s having   

70K protein could be recognized from fusion competent NC4 cells   

Which do not have the molecule．  After completion of mutual   

recognition，138K protein，Which appears on both fusion competent   

NC4 and HMIcell surface，WOuld work for membrane fusion．  

＝n the present experiment，purification and some  
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characterization of138K protein were attempted．  1t was   

found that138K protein was a glycoprotein．   Antiserum against   

138K protein was also prepared to perform further experiments・  
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Materials and Methods  

culture conditions  Or 卑nisms 堅坦  

discoideum，NC4 and HMI were  Two heterothallic strains of D．  

used． HMlderived from V12（Kay卓立旦主エ．1978）is a strain of  

the opposite mating tYPe tO NC4・   Stock fruiting－body cultures  

of each strain were maintained separatelY On nutrient SM agar  

卓erOgeneS（Sussman，1966）・  with Klebsiella  

Cells  COmPetent  fusion  Pre 卑ra亡loIュ旦巨  

Growth－Phase cells suspended in BonnerTs salt s0lution  

（BSS）（Bonner，1947）（3－5Ⅹ105cells／ml）with里工  

旦些旦g阜旦隻旦Were Culturedin the dark at220c on a reciprocal  

shaker（120 strokes／min）．   The 15hr cultivated cells were 

used as fusion competent cellsIWhile（grOWth－Phase cells from SH  

agar plate were used as fusionincompetent ce11s・  

cell fusion  冬蔓量旦空室逆  

The degree of fusion competence of cells was indicated as the 

percentage of fused cells（Saga堕辿＿，1983）・  

cell fusion   旦室旦阜y旦星  工nh土b土t土on  

Fusion competent NC4cellsuspension（1xlO7cells／mlin  
BSS）were preincubated with？qualv0lume of various  
concentrations of Fab suspension（in BSS）at OOc for15min・  

Equalnumber of fusion competent HMIcells were thenintroduced  
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into the cellsuspension and furtherincubated at 220c on a  

shaker（120 strokes／min）．  Theinhibition activity at Fab   

concentration C（＝A（C））was calculated as f01lows：  

F A（0）－ F A（C）  
Ⅹ 100  工 A（C）  

F A（0）   

FA（0）and FA（C）are fusion activity・at Fab concentrations of O   

mg／mland C mg／ml，reSPeCtivelY・  

Preparation旦E sBiignost＄  

Cellghosts were prepared according to the method of Sussman   

and Boschwitz（1975）．  Cells were suspendedin a ghost   

s0lution（20mM Na－Phosphate buffer，PH6．5；50mM NaCl；2％  

glycer01）and stored at －200c・   The frozen cell suspensions 

were thawed before use．washed twice by centrifugation．and   

resuspendedin c01d BSS・  

antiserum  Preparation of  

Antiserum FRA－4 was prepared against fusion competent NC4   

cells as f01lows．  Rabbits wereimmunized at weeklyintervals  

with3xlO7 cells，and one week after the 6thin］eCtion（  

antiserum was collected and stored frozen at－800c．  

Antiserum FRA－6 was prepared against purified gp138 according  

to the method of HaYaShi堕旦L（1977）・   After SDS－PAGE as the  

final step of purification, the gp138 band which could be 

detected by alO min stain with C00maSSie Brilliant Blue R   

s0lution and 20 min destain with destain s0lution（See SDS－  
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pAGE），WaS Cut Out．   The gels containing the protein were  

dialyzed against buffered phYSi010gicalsaline（10mM Na－  
phosphate bufferlPH6・8containing O・15M NaCl）・   This gel was 

mashed．mixed with an equalv0lume of Freund－s complete adjuvant  

（Difco）andinjected subcutaneouslyinto the backs of rabbit at  

monthlYintervals・  The reactivitY Of antisera with the antigen  

was checked byimmuno－blotting analYSis using a smallamount of  

blood from the ear vein．  After 2injections，antiserum was  

c01lected and stored frozen at －800c・  Antiserum FRA－5 was  

prepared against the120K dalton、prOtein of D・discoideum                                                                                                                                                                                                        ■■－    ■■■－－－－－－－・■■■－■   

following the description above・  

旦画！廷辿fragrnents  
The crudeimmunoglobulin G（＝gG）fraction of antisera was  

obtained by50％ammonium sulfate precIPitation・ Fab fragment of  

＝gG were prepared according to the procedure of Utsumi（1969）・  

Cell  Cells   阜叫act土中阜y旦星辿塾ヱ  fuslon  Absorption of  

坤  

Cells or celトghosts suspendedin BSS were mixed with equal  

volume of Fab suspensions（4 mg／mlin BSS）in a siliconized  

microfuge tube and placed on ice with occasional shaking. 

Afterlhrincubation，the suspensions were centrifuged and the  

supernatants were c01lected for fusioninhibition assaY・  

SDS－PAGE⊥   horesIs（  electro   
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Cells，Cell－ghosts andimmuno－PreCIPitated proteins were   

boiled 5 min in incubation medium（2％ SDS，10％ glYCer0l，5％ 2－   

mercapto－ethan01in125mM Tris／Hclbuffer（pH 6．8）containing   

O．02％ BromophenoIBlue（BPB））and centrifuged（10．000 Ⅹ g for   

lO min）．  Supernatant were analyzed on 8 －16％ gradient or  

5．1％ non－gradient p01yacrylamide／SDS gels using the discontinuous   

buffer system（Laemmli，1970）．  The electrophoresis was   

started with a constant current of lO mA for the first half an   

hour and thereupon continued at 30 mA untilthe BPB dye reached   

thelower end of the separation gel．  Some gels were used for   

immuno－ Or lectin－ blotting analYSis，and the other ones were   

fixed and stainedin methanol／acetic acid／water（10／3／7 by v0l．）   

containing O・1％ C00maSSie Brilliant Blue R for 2hrland destained   

in ethan01／acetic acid／water（2／1／7 bY V0l．）for 4hr．  For   

autoradiography．the gels were dried onto filter paper（3MM，  

・Whatman）and placed against Kodak－ⅩAR－5 Ⅹ－ray film for 6 － 24hr・  

c0lumn chromato   afflnity  Lect土n  

Fusion competent NC4cells（2Ⅹ107）were surfacelabeled  

with1251and suspendedin150pITris／HClbuffer（10mM，PH7・5）  

COntainingl％ deoxych01ic acid，SOdium salt（DOC）．0，2M NaCl・   

The suspension was vortexed forlmin and allowed to stand onice   

for 30min．  ＝nsoluble material was then removed by  

centrifugation atlO，000xg forlO min・  A85qJlllO mM Tris／HCl  

buffer（pH7．5）containing O．2M NaCl，WaS added to the  
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supernatant（fina10・15％ DOC），and used forlectin affinity  

chromatography（DOC－eXtraCt）・  

ColurnnS（1mlsyringe）of WGA－agarOSe and Con－A－agarOSe   

（HOHNEN，TokYO）were washed successivelY WithlOmloflO mⅢ   

Tris／HClbuffer（PH7．5）containing・0・15％ DOC，0・2M NaCl（DOC－   

Tris buffer）．   The DOC－eXtraCt WaS then applied to the column   

and unbound components were eluted with 5mlof DOC－Tris buffer・   

Lectin binding proteins were then specifically eluted with 5ml of 

DOC－Tris buffer containing O．2M N－aCetYl－D－glucosamine（S＝GI4A）  

（for WGA－agarOSe）．0r O．2M methyl一塊－D－ふannopyranoside（S＝GMA）  

（for Con－A－agarOSe）．  Each fraction was concentrated to a   

smallv0lume by ultrafiltration with Centricon－10（Amicon），  

dialYZed againstlOO v0lumes of DOC－Tris buffer for 24hr，and  

applied to Sodium dodecYI sulfate’－ P01yacrYlamide gel   

electrophoresis（SDS－PAGE）・  

廷早ptき阜   Purification  

Ghost pellets of fusion competent NC4cells（5xlO9）were  

s。Iubilizedin5m150mM Tris／HClbufier（PH6．8）containingl％  

deoxych01ic acid（DOC）．1％ ch01ic acid・  The suspension was  

vortexed for 3min and stand on ice for 30min．  ＝ns0luble   

material was then removed by centrifugation at 10,000 x g for 

20min．   Tris／HClbuffer（45ml）（50mM，PH6．8）was added to the   

supernatant（fina10．1％ DOC，0．1％ ch01ic acid）．and applied to  

phenyl－Sepharose CL－4B chromatographY（Pharmacia）in a bed  
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Ⅴ0lume of15ml．   After washing withlOOm150mM Tris／HClbuffer   

（PH6．8）containing O．1％ DOC，0．1％ ch01ic acid． the column was   

eluted by rising the concentration of ch01ic acid in the buffer   

from O．1％ t01％．  The elution（50ml）was concentrated to a   

Smallv01ume with c01lodion bags（12K－Cut，Sartorius）′ dialYZed   

againstlOO v0lumes oflOmM Tris／HClbuffer（pH7．4）containing   

O．15％ DOC， 0．2M NaCl， and subjected to Con－A agarose c0lumn   

（2．5ml）according to describedin ‖Lectin affinity c0lumn   

ChromatographYH・   Con－A binding fraction was concentrated with   

COllodion Bags，dialyzed againstlOmM NH4HCO3 for 48hr and  

lYOPhilized・  Dry powder contained8サg protein・  
To preparelarge amounts of protein，this purification series   

WaS done16 cYCles，and applied to preparative SDS－PAGE（5．1％   

acrylamide）．   Gels containing gp138 were cut out，and used for   

immunization of rabbit as described inlIpreparation of   

antiserumll．  

Zed iodination  eroxidase（LPO）－Catal  Lacto  

＝odination was performed by the method of Hynes（1973）．  

1mmuno－blottin  analysis  

SDS－PAGE was performed as described above．  proteinsin   

the gels were transferred to nitrocellulose membranes（BA85，   

Schleicher and Schnell，Dassel）atlO V／cm for ト2hrin 5mM   

SOdium borate（Urushihara and Yamada，1986）．  The   

nitrocellulose membranes were then incubated in l％  
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p01yvinylpYrr01Ydone K90（PVP）for ト16hr to block further  

binding of proteins・  

For immuno－blotting ana・lysis（the membrane was washed with 

20mM Na－Phosphate buffer，PH7．6 containing O・15M NaCl（PBS）and 

incubated withl／100 diluted antiserum in PBS containing 5％   

bovine serum albumin（BSA－PBS）forlhr．  After washing with   

PBS containing O．1％ Tween 20（Tween－PBS）．the membrane was  

incubated withlpCi／m1 1251－PrOtein A（New England Nuclear，  

＝mmun0logY grade）in BSA－PBS forlhr，  WaShed with Tween－PBS，  

dried and then exposed to X－ray film（ⅩAR－5，Kodak）・  

1ta亡土on  l reCl   工mmuno－  

lococcus aureus was performed  With Sta  ＝mmuno－PreCIPitation  

according to the procedure of Kessler（1975），and Richert旦互生主上   

（1979）．  

2D－PAq翠⊥  hores土s  elec亡ro  1am土de  dimension  甘wo  

Theimmuno－PreCipitates were treated with O・1M Tris／HCl  

buffer containing 8M guanidine hYdrochloride andlO％ 2－  
mercaptoethan0lr and boiledin a water bath for 5 min・  The  

s0lution was then dialyzed against a 7M urea s0lution containing  

2％Noident P－40（NP－40）at 40c for3hr．  

2D－PAGE was carried out according to the method of  

HirabaYaShi（1981）・ Cylindrica11％agarose gels containing 2％  

NP＿40 were used for the first dimension isoelectric focusing・  

42   



Samples wereloaded on the anode side of the gelandisoelectric   

focusing was conducted at 500V for 24hrin a c01d r00m（40c）．   

The pH range covered p王i4 to pH9．  After being fixed withlO％   

trichloroacetic acid and 5％ sulfosalicYlic acid s0lution（at   

r00m temP・forlhr）and washed with distilled water，the agarose   

gels were placed on SDS－P01yacrYlatnide gel．  sDS－PAGE was   

Carried out as described in SDS－PAGE．  

Lectin－blottin  analysis  

Proteins in the gels of SDS－PAGE were transferred to   

nitroce11ulose membrane as describedin ‖＝mrnuno－blotting  

analYSis‖lbut membranes were not treated with PVP after   

transfer．  The membranes were washed withlOmM Tris／HClbuffer   

（pH7．4）containing O．9％ NaCl，0．05％ Tween 20（Buffer－A）and   

incubated with horse radish peroxidase（HRP）conjugated lectin  

S0lution（5pg／ml，in Buffer－A）at r00m temP・，forlhr・  Seven  

HRP－COn〕ugated lectins， HRP－WGA， HRP－Con－A， HRP－LCA， HRP－PNA，   

HRP－E4PHA，HRP－RCA60′ HRP－RCA120（Lectin stain］く1t，HOHNEN，  

Tokyo）were used．   After washing with Buffer－A，the membranes   

Were treated with15mM Na－Phosphate buffer（PH6．8）for 20sec．and   

detected the boundlectin with15mM Na－Phosphate buffer（PH6．8）   

COntaining O．02％ Diaminobenzidine．Tetrahydrochloride（DAB），  

0・006％I1202at r00m temP・for15min・  
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Results  

Since138K proteinislocated on cellsurfaceltOis0late the   

molecule more efficiently′ Cell－ghosts were used instead of   

intact cellsin most of the present experiments．  Cell－ghosts   

can be easily stocked in a large amounts and prepared anytime for 

experiments．  

＝n a preliminary experiment，it was examined that whether   

function of138K protein on cell－ghosts is the same as that of   

intact ce11s or not．  First，it was tested that whether cell－   

ghosts prepared from fusion competent NC4 cells are able to   

absorb theinhibitorY aCtivitY Of Fab of antiserum FRA－4（anti－   

rabbit serum for fusion competent NC4 cells）as same as fusion   

competentintact NC4 cells do・   As shownin Fig・17′ the cell－   

ghosts absorbed theinhibitory activitY Of Fab as almost same as   

theintact cells did．  This indicates that 138K protein onn 

celトghostsis functionally same to that onintact ce11s・  

Of138K protein  Pur土flcat土on  

Many cellsurface proteins，eSpeCially the m0leculesinvolved   

in cellrecognition早nd celladhesion（are known to have a sugar  

Chains．  Therefore，it may be reasonable to assume that138K   

PrOtein has also（a）sugar chain（s），and that if138K protein   

bind specifically to certainlectin（the molecule willbe  
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Purified easilY・  ＝n order to test thisllectin－affinitY  

COlumn chromatographY WaS Performed．  Results showed that138K   

PrOtein was found only in a binding fraction of both Con－A and・   

WGA affinity chromatographies（Fig．18）．  Since the m0lecule   

islocated on cellsurface and has（a）sugar chain（s）which binds   

to Con－A，hereafterit was called gp138，Phenylsepharose and Con－   

A affinity column chromatography were used for purification．  

cell－ghosts were prepared from 125＝－labeled fusion competent NC4  

Cells，S0lubilized．centrifuged．  The supernatant was then   

applied first to phenylsepharose c0lumn chromatographY and second   

to Con－A affinity c0lumn chromatographY．  Fig．19A shows   

autoradiograms after application of SDS－PAGユヨ electrophoresis，   

taken from each fraction of the purification steps described   

above．  ＝tis clear that gp138is concentrated remarkably   

after application of the two affinity column chromatographies・   

There were approximately 30 bands detectable on autoradiogram of   

a phenYIsepharose and Con－A binding fraction（Fig・19A－d）but no  

bandlocated closelY neXt t0138K band・   This makesis0lation   

of the molecule for purification easY・  

Next，it was examined whether gp138is detectable by  

Coomassie blue staining or not・  ＝t was not detectablein a  

ghostlysate fraction（Fig・19B－a），but detectablein a fraction  

after application of the two chromatographies（Fig・19B－b）・  
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Function  旦巨gpl華  

＝n order to test function of gp138，furthermore′ antiserum   

against gp138 was prepared・   Cell－ghostlYSate from cellfusion  

competent NC4 was applied first to phenylsepharose chromatography 

and then to Con－A affinitY Chromatography・   Con－A binding  

fraction was eluted and used for SDS－PAGE electrophoresis．   The   

gelwas stained with C00maSSie blue・  The pleCeS Of gel  

COntaining gp138 and the next band closest to gp138r which is   

approximately120Kdin m01ecular weight（Were Cut Out SeParately′  

mashed andin］eCted each with adjuvant to rabbits．  After the   

SeCOndinjection，SerumS（FRA－5 for、120K protein and FRA－6 for   

gp138）were taken and Fab fragments of the each serum．were   

PrePared・  When fusion competent NC4 cells were pretreated   

With Fab of antiserum FRA－6r fusion activity of the cells was   

found to beinhibited・  The inhibition was dependent on   

COnCentrations of the Fab（and fusion competence of NC4 cells was   

COmPletelyinhibited at a concentration of 2 mg／ml（Fig．20）．  

On the contrarY，the cells pretreated with Fab of FRA－5 did not   

lose their fusion competence．  

Next，immuno－blotting analYSis of cell－ghosts prepared from   

fusion－COmPetent and －incompetent NC4 using FRA－6 were carried   

Out・   The band of gp138 was detectablein a fusion competent   

Cellghostlysate（but not in a fusionincompetent cellghost  

lYSate（Fig・21）・   ＝n addition，it was found that there were  

approximately15 bands，besides the gp138 band，detectablein the  
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bothlysates・   Thatis（antiserum FRA－6 cross－reaCtS With  

other molecules besides gp138・  This could be happenedl   

however，if antiserum against sugar chain of gp138 reacts with   

molecules which have the same kind of sugar chain．  

旦互gpl阜8  Some characterizations  

1）． ＝soelectric point： ＝soelectric point of gp138 was   

determined by two dimension SDS－P01yacrYlamide gel  

electrophoresis（2D－PAGE）．   S0lubilized fusion competent NC4  

cells were immunoprecIPitated with FRA－61and applied for 2D－   

PAGE．  Result showed that the isoelectric point of gp138 was   

pH 4．5－4．9（F土g・22）  

2）．Lectin binding： Binding of Con－A and WGA to gp138 were  

previously shown・   Herelbinding activity of theselectins and  

the other lectins，LCA（E4－PHA（PNA（RCA60 and RCA120 were  

furtherinvestigated・  Resultsindicated that only three  

lectins，Con－A，WGA and LCA bound to the m0lecule′ but the other   

OneS did not（Fig．23）．  

47   



Discussion  

Purification and some characterization of138K protein which   

is inv0lved in sexual cell fusion of D．discoideum were carried  

outin the present study．  The138K protein was found to be a   

glycoprotein，and its sugar chain bound t0lectins，Con－A，WGA  

Or IJCA．  

In D．  severaL cell surface proteins have been discoideum．  

isolated and characterized．  Most of them are glYCOPrOtein．   

For example．a cell surface protein called gp80 whichis playlng   

animportant r0le for cell－Celladhesion during aggregation stage   

Of fruiting－body formation，is glycoprotein（Muller and Gerisch，   

1978）．  Cell surface proteins which appear during mlgration   

Stage′ 95Kd and150Kdin m0lecular weight，are also glycoproteins   

（Steinemann and Parish，1980；Geltosky 全土 旦主＿i，1979）・   

Furthermore．proteins which appear in growth－ and pre－   

aggregation－Stage．126Kd and 24Kd．respectivelY，are   

glycoproteins（Chadwick and Garrod，1983；Knecht旦巨皇⊥L．1987）・   

1n glycoproteins，Sugar Chains are known to be plaYlngimportant   

r0les for stability（Hori堕AiL，1988）or functions such as   

intercellular reactions of the molecule．  For example′ a  

having 80K protein without  mutant strain cells in D．discoideum  

Sugar Chain which includes N－aCetyl－glucosamine．show very wea   

adhesion（Gerisch 旦ヒAil，1985；Bertholdt 旦主 裏エ，1985；Loomis   

堕裏ユ．1985）．  
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From the above evidence．it was quite expectable that138K   

protein had（a）sugar chain（s），and the sugar chain of138K  

protein would play animportant r0lein the sexualcellfusion・  

0－DaY and Rivera（1987）found that formation of binucleate   

cellsin a mixture of NC4 and V12，a Parentalstrain of HMl．were   

inhibited remarkably bY addition of Con－A or WGA，but not PNA，   

RCA60（RCA－＝＝）or Gorse．  This resultis agree with our   

present data that138K protein bind to Con－A（WGA or LCA（but not  

to pNA，RCA60′ RCA120 0r E－4PHA，and supports strongly our  

conclusion that gp138isinv0lvedin the sexualcellfusion・  
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General Conclusion  

In cellular slime m01ds alternate modes of developmentl   

either sexualor asexual，are known to result from responses to   

Various environmental factors，SuCh as excessive water，Certain   

Period of darkness and absence of phosphate ions in the medium  

（Blaskovics and Raper，1957；NickersIon and Raper，1973；Erdos室生  

旦主 エ． 1976；Chagla 堕 虹．1980；McConachie and O－Day，1986）．  

The effects of these environmental factors in the stage of 

macrocYSt development，1）acquisition of fusion competence，2）  

Cells fusion，and 3）zygotic giant celldevelopmentinto  

macrocYSt，Were eXamined using the synchronous development  

SyStem，in Part ＝．   1n the present work′it was found that   

excessive water and bacteria were the conditions indispensable   

for the acquisition of fusion competencein the cells．  Even   

inliquid cultureif the suppIY Of bacteria was not replenishedl  

fusion competent cells quicklylost their fusion competence・  

However（On the contrarY tO the previous reportsIPhosphateions   

had no effect to the any stage of macrocyst development・   rn，  

addition，it was detected that calciumions were essentially  

required for cellfusion．  

During macrocyst developmentr switching from sexually fusion  

incompetent to competent in the ce11s and vice versa occurred   

depending on the factors described．  These factors could   

change directly or indirectly the properties of cell surface, and 
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Surface proteins of the cells might beinv01vedin this change．   

When the fusion competent cells were treated with papain，Cells   

found t0lose their fusion activity・  ＝n part ＝＝lattemPtS   

Were made to detect the papain－SenSitive．surface proteins which   

inv0lvedin the sexualcellfusion．  First，mOnOValent   

antibodies（Fab）were prepared from rabbit antiserum against   

fusion competent NC4 cells（FRA－4）．  1t was shown that   

Fab of FRAp4 completely inhibited sexual cell fusion．  On   

the cell surface of fusion competent NC4 cells，there were two   

SPeCific antigenic proteins，39k and138k daltons in m0lecular   

Weight（and only138K protein found to be papainMSenSitive．   

This m0lecule was capable of neutralizing the fusioninhibitory   

activity of the monovalent antibody．  Thus，We COnCluded tha   

138K protein was the proteininv0lvedin the sexualcellfusion．  

To study the function of138K proteinin the sexual cell   

fusion，Purification and characterization of that molecule were   

Carried out，in Partll＝．  Thelprotein was found to be a   

glYCOPrOtein（gp138），anditsisoelectric point was pH 4．5q4．9．   

The gp138 was partiallY Purified using phenYIsepharose   

ChromatographY and Con－A agarose chromatographyland gp138 band   

Obtained bY SDS－P01YaCrYlamide gelelectrophoresis，WaS Cut Out   

toin〕eCtinto rabbits．   Fab fragments of rabbit antiserum   

against gp138（FRA－6）inhibited completelY the sexualcell   

fusion・   ＝n additionlit was shown that gp138 bound to the  
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lectins such as WGA，Con－A and LCA，but didnIt bind to E4－PHA，  

PNA，RCA60 and RCA120．  

Urushihara 旦巨AiL（1988）haveis0lated another protein，   

Ca11ed 70K protein，Which involved in the sexual cell fusion．   

This protein mlght beinvolvedin mutualrecognition between   

Cells，because it exists only on HMIcellsurface．  ＝t is   

reasonable to assume that fusion competent HMIcells having 70K   

PrOtein could be recognized frorn fusion competent NC4 cells which   

do not have this m0lecule．   Since gp138 appears on both fusion   

COrnPetent NC4 and HMIcell surface，it mlght particIPate in ●  

membrane fusion after mutual recognition．  For futul;-e 

Study of sexual ce11interactions（authoris now attempting to   

PrePare mOnOClonalantibodies against gp138，and determineits N－   

terminalamino acids sequence．  Furthermore，author wouldlike   

toisolate the gene coding gp138 bY uSing synthesized DNA probe．   

The mechanisms regulating the gp138 gene expression bY the   

environmentalfactors and the precise r0le ofits gene productin   

the sexual cell interactions are also intended to be   

investigated．  
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Tablel． Macrocyst formationin sexual，aSeXual，bisexual  

and seifing（homothallic）wildis0late of旦⊥  discoideum  

mat A  mat a  self  reference  

taster  taster  

Haplo土d  
Stra土ns  

Sexual  

V12  

HMI  

WS567  

NC4  

WS472  

Asexual  

WS576  

WS269A  

WS380B  

B土sexual  

WS2162  

WSl12B   

Homothall土c  

AC4  

ZA3A  

1   

（1）   

1  

1  

1  

＋＋＋  

＋＋＋  

＋＋  

＋＋  ＋＋＋  
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Table 1 Macrocyst formationin sexual，aSeXual，bisexual  

and selfing（homothallic）wildisolates of旦  discoideum．  

Macrocyst formation was assayed using strains WS583，HUland   

HU235 as mat A testers，and strains WS582 and HU89 as mat a   

testers．  

＋＋＋； Strong mating reaction   

＋＋ ； Moderately strong mating reaction   

＋ ； Wea】く mating reaction  

； No mating reaction  

Reference  

1：Erdos，Raper and Vogen （1973）   

2：Robson and Williams（1980）  
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Table 2． Absorption of fusion－inhibitorY aCtivitY  

Of Fab bY Sliced p01yacrylamide gels  

Range of  
m01ecular weight   

（R dalton）  

Fusioninhibitory activitY   

Exp．1   Exp．2  Exp．3  

Gel＃1：（300 － 97）  

＃2：（97 － 65）  

＃3：（65 － 42）  

＃4：（42 － 33）  

＃5：（33 － 24）  

＃6：（24 －18）  

11宅  

72宅   

92庵   

89篭  

92亀  

84篭  

52亀  38宅   

100宅  

96亀  

85亀  71宅  

85亀  

87亀  

79亀   

100亀  97亀  

＃7：（18 － Front） 96宅   

Contr01  96宅  

Contr01gelslice contains no protein．  
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Figurelegends  

Figurel．  The sexua11ife cycle of D．discoideum．   

The cellular slime m01ds feed on bacteria and grow by fission．   

When bacteria are n0longer present，amOeboid ce11s on a solid   

medium aggregate to form a fruiting－bodY－COnSisting of spores and   

Stalk cells．  However，the haploid myxamoeboid cells of  

heterothallic strains in D．  discoideum  acquire fusion competence  

during growth under appropriate culture conditions and two   

OPPOSite mating type cells fuse to produce a glant Cell   

COntaining two nucleior sometimes more．  The glant Cell   

Subsequently develops into a macrocyst，enClosed in a thick   

fibrillar wall，the sexual structure of this organism．  When   

two strains NC4 and HMl，are Cultured together in the dark in   

liquid medium，a COnSiderable number of macrocysts are produced   

Within a few days．  

Figure 2・   Acquisition of fusion competence by NC4 cells   

Culturedinliquidin the dark andlight．   TheY Were taken from   

a stsclc SM agar pLate and suspended in BSS containing bacteria. 

The cellsuspension was shaken at 220cin eitherlight（P）or  

darkness（●）．  During cultivation，aliquots were examined at   

SuCCeSSiveintervals for the percentage of fused cells．  

Figure 3・   Loss of fusion competence by NC4 cells on agar  
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Plates．  Fusion competent NC4 cells cultured in liquid in 

darkness for15 hrs were transferred to SM agar plates，incubated   

at 220c with bacteriain the dark and examined for fusion   

COmPetenCe．Arrowsindicate times of the transfer．  

Figure 4．   Effects of nutrition on acquisition andloss of   

NC4 cell fusion competence．  Fusion competent NC4 cells   

SuSPendedin BSS containing bacteria（●）maintained their fusion   

COmPetenCe．While those suspended in BSS without bacteria（■）   

lost it gradually after 6 hrs incubation．  Bacteria  

replenishmentin BSS（†）resultedin resumpti。n。f fusi。n  

COmPetenCe（ロ）．  

Figure 5．   Temperature effects on acquisition of fusion   

COmPetenCe．   Growth－Phase NC4 and HMIcells from SM agar plates   

Were SuSPended separatelY in】〕SS containing bacteria and  

incubated at different temperatures（110c － 280c）in the dark．   

During incubation small sample amounts were assayed for cell 

fuslon．  

Figure 6．  Temperature effects on cells fusion．   

Fusion competent NC4 and HMIcells suspended at al：1ratioin  

BSS wereincubated at different temperatures（00c － 300c）in   

thelight．   Aliquots at certainintervals were examined for the  
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PerCentage Of fused cells・  

Figure 7．   Effects of calciumions on cell fusion・   

Fusion competent NC4 and HMIcells were mixed and suspendedin 50  

mM KC1 solutions containing various concentrations of CaC12 

（0．025 mM － 5 mM）and assayed for the percentage of fused cells  

after 60min of shaking at 220cin thelight・  

Figure 8・  1nhibition of cell fusion by Fab fragments of   

antiserum for fusion competent NC4 cells．   A） Agglutinated   

cellmasses produced after mixing fusion competent NC4 and HMI   

cells suspendedin BSSin equalvolumesr and followed by  

incubation at 220c for 30min on a shaker（120 rpm）・  B．）  

Agglutinated cell masses were dissociated by introducing a final 

concentration 5mM EDTAinto the suspension．  OnlY fused ce11   

masses（indicated by arrows）remained．  C）Agglutinated   

cell masses of HMl and NC4 cells treated with a final  

concentrationlmg／mlFab for15min at 220c．   D）Cells  

dissociated by the addition of 5mM EDTA to the cellsuspension   

pre－treated with Fab（C）．   No fused cellmasses could be   

found．  Each bar indicates 40um．  

Figure 9．   ＝nhibition of cell－adhesion and celトfusion bY  

Fab fragments．  A）Fusion competent NC4 cells pre－treated  
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with Fab at various concentrations．of O．06，0．13，0．25，0．5，1  

and 2mg／ml（finalconcentration）for15min at OOc were mixed  

With an equalnumber of fusion co 

Afterincubation for 30min at 220c on a shaker（120rpm）．assay   

was made of inhibition of cell adhesion．  B）Fab treated   

fusion competent NC4 cells were mixed with the same number of   

fusion competent HMIcellsin BSS．   Five mM EDTA was added（a   

finalconcentration）and the percentages of fused cells and of   

inhibition of cell fusion were determined．  

● FigurelO・  ＝nhibitory activity of Fab absorbed byintact   

cells．   Small samples of Fab varying in concentration were 

absorbed by either fusion competent or incompetent NC4 cells at 

OOc forlhr．   ＝nhibitory activities of the Fab on cellfusion   

were then assaYed．   a）Fab absorbed bY fusionincompetent NC4   

cells．   b）Fab absorbed bY fusion competent NC4 cells・  

Figurell・   1mmuno－preCIPitate patterns of NC4 cells・   

Fusion competenト andincompetenト NC4 ce11s were surfacelabeledl  

with 1251，S0lubilized andincubated with antiserum for fusion  

competent NC4 cells・   Thelmmuno－PreCipitates were washed and  

Subjected to SDS－P01YaCrYlamide gelelectrophoresis・  ：The gels  

thus obtained were exposed to X－raY film．  a）Fusion  

incompetent NC4 cellsincubated with the antiserum・   b）Fusion  

competent NC4 cellsincubated with serum・   The numbers indicate 

68   



molecular weight standardsin K daltons・   38K and139K protein   

bands areindicated bY arrOWS．  

Figure12．   Fusion competence of NC4 cells treated with   

PrOteOlytic enzymes．  Fusion competent NC4 cells pre－treated   

With either trypsin or papain at various concentrations（10．30，  

100．300 andlOOOpg／ml）at 220c for 30min，Were aSSayed for  

fusion competence．  A）and B）show changes in fusion   

COmPetenCe f01lowing trYPSin－ and papain－treatmentlreSPeCtively・  

Figure13・   ＝mmuno－PreCIPitate patterns after proteolytic   

enzyme treatment．   Fusion competent NC4 cells pre－treated with  

500Jlg／mlof trypsin or papain for 30min at 220c were washed and  

labeled with 1251，S0lubilized andincubated with antiserum for．  

fusion competent NC4 cells at OOc for 30min．   The ＝mmuno－   

PreCIPitates were washed and subjected to SDS－P01yacrylamide gel   

electrophoresis． The gels were exposed to X－ray film． a）and   

b）indicate immuno－PreCipitate patterns f01lowing trYPSin－ and   

PaPain－treatment，reSPeCtivelY．   ・C）shows immuno－PreCipitate   

Pattern for no enzyme treatment，aS a COntrOl．  

Figure14．  Relation between the period required for   

acquisition of fusion competence and the time at which the 138R 

PrOtein was first detected．  A）Fusion incompetent NC4   

69  



Cells，tranSferred to aliquid medium from an agar plate，Were  

incubated at220c on a shaker（120rpm）・  Small samples 

during the course of incubation were taken and assayed Eor fusion 

COmPetenCe・   B）Cells at certainintervals during the above  

liquidincubation（3，6．9，12 and15hr）werelabeled with 125＝  

and theirimmuno－PreCIPitate patterns were examined．  

Figure15・   ＝nhibitory activity on cellfusion of Fab   

absorbed by either 4hr－ Or15hr－1iquid cultivated NC4 cells．   

Fab for fusion competent NC4 cells wasincubated with 4hr   

Cultivated fusion incompetent NC4 cells（a）or15hr cultivated  

fusion competent NC4 cells（b）at OOc for 30min．  Their   

inhibitorY aCtivitY On Cellfusion were then assaYed．  

Figure16．  ＝mmuno－PreCIPitation patterns of NC4 and HMI   

Cells．  Fusion cornpetent NC4 and HMI cells were surface  

labeled with 1251，SOlubilized andincubated with antiserum for  

fusion competent NC4 cells．  Theimmuno－PreCIPitates were   

WaShed and subjected to SDS－P01YaCrylamide gelelectrophoresis・  

The gels were exposed to X－raY film．   a）Fusion competent NC4  

cells，b）fusion competent HMIcells．   138K protein bands are   

indicated by arrows．  

Figure17．  Absorption of inhibitory activity of antiserum 

FRA－4 withintact cells and cellghosts・  Fab of FRA－4′  
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antiserum for fusion competent NC4 cells，Were PrePared，mixed   

With either intact cell（●）or cell－ghosts（0）of fusion   

COmPetent NC4，and placed on ice for lhr．  Each Fab was   

isolated by centrifugation and their inhibitorY aCtivities on   

SeXual cell fusion were estimated bY inhibition assaY Of cell   

fuslon．   

Figure18・   Fusion competent NC4 cellslabeled with 125＝  

Were S0lubilized．and applied to WGA（b′ C）or Con－A 仁d′ e）   

affinity chromatographY．  After washing off the non－binding   

fractions（b．d），the binding fractions were eluted with O．2M   

N－aCetyl－D－glucosamine（c），Or O．2M metYl一塊－D－mannOPYranOSide（   

e）・   Each fraction was subjected to SDS－PAGE and the gelwas   

exposed to X－ray Film．   Arrowindicates138K protein band．   

Figure19・  Purification of gp138．  A） 125＝1abeled  

Celトghosts were solubilized and applied first to phenylsepharose   

C0lumn chromatographY・  PhenYIsepharose binding fraction was   

COnCentrated and applied next to Con－A affinitY COlumn   

Chromatography．  Each fractions of cell ghosts（a）．   

Phenylsepharose binding（b），Con－A non－binding（c）and Con－A  
■ヽ  

binding（d）were applied separatelY tO SDS－PAGE   
electrophoresis（and the gelwas exposed to x－raY films・   Arrow   

indicates gp138 band．  
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B） Fractions of s0lubilized ce11－ghosts（a）and   

Phenylsepharose and Con－A binding（b）were applied SDS－PAGE．   

The gelwas then stained with C00maSSie Brilliant blue．  

Figure 20．   Effect of antiserum FRA－5 and FRA－6 0n SeXual   

Cellfusion．  Fusion competent NC4 cells were pretreated with   

different concentrations of Fab of FRA－5（○）and FRA－6（●）．   

antiserum for120K protein and gp138．and mixed with fusion   

COmpetent HMIcells．  ＝nhibitory effects of the serums on   

SeXual cell fusion were estimated bY inhibition assaY Of cell   

fusion．  

Figure 21．  1rnmunO－blotting of fusionincompetent and   

COmPetent Cell－ghosts bY antiserum FRA－6．  Cell－ghosts from   

fusionincompetent（a）and competent（b）NC4 cells werelYSed   

and applied to SDS－PAGE．  Separated proteins were transferred   

to nitrocellulose sheet and immuno－blotted with antiserum for   

gp138．  

Figure 22．   ＝soelectric point of gp138．   Fusion competent  

NC4ce11slabeled with 125＝，Were S0lubilized andincubated with  

FRA－6．  Theimmuno－PreCipitate was washed and applied for 2D－   

PAGE・  The gelwas then exposed to X－raY film．  Arrow   

indicates spot of gp138．  
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Figure 23． Lectin binding of gp138．   Fusion competent NC4   

Cell－ghosts were s0lubilized，immunoprecIPitated with FRA－6，and   

applied to SDS－PAGE electrophoresis．  Separated proteins were   

transferred to a nitrocellulose sheet and stained with HRP   

COnjugatedlectins．HRP－Con－A （ a ）， HRP－WGA（ b ）．HRP－LCA   

（c）′ HRP－E4PHA（d），HRP－PNA（e）′ HRP－RCA60（f），HRP－  

RCA120（g）．  Arrowindicates gp138 band．  
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