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Data a re pr ese nt ed ~hich f oc us on c hang es that occ ur in 

the ce ll surface glyco prob:>i ns o f the my xo m_\-ce t e Didymium 

iridis, whi c h pe rmi t c el l fusion t o occ ur in prev i ously 

indu ce d ce lls . · It ~as therefor e nece ss a ry t o d Pv _l op a 

reliabl e me th od f or the is o lati o n o f pur e plasma membrane 

fra c tions, pri or t o the c hara c t e rization of mating and fusion 

fa c t o rs. Methods of c hromatogra phi c anal)·sis of is olated 

plasma membrane fra c tions of pre-fusion (uninduc ed ) ve r sus 

fusion co mpe t e nt (induced) my xa moeba 1,: e r e carried out. 

Previous studi e s hav e s ho~n that fusion betwee n c ompete nt 

myxamo eba of compatibl e ma ting types c an b e bloc k ed by the 

le c tin concanavalin A. Concanavalin A preferenti a ll y binds 

gl yco proteins thus indicating the bioc hemical character o f 

this fusion receptor (Ye mma and Soltis, 1988 ) . Ye mma and 

Perry (1985) prov ided evidence indi cating that compatible 

c e lls of Didymium iridis must become co mpetent t o fuse either 

by attaining a critical cell density or by bei ng induce d into 

compet e nc y bv an already fusion- c ompetent population. 

Induction is initiated by a diffusibl e organi c mo l ec ule 

produced by ce lls of the same mating t y pe (s e lf-induction) 
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the G1 phas e of interpha s e in the ce l l c y c le (Ye mm a and St r o h, 

1 991 ) . 

Isolati o n o f th e plasma membran e o f cel ls was carried 

out by modi f i c ati on of a technique by Barden e t al . ( 1983) , 

uti li zin g d e nsity g radient cen tri fu gati o n in a linear su cr o s f• 

gradi e nt. This t ec hnique , whi c h i s a hybr id of i s opycni c an d 

rate zona l centrif ugations , produce d a highly pur e membrane 

fr action . Lo cati on of th e isolate d p l as ma me mbran ~ 

fraction(s) was d one by enzymatic assay of the marker e nzyme 

5 ' -nu c l eo tidas e . The major plasma me mb r a ne fra c ti on was f ound 

t o b e lo cated in th e 40% (1,/v) suc rose gradient at a mean 

s uc rose density o f 44.5% (w/v). Purit y of membrane fra c tions 

was determined by screening for the presence (or abs e nce) o f 

ma r ke r e nz y me s for membranes other than the plasma me mbrane . 

It was initiall y hypothesiz e d that a spE•cifi c me mbr a ne 

fusion re c eptor would be pres e nt on induc ed cells or ce lls 

mad e competent to fuse, and therefore absent on unindu ced 

ce lls. HPLC analysis of the me mbrane glyc oproteins of thes e 

tw o r e specti ve isolated plasma me mbrane fra c tions should 

produce spectra upon anal ys is, indicati ve of this ph e nom e non. 

Results of HPLC analysis did indeed demonstrate diff e r e nce s in 

the plasma membrane glycoprotein profiles of induc ed versus 

uninduced cells. Evidence presented indi cates that during the 

induction period prior to fusion (Yemma and Perry , 1985), the 

plasma membrane undergoes dynamic changes in which membrane 
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surface . Th e co nformational c hang es tha t occ ur 1✓ ould a cc oun t. 

f or thes e diff e renc es in HPLC analysis of me mbrane 

glyc oprotein s in induced ve rsus unindu ced plasma n1 embrane 

fractions . Future studi es i-;ill s ee k to charac terize me mbr a ne 

glycoprotein c hang es Khich allow ce lls t o be come compet e nt t o 

fus e . 
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Introduction 

The scientifi c lit e rature indi ca t es that an ongoin g 

searc h has be en carri e d on in laboratori es thro ugh out th e 

inn!.stigat. i Ye s ys t e n, including an ideal organis m might be 

fo und to a ccommodat e an a r ray o f studies inv o lving 

developmental biol o gy . In r et r os pe c t, nearly th·• centuries 

ago, a She dish botanist. na med Elias Fr i es unkn oi,:ingly stumbled 

upo n an orga n i sm of this type 1o:hich he observed as "a s limy 

mas s on mo ist l ea \·es'' (Alexopoulos and l~ oe \· e nig, 19 62) . 

Lat e r, e xamination o f this slimy mass r evealed its 

t ransf ormati o n into an abundance of small c ylindri c al fruiting 

bodies. Thus, th o stag es in the lif e cycle of this organism 

had bee n obse n ·e.d--p la s modium and fruiting bodies . Some fift ~­

years lat e r, th e r e noKn e d Ge rman my co logist Ant.on De Bary 

(earl~· 19 TE ce ntury) obse n· ed the remaining stages in th e life 

cyc l e of this organism aft e r germinating spores from this 

'' tru e slime mold' ' . Didymium iridis, an eukaryoti c organism, 

is nei th e r a tru e plant. nor is it in all r espec ts an animal . 

but in stead it be l ongs t o a c lassifi ca tion of organisms kn ow n 

as the My ce toz oa ns Khi ch possess both fungal and prot oz oan 

c haracteristi c s in their life cyc les. Slime molds are so 

called "primitive" e ukary otes whi c h exhibit a basi c life cycle 

in what is. perhaps, its simplest form. This life cyc le is 

chara c terized by a un inucleate amoeboid stage which can 
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(As hworth and De e, 19 75 ) . Th a moeboid stage il lu strates th e 

protozoan animal-lik e c harac t e risti cs of the li fe c yc l e whi le 

the f rui ting b ody stage r ese mbl e s tho se c haracteristi c s of the 

101-;er f un gi . 

Th e majo r c onside rat io n as to why this organis m 

repre.sents an ide al S:.? st e m f or s tudi es invo l,·in g d e , ·e l o pm e ntal 

stag e s on th e ce llular l eve l , is due t o its uniqu e lif e cycle. 

Both haploid and dipl o id s tages oc c ur in its lif e cyc l e whi ch 

are a c companied with profound deve lopmental changes over a 

re l ative l y s hort ti me . Devel opment of both gametic, zy gote 

and ve getative stag e s as well as o the r dramati c deve lopm en tal 

s tag e s c an be witnessed ove r a ve r y short time peri od. Th e 

haplophase of the life cycle be gins \dth the r e l e as e of 

uninu c l e at e, d e si ccant-resistant spores from mature fruiting 

bodies induced by a for c e of nature such as wind o r rain. 

Und e r c onditions o f suffi c i e nt moi sture , thes e spore s 1dll 

ge rminat e and gi ve ris e t o a uninu c l eate amoeboid form of thi s 

r e spe c ti ve organism. Two int e r c onvertible protozoan forms c an 

ex ist in this stage d e pending on the environmental conditi ons 

pres e nt. :1otile biflag e llate swarm cells are predominant 

under aqueous c onditions , whereas drier conditions ( such as 

those found on nutrient agar) fa vor the irregularly shaped 

rounded-up f o rm of the my xamoeba. Wh e ther cultured in liquid 

or on nutri en t agar, these amoeboid forms feed on bact e ria and 

mitoticall y di v ide until a log phase population is reached. 



Figure 1. Life Cycle ot Didymium iridis, by C. J. 
A 1 ex o po II l o s , I ') 6 2 • [ n t rod II c t. n r y My c o l o g y , by John W i 1 e y 
and Sons. Inc., Neh' York p. 72. ., 
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pu b li cati o ns (G u th, _ . et al. , 1961 : 

]962; Sauer et al., ] 969; Ast1h:o rtl1 ar1r1 [Jee, 19 7 5) . 

~lost of the r eco rde d studies c oncerning t l1 e m_·.\omy c P.tes 

have been cond u c ted on tw o parti c ular spe c i. es --Physarum 

polycephalum and Didymium iridis , 1dtl1 tbe la tt e r b e ing t h e 

specie s o f int e r est in this parti c ular stud:, . Of prim a ry 

int eres t regarding us e o f these tho strains i s their 

hete r othalli c na t ur e . Heterothallism r e fP-rs to the ability of 

myxamo e ba or Sh'a.rm ce lls of one spec ifi c mating type t o fuse 

only with myxamoeba or swarm cells of a c ompatible, 

ge neti c ally different mating type. In these spe c i es, only 

ge rmination of several " mixed '' spores can result in p o ssib le 

zy g o te. and plasmodium development as oppo site or compatible 

mating types fuse. Determination of mating type has been 

s h o h. n to be u n de r g e n e t i c cont r o 1 ( Co 11 i n s and Li n g , I 9 7 2 ; 

Ro s s e t al., 1973; Ross and Shipl ey . 197 3 ; Adler and Ho lt, 

1975) 1-dth ea c h hapl oid amoeba poss es sing only a singular 

all e l e located at a singular lo c us, Khi c h Kas derived through 

me ioti c division in the spores of the fruiting b od ie s . This 

would also provide evidence supporting the claim that only o n e 

of the four products of meiosis survives in ea c h spore 

( . .\shh·o rth and Dee, 1975). It is also worthy of note that a 

single spo re normally produces progeny which are self fertile . 

Cell fusion is a very important process in the 

devel o pment and differentiation of all living organisms, 

whether sexual or not. It occurs normally in the 
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exhiliiti ng an atypica l method of geneti c re co mbinati on . as ma 

occ ur in s ome p r ot oz oa and fungi . In D. iridis. plasma 

me mbran e fusjon (and subsequent zy gotP and plasm od iun1 

for !llation) i s co ntr o ll e d by a multiple al l eli c s yst.e lll h1hi c h 

r equires the pres e nc e o f tko different allel e s at t he !llating 

l uc u s . Ge netical l:,. D. iridis e:d1ibits a bipolar multiall el i c 

mating system (Yemma and Slro h, 199 1) . Collin s and Ljng 

( 1968) pos tu lated that the mating lucus fun c tions a . a 

r e gulator gen e that is either depres se d or corepre s s ed 

d e pending on the presen c e or abse nce of an unide nti fj e d 

i ndu c er substance . The indu c er substance has subs eq uentl y 

bee n is o lated and its physiology des c ribed by Yemma and Stro b 

( 1991) . It is produced during normal development by am oeba of 

compa tib l e mating types to either trigger dif f e rentia tion in to 

the plasrnodial stage by its presence or block plasmod ial 

formatjon through repres si on of specifi c ge nes in its 

ahsen ce . Pri or to this proposed me c hanism, the maj ority o f 

r e s earc h on gameti c and somatic fusion had been don e using 

h i g h 1 :-· d i f f e re n t i ate d game t e s w i th gr ea t morph o 1 o g i ca 1 

differences (Colwin and Colwin, 196 7), in 1-,:hi c h co mpl exities 

of morpholo gy may hav e obs c ur ed the basic me mbra ne fusi on 

patt e rns (Ros s et al., 1973), or using somatic c e lls from 

c umplex mammalian ce ll cultures. Fusion between gamet e s is 

usually c hara cte rized by the ability of the gametes to 

re cognize and fus e only with geneti cally compatible 



fusion between non - compatib le mating t)·pes . Lt ili zi ng data 

co lle c ted fr om studies on virus -induced po lytaryucytes in 

mammalian ce ll c ultures, Fost e and Allis on (Jg71) , 

hy poth es i zed that membrane fu sion in any biologi c syste 111 

occ urs by a co mm on mec hanis m. Th e ir me mbra ne fusi o n rea c tion 

theory e mphasiz ed t he immense bi o l ogi c a] signifi c an c P. of tb i $ 

p r ocess a t both t he ce llular and subce llula r levels . If 

c ontrol o f all ce llular f usi o n (s ex ual and somati c ) co uld be 

attributed t o a co mm on mec hanism o r through a common mati ng 

lo c us, then D. iridis co uld serve as an exce ll ent model 

fo r its pos sibl e e luc ida ti on. Studi es ha,·e been pre,· i ously 

c ond uc ted on plas modial mycetozoans c onc erning the mu lt ipl e 

a ll e li c basis of sexual and somati c in compatibility (Collins, 

19 63 : Dee . 1966 ; Ling,1971; Collins and Has kin s, 197 0) , but 

minimal res ea rch has fo c us ed on th e physiologi ca l and 

bio c he mi ca l me c hanisms asso c iat e d with the ind uc tio n of 

me mbran e f usi o n re ceptors. A model s yste m is nece ssary 

postulating the induc tion of fusion as th e result of ce ll 

su rface c hang e s initiate d by c hemi ca l communi cation through 

induce r mo l ec ules which thus would permit both the r ecogni ti on 

and dis c rimination of compatible mating type s. as we ll as the 

el ucidati on of an actual membrane fusion mechanism (R oss and 

Cummings. 1970). Absence of an assay t o quantify the rate of 

fusion in a ce ll population a ccompanied by the fact that bo th 

gameti c and somati c fusions are subjected to multi-alleli c 
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D. iridis, sexual f usi on is a function of th e re c ognition of 

a geneti c ally d if fe r e nt c ompatible mating t y pe 1-.·hil e s omat i c 

fusion is a fun c tion of the re co gnition of both a 

phen o typi cally and genotypi ca lly indistinguis habl e s el f 

(R nss e t al .. 1973) . 

A ft1 r t. her c ompli cation regarding th e mec hani c s o f 

fusion c an be a ttributed to the int e r c on\·e rtibl e nature o f th e 

hapl o id my xa moeba and swarm ce lls. Yemma and Pe rry (1 985 ) 

provided ev idence that fusion between myxam oeba . and a l so 

be ti,; e e n s ". a rm c e 1 1 s . d id not e x b i b i t t he s a ni e me c ha n i s t i c 

patt e rn. This information was very c rucial since any slight 

\·arian c e i n the e m ·iro nmental c onditions could induc e th e se 

hap l o id gametes to interconve rt and thus be very disru pt i ve to 

in \·e stiga ti ons r e quiring that all ce lls be in th e sam e stat e . 

thus limiting th e number of variabl e fa c tors. Ro ss e t al. 

(1973 ) also pro\·ide.d a d e tailed exp lanation of th e importan c e 

of cell c ulturing by providing e v idence indi c ating that 

ne ithe r the rate nor the amount of fusion was affe c ted by the 

pres e nce of bacteria as a food source on solid agar med ia. In 

contrast. they also indi ca ted that controlling the 

c o ncen tratio n o f amo e ba that are initially plat e d Jut o n 

nutri e nt agar media is vital because variability o f any type 

affected th e timing of fusion at subsequ e nt matings. 

suggesting that the number of cell generati on s during 

culturing ma y affect the maturity and subsequent fusion 
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of clones and their effects on the kineti cs of fusion, l,ut not 

ne cessarily on the amount of fusion that occurred . Additional 

r esults fro m this study (Ross e t al., 19 73 ) also pro\· ided 

s upport for the existence of a required induction period 

befor.., the beginning o f fusi o n. They furth e r dis c: o,·ered that 

as m:-- ·xamoeba nea r e ncy stment , the :-,· exh ibi t a dimin is ht->d 

c apa c it:--· to fuse whi c h h'as s ugg ested as being attributed t o 

eit he r an increasing densit~- of ce ll s, or an increas ing number 

of cell generations. Transfer t o fresh medium causes a de -

differentiation of these ce lls to an immatur e state, and 

fusion c ompeten c e can only be re covered through r e ­

diff e r e ntiation over time . Yemma and Stroh (1991) showed that 

a l oss of induction results whenever cells l.ie co me encysted. 

Thus it 1-,as co nc luded that induction of sexual c ompeten c y is 

contro l l ed by bot h a che mi cal facto r and a ne cessit:--· for 

membr a ne c ontact bet~een ce lls be f o re fusion c an oc c ur. 

Furthermore, the proces s of gametic fusion may also be 

under lysosomal c ontrol as cell lysis was pre\'alent in mi xe d 

liqui d c ultures of compatible mating types. Lysis ~as absent 

in mix ed c ultures that were immediately plated on solid agar, 

thus suggesti ng that normal contact between plasma membrane s 

of compatible mating types may in some manner exert control on 

lysosomal activity (Ross et al., 1973). Exposure of myxam oe ba 

to the c hemical inducing substance causes a repression of the 

plasmodiurn forming, genes and activation of the gametic genes, 
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succ essful fusi o n d oes no t r e sult, de-r e press i on o f t he 

plasmodium - forming ge nes c annot take pla c e and th e o rg a ni s n1 

~ill be subj e c t e d to lys o s omal c ontr ol and possibl e ly s i s . 

Lat er o n in 19 7 3 , Ross and Shipley po s t ulat e d a se \·en ­

s t e p s eq u e nc e o f i n t e r ac t i on s 1, h i c h res u ] t i n s ex u a 1 and 

s omati c f us i o ns in D. iridis . Mutua ] indu c ti on i s 

initia t ed b ., · a c he mi c a l substanc e which is r e lea se d by all 

ma t ing t ype s tha t in t urn l e ad s t o a d e -repression o f th e 

ge nes that con tr o l fu sion . The activation of thes e gene s 

ca uses co nf o r mational and/or c ompositio n c hang es in th e 

me mbrane. surfac e , whic h allows f o r recognition of c ompatibl e 

mating types thus a c tivating mechanis ms which e na bl e me mbran e s 

t o c ome into c onta c t and fuse. It wasn' t until th e is olati on 

o f the inducer mole c ul e, though, by Yemma and Stroh ( 19 91 ) 

t hat al l spe c ulation as to the na t ure of this c hemi cal 

substance was laid to r est. On c e fusion occurs, mol ec ul a r 

mndifi cati on of the membrane surface occurs and prev e nts 

further f usi on with other haploid cells. This modifi ed 

me mbran e surfa c e does , however, permit fusion to oc c ur between 

zygotes and mi c r oplas modia . On c e successful sexual fusion has 

taken pla c e , matu re plasmodia beg in to develop and the 

me mbrane s ur fac e is furth e r modifi e d to prevent hete r oka r yo ti c 

somati c f usions, but pe rmits fusion betwe e n s omati c ce lls of 

identical type. Proper execution of this sequence requires 

protein synt hesis after each of the two gene d e -re pres sion 
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c-oulo ct , 11.1 i _ 1 u11 . Iit is act u2l n1c:- ; ba1;isu, n f l!i!::' !l i l J12,1'-': u,,td c t 

and fusion is postula t ed as being lys o s o n1 all y 111 ecliat.ed . 

Tr e atm e nt o f c ultures co ntaining m~·:-.am oelia of L:o n1:µa l 1blP. 

mat ing t.~·p e s 1-,:itr1 antibioti c s an d Jysosomal s t abilizPrs b ot h 

b efo r e an d aft e r sexual f usi o n, prc>duced r esults sugg e st.i ug 

that rJrcit e in s~·nth esis is nec ess a ry for s · xua] fusi on, but may 

not be fnr early so mat i c f usi o n s (Ros s and Shipl ey , J g 7 J ) . 

Th!:' Px i ste n c: e of an indu ce r ubst a nc:e had bPPn 

p stulat ed . but it ~as n ·t un t il the ~ork of Yemma and Stroh 

(1991) that co n c ret e e videnc e ha d been provid e d t o support 

t his th eo ry. Prior t o this dis co v e n · in 1991, the rH,?ares t 

a ny o ne had co m to isoJabug the induce r mole c ul e has in 19 77 

1,.;l1 n Young man e t al. h" !::' rt:' h·orking 1-dth th e myx o my cete spe c ies 

Physarum polycephalum. Their study accomplished th e 

separatio n o f t~ u amoebi c c ultures--one co ntaining a d e ns e 

po pul a tion of myxam oeba and the o ther co ntaining a sparse 

p o pulati o n of myx a ni oeba--by a pa ir of Nucleopo re filters 1-,i th 

a po r e size of .0 5 micro ns . Nutriti on for the myxam oeba was 

provid e d using both live and formalin-killed bacteria and this 

1.as d o m, t o insure t hat the possibility of indu c tion by 

altere d bac te rial groh·th or by a sub.stance r e l eased by 

ba c teria h·as e liminat e d . Also. the size of the p o r e s in the 

filters eli minat ed the possibility of diffusi o n of a myxamo e ba 

through th e filt e rs since all haploid amoeba are larger than 

.05 microns · · 111 siz e . Results o f these experiments did 

i nd icate that spars e amoebic c ultures could be induced to 
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d e ns e c ulture ha s r e pla c ed by a c ulture of o n l ~ ba c t e r ia , o r 

by a c ultur e co nta iuing am oe ba front a ce llul a r s lim e mo l d . 

indu c ti on o f th e spars e c ul t ur e f ails t o oc c ur. T h i s e vide nce 

s upp ort e d t he hy po t he sis t ha t indu c ti on i s mediated by a 

d i f f u s i b 1 e c he m i c a 1 s u b s t a n c: e t h a t i s pr od u c e d b ~, a d n s e 

c ul t ur e of myxa moeba . Re sult s als o indi cated t ba t this 

i ndu c e r substa nce pos s e sse s a sh ort r a ng e of a c ti o n as 

i ndu c ti on co ul d not be prod uce d if c ultures ~e r e se para t ed by 

more than t~o filt e rs nor c ould it occur if th e thickn e ss of 

th e a gar me dia on which th e ce ll s ~e r e c ultured was great e r 

t han 2 millime t e r s . 

Before fusi on c ompe te nce c an occ ur in a culture of 

myxamo e ba. a c ritical cell d e nsity must be rea c he d in each 

co mpa tibl e mating t y pe . Yemma and Pe rry ( 1985) d e termin e d 

this c riti cal ce ll d e nsity to be 1 x 10 E+05 

ce lls / milliliter. Thus ~h e n my xam oeba begin to mat e Aft e r a 

c riti ca l c e ll d e nsity is attained, this is most lik e ly a 

reaction to the a c cumulation of an inducer molecule that is 

released by the differentiating amoeba (Youngman et al., 1977: 

Pallotta e t al. , 1979). Shipley and Holt (1980, 1982) 

provid e d evide nc e in which cells that were unabl e to fuse in 

low density cultures could overcome this fusion incompetence 

through the a c ti o n of an inducer material produ c ed by cells of 

a critical density population. By modifying the methods of 

Youngman et al. ( 19 77), Shipley and Holt ( 1982) suggested that 
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c ompatib le my xa moe ba of D. iridis. Th ey furthe r 

s ugg ested that my xam oeba of the my xo m~ c etP. Physarurn 

polycephalurn ex hibi te d thi s s ame maximal fusi o n co mpete nc e at 

one-t e nth th e c riti ca l tlensity r e quired by D. iridis . 

.. Uthough Ship l e ~- and Ho lt postu late d this c r itical c eJ 1 

d e n s i t ~ · i n 1 9 8 2 . i t h ' a s n · t u 11 t i l 1 9 8 3 t ha. t Ye rn ma a n cJ Pe r r y 

act ually determin e d this t o be truP b~- veri f~· ing that mating 

~a mpet e nce is a c hi eved during l og phase of c ultu ral g rowth 

when ce lls attain the density of 1 x 10 E+05 

c eJls/ mi lJilit er, and i-·a s on]y possible i-·hen cel l s are in th e 

G1 phase o f the ce ll cyc l e . The 19 82 Shipley and Holt stud} 

also sugg e sted that fusion c ompetence c ould be a c hi e\·ed by 

individual mating types hith out interacting with compatibl e 

mating t y pe s. It is unknown Khether varian c e of d e gre e of 

c ompetence in a popul at i o n of myxamoeba is attribut e d t o 

c hang e s in th e proportion of c ompetent amo eba or in the le\· e l 

of individua l cell competence in a population. Results of 

these experiments concludingly suggested that fusion 

c ompetence 1s somehow dependent on continuously varying 

properties of the ce lls and further evidence alluded to the 

likelihood that once mating begins, fusion compet e nce 

deteriorates rath e r quickl y . This latter point was determined 

to be untrue as Yemma and Pe rry (1985) and again later Ye mma 

and Stroh (1991) found that fusion competence is only lost 

when cells become encyst ed . 
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inclucer mo lecule (Ye 111111 a duel Tlle rj ·it: 1: . ]i_: 7 c. , -Uber an d 

Ther ri e n (1985) hypot hes iz ed that indu c ti u n occ urs between a ll 

c ompatible mating strains of D. iridis , not just th ose 

studied in the literature. Th e ~· als o indi cated that sin c e 

mating type is a genet ic representation of eac h indi\-idual 

strain, th e n the indu cer mo l ec ul e (refe rred t o her e as mati ng 

hormone) must be a unique geneti c representation of each 

individual strain. Th e se two hyp o thes es had bee n suggested 

be f o r e in ref e rence t o Physarum polycephalum, but ~ere ver~· 

preliminary regarding what was later to be suggested. 

Postulation that there existecl a single receptor site t o which 

all c ompatible mating hormones ca n bind to initiate induction 

lead t o the assumption that the existing set of mating t y pes 

e vo l ved from a simpler set or if it was assumed that a single 

gene controls the mating hormone rec epto r site, then it is 

possible that a new mating type could evo lve through 

modifi cation of its existing genes. If indeed this so l e 

receptor site 1,;as to recognize a di\-e rsity of mating hormones, 

then thes e hormones (inducer molecules) must exhibit a high 

degree of structural similarity. Continuing, in order to 

limit the amount of hormone self recognition and allow for 

diffusion of ea c h respective mating hormone, each mating type 

should exhibit a comparably lower binding affinity and poorer 

activating characteristics for its own mating hormone. 

Finally, at extremely high concentrations of self-produced 

mating hormone, and primarily due to structural similarities 



simulated through a self-recognition fusi o n c ellular 

mec hanism. But all characteristics asso c iated ~ith se l f -

induct ion should also be asso c iated with c ross - indu c tion . The 

major exception 1s1ould be tha t most of the- mating hormone 

re c eptor sites on the self-induced m::, ·.:rn mo eba "·ould be occ upied 

b::,' self -mating hormon e and hen ce "·ould bP comrwtiti\·el_\· 

inhibited t o other possibl e inducers. 

Although a mating (fusion) r ece ptor has been postulated, 

evidence must be provided to support this claim. E\·iden ce 

co ncern ing the existence of ce ll surface re ce ptors has been 

provided in referenc e to the ce llular slime mold Dictyostelium 

discoideum (Gillette et al. , 1974; 11,tolday et al., 1976), but 

as of yet none has been provided in reference to the 

he t e r o thallic myxomycetes. These two aforereferen ced studies 

utili zed the plasma membrane glyco pr o tein binding properti es 

of conc anavalin A to indicate the possible existence of this 

membrane surface receptor. This led Iemma and Soltis (1988) 

to hypothesize that the mating receptor on the surface of 

D. iridis was also a glycoprotein and therefore 

concanavalin A could also be used to locate this mating 

receptor. Culturing compatible mating types on media in the 

presence of concanava 1 in A revealed an almost complete. absence 

of plasmodial formation, while culturing of these same mating 

type mixtures on media in the absence of concanavalin A 

exhibited nearly one hundred percent plasmodial formation. 



f u s i on by bi ndin g to t he me mh r ane fusi o n (mahng) r ece pt or , 

whi c h mus t b e a g l ycoprote i n si nce co nc ana\·a]in ,>,, e:-,;:hibits 

me ml>rane gl~-cop r otein b i nd i ng p r opert i es . I n tha t study it 

~as sta t ed tha t i t i s a l so very proba b le that t his ma ting 

re ce ptor is co mposed of alpha - mannopy r anasP and alpha ­

g l uc: opyranase re sidues as concana\·a lin A pref e r e ntially binds 

these moieties . 

E\· id e nce has no 1--· bee n pro\·ide d s upp or t i ng th e exis t e nce 

of both an inducer substance (or mating horm one as i t is 

some ti mes c a ll ed) and a r ecep t or fo r thi s indu ce r mo l ec ul e 

whi c h pe rmit s me mbrane fusion t o occ ur and subse qu e nt z yg o t e 

and pl a sm odial f ormati on to take place . The n e:-,;: t st e p wa s th e 

att e mpted is o lation and charac t e ri zation of both indu c er and 

t he ma ti ng r ece ptor. On c e th e indu ce r s ub stance is re l eased 

in to c ulture and e ithe r se lf- or c r o s s -induc t io n oc c ur s . 

synthesis of the me mbr ane r eceptor s pre r equisit e to f u s i on a nd 

zy go t e f ormation f o ll ows sh ortl y thereaft e r (Ye mm a and Stroh , 

1991). Support for this required re ce ptor sit e s ynth e sis was 

provide d by Ye mma and Pe rry (1985) , as they r e vea l e d t ha t 

zyg o t e fo rmation in D. iridis was a tim e -depe.nd e nt process. 

I t is of utmos t necessity that the ce ll c yc l e pe riod f o r 

maturati on be pre sent in orde r f o r induction to oc cur, 

the r e f or e a co nstant nece ssity ex ist s for th e produ c ti on and 

pre sence o f the induc er mol ec ul e (Yemma and St r oh , 19 9 1) . 

This pre vi ous s tudy also presente d high pe rformanc e liquid 
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additi on , in c reasing the co nce ntrati o n of ·th e induce r moJ e cule 

does no t result in gr eat e r zygo te formati o n as t he de t e rmining 

fa c t or in induction and zy got e formation is c e ll maturity. 

Se lf-induc ed induc ti o n can onl y be produ c e d at a c ritj cal 

c e ll de n s ity of 1 x 10 E+0 5 ce ll s/mi l lili te r (Ye mma and 

Pe rry , 198 5). 

Th e purpose of this study was to obtain a purifi e d 

pl a sma membran e isolation in the my xomyc e te D. iridis 

using the mating type HON 1-7A 2 (Albert and Therrien , 1985). 

On ce purifi ed plasma membrane fracti ons are isolat e d on bo th 

indu ced and uninduced my xamoeba of this mating type, HPLC 

analysis will examine the membrane protein profile and 

thus possibly isolate the inducible plasma membrane fusion 

r ec ept or. A large portion of this study fo c uses on the 

isolation of the plasma membrane in D. iridis utilizing 

th e t ec hnique of density gradient centrifugation. In 1977, 

Yemma and Selanik elucidated a method for rapid plasma 

membrane isolation of both myxamoeba and swarm cells of 

D. iridis using an aqueous two-phase polyethyleneglJ·co l 

(PEG) polymer system. This method proved some~hat effective 

if onl y a rapid plasma membrane isolation was desired, but 

membrane yield and purity were low. Since the ultimate goal 

of this study was to isolate and possibly characteriz e the 

plasma membrane fusion re c eptor or mating factors. it was 

necessary to isolate the plasma membrane of D. iridis. This 
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surface or me mbr ane prote in a cti \·it y by substanc es such as, 

for exampl e, PEG polymer. Initially, the PEG po lymer met hod 

was designed to eli minate t he ne e d for isolation using 

ex pe nsi\·e high speed centrifugati on equipme nt h'hi c h subje c ted 

myxa moe ba c Pll s t o disrupti o n o r alteration nf en zymati c 

a c tivity , du e to intens e high speed gravitational for ce s. 

Although a s uccessf ul gradi ent density pla s ma me mbrane 

isolation technique had not bee n developed for D. iridis , it 

has been succe ssfully carried out on membranes of th e 

myxomycete P. polycephalum (Barde n et al. , 1983; Reiski nd and 

Aldric h , 1984). Modification of those is o lation te c hniques 

used by Barden et al. (1983), s e r ved as the ini ti al protocol 

upon which isolation and purification of D. iridis plasma 

me mbra nes was based. The isolation technique utili zed a 

sucrose gradient and high-speed r ef rig e rated centr ifugati on . 

Treatment o f t he my xamoeba ce lls before th e final plasma 

me mbrane isolation was nondisruptive, and r equired 

subjecting the cells to only mild salt solutions for 

wa s hing and bacte rial r e mo val, followed b y incubation in a 

buffered so lution prior to loading onto the linear sucrose 

gradients. It prove d ad vantageous to treat the plasma 

membranes of the cells under study with as few reagents as 

possible during the isolation. This eliminated the 

possibility of interaction of isolation reagents which could 

alter or r e move plasma membrane constituents. Also, the 
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pl as ma me mbr a ne is n o t larg e , a t t e mpt e d r enWYaJ c f an: · 

isolation r e ag e nts aft e r isola t i o n of the pl a sm a n1 e mb ra ne, a nd 

b e f o r e HPLC anal y sis, could r es ult 1n the loss o f the iso lat e d 

me mbr a ne fr ac ti ons d uri n g t hi s atle n1p t e d puri fi c ation . The 

iso l ate d me mlJni. ne f r a ctio n s c a n b e 1ocali ze d b >· enz>·mati c 

a s sn. ys ~-: h i c. 11 ut.i l i z e r es pec t i \·e mark e r en z ~·m es for th e plas ma 

me mb ran e . a nd al so f o r th o s e o rg a n e ll e s whi c h c ould poss ibl y 

· au s e c ontamina ti o n o f th e i s ola ted membran e fra c ti o n s . On ce 

highly purified membrane fractions are localized, examina tio n 

uf t he pl as ma for th e pr e s e nc e o f a me mbrane fusi o n r ecepto r 

or ma ting fa c t ors in indu c ed my xamo e ba isolated me mbran e 

fra c tion s co uld be c arried out . 
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Materials and Met hods 

Cell Culturing 

Stoc k culture s of isolates of the myx omycete D. iridis 

were maintained o n half-strength cornmeal agar slants in wid e 

mouth screh1- top c u]tur e ves s e ls. 

used exclusi ,·el~· in this st udy . 

1ating t~'pe HON 1-7A. ,,.-as 

The isolate was originally 

pr ovided by Dr. 0. R. Collins, Depa rtment of Botany, 

lniversity of California , Be rkeley, and subsequently 

maintained for many years by Dr. John J. Yemma, Department of 

Bi o logy, Youngstovm Stat e Uni \·ersity and his graduat e 

students. 

Solid Media Culture Te chn iqu e s 

Half-strength cornmeal agar media was prepared by 

combining 8.5 grams of Dif eo Cornmeal Agar and 8.0 grams of 

Dif eo Bacto-Agar in one liter of distilled water. The medi um 

was pr e pared and then auto c laved at 121 1 Celsius and 15 

P. S. I. for fifteen minutes before being dispensed into 

sterile petri dishes in 10 milliliter aliquots (Collins, 1963; 

Yemma et al., 1974). Once these plates cooled and the agar 

sufficientl y solidified, they were refrigerated until time of 

use to preve nt fungal contamination. When plating of the 

experimental organism onto the medium was to occur, sleeves of 

half-strength cornmeal agar plates were removed from 

ref · rigeration and allowed to warm to room temperature. 

Escherichia coli b~cterium was inoculated to the medium prior 



- . < 

'' 

so ur c e fu r the gr ohirg ce l l µopu la li un . A J ] p 1 a t j i 1 g s ,. ~ ,. ·"" 

carried out. in a laminar flow hood in order to in s ure stri tJ.:,.· 

ste ril e co nditions. Plates were left in the laminar flo~ 

hood for 24 hours after ino c ulation with E. coli to 

' ens ur e growth of a uniform bacter ial lawn. HO N 1-7A " cells 

were t hen transferred t o t he surfac e of the medium containing 

t he ba cte rial lawn. Transfer of ce lls was als o carri ed out. in 

the st e ril e e nvironment o f a lami nar flow ho od . Pla ting was 

a ccompli shed by the transfer of an agar block (approximately 

2 centimeters square) from a primary culture tube of stoc k 

c ulture, or as the case may be from a half-strength co rnm ea l 

agar plate that was confluent with e ncysted myxamoeba of th e 

HO N l-7A" isolate of D. iridis. Once the plates be ca me 

conf luent with rn yx amo eba , they we re used to make additional 

transfers. Transfer of agar blocks from stock plat es 

co ntaining encysted cells, or from stock plates prepared by 

the transfer of spores from culture tube slant stock cultures, 

was always done in a laminar flow hood under sterile 

conditions. An Olympus CK2 inverted microscope was used in 

all cases to view and monitor growing cells. Once the stock 

plate was det e rmined to be contaminant-free, it was placed 

back in the laminar flow hood where it was unsealed by remova l 

of the external parafilm layer. Subsequent plating of 

myxamoeba to additional plates containing bacteria involved 

the transfer of 2 centimeter square agar blocks containing HON 

1-7~1 1 · ce ls. by use of a sterile spatula. Each plate was then 
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plating oc c urr ed . Dail y c ontamination c heck s we r e c ond uc t e d 

on the plates usi ng an inverted microscope . Contami nated 

plates ~ere qui c kly dis c ard e d . Replating of ce lls occ urr e d 

e very week t o ten days from a c ontami nant-fre e p late , with th e 

pr evi ously transf e rr e d pla te s e r~ing as th e st ock pla t e . 

Liquid Culture Tec hniqu e s 

Liquid cell culture s. when needed, we r e prepare d in b o th 

s mall and l arge spin c ultures . For the small spin c ultures, 

ce lls ~e r e taken fro m thre e to fi ~e p l ates of previous l y 

plated half - strength cornm eal agar plates, while the large 

liquid cult ures r equir e d c el ls from ten to fifteen plate s. 

Cel ls we.re r e mo\·ed from these plates by th e additi on of a fei,; 

mill ili t e rs of ultrapure millipore water to each plat e using 

a sterile disposable pasteur pipe tte and then remo ving th e 

cell s from the agar surfa ce by th e r e peat e d for ced ex pel ling 

action of water that had b ee n drawn up into the pipette out 

onto the agar surface. Cells c ould also be removed from the 

surfac e by the scraping a c tion of a rubbe r policeman. 

the cel ls had been forced from the agar surface of each 

Onc e 

plat e . they were transf e rred to th e small spin c ultures using 

a steril e disposab le pasteur pipette and to the larg e spin 

cultures by pouring the liquid contents of each plate into a 

small glass funnel co ntaining a piece of cheesecloth (to 

filter out agar pieces). After addition of the cells, E.coli 

was supplied as a nutri e nt source with one slant of dilute 
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then di]uted furth e r by the addition of u] trap ure miilipor e 

1,·ater unt.il t he soluti o n 1,-;as n e arly c lear . Aerat i on was 

pro\· ide d uUli z ing magn e tic stir bars. Liquid spin c ultur e s 

allowed c ells t o b e c ultur e d in the larg e quant it ies nece ssary 

for th e is o ]ation of pla s ma 111 e mbrane in larg e \' O]ume. Small 

s pi n c u l tu r e s ". e re u t i 1 i z e d pr i mar i 1 y f o r u 11 i 11 d u c e cl c e 1 1 

p o pulations. since th e ce] lular densities o f Uwse small 

c ultur e s did not approd c b thusP. of t he large. Tlw lat ter 1,-;ere 

used for harves ting induced populations. Cell growth in 

liquid c ul t ur es was mo n itored by taking daily cell counts 

using a hema c ytometer . It is interesting to note that on 

occas i o n the re "·as a b u ildup o f d ebris along the b ottom of 

c ultures, and on magn e ti c stirrers in b o th small and large 

spin c ultures. This 1--sas t hought to b e attribut e d to build-up 

o f ba c t e ria o r o f bacte rial brt:> akdo1,,.•n produ c ts. A sear c h of 

the lit e rature, howe v e r, suggested that o n ce ells bec o me 

indu c ed in liquid c ulture, if me mbran e fusion o r membrane 

contact betwe · n compatible ma t ing types did not occur within 

tv,o to thr ee ho urs of indu c tion (Ross et al., 1973), then 

activa tion of a lys o somal me chan ism would occur and the cel ls 

1•:ould conseq u e ntly l yse . 

HON l-7A· Isolate Cell Harvesting 

To adequat e ly isolate the plasma membrane from cells of 

the HON 1-7A: isolates . it was ne c essary to collect a large 

number of ba cte ria-free cel ls from c ultures in both the 
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co unls had to be made since cel l de n .sit:-,· mu st be 1 x 10 E+05 

ce lls/millilit e r in o rder f o r ind uct i o n to Jcc ur, a nd be low 

this de nsity no i ndu c ti on occ urr e d (Ye mma and Fer n · , 198 5) . 

Co un ts here ma J. e o n ce ll s co ntai ne d in t e st tubes ~ith a 

c e llul a r J. ens i t :', eq u i,·ct l e nt to that < f th e c ultur e . Six tube s 

"·e re co unt e d and a J. ;-;. il y a ,· ra ge ce l l count h·a~ determin ed t o 

pro,· i dP gr ea t er a ce uracy . To pr e par e th e tubes, c e 11 .s we re 

co ]J e c.t ed by th e te c hnique d e s c ribe d ea rl ie r, \.\'he r eby c ells 

were forcibl y drawn off the s urfa c e of the agar and 

transferred t o s pin c ultur e s. In t his preparati on , ce lls "·e re 

co ll ected from s o li d agar p l ates in this mann e r (usu a lly 10 to 

15 p late s) and added t o an a c id wa s hed, millipo r e wat er rins e d 

250 millilit e r beake r. The ce ll-c on t ai ning soluti on was t he n 

de canted into six 40 milli lit Pr thi c k walled co ni c a l gla ss 

ce nt ri f ug e tubes until the , ·o lum e o f ea c h tube 1,s·as 

appr ox imat e ly e qual . The ce lls were th e n c oncentra ted by 

bei ng spun do1,:n at 1000 R. P . ~1. s in an IEC HN- SII sh·inging 

bu c ke t ce ntrifuge _ for ten minut es . Any bact e ria prese nt 

remaine d in the supe rnatant. lpon compl et ion of 

ce ntrifugati on, th e pe ll e t ed cells we r e poo l ed into one of th e 

ce ntrifug e tubes and a ce ll count was tak e n by us e uf a 

herna cy tom e ter. On c e the ce l l c ount was determined , th e cells 

~ere dilut ed with ultrapure millipore water and a fixed number 

of cells was transferred into eac h of six c ulture t ubes with 

the dilution fa c tor being mathe matically determin e d . The 
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ll ad alread _, - l>een se c ured 1 n ct il u::,, jJL;r-i. :_; ,, 2t:--:1 L::.tl; . Tl1 e 

tubes ,,:ere then shaken at 50 to 70 oscillations per minute at 

room temperature and daily ce ll counts here recorded after the 

tubes had been transferred t o a laminar fl oh hood to insure 

sterile procedur e . Two counts here take n for ea c h t ube . Ce ll 

co unts here tak n daily approx imate!~ 24 hours apa rt, until 

proper numbers were re co rded. En cysted HO.'\ 1-7 _,;· jso la tes 

h·e re r e plated o nto fresh ba c t e ria- co ntaining cornme al agar, 

since these ce lls lose t he ir mating comp1::tency (Yemma and 

Stroh, 1991) and thus are unindu ced immature forms that must 

be gro, .. .-n ove r a period of se\·e ral da~·s until they be c om e 

competent enough to underg o indu c tion. This requires that a 

large number of cel ls , at least 1 x 10 E+OS ce lls/milliliter 

(Yemma and Stroh, 1991), be collected from agar medium plates 

jn order to exec ute a satisfactory plasma me mbrane is o lati on . 

An isolation of induced ce lls ha s carr i e d out initialiy. 

Prior to collection of the plasma membrane, isolates 

containing half-strength co rnm ea l agar plates her e c he c ked 

daily for both contamination and progress of growth. 

Appro x ima tel~· five to seven days after cells had been plated 

to fresh agar, they were removed from the surface agar by the 

techniques previously des cri bed. and filtered through a layer 

of cheese c loth lining a glass funnel into an acid washed one 

liter Erl e nmeyer flask. The intent here has to col lect 

induced cel ls as Yemma and Stroh (1991) also showed that 

encysted cells take approximately five to seven days to regain 
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a mu ch greater densj ty than unindu c ed c e]] :. , l!H:> ~· 1-,e r f:' cl10se11 

to initially at.tempt th e plasn1a me mbrane isolation techn iqu e . 

Ce lls of the my xo rny cete D. iridis can Ln]y mate when 

t 11 e ce ll population of ea c h mat i ng type rt'a h es a critica l 

dP 11sity , o r h' he n a mating type p o pu l at i o n o f c ri lica1 

d e ns jty is se parated fr o m a Cflmpalible ma ti n g t~·pe po pulation , 

be l o ~ c riti ca l ce ll densit~· . In both r:ases . ee l 1 s of !:' a c li 

mati ng type (is o late) 1,o; e rP aLle to fuse ,, ith inc.l u ced ce lls of 

compatibl e mating type s. work done by Yemma and Stroll ( 19 9 1) 

s p n •es t o emphasize t he importan ce of att.ain111Pnt of the 

c riti c al ce ll d e nsity of 1 x 10 E+05 ce lls/milliliter . Their 

.-.- o rk a1so showetl that fusion betv.:een c ells that had no t gained 

indu c t ion competency through either of the tho afor e me nti oned 

r easo n . did not occur. In this study, attairt111ent of th e 1 x 

10 E+05 ce lls/milliliter c ri tica l ce ll densit~· 1-,as the met hod 

us ed for det e rmining fusi o n c ompeten c y. In s ight r e garding the 

proce ss o f indu c tion and hoh' it 111av occ ur beb,·ee n diff p rent 

mating type populations is of majo r consideration in the 

pre s e nt study. 

Plasma Membrane Is o lati o n of HO N I-7A " Cells 

Cells were co li1:; c t e. d fr o m forty to sixty plat e s all 

initially plated on the same date . Pooled cells were then 

decanted int o six 40 milliliter thick-walled co ni c al glass 

centrifuge tubes . Tubes were centrifuged for 10 n1inutes at 
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approximatel~' th•en ty milliliters of ult rapure milJipon, hater 

to each tube and then r epellet.ed in the same maum~r as ttw 

pre\·io us step . This step 1,-.as repealeu until th · sup1-,rnalai1t 

layer "·as no l o n ge r turbid (usual ly accom 1 1 is he el in three ur 

fo ur spins), thus indic ·a t i ug t he rE:' mu,·a] rif an:-· L>ad·.erial 

co ntamination from th e p e ll!:'t.ed ce ll s . It is also i111p u r ta 11l 

t o note that if cells greh , ·ig o rousl:-· , the r e mai nin g ce ll 

suspension was r e lati,·e ly bacteria-free due tu th e ing e sti o n 

of bacte ria b:-· gr u~ ing c ells. ThP ba cte ria-fr eP cells here 

again p oo led into one t ube and then transferr e d to a SO 

milliliter round bottom polyallomer centrifuge tube . From 

this point on, the plasma membran e isolation te c hnique 1,-.as 

carried o ut. Bacteria-free p oo led cells ~ere initially 

pelleted using an IEC BA-20 refrigerated cent rifuge hith a 

fixed angle rotor at 2000 R. P. M. for ten minutes. The 

supe rnatant has dra1,,.•n nff , exercising extre me care nut t o 

disrupt the pellet. Th e pelleted ce lls were further washed by 

being thi c e resuspended in 10 milliliters of co ld .Jl1 ~1 \aCl 

each time followed by centrifugation and removal nf the 

supernatant. The cle ansed pellet has then further suspended 

in 15 milliliters of room temperature homogenization buffer 

consisting of 1 m~ ZnCl and 10 mM Tris-HCl (pH 8 .0) in a 1: 1 

ratio. The cells remained suspended at room temperature for 

15 minut es at which time they were cooled to 4 r, Celsius by 
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the isolation were carried out at this temperature . Onc e t ll e 

ce ll suspension was cooled to the desired t e mpe rature, the 

c ells were transferred to a 30 milliliter po l yall ome r oak 

ridge ultracentrifuge tube f o r the disrupti on o f ~ho l e ce ll s . 

Disrupti on occurred up on e xpo sure to a c onstant s on i c atio n 

f r e qu e nc ~· f o r 5 t o 6 se co nds produc ed by a Br ans on So n i f i e r 

25 0 fit t e d with an Ultras oni c s Con verter . Su c ces s ful 

s oni cati on was determined by micros c opic examinati on. 

Sonically produced cellular fragments were then concentrated 

into a pellet by centrifugati o n at 14,000 R. P. M. f o r 15 

minutes in a Beckman L7-35 Refrigerated Ultracentrifug e using 

a fixed angle rotor t y pe 42. 1, and precooling the 

ce ntrifugation chamber to 4~ Celsius along with the buildup of 

at least a 10 micron vacuum . The supernatant layer was again 

dra~n off with the resulting pellet suspended in 7.5 

milliliters of a 101 (w/v) sucrose solution . The cell 

fragment-containing sucrose suspension was further disrupted 

by a one second sonication (as previously described). The 

further disrupted suspension was loaded onto 201 to 501 c~/v) 

linear sucrose gradients in 6 milliliter aliquots per 

gradient. Linear sucrose gradients were prepared 24 hours 

prior to centrifugation in a 30 milliliter oak ridge 

polyallomer ultracentrifuge tube using 10 milliliter graduated 

borscilate glass pipettes and vacuum pipette bulbs to 

carefully run each successive aliquot layer down the side of 
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gradi e nt 24 hours prior t o centr i f ugation ~as d o ne in 

o rder to al101--· ea c h indi\·idual layer to settl e aft e r possibl e 

mi xi ng nf the layers during the pipetting pro c es s . Overnight 

refrig e ration of th e formed gradients pr o ,· id e d a be tte r 

separation o f th e f our indi\· idual l ayers . h·hi c h in turn 

c ontributed t o a c leaner s e parati o n of n1 e 111lJ r a ne co ll! pone n ts 

up on c e ntrifugation the following day . The s oni cat ed 10% 

(1--' /,· ) s uc r ose su s pension was l oaded onto the 20% t o 50% (h· j ,· ) 

linear suc rose gradient in a 5 milliliter al i quot, and 

c e n t rifugati on was carr i ed ou t at 26,000 R. P. M. for 2 

hour s . Once the me111brane components had been separated, 

fra c t i o ns 1--·e re co ll ec ted in small aliquots and subje c ted to 

enzymati c assays in order to determine the lo c.a tion( s) of th e 

appropriate plasma me mbrane fraction(s) . To a ccompli s h this, 

a BIO-RAD mode l 2 110 fra c tion co ll ecto r ~as used. Link e d t o 

this apparatus was a New Brunswick Sc ientific peristal ti c pump 

(model M1062 ), and a Po~e rstat 10 amp variable output (10 - 40 

vo lt s) autotransformer (ty pe 3PN116B). Tubing (whi c h served 

as the vehicle of transport for the liquid fracti ons ) ran from 

the ce ntr i fug e tube to the dispe nsing pump , and finally to the 

fra c ti on collecto r 1-:hi c h permitted approximat e ly 2 millilit e r 

aliquots to be collected in 4.0 milliliter Corning self­

standing disposable sterile c ryog e nic vials. The dispensing 

pump ~as con ne c ted to a variable output autotransf ormer tu 

help contro l the rate at whi c h the fractions were pumpe d 
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o f 1:s-·go n tubing h·as pla ced in a soluhon of st e dl · HPLr. Kat1=r 

in an a c id washed beaker, and the ,:ariabl e output 

autotransformer h·a s adj usted unti 1 a steady fl oK o f s o lution 

h·as \·isible in the t ubing. If a stead_· flow rat co uld no t be 

p r u du c e d . i t 1, a s s om e t i me s n e c e s s a r y to ad j u s t t he for c e 1-: i th 

1, h i c It the tub i n g h as co ntracted i n t he di s pens i n g pump by 

e jther luo s e ning th e tension app1ied on the tubing in each 

cont ra c tion . or tightening the tension and thus making ea c li 

co ntraction more for ce ful. The trial and erro r proc e ss to 

de termine the output nec essary to maintain this initiated rat e 

o f flow Kas r e peated until a suitable setting was dis covered . 

\,h e n a steady floh' rate had been produced, determinati on o f 

the most effective method for con sistent co llection of 

su cce s s i\·e 2 milliliter aliquots was done in order to a t lai11 

appr ox i ma tely repeatable co ll ection results with ea c h 

respe c tive is o lation. It was found that fraction colle c tion 

done on the basis of time was most suitable in this stud~- as 

oppopsed to co llection by drop count . The des ired volume of 

each fra c tion was again found by tr ia 1 and error . Th e \· o 1 um es 

of lhe resulting fractions collected by time were \'ery 

consistent Kith slight variation attributed to the sometimes 

errant a cc uracy of the rubber drop former. To rectify this 

problem, a 200 mi c roliter capacity Drummond MICRODISPE~SER 

glass replacement tube was cut to the proper length and 

securely placed ove r the outside of the drop former 
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modi f i cati o n did no t i n t e r fe r e 1.;i th t be aut o n, a ti c adv au c: e e: f 

co ll ec ti on ,·ials by th e fra c ti on co lle ctor . Once al l th e 

p r opi:ff set.tings ~,-ere determi ne d for consist e nt co ll ect i on of 

a ll r e specti\'e f ra c ti o ns. the free end of t he tubing kas 

r e mo n:.d fr om the HPU~ "·ate r i n tlw h e at er and the r Prn a i u i ng 

h" a ter 1,,as a ll oh·e d t o be pu n,ped o u t o f tb e tu1 Ji11g and ir1 to a 

co ll ect i o n be al,e r for disposa l. Once t he f rar- t.i o na tion system 

had been s e t, the po .-.- e r h" as s hut off until ce ntrifugati o n k·a s 

compl e ted and the respect ive t ubes were prepared for 

fra ct i onati on . Lpo n compl etion of centrifugation, it was 

i mportant that th e r o tor co ntaining the sucrose gradi e nt tubes 

be rem o,·e d from th e refrigerated ce ntrifugati on c l1amber as 

s oo n as possibl e as prolonged exposure to the temperat ure in 

the c e n t r if ugati on c ham ber without spinning could r es ult i n 

pa rti al s o lidificati o n o f t he gradi e nts in th e tube and 

theref o re be disruptive to the frac t ionation proce ss. Th e 

fr ee e nd o f the Tygon tubing us e d in fra c tionati on k'as t hen 

very carefully slid down the inside surfac e of the centrifuge 

tube until the tip o f th e tubin g r e a c hed th e bottom of the 

tube . At this poi nt, the fraction collector and d ispe nsing 

pump we r e turned on, but not the var iabl e output 

autotransform e r as this se rv ed as the trigger switch f or 

a c tivation o f th e pump. Af t e r verification o f all s e ttings 

arict ensuring that tl1 e tubing k'as se c urel y fast e ned in the drop 

form e r of the fra c tion co ll ec tor , the variable output 



:i· 1 ]'-.r:t ii .~ ; i • • 
: :: ~ 

·1 •. 

·' ~ 

grad ient sc,lut ion into th e tubj ng. OncP. the f lci\,· o f 1 i qui.d 

h·as \· isib l :, sboh-n t o pass through the tuliing t o th e d rop 

former o f th e fraction co lle tc >r . the fraction co l l c,:,c:to r has 

s ". i t c b e Ll to i t s runt i n g mud e a. [l(J h 8 tulle s "'e r e a u t. o rn d t i c a 1 1 :,,. 

tu1JP . f rd< : ti u i1n.ti o 11 h·as c·umpl ett'>J hll e u tl1 e co nU,nls uf ibe 

c' Pnt r ' fuge tub;-, ba<.1 a]] li ec-> n pun,p,-,rJ uut as indi c ated b:, \· isual 

Al] c Jl le c t ed fra c tions 1-·ere then kept col d . 

The ca rou sel c,£ the fract io n c ollector was th e n rese t an d 

fillt'd 1-itll freshl y labP.lled c ryoge ni c tubes. Tl1e T:,. gon 

tubing "·as then flushed out h·ith se\·eral mill i lit ers of HPLC 

hater to re1110\·e any remaining residue from the just co mpleted 

fract.iunation by ac tivati on uf the per istalti c pump t br ou gb 

the s idt c lling o n uf the autotransformer . Once the tubin 0 has 

f]u s ]1c-> d an<.1 al] n ~maining HPLr. hat.er remO\·e d fro111 it. 

f ra ctir.J natio n of a second tube "·as exec ut e d in the sa111P. manner 

a pre · iousl:,.: described. l"pl n co111p] etio n of col l ection of all 

fracti o n s . the tubing was again flushed with HPLC wat e r to 

pre \·ent buildup of r esidual co mpon e nts. Cry o g e ni c \·ials 

co ntaining th~ re spec tive fra c tions were kept co ld unt i l they 

cu uld b transferred f o r storage in liquid nitrogen i n a 

Tayl o r-~har t on 35 HC liquid nitrogen storage container until 

enzy mat i c a . sa~·s co uld be perf ormed. 
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:; • -, .,,,, .. 1'-'o tir1;:; s"-' served as the µrin c ipal p lasma n1 en1brane 

marker in this study . Ac ti v ity of the plasma membrane mark e.r 

enzy me was d e t e rmin e d through me asurem e nt of the amount of 

inorgani c phosphate tha t was libera t e d by th e mark e r e nzyme 

s ubstrat e . Th is a c ti\· it~- 1"as d e s c ribed b~- E\-ans ( 1978) and 

the released in organi c ph osphate hias quantifi e d by th e me thod 

of Che n et. al . ( 1956) . The pres e nc e of 5' -nu c l eo tidas e was 

det e rminJJ by measuring the amount o f inorgani c ph o sphat e that 

was r e leased through its c leava ge from the substrate 5'­

adenosine mo nophosph a te . Th e substrat e ~hi ch ~as obtained 

from Sigma Ch e mi cal Co . (A 1752, type II) was one of th e 

co rnpone nts of the final incubation mixture consisting of 100 

m~ KCl, 10 mM magnesium chloride, 50 mM Tris-HCl (pH 7.4), 10 

m~ sodium potassium tartrate, and 5 mM 5'-adenosine 

monophospha t e (A~IP) (Barden et al., 1983). The mixture was 

allowed to incubate for at least 10 to 15 minutes, at which 

time .5 milliliter aliquots were transferred to fresh 13 x 100 

millimeter disposable cultur e tubes (VWR Scientific Co.) using 

a 1 milliliter c apa ci ty Oxford Sampler micropipettor and 

co rresponding tip. Each tube was appropriately labell ed with 

all information present on the cryogenic vial containing th e 

corr esponding isolated fraction. After removin g the collected 

f r actions from liquid nitrogen storage. the cryogenic vials 

were thawed by being placed in a container filled with cold 

tap water. The temperature of the water allowed the vials to 
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added t o the tap ~al e r t o ke e p the o~erall t e mperat urP of the 

s urr o und ing h ate r be]oh· tha t c, f t h e c rjti c:a.] LempPrature . 

\ext, 50 mi c r ol iters of eac h re spect i\· e fra c tjun ,,as Mlde d tu 

the i n c ubati o n mi :d ure i n the c 1>rn,~pr1ndi11g]~.- l abel l ed c ulture 

t u b ·, a rid up u u L' o 111 p 1 e t i u II n f t he ad ci i h n u I it 2 J l fr n c t i 11 ri s . t. l 1 P 

c ul t un_., iubes " Pre in c ubated f or 15 111inut.e~ at 26 Cel ius i11 

r:1 Pre c isi o n Sc iP.nt.ifi c Fo r c ed Air 1:'leclia n ical Cu n\· ectio n OH,- n 

( mode l 605). During this in c ubat ion period, the fra c t i ou -

c o 11 t a i n i n g c' r y o g P n j c , · i a 1 s ,,· e r e r e t u r n e d t o s t o r a g e i n 1 i q u i d 

nitrogen . At tile e nd o f th e in c ubation period, the c ulture 

t u b es ,--e re r e mo\-ed f r o m the O \ ·en and the 5' - n u c leolidase ­

inorga ni c ph os phat e re le ase r e a c ti o n "·a s terminated by th e 

addition of 50 mi c r o liters o f 20''¼. ( h·/ \ ·) tri c hl o r oacetic ac i d . 

(If a h'hit e precip jtat. e for med in any of t.hP tubes . these 

lube s "·ere to be c ent rifuged at 200 0 R.P . '1. ft-ir .5 minu tes in 

an IE[ H~-SI I s winging bu c ket c entrifuge followed by t h e 

Tf-'mo va l and sa\· ing of the supernatant laye r and dis c arding of 

the pPl}P t . Th e sa \·e d supernatant layer 1-.-ould be uti 1 ized 

throughout t h e r e ma inder o f th e assa~·.) The v o lum e r> f the 

c lear mix t ur e in e a c h c u ltur e tube ~as br o ught up t o 4.0 

millilit er s b~- th e additi o n of distilled ultrapure rnillipore 

"at!:'r. This 1,,·as follo "'e d by the add ition of 4 . 0 millilit ers 

uf Re ag'='nt C or the co l o ring agent using a sterile graduated 

glass Pipette. This reagent must b e prepared fresh daily by 
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mixture and refrigerat i o n h'as ne ce ssary in o rder tu retaiu 

t his co l or. Upon co mpl etion of the additi on of Reag e nt C. 

eac h tube h'as sea l e d hith paraf i lm and sli a l-:en b y r e pea led 

im-ersion o f the s .a led tube to ins ur e ad Pquate mi~: tur<-> n f the 

c on t en ts inside . These t ubes h'e re then return e d lo th e f ur ce t.l 

a ir o,· e n h·here they were l ef t to inc ubate for 1. 5 t. o 2 hours 

at 37 Ce l si us. To insure tha t all reagents ~ere acti , ·e and 

that th e r eacti on was proceeding prope rl y, a positive contr o l 

1,as run with each 5' - nuc l eotidase ass a :-· . The co ntrol i-·as 

pr e pared by the subst i tuti on o f a few mi c rograms of 5' ­

nucleot idase (which 1,.-as obtained from th e Sigma Ch e mical 

Co ., K- 40 05) in place of 50 mi c roliters of a r espe c tiv e 

me mbrane fraction just prior t o the 15-minute incuba t ion 

period at 26 1 Ce lsius. Afte r the spec ifi e d in c uba tion per i od 

at 37 ' Ce lsius , th e tube s y;ere r e mo ved fr om the o,-en and 

allowed to coo l for a f ew minut e s b e fore abs orpti on r ead ings 

were taken on a spe ctrophotometer. Once the tubes had c oo l e d 

down , the parafilm seals were removed from each one . 

~e a s ure ment o f the amount of inorganic phosphat e r e l eased was 

done utili zi ng the fa c t that a co lor change (yellow to blue) 

~ill occur if the 5'-nucleotidase rea c tion is positi ve . Since 

the am oun t of purifi e d plasma me mbran e was s o min ute . this 

color change was very subtle and required, for th e sake o f 

accuracy , measure ment against a distill ed water blank and 
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ultraviolet portion of th e spectrum at 820 nan ometers. 

theref ore a calibration c urve ~as dete rn1in ed using three 

standard am ounts of the e nzy me 5'-nucleotidase ( i. e . 5, 10, 

and 20 mi c r o liters) in place of r es pec tive membrane fra c t i o ns, 

t o prepare a l inea r c urv e against which all the co l lec ted 

fractions we re compared. Th e ab so rban c e readings o f all 

samples (in c luding the c alibration standards ) wer e take n on a 

Perkin Elmer Lambda 2 ur;r1s spe c trophot ometer 1-:hi c h ,,as 

connected to an Epson Equity III+ computer. Before any 

samples were read , the spe c trophoto met e r was auto ze ro ed at 820 

nanom e ters using a distilled hater blank. From this point on, 

both calibration standards and collected isolation fra ct ions 

were given a sample identity corresponding to either their 

enzyme concentration value in the case of the standards or to 

their respective numerical identifications co rresponding to 

the are a from which the fraction was collected in the linear 

sucros e gradient. Each respective sample was decanted into a 

UV disposable cuvette and the exterior of the cuvette was 

wiped clean to prevent errant absorption values ~hich c ould be 

caused by extraneous markings. The clean cuvette was placed 

into its respective holder in the spe c trophotometer and the 

absorption of the sample was determined producing ordinate and 

concentration values which were extrapolated from the 

calibration curve. The fractions from which the highest 

0rd inate and concentration values were recorded for the 
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nucleot.idase, thus indicating the l ocation u f tlw is ol at;;;d 

plasma membran e fragm e n ts . The plasma n1 e n1li rane - co ntai ning 

fractions v;e re then assayed f o r mi c rosomal, l y s o somal, and 

mito c hondrial con tamination utilizing th e c hara c t e risti c 

ma r"ker enzymes gluco se-6-phosphatase. a cid pho p hatase . and 

cytoc hrome oxidase . r espec ti\·e 1~--

Glu co s e - 6-Pho sphatase Assay 

Gl ucose-6-pho s ph a ta se is t.lie marter enzyme for the 

smooth endop]asmic reticulum and its enzymati c a c ti~ity was 

measured in a mann e r si mil ar t o that o f 5'-nuc leo tida::-. e . 

Beca us e of its ce llular c oncentration, it is usuall ~­

implicated in contani inati on o f is o lated plasma mem bran e 

fractions . Glucose-6-phosphatase a c tivity ~as assayed by 

measuring t be amount of i nor ga n i c ph os phate that has r e 1 ea s ed 

fr om the subst r ate gluco s e -6-phusphate (Sigma Chemical Co ., G-

7250) . Assay of this acti\·ity utilized the meth od of s .. .-a nson 

(1977) while measurement of the amount of releas ed inorgani c 

phosphate was shown again according to the method of Chen et 

al. (1956). The final 1 milliliter reaction mixture contained 

100 micromolar sodium acetate (pH 6 .2), 4 mM EDTA, 0 . 5 mM 

sodium fluoride, 2 m~ glucose -6-phosphate, and 50 microliters 

of one of the respective plasma membrane fractions. This 

assay was carried out in the same manner as described in the 

5 '-nucleotidase assay including the culture tube incubation 

vessels, pipetting equipment and techniques. and all 
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inculiat i u n pe riod al ;_~oon, le 1ii pe r atu1: r. . tlw g luc( ,si:> - (, -

phosphatase rea ct ion ~as stopped hith 250 mi c roliters o f 50% 

c~/v) trichloroacet i c acid. The remainder of this assay 

concerning the measu r e ment of the inorgani c phosphat e released 

foll Oh'ed exactly those st e ps out 1 i ned i 11 the 5 · -nu c: 1 e o t ida se 

assay including us e o f Re ag e nt C as the co l or ing ag e nt and 

absorption readings taken at 820 nanomet e rs. A calibratiun 

c urve ~as also prepared as Kasa positi,e co ntrol each 

substituting the enzyme glucose -6-phosphatase (Sigma Chemical 

Co., G-5758) in place of a respective plasma membrane 

fra c tion. If any me mbrane fra ction revealed a signifi cant 

concentration of inorgani c phosphate present, this indicated 

the presence of glucose-6-phosphatase and therefore, 

mi cro somal contamination. 

Acid Phosphatase Assay 

Aci d phosphatase is the marker enzyme for the lysosome. 

The assay protocol followed in this study was des c ribed by 

Barnett and Heath (1977). This assay was carried out in 

the same manner as the two assays already described in this 

chapter generally utilizing the same type of equipment and 

techniques. Before this assay was run, the membrane fra ctions 

were twice frozen in liquid nitrogen and then thawed to insure 

lysosomal breakage. The final incubation mixture was 

comprised of 1.2 milliliters of 5 mM sodium acetate which was 

adjusted to pH 5.0 with dilute acetic acid, 0.5 milliliters of 

5 mM p-nitrophenyl phosphate, and 0.3 milliliters of a 



f r·::::. r.: t ic:n _ t (:: .i l c ~~ -= : ·: 0 
-

mi cro liters of a solution conta ining 1 M Trjs, 1 M po tassiurn 

phosphate, and 0.25 M EDTA .(pH 10.5) in a 1: 1: 1 ra t io. Bis (p-

nitrophenyl) phosphate (Sigma Chemi cal Co., N-12 56) served as 

the substrate for the rea c tion. A positi,·e c ontrol i-·as run 

substituting 0.3 milliliters o f a soluti o n o f o-n itrnphen o l 

(1d1ich 1,:as also obtained fron1 Sigma Cbe111i c: al Co .. I\-923 €,) at 

a co nce ntration of 92.7 micrograms/milliliter for the same 

volume o f membrane frac tion . Absorbance was again mea sured 

~ith a Perkin Elmer Lambda 2 UV/VIS spectrophotome ter but this 

ti me at 420 nanometers against a distilled water blank. The 

solution which terminates this reaction was high in phos phat e 

co ncentration in order to inhibit alkaline phosphatase 

activity thus preventing interference with the a c id 

phosphatase a cti vity. Any me mbrane fractions which exhibited 

significantly high concentrations of acid phosphatase when 

compared to calibration standards were considered to be 

contaminated by lysosomal components and "-Ould thus prone 

inappropriate for further analysis. 

Cytochrome Oxidase Assay 

Mitochondrial contamination, as shown by the presence of 

the marker enzyme cytochrome oxidase, was the final assay t o 

test for the presence of a contaminant-free plasma membrane 

fraction. This procedure followed that as described by 

Cooperstein and Lazarow (1951) in which 15 milliliters of a 

.OB~ solution of cytochrome c (Sigma Chemical Co., C-2506, 
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type I II) h'as red uced L;, tile additi·,n u f J C!() n1i r:r-,::; li ters c I. _ 

freshly pr epared so lut ion o f 1.2 ~i s odi,1m byd r osulfi.t.c . IL-i.::=. 

reduced cy tochrome c solution was combined with 15.0 

milliliters of a 60 mM phosphate buffer solution ( pH 7.6) and 

3.0 milliliter aliquots were pipetted into clean sterile 

c ulture tubes. Quantification of this enzyme was bas ed on 

meas ur e me nt of the rate of decrease in abs orbance at 550 

nan ome ters again using a Perkin Elmer Lambda 2 UV/V IS 

spectrophotometer. This procedure differed from that o f th e 

ot her three assay s in that the membrane fraction ~as not added 

until it was time to read the respective sample on the 

spectrophotometer. When it was time for the absorbance of a 

particular plasma membrane fraction to be determined , 50.0 

microliters of the fra c tion was added to one of the respecti ve 

tubes containing a 3.0 milliliter aliquot of the reduced 

cytoc hrome c-phosphate buffer solution. A small parafilm 

s quare was placed over the opening of the tube and the tube 

was inverted to mix the contents. The contents of the culture 

tube we re immediately transferred to a UV disposable cuvette, 

the exterior wiped clean , and an absorbance reading taken at 

550 nanometers against a distilled water blank . Absorbance 

readings were taken at 30.0 second interval~ over a 3.0 minute 

period after which a few crystals of potassium ferricyanide 

were added to the solution in the cuvette, the contents mixed 

(as previously mentioned by inversion), and absorbance 

readings again taken at 30.0-second intervals until a decrease 

in absorbance no longer occurred. This process of absorbance 
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produced significantl y high absorbance values were take n to be 

positive for cytoc hrome ox idase activity and thus contaminated. 

with mitochondrial fragments. Again a posi t i ve cont r o l was 

run and this time the me mbrane fraction ~as r ep l aced by the 

enzyme cyt ochr ome ox idas e 1-,h i c h was obtained from Sigma 

CbE!mical Co . (C-5771). 

All me mbran e fra c ti ons d e termined to be fr ee from these 

three co ntaminants we re capable of undergoing HPLC analysis. 

For each of these assays (especially 5'-nucleotidase and 

glucose-6-phosphatas e ), glassware was always washed with a 

dichromic a c id solution and rinsed thoroughly with ultrapure 

millipor e water. This prevented any interference in the assay 

r eac tions from phosphate buildup on the glassware surface 

attributed to frequent cleaning with a phosphorous-based 

dete rge nt. Also , pH adjustments on all specified solutions 

were don e using dilute solutions of hydrochloric acid or 

dilut e solutions of sodium hydroxide. These adjustments were 

monitored using an Orion Research Expandable Ion Analyzer EA 

920 pH meter with a stir plate and stirring bar to 

suffi c ientl y mi x the contents of the solution. 

High Pe rformance Liquid Chromatography (HPLC) Anal ysis 

HPLC analysis was done on the enzymatic assay­

determined, isolated purified membrane fractions of induced 

a nd uninduced cells. To check for the possibility of sucrose 

interference in HPLC analysis, a spectrophotometric scan of a 
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. 0(.11 ' i .s11 c r o .se s cduticn 1-as run f u 111 80'.J . O- J C.JCJ . CJ n no n, ,-,,_.::,r .s 

using a ?e r k i 11 El me r La mbda 2 [ \./ \' I S "lf''l· ~ropli u LH1H::>t.Pr . 

Res ults o f this s c an indi c at ed that suc ros e max ima lly ab s or b s 

at 209.0 nanom e t e rs and thi s was verifi e d by a tec hn i cal 

s e r v i ce r e prese n t a t i ve o f Sigma Che mi cal Co ., f r om whi c h th e 

s uc ro se wa s ob tain e d. The plasma me mbran e f usio n r ece pto r ha s 

been pos tul ated as be ing a gl ycopr o t e in as sh cll~n by Ye mma and 

So l t i s (Jg88 ) through th e ir use of the membran e gl yco pro t e in­

bi ndi ng s ubs ta nce c oncana valin A, in bloc king plasma me mbr a ne 

f u s i on betwee n ce lls o f c ompatibl e mating type . Ge nnis 

(1989) , among others, indicated that membran e proteins, 

glycoprote in r ece p to r s in parti c ular , absorb maximall y at 

280 .0 nanome ters; therefore, by definition, attached sucrose 

mo l ec ul e s would no t int e rfere with the absorption of eluted 

me mbrane prot e ins. Barden et al. (1983) avoided · interference 

by su c r ose mole c ul e s through diluti on of the membrane 

fra c tions with water and then r e moval of the soluble su c r os e 

by ce ntrifugation. This study , however, demonstrated that 

su c ros e did not cause interference in enzymatic assay s or HPLC 

anal ysis. Therefore, its removal was deemed to be 

unnecessary , and thus pre vented a loss of membrane fracti o n 

through sucrose removal. 

Column type and mobile phase determination f or the 

separation of plasma membrane proteins was suggested by 

Regnier (1984), but the actual parameters chosen were taken 

from Yemma and Green (1988) based on their analysis of 

methionine and leucine enkephalins. HPLC anal ysis was 
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eq uipped i-•iti. a n ISS - 100 au t osarnplsr- . an LC - 1CJG c: ~;L1,:::: 0 --.- 2 i: , 

and an LC-75 variable wa velength spe c t r ophot ometric de te c t or 

which was c onnected through an interface to a mod e l 7500 

professional computer and mod e l PR 310 printer f or r eco rding 

peaks, •plotting c urve s , and in te gra ting the are a unde r these 

c urve s. Separati on was done using a C-18 Aquapore RP-3 00 

r eve r se pha s e c olumn fr om Pi e r c e Chemical Co. HPLC gr ad e 

a ce t onit r il e and .02 M phosphate buffer , pH 6 . 0 (made fr om 

s odium phosphate monobasic and s odium phosphate dibasi c ) 

s e r ved as the mobile phase solutions while ultrapure mi llipore 

wat e r s e r ved to flu s h the column c l ean before each ne w run. 

Ea c h o f thes e solutions was indi v idually filtered by vacuum 

filtrati on through a filtration apparatus from Pierce Chemical 

Co. which was fitted with a Filterpure 47 millimeter, 0.45 

mi c r on Ny lon-66 filter membrane also obtained from Pierce. 

Each filter e d solution was transferred from the filtrati on 

c oll ec tion containe r to an acid washed one-liter vessel int o 

whi c h was placed the respecti ve line s for programming the 

pumping of solutions through the column. The solutions were 

then de oxygenated by bubbling in pure helium for fi ve minutes 

after which the column lines were purged by activating the 

pump and remo v ing 5 milliliters of solution from each set of 

lines. The pump was then programmed for a IO-minute 

equilibration step with pure acetonitrile followed by the 

delivery of the mobile phase in a linear gradient of 100% 

acetonitrile and O~ .02 M phosphate buffer (pH 6.0) to 50% 
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20-mi nut ~ t im ~ period . 

co lumn c lean and the sequence ~as r e peat ed until all sampl e s 

were run. The rate at which these solutions ~e re pumped 

through the c olumn to pro v ide opti mum separati on of membran e 

proteiL1s "·as determined to be 1.0 milliliters/minute . The 

pump wa s a ct i,·ated and th e fl oh· rate gradual]:,· in c r e ased until 

th e d e sired flo .. ; rat e h1as r e a c hed thus indi cat i ng the 

beginning o f the equi]ibration step. ~hil e the c olumn was 

equilibrating, sample preparation t ook pla ce . 

These me mbrane fractions which had been determin ed to be 

suitable f or HPL C analysis ~ere remo ved from liquid nitrogen 

sto~age and thaw ed by placeme nt in a beaker containing cold 

~ater. Once thawe d, a Pe rkin Elme r 2.0 milliliter c rimp style 

glass v ial was filled with approximately 0.4 milliliters each 

of acetonitril e and .02 M phosphate buffer (pH 6.0) and then 

the remaining capa c it:-· filled with thawed membrane fra ction 

solution. Ea c h solution was remo\ed from its original 

co ntainer using a sterile s y ringe fitted with a sterile 

canula. Once solution had been drawn up into the syringe, the 

canula was remo ved and replaced by a 0.45 micron HPLC 

certified ACRO LC13 disposable filter and each solution was 

for ced through one of these filters and into the sample vial 

in their desired volumes. The vial was capped with a Perkin 

Elmer Chromacci l Ltd. 11 millimeter aluminum cap using a 

Wheaton crimper. The vial was labelled and kept at 4 ° Celsius 

until the sample was ready for injection. The autosarupler was 
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injec tion. Once the equilibration step was completed and the 

pump display indicated ' PUMP READY ' , the sample was agitated 

by inverting to insure suffi c ient mixing of c ontents, and 

placed into position in the sample tray of the autosampler. 

The spe~trophotometer had already been set at 280.0 nanometers 

and the computer pr ogrammed t o re ceive data before any 

solutions or samples had been prepared. Sample injection and 

delivery of the mobile phase was initiated by activation of 

the autosampler. Immediatel y following sample injection, the 

sample vial was removed from the autosampler and returned to 

refrigeration at 4° Celsius in case a repeat run was 

necessary. This sequence was repeated with the running of 

each respective sample. The mobile phase and flush solutions 

were filtered daily while bleeding of the lines occurred at 

least weekly. 
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CHAPTE R II I 

Results 

Hon 1-7 A" cells used throughout this study were 

cultured on half-strength cornmeal agar plates. In order to 

insure purity of the cell line, c ultures were moni tore d f o r 

co ntamination using an invert e d light micros co p e . The 

presence of any hyphae on the surface or within the agar 

indi c ated contamination and those plates wer e discard e d. 

Cell counts were obtained using an AO bright line 

hemacytometer, cell counter, and an Olympus phase contrast 

microscope. All counts were done under 4OX magnifi ca tion. As 

previously stated in the Materials and Methods section. cell 

count preparations were carried out using test tubes 

containing an initial fixed cell number. One drop of 

solution was taken from each 15 milliliter tube containing a 

pre c isely measured volume pre v iousl y removed from a culture 

flask. Two counts were taken from each. Cell counts were 

necessary in order to chart the progress of cell growth and 

thus to note the approximate time period required for a cell 

population to attain the required density indicating an 

induced . state population, or uninduced as the case may be 

(Yemma and Stroh, 1991). Since a dense population of cells 

was needed in order to provided a high plasma membrane yield 

as required in this study, specificall y in the case of induced 

cells, a method which could satisfy this requirement had to be 

developed. An induced population, it is postulated, would 
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it was found, required a pure pellet of cells thus eliminating 

the possibility of any significant interference attributed to 

anything other than membrane mole cules during subsequent assay 

of the ,plasma membrane marker enzyme. It was also found that 

the gradient densi t y centrifugation technique pres~nted, 

produced highl y r e peatabl e enzymatic assay results attesting 

to the purity of the is o lated membrane fra~tions. I t is also 

important to note that wh en sucrose gradi e nts ~ere freshly 

prepared, layered, and then refrigerated twelve to twenty-four 

hours before the isolation was t o take plac e, improved results 

were obtained. Once the membrane preparations were loaded 

onto the sucrose gradients and centrifuged, it was of the 

utmost importance that the gradient be free from disturbances 

of any type other than those required to execute proper 

fra c tionation of the migrated preparation. The fracti onation 

procedure previously described in the Materials and Methods 

chapter resulted in minimal disruption of the sucrose 

gradients and the elimination of the ·1oss of any potential 

membrane-containing fraction(s) attributable to leakage. The 

fractionation process also produced highly repeatable 

enzymatic assay results used in determining the location of 

the major plasma membrane band as shown in Table 1. The 

repeatability of the resulting data attest to the efficiency 

and reliability of our technique. 

5'-nucleotidase is the marker enzyme for the plasma 
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5 '-A"IP by th e plasma membrane marker en z ym e 5 · -nu c l ec,tidase . 

Th e a mount o f cleaved i norganic phosphate is th en quan ti fied 

b~- spectrophotometri c assay, ca rried out at a wavelength of 

820. 0 ~1anometers. Quan ti f i c a tion 1._ras ca rried out by th e 
I 

deterll!ination of the co nce ntration of cleaved in organi c 

p hosphate that rea ct s hi th the as co rbic acid c oloring rea g P.n t. 

t o pr oduce a bluish co l o r change. The greater th e amount of 

c leaved inorganic phosphate, the deeper the blue co lor 

produce d by its react ion 1dth ascorbic acid (thus the mur e 

pos iti\·e th e rea ction) and therefore the greater its 

r e spe c t i\·e ordinate value and relative concentration ,·alue 

hhe n extrapolated to a standard calibration curve as shown in 

Figu re 2. 5 ' -nuc leotidase standards were prepared fr om an 

enzymatic standard obtained from Sigma Chemical Co. (produc t 

no. ~- 4005, grade III). This produc t c ontained 100 units and 

he ighed less than l gram. By definition there are 12 3 

units / milligram of so]id as indicated on the produ ct \·ial, 

hith a unit being defined as "tne amount of lyophilized powder 

that 1-.·ill hydrolyze 1.0 micromole of inorganic phosphate from 

aden osine - 5' -m onophosphate per minute at pH 9.0 at 37 ' C. " 

The assay was used in order to determine the purity of the 

iso] ated fractions. The location of the plasma membrane 

fractions utilizing this marker enzyme assay, exhibited the 

data presented in Table 1. As shown by these results, 5'­

nucleotidase activity was found in fractions collected 

slightly below the middle of the linear sucrose gradient in 



Table 1. Spect.ropbot-.nnwtric Plasma M<:!mbrane 
5'-Nucleot.idc1sE! :\ssa_v Rt:'sult.s. 
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5' -Nucleotidase Assay Results 
Spectrophotometric Plasma Membrane Localization 

Sample** Ordinate * Concentration 
I. D. Value (g/ml) 

control .5258 9.68 E-08 
5(a) .0538 9.92 E-09 
5(b) .0566 1.04 E-08 
8(a) .0541 9.96 E-09 
5(c) .0538 9.92 E-09 . 
3 . 0745 1.37 E-08 
4 .0742 1.37 E-08 
5(d) .0615 1.13 E-08 
8(b) .0559 1.03 E-08 

•• Membrane fraction values determined to be statistically 
significant from those of non-membrane fractions to 10E-06. 

• Ordinate values in units. of absorbance . 

• 
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dependent. on the t o tal numbe r of collecte d fra c ti ons ( fr o rn 

e a c h isolation) di\·ide d into the total vo lume o f the linear 

su c rose gradient (a ppro x i111at e ly 29 millilit e rs). 5'-
1 

nuc leolidase a c tivity ~as highest in these r e spe c ti ve 

fra c ti ons indi cat ing that the area from the third t o th e 

e igh t h f ra c tion, presented in relative numbers, i s th e 

lo cation of tl1e major plasma membrane band. Fractions ljs te ll 

in Ta b le l we re dete rmined to be statistically signifi cant a t 

less than the 10 E-06 level when compared to the other 

fractions regarding the presence of 5 '-nuc 1 eot idase. The h: o ­

ta i led Student's t-test was used at a 95~ confidence interval. 

Taking into account the slight variability in the volume of 

each respective fraction, the major plasma membrane fraction 

bands out somewhere throughout the 8.75 milliliter range as 

indi cated in Table 3 and Figure 3. Furthermore, since 

fra c tions are collected from the bottom up, this would pla c e 

the most likely area of banding approximately 8.25 milliliters 

from the bottom of the tube near the middle of the 40~ sucrose 

(w/\·) layer, since each gradient layer is 6 milliliters in 

volume as shown in Figure 3. 

Ea c h of the plasma membrane fractions listed in Table 1 

was further screened for microsomal, lysosomal, and 

mitochondrial contamination by enzymatic assays utilizing the 

marker enzymes glucose-6-phosphatase, acid phosphatase , and 

cytochrome oxidase, respectively. All fractions were found to 



Figure 2. 5'-Nuc hiuti<lasi: Ca]ibration Curve with Plasma 
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5'-Nucleotidase Calibration Curve 
With Plasma Membrane Fraction Values 
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--+- Serles 2 

Concentration units are 10 E-08 g/ml 
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Table 2. 5'-Nucleotidase Calibratibn Standards 
Absorbance Values at 820.0 Nanometers . 
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5'-Nucleotidase Calibration Curve: 
Calibration Standards Data 
Concentration * Absorbance 

9.16 E·-09 
1.83 E-08 
3.66 E-08 
5.50 E-08 
7.34 E-08 

0.0497 
0.0995 
0.1990. 
0.2985 
0.3980 

* Concentration values in g/ml units 
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be free c: f co ntamir a ti ci n . 

prepared for HPLC anal ys is. Sinc: e the 111e111b rane fragm e nts were 

isolated in suc r ose gradient s, it was ne ce ssary to show that 

su c rose did no t interfere with the anal ys is of th e plasma 
I 

membrane prote in profiles. As previously stated . this was 

d one by run n i n g a s p e c tr op ho to 111 e tr i c s ca 11 o f a . 0 0 1 ~1 s u c r o s e 

fr o 111 190 .0-300.0 nan omete r s . Th e r e sul ts 1,;hi c h are presented 

in Table 4 and Figure 4 indi cated that su c rose absorbs 

maximally at 209.0 nanometers with a lesser peak at 227.0 

nanometers. Since HPLC anal y sis of membrane gl ycoproteins was 

d one at 280.0 nanomet e rs, it is evident that sucrose 

interference with the protein fra c tions under study did NOT 

occur therefore eli~inating the need for its removal. The 

ma x imum absorbance value of 209.0 nanometers has also been 

ve rified by a technical repres e ntati ve of the Sigma Che mi cal 

Co. from which the sucrose was obtained. 

HPLC anal ysis was then carried out on all the fra c ti ons 

listed in Table 1. The plasma me mbrane fractions were stored 

in liquid nitrogen prior to their use. Our studies 

dem onstrated that liquid nitrogen keeps plasma membrane 

fractions from being degraded and thus preserved enzymatic 

activity (Yemma and Stroh, 1991). Samples were always removed 

from liquid nitrogen immediately before HPLC analysis. After 

preparation of HPLC samples, the y were kept at 4° C until 

actual injection of the sample onto the column. Figures 5 -

-6 show the differences between the plasma membrane profiles of 



Table 3. l.oi;aliou of Isolcd.1:\d Plasma Membrane Fractions 
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Plasma Membrane Isolation Results 
Collected Sucrose Gradient Aliquots 

Sample Sample Locations Membrane 
I. D. In Gradient (ml.) Type 

5(a) 8.29 -- 10.36 Induced 
6(b) .. __ 4.29 -- 6.36 Induced 
8(a) 7.50 -- 8.56 Induced 
5(c) 8.29 -- 10.35 Unlnduced 
3 3.63 -- 5.43 Un Induced 
4 6.44 -- 7.24 Un Induced 
5(d) 7.25 -- 9.05 Un induced 
8(b) 11.28 -- 12.88 Un Induced 

•. 

54 



Figure 3. Location of Isolated Plasma Membrane Fractions 
in the Linear Sucros e Gradient. 
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5 ml. -------10% Sucrose 
\ 

6 ml. -------20% Sucrose 

Isolated Plaama 
Membrane Fraction . 6 ml. -------30% Sucrose Range 

6 ml. -------409' Sucrose 

· Major Plasma 
6 ml. -------50% Sucrose 

Membrane Fraction 



Figure 4. Spectrophotometric Scan of .001 M Sucrose 
Solution. 
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Table 4. Wavelength and Absorbance Data from 
Spectrophotometric Scan of .001 M Sucrose Solution. 
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Spectrophotometric Data: · Scan of .001 M 
Sucrose Solution from 190.0--250.0 Nanometers 

,.. 

WAV.ELENGTH ABSORBANCE 

190.0 4.5256 
200.0 4.1061 
208.0 4.0547 
209.0 ** 6.0000 ** 

210.0 4.5706 
220.0 4.0343 
227.0 5.7738 
230.0 4.4710 
240.0 4.2020 
250.0 3.8868 
** maximum absorbance 

• Wavelength values are in nanometer units 



data presented in Tables 5 - 6 ind icate fundarn e nt a1 

differ e nces in c onstitu e nt prote in structure beth·een indu c ed 

and uninduce d plasma me mbrane protein profil es. All plu l s 

ex hi bited a co mm on pea1: at approximately 3 .1 2 +/ - . 09 minu tes 

1--,hi c h ,·arjed in height for b o th indu ced and unjndu ced 

fract i o ns. Since thi s peak at 3 . 12 minutes is co mm o n i n bo th 

indu ced and uni nd uc ed f ra c tions, it is of litt le interest in 

de monstrating differences bet.ween pre-fusion and fus ion 

competent membranes unless it was much more pron ounce d i n 

induced fractions as compared to uninduced fractions. 

Comparis on of all the plots in Figures 5 - 6 and th e data i n 

Tab l es 5 - 6, d e monst rat ed the area of interest as be i ng 

between 11 and 15 minutes aft e r sampl e injection. Taking 

into account the data from induced plasma membrane HPL C 

anal~·sis in Table 5, th e major plasma me mbran e protein pe ak is 

e lut ed at appro xi mat e l y 12.06 +/- . 27 minut es . A promi nent 

peak in each of the indu ce d plasma membrane fra ct ions is shown 

he re. Data from the uninduced plasma membrane fractions 

pre sente d in Table 6 with plots exhibited in Figure 6 indicate 

two prominent peaks , with the first being eluted at 

appro ximately 11 .20 +/- .0 9 minutes and the second eluted at 

14.83 +/- .09 minutes. The peak at 11 .20 minutes is u s ually 

more pr onounced than the peak at 14.83 minutes. 

Pe ak comparisons are significant because differences 

were shown to occur over more than a single peak. Therefore, 
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a single mt:" 11 1.Jra 1J e su1 ·fa L· t:> gl:,< ·<i pr o t,dri diu 11 ot r-1::pn,• :::,2::t 

differ e nce s lic:t1,t::e11 the proteiu prufi l es o f ~1,ju c.:>d i:i lld 

uninduced me mbranes . Instead , seve ral proteins Ke r e sho~n 

to be involved in the mec ha nis m of cellular fusion in D. 

iridis. Plasma me mbrane protein peaks at 11. 20 and 14. 83 

minutes were exh ibit ed in the HPLC analysis of uninduce d 

plasma me mbranes (Figures 6a - 6e ), but induced me mbran e 

frac ti on s we re c hara c t erized only by peak elution at 

12.06 minut es (F igure s 5a - 5c ) over the time period of 

interest ( 11 to 15 minut es) . Diffe rences in peak e lution of 

membrane proteins in uninduced ve rsus induced plasma me mbrane 

fractions as analyzed in Figures 5 - 6, indicated tha t pre­

fusion and fusion competent membranes are differentiated from 

each other at the bioc hemical level by ~ore than a single 

membrane surface glycoprotein (fusion receptor). The 

significance here thus becomes focused on the induction period 

prior t o membrane fusion as indicated by Yemma and Perry 

( 1985). Cells in an unindu ced state exhibited membran e 

protein profil e s charac t e rized by peak elution at 3.12 

minutes, 11.20 minutes, and 14.83 minutes (Figures 6a - 6e). 

Plasma membran e protein profiles of induced cells, though. 

demonstrated a significant difference in comparison to 

unindu ce d cells as two protein peaks were eluted, at 3.12 

minutes and 12.06 minutes (Figures 5a - 5c). Results 

presented here indicate that restructuring through 

c onformational changes involved more than one membrane surface 

protein as shown in Figures 5 - 6. 



F i g u r c s 5 ,1 - 5 b . H i g h Pt:' r (' o r· 111 n 11t · ri L i q u i d Ch r o III a tog rap h y 
A11,:1lysis of )solnted Induced Pl11sm,1 Membr,HH:.' Fractions of the 
Myxumycete Didymiurn iridis. 
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Figure 5c. High Performance Liquid Chromatography 
Analysis of 11 so lated I nduc.ecl .Plasma Mc-!.mbrane Frac ti ans of 
the Myxomycete Didymium iridis. 
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Table Sa. 

HPLC Data: Induced Plasma Membrane 
Fraction 5 (a) 

TIME 

3.160 
12.180 

VOLTAGE 

Time In minute• 
Voltage In volte 

Table Sb. 
• · 

1.294 
1.296 

HPLC Data: Induced Plasma Membrane 
Fraction 5 (b) 

TIME VOLTAGE 

3.060 1.283 . : 
11.750 . 1.283 

Time In minutes 
Voltage In volte 

Table Sc. 

HPLC Data: Induced Plasma Membrane 
Fraction 8 (a) 

TIME 

3.180 
12.250 

VOLTAGE 

. 1.297 

Time In minutes 
Voltage In volte 

1.313 

. 

•. 

. i 

•. 
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Figures 6a - 6b. High Performance Liquid Chromatography 
Analysis of Isolated Uninduced Plasma Membrane Fractions of 
the Myxomycete Didymium iridis. 
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Figures 6c - 6d. High Performance Liquid Chromatography 
Analysis of Isolated Unincluc:ed Plasma Membrane Fractions of . 
tho Myxomycc•te Didymium iridis. 
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HPLC Data: Uninduced Plasma Membrane · 66 

Fraction 5 (c) 

TIME 

3.160 
11.160 

14.740 

VOLTAGE 

Time In minutes 
Voltage In volts 

Table 6b. 

1.295 
1.293 
1.294 

' I 

HPLC Data: Uninduced Plasma Membrane ·; 

TIME 

3.050 
11.220 

14.900 

Fraction 3 1 

VOLTAGE 

. 1.299 
. . "1.298 

. 1.298 
Time In minutes 
Voltag~ In volts 

.. -- ·- .. ..,, 

Table 6c . 
.. -,: .'-

· HPLC Data: Uninduced Plasma Membrane 
Fraction 4 

TIME 

3.050 
' 11.350 

14.940 

VOLTAGE 

Time In minutes 
Voltage In volts 

1.300 
1.300 
1.300 

•, 



Tables 6d - 6e. Peak Retentior1 Times from HPLC Analysis 
ot Uninduced Pl~smR Membrane Fractions. 
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Table 6d. 

HPLC Data: Uninduced Plasma Membrane 
Fraction 5 (d) 

TIME 

, 3.290 
11.150 

14.770 

VOLTAGE 

Time In minutes 
Voltage In volte 

:· . . 

Table 6e. 

1.301 
1.301 

1.300 

HPLC Data:· Uninduced Plasma Membrane 
Fraction 8 (b) 

- . 
. . -:- - . - .... , .. . 

TIME 

3.030 
11.120 

14.800 

VOLTAGE 

. 

·Time In minutes 
Voltage In volte 

1.306 
1.305 
1.305 

-., · .. . .:. ~ -. . 
. . . . . 

, 
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CH APTER Y\" 

Discussion 

The process whereby ce lls r ecogniz e and adhere t o ea c h 

o th e r and fus e i s obv iousl y one of the most c ruc ial a nd 

compli cat ed events in biology. In mammalian s y stems . fu s ion 

bet~een ce lls t o f orm tissue s and organ syst e ms occ urs over a 

per i od of several months or y ears. In th e myxo myc e tes, t he s e 

eve nts occur ove r a pe ri od of hours or days. Thus. the s e 

o rganisms provide an idea l system r e garding r e searc h in 

developmental biology, in , for e xample, thos e studi es 

involving ce ll r ece ptors and surface adhesion mol ec ul es . and 

their rol e in ce ll fusion. There has been a signifi cant 

number of studies reported in the literature concerning the 

mechanism of this process largel y done using the cellular 

slime mo ld (Di c tyostelium dis c oideum in parti c ular ) as a 

mod e l. Howe ve r, ,-ery few attempts if any have b ee n mad e at 

c hara c t e rizing this process in individual ce lls. Therefore, 

the pre sent study reasonabl y focuses on the plasma me mbrane 

since these events are centered there. Understandably. it was 

important to isolate and c haracterize it regarding prote ins or 

glycoproteins that may be important in membrane fusion in the 

myx omycete D. iridis. 

Until the work of Yemma and Selanik in 1976, no att e mpt 

had been made at isolating the plasma membrane in the 

acellular slime mold D. iridis. At this time , the majority of 

the protocols for the isolation of the plasma membrane in 



c ~n t.ri fuga t i crn . 

Yemma and Selanik (1976) initially att e mpt e d this isolat iun 

procedure in a sucrose gradient but the result was a l ow 

plasma membrane yield which was relati vely impure. The band 

representing isolated plasma membranes in that study was f ound 

at the interface bet~een 40%/45% sucrose. The 101,,.· me mbrane 

yield and fraction impurity were attributed t o c ell fracti on 

damage caused by long centrifugation times at lo~ speeds, and 

also to the fact that a fixed angle rotor ~as employed. 

In 1983, Barden et al. successfully attempted to isolate 

and characterize the plasma membrane of another myxomycete, 

Physarum polycephalum. Regarding this study, an initial 

attempt was made utilizing the two-phase polyethy leneglyc ol 

(PEG) polymer system of Yemma and Selanik (1976). This method 

provided isolated membranes on the basis of molecular shapes 

and sizes, but it proved problematic in terms of their yield. 

Since the yield had to be large in the present study, initial 

attempts at plasma membrane isolation utilizing the two-phase 

PEG polymer method of Yemma and Selanik (1976) gave an 

inadequate volume, but pure yields. 

Later, incorporating some modifications, Barden et al. 

(1983) developed a gradient method which proved to be 

successful using the organism P. polycephalum. In an attempt 

to locate the plasma membrane fraction(s) by enzymatic assay, 

peak activity was located in the fraction composed of 38% 

sucrose (w/w) in a linear sucrose gradient. 
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me m lir a n e i s o l a t i on i n D . i r id i s ,..-as s u cc e s s f u 1 J y u ir r j e d u 11 t 

in th e present study. Also, it is important to add, one of 

the goa l s of this study was to isolate and characterize the 

plasma membrane surf ace s true ture i nvo 1 ved in me mbrane fusi on. 

Wi th this in mind , it was initiall:y ne c essary to treat 

D. iridis my xa moe ba with as f e w reagents (preferably in e r t) as 

possible. while at the same time to produ c e an a cce ptab l e 

yie ld of plasma membrane fractions. It was als o ne ce ssary to 

e liminat e any extraneous substances which would int e rf e r e ~ith 

both enz ymatic assay reactions and HPLC anal ysis. Tre atm en t 

of the intac t myx am oeba with weak salts (.14M NaCl), and 

mildly basic buffers (lm:'1 ZnCl i , lOmM Tris-HCl, pH 8.0), 

served as preparatory steps for cell rupture (via soni c ation). 

These reagents then were quickly removed by the drawing off 

of the supernatant layer following centrifugation. This 

procedure allowed for a non-destructive suspension medium 

co ntaining sucrose to be utilized. This treatment did not 

del e t e riously affect the plasma membrane structure and 

provided optimum conditions for the membrane marker assay to 

be performed. Fortunatel y, these conditions also proved 

compatible with HPLC anal y sis of plasma membrane mating 

re c eptors. For example, maximum spectrophotometric absorbance 

of membrane glycoproteins is 280.0 nm while sucrose absorbs 

maximally at 209.0 nm. Another benefit is that the plasma 

membrane isolation procedure could also be completed within 

several hours, including collection of cell fractions and 
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short peri ods o f ti me . in a refrigerated en,· ironment (4 ' C) , 

1,.-a s o f great be nef it, as opposed t o lov,-speed ce nt.rifugali ons 

o\·er l o ug er periods of time, i-:hic h could po ssib l y resu J t in 

d e teri orati on and da mage to the ce ll fra ctious . The rneth od u f 

Ye mma and Selanik ( 1976). although possibly morA r apid in 

t e rms of iso]atio n ti me, permitted the us e of 101--.•- speed 

c entrifugation 1,: hen an ultracent rifug e was not a,·ailable, or 

its use no t desirable . The require men t fo r r e moval of 

phosphate as wel l as PEG from the phosphate-containing 

is olati on medium in which the me mbranes here isolated. proved 

to be pr oblematic hhen using the two-phase polym e r syst e m. 

This understandab ly Kould o f co urse have to be done prior to 

e nzymati c assay 1--.·he r e the pho sphate ion c oncentration i s 

me asure d. The meth od employed in this \.\'Ork did nol present 

this problem. 

Centrifugation in a fix e d angl e rotor was employed in 

this study. Moore (1969) r e ported that such a rotor affe c t e d 

the migrati on of cellular fragments in a linear sucrose 

gradient, when compared to ce ntrifugation in a SKinging bu c ke t 

r o tor. Th e res ults of this study, however. did not support 

t hi s co ntenti on. No adverse affects were exhibited c on c erning 

the migration of cellular fragments when centrifugation was 

carried out in a type 42.1 fixed angle rotor and a Beckman L7 

ultracentrifuge. This was verified by the fact that the five 

suc cessive and separate plasma membrane isolations carried out 



f or th e is o ]c1 l e d µl a sma memb rarH~ fragm ents as sh ohT1 by S ' ­

nu c l eo tid ase a c t id ty , h·i t h i n the linear suc ros e 40% (hoj \· ) 

gradi e nt "·as l ocated A.t abo ut 8.50 milliUte rs f r om th e bot. t om 

o f t he g rad i e n t . 

o f Ba r de n e t a l. 

These r e sults compared f a \·o r ably 1-, ith th ose 

( 1983) in h"hi c h the maj o r band o f i so l ate d 

p lasma me mb r a nes f r om P. polycephalum has l oc at ed 

appr o :,;:ima t e l:' 7. 5 millilit e rs f r om the Lot.tom o f th e is o lati on 

gradi e n t. in 38% ( 1- / h' ) su c r o s e . Is o lated plasma mem bran e 

fractions were found Kithin a 6-milliliter range of the 40% 

suc r ose ( h / \ · ) gradi e n t laye r. Any variation in banding ha s 

attr i buted to the initial ce ll is o lation density. Variability 

in th e s iz e of the me mbrane fragments loaded onto the su c r o se 

gradi e nt (hhi c h may have Leen caused by minor fluctuations in 

s oni c a t i on times), and hheth e r or not the membrane fragm e nt s 

are in sheets o r ve s ic ulated (Damsky et al., 1984; ~addy, 

1984; Gennis, 1989) hould ac c ount for this. The mean positi on 

o f th e large sample particles in the gradient may be called 

the equilibrium density, because the particles themselves are 

in a kind o f secular equilibrium (Price, 1982). This study 

provided e\·idenc.e t o support these findings. 

The particl e s of a homogeneous particle population 

usually range on either side of their discrete equilibrium 

density value because of diffusion (Price, 1982; Gennis, 

1989). This equilibrium distribution represents an 

equilibrium between sedimentation (or flotation) which tends 



7 3 

t C> ,-- t·) r r·· P. 11 t r a. t t"""' :=-:t t . .. - . . . 
: ..; :.. : ..:.. :: .=: .: :.: ; ! 

density. This qualita t i\·e model ind icates tha t t he width o f 

the isolated plasma me mb r a ne pa r t i c le zo ne a t e quilibrium is 

a functi on of the c e ntr i fugal fi e ld, steepne ss o f th e 
j 

gradi ~nt, and parti c l e si ze . It has als o bPe n s ho ~n that f o r 

pre f o r med g ra d i e. n t. s 1'°110 s e s ha p e i s no t. a f f e c t. e cl by t J-i e 

centrj f ugal fi e ld, parti cle z o ne ~idth is d ec r e a sed and 

ther e f o r e r e s o lu t i on e nhan ced by high spe eds (Pric e . 19 8 2). 

This has \·e rifi e d in t h i s study. Ce ntrifugation in a Bec kman 

L7 type 42.1 rotor at 26,000 R.P.M. for 2 hours, produced a 

much co nd e n s ed ra nge ove r whi c h plasma membrane fra c ti ons 

were isolated, relative t o that produ c ed during centrifugation 

in a fix e d angl e rotor of an IEC BA-20 centrifuge at 19,000 

R.P.M. for 3 hours. In preparative isopycnic separations, 

parti c l e zone 1-ddth and there fore resolution is signifi can t. 

1-d th respect to j ts position in the gradient. \'Ol ume. 

Suc rose is c omm only used as a solute in homogenization 

media since it is inert, does not depress the activities of 

most enzymes, and cellular membranes are relatively 

impermeable t o it (Robinson, 1975). These results ~ere 

verified in this study. Properties of an ideal solute for 

aqueous gradients are as follows: freely soluble in water , 

very dense, nonviscous, negligible osmotic pressure, 

phy siologically and chemi cally inactive, transparent in UV and 

visible light, and inexpensive. Sucrose was the gradient of 

choi c e for this isolation. Although it is the most widely 
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us ed . qui te ~:,:pectedly ii. 1 ~ t:ut c u mD} ete l '•.- id~cd as B 
L • 

sol u t e f or gradi e u t s . (J [ t. h e a b (j , · e } i s t e. d p r o p e. r · j e .c. t_.- f 

sucrose, solubility, transparency, and c ost are most 

beneficial. However, physiologically it contains some 

a c tivity whi c h can prove detrimental to some membranPs Khe n 
I 

isolat i on is attempted. The r e sults of this study did no t 

demonstrat e any detr imenta l act i,·ity to the membra nes du e to 

sucrose. 

As pre,-iously stated. the tec. lrnique of density gradi ent 

c entrifugation us ed in thi s study is a hybrid of isopycni c 

and rate zonal separation. This technique depends on the 

s eparation of parti c l e s on the basis of differences in th e ir 

buoyant d e nsity and on the basis of their sedimentation rate 

(Gennis, 1989). Often membrane purification protoc o ls are 

empiri cally optimized and represent a hybrid separation due to 

sedimentation coe ffi c i e nt diff e r e nce s , and density 

differences. In an isopycn i c separation, sedimentation rate 

dur in g ce ntrifugation is a function of the size and density of 

a particle as well as of th e imposed centrifugal force 

(Robinson, 1975). This te c hnique also allows for the 

execution of isopycnic centrifugation in which the particles 

s ediment out at a point in the gradient at which the density 

of the solution is equal to the density of the particl e and 

the sedimentation velocity is therefore zero (Price, 1982). 

This proved to be an important consideration in the present 

work, for membrane preparation in the studied cell line is 

difficult to achieve , as the cells are no more than 4 microns 
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membranes o f \·ari ou s organ e lles sediment \·ery near oue an o t her 

regarding the r e spect iv e densities of each . The Jensity of 

the medium a t which a c lass of organell es equilibrates is 
I 

ca 11 edl the "buoyant dens ity . " I n orde r to s eparale different 

membrane fra ct i ons from a ce llular homog e nat e , it is of·ten 

nece ssary t o take ad\·antage of these differe nces in density. 

This can be don e by centrifugation in a de nsit~- grad ient of a 

well c hos e n ce ntrifugati on me dium (Gennis, 198 9) . In this 

case it proved to be sucrose. For separation of membrane 

fractions, suc rose co nce ntrations must be high enough t o be 

hypertonic, yet still must retain a high viscosity. Su c rose 

serves to stabilize the membrane suspension in the centrifuge 

tube, against convective disturbance s (which may be caused by 

high speed spins in a fixed angle rotor) (Moore, 1969). 

Although ce ntrifugation at 26,000 R.P.M. in a type 42.1 fix ed 

angle rotor, a Beckman L7 ultracentrifuge produced no su c h 

deleterious results. Also, it is important to note that 

buoyant density is in no way an absolute value as it is 

influenced by the me dium and depends on ~hether the membranes 

form sheets or enc losed ve sicles during homogenization. The 

literature suggests that because of the high osmotic potential 

of sucrose, membrane particles might be permeated by the 

medium causing the particles to form enclosed vesicles. This 

would alter the density of those affected particles, causing 

them to band out at a different location in a gradient. The 
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t ll e i s o la t i on o f mem urane pa rt i cl rs r i'cs u lte tl idea]]:-, · in tl 1r 

isolation of membrane f r a gments in the form o f s hee t s and no t 

in vesicles. Isolation of th e e xternal plasma membrane of t en 

requires the use of mild s hearing conditions so a s to pre ve nt 
I 

undue l disrupti on of membranes, and oft e n fa c ilita t es the 

iso lati on o f r es ultan t l ar ger me mbrane fragm e nt s . \ ' j gor ous 

s he aring t o produ c e smal 1 membr a ne fragm e nts, wh i c h und e r some 

6 irc umstanc es ma y be mor e ea s il y s e parated from c ontaminan ts 

is also often employed (Robinson, 1975). Mild shearing 

conditions used in this study , prov ided by sonication peri ods 

for one and five s eco nds, respe c tivel y , resulted in go od cell 

rupturing, and facilitated the isolation of larger desirable 

membrane fragments. 

Price reported in 1982 that isopycnic separations are 

c haracterized by the migration of cellular particles into the 

gradient at a progre ssi vel y slower rate until they reach a 

le vel in the gradient where the densities of particles and 

medium are the same. Therefore, the final equilibrium 

position of the particle will be independent of the route, 

except in the case of particles sensitive to high 

concentrations of the gradient solute. The use of sucrose as 

a medium for isolation did not appear to affect the isolation 

in this study as attested to by the reproducibility of the 

results in each separate isolation. If sucrose had affected 

the migration of cellular particles by altering their 

respective densities, the banding position in the sucrose 
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to be the case; each successive and separate me mbrane 

isolation produced a major area o f banding for is o lat ed plasma 

membranes at 1.17 grams/milliliter. Thes e r esults are given 
I 

in TalHe 3 and Figure 3 of t he Results c hapt er . It was 

cru cial to this study that sucrose did not in te rf e r e ~ith the 

is o lation technique, b ec aus e in addition t o t he f act that it 

was cos t-e ff ec ti ve and easy to ~a rk ~ith, it provided th e 

repeatability necessary to make this isolation te c hnique 

effective while not necessitating its removal prior to HPLC 

analysis, becaus e of a spe c trophotometric abs orLan c e 

different from that of the membrane glycoproteins under study. 

The particular c ombination of methods and conditions 

used in isolating any one membrane ~ill depend upon the nature 

of the membrane and upon the kind of tissue or cell wherein 

the membrane is located (Robinson, 1975; Gennis, 1989). Even 

in the case of cultured cells when only one species is 

present , particular membranes may be derived from cells in 

different stages of di v ision and so differ in their properties 

(Price, 1982). Membrane composition varies widely from 

organism to organism, tissue to tissue, and organelle to 

organelle. Furthermore, the composition may alter with age 

or with environment and results of analyses are influenced by 

the purity of preparations and by the presence of adsorbed 

contaminants enclosed in the membrane vesicles formed during 

homogenization (Price, 1982). As indicated by the results of 
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advantageous to harvest ce lls initially plated on th e same 

date and time, for isolation to minimalize this problem. 

Early isolation techniques first devised by d e Duve and co-
l 

workers; ~attiaux-de Connick and co-workers and Beaufay and 

co-workers using rat hepatocytes, formed the primary me thod , 

h'hich has stepY.:ise modified for the plasma membrane is olati on 

technique de\·eloped in this study. One of the unde rlying 

cons iderations. in addition to those already mentioned, was to 

provide for a method which would easily allow for enzyme 

assay. A large number of enzymes can be monitored, for enzyme 

groups can be observed to move together at a given rate and to 

stabilize at definite isopycnic points, thus establishing a 

class of organelle defined by a density, sedimentation 

coefficient, and enzyme profile. This information was 

particularly important in this study because of the necessity 

of plasma membrane location by enzymatic assay. Thus, the 

necessity for enzymatic analysis of isolated membrane 

fractions in order to monitor microsomal or mitochondrial 

contamination was of the utmost importance. Until no~, 

adaptation of this technique had never been attempted 

regarding the myxomycete D. iridis. The structural fate of 

the membrane and the crude fraction in which it will be 

concentrated it appears is dependent on the method of cell 

rupture, the composition of the media, and the cell type in 

question. 
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grams/milliliter (Ne v ille, 1976). If the mem branes ar e in the 

form of sheets, ghosts, or brush borders, a lo~ gravity pellet 

enri c hed in membranes is applied to the density gradient. The 
I 

appli nation pellets are usually enriched in one or mor e of the 

major interce llular organelles and any organelle unique t o a 

parti cular cell type; this problem affected our isolation 

also. Of paramount importance, one of the goals of this study 

was to produce a pure membrane fraction. For as previously 

stated, enzyme assays provide the necessary validation of the 

presented method. The degree of enrichment depends on the 

homogenizing conditions used; shear, ionic strength, pH, 

concentration of divalent cations, and the gravitational force 

integrated over time for the application pellet and the 

con di ti on s o f any pr i or cent r i f u g at i on s (Nevi 11 e , 1 9 7 6 ) . 

Plasma membrane fragments usually sediment out in a gradient 

at a density between 1.1 and 1.2 grams/milliliter (Gennis, 

1989), with some variability attributed to membrane particle 

size and whether or not the particles are vesiculated or in 

sheets. As previously mentioned, this study did not exhibit 

isolation of any vesiculated membrane fragments. Barden et 

al. (1983) utilized a weight/weight (w/w) percent suc rose 

gradient, while this study utilized a weight/volume (w/v) 

perc ent sucrose gradient, thus accounting for the differences 

in relative density between equal percentage solutions from 

the two. Robinson (1975) indicated that in sucrose gradients, 
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grams/millilit e r 1-.·hile vesic ular membrane fra c tions band 

between 1 .16 and 1.08 grams/milliliter. The sucrose density 

gradi e nt used in this study and the one utilized in the study 

of Barden et al. (1983) Kere both continuous line ar gradients 

from 20% t o 50% sucrose , with the former ranging in density 

from 1.08-1.1 9 grams/milliliter, and the latter ranging from 

1.08-1.24 grams/milliliter. These density \·alues are fn r 

sucrose gradi e nts kept at 4~ C (Prit.e, 1982), "·hi c h is the 

desired temperature for this isolation. Barden et al. (1983), 

found their major plasma membrane fraction s in sucrose at a 

mean density of 1.16 grams/milliliter. This '-Ould indicate 

that the major isolated plasma membrane in their study did not 

contain vesiculated particles. In this study, the major area 

of is o lated plasma membrane sedimentation was near t he middle 

of the 40% (w/v) sucrose layer betk"een 44%-45% (w/v) s uc ro se. 

Sucrose at a weight/volume percentage of 44.53% is equivalent 

to a density of 1.172 grams/milliliter (Price, 1982) thus 

indicating that the isolated plasma membrane fragments 

comprising the major band of isolated plasma me mbranes were 

not contained in vesicles but were rather in the form of 

sheets. 

As mentioned earlier in this chapter, another goal of 

this study was to provide evidence indicating differences in 

the plasma membrane protein profiles of uninduced and induced 

cells. Yemma and Stroh (1991) demonstrated physiological 
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membran e f usi on r ece ptor. There is also a strong need f or 

r e liabl e c hro ma t ogra phi c sy stems to separate gl yco li p ids and 

gl ycop r ote ins suc h a s r e c eptors or other prot e ins c ont aj n ing 

membrane s pa nning r e gi on s, hhich was implicit in that study . 

Suc h pro t e ins typi c a l ly c ontai n s equences of hyd r ophobi c 

r es idu e s and a s a res ult a r e often insoluble in aq ueous 

s o l ve nt s a nd prone t o aggre ga tion. Therefore, additi on o f 

org a ni c s o lve nt s has r e st1l ted in an improvement in th e 

solubility of membrane proteins important in HPLC anal ysi s . 

The org an i c so l ve nt c ho i c e for c hromatographi c analysi s in 

thi s s tudy was a ce toni t rile. Accompanied with .02 M phosphate 

buffer (pH 6.0) , the e ff ec tiveness of the mobile phase and 

me mbrane preparation in gl yc oprotein separations is supported 

by pre liminary studies don e in our laboratory (Y e mma and 

Gre en, 1988 ). ~oreover, the presence of a detergent is not 

requir ed , sinc e the organi c s o l vent used for elution prevents 

aggregation and ke e ps the membrane proteins in soluti on. 

Therefore , the use of a detergent was not employed to treat 

the cells used in this study. 

The chosen method for the preliminary isolation of these 

plasma membrane proteins was by reversed phase high 

performance liquid chromatography (RPHPLC). The princ iple of 

revers ed phase chromatography (RPC) is centered around the 

fact that as a protein traverses the column, it unfolds to a 

greater or lesser extent and its interior segments, which are 
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RPC is so-calleu because it utilizes a nonp o lar stati onan· 

phase and a polar mobile phase. The pore size of th e 

stationary support also has a large effe c t on th e effi c i e nc )· 

of the s e para tion. The pore size of the .-\quapore RP- 30 0 

c o 1 um n "-a s 7 m i c r on s . Co lumn efficiency is dependen t o n 

parti c le siz e and si ze tlis t ribu t i on as ~Hll as pore size and 

structure and surfa ce properties of the stationary phase 

(Ahuja. 1989 ) . .-\ s a result, the reversed phase syste111 

exhibits selec tivities different from those obtained by other 

chromatographi c or ele c trophoretic means. Therefore, the 

denaturing co nd it i ans inherent to RPC have become advantageous 

in the! analytical HPLC of proteins (Frenz et al., 1990). This 

method of membrane protein separation was chosen because the 

ma c romolecules of particular interest are those which serve as 

re c eptors or ce ll fusion factors in D. iridis myxamoeba and 

~hich ha,·e been postulated as being glycoprotein in nature 

(Yemma and Soltis, 1988). The actual retention time of a 

protein depends on the reversed phase, the organic solvent, 

and the nature of the mobile phase (Ahuja, 1989). \\'hen 

reversed phase chromatography is applied to glycoproteins 

possessing multiple ol igosaccharide attachment sites, elution 

of these glycoproteins occurs within a relatively short range 

despite the heterogeneities of the carbohydrate chains 

(Takahashi and Putnam, 1990). This indicates the relatively 

minimal effect carbohydrates exert on chromatographic 
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Chromatographic analysis of bo th induced and 

uninduced membrane fra c tions in this study exhibited 

separation of se veral membrane glycoproteins. The maj or 
I 

glyco~r otein peaks focused on in this thesis and exhibit ed in 

Figures 5-6 did r Afle c t some asymmetry, possibly due t o this 

fact. Furthe rmore, the se pro teins undergo conformational 

c hanges both in the mobile phase and at the surface of the 

stationary phase. Conf ormati onal c hanges and denaturation due 

to unfolding can complicate the retention process in RPC of 

proteins, (Frenz et al., 1990). Theteha\'iorof 

macromolecular eluites usually mandates the use of gradient 

elution for the separation of protein mixtures (Frenz et al., 

1990). This proved to be the case in this study using a 

linear gradient. including acetonitrile and .02 ~ phosphat e 

buffer (pH 6.0). 

When employing RPC ~ith regard to protein separation, 

gradient elution is most commonly used, and thus the organic 

solvent content of the eluent is increased gradually during 

the chromatographic run. In this study, however, the organic 

solvent was gradually decreased throughout the run by being 

c ombined with .02 M phosphate buffer (pH 6.0), until the 

resulting eluent was in a 50:50 mixture at the end of the run. 

The solvent gradient reduces the surface tension of the water 

molecules thus decreasing the energy required to form a cavity 

of water molecules surrounding nonpolar molecules. With a 
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mobile phase. In RPC of pr oteins, the balance o f eluting and 

denaturing properties of the mobile phase is also an importa n t. 

consideration. The nature of the buffering system (.02 M 
I 

phosphate buffer , pH 6.0), the organic solvent (a cetonitril e ), 

and oth e r additives all c ontribute t o these fun c tions. 

The column effi c iency o f protein separati ons is flm•: 

rate-sensitive and better results were obtained when 

relatively low flow rates were used. In this study, samples 

were run at flow rates ranging from .5-2.0 milliliters/minute 

with the optimal flow rate determined to be at 1.0 

milliliter/minute. Aside from its effect on column dynamics, 

the flow rate has been shown to influence the conformational 

integrity of a protein in HPLC by affecting the time the 

molecule is adsorbed on the chromatographic surface (Frenz et 

al., 1990). Relatively slow conformational changes of the 

protein become manifest at low flow rates since longer contact 

between the eluite and stationary phase allows more time for 

unfolding of the protein. It was noted that column 

temperature also had an effect on the efficiency of the 

separation and conformational status of the protein during the 

separation, but since the column was kept at a constant 

temperature of 25 ° C by use of an oven, only slight variation 

could be attributed to temperature effects. 

Clearly the tertiary structure and conformational 

instability of proteins introduces additional complications to 
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the protein is loaded onto the c olumn may differ subs tantiall y 

from those in which it is eluted which may produce 

conf orma ti ona 1 changes inc 1 udi ng aggregation or di saggrega ti on 
I 

of th~ protein. The r e for e , the complexity of the 

chromatographic behavior of pro teins necessitates the prope r 

• sele c tion of the mobile and stationary phases. The other 

operating parameters must also be chosen with care so as to 

achieve the appropriat e binding strength and conformation 

state for optimal resolution and column efficiency. This 

serves to emphasize the importance of a pure membrane 

preparation. The use of wider pore supports is preferable due 

to the high molecular weight of proteins and a preference for 

~ider pore silicas such as Aquapore RP-300, which is the 

column of choice in this study. When stationary phases are of 

moderate hydrophobicity, they can alleviate the severe 

denaturation and sample loss that can be observed with other 

reversed phase columns. 

The initial hypothesis of this study regarding membrane 

fusion focused on the existence of a single receptor site at 

which induced myxamoeba could come into physical contact with 

one another , fuse and form diploid zygotes. However, Yemma 

and Stroh (1991) mentioned the possibility of mating factors. 

Evidence regarding the chemical characterization of this 

receptor or factor was provided by Yemma and Soltis (1988) in 

their study indicating blockage of cell fusion using the 



Stroh (1991) also indicated that in order for membrane fusion 

to occur between myxamoeba, these cells must become competent 

to do so through induction. This can occur by attainment of 
I 

a crittical cell density (1 x 10 E+OS cells/milliliter), by 

self-induction, or from c ross-induction from an already 

induced cell population. Isolating plasma membrane fragments 

from both induced and uninduced cells ~as thus of paramount 

importance. It was the intention of this study to explore any 

difference in the plasma membrane protein profiles of induced 

versus uninduced cells and to demonstrate, if present, a 

fusion receptor. Evidence illustrating differences in the 

plasma membrane regarding pre-fusion versus fusion competency, 

or uninduced versus induced cells, is crucial since it is the 

induced population that demonstrates fusion competency and, 

therefore, the existence of mating factors or receptors (Yemrna 

and Stroh, 1991). Theoretical l:v, Lhe presence of a plasma 

membrane fusion receptor in induced cells, and its absence on 

uninduced cells, should produce HPLC results in which induced 

plasma membrane fractions exhibit differences in regard to 

surface proteins. This change would largely be manifest in 

conformational changes. It was further hypothesized prior to 

collecting data for this work that a unique receptor was 

involved. The fact that uninduced membrane fractions produced 

two protein peaks while induced membrane fractions produced 

one peak upon HPLC analysis indicates that the surface of the 



I,.:'; 
t_ l _. 

\.\as shown in HPLC analysis be. tl,een uni ndu ce d n1 e nI1:i r a !1e 

fra c tions from successive and separate plasma membra ne 

isolations and like wise between induced membran e fra c ti ons 
I 

also f rom successive and separate isolati ons. Th e ex hi bited 

reprodu c ibility all o~ed f or e ffe c tive comparison of HP LC 

r e sults. 

The evidence pro,·ided indicates that a differenc e 

exists between th e plasma membrane surface of induc e d and 

uninduced cells. HPLC analysis of both induced and unindu c ed 

membrane fra c tions r e sulted in the elution of several protein 

peaks. A peak eluted at 3.12 +/- .09 minutes ~as present in 

both induced and uninduced fra c tions. Since the membrane 

protein represented by this peak is conserved in both pre­

fusion and fusion competent cells, it is not likely that it is 

invol ved in the membrane restructuring that occurs prior t o 

fusion. The proteins ~hich are involved in the restructuring 

of the membrane surface prior to fusion are eluted bet~een 11 

and 15 minutes. Results presented in Figures 5 - 6 illustrate 

the elution of two protein peaks for uninduced membrane 

fractions, at 11 .20 and 14.83 minutes, respectively, while 

induced membrane fractions produced only one peak at 12.06 

minutes over the time period of interest. Because the 

induction period prior to fusion is short, membrane 

restructuring must occur qui kly. Therefore, the membrane 

protein eluted in induced membrane fractions cannot be 
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prot e ins alre.ady present on the plasma me mbranes o f un i uduced 

c ells. The protein peak e luted at 12.06 minu tes in indu ced 

membrane fractions appears to represent the glycoprotein 
I 

plasma. membrane fusi on fa c t or. The confr,rn,a t 1 ona 1 changes 

hhi ch the proteins underg o on the membrane surfac R most likely 

result in the expression of this membrane glycoprotei n fusion 

fa ctor at 12.06 minutes at the inJuced membrane surfa ce along 

h' i th the repression o f the ti o proteins present on the 

uninduced membrane surface at 11 .20 and 14.83 minutes, 

r espec tivel:v . It is also possibl e thal this protein eluted by 

indu ce d membrane fractions represents a hybridization of the 

two membrane surface proteins eluted by uninduced membrane 

fractions. The two proteins eluted by uninduced membrane 

fra ct ions may act as precursors in the formation of a single 

glycoprotein me mbrane fusion factor. In light of the 

data presented , it seems clear that although some light has 

bee n shed on the phenomenon of cell fusion, ~hich in c ludes 

this work as well as the work of Yemma and Perry, 1985; Yemma 

and Soltis, 1988; and Yemma and Stroh, 1991, much remains to 

be done. 

It ~ill be necessary not only to continue to fo c us on 

the physiology of the process itself, but also to identify the 

specific participating membrane components. Furthermore, it 

will be necessary to identify and characterize the 

glycoproteins present at different developmental stages, and 



UU(i;-: ! . . .. · - .. :::-- ; : .. ~ :. : ; :-: :. . . - . 

presented by Ye mma and Stroh (1991), supportiug the pres e nce. 

o f an inducer mole cule, whi c h is produced by cells uu c e t.111:,·,:. 

attai n a crit ical d ensi ty, and these cells are then capaL l e o f 
I 

f usinlg "·hen in con ta c t. In these studies, differences had 

bH e n sho ~n bet~een indu c ed and non-induced cPll line~ 

indi cating c hang es brought b ,:.· the addition of inducer 

mo le cules irJ the un indu ced ce lls. 

The information for e s tablishing and maintaining co rrect 

cellular contacts must lie in the expression and orgauizat.ion 

of molec ul es 011 the cell surface . This is the principle upon 

~dli c h this study is bas ed . Characterization of a plasma 

me mbran e fusion receptor in D. iridis can lead tu the 

e luc idation of the mechanism of fusion in this organism. Two 

ge ne ral approa c hes have bee n tak e n in the past in an at.tempt 

t o identi fy the molecule s im·olved in cell-cell adbe~iun 1.-ith 

one o f these approac hes invo lving the identification of those 

surface mo le cules involved in the aggregation of individual 

amoeba through use of an antiserum capable of disrupting cell­

ce ll int e raction , followed by the elucidation of the identity 

of those antigens involved. It is interesting to recall that 

the princ ipal antigen recognized by an antibody may not he the 

ligand directly involved in holding tKo cells together, but 

may instead represent anot her cell surface molecule someho~ 

required to maintain the structure or organization of 

mole cules at the site of adhesion (Damsky et al., 1984). 



r equired f or adhe sion to occur. and onc e thes e adh e sion­

related membrane gl ycop r o t e ins have be en identified, their 

fun c tion and the nature of their interacti ons with one anothe r 
I 

as hell as i-;ith components of the matrix and cytos l-:e leton mu st 

l> e e l u c i d a t e d . Recently, antibodies ha\·e. bE> e n made in our 

laboratory in rabbits t o the HON 1-7 A2 matiu g stra in of D. 

iridis. Exper imen ts to be presented in a later study 

d emonstrate that induced and uninduced cells separatel~· 

incubated with these antibodies and then tagged ~ith 

fluorescinated goat antibodi es show exciting differences. 

Visual examination of the se tagged cells exhibited grea t er 

flu oresce nce on induced cells in comparison to uninduced 

cells. Fluorescence tagging occurred over the entire surface 

of the ce ll indicating the presence of more than a singl e 

fusion sit e in D. iridis. 

Extrapolating this information to the mechanism of 

fusion in D. iridis, though, Yemma and Perry (1985) provided 

evidence against zygote formation via the mechanism of rapid 

agglutination of cells. Ev idence presented indi cat ed that 

zygote formation. did not occur immediately after mixing of 

compatible mating types but ~as in fact time-dependent. It 

was therefore discovered that a period of induction was 

necessary to prepare the myxarnoeba for fusion (Yemma and 

Per r y, 1985). Earlier, Ross et al. (1973) had suggested that 

an indu c tion period was required for receptor site s ynthesis 



the plasma 111P.murane. In 1985, Albert and Ther rien further 

provided e\·ide nce o f diff e renc es in the plasma me mbra ne 

composition of induced and uninduced cells by exhibiting a 
I 

progr•ssive increase in the DKA content of mated induced 

my:--:am oeba in comparis on to mated uninduced myxamoe La. 

Therefore, this would s uggest that in the induct ion period 

indi cated by Ye mma and Pe rry (1985), the plasma membrane 

unden,·e nt si gnifi can t c hanges which precluded recognition of 

compatible mating t y pes and subsequent fusion. 

This st udy fo c used on plasma membrane changes bet. Ke en 

fusi on competent (induced) and pre-fusion (uninduced) 

myxamoe ba of D. iridis HO~ 1-7 A' mating strain. Ross et al. 

(1973) and Yemma et al. (1974) postulated that changes could 

be affected in the plasma membranes of sexually incompeten t 

my xa mo e ba by an unknown chemical-inducing substance and in 

addition, physi cal contact between cells was also thought to 

exert some t y pe of control on fusion. In 1991, Yemma and 

Stroh verified this information by providing evidence 

concerning the presence of an inducer molecule. It was 

also suggested that once myxamoeba enter into the induction 

period, the process of fusion is under genetic control as 

those genes responsible for affecting changes in the cell 

surface become expressed (Ross et al., 1973). Furthermore, if 

fusion does not occur or if contact between cells is not 

maintained, the myxamoeba are usually subject to lysosomal 
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applying it t o game ti c fusion in D. iridis, se\·eral 

c onclusions ca n be dra ~n . Membrane fusion in this myxo mycete 

does require both c he mi ca l induction and physi ca l contact and 
I 

this h!as been sho wn extensively in the literature . In mixing 

togeth e r compatible rny xa moeba, each at a c riti c al cell 

density , zygote f o rmat.ion does not immediately oc c ur (Y e mm a 

and Perry. 1985) . In stead , a c hemical induce r mo l ec ule 

r e l eased by compatibl e myxamoeba (Yemma and Stroh , 1991) 

induces compatible cells whose membranes are less than 10 A0 

apart (Paste and Allison. 1971) to undergo a periorl uf 

induction (Y e mma and Perry, 1985), prerequisite to fusion. 

During this induc tion pe riod , the plasma membrane undergoes 

dynamic changes. Membrane macromolecules become less ordered 

and conformational c hanges take place thus permitting 

int e r actio n ~ith the membrane with which contact has been 

es tablished. These changes possibly accompany the producti on 

of membrane fusion fact.ors. Ev idence suggesting this was 

provided by Albert and Therrien (1985) in their quantification 

of DNA in both fused induced and fused uninduced myxamoeba in 

D. iridis. Once induc tion period was concluded and inter­

membrane linkages were established, fusion was complete and 

the newly formed membrane returned to its original stable 

c onfiguration. If fusion did not occur, though, the unfused 

cells were destroyed by lysosomal enzymes (Ross et al. , 1973). 

Ross et al. (1973) also suggested that fused cells secrete a 



9 J 

f :· :": ··: : : :::: : 1 

zygotes feed on unfused hapl o id myxamoeba, but verifi cation of 

this has not yet been shown in the literature. 

The initial postulation that induction results in the 

expression of a single membrane fusion receptor seems to be 

supported by the HPLC anal ysis nf induced and unindu ced plasma 

membrane fractions in this study. HPLC analysis exhibited a 

common peak at 3.12 +/- .09 minutes in both induced and 

uninduced, fra ct ions suggesting that the protein represented 

by this peak is not directly affected during the membrane 

changes which occur during the period of induction (Yemma and 

Perry, 1985). The two peaks present in uninduced runs (at 

11.20 +/- .09 and 14.83 +/- .09 minutes, respectively) yet 

absent in induced runs appear to represent those membrane 

glycoproteins that undergo conformational changes during the 

restructuring of the plasma membrane surface during this 

induction period. In addition, the protein peak eluted in the 

induced runs (at 12.06 +/- .27 minutes) arises in one of two 

ways. The most likely mechanism is the expression of a 

membrane surface glycoprotein through conformational changes 

of proteins already present on the surface. Accompanying the 

expression of this protein would be the repression of the two 

proteins which are eluted by uninduced membrane fractions. 

Results presented in Figures 5 - 6 provide evidence supporting 

this potential mechanism as the two protein peaks which are 

eluted during HPLC analysis of uninduced membrane fractions 
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membrane fra c tions. A l ess likely, although possibl e, 

me c hanism suggests that the induced membrane glycoprotei r1 

fusion factor arises from a hybridization of the two proteins 
I 

alrea'dy present on the uninduced membrane surface, repres e nt ed 

by the peaks eluted at 11 .20 and 14.83 minutes, respectively, 

as illustrated in Figure 6 . Support for the latter mec hanism 

comes from the fa c t that th e protein peak eluted by induced 

me mbrane fractions at 12.06 minutes lies between the two peaks 

produced by uninduced membrane fractions at 11.20 and 14.83 

minutes, respect ively. Be cause of the short duration of the 

induction period during which reorganization of membrane 

surfac e molecules occurs, both mechanisms appear possible. 

The actual mechanism of membrane fusion in D. iridis 

continues to be of great interest. Studies are presently 

being undertaken concerning the identity of the glycoproteins 

in vo lved in fusion as well as the mechanism by which 

these mating factors are activated. This could further lead 

to evidence concerning the interaction of these molecules 

with one another to allow for formation of a diploid zygote. 
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