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Ab!::t.!"act 

The cAMP binding prot<'!.i.n C~Bf'l i30lated from Dictyosteliurn 

cl iscoi deum consÏbts of two subun~ t.:, CASPlA and CABPlB, which are 

produced from a single gene by a~ u~usual splicing mechanisrn. To 

clwractcrize this mechnnü:n:, ,'-Tl 3ctin-CABPl fusion gene was 

constructed and introduced inte Q, discoi neum cel] s Jy DNA-

mccliated transformation, An! ly·: '.!~ Of these cells demonstrated 

Lhat the transcripts deriv'3c! i:r J:n ~he fusion gene were properly 

processed to generate both CA )~Pl! ~.d ::ABPlB. However, when the 

5' splice si te in the gene -.'é:~' mutat~d to conform to the Q, 

cliscoideum consensus, only C,\I-P·.r. 'Nas produced, These resul tb 

suggest that the splicing eV(.11 ',egulated by the 5' splice 

site By screening a cDNA J ;bc,,':j under conditions of reduced 

stringency with a sequence E':fICO(!:,1f.: C.\BPl, clones which code for 

two closely related molecule::. ... ::!.t.'_ i30lated. Hybrid selection 

experiments indicated that ch"'::3!! c:DNt.s encode polypeptides with 

molecular wdghts of 34,000 Dl'U 31,000 (p3l), both of which 

are recognized by anti -CABP} bl . .::';10t!j es. Simi 1ar to the two 

subunits of CABPI, these tW0 ~ol~~Aler appear to be encoded by a 

single gene and are probé:bl J ' ~e .. ~r.: \:"cd by the same splicing 

mechnnism described abov€, 'l"e CI ~Pl and p34j'>1 genes probably 

arose by duplication, Disrupt.i0:1 oi the gene whL~h encodes p34 

and p31 demonstrated that t:13se l:~v(. JclY!Jeptides appl'ar to play a 

role in both growth and dev~lo~m~~t ~f y. ~iscoideum, 
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Ré~umé 

La protéine CABPl, isolée de Dictyostelium discoidNll\l, d LI 

capacité de lier l' AMP cyclique Elle consü,te en deux sous-unI tl't-., 

CABPlA et CABPlB, qui sont dérivéE:5 d' Utl gt'>ne uniquE' par un Ille> c illl 1 "ml' 

d'épissage inhabituel. Afin de CA.rac ,-ériser ce mecani smE', un El'Ill' 

hybride a eté obtenu par la fuc;iotl des gt'>nes dctine et CABPl el d (·tl' 

introduit dans les cellules de p. Q !,scoidC'um par trans forma t i (lll 

L'analyse de ces cellule!> d Inonl ré que les ARNm provenant de 1 d 

fusion étai ent épissés correc:tèmen;: Et produisaient les deux ~,ou", 

unités CABPlA et CABPlB. Ce?~',datlt, lorsque le site 5' d'c'pissage du 

gene CABPI est modifié afin ,i' i-l r·,;: j d.~ntique au consensus clw~ 11 

discoideum, seule la SOUS-lI1Eté CAl',PIB est produite Ces l"C'sultdt<, 

suggèrent que l'épissage es': .... ·et~..!lé par le site 5'. Le cribl.lgl' 

d'une banque d' ADNc à l'aide cl' <-!nf sequl'nce codante de CABPI. <I.lIl'. 

des conditi ons de stringenc:oi! H!l,.ui tE., é' permis d'isoler des c Ioltl". 

codant pour deux molécules :.?r;~r~:1tees à CABPI La techni que> dl' 

sélection par hybridation i'ldiqtA<.:' que ces ADNc produise'nt dl", 

polypeptides, p34 et p31, dOllt Je poids moléculaire est 34,000 l't 

31,000 respectivement Ces rle..l'< po 1 ipeptides sont reconnus par dl", 

anticorps anti-CABPl. De mêm~ 4ù~ l~::: ""eux sous-unites dE' CABr] , CC", 

deux molécules semblent être le ?t')dui-:. d'un gène unique el SOllt 

vraisemblablement générées par .Le rrécanisme d'épissage decrit ci­

dessus. Les gènes CABPI et !J36./ H résultent probablewpnt d' Utl(· 

duplication. L'interruption ou g~n9 p34/3l montre que ces d~u~ 

polypeptides semblent jouer lU' ~~l~ dane; la croissance et 1(· 

développement de Q. discojdeu~ 
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Contribution~ t" (}r:'3i:1.:'J Knowledge 

1. 1 have demonstrated that th~ tw~ 9lbunits of the Q. discoideum 

cAMP binding protein CABP] BC':! E.ene ::ated from a single gene by 

an unusual splicing mecha~isQ w~tch ib regulated by a 

deviation in the 5' splilP ~te r=~~ the consensus spquence. 

2. l have demonstrated thac t',,'. P_" __ . ~)t!;Lides which crossreact with 

anti-CABPi antibodies, ?J4 ~~d ~2~, ace in fact very closely 

rC'lated to CABPI 

3. 1 have demonstrated that pJ(' . l~ ,:11, like the two subunits of 

CABPl, are generated from d ~~ngl~ ~2ne. The extensive 

similarity between the~e f J Ir ;>.'J)p~?tides suggests that the 

corrpsponding genes alOS~ =; 1v~Jic~tion followed by sequence 

di vergence. Therefore, CAB" .... be ",OL'gs to at least a small gpne 

[amily. 

~ 1 have demonstratpd that p~4 2nu p31 play important roles in 

bath growth and development. Mutants in which the p34/31 gene 

has been disrupted grow ~l.)\oI} y 'Ill)e:-. feeding on bacteria and 

also show a slight delay in corn~l(t:ng development. 

'). l have dem()Ostrated that p:>~ and p3I, like CABPI, share 

sir,nificant homology with two {.'(,lypeptides encoded by a 

bacterial plasmid which coniers t'esistance to tellurium anions. 
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Chapter 1: Introduction 

The cellular slime mould Dictyostelium discoideum grows as 

~infjle-eelled amoebae which feed on bacteria. Starvation 

triggers a proeess of development and differentiation which leads 

ultll11ately to the formation of a multicellular fruiting body 

eomposed of spores supported by a eolumn of dead stalk cells. 

The spores remain dormant until suitable environmental conditions 

tri gecr germinrttion, after which asocial growth can resume. 

A number of features make this organism an Ideal system in 

which to study development and differentiation. First, sinee only 

two distinct cell types are formed, it is relatively simple. 

Second, it grows weIl in the laboratory with a short generation 

tim0. Third, the developmental cycle is complete in 24 hours and 

occurs very synehronously. Large amounts of cells can be isolated 

at any given developmental stage, ;hereby facilitating 

hi ochemical and molecular analyses. Fourth, growth and 

dcvelopment are completely separate. This fact alone makes this 

organism extremely useful for the study of developmental 

procpsses. Finally, Q discoideum normally exists in the haploid 

slata, allowing mutants to be -l!:.ol.lted relat ively easily. 

Unfortunately, although this organism possesses a sexual cycle, 

t('clmieal dif[iculties prevent its use for genetic analysis. 

lIowl've r, parasexual genetics ean be used for !:.imple 

complementation and linkage studies. Together, these features 

make this organism a powerful experimental system with which to 

study E'ukaryotic development and differentiation. 



2 

1.1: The Growth of D. discoidGum 

In nature, Q. discoideur.J an:oebae grow using bacteria as a 

food source. FoUt: acid re1eased by thE" bacteria .:lcts as a 

chemoattractant which a110ws the amoabae to 10cate them (Pan li 

al. 1972, 1975). The bacteria are then engu1ff'd by phagocytos! s. 

In the laboratory, large numbers of am'Jebae can be grown in petri 

dishes on bacteria1 1awns. Unde~ t:lese conditions, the ce] ls 

divide by binary fission with 2 generation time of approximate1y 1 

hours. A1ternative1y, axenic mutants have been isolated which can 

be grown in suspension in a simple liquid broth (Sussman dnd 

Sussman 1967; Watts and Ashworth ~910; Loomis 1971). Axenic cells 

grow considerably slower than those which feed upon bacteria, 

doub1ing every 8-10 hours. 

Analysis of growing cells has demonstrated that the celi 

cycle is somewha t unusua1 ln this organism. The G1 phase is 

either extremely short or else is cOillplete1y absent (Weijer ~ ~ 

1984a). Thus, there appears ta be no lag between the ('nd of 

mitosis and ~he beginning of DNA synthesis. Since DNA synthesis 

is completed within 15-30 minutes, the cells spend most of their 

time in G2 (Weijer et al. 1984a). Sorne other lower eukaryotes, 

such as Physdrum and Hydra, also possess similar unusual ceU 

cycles (Mohberg and Rusch 1971; David and Campbell 1972; Campbell 

and David 1974). 

Growing ce11s secrete chemorepellents which presumably 

function to prevent premature starvation by dispersing the cells 

(Keating and Bonner 1977). Another sccreted molecu1e re1eased by 
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erowing amoebae, known as preLtarvation factor or PSF, apparently 

allows the cells to monitor their density and compare it to the 

concentrati on of the bacted al food !::upply (r.larke et al. 1987, 

]988) ~~en PSF reaches a relatively high level compared to the 

amount of bacteria present, the synt~esis of specific proteins is 

induced (Clarke et al. 1987). Since this situation has been 

observed ta occur approximate17 3 generations be::ore the food 

supply becomes limi ting for glowth (Clarke et al. 1987), this 

response may play a key role in preparing the cells for the switch 

[rom growth to deve1opment. 

While the precise natu.ce of :::his switeh is unknown, a number 

of experimcnts suggest that amino acid starvation is the specifie 

stimulus whieh initiates development (Marin 1976; Darmon and Klein 

]978). When amoebae are incubated in a simple buffer supplemented 

wi th L-amino aeids, development is inhibited In c0ntrast, cells 

ineubated in buffer alon(> , or in buffer eontaining other 

nutrients, develop normally. Thus, amino aeid starvation, perhaps 

coupled to the PSF response èesc~ib8d above, appears to be 

responsible for the transitlon from growth to development. 



1.2: The Deve10pment of D. discoideum 

When the food supp1y becomes dep1etc'd, 12 di<;coi(\011111 cp] Is 

enter a deve1opmenta1 phase \>1hich, over a period of 2/, hours. 

generates a mu1tice11u1ar fruiting body composed of l\>JO diq illc{ 

cell types. The first overt sign of deve1opmC'nt OCCUl'" about G 

hours after the onset of starvation \>1hen the amopb,w IH'gi Il {o 

aggregate to form mu1tice11ular mounds containing approxillldtC'l y 

100,000 cells. The appearance of a single tip on each lIlound. 

\>1hich oecurs after about 12 hours of deve1opment, s ig)lli fl p~, llH' 

beginning of morphagenesis. The tipped a!';gregalC'~, g1"ilC!Ud II y 

e10ngate ta form the so-ca11ed first finger or .standing &lug 

stage. The slugs ean slO\>Jly fall over and m1gratC' in H'spons(' lo 

certain environmenta1 cues such as heat .nd light. By this l im(' 

in development, preeursors of the t\>10 mature eell types knowl1 <1& 

prespore and prestalk cells can be deteeted by imInullologicd] <illtl 

biochemical means These precursors a1'e pre.sent in the slug in d 

very specifie pattern. Presta1k cel1s are ]oeali:.:ec! 111 {Il(' 

anterior 20% of the slug \>1hi1e prespare eells lIldke up {I](' 

posterior. This loealization lS not absolute; a .small proport iOIl 

of the cells in thp posterior of the .slug pO~)S("';S thl' 

charaeteristies of presta1k cells (Sternfe1d dnd DdVid ] 981. 1 <J82. 

Devine and Loomis 1985) dnd ,Ire therefore cdlled "all{('l·Îo!'·ln,(," 

In addition, a small group of pn~stalk eplb is loC,!tf>d dt thl' 

extreme posteriar of the slug These rear[',uard cclls ('V('IILlldlly 

torm the basal dise which supports the mature [l'uitillg body 

During slug migration, if an adequate food .supply i~ 
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encounterecl, the slug can dissociate into individual cells and 

asocial growtl. can resùme following a period of programmed 

dC'differentiation (Finney et al. 1979). In fact, this process of 

d~differentjation can occu~ at aIl but the latest stages of 

development. indicating that the developmental process is not 

Irr~versible until it is almost complete If the appropl iate 

environmental cues do not ':rigger dedifferentiation, culmination 

ensue& In this process, the SÎ'.lg rears onto its posterior end 

and backward migration of the prestalk cells through the prespore 

zone pulls the spore mass to the top Terminal differentiation of 

the two cell types occurs dllri'1g this stage. The entire 

d0velopmental cycle is completo in about 24 hours (for a review of 

this process, see Loomis J 9b2) . 

2.1: Aggregation 

The formation of illulticellular aggregates early in the 

development of Q. discoid:mm is the result of a chemoLlctic 

process. The attractant molecule has been identified as cAMP 

(Konijn et !!l. 1967). A cAMP receptor which mediates chemotaxis 

Is present on the surface of developing cells (Malchow and Gerisch 

1 C/74) . This receplor has been identifieo hy labelling int act 

cells with 8-N3-[32pjcAMP (Juliani and Klein 1981; T~eibert gt Al. 

1984) It has subsequently been purified (Klein et aL. 1987a) and 

,ml i - receptor antibodies have been prepared (Klein et al. 1987b). 

Tlw&e antibodies have been used to isolate cDNA clones which 

('lll'ode the receptor (Klein et al. 1988). 

AftC'r a few hours of starvation, sorne cells spontaneously 
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begin to emit pulses of cAMP (Gerisch dnd Wick 1975). 

pulses trave1 through the cell monolayer by diffusion 

cells detect t.he extracellu1ar cAMP through the ce11-surfacf' cAN!' 

receptor. Aftel' the bindirg of cAMP ta this l'eceptor, tlw ce Il ~ 

elongate and rnove up tbe cAMP gradie:lt They cPlltinuE' tn 1I10\'(> 

unti1 the peak of the cAMP wave has passed. Biochemical nnnly~ih 

has demonstrated that both gUdnylate cyclase (Mato et al. 197/; 

Wurster: et El. 1977; Mato and :1alchow 1978) and adeny1ate cyclasp 

(KOOS and Gerisch 1976; Klein et al 1977) are transiC'lltly 

activated within the cell a[tel' cAMP binds ta the cell- surf acp 

receptor. 

The activation of adeny1ate .:yclase leads to an incl'ens(' ill 

the intracel1u1ar concentration of cAMP, which is then SPc!"f'tpd 

This response is amplified by the binding of the secl'eted cAMP tü 

the cell-surface receptor, generating a positive feedback Inor 

between the receptor and adeny1ate cyclase. Becau~p tlt(· 

activation of adenylate cyclase ls transient, intracellular cA~lI} 

levels peak in 2 to 3 minutf·s and then decline (Janssen!:> and V,lIl 

Haastert 1987). The activi:'{ Lf e.:'"!"dcelh:lal' and membrarw-bound 

cAMP-phosphodiesterases then -educes the concentra t ion 0 t 

extracel1ular cAMP (Malchow ~ ;'11. 1972; Pannbacker dnd BraVdl'd 

1972) . This signal relay proL.ess leads to the amplificdtioll dnd 

propagation of the origir.a'. cAMP dgnal throughout the cpll 

population. 

The transient activatio~ cf g~anylate cyclase appears tü play 

an important ro le in chemoté:x i.s A mutant has been isolaled which 
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p .. :h i bi t s very long periods 01. chemotactic movement during 

élggref,éltion (Ross and Newell 19R1). Ana1ysis of this mutant has 

l-evedlpd that this phenotype is due to pro1onged interva1s of 

hi gh intracellular cGMP concentration caused by a great reduction 

in the level of intracellular cGMP-phosphodiesterase (Van Haastert 

et ~. 1982). Other factors that may play an important role in 

the chemotactic response incl'J.de actin po1ymerization (McRobbie 

anù Newell 1984) and myosin phosphory1ation (Berlot et al 1985). 

The transient nature of the activation of the adeny1ate and 

guanylate cycldses is the resu1t oF an adaptation process 

(Devreotes and Steck 1979; Van Haastert and Van der Heijden 1985). 

The cells respond only to increases in the fractional occupancy of 

the cell-surface cAMP receptors whi1e the degree of receptor 

occupancy contI-ols the magnj tude of the response. The cellular 

response declines rapiù1y -,.;rnen receptor occupancy remains 

constant. When the cAMP stimulus j s removed, deadaptation occurs 

which ('nuses the receptors to regain their cAMP responsiveness. 

The precise molecular basis of the adaptation process remains 

unknown Comparison of the 1<:inetics of excitation, adaptation, 

é1T1d deadaptation for the adeny1atf' and guanylate cyclases suggests 

that sf'parate adaptation processes are invo1ved for the two 

enzymes (Snnar-Jaga1ska et al. 1988b). In the case of adeny1ate 

cyclnse. cAMp· induced phosphorylation of cel1-surface 

receptors has been imp1icated in the adnptation process (Vaughan 

nncl Devreotes 1989) a1though other factors appear to be involved 

d~ well (Snddr-,Tagalska and Van Hnastert 1990). Intriguing1y, the 
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Dictyostelium homolog of thE:! ra~ oncoget1c appears to play a roll' 

in the adaptation of guanylate cyclase (\'an Haas tert tl al. 1 <)87) 

Thus, abgregation is the result of two separate process0s 

coordinated by CP Il-surface cAMP rc.>cE:ptors The fi rst of L1WSl', 

signal relay, involves the transiC'nt activation of adenylatC' 

cyclase and serves to propagate the cAMP signal throughout t 110 

cell population. Then, the ch:!mot&ctic re!:>ponse assoc iated wi th 

guanylate cyclase activa.:ion ,:.?uses the cells to move toward thp 

aggregation cent ers from 'whier. ~he cAMP pulses ol'iginate As the 

cells move closer together, they elon~ate and become attélched end· 

to-end, forming streams. hrter "pp 'oxiillately 30 to 50 waves of 

cAMP, mounds containing about 100,000 cells have formed. 

Analysis of the kineti:s Gf bincling of cAMP to the cell hdS 

demonstrated the existence ot t\JO classes of cAMP recf'ptors (Van 

Haastert and De Wit 1984). Tht'se ':'110 classes diff{'r in the l'att' 

of cAMP dissociation. The fast-d5.csr,:iating receptol's an' mon-

abundant and appE'i1l' to be ccup13d to aàenylate cyclasp and tlU' 

signa] l'elay pathway while the slow-dissociating receptol's .Ire' 

linked to guanylate cyclas8 and :::be chemotaxis pathway (Vall 

Haastert 1985). It is not yet know:1 i: these two populations of 

receptors are encoded by -Jiftelent t;enes or if they repl'ef,Pllt 

different kinetic forms of the same molecule. 

Several cDNA clones en,:odin8 a cell surface cAMP l'('c('ptor 

which 1s expressed dur1ng aggregation have recently 1>een i sol a tf'd 

(Klein et al. 198H). Analys:s of :'ts dedllced primary !:>trllcture 

suggests that it 1s an integral mernbrene protein contrtininf~ 7 
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mpmbrane-spanning domains. Un~urprisingly, elimination of the 

rpcpptor by aIl' i sense RNA mutagenesis completely blocks 

dg~rpEation and subsequent deve10pment (Klein et al. 1988; Sun et 

Dl. 1990) It has recent1y teen reported that Dictyoste1ium 

contains a fmnlly of genes which are c1ose1y re1ated to these 

n'ceptor cDNAs and that th€se genes are differentially regu1ated 

dudng deve10pmE'nt (cited in Devreotes 1989). Thus, different 

cC'llular responses to extracel1ular cAMP such as the transient 

activation of adeny1ate and guanylate cjclases may be mediated by 

rE'ceptor subc1asses encoded by differe~t genes 

The signal transduction p.:ttln:2)"3 which couple the ce11-

<,urface cAMP receptors to the signal relay and chemotactic 

l'psponses have been inteT!s!.ve::'y investigated. Biochemical 

,1Il,ilYS1S has demonstrated that gUé1nine nuc1eotides reduce the 

affinity of the cell-surfnce receptors for cAMP and that GTP 

st imulatf's both guany1ate anJ :.de .. y1ate cyc1ase activities in 

isol a ted membranes (Van Haastert 1924; Thiebert and Devreotes 

IlJ86; Van Haastert et al. 198!') . Finally, cAMP stimulates GTPase 

.let ivity in membrane prer'aratiom: (Sm;ar-Jagalska et al. 1988a). 

These data strongly suggest tllat the cell-surface cAMP receptors 

1 nU-ract wi th G proteins. Tl,:s cJ ass Jf proteins, which bind GTP, 

.11'(> heterotrimpric and possess an int~ins5.c GTPase élctivity They 

have becn found to he associated with many eukaryotic 

transmembrane receptors (reviewed in Gilman 1989), Binding of the 

11gdnd to the receptor lead~ to ~he exchange of bound GDP for GTP 

hy thE' Go suhunit, which causes che telease of the Gf3-G-y subunits 
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from the complex. The activated subunits arE.' then able to triggpr 

various intracE.'llular respo~ses. Meanwhlle, tilt' CTPase activity 

of the Ga subunit hydrclyses the bat'nd crp, which allows tlw C; 

protein complcx to reassociatl', thereby terminating the rebpon~~ 

Genetie e: ... perjments also support tl'e hypothl'sis that tilt' 

cell-surface cAMP receptors in Di.ctyostelium a 1'(> coupled to G 

proteins. These experiments have involved the analYhis of mutanth 

that are deficient in either signal relay or chemotaxis Tlw 

Frigid A mutants (Coukell ~t al. H83) cannat ag8regate due to 

their inability to produce c. chemotactic response to cAMP. 

Although these mutants contair. cell-sucfar.e cAMP receptors which 

appl'ar ta be normal (Ke!:beke f.L al. 1988). extracellu1ar cAMI' 

cannot activate either of the ac.er.y13te or guanylate cyclasps III 

vivo. In vitro, a GTP-stim .. ldttod ade:1yL,te cyclahe activity Cdll 

be detectl'd In addition, guanine nucleotidps have no ('[fect 011 

the affinity of the receptor for cAMP in thl'se mutants, and cAM!' 

has no l'ffect on GTPase and GTP birlding activity in membrdtH"-. 

isolated from Frigid A mutants (KesJ<.>ke et al 1988) 

results demonstrate that a defpctive G protein dppearh t () tH' 

present in Frigid A mutants a ne! that this G protein ih involvpd III 

the chemotactic response. 

Another class of aggre~a!_iOll-deficient mutants has .1150 r)('('11 

analyzed. In these ~ mutants, the signal rPlay syht('m j<, 

completely inactive. Extracellu' ar cA.'1P cannat act ivate adpllyl a t ( 

cyclase. However, this developmental dcfect can be OVf>t'COIIIC' il 

cAMP pulses are supplied either by wildtype cel 1s or by ail 
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(>'01',1'11011" ',()1Ir<f' of CI'\:IP (Thiebc'rt and Oevreotf'S 1986), The 

('J)('lJIot d:-, i " pdt In,my l', intacl, and thf'l"(' do not apppar lo be any 

i II t 1](, cv 1] - <,uri ac(' cAHP rcceptors or the adeny1ate 

A more detai1C'd ana1ysis ot one mutant, 

CYC].I',(' dctlvilv l!.! '1Ïtro This defC'ct con be comp1cmented by a 

pnlt (> i Il P"('''Pllt il1 wi 1dtype ce1ls (ThieJ)('rt and Devreotes 1986) 

'JJll'l'don', tlIt' "lf~lIdl relay p.1th\"ay triggered by thE' Jnncling of 

l'AHl' t 0 t II( cC' II -~,lId .lep ré'cf'pton, requlres at le as t one extra 

f.!ctOI ill dddltlOtl to tilt' lf'Cvptors, the adenvlaLf' cyclase enzyme' 

dlHI t 1Il' plot ('in 1IIvo1 \,('d in thf' chemoLlctic response 

DI n'cl l'vicll'tlc(' proving that G proteins are present in Q. 

cll ',('n i d,'llm h.1" hf'f'tl provided by the isolatiotl of cD;;A clones 

wh 1 ch ('lll'odC' (;0' ilnd l,rJ subuni ts T\"o separate Ga: suhunits, Gal 

1'hes(' molecules 

<,hm" hir,ll hOlIIologv ln IIIdlllllldlldll Ga: subl.lt1lts. In additIon, a cDNA 

l' 1 01 Il' ('llcOllltlg bubun i t. has aIso been atld 

dl'1lI01l',t l'<ltl''' "imiLI!" high hotllology to G{3 subullits iso1ated from 

II1dllllll,l! s (Pup i 110 tl!..!.l 1988) 

,\ Cll'dl' llnl~ })(>t\,,('(>n tlw cell-surface c;\,"lP recf'ptors and one 

01 tlll' c!oll,'d l;o: <'lIhunlts hdb l'C'cPl1tly hepn demotlstrated, A11 4 

II1l'lI1h,'I', of tlll' Fl'ip,id A cOlllpl('lIlclltation group hav .. _hl~el1 sllùwn to 

P0!>"l'<'<, l'l'llL1Cl,d CCt) IIIRI\A ill1d pl'otein 1evels comparE'd to wildtype 

, 
str.lll1~ tKulll,lg,li f.!!.!l. 1989) NOl'eover, the mutant wi th the 

~t !'Olll',l'!>t plH'l1ot\'pP pOSSf'bSl'S a dp1ction which l'emoves most of the 

III .lddition, il h,l" l'ccpnt1y heen repllrted that binding 
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of cAMP to the cell S lrface receptors induces the phosphorylat ion 

of Go2 (Gunderson and Devreotes 1990). Taken together, tllf' 

biochemical, molecular and gerwtic data clearly indicate that tlw 

Ga2 polypeptide is associated with the cell-c;urface cAMP rc>ceptol"S 

and that this molecule plays il direc t rcle in transduc ing the 

extracellular cAMP signal to the chemotactic pathw.:lY. 

The precise funct.ion of ~he Gol suhunit is not known 

Overexpression of this polypeptide causes severe growth and 

developmental defects (Kumeg;'Ii et al. 1989). Vegetative cells 

which express large amounts of Gal are larg~r than contro 1 ce Ils 

and contain many nuclei. When ~tarvéd, most of the cells cannot 

aggregate and those that do fonr. ahnormal frui ti:lg bodips. 

Interestingly, when the c~lls are grown in shaking culture, thpy 

are indistinguishable from wildtype cel1s. Therefore, Gol appears 

to perform functions in both growth and development. 

In higher eukaryotes, membrane r~ceptors which trrmsduce ail 

extracellular signal with lhE ald of G proteins often employ il 

phosphatidyl inositol signalling pathway (reviewed in Berridgp 

1989). In this pathway, receptor- indlll'cd activation of the (; 

protein stimulates phospholipa.;e C, which leads to the hydrolysls 

of phosphatidyl inositol bisphosphate to yield inosi toI 

trisphosphate (IP3) plus diacylglycerol (DAG). IP3 triggers the 

release of calcium ions into the cytoplasm from intracelluLlr 

stores while DAG activates protein kinase C (PKe) 

Phosphorylation of specifie targeL proteins by PKC and thp 

activation of various Ca1+-dependent events then produces a 
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specific cellular response. 

Thpre is a large body of evid8f'Ce which suggests that a 

similar phosphatidyl inositol pathwej operates in the chemotactic 

rPbponse to extracellular cAMi' (reviewed in Newe11 et a1.1988). 

First, an inosito1 cycls allnost identicéi1 to that present in 

marnmal ian cvlls has been detected in Di ctyostelium (Van Lookeren 

Campagne et al. 1988; V8.'1 rlaclstei't ~t. 31. 1989). Second, 

Lreiltment of permeabilized <-e'.~ 1!. \lich IP3 triggers calcium release 

(Europe-Finner and New01l -,-986~) Third, many of the cellular 

responsps involved in e:l.F.:r.lo:'é'xis sLch as thl' activation of 

/juanylate cyclase and aetln polymerlZation can be induced by 

treati ng pel"meabilized cells id t.- IP3 or calcium (Europe-Finner 

and Newell 1985, 1986a; 5mblJ et al 1.986). Fourth, stimulating 

ce 11s wi th extracellular cAHP le"ds ":0 th/'! rapid formé!tion of IP3 

(Europe-Finner and NeTvell 1987él; Van Haastert et al. 1989). 

Fjfth, treatment of p8~meabi1~~ed cells with GTP or 

nonhydrol, dble GTP anelogues als0 stimulates IP3 formation 

(Europe-Finner and Newell lq87b; Va'1 ~aastert et al. 1989). 

FinalJ.y, two PKC-like enzyme ae:·i.vities have recently been 

detC'cted in Dictyostelium (LudlJîU~ ~.f al. 1989; Jiminez et al. 

1989). ExperimC'nts with a speciiic qctivator of PKC, phorbol 12-

myristdte l3-acetaLe, suggeGt thc3t the> activation of this enzyme 

clOl~b in fact play an impol tant role in the chemotactic pathway 

(Thiery et al. 1988) 

Thus, aggregation is the cesult of two separa te pathways 

\\'hich dl"e both activated by the binding of extracellular cAMP to 



the cell-surface receptors. 

li, 

ComparAtively little is known ahout 

the signal relay pathway which amplifies and propagates tlw 

original cANP stimulus throughout the cell population Tho 

chemotactic pathway, however, has been analyzed in dotail. Tl1C' 

binding of cAMP tù the ~mrfece receptors appears to trir,gC'r 

chemotaxis through the action of a G protein-linked signa 1 

transduction pathway which involves phosphatidyl inositol. The 

analysis of this pathway Illdy learl to a better understanding of 

similar transmembrane signall:"ng -pathways in higher eukaryotC's 

1.2.2: Post-Aggregative Development 

The early stages of deve!.0fment lead to the formation of a 

multice11ular aggregate. The rema~ndeY of the deve10pmental 

cycle involves both morphoger.esis and cellular differentiation to 

produce the mature frui ting bod~'. 

Short1y after aggregat~ on, il tip forms on each multic€'llular 

mound. This tip p1ays an importa.1': regu1atory role in pos t -

aggregative development, preSlllll3.o1.y (~ue ta Its ability to generate 

oscil1atory cAMP signals (r.avie\vecl in Schaap 1986). Under it!> 

influence, the mound slow1y e'or,gates to form the standing slug, 

which can then fall over and J11igrate in response to speCifie 

environmenta1 eues. 

At this time, prest::lk éi.1d presDore cells can be detected 

These two classes of ce11':> can be separated by centrifugatioll 

through percoll gradients ('.Laar 6 :me' ,o)rddbury 1981; Ratner and 

Borth 1983), a110wing biocher.1ical and molecular analys is. As 
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debcribed in section 1.2, the prest31k cells are located in the 

;mterior 20% of the slug '"hile th. prespore cells make up the 

Analysis of those precursoi" cells by two dimensional SDS 

polyacrylamide gel electropho1~sis has demonstrated that prespor~ 

c0lls express a number of polypeptides that are not present at 

other stages of develop:nen:. (R:ltne~ and Bo':'th 1983; Morrisey et 

al 1984). Several of thest:! rolyp3pi:~.èes are also expressed i.n 

mature spore cells. In con::ra.:; t, the maj ority of polypeptides 

specifie to stall< cell diffe". ;:Lltiatio!". do not appear until later 

in development. 

The ability to obcain n!]al..!.Ye~y pure populations of 

prespore and prestalk cens \U11" 1ed :0 the isolation of cDNA 

clones which are complement'l'-;T t0 m.~NAs expressed preferentially 

in one or the other cell type (t1ehdy et 21. 1983; Barklis and 

Lodish 1983; Ozaki et al. 19é~8) While i t has been relatively 

E'dSy ta obtain pn'spore-speciflc cDNAs, many of the original 

prestalk cDNAs have been found to be only marginally specific to 

that cell type. Rec"ntly, however. two clones designated pDd56 

and pDd63 have been obtained which appear ta be expressed only in 

pr0stalk cells (Jermyn e~?J 198n. 3ased on a comparison of the 

('xpr0sslon of these cDNAs with sorne of the earlier prestalk 

clones, it has been suggested that there are two classes of 

prestalk-specific mRNAs. The first class, which appears ta be 

the most abundant, consists (,[ sequences which are initially 

expressed in aIL cplls during aggregbtion and then are selectively 
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lost from prespore cells. The second c..lass, typified by pDd56 dnd 

pDd63, are expressed only in presta1k cells (Jermyn et al. 1981) 

The protein products of pDd56 and pDG63 have recently bePIl 

identified and consist of polypeptl.des which form part of tilt' 

extracellular sheath which surrcunds each slug (McRobbie et .dl. 

1988a,b) . 

The mechanism which specifies cel1 identity is unknown. It 

has been suggested that cei.l fate is dt·termbed by its stage in 

the ceU cyde when development: i" initiated (Weijer et.ûl. 1984b; 

Gomer and Firtel 1987). Alternatively, differences in the 

metabo1ic state of ce11s at the time of starvation may speciiy 

cell fate. It has been propoE:ed that cells with low energy 

reserves may become presta1k cel15 (Wang et al. 1988a). Another 

mode1 suggests that differences in intrace1lular pH determine ce 11 

fate (Gross et al. 1983). fin&lly, gradients of specifie 

morphogens have been invokec: to explain bath cell fate and thc' 

specifie prestalkjprespore p3tte:n ~Jreser,t in the slug (I"eviewed 

in Williams 1988; Williams et al. 1989b). 

The isolation of cDNAs (.lnd thei~ correspondi;1g genes) wh i ch 

are expressed specifically in e Lther presclore or prest,l1k ce lb 

has allowed a detailed am.lysj s cf diffe:::-cntiation and pattern 

formation to be performed. The anato:ny of the prestalk zone in 

the slug has been analyzed by us l:lg tae pl'omoters of the pres ta lk­

specifie genes pDd56 and pD I163 to fp'3<":Lfically tag cP1ls in which 

these genes are expres~.(:;:è (J emyn et al. 1989). This was 

accomplished by fUEoing tL,"s"! F,::,or-.:>ter.s to reporter genes and thf>l1 
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introducing the resulting constn:.cts 5eparately in Q. discoideum 

cel1s by DNA-mediated transfor~acion 

Care[ul analysis of the t\lO groups of transformants has 

revealed the eXistence of at lea8t 3 classes of prestalk cells in 

the slug (Jermyn et al. 1989). The first class, designated 

presta1k A (PstA), Is restrieted primsrily ta the front 10% of the 

c;lug 

cel1 s 

These cells express the pDd63 reporter gene. A few of the 

in the prespore region '1lso expre ss this marker. 

Presumab1y, these consist o~ the anterior-like cells described in 

sec tion 1.2. A second class Jf prestük cells express the pDd56 

reporter gene. These presta1k B (Pr,tB) cells are located in the 

central core which oecupies the antf'rior 10-20% of the length of 

the slug. l t does not usucüly exte.:d ta the extreme tip. In 

addition, the anterior-like cells of the prRspore zone also appear 

to express this marker. Finally, a third class of cells 

designated prestalk 0 (PstO) is found in the region between the 

anterior 10% of the slug anG the beginning of the prespore zone. 

These cells do not express either of the reporter genes. The 

rearguard cells at the extreme posterior of the slug also appear 

to belong to this cla8s. 

Thus, at least three distinct classes of prestalk cells can 

be detected (Jermyn et al. 1989). Pst"'" cells express the pDd63 

gene and are found in the anterior 10% of the slug. PstB ceUs 

are localized to a central core nf the prestalk zone and express 

the pDd56 gene. Due to tec~luical u.i.[ficulties, i t is not clear 

whethet" these cells also exp;."'ess the pDd63 gene. Finally, the 
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posterior half of the prestalK zone Lontains PstO cells which do 

not express either gene. '.!'hèS~ results demonstrate that tlH' 

prestaik zone of Q. discoideum is considerably more complex than 

originally believed. As more truly prestalk-specific genes are> 

isolated, it is possible t~at addition~l classes of prestalk c~lls 

will be identified. 

A similar approach has been tbken to trace the origins of 

prespore, PstA and PstB cells du~ing slug formation and to 

examine the mechanisms invoived L'" estaolishing the prestal k­

pres pore pattern during development (Williams et al. 1989a). 

Transformants carrying a ?respore-~p8c:fic reporter gene were 

analyzed in conjunction with those posses~ing the pDd56 and pDd63 

marker constructs describ2d a'Jo\'" to detecm5ne when the different 

cell types can ürst be :leter..:ed. J" addition, the localization 

of these celis within tow aggregate at various stages of 

development was examined. ~he results obtained from these 

experiments indicate that b0~h presta:k and prespore cells appear 

in the aggregate several hO\.,rs befor€ the tif' is formed. Prespore 

cells occupy most of the dggrcgate !Jut are absent from a thj n 

layer at the base as 'oJel I as from ~he t1p. Both Ps tA and Ps tS 

cells appear to originate a: th~ base J~ ~he aggregate. The PstA 

cells then rapidly migra~e to the t1p, " .... hile a second population 

of PstB cells different::!.ate.:; in (he ccntl:al core of the anterior 

of the standing slug. Thus, both cel! r;orting and positionally 

localized d i [f e r e n t i a tiC!l to Dictyostelium 

morphogenesis. 
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Afrer the establishment of the prestalk/prespore pattern, the 

mnture frui ting body is produced by terminal differentiation and 

morphogpnesis as described in section 1.2. By studying the 

pr' cesses which occur during the post-aggregaUve deve10pment of 

Q discoideum, it may be possible to 1earn more about the 

mcchanisms involvcd in cellu1dr differentiation and pattern 

formation in more comp1ex oLganisms. 
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l.3: Factors Which Affect: the Dovelopment of D. discoideulll 

A number of small diffusible r.lOleculcs have b('('n showtl to 

play important roles in regu ,atllig the df>velopment of 12. 

discoideum. These ir.clude cAMP, ac!f>nosine, ammoni a , atld 

differentiation inducing factor 'D:F) . Other potentidl1y 

important regulatory substan:!E:-3 l-a'le é'l.3o been dC'tected but hilve 

yet to be characterized (K.:.j 19~L; MchJy and Firtel 1985, 

Wilkinson et al. 1985; Kumag3: an3 Okamoco 1986). 

In addition to 1.':s L"0~è as a cbemoattractiint durinr., 

aggregation, cAMP promo ':70::: d-tfferentiation and a150 

regulates much of the g'!:o expres 3Lm which occurs during 

deve1opment. The regulé:lory effJcts :·f cAM? on spore cells have 

been shown by a number of ... .<'pe:::,·illE"lt.:·. \.nen in tac t sI ugs il rc~ 

allowed ta migrate on agar cJnta~ning ImM cAMP, the proportion of 

prespore cells increase.:; by :'~ (Scnaap and Wang 1986). In 

addition, whell gradient-pt.r .f:.i.ed prespo:~ ('e11s are agitated in a 

simple salt solution, they JCS<;l plespore mark2L"s. Th:" e[fC'ct can 

be eliminated by the add·,!:i. r' of cAMP while cMIP-

phosphodiesterase or caffeine (which ::epres5es adenylatf> cyclast' 

activity) acceler<ltes it (liTeijer é'tlS DU>"'ston 1985) Simi1arly, 

the proportion of prespore cel1s in intact .:;lugs can bf> reduced by 

immersing them in a buffè: cont&inL'lg cAl1P-phosphodie5terasE'; this 

effect is blocked by the addition of cAMP (Wang f>t al. 1988b) 

Finally, so-called sporogen.JL·s ml't:-.Ilt,,; have been iso1<1t(>(1 

lndividual amoebae of chése mt.tan::~ will di fferpntiate ta form 

spore cells with high effic5 ency in che presence of cAMP (Town (·t 
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ill 1976; Kay 1982) Taken together, these results demonstrate 

t hat extrilcc 1] ubr cAMP stimulates spore cell differentiation. 

1 nlrilCf·llu] dr cANP also appears to be important [or the 

diffprC'llliiltion of spore cells The ab i 1 i ty of the sporogenous 

lIlulants lo diffprcntiatc into spore cells can be blocked by 

trC'iltlllenls which inhibit intracellular cAMP accumulation (Riley 

and BarclilY 1986). In addition, treatment of isolated wildtype 

cdls with the membrane-permeable cANP analogue 8-Bromo-cANP 

induces spore cell differentiation at a high frequency (Kay 1989) 

Finally, drug treatments or mutations that reduce intracellular 

cAMP l('\7e1& inhibit spore differentiation while conditions that 

illcrease lntracellular cAMP concentration promote it (Riley et al. 

1989) . 

At lN!st part of the regulatory effects of cAMP on spore cell 

dit ferenliation can presumably be explained by its effects on 

dpve 1 Opl1lPllta 1 gE'l1e activity. Prior to aggrega tion, genes 

regula ted by cAMP can be divided into a number of classes 

(reviewed in Firtel et al. 1989). The so-called pulse-induced 

g(>llC's <1r(> not expressed in growing ce Ils but become active after 

)-3 hOU1·S of starvation. They are maximally expressed in 

The C'xpression of these genes is stimulated by 

Il.l1101ll01dr pu1sc>s of cANP and repressed by constant amounts of 

cANI' ln contt·ast. the pulse- repressed genes are repressed by 

pulses, but not hy constant levels, of cAl1P. The '2xpression of 

.Inotl1('1" clas.s of genes which are active only during early 

dl'Vl' 1 op1110nt i oS n'prpsspcl by cAHP. These genes require a cons tant 
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cAMP stimulus for repression (Singleton rt.!..Ll 1(88) FIIl.!II\'. 

the genes cncoding cANP phosphodiesterac,(' nnt! .ln inhillÎtol' (lf thi~. 

enzyme are bath regulatecl by cANP, 

is induced by bath pulses and continuous 1('\,('1" (lf l'ANI' \vhll,· thl' 

inhibitor shows the opposite rcgulation 

Post-aggregative gene expression is also kllO\vn t () hp 

regulated by cANP, When slugs are disaggregalrd and thf' é('II c, 

then shaken rapidly in suspension, the trmlscription l'<lt(· 01 tndllV 

genes is reduced, as is the stability of the con'espondini~ IJJRNi\<. 

Nost of these genes are expressed prC'ferential1y in pl'[><,p01'(' 

ceUs, The addition of cANP to the Cf'lls prcvC'llts hotll t!t(><,(, 

effects (Chung et al, 1981; Nangiarotti et ;:11 

Landfear et al. 1982; Barklis and Lodish 1983, Nphdy f't.!..Ll 1<)83) 

A number of experiments have dcmonstratecl thnt ,d1I1ost ,dl (Jf 

the effects of cANP on gene expression are mediatcd thl'ough LI\(' 

ceU-surface cANP receptors involved in aggregation 

using cANP analogues demonstrate that the abillly or ~,ut'h 

analogues to regulate gene expres!:>ion closely p.lral1t' 1 <, t Ill' il 

affinity for the ceU-surface cANP receptors (lidribabu <111<1 Dot l i Il 

1986; Oyama and Blumberg 1986a; Gomer et LÙ. 1986), 

mutants which lack this receptor clemonc;trdtC' abetTdnl ('xpn''-,!' i 011 

of at least some of these genes (Sun et al 1990) ln addltiotl, 

analysis of aggregation mutants has shm'JI1 that the> p:.pn·c,c,ioll of 

some of these genes is essentially normal in ~ <,tr,dn" but 

blocked in FrigidA strains (Nann et al 1988) Furl!tf'nnon', l!te 

expression of most of these genes is normal ulldf'r cOlldiLi 011<., ~/llÎ ch 
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illhibit the accumulation of intraLellular t:AMP (Oyama and Blumberg 

lCJHna; Gornpr et ll. 1986) Final1y, the expression of at least 

SOIOP of these genes can be iodut.ed by treating permeabillzed cells 

wi th IP3 and DAG ana1ogue~ (Ginsberg and Kimmel 1989). Taken 

togpthcr, these data • 1 lmp,y that only extracellular cAMP is 

involved in regu1ating the e::pression of most of these genes and 

that this regu1ation i s n ediated by the ce11- surface cAMP 

receptors and the ch('mota:u" path\.T3Y d'èscL"ibed in section 1.2.1. 

There is one exception \:0 the above data. One of the pulse-

,'epressed ge!1es, M4-1, requîtes the activation of adenylate 

cydase and the resultins lnCrC[,se irL intracellular cAMP 1eve1s 

for repression (Kirnrnel alid Car lÎs;'c 'd8/): Kimmel 1987). Thus, 

intrace11ular cAMP appeai's to rf_guL3t~ at least one gene during 

d('ve lopment. 

The precise mechanis~.1 t) ';,lh:ch cA)lP regu1ates gene expression 

i s unknown. However, the analy,is of a :l.l:!1ber of cAMP-responsive 

promoters has foulld that dlscr.:!tc cis acti..ng <,eqUE'l1CeS appear to 

b(' invo1ved (Pears and '..Jillia:llS 1987; Datt9 and Firte1 19R7, 1988; 

Pavlovic et al. 1989' May §1 al. 1989; Haherstroh and Firte1 

1990). A deve1opmenta11y ;:·egu1at&:'-:.i and cAMP-inducible trans' 

acting factor which specifica::'ly bir.ds to ".it least sorne of these 

spquences has recently bocn identified and ~artially characterized 

(Hjorth et al. 1989,1990) 

Adenosine has a1so been fouoj to regulate the development of 

Q. discoidpum. This molE:cl.ll(~ :s gencrated as a consequence of 

t'AHP degr,.dation. It appears tu functj')1l as an antagonist of 
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The addition of adeno::.ine ta cel'_s ~arly in dC'velopl1wnt 

reduces the number of aggregation center" (Newell and Ross 1987<1) 

During later development, adellOs i ne inhibits many cANP-mC'dLIt ed 

responses such as signal rel~y, the cGMP response, dnd chC'motd,i~ 

by blocking the binding of cAMP to tr.e cell-surface cAMP receptol-" 

(Van Haastert 1983: Thiebert a:ld Devreotes 1981l, Van LookprE>1l 

Campagne et al. 1986) . :urthermore, adenoc;i ne inhibi ts the 

stabilization of prespore markt:!rs by cAMP in gradient-purifif'd 

prespore cells (Weijer and Uursto-I 198') or in intact 51ug~ 

treated wi th cAMP phosphed LèS terast> (Wang et al. 19H8h) 

Conversely, the reduction c;: adeno . ..;in~ levels in intact slugs hy 

treatment with adenosine dear,linase leads to the appearance of 

prespore cells in the pr'2stan· ZOLa (Schaap and Wang 1986). 

Finally, adenosine inhibits tho accumulatlOn of prespore-specific 

mRNAs and stimulates that 0: prc~talk-5pecific mRNAs (Spek et al. 

1988). Thus, in general, cAMP and adenosi'le appear to be mutually 

antagonis tic. 

During development, hlge ;;.moun::'s of protein are degrnclpd 

which leads to the formaticln o[ a substantial quantity oi 

ammonia. This molecule bh5.bits st'alk cell differentiation. 

Enzymatic depletion of arn~ODld induces sla1k ce1l differentiatiop 

in intac t slugs (Wang and Schaap 1989). In addi tion, a mut<lnl 

that is hypersens i ti ve to arn;"o~: j a po .• gesses a reduced preb ta l k 

zone (Newell and Ross 1 q82b) .\mmonia a) so appears to promot(· 

spore differentlation In 'jubrn:rged cultures, it is required [or 

spore cell formation (Sternfeld and David 1979). A1so , in shaking 
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cu] Cures wtlPrr> cAMP rel<:y is .:>10ck(:d, ammcnia is necessary for 

optima] exprpsc;ion of prC'spole r;enes (Oyé1llE. and Blumberg 1986b). 

Fi w111y, when sporogenoi1s .;:ut3'1lS ::ire incubated in submerged 

culture at high cell densit)', both stalk and spore cells form. 

The proport j on of cells wniel'> diffe :'entiate into spores can be 

lIlcreaspd by ammoniwn salts (G:oss QJ. al U83). 

One other molecule wt'i.:l. a~r03C,:S tha development of Q. 

dic,coidpum has been c:1aractcl i.zed. Differentiation Inducing 

F.1ctor. or DIF, wns detect.:>d by its -:ibiHty to induce isolated 

cells incubated at low Jen:>: t·{ t~; to :-r •. scalk cells (Town et al. 

1976) When analyzed by ;-!~L:;, i :!.Ile ;eal<s of DIF activity can be 

dC'tected (Kay ,'t al J.983: 'i'h~ r:njority OF the activity is 

~he m0lecule responsible for this prebent in one of the pe8ks. 

peak, DIF1, has been pl1'~ifiel.Ï a·d ~.'_ structure has been 

dpt('rmined (Morris et dl. 1Y37). At _sas': two of the other peaks 

consist of re1ated mo~ect.1(·~ :>...: ,.m~~r,,)"rn fU1ction (Morris et al. 

1988). They have been nar:Jc(l L·:r? anri-JiF3. 

SeVE-raI lines of evid(l.-::e st:ggest t!~at DIF plays a crucial 

raIe in stalk cell ~if~crfnt:~c_u~ First, when slugs or 

aggregates are placed on 33:1': c~ntd"'1i..:lg DI:.', the prestalk zone 

bf'comes enlarged (Kay et ;:1,.. JI'J83). Scco.ld, its accumulation is 

dC'velopmental1y regulated. A s.'!lall. amount of DIF is produced 

parly in development but t:len it, .:..~"E.l rises substantially 

bE'tween the 100se moun..:! and tlpp.:!d élbgret',&te stages (8rookman et 

~. 1982). Third, mutants have bee'l isoleted which produce on1y 

very small amounts of DTF (KoÇé:d~'~k l~t al. 1983). These mutants, 
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unlike wildtype strains, will not [orm S~dlk cells when incubntcd 

at high density in the presence of cAMP but will do 50 wl\C'n 

purified DIF is added. In Addition. they cannot compl~Lc 

development. They become arrèsted at the loose mound stnf.,e 

Moreover, they express p~espore but not prestalk markers. Fourth, 

when prespore cells isolated ù:om s1ugs al"e treated with DIF, they 

redifferentiate into stalk cells (Kay and Jermyn 1983). Finally, 

DIF represses the transcription of a prespore gene (Early and 

Williams 1988) and induces the transcription of the prestalk genes 

pDd56 and pDd63 (Williams et al. 1987) These resul ts suggest 

that DIF plays an essential lole in stalk cell differentiation 

The induction of stalk cell different:ation by DIF appears to 

be a two-stage process (Sobelewski g.,t al. 1983). In the first 

step, cAMP is requi red ta !:ri~1g the ce Ils ::0 a DIF-responsive 

state. In the second step, 'ilhich af-.:>pars to be inhibited by cANP 

(Berks and Kay 1988), DIF jnduces prestalk and stalk celi 

differentiation. These rel3_~l ts suggest 1:hat cAMP is a gE'neral 

inducer of development si!H;e it i.3 req:.til'ed for both spore and 

stalk cell differentiation, ~lile DI~ spcrifically promotes stalk 

cell formation. 

Thus, four differe:--t l':ole:-ul~s which appear ta regul ate 

differentiation have been characterized in Q. discoideum. AmadeI 

explaining bath cellular differentiation and pattern formation in 

this organism has recently b~en d~scribcd (Williams 1988; Williams 

et al. 1989b). This medel $uggE.,sts that .';lorphogenetic gradients 

of these 4 re5ulatory mole~ul~s control development. 
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In addition to it~ ro e as a -:l1erllOattractant, during the 

[ormalion of the aggret,at.':! t.A.MlJ \I,'U i. abo presumably act to 

promo te ce1l differentiatio~. Ac~ordlïg to data descrihed 

prcvioltsly, this wlll ] eaci ta t~e forrr.ation of prespore ceUs 

unle&9 DIF is present. Since DIF does not accumulate to 

appreciable levels until ~ft~~ 100se moucd~ have formed (Brookman 

etaI 1982.), i t is likely tha".: mos c cel] s in early development 

will initially be direc:"(!d 'l-:nTn .:l sil1gle diff ~rentiation pathway. 

1I0wever, by the time tight <.:ggregaies have formed, DIF will be 

present and should therefore prestalk cell 

di fferentia tion. Based • .JO the pari:cr: "f expression in tight 

aggregates of two genes wlllch are induced by DIF (pDd56 and 

pDd63), it has been suggestd '_nct a hj bh ' oncentratian of DIF may 

he found at the base of the ag6reg.::te, causing PstA and PstB 

cells to lnitially differ.3IltiatE:< t~l';!re (Williams et al. 1989b). 

The DIF concentration is prop::>se::l ta be regulated by the 

antagonistic effects of ar.unOfaa (Wang ecd Schaap 1989), which is 

eenerated by protein de3:ôdation. Perhaps ammonia is lost 

preferentially from the base of the aggregate and thus generates a 

higher effective concentrat',0r. of ;)IF in this region. In 

addition, the higher concenccation of emmonia in the rest of the 

.1 bgn>gate may promote prr:'spore di-::ferentiation as described 

Oil1"1 ier, 

pa t te' l'Il 

thereby reinfcJlclng the emerging prespore/prest.alk 

Thon, the ohserve~ 'lIigration of ?stA ceUs to the tip 

IIIdV OCClll' in response ta th:: cAMP s:gndl:. which are emitted by 

th; s l'pgion of the aggregate (S.:haélp In6). The initial PstB 
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population, on the other hand, appears to be cl1C'll1otactically 

inactive and so will remain at the base to be lost in the s1 im(' 

trail as the slug migrates away from its 31te of origin. 

As the slug forms, th3 tif! continues to generate cAMP signa 1~, 

which are relayed through(\t.!l. !::he slug (Schdap 1986). In th€' 

prestalk zone, however, the ~·ffects of cAMP could be reprpc;sed by 

adenosine ae; described earl ier. Sinct:!. the enzymes which genera te 

adenos.i.ne are present at a higher concentration in the prestalk 

zone (Armant and Rutherfo,:,d :Qï9' Arnent and Stet1er 1980; Brown 

and Rutherford 1980) tll;.s hypo!:h9Sis scems reasonable. The 

posterior of the slug wo'lld !!laÜ!taln a relatively high effective 

concentration of cAMP which ,,1Ou~ d r'.0mo!:(' and maintain presporp 

differentiation. 

The pred se anatomy of .::he pr.."stalk zone can also be 

explained by these morphoger.e':lc gradiz::1ts. It al [lears that stalk 

cell differentiation occu=s ~9 a ?rùgrpssi~n from PstO to PstA tü 

PstB and finally to full y ('j ffere:,t-lat"d stalk cells (Williams pt 

al. 1989b) . The transitl0I. f}-om one stage to the next i ~ 

apparently triggered by increac;ing co~centrations of DIF. It has 

been suggested that cAMP r:lay block the PstA-PstB conversion, and 

that terminal stalk cell differentiéltion ~s inhibited by ammonia 

(Williams et al .. 1989b). Thus, tlE PscO zone of the slug cou1d 

consist of cells prevellted .f1:~.] exprefs:ng p~espore markers by the 

high concentration of adeno.:;.i.ne :n thi.s region as describ ... "j above 

while they cannot progress jn!:o PstA cell.,; because of a relatively 

low DIF concentration. At t; ~ ti:-" h':.1e",t>J", a relatively high DIF 
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concf>ntration could trigger "Pst./'. ard Pstg cell differentiation. 

Unfortunatcly for this hyrol:'1esis, direcc measurements of DIF in 

sections of migrating slugs Sl~.3gf!~t ~l!at the DIF concentration is 

in fact hiehest at the posLerio~ (Brookma~ et al. 1987). However, 

s ince only about a 2 - fo'.cl difft1renc~ wa!:: detected, and the assay 

measured total DIF and not the actual fraction that is active, it 

j s poss ib1c that these r.leasur~:l1ents do not truly ref1ect the 

bituation in vivo Since /. D' F-dependent genes are expressed 

almost exclusivel)' in the tj.~) ;yl: migrating slugs (Williams et al. 

1989a), it appears that th~ tip does conta in a re1atively high 

effective concentration of ~IB. 

A comp1ex set of morphogen Interactions has been invoked to 

generate the relative disl:rbutIcf' of ~stA and PstB cells in the 

prestalk zone of the migrating s'.ug \. ~li1liams et al. 1989b). The 

presence of high 1eve1s 0;: nlF in the tip as described ab ove 

should activate general presta1k cel2. differentiation. However, 

i t is known that cAMP is ini tially re:quired to bring ce11s ta a 

DI F- responsive state (Sobe1e\vskl et al. ] 983) while the continued 

presence of cAMP then acts ti) repress accumulation of the pDd56 

protein (Berks and Kay 1988). Since tha presence of this protein 

defll1f>S a cel1 as being Ps'.:B (~:ermyn et cl. 1989), the existence 

of il low concentration of c.".HP 11' th? con~ of the tip wou1d allow 

this cell type to differentidte at th:s location. In contrast, a 

hi gh concentra t ion of cAMP j:1 the Ou ter layers of the tip would 

prevenc the PstA cells [rom becomb.g PstB cells. The generaticn 

of l"("gions of high and Law cAHP C0!1(.zr>tra::i.on in the tip may he 
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the resu1t of the abi1ity of :uar.l0ni.;. to inhibit cAMP syntlwsis 

and/or secretion (Schind~.f". é11.d ~~ssmé:n 1977). The preferential 

10ss of ammonia from the pedphery of th" s1ug could generate é1 

radial gradient of cAM~ with the 10wesI.- concentration being in 

the core. Thus, the preci~e PstA-P=lJ pattern in the slug could 

be generated by interactions ~etween DiF, ammonia and cAMP. 

Although the model p..--,)osed al::-)VE; ~8n adequately explain 

cellular di fferentiation and pattt':::-n ::0_ flat:on in 12 discoideum. 

it is highly s~eculativ';. 1. ':s ,a:LiC:i ty can only be assessed by 

accurately measuring the ef~€~trvf.' co~ceptrations in the aggregaLe 

and slug of aIl the ~OrF~0&en' cie wole~e'es involved Such 

analyses should lead to a better "nèers':::l11ding of these complex 

processes in this organism. 
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lntracellular cAMP Biading Proteins 

As dcscribed in precedlng sections, both extrace11ular and 

intraccllular cAMP play important roles in regulating the 

development of Q. discoideul!!. While ;'111 the effects of 

extracellular cAMP appear to be m~diâted chrough the cell- sur face 

cAMP rc'ceptors and various G prote.l.f1 linked signal transduction 

pathways, very li ttle i s k:1ot.m about the mechanisms which mediate 

lhE' cffec ts of intracellular cAMP. To address this problem, 

intracel1ular cAMP binding pl";>teins halle tlee:1 investigated. 

The most intensive:i.y ..:tudied intl acellular cAMP binding 

protein in Dictyosteliu'n com,lSL:- oZ tr.e regulatory subunit of a 

cAMP-dependenl protein kinase or J.'l'J\ (Sampson 1977; Leichtling et 

nI. 1982; De Gunzberg and VC-0fi 1982; Part et al. 1985), In other 

pukaryotes, a11 cAMP-deperdpl1l ~j:\"( p • .15eS appear to be mediated by 

such enzymes (reviewed in Krebs 1989), which consist of regulatory 

(R) and catalytic (C) subunit8. ln mammal~, these enzymes possess 

a u·tralllE'ric subunit structu!".'! of R2C2' The Dictyostelium PKA, in 

contl-ast, ie; a simple Re ë.~mer ',Je Gunzberg et al. 1984). The 

bindinE of cAMP to the R sl'b'mits caUses the holoenzyme to 

dissociate, The freed c:lLalïtic subunlts are then able to 

phosphorylate specific L~":"get pro~e~lls. 

To investigate th<: rt':"fo ot thls enzyme in Dictyostelium 

devclopment, cfINl\c; t'ncuding the: rer;ul.::ccry subunit have been 

i<;oldted (Mutzel et al. 193~·J. "}-le ;>:'eo5.cted amine acid sequence 

of this polypeptide is very ':lIa 'la1 to :.:r.ose of the regulatory 

subunits isolated [rom yc'é.tst. and 'narn-r,é.ls, The regulatory subunit 
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is expressed only at very __ 0" le':€;' s ù.ring growth and t!lC'1l 

increases during early develapmer.t ui~til jL'st after aggregation, 

when it is maximally expres3c>J (n~ Gunzberg et al 1986). 

Overexpression of the regulatory subunit in Dictyoste>l iUIll 

celIs, which shouid constj tutivli! l~' !.-epj-ess the catalytic subuni t, 

blocks aggregation (Sim.:.n g}~ a\ 1989). However, sinee large 

amounts of the polypeptld~ we"Ce :,roduecd. th 1S defect may be the> 

result of a signifieant dac;~a~( i~ the levcls of free cytoplasmic 

eAMP rather than the élbseTicc of the kinase activity. A mon' 

careful analysis of the ':.1t • .:::" t.::. 'J:- PK/. during development has 

been reported (Firtel and Chapman 1990). In these experiments, 

mutated forms of a mous€. ~KA :-egula:-:::ry st!lmnit unable to bind 

cAMP were overexpresseë in !2;LctyoB::ei.iur·, ~-7!liS. Since it is known 

that the mammalian R subuni~ c.ar assoGiate \'ith the Dictyostel iUIn 

C subunit in vitro (Cheval:.el et E'.~ •• ~~86;, the kinase activlty ill 

these cells should be strollgly su~ressed. In addition, thcrc 

should be no major dec~ease in th~ c0~ce~tration of intracellula" 

cAMP. These cells cannat a6~regate. Thus, PKA appears to play an 

important role in at least ,.l-}e early stagE:!'] of development. 

One other intracel1ular blnding protein frolll 

Dictyostelium, des ignated CAB?l, has lûcently been charac ter ized 

(Tsang and Tasaka 1986; Kay a .!!.l. :ï..;J7: Tsang et al. 1987; Tsany, 

et al. 1988). This molecule i:: composee" of two subuni ts, CABPIA 

and CABPIB which have rrol~culai" w') .ght-s of 43, 000 and 38,000 

respec ti ve ly. Monoclon,::.! .:.:ntibodies have been ralspd 

independently against each subunit l nterestinely, al] sueh 
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antibodies cronsreact wlt!' oo'::h 3ubunits along with s'"'veral 

additional polypeptide6. Three of the irn;nunologically related 

polypeptides, which halle molecular weights of 62,000 (p62), 

311,000 (p34), and 31,000 (p3l), also copurify with CABPI. 

CABPI is present at relatively low levels in the cytoplasm of 

growing cells élnd then grcldually acc'.lTIlula tes during development. 

Furthermore, there is a shift in the subcellular localiza tion of 

CABPI during development 6uch thal ft significant amount of the 

protein is found in the nucleus. Thus, this molecule may play an 

important regulatory role. 

Two of the polypep':ide~ whicl: cr01;s-re2ct with anti-CABPI 

antibodies, p34 and p3l, show a somewhat different pattern of 

rxpression and localiza_ion 'ihese two molecules cannat be 

detected by Western blotti:lg in growing cells but appear saon 

after developrnent is initiated. Thei= levels then remain constant 

throughout the l'est of th"! ùzveloprnerltal cycle. They appear to be 

localized almost exclusively ~n \.-he nucleus. Most of the other 

illununologically related r'J\~,,?epddt:'s are also developmzntally 

regulated. 

cDNA clones encoding n'.ILh sùour.its oI CABPI have recently 

bC'en isolated (Grant and TSé1:1g. 'llanllscri}t submitted). Analysis 

of these clones has revêrtled tr.a!.. the two polypeptides are 

idC'lltical except for the presence of "n ari:Utional 37 amino acids 

llC'dr the élmi no terminus of CABP] A A ,c; ',ngle gene encodes both 

polypeptides through an al L'IO.!:"':é:!" J"I~ ~Flil.i:1g mechanism (Grant et 

.dl , manuscript submi tted). 
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Southern blotting ,..dng SARPI ·~DNi\ uroDes has shown that 

several related genes appear tu be p::-csent in the genome of 

Dictyostelium. This result dgrr::ea WC.l.-;' p';'th the observation that 

several polypeptides are immunolot,' a-.1y relatcd to CABPI. TakpJ1 

together, the data suggest tl1ac tnis r.-otein may belong to a 

family of related moleculea. 

This thesis describes +.:h ~ chrHact~rizet: on of the aItC'rnative 

splicing rnechanism which ge~8r~~0J tlP t~o subunits of CABPI [rom 

a single gene In addition, tht:' "\.solatlo11 0,10 characterizatioll of 

cDNA clones which enCQGë- ? ~!I ::.ml p3l, two of the polypeptidc~ 

which crossreact with anti-GAB?l anl:ib':.'èies and a150 copurJ fy 

with CABPl, are presented. Fi.nally, tnE- effects of disrupting the 

gene which encodes these t-,.,\.I ml~le(,\lleE are de!::cribed. 
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Chapter 2: Matcrials and Methods 

/ 1: Gnnvt h imd development of D. discoideum. The wi ld- type 

slrnin NUI and i ts axenic derivative AX.2 were used for these 

Both strains were grown in two-membered cultures 

with ETlt-proh.lcl0r él0rogenes on SM agar (Sussman 1966) at 22°C. 

Sl!".l in AX2 was sometimes grmvn axenical1y in HL5 medium (Watts 

and Ashworth 1970) at 22°C. Amoebae grown on bacteria were 

harvC'sled just before the bacterial 1awns began to c1ear and 

pldt:0d for dev010pment on non-nutrient agar (Sussman 1966). 

ALterndtive1y, they were resuspended to a density of Sxl07 

cel1s/ml in KK2 (20mM potassium phosphate pH 6.2) One ml of this 

SU1>p0llblOn WdS then spread over the surface of a 47mm-diameter 

poLycarbonate membrane filter (Nuclepore) supported on two layers 

of f iller paper (Whatman No 1) saturated with KK2. 

Wd<, t!lf>1l incubated at 22°C and development was 

pL'r i odlcally using a dissecting microscope 

The Hlter 

monitored 

') '). Growt Il [dtE' ITIE'BSUH'lI1E'nts A 1awn of J;;. aeroeenes was grown 

Oll SN ilr;ar (Sussman 1966) and then washed off the plate into a 

Lll-t~t' volulIle of KK2. The bacteria were pelleted by centrifugation 

dt ~OOOxr.. wa<,h0t! twice, resuspended in lOml of the same buffer, 

t Llsks 

portions of the suspension were placed into 2Sml 

flask WdS inoculated with 2. Sxl06 cells of the 

appl'opriatC' Dictyosteliul11 strain and then agitated at 22°C. At 411 

intl'l'Vdlb, 5111.111 aliquots were rel110ved and cell density was 

(!PU, lïn il1Nl \IliLh a hemocytometer. Alternatively, Dictyosteliwn 

l'l'Ils W(>l"0 gl"mlln axC'nically in HLS medium at 22°C. Cell density 
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was determined every 8h uuing a hemocyt0meter. 

2.3: Isolation of RNA. Vef:,etative or developing cells W0re 

collected by centrifugation at ~:50xg, n'!:>uspended in bterile HMK 

buffer (Cocucci and Sussman 19ïO) at a concentration of 108 

cells/ml and lysed by the addition of SDS to 0.5%. Total cellular 

RNA was purified by phenol/chloroform extraction and precipitated 

with ethanol. Gytoplasmic RNA was obtained using a slight 

modification of the above ucocedu~e. Afcèr resuspending the cells 

in ID'ù{ buffer. cell memb:::-anes l'lpre disrupted by the addition of 

NP40 to 2%. The nuclel were re~ov~d from the lysatc by 

centrifugation dt 10, OOOx}i. 2:-.à tre 3UpèL'natant was recovered and 

extracted with phenol and rhloroform. '~'he purified cytoplasmi c 

RNA was then ethanol plecip: CdL-SC!. Affinity chrol'latography over 

oligo(dT) cellulose columnc; (Pharmacia) was employed to isolaLC' 

polyA+ RNA. 

2.4: Isolation of DNA. r;~nomi~ DNA ..... é1& i1:ola~ed by a miniprep 

procedure Approximat.ely 'OR cells were collected hy 

centrifugation at 450xS and res..!"pertded ill 11.11 of 501l'.M IIqJC's pli 

7.5, 5mM magnesium acetat:= and 10'!; (w/V) sucrase They WC'l"t' 

lysed by the addition of tI?/~O ~o 2%. Nuc1ei were collected by d 

brief centrifugation in a mic>_'ûfuge And sus;>ended in 200Jll of 10ll1M 

tris -HGl pH 7.5, 5mM EDTA. After t!1e .. :H1di tion of prote in<lse 1\ 

(Boehringer Mannheim) to lOOJlg,'tn] aEJ SDS to 2%, the lysates wpJ'(' 

incubated at 65°G for !~~1 a;td ~hen extrécted with phenol and 

chloroform. The purifled nuc~eic aeids were collected by 

precipitation with ethanol and -::-e::;uspend(;d in 50Jll of steri 1(> 
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djslil1ed water. A1ter~at~vely. tc p=epare large amounts of 

genomic DNA, nudei purifie1 fiS des( ribed (Kdy et al. 1987) were 

rcsuspended in O. 2M EDTA at a concentration of 109 nuclei/ml and 

lysed by the addition of SDS to 2%. DI1A Wi1S then purified by 

cC'ntrifugation through CsCl df>nsity gladic:Jts (Firte1 and Bonner 

] 972) 

2 ): Construction and scre.E2.;Ül!.&-of <-DNA Ubrary. A cDNA library 

W.1S constructed from a Inixtcre 0'= po1:'..\+ RHAs prepared from NC4 

cC'l1s that had developed :'or l2 anc 20':. Blunt-ended double-

stranded cDNA was synthesized ana homopolymer de tails were added 

,1S dC'scribed (Maniatis (>t d. ·.~:L) _-; ill.';'O\\' annea1ing to PstI­

cut, dG-tailed pBR322 :Bc t:" ~SC13 R3::;ea.êch :""aboratories). The 

<lnnen led DNA was transfo::-.. l€-(' 1.-1 ::: ~_.;; ~:1€':- ~~h_~.f! coli DHI cells as 

dC'scribed (Hanahan 1985). 

To screen ::he 1.i.brarj. LC: COlil,j' ré r:1:" clones Were grown in 

microtitre dis~es at 10 clones!wei: a~d then transferred to 

ni trocel1u1ose ~Schleicr.er ana ~chue1:) (Maniatis et al. 1982). 

Thc filters were prehybvoièizec' a': 32'C fc.r t"wo hours in 5X SSC, 

lX Denhardt's .. >olution, l'l; .;ry,:: 2r'lI\~ ~.:-diurn phosphate pH 6.5. 

lOO/tg/ml denatun'd sal:non .::Pt: rru DN4., 3 OJ-Lg/m 1 polyA and 50% 

fonnmnide. Hybridizatic~ ~3S performe~ in the same solution 

using a nick-trans1ated cDNA clone en~oding a portion of CABPI at 

32"C for 16h. Filters WPle ~esheJ br:e[~y in 2X SSC, 0,1% SDS at 

room temperature, then [or two 30-min periods in the same 

solution at 60·C and finally in O.!X SSC, 0.1% SDS at room 

tC'mpC'rature for 30 min. Positive clones were detected by 
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exposing the filters te Kodek X-omé't film at -70 o e wi th 

intensifying screens. 

2.6 Isolation of full length cDNA clones. To isolate full }C'llglh 

cDNAs, a >.gtll cDNA library, kindly provided by Or 

Oevreotes (Klein et al. ]988", was .3crf'ened Recombinant pha~e 

were transferred to nitrocellulose filters dS described (Maniati~ 

et al. 1982). The filters were prehybridized at 42°C for 2h ill 

6X SSC, lOX Denhardt' s solution, 1% SDS, and 50J.'g/ml denaturf'd 

salmon sperm DNA. The filters we~:. trlen probed with a nick-

translated cONA isolated [run. the plasmid 1 ibrary described ill 

section 2.5 in a hybridizdtion &01ut10n con:posed of 50% formamide. 

6X SSC, 1% SDS, and 50J.'g/m1 cl':!natured salmon ~perm DNA at 42°C for 

16h The filte~s were rinse~ br!ef1y in 2X SSC, 0.1% sos at room 

temperature fo110wed by t .... o 30'\:1: '1 washes i.n 0 IX SSC, 0 1% SDS 

at 68°e and then expose~ to Kc,dak X'omat film at -70 o e with 

intensifying s~reens. 70sj tl'Je p:'eqües were pur lfied to 

homogeneity by rescreening under thE; S3me conditions. 

2.7: Hybrid selection and (eH-free tran';lation. Hybrid selectioll 

was performed essential1y as des('~'ibed (K:miatis et Al 1982) A 

20ll-g sample of each cDNA clone WclG dend~üred and then immohilizcd 

on a 3mm square of nitrocell'llose (BAR5; Schleicher and SchuC'll) 

The filters were p1aced ln ~ sol~~:or ccmposed of 50% formamidc, 

20mM Pipes pH 6.5, 0.2% SDS. 0.4M t~aCl, 100J.'g/ml yeast tRNA and 

500ll-g/m1 polyA+ RNA Iso l.~ t ~d '~~-OlTl ;,('L· c.p-lls that had bC'C'll 

deve loped for 17h. After a 3h ·.ncu'!::aL.~o:1 i.e 50 o e, the tiltcrs 

were washed thorough1y ac 6')~e i.n lOmH ':ris-HCl pH 8.0, ().l~H 
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flaC], lrnl1 EDTA, anc! 0 ~% SDS. A final wash was performed in the 

same buffer 1acking SDS. The mRNAs bound to the fi1ters were then 

(.] ul('ù by hoil ing in 300J.L1 of water containing 30J.Lg yeast tRNA. 

After conC('ntl'ation by ethano1 precipitation, the resu1ting mRNAs 

wC're lrans]ated in vitro using a rabbit reticu10cyte lysa te 

(Hp lhp!-'da Rpsearch Laboratories) in the presence of 

[35 S 1 mc·thionine (Amersham). The translation products were then 

immulloprecipltated as described in section 2.16. 

2 H' DNA sequencing. cONAs were subcloned in ta the plasmid 

Vf>ctor B1uescdpt (Stratagene) and single stranded DNA was 

pr('pdred (Vieira and Messing 1987). The nucleotide sequences were 

dc·t (·nni rwd by the chain tennination method (Sanger et lll. 1977) 

USiIl~ [35 S 1 dATP (Amersham) as the radio1abe1 Doub1e-stranded 

DNA !-'equellc ing in the vector pBR322 was accomp1ished using a 

.synt-he·lic oligonucleotide primer (Hattori and Sakaki 1986). DNA 

'wqucncing reactions were analyzed by electrophoresis through 6% 

polyacryldmide Bel.s containing 8M urea 

l.(). DN/\ blnt hyhridizntion. Ten microllters of genornic DNA 

pn'p'!n'd by the miniprep procedure c!escribed in sectioll 2 4 or 1J.Lg 

of C!-'Cl Plll"itied m,lterial was digested with various restriction 

l'ndonuc lCdscs according to the recommendations of the enzyme 

1Il,1IlULIl'tuu'1' (BC'thC'scln Research Laboratories), fractionatcd by 

('l('ct~opho1'(,sls through 1% ngarose gels, and transferred to 

Nvt r,lIl mf>lllhl·anc.s (Sch1eichcr dnd Schuell) as described (Maniatis 

tl {Ù. 1982). TI1(> fi 1 ters \IIC1'C prehybridized and hybridized 

using tht' bcllllC' conditions employed to screen the Àgt11 1ibrary as 
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described in section 2.6 at e!tler J:~C (moderate stringency) or 

4LOC (high st~ingency). Th'" b1c ts were probrd with cDNA [ragmPIlU, 

.labeled to a specifie activ·Lty of 1xl09 cpm/jJg by the randolll 

primers technique (Feir.berg and V'Jgelstein 1983). The blots \\Tpn' 

washed briefly in 2X SSS 0 .1% S~S at room telllppratUle and thep 

twice for 30 min in 2X SSC, 0.1% SDS at 65°C (moderate 

stringency) or O.lX SSC, 0 1.% :3n~ et 68~,- (nigh stdngency) and 

exposed to Kodak X-Dmat f: l,n' at -7 IJ'C ·",ith illtensifying screens. 

2.10: RNA blot hybri·!tzJ!t1çn. FiVt, r.l:cr06ral1s of polyA + RNA 

isolated from cells at various times of development wab 

fractionated on 1. 5% agaros'~ ror,r,·tdC::".lYd;) g,-ls and transferrecl to 

Genescreen merabrane (Ne\', Eng1a!1ô Yuc:i.ear) (~aniatis et al. 1982) 

The membrane was preh?bri'L •. ~d ar.d hj ~w i.d ·.zed using the h1gh 

stringency conditiolls empl):,)è fo.: .cHA. ~lot analysis as describpd 

in section 2.9. The blot we~ protcd with a ~DNA fragment labelled 

by the random primers t.?':~lnl-ju(, \ ~eil1h:!("~ imd Vogelstein 1983) to 

a specifie activity of lxl09 cpm/pr" The fil ter was washed 

briefly in 2X SSC, 0.1% SDS at r~om t~~?erature and then twice in 

O.lX SSC, 0.1% SDS at 70 u C fnr ~C min eac~. The blot was exposcd 

ta Kodak X-Dmat film at ·70·r wirh ar. intfns;fying sereen. 

2.11 : To express CABPl 

under the control of 3Ct .Î.:l 15 ")'01'10ter in Dictyosteliulll 

cells, a eDNA clone enCOG.dl" CAI:'JlA (G;:-ant .?nd TS<1ng, manuscript 

submitted) was digested wid: Si1lBl and C::rRV to release a fragment 

containing the cntire OpêII .:eadi!lg [r:1me present in the cDNA plu:, 

a small amount of sequencl~ dp;:: i.'1Cd IrOla the polylinker of the 
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plasmid vector. After the addition Jf Ei!'rlIII linkers. this 

fragment wa8 inserted i1".to the HindT.J:ï site of the expression 

vcctor pB10Act15BKH (oata ·.:~~d ti';(ll Dr. J.G. Williams) . 

COllstructs containing the jnsert in the cort'ect orientation for 

expression werp idenlified by restriction analysis. 

To construct a plnsmiG expre'sing a mutated CABPl under the 

control of the actin 1::' p,"hllOï:pr, ül:.gonucleotide-directed 

mutagenesis (Zoller and Smith 19131) war; employed to alter the 5' 

spi icc site present in the CABPIA cDNA '::rom GTAATA to GTMGT. The 

presence of the desireJ mutdtion wa~ c.cnfirmed by DNA sequence 

ana1ysis. The mutated cDNP. WBS i,801ated by digestion with SmaI 

[lT\d EcoRV, ligated to !·:inèI:::I l.ÏnKc~s, :md inserted into the 

llindIIl site of pBIOAct158KH This construct is identical to the 

plasmid expressing the wi Ï,<,,\"ype CABr' A cDNA except for the two-

nucleotide cha lige introduceè bi rr.ùcagener;is 

'l 12 Construction of a.::t~n 15··pDdH34 + . 
. 11510:1. To express a fuI 1 

Ipngth p34 cDNA in Dictyostelium C8!.~S under the control of the 

dcti n 15 promoLer, oligoml,~ieotide-directed mutagenesis (Kunkel 

1985) was used ta introducc fi tfindIII site al the translation 

initiation codon of the cl(lne pDdM34. The presence of the 

d0sirpd mutation was confirmeG Dy DNA sequence analysis. Because 

of an additional HindIII si~e jr· the polylinker of this plasmid, 

digcstion with HindIII released a fr.gment containing the entire 

Opf'll reading frame of .. he c'1)NA plus 3' untr-mslated sequences. 

Thi 5 fragmcnt was in.serted lntl. t-he HindIII si te of the 

pxprpssion vector pB10Act15B~: ani plasmids containing the insert 
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in the correct orientatio'l -:or e ,.prasc;iun were identified by 

restriction anaJysis. The resulting construct expresses the open 

reading frame present in pDclM3t~ u'1de~ the centro l of the ae tin 15 

promoter. 

2 13: Construction of gene dist"ù"p'tion vector To construct il 

vector designed to disrupc. the pStl/31 gene by homologou5 

recombination, the cDNA :::lone pDdMll ~ was dige<. ted completely 

with EcoRI and then parLic.tlly ",':'tl-> 5aulA. The longest EcoRI-

Sau3A fragment was inseL't(:!G. into the transformation vector 

pDneoII (Witke et al. :i.9F.7l l , .. D t:é-. l 11er: from W. Witk). The 

resulting construct cor,té..:,-:'_ a trLî:-.:ace:Ù ."!DNA fragment which 

lacks approxima~ely 100 m'c~'.'ùti.':le. cf coding sequence from bOLh 

the S'and 3' ends. 

2 14: Transformati0n ()f Plasmid DNA was 

introduced into stré'Lî AX? by the calcium phosphate 

coprecipitation technique qS descrlbei (~arly and Williams 1987) 

Stable transformants were s::!lecLeG i.n HL5 medium (Watts and 

Ashworth 1970) contai'1ins :he anti.ùiotit: G418 (Gibco) at il 

concentration of 20pg/ml. For t ~anstorrnc:nts carrying expression 

constructs, the resultu',g c"1')!1iE's' "J.:'e p00led éind grown in IlLS 

containing G41G or else O~ bh~te=iB: lawns as described in 

section 2.1. For gP'l'~ di'i.upt·ün t:xperiments, indiviJu.:1l 

colonies were isolated <.lTIC' B!")\m separe-tel)' in HLS containing 

G4l8 or else on bacteria~ ~~~~s. 
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:1. ] 5' Metabolic labell tng of Oictyostelium cells witl} 

13 ')S J meth ionine. To accomplish metabolic labelling, bacterially­

tjrawn cells were harvested, w<.:shed 3 times with KK2, and then 

plated for devE'lopment on polycarbonate membrane filters as 

cle>scribed in section 2.1. Each h1t.ec contained 5x107 ce11s. 

Following a 3h incubation at 22°C, the filtel·s were transferred 

La a c1ean, dry petri dish and then 20jlCi of [35S)methionine 

(Amersharn) were added directly to thern. After a 3h labelling 

period, the cells were wasrled oif the filters by vortexing in 

lOrnl of KK2 and collected ùy cer,trift:g~tton at 450xg. They were 

lysed in lml of PBS contah1Ïng 1% NP40, 0.1% Tween 20, 0.1% 

TritonX100, and 0.1% SDS. ir_!:'olublc li1aterial was rernoved by a 

hrief centrifugation in a microfuge. 

7.16: Irnrnunoprecipilation. Ce11 1y5at.'~s cr in vitro translation 

reactions c ::aining [35 S ]r.1et'·.i.on.i.i"'.!-1abeJled proteins were 

immunoprecipitated uc;ing tl.e urti CABPI r:lonoclonfll antibody 9B 

(Tsang and Tasdka 1986). Aft::=;;- I;I'e addition of antibody, the 

E'xtrncts were incubated at 4°C for .... 6h. Ar,tibody- antigen 

camp l{'xes w~'re prec i pi tated wi tr protein A- Sepharose (Pharmacia) 

and suspended in SOS snmp]e lJtlffcr (Laemmli 1970). The resu1ting 

polypeptides were ar.alyz~d by SOS-PAGE and detected by 

fluorography (Skinner an~ Griswold 1983). 

Î.17 Imrnunoblot Analysis. i:'::otelr. séllllP}es were prepared by 

lysing vegetative or dev{'loping cells Jn SOS sample buffer 

(Lal"lmnli 1970). The protf:'in cO'1centr.ation in each extract was 

(\f'terminC'd as described (Esen lY78). Ten micrograms of each 

- -----------------



sample were resolved by S:;S-rAGE End then t:'·dnsferred to Immobilon 

membranes (Millipore) fcc.oroing to the manufacturC'r' s 

specifications. Th.:! followl&.g Il'anipuléltions were all C.1rri0d out 

at room temperature unless .:tn~':T ... rise indicéCted. The blots WCl"{' 

incubated in buffer A (1C'm:1 trb-:iCl pH 8.0, 150 mM NaGl 

containing 10% (w/v) r'lilk pcwr..er) for '. ~1 and then probed with 

monoclonal antibody 9B (TEdne and Tas9kd 1966) in buffer A + 0.3% 

Tween 20 at 4°C for l6h I~o:-.",?e·_.Lfj ca .... ly bound antibody WélC; 

removed by 3 br;.ef washes ~. 1:>1.lffp~ B (] OmM tris-IiCl pH 8.0, lSOmM 

NaCl + 0.3% Tween 7.0) . T':le b :.c~::; ·,oie re incuba tcd w irh 

[125 I ]labelled goat-antimou-e 3n~Ltcd:~s (New England Nuclear) ln 

buffer A + 0.3% Tween LÜ ~,. 2b wa;::f1ed p.,{tensively in buf fer B, 

and exposed to Kodak X-Omat fiJm at --,ooe with an lntC'nsityin!', 

screen. 

2.18: Polymerase Ghaln Reactiot;.. Cyto,laSllic RNA wac; isolat~d 

as described in section 2.3 from c.-,,:ls which had deve]op0d for 

2h. First strand cDNA \o.'GS synt.~es;zed from 2J.Lg of lotal RTIlA 

using an oligonucleotid9 pr oLmer (5' CGAAGAGCGcrTTCCATACC 3' ) 

corresponding to a segme:lt n~2r thE' 'J 1 end of the CABPI 

transcripts. The reacticn ·..:as carried out with 5 uni ts of AMV 

reverse transC'riptase (Frc,mega) at 1~2°C for Ih in Li buffpr 

containing 50rnH KC1, 10mM tris ~Cl pÏ1 8 3, 4mM MgC12, 0 nl % 

gelatin, and all 4 deoxy'-i/:'onuc]ec-tièe triphosphates each at il 

concentration of lmM. ,he reverse tl.·anscriptase was t }\('II 

inactivated by a 5 min bcuoatioli ct 95°C. Ta amplify lhe 

resulting single- strandeci DNA molecules, the reaction was d illltcd 
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5-fold with 50mM KC1, 10mM tris-HGl. pH 8.3, 1.5mM MgC12, and 0.01% 

eelatin Then a secona oligonucleotide primer 

(5' CAAGCTTGGATCGMTTCCGGTATJ. 3') corresponding to the 5' end of 

lhe actin l5-CABPl fusion transcripts was added along with 2 units 

of Taq DNA polymerase (Pharmacia). The reaction was first 

incubated at 94°C for 1 min to denature ~he molecule', fol10wed by 

a ] min incuba ti_on at 58°C to anneal the rrimers ta the templates, 

alld finally incubated for 2 j;1in :lt :2~C to allml extension of the 

primers A total of 35 cycles of amplification were performed. 

Gcnorüc DNA s<lll1ples (Snb l l'lere !l'1!pUCed under the same 

condi tions. The amplaicatjon p,:"oduct3 were ana1yzed by 

dectrophoresis throagh -_ )~ ag.!ccse gd s fol10wed by DNA blot 

analysis as described jn Se~~10n 2 ~ 

2 19. ImmunofJ uorescence mi croscopv. Cells were developed as 

dC'scribed in section 2 1 foL' 5h ard tLen washed and resuspended in 

20mH potassium phosphate 

dpproximately lxl06 cells/o: 

buffer at a concentration of 

A d~_op 0: ce 11 suspens ion was 

placed on a covers1ip, l.ncui:>at-ed <Jt room tempe rature for 20 min, 

<Incl then fixed by ilnmersi_or. in 100% :nethano1 for 20 min at -20°C. 

Tlw coverslips were incubatec. fo~ 30 mi'1 at room tempe rature in 3% 

hovi Ile serum a1bumin ir, phospr.i" tA Duf.fered saline (PBS; 50mM 

Nd?HP04/KH2PO!~ pH 7.5 containinf, 150n:l{ NaC1) followed by an 

oV0L-ni ght incu!)ation at L.
O C with lhe anti -CABP1 monoclonal 

<Jill ibody 9B (Tsang and T'1bck<l 19~}f). Tbey ,·,ere then rinsed for 10 

min in PBS and incubated .d tn te:::-ne :hyl!."hodamine isoth10cyanate 

(TRITC)-conjugatecl rabbit 8nt:'·:nouse IgG for 1h at room 
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temperature. After a fi.nê.~_ :-inse 'vith P3~, the stained cells were 

examined under c: Lei t~ at',hl .... l,:n ·l_u~ ,':;('<Jnce l'licroscope 
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Chapter 3: Results 

'~l Allilly<,ic; of tll(' Mechnnism \-Ihich Genpratps the> 1'wo Subunits 

of CABP] From a Single Gene 

3 1 1 E~pression of wildtype nnd mutant CABPIA cDNAs under the 

COtit ro 1 of the <1ctin 15 promoter 

As describcd in sectlon 1.4, the two subunits of CABPI appear 

t (J hC' produc(>d from the Sé1ll1e gene Transcripts containing the 

(,Ilt 1]"(' oppn readll1g frame present in the CABPI gcne encode CABPIA 

wlli 1(' CABPIB mRNAs are produced by a sp1icing reaction which 

o('ciisiol1dIly removc's a sIflaI1 segment of coding sequence from the 

prilJlilry tr,lI1script This segment is flanked precise1y by GT/AG 

l'\Ikdryotic :"plice consensus signaIs. A more Jctailcd comparison 

oL t11l' bNjèWnc(' surrouncling the 5' splice site in CABP1 (GTMTA) 

to tlll' Dictvostplllllll con:~('nsus (GTMGT) (Grant et <1l. llIanuscript 

<,uhlIIi t t NI) has rpve,lled a 2 nuc1potide dlfference I t has heen 

~.,Ugg('btl'd tlwt this deviatlon may he important ill regulating the 

~,pl icil,g ('\,pnt which generates the CABPIS t1-anscript (Grant 1990) 

1'0 tl,,,t this hypothesis, site-dirpctE'd llIutagPll('sib experilllcnts 

h.l\'l' hl'('ll P('l fonnp(\ 

(lI igOlltlC1potldp-directed Illutagenesis (2011er and Smith 1987) 

IV.!!> l'lJIplo\'(>d to IlIdkE' a 2-nuc1eoLide mutation in a [ull-length 

CABI'IA cDNA This mutation convprts the 5' splicp bite in the 

cDNA tn thp Diet vo"t('l iUIn consensus It should be 110tpd th~t this 

,ltdllf,l' dltl'l-b '2 alllino acids in the open rcading frdlllc present in 

t Ill' cll:-;.\ Till' n'~ult ing tra~lIl('nt IVdS inscrtpc! into thc E':-.pression 



vector pBlOAct15BKH. 

1,8 

This vector contains the complete actin l~ 

gene, which has been slightly modified by th" insPrtion of d 

multilinker cloning site, and its pl-Gmotç~r It has previously 

been used to express a mouse thymidylate synthnse gene i Il 12 

discoideum (Chang et al. 1989). After insertion of t\1C' mutdtpd 

CABPIA cDNA fragment, the resultirlg construct codps fOL" il 

translational fusion consisting of the first 14 codons of the> 

modified aetin 15 gene Unked to tht! open readlng frallle pn-sent ) Il 

the cDNA. In addition, du~- to the cloning .strategy employed to 

insert the cDNA in t~e pcoper reading frame, 18 addit iOlld 1 

nucleotides derived from polylinker sequences containC'd il! t1H' 

cDNA clone are present in ':h~ expressiun plasmid Thus. tlli.., 

plasmid will express the open (ead; lig :rallle contalncd III till' 

mutated CABPIA cDNA along "NI th an e'{':rD 20 amino ac lCls fUt>l'd lo 

the amino terminus. As il conteol, an identlcnl expre..,~i()ll 

construct was made using the l>Jildtype CABPIA cDNA 

illustrates the details of these construcls 

FiE lA 

The plasmids were introciuced :nto Q. disC'oideum ..,train AX? l)y 

the calcium phosphate copreci}Jitation technlque (Lll"ly ,llld 

Williams 1987). Approxill/a:elv 1)0 stable transfOrrnal1l<, for Pdlll 

construct were obtained .sne. pooled separat p ly for analyt>is Tilt 

cells were analyzed by .n~ta})G!.i., labrolitllg ".;ith [35 S ]rnethioI1111l 

followed by immunoprecipit&~ ion l'li th the al1t i "CABPI monoe 101\<1 1 

antibody 9B (rsang and 'Iasdka 1<:)86) This ant ibody rpcogn i Il'.., 

both subunlts of CABPl as well as .:;everal additiol1a1 polypC'plidp.., 

The immunopreeipitated prùL!' . .l( ts \vt;,re resolveè by SDS-PAGE ,md 



Figure 1. CABPI polypppt!ue~ eAprRssed in transformants carrying 

wi 1 dtype :md mutAnt expresslo.l ccnstructH, 

A Actin 15-CABPI fusion co~structs. The structure of the amine 

terminus of the fusion iJ01.YP.::ptid'::!s is shown. The nw::leotide 

~Pfjuences providE'd by Lhe vt!l,tor "re '311Own il1 smaii Ietters while 

thase present jn the CA?Pl', cDNA are L, capitals. The numbers 

dbove the sequellce repreSét:~ amipo é'cie! position in the fusion 

while those bel'Jw the ::;eq .. lel~Ce lwlH,iCt:' ,'h,;> cGdon position in the 

CABPIA cDNA. The 5' spilce a:re i3 u~de~·ine~. The mutated actin 

lS·CABPI fusion co~str~ct is L~9~~lLal 2xcept for the two 

llucl00tide cha lige introduced to convert the 5' splice site to the 

Djctyoslelium consensus. -;(VS;! ,~l.,:a:J{llIS ~·.:e indicated underneath 

the underlined sequence, a!: :.ire .:he le5uL":i'1g amino acid changes. 

B lmmunoprecipitation analysis 0f ~ran~~ormants. Transformants 

cdtTying the expression c-;nstructG 

by metabolic labelL.ng 'Nith 

desc"ib;!d above were anaIyzed 

[35S'7etrionine foilowed by 

i mlllulloprecipi tdtion wi th an a'lti ·':::AB2i !'1:m::>c.'.,mal antibody. The 

resulting polypeptides were resolved by SDS-PAGE and detected by 

f luorography. As a cont'~ol, "e"ls tn::.n.o:;fo>:'med wi.th the expression 

vC'ctor ,11one were treated similarly. The el1dogenous CABPIA and 

CABPIB subunits are Iabel:eci. E~ Gre t~e f~sion polypeptides, The 

ÎllIltlunoprecipitatcd products obtained front c'.:!lls transformed with 

pBIOAct15BKH (Lane 1), :::h~ wilcl::ype aC'tin 15-CABPI expression 

l'Ollstruct (Lan€' 2), and the l'lutated actin 15-CABPI expression 

l'on~truct (Lane 3), are shown. 
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delpctcd by fluorography The results are shown in Fig. lB. 

c~llb transformed with the expression vector alone possess only 

the two subunits of CABPI dS weIl as a few additional 

immunologically related polypeptides (Fig. lB, lane 1). In 

C'ontrast, cells transformed with the wildtype CABPIA expression 

COllstruct contain large amounts of plasmid-encoded CABPlA and 

CABPlB, which can be distinguishpd from the endogenous molecules 

by virtue of thoir slight increase in size due to the additional 

20 amino acids fused ta their amino termini (Fig. lB, lane 2). 

Thus, expression of a wildtype CABPlA cDNA under the control of 

thC:' actin 15 promoter leads to the synthesis of both CABPlA and 

CABPIB, dircctly dellionstrating that these tvlO polypeptides are the 

products of a single gene. Intriguingly, the only plasmid-encoded 

lIlo1ccule expressed in cells transformed with the mutated CABPlA 

cDNA corresponds to CABPlS, whiC'h is present at relatively low 

levcls (Fig. lB, lane 3). These resu'ots suggest that conversion 

oi the' 5' spliee sLte in CABPI to the Dictvostelium consensus 

10aos to constitutive splicing of the primary transcript, thereby 

lcading ta thC:' ~ynthesis of only CABPlB. 

l t should be mentioned that cells containing the mutated 

CABPIA exprC:'ssion construct sometimes contain an additional 

po 1 Vpl'pt ide' which is recognized by the antibody. It migrates 

,,1 ightly faster than the wildtype a~tin 15-CABP1A fusion. The 

pl°f'Sl'l1Ce of this moleeule seems to depand upon the age of the 

l'l' Ils. It hdS only been seen in cells th2t are relatively young. 

A~ the' culture agC's, it completely disa~pears. The precise origin 



of this polypeptide is UnkllOW'1 (see section 4 1 :01' clisCllSS ion) 

3.1.2: Analysis of mRNAs p1'ùdll~ed by wi Idtype and mutant CABPIA 

To confirm the resul t:s s!1.)wn in Fig. ], the mRNAs produced hy 

the wildtype and mutant CABP::'A expressÏ.0n constructs have hccll 

examined using the polyJlle_as~ chain leaCLlon (PCR) (Saiki et al. 

1988) This technique pr~vj~es a vary sensitive method ta d0LccL 

specifie transcripts 

Cytoplasmic RNA was ·solatea frora the two transfonupd 

populatio:1s as weI] as ~i'o .. , '1 Cl::1t:-cl 'Té:.nsi:c..rmant which contains 

only the expression vector pBIOAct15~Fi Trcn3cripts derived from 

both the endogenous CAB?1 gzn2 ~J ~e]~ as the expres~:iol1 

constructs were convert"d ':0 sil"gLe-st:-.:;r.c.eo cDNA using reversE' 

transcriptase aïd an o:i'<;'Jl"u~leot:ide primer located near the 3' 

(end of the mRNAs. The p~ é:31.lÏd-enc Odel! trdnsc ripts were tl!l'Il 

speL!lfically alllplified '..l:üng a second 01 igonucleotide primC'l 

corresponding to theil 5' <;;.js In ~ddl!..ion. the samf' pair of 

prirr.f'rs was used to arr.F] if Y :.hl::' clctill15-CABPIA fusion genl'S hom 

genomic DNA ise' lated :rol.1 t'le tt·'o pupulE tions of tral1SfOllllillltS. 

The amplification strategy i~ il·..lslcuted ln Fig 2A 

The PCR prcdllcts wen! ;·r .. :ljZf·d by 2[é..ros('; gel elect1'ophoresis 

follOWE'd by S'Juthern blùt~-l:1.g. 

conditions of high strinEE'tlcy with a cDNA :lagment co1'rec;ponding 

to the 3' half of the CABPI gene. this fragment is preSE'lIt ln hot II 

CABPlA and CABPlB transcrip~s The resull~ Jf thesE' pxpprimE'nts 



Fi guJ'(' ? peR c1Iwlysis of actin- CABPl fusion genes and 

1 r.1l1',cript<, <!privpd from thcrn. 

A. SlrdtCgy for lI11dlysis by PCR. Untranslated sequences are 

r(>prc'-;PIl[(>d by a 1 ine while coding sequence is depicted hy a 

l'Il(> sequences provided by the expression vector are 

rc'prc'<,clltpd by thC' solid zone. The region which is alternatively 

,-;p 1 i cpd [0 gf'!Wl'atc the CABPIB transcript is indicated by diagonal 

IIIlC',s TlH' locations of the t\oJO primers used tor PCR, Pl and P2, 

The predicted sizes of the PCR products are indicated 

l'CR il11dlysis of genomic DNA isolated from various 

trdll,sformdllts. l'CR products were fractionated by agarose gel 

l'lcctrophon'sis, blotted to a nylon membrane, and probed with a 

CAHl'l cDNA [l'dgmcnt. The positions of the 0 94 and 0 83 kb si<:e 

mélrk('l's obtained by digesting À DNA with EcoRI and HindIII are 

illdicated The PCR products obtained from genomic DNA iso1ated 

flOlil l'plls transformed with the expression vector pB10Act15BKH 

(LIIH' 1), thE' wildtype actin 15,CABP1 expression construct (Lane 

2), and the lIlutatpd actin 15-CABP1 expression construct (Lane 3) 

drp shown. 

1; l'CR dnalysis of RNA transcripts isolated [rom various 

t LlIlsfonndnt s. The PCR reac tions were ana1yzed as above. PCR 

pl'oduct s obL1Ï11Pd frolll cytop1asmic RNA isolated frolll cells 

t l'.lllsforlllL'd \oJith pBlOAct15BKII (Lélne 1), the wildtype actin-CABPl 

C':-..prps!>ion construct (Lme 2), and the mutated actin 15-CABP1 

"'!ll'l'S<,iOIl COl1Stl'Uct (Lane 3) are shown. 

1 
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,In' .shown in FiEs 28 and 2C. As expE'cted, a single fragment of 

I)'J7.bp j" obt di lied from E,enomic DNA isolated from transformants 

(,.ln-ying both expression constructs (Fig. 2B, lanes 2 and 3). 

Th i" OhS01-vntion indicates that no gross rearrangements of the 

f lIc,j on gOlws have occurred during the transformation process. In 

ddc\i tian, 110 ampli fication product is obtained from genomic DNA 

Jsolaled trol1l ccUs transformed with pBIOActl5BKH (Fig. 2B, lane 

1), c!pmo\lstrnting that the 992bp fragment is in fact speciiic to 

cp11s carrying the expression constructs. 

Amplification of cDNA generated from cytoplasmic RNA isolated 

irom cells transformed with the wildtype CABPIA expression 

(,OI1<.t nlct procluces 2 products of 992bp and 88lbp (Fig. 2C, lane 

ï). TIl(' 10n~cJr fl'ngmpnt correspond3 to CABPIA trdnscripts while 

lIw Sllld Il cr one corresponds to mRNAs encoding CABPIB. This resul t 

('le'ill'Iy dp1\1onstratc's tltat tlw t\.JO polypeptides <1re produced by an 

RNA procpss i ng evont. ln contrast, amplification of cytoplasmic 

RNA ohtain(·d fl-om tr,lllsformants carrying the lfiutated CABPIA 

cOllstruct yielcls ollly the CABPIB-spec1fic 88lbp 

j 1',lr.nle·nl (Fii', 2C, li1l1C' 3) This r( suIt agrees perfectly with the 

ll1l1l1UllOpl peipi taliol1 data pl'esented in Fig lB ,1l1d clelllonslLltes 

cll'dl'lv tlt<ll cOllversion of tlw 5' splic(' sit(~ 111 CABPI to the 

Iljclvoc;tpliUIll conSf'nsus Iedds to constitutive splicing. It should 

IJI' Ilot l'd lhdt llH' RNA samples Wf're aIl isolated from c('lls that 

h,ld h"l'l1 111 cullun' for sev('ral \Yeeks; therefore, the second 

lll111lU110 l'l',le t j Vl' po lypl'pt ide sometimps expresspd in cells 

t r.11l ... f'nnll,·d \\'Î th the IlIULlIll CABl'lt\ expression cOllslrucl (described 



in section 3.1.1) was nat prespnl Final1.". ,1<, (''.]1(>el('d, 

amplification of cytoplasmi c RNA i so 1 atl'd f 1'0111 Cl> II.., Il.111'> f Plllh>(\ 

with the e}.nrcssion vect0r pBIOActlSBKII produc('<, !lO pl odttt t" ~ 1'1 f> 

2C, 1ane 1). In addition, eXamin<lLion of dll thl' l'(;I! Pl'oduet', 

obtained in these cxperiments by ag,1l'Os(' gP 1 (·1 (>c t l "1'1l<'I,", 1 L, 

followed by staining \Vith ethidium !Jromi c\P l'(>v<"I! (·d t 11.1! 110 

fragments other than those dptected by SouLlwl'n hl ot lllll'. (FIl'. }f', 

and 2C) \Vere gelwrated, therpby demonstraling tll(> <'I1('l'1fit'lt\' 01 

the reactions 
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') !<'olnlion alld ChnracterizdUon of cON_As Encoding CABPl-

Relaled Polypeptides 

/ T.,oL,l1on of cDNAs encoding p:'4 311d p31 

Tu isoldlc clones enc~ding related polypeptides, a cONA 

1 Ihrnry w.:l~ SCl'pcned with a 0 67kb cDNA containing a portion of 

t hl' CABPI codlng sequence (:-;tdflt <'l1d Tsang r.:a71uscript submitted) 

Illl(h-r condi lion!> of l"(-duced stringency, Besides CABPI cONAs. this 

dppl'o.!ch 1 pd tG the' isoLltlC.1 of a singl e related cDNA species, 

tl'nIH'd pC5D9, [rom the plasl'i,j l.ibrary, ln oeder to identify this 

clOll(', hvbrld selpctlO'1 expf'J-tme::::s ',le~e pc fO!'med, PolyA+ RNA 

1<,O]dtUc\ f10lll celle, that :lJd d~veloped fcr l7h was hybridized 

lIlld,'r ~trillEPl1t conditions to ci€113turec.., filter-bound pC5D9 DNA 

At t (' l' w.lsh) Ill', t}1(> fi l tel", te reml"Jve nonspecifically bound 

111.1 t (' 1 ut! , RNA that hé'd :rfbl"idized to pC5D9 was eluted and 

tt.IIl~,Llt{'d .!.!! \':tro tlS~nb 1 l',.l)bit ret;::u:ocyte lysate, The 

tl'dll<,]dtion proèllctb were .1nê.yzed bv im:1"l110precipitation using an 

.tilt i -CABPI mOlloclonal ar.tibr c1y C::bcmg and Tasaka 1986) fol1owed by 

'i\)S polvacl'yLlllllde gel electrcpÏioresis Ab Fig 3 shows, under 

q J"Î Ilj',(>lll ('O'lcl! lions pC5D9 se~fcls RN.' 3 p ecies which encode 

po] Vfwpt ides Wl rh molecul.ü ' .• (>~gh~s '::1. 34,000 and 31,000, both of 

1 l'cogni zee! bj antibody This 

l,h!-ol'l\,dtlOIl bUggC'"ts that ryL5D9 contai:1S Eeqllences present in the 

t 1 dll~Cl'Îpt oS codillg for fl[ a",d p3i a71,t ':~dt thpse two tran'icripts 

<,h.lJ'l' !-oubsLmt Lil homology .:>t the n'lcl'::'!oti-:!e l.evel 

TIH' ill!-O('l t :11 pC';DCJ Ü 0 '!.'/ _ bJdt 40~! ll'-'r:leotides long, To 
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Figure 3. Identification of pC5D9 by hybrirl selection. 

Messenger RNAs complementary to pCJD9 \-lcfe Iso lated by hybl 1 d 

selection, translated vitro, and Ilv 

immunoprecipitacion follo\oJ2d by SDS-PAGE As a po~itiv(' cOIlI l'DI, 

the CABPI cDNA pC6H6 WdS dlso used to se 1 ec l RNA L'ilL' l, 

immunoprecipitated products obtai;1eà from tht' tl"an~lati()ll of 1/11', 

polyA + RNA; Lane 2, na exogenods Rt:,\ ndrlpd to t r'lI1.s LI t IOIl 

reactiün; Lane 3, immunc.precip!.t:at?d products obtauwd [rom tlll' 

U"anslation cf RNAs cümplementary tü pCSD9, Ln 1)(. 

lInmunüprecilJitated proctucts obtained [rom the trall<,lal ion oi W;t\" 

complernentary tü pC6H6 

dnd p31 are Inbellcd. 
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isolate full-lE'Llgth cDNAs fo~ p34 ,md p31, a ,\gtll eDNA 111)\ ,11"\ • 

kindly provided by Dr PetE'r DE'vreotes (KIE'in et cl. ifl8R). Iv,!!"> 

screened us ing pCSD9 as Li Plobe Highlv strim;ent hybridi::.!t 1011 

conditions were chosen such that the probE' woulù no! hyhridi;'l' !n 

CABPI sequences, under the["e conditions, pC5D9 doeh Ilot hyblldL'l' 

ta CABPI cDNAs or to the CAP,PI genc 0,1 SoutIlPrn hl ot S At 1,'1' 

screening appro:-..imately 200,000 plaques, i:w(,lve poslt ivl' ('I()ll,'~. 

were obtained with insert si2es rangi:1g from )OObp to IOh.b '1'0 

confirm that ail of these clones corresponded to pC5D<J S('qu('Il<'('~, 

and not ta CABPI transer. :·ts, 'lol'thprn nnalysis was pE'I'fonn"d 

None of the tweive cDNtls }-lvbJ ~d~2e:l to CABPI pro!Jl's 1IIHI('1 

conditions of high strin6~pcy Thel eforé', tht'~e <;f'qU('IlC(O<, 1110', t 

likely represent cDNA elo!10S of p34 und/or p3l 

3 2.2: Sequence analysis u_LcDNAs 

To faciliiate furthf'r ar.alysis, th8 ]ongest CD~Jt\h w"rl' 

subcioned into Blucscript pl.y:n:.ds ?ig 

resulting clones and their rE-c,trLr.~ion Indp élS wpll <1'-, tlH' str.!I!,!,.\ 

employed ta determine the~l ruc1eocid~ sp~uenres 

The t,IO Iongest cDNAs pDdM3L, and pCd:-13l, Il,lv(' h"C'1l <,( (jlll'lll', d 

compietely on Loth stran,l" Ea(h c!·:'l1e conLlÎns olllv d SIIlE'.l(· 

long open read i ng frame fl<1nkE·d by 'J' and 3' lITitLII1'-,ldtl'c! 

sequence:; In each C<:5(". the hrc;t ATC appPill'S likC']y to 1)(' tIlt 

dlscoideum COl1sen!:>us ~or translation init:.ldllOl1 (Su·(' ] dIHI 

Jacobson 1988). Furtherrr.ors. U-.(. f('qll(,IlC~ upst1'P.JIn of tlrl~, l'Oc!OII 

in both ..:lones is extren:el)' A+T rish w:'ich is typîc,d of 



Figun' I~ CABPL-rel.1ted cD:JA C::"Ll1f:2' 

cDNA<, isolated fl'oITI tlle p:l-ge liOl'éily Wt .. re subcloned into the 

1'.l'oRI bi te of L11P plablTIl.L "z'~l.c..r 31uesc:-ip:: The clone isolated 

fl-om the' plnbll11cl lilJlary, ?C:D9 1S c·)'"ltai r .ed in the PstI site of 

pBR 32;> The open re"ding [,s /oe .1.:\ 21:1Cl1 .::lcne is represented by an 

Opt'Il rectangle. ulltranslated Sf>c.lences éère ü1dicated by a line 

l'he' J"(-<.tncticn [l'agmE'nt '.l'H-(. t:l proe r '-:--~ Scutf'ern blot (Fig. 6) 

1 <, 1 <11)(> 11 ed probe l, whi le t~c s":!gr.,eT't used t-o probe the Northern 

hlot (Fig Tl e strategy used to 

d,'tplïnillp tlll' IlI,clpotÏ<,e sPf1t:ences of th~ c!)l'lA clones is indicated 

hv tl)(> <1ITOWb. The r(':;tr:,tlon 113J. of tr.e cDNA clones is locatecl 

dt th,' top of the figure .. \, 6~uI, S, Sélg3A; g, BamHI; H, HincII. 

f 
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Both 

opt'n rpadi nr, frames end ~Ji th TM termination codons, as is the 

ca~p for almost all .12. discoid~un genes sequenced ta date. 

The shorter cDNAs have not been se::ju2nced entirely on both 

"t rands However, these clones cOi1lpletely overlap portions of 

t 1)(' longer cDNAb describcd above with Lhe exception of pDdMl14, 

will ch contains extra 3' untransl.'ted sequence including a 

conseusus po lyadenylation s ig.nnl, AATt> lA, and a polyA tail. 

The original cDNA identified and shm .. m to contain portions of 

t !J(. transcripts which f:>ncode p3l~ and [131 by hybrid selection, 

pC':JD9, W.1S sequf'llced using supercoiled, double-stranded plasmid 

DNA fioS d template in cO!1j'.mction with il synthetic oligonucleotide 

pl' illlPr This tt chnique was e;nployed to avoid the problems 

d~bOC ia ted wi th trying ta sequence through the GIC homopolymer 

clone during library 

l'OllE, t ructloll Since the nucleotide sequence of pCSD9 perfectly 

111.1 t cl1l'b Sl'quenCl>g present in the ;:>ther ,:D~As, i t is probable that 

t Ill' IOIlf',Pl" C 10n(''' consist of ltlore cOlTI!ll f'te copies of thf' p34 and 

(131 tral1scripts and do not represent othf'r CABPI-related messages. 

T!Jf' nue l(>ot i de and deduced amL10 aciô sequf'nces of the cDNAs are 

1 II u<~ tratcd in Fig. S 

R(,IJI,~rkably, pDdN3 b dnd pDJM31 aJ:c completely identical except 

! or t1H' prcsQI1cE' oi a l02-nuclc~otide segment located at the 5' end 

of pDdH3/, just downstream of the translation initiation codon. 

ThIS C'1C'\1l0nt doc's not disrupt the open reading frame, thereby 

ll'ilding to the production of a proteir. containlng an extra 34 
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Figure 5. 

clones. 

The sequC'nc(' of the two longesl cDNAs. pDdM3t, and pDdH3l. Wd<, 

determined completely cn hcth strands The remaining clon'!' l1<1v(' 

not been sequenced er.tir'·' '::" 0;1 bath S;lc1I~L <; The 5' alld l' 

borders of nll cDNAs aée inClcated 'ihL 3' end of pC5D9 WdS no! 

determined Th", border ch~d is marked -e:-'-csents the> 3' ('nd of 

the sequencine data [or this clone The seqllC'IlCe which i<, 

under"!.ined indicates the 1_0~ nuclC'otièe elulPnt which lS ab',l~IJt 

from pDdM31 N'Icleo::ièe '1'u:lb('rs 1re on the le[t whilE' dIll1IlO aeid 

numbers are on the riÉ)ht. 



l 
*pDdM34 *pDdM31 

1 GTAT CAAATAAATTAAAGAAA ATG TAT AAT CCA CCA CCA 
M y N P P P 6 

71 CCA TCC GGT TCA CAA GGT AAS; AA T AAT TAT TAT AGA CAA CCA TCA TCC ACA CCG GGT 
P S G S Q G N N N Y Y R Q p s S T P G 25 

*pDdM1l5 
128 GTT TCT AAC CCA AAT CCA CAA GCT AAT CAA TTT TTA CCA CCT CCA CCT TCT AAT ACA 

V S N P N P Q A N Q F L P P P P S N L 44 

185 CM~CT CCA AGA CCA GGA TTT CCA CCA AGT GCT CCA CCA CCA AGT GCC CCA GCA GGA 
..iL A P R P G F P P S A P P P S A P A G 63 

242 CM TAC AGT ATG CCA CCA CCA CCA CAA CM CAG CM CM GCA GGA CM TAT GGT ATG 
Q y S M P P P P Q Q Q Q Q A G Q y G M 82 

299 CCA CCA CCA CCA TCA GGT TCA GGT ATA GGT ACA GGT GTT TCA TTA GTA AAA GAT CM 
P P P P S G S G l G T G V S L V K D Q 101 

356 CM ATT TCA TTA AGT AAA GAG GAT CCA TAI CTT AGA AAA TTA ACA GTA GGT TTA GGT 
Q l S L S K E D P Y L R K L T V G L G 120 

*pCSD9 
413 TGG GAT GTA MT ACA ACA CCA AGT GCA CCA TTT GAT TTG GAT GCA GTA GTT TTT ATG 

W D V N T T P S A P F D L D A V V F M 139 

1,70 TTG GGT GCA MT GGT ATG GTT CGT CAA CCA GCA GAT TTT ATT TTT TAT AAT AAC AAA 
L G A N G M V R Q p A D F l F Y N N K 158 

*pDdM114 
527 CM TCT AGG GAT GGT TCA ATC TTT CAT CAT GGT GAT AAT TTA ACA GGT GCA GGT GAT 

Q S R D G S l F H H G D N L T G A G D 177 

581, GGA GAC GAT GM GTC GTA TCT GTA AAC TTA CAA GCA GTT TCA CCT GAC GTT ACT CGT 
G 0 0 E V V S V N L Q A V S P D V T R 196 

641 TTG GTT TTC GCC GTC ACC ATT CAT CAA CCT GAA TTA AGA AGA CAA MT TTC GGT ATG 
L V F A V T l H Q p E L R R Q N F G M 215 

*pC5D9 
698 GTT CCA AGA GCT TTC ATT CGT ATT GCA MC CAA GM ACA ACT AGA MT ATA TGT AGA 

V P R A F l R l A N Q E T T R N l C R 234 

755 TAC GAT CTA Ace AAT GM GGT GGT ACA MT ACT GCT ATG ATT GIf GGl GAA GTT TAT 
Y 0 L T N E G G T N T A M l V G E V Y 253 

812 CGT GAT CCT CMAAT CCT CAA AAT TGG TCA TTTATT GCT G1T GGT AAA TCT TTC CCT 
R 0 p Q N P Q N W S F A V G K S F P 272 

869 GGT GGT TTA CM TTC CTT TGT CAA ATC TTT GGT GTA AAT GCG TCA TAA ATTTTTTMTT 
G G L Q F L C Q l F G V N A S 287 

*pDdM1l5 
928 TT M TTT rrTCTT AGGCA TTTTTGGCAAA TTAGTTGGTTG~AA TTTTC! ... CTCATAA TTTTGTA TACAGATA TTTT 

pDd.'1)I,* *pDdM31 pDdM114* 
1003 TTTTTAfTCCACATAACACAATAAACAATCACTTTTTTTGTTCTAAAATTAAAAAAAAAAAAAAAAAAAAAAA 

., 
~ 
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amino acids comparcd to the pol~'?ept ide cl!ccdcd by pDdM3I. TIll' 

only other diffel.·ence between these clC'1r.e's is that thev conLlin 

slightly diffClE'nt amot..!,ts ;:Jf ,mtranslated flanking sl'qucncC't, 

The simplest explanation [or thPS2 rE'~ults is that p34 dnd plI ~rl' 

very closely re~ated. and ~-l:<,t p[,dM34 and pDdM31 are complC'mPllldry 

to the transc.ripts which enccoe thes(> pol vpE'ptides 

3.2.3: DNA blot analysis 

To determine t:le ::umb ~r ot~ ge:1es f>ncoding p34 and p31, 

Southern analysis was p2 :.èorrr,~d 1 .... ,) m~crogrHlns of gE'nomic DNA 

\vas digested ",ith VarlOltS _ustl'ict:rn E'nZ~"'les, fracLionaled by 

agarose gel elf>ctrophoresl'- 21':'· t ·é'!1sferut:. to él nylon membrane' 

The blot was th:m probed ,-"","r.g C:1C 3' ~_<ill':Ii-EcoRl [rai-,menl COIllIllOIl 

ta both pDdH34 and pDdN3l (0':-0003 1 'n Flg 4: As Fig 6A shows. 

only a single band hybrièizfd '.:t) the T)rcl:Je under co. ditiolls of 

high stringency for [,li. ~l:::'y;T,';.~ ~E S':'lC • ~VP~ if the stringl'Ilcv oi 

hybridization WdS r~duc~d th2 on~y ~~ditlcn1L bands recognized by 

this probe conta in the CABfJ gf>'e (Fig. 6B) 

gene appears to encode :: () cl! ~ ~I al d p~ 1. 

3.2.4: Express'on c.f dçtin 15-DD~134 fut,i~Q 

Tlwrf>forf>, d SI ngI (> 

Further eviùence ;rJ~".:.'·.~nF. t!n .. ?3:1 [<13 p3.!. are encoded by a 

control of the ac tin 1 <; p:·o,rotel. "hi s wa~ élccomp 1 i~hpd hy 

placing a HilldlrI site at che tr.-mslation 1n1'la':.1011 codon of this 

clone and then inserting tnE reslIlti:1[. re~tri('t1on frilglwnt i!llo 

the expression vector pBlnActISP,Kh. l'LIS conSLruct codC's [or d 

translational fusion Lons!.'>':.i 19 0:- the firsl li! codons of the 
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Fi gUl"P 6 DNA blot ana1ysis. 

A Gellomic DNA was digested with a variety of enzymes, size­

fl-action.:lted on an agaro~e &e1, trdTlsferred to a nylon membrane, 

,wd chen probvd undcr conditions of higl> stringency with a 

n'striction flagn,ent cornmcn to both pDdM34 anC: pDdM31 (probe 1 in 

Fig ?) E, EcoRI; D, Drq~, H, ~infI; C, Çl~I; X, XhoII. 

[) Genomic DNA was dlgested ..,rit!: vraI (D) or HinfI (H) and 

blottC'd ilS above Id0nticnl ~]ctc ~erF h~~riJized with either the 

pl-n!)(' lIsed .lhov(' or else witt a restriction fragment corresponding 

ta the 3' half of CABPI under va~ying degrees of stringency, 
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lJIodifj(·(\ lIetlll l') g('ne linl:od to the cpen reading frame present in 

pDdl1V, (Fil~ 71\) Slablc' transformants were isolated and analyzed 

by Jnpt"bolic l<lbelling with r 3:SSJrnethionine followed by 

1 1Il1ll11llopn'C' ipllal i 011 wi th ,,": n,onoclonal antibody which recognizes 

CI\B!'l d::' Wl'] 1 ar:. p34 .In::, p3 1 (Tsang and Tasaka 1986). The 

1 IIlIllUI10pr(>~'lI'1 t dt l cl products 'vere resolved by SDS polyacr.f1amide 

1',(·1 C'lc'cLrophoresis and de!:2cted by fluorography. As Fig. 7B 

cll'drly show ... , tl'ansfonr.ants cerrYli1g thi!: construct express large 

"lIIounts of plasmid-encoded p34 and p~l, which can bt.'! distlnguished 

f 1'0111 LIll' PIH!OgE'!10US mo1el'u1es tj virtuc of thl~ir slight increase 

III ',j zc This l'psu] t indicdteG ~hat the$e two polypeptides are 

thl' pl-oeluet ... of a single 'Jr.en L"eadi.ng f-;:-arne. Furthermore, the 

illformdtioll lPCJ'.li:ed ta 8'OY.cl"2.te the two polypeptides is most 

1 i h 1 Y Pl"('SPllt j 11 the ccd~ng region of pDd}ü4. The observation 

th,1t p3', alld p3 1 C,11l bùth be €xpn'sseà fcclll the same cDNA provides 

q 10111" ('vide!1cC' thdt the lV('\ polYflept:.dC's :::re tbe produets of one 

Altempts tl) use the c .rerexfl; 8S':o!.1g strain for a biochemical 

.llldlyo.;i::. of p34 and p31 hav,: Ilot been suecess[ul. A more detailed 

l'\.dlllindt iorl of this stl.lin has revealed ~hé'lt '-he overexpression of 

po lypep Lldps ~s Ilot very s.:ab.!. ~. In addi tion, 

illll\lLlllotluorcsc 'nee 1:-1"8 ~evealed that the 

l)V('n'~I)J-('ss('d l1\olC'cules appea:- r? be forming aggregates in the 

C\'tOjl13SI11 and thC'rC'fore ma)' r.-::t be fur.cticnal (Fig. 8). 
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Figure 7 ];:xprec;sion of--1!iLdH3f~ Vnder t1w control of tllP .1ctin l'} 

prornoter. 

A. Actin 15-pDdH34 fusion construct J he nue ll'ot] (\(' Sf'qU('ll( tH. 

provided by the expression veclor pBIOActlSBlŒ arp SllOWIi in Sllldll 

letters, whi1e those cleriveci f::om pDcLt131' an' in cdpiLtls -11](' 

numbers above the sequer,re (t·pr(>.',(llt alTllllO al'id positioIl ill tht 

fusion while those belo\.; the .:equpnc(-> indlCdlf' L1w lodoll pn<,] t ](111 

in the open rcading fromp of oDillCLj 

B Irnmunoprecipitation 'l:1"ly<;~s of tra.lsfonnallt s Î\ f t t 1 

introducing the expres~.ion '::Jnc;trltst Llto QjctY0'2.1l·lium L(·lls. tll. 

transformants were ~y met"bo1ic 1 a 1)(' lllllg \-.'] t " 

[35 S ]methionine follow(·d hy immunopreci!-litation Th(' two SU!>Ulll t " 

of CABPI are labe lled along '.vi t:h p34 and p31 L:uw 1 . 

irnmunoprecipitated products obt.:rined from unlransfonn(·d ('(·11 <'. 

Lane 2, irnmunoptecipitalcC proLluc ts ohUllnecl f rom c (> 1 1 ~, 

transforrned with pBIOAc tl 5BKP., Lane ':1 J, immunopl'ec ip i Ll t cd 

products obtnlned from cells transfonned whh tbe acLin 15-pDdMYl 

fusion construct 
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Figure 8 

p3i~ élnd p31 

Transformants cilrrying pEIOActlSBKH (control) oc the .let ill 1')-

pDdH34 fusion con.strùct (cverexpression) wcre .sldll1(·d wltll dll 

anti-CABPI monoclollill antibody élnd thel, L-pdted with TI~I'lC-

conj ugatf'd seco'1dary ant ilocdi e:... 

irnmunofluorescence lIlicroscopy 

1 
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3 2 5. RNA blot al1a1ysis 

To examine the pattern oL expre.:,sion of tlw tr,lIl~criJlt~ 

complementary to pDclH34 and pDdM31 5J.1,g of polyA-f RNA i!-.o1.1tl'd 

from cells at various tllnes or development \ • .1S fract londtl'd Ily 

electrophoresis through dendl 1JrIng ag.1rosp gels dnd trall<;fprrt>d tu 

nitrocellulose The blot was probE'd wi lh the ')' EC(lT{ l, D.lIlllll 

fragment from pDdH115 (peobe '2 in Fi g 4) 

conditions were employed tu prevent hybriJizdtion lo CABPl RNA~ 

As is shawn 5n Fig. (\ - , tbree transcrlpts \Vith ](,llgth~ 01 

approximately 1 l5kb, l 2Skb allel 1 4k;) \Vel'e dett·cted dt dl I t illll", 

of deve lopment 

\'lere llsed SiZ2S wc~e dl'cpnnined by p:-obing ~d('ntl('.ll 1I10t·. with 

CABPI, actin al1d disco~din l probes 

The 100 nucleotide difference in size Iwt\VE'ell t!Je' t\Vo <,lI1ft! ]('1 

trélnscripts agrf'es weIl \.itr O'J~ sequenc.llg data illld ~llgg('st<, th.!t 

these two RNA species arë! compl emer:tacy to pDdH3(~ dlld pO<l:l ~ 1 

Since our cDNA clones conta:" ' Okb .-nd 1. 1kb of sl'quencp. ./Ild 

polyA tails 011 mRNAs :n !-~ d'scoidct.:m are élpproxlmatf'ly ]()() 

nuc1eotides long, it is pruuable that the~? ClOlH'S cont.iÏll Jl10~,t 01 

the sequence present in th2ir comp1em~l1tal'y tl'ill1<,cript':> 'III( 

origin of the l 4kb trallsc,'èpt is Ilot l\.IWWII (s"(' Dicu~,<., 10111 

3 2.6' DC'rived dlllino acid ~~lences of t'JII _<l'1d p31 illld (,olllj).ll'i<"OIl 

to CABPl 

The derlVE::J dmino ,:cJ.d s('(!uences of the polypeptIdes ('11('od('d 

by pDdH34 and pDdN3l are sl'o\\.11 in Fi g 5 

calculated molecular WCl.;;.lt.., of 30,963 .. r.:1 2/,25), rp<'fH'ctivp]y 
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llil" i" somcwhal lower than their apparf'nt molecular weights as 

d( [('rmill('cl ry SDS polyaery~aJT1ide gel electrophoresis It j s 

llllllkply thal this discrepdney is due to post-translational 

lfIodiflca':iolls s~llce the polypeptides produeed by in vitro 

! LIll'>lat iOIl folloWE'd by llnmunopreclpitation comigrate with the 

polypept Ides synlhcsized (A. Tsang, personal 

( ollllilunieation) In addiL~Jr., !Jince che expression of pDdM34 in 

IJjl'!yo!-'tPliUlIl c("l1s leads lo the production of the appropriate­

',l/l'd ll10 1 ('cul (s (Fig 7), the di fference betwC'f'n the predie ted and 

O!J',PfVP(\ 512(>" loS Ilot the re",ult of a eloning artifact. A more 

llkl'ly l'~:plallat-ioll IS the amlOO acid ccmposition of these 

!l0IVpvptldes 

dlld gl~!LlmiIW 

Bot 11 1.101ecu1 €,::, have a very high content of proline 

Ilir,h pr fJl ir'S! content has been found to cause 

,dlllonnd 1 ll1lgration on 3DS poly~crytawidq gels (Driever and 

Nu,>slt'Ill-Volhard 1988) Furthermore, i t has reeently been 

dl'1lI0ll"! rdtt>d tlldt the c,ubur:its ot CABPI <l1so migrate slower than 

'·'.pl'C'U'cl. preoSulnabIy due co cl high proline/glutamine content 

(lol-dllt ilnd 'l'sang, lIh1llUC,l cif.'t submitted). 

/1.,<-, d~·,>crib.·cl earlieL, p311 and p3l are identica1 except for 

tlll' p)'('s('nce of .1 3!l-amino acid segment: inserted near the amino 

lnterestingly. we have found that the two 

o,Uhlilli t s of CAI'.PI ,Ire "Iso '_oentlcal exc9pt for the presence of an 

.Iddltlol1r11 37 élll1il1o élcid!:- at the amino terrr.inus of the 1arger 

polvpl'ptidp, C:\BPIA The restlltr~ descdbed in section 3.1 

dpll1011"t l-al(' that tlH' mRNA ~~ncoding -.:he small slbunit, CABPlB, i::, 

i',l'l1l'r.lted by il spl icing mecnanisrn wh~ch removes a l11-nucleotide 
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segment that codes for _Î1€ eXI"d Iml no de i d.., found onl \' III 

CABPIA. 

and p31 with thfJ5e of CABPIA ,-.nd C:AB~lB is ShOWll in Fig 10 'llll' 

simildrity b('tween p34/3I And the two suhunits of CARPI l', 

rem,1rkable. The amina terminal ~,ûqu('nce5 a~"p vi l't ua]1 y i dl'nt i C.! 1. 

with only two 3mlno Rcid cl; ffC::él1r'C'oi in thE' fir!>t /I~) r0..,idul·~, 

Signlficant1y, tlh' sequelle" whld' _5 sp0,:ifIC to pVI ,11 \1\0<, t 

(''{actly matche:; the regior. 'Jf CABri whi.2h i~> [oum! only 111 CAJW1A 

Furthermore, th(' nu.::leot·è~ sequ'O'n::e encoding tlll~ p!('m0nt i~ 

flanked pn'cise1y by ellE' eL'kacvJ::i,: <',~lCt' ('l!l'>PII"\\<' ~.i/',ll,ll'. 

CT/AG. suggestlng lh.1t p31 15 generaLecl hv d "pl icln;', 1'10('( .... <, V( 1 V 

similar to the one whu'r, pl :)>:;1\CPS CACPIB '1 • If' r e ~> II 1 t '> () h t [! 1 Il (> li h 'r' 

7) are consistent with ~his ~·'ipû':.·~(>!>j s 

Immediateb follo'.ving t 11':'E hig:-Jy CLl1s('cv(·d .1llllnO l(>I'IIIII1II." 

TIns 10g;on 111 CABPI, whidl l~ 

Y4 amine acidr; in length is very disti:lctiv3 in lts amino t1C'id 

content l t ('ontains a ll.Lgb f.-l:-()Pol'~ ~on (jf pro 1 inE' and f~ll1t ,lIni IW 

re5idues as weil as 5 copie; of :h, 9 c.r:li:1o <lC id repeat QPt\CQYCt\1' 

(Grant and Tsan;::" 'lwnuscript sl,l~mj'::t~d) 

region contalns oniy 4~ resi~ue3 Ev?n th0ugh il i5 considel'.ibl~ 

shorter than Lie sa'Tlé ('l~nent ln CAB?i, its ovpraii "haractpr 

remains very simi1ar since 'ot i, a1s0 \e.-y rich in prolllw and 

glutamine residuE's. It a)s:J _vnt;,;t1s 2 d?g<"n?cate v('rsioll~ of tlt(· 

9 amino ilcirl repc>at f01,:!'d ; n Cf\BPJ. APAr;QYSMP élnd QQAGQYGNP, 

separated by a polyglutpmine '::ra~l Hcwever. in p31~/31, lhe 
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lil/J,lIl"(' 10 Alq~nl11(?Jlt of CAByl and~i31 élm.i.no acid sequences. 

l'Ill' dlllillO dcid spqu0nCE'S of p34 and 1-'31 were aligned with those of 

thl' two suhunits of CABPJ.. \lSirlg the ALïGN program (Pearson and 

LI(lllldll ICJ88) The llnderlitled Eequences are absent from CABP1B and 

Il li 1 delll i Cd l ilInlno tlcids are :-':!presented by dots, while dashes 
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1 (l't'dt Ita<, bf'(-n C',lcllded la 12 amino acids by the addition of 3 

pl () II IH' n", i duc>', lo lhe carboxy ::e rr:n nus , Fo11owing this region, 

tir<' <,Ifllilflrity Iwlween CABPI ..;nd p3l~j31 increases again, The 

('dl-I)()~,y l('nnll1al halves of these polypetides possess 76% identity; 

t III <, Vd IUl' IIIC l"('<1 i->C'S to approximately 85!l, i!: conscrvative changes 

.In' IIi( luded A compari~on of the nucle0tide sequences of CABPI 

dlld pJlIj'31 i->howE, a ~imi lilr pattern of homology, 

l--,-.'--,-/_--=-I..:..;Il"-,)I",-I1(:,:,,,)",-lo~g~een p31!ill a,lt! bacterial plasmid-encoded 

polypeptides 

1 t h,le; !J(>('J1 df'monstrateG that C~BPI is related to two 

JlO 1 Vpl'pt id('~ encodE d by genes present on a bacterial plasmid which 

, onf l'l'''' l"l'S 15 lancE' (Grant and Tsang, 

IlIdllll<,rrlpl ~ublllitt('d) Thcse two sequences, ORF4 and ORF5 of the 

pl d<,lIlld p~IEi{610, are prest!med to havE. c.risen by gene duplication 

(,Johllllg and Ri tehle 1<?88~, lhsurprisingly, p34 and p31 also show 

hOlllology to these baeterjnl polypeptides, The carboxy-terminal 

Il) 3 dlIlLI10 dcids of p34/'3] Dossesr, L:I. 7~, E'nd 48 5% identity to the 

p\'()tl'lll~ E'llcoc!('d by ORF4 and ORF5, respectively, These values are 

III ide! slightly hight)r thél'1 the suuilarity betwcen CABPI and ORF4 

,lllcl OIU') AlI al ignlIlent Qf CABPI, p34j31, ORF4 and ORF5 is shown 

III FIg, Il No othe-r ;Jroteins have been found to possess 

i->1f,nific,lIlt ~imiLll'ity to p34 and p31 

1 
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Fir,ure 11 COIllparison Qf CA~p'34/31 and t",p hacteLial plasmld-

encoded polypep~ides 

Screening the GSNBANK odtabase èemor.stra~ec. thélt two polypc.'pl id(", 

encoded by ope.) reading ftrlméS 4 and 5 (ORF4 and ORF5) of tl\(, 

bacterial plasmid pMER610 &le very simiLlr to CABPI and pV,/31 

Pa'rwise alignments of the.se seqacnco::!3 were pc.'rformed using tlll' 

ALIGN program (Pearson and Lipman 1988), Results of tIlt' pairwisl' 

alignments we~ù used tù generate this figuce, AnllllO al' id 

identities with CABPI are represented by dots, whi le gaps ar(' 

indicated by dashes The elignment beLins at amino ciL id l for 

ORF4 and ORF5, amino acid 143 for CABrI, imd amino adc! 9') fOI 

p34/31, 
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l.'~· Functional Analysis of p34 and p3l by Gene Disruption 

3.3.1: Grnpration of p34/3l mutants by gene disruption 

In ordpr to obtain clues concerning possible functions of p34 

and p31 in vivo, the gene which encodes them has been disrupted. 

The stratE'gy for this ex~eriment is outlined in Fig. 12 A cDNA 

fragment lacking appr0Yimately 100 nucleotides of coding sequence 

from each end was inserted into the transformation vector pDneoII. 

The resulting construct was introduced into Dictyostelium celis by 

calcium phosphate cop~ecipitation. S~nce the transformation 

vector does not contain a replication origin, stable transformants 

can only arise when thE. plasmid integrates into the genome. 

Presumably, in at least a fraction of the transformants, 

i ntegration will happen via homologous reeombination between the 

cDNA fragment and the endogenous gene. When this oe,::urs, two 

Lru!lca ted copies of the gE'ne will be generated se.parated by 

plasmid sequences Olle of these genes will be lacking 3' coding 

scqut:'ncE'S and flanking elements while the other eopy ,,,ill lack a 

[unctional promoter as weIl as 5' coding sequences. The 3' 

truncritcd version of the gene, if expressed at all, should produee 

polypeptides lacking avproximately 30 amino acids from the carboxy 

le-l'mini and shoùld therefore differ in molecular weight compared 

tü thE' lvildtype lIlolecules by about 2000-3000. The 5' truneated 

v0l"sion of the gene shouid be completp.ly inactive. 

When homologous recombination occurs, it :::an be detp.eted by 

changes in the size of specifie restriction fragments. Targeted 
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Figure 12. Strategy for disrupting the p34/31 gene. 

A partial restriction map of the region surrounding the' p3LI/31 

gene is shown. Genomic DNA is represented by rectmlr,lcs, \vhile> 

integrated plasmid DNA is indicated by a 1 ine. Tlw translat i on 

initiation and termination signaIs of the gene are markcd TIH' 

black boxes represent the portions of the coding sequC'ncc that arC' 

absent from the disruption cons truc t. The probe used to de tC'c t 

mutants in which homologous recombination has occun ct! 1<, 

ind; 'ated. The sizes of vario1.ls restriction fragments bc[o!"c <Ind 

Rf ter homo1ogous recombination are marked. Note tbdt, for 

simp1ici ty, chis diagram shows on1y a single copy oi the 

disruption vector integrated into the p34/31 gene. Th0 figure> is 

not drdwn ta scale. The restriction sites shown on tlH' Illdp 

include: B, BamHI' C, ClaT, E, EcoRI; H, HinfI, S, Sau3A 
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dlsruption of the p34j3l gene can be prediclcd 10 ,dt l')' llll' C,L~l' 

of the ge'lomic EcoRI restriction fragment that wi 11 hvbt'Hli ::C' t () ,1 

cDNA probe, This probe contains sequences SPN') fic fOl' t Ill' 

extreme 3' end of the p34j3l gene and will not hybri clL:e' t 0 t II(' 

cDNA fragment present in the disruption construet, Tlw}"(·f on'. i t 

will only detect the 3' end of the endog(,l1ouS g(')1(' Ac, '.!t<l\VIl i 11 

Fig. 12, this probe hybridizes to il 9kb E{'oRI fragme'lIl i11 i',t'Ilom)(' 

DNA from wildtype strains but will detect a Skb [t-agll1P11t wl)('11 

homologous recombination has disrupted the p3 Llj 31 [,f'I1P 'l'hi ~. 

alteration in the size of the EcoRI fragment formecl tlH.' IHl'-oi.., Lor 

the screen to deteet mutants in which the p34j31 /'.(')1(' hdc, 1)('(-11 

disrupted, The effects of homologous recombinalio11 Oll thl' ~I:'(", 

of sorne other restriction fragments 1S also indicdlC'd j 11 FI l', 1 ï 

It should be noted that transfonned Dictyostelitllll c('lls O((Pll 

carry multiple copies oï the transforming plasmid illtC'gl'd(pd illto 

a single site in tha genome arranged in a tandem h(,dd,to-tail 

array. Since the probe used to screen for the p34/31 mULll'lc, dov" 

not recognize sequences present in the dlsruption const luct, thl 

al terations described above will be detected n-gard 1 (''-oc, of thl' 

number of copies of the vector whieh integratC' into the- p VII 31 

gene. 

Genomic DNA was extracted ÎlulII a total of 80 ind('jH'llclc'llt Iy-

isolated stable transformants. After digest ion wi t Il Ecol{ l, the' 

DNA was fra.:tionated ~Jy agarose gel electropllore<;i~, trdll"fprrC'd 

to a membrane and then probed with the cDNA fl'agm('nl dl'~cribpd 

above. While most of the transformants posspssed lh(· wi lt!typ(' CJkb 
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Figure 13. Southern analysis of mutants. 

G('nomic DNA isolatcd from wildtype celis and two putative p34/31 

mutants identified during the initial screening process was 

digE'stpd with CIal, EcoRT, or HinfI, fractionated Ly agarose gel 

dectrophorcsis, and transferred to a fiiter The blot was then 

probed with a cDNA fragment corresponding to the extreme 3' end of 

the p3llj31 gen.'. Lanes l, genomic DNA from wi ldtypp AX2 ce Ils ; 

Lanes 2. genomic DNA from transformant AX-2TI33-40; Lanes 3, 

genomic DNA from transformant AX- 2T133 -43. 
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E,.oRJ frnBIn('nt, II of them conta ined the 5kb fragment predicted to 

Iwo of these transformants, AX-

ïTl'H-/IO <Jllel AX-2T133- 113, WE'r(' chosen for further élnnlysis. 

G('flomic DNA W<1S prc'pared from these strains by CsCI density 

l',rad i (,Ilt cPlltr'i fugntion élnd (,xélmined hy blot analysis. As Fig. 13 

sllowb, bol h of thC's(' strains do indC'ed conta in the predicted Skb 

Ec oR 1 f r a!~m(' n t instead of the wU dtype 9kb fragment. 

Fu 1- 1 b(· nno r(' . wilcltype DNA digested with HinfI contains a 2kb 

f rdgmf'llt which hybridizE>5 to the probe while the two transformnllts 

P05',('55 a lkb fl-aglllPnt. Simi larly. the probe idC'ntifiC's a l5kb 

1 rd L;mPll t in Cl{jI-diijcsted wlldtype DNA in contrast ta an 8kb 

frngI1l('nt in both transformants Ihese results clearly indicate 

tlt<ll homologous rc~coI1lbinntion has disrupted the p34/31 gene in AX­

TrI.3l-Ml ancl A.X-2Tl33-43 

~.Î. J':,prp:;<,ioTl of p3[1 ,me! p31 in A.X-2133-40 alld AX-2Tl33-43 

1'0 ('Xilllline the expreSSion of p3 /4 and p31 in the disrupted 

StL-,lÏ1l5, d('veloping ('('lIs were metabolically labc:lled with 

1 Y)S ]methionine and then lysed A monoclonal antibody raised 

"gdil1st CABPl which also recognizes additional polypeptides 

lllC ludj 11[, p3 f l and p31 (Tsnng dnd Tasaka 1986) \mb used to 

lIllIllll110pn:>clpltnte tlH's(:, lllo1ecules, which were then reso1ved by 

l' lect! ophon:sis through SDS po1yacrylamide gels and detected by 

Both sublll1its of CABP1 as weIl as p3/~ and p3l are 

pl-esPllt in \.;i1dtype cells (Fig. l4A). FlIrthermore, the same 

are also present in AX-2T133-29, a control 

t L1115fonlldnl cdrrying trH' disruption construet which has 
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Figure lLf. E-.;pce'ision of p34 ,llld p31 illlllllt-;iIlt., 

A Immunoprecipitation ana1ysis. Wildtype and \11ul,mt c(,II., W,'I,' 

metabolically labelled with [35Sjmethiolli[1(' <Incl thl'll 1\,<,('<1 ('I\HI'I 

and ils related polypeptides were imm111h1prc'cipiullecl .Inti .111,!lv:l'd 

by SDS-PAGE follo\ved by fluorography. TIll' two <,Ullllllit L , 01 (:i\l\j'l 

as well as p34 and p3l <11'(> indicated TllE' 11llIll\lI1<>pn'l'lpltdl,'d 

praducts from wildtype CE'lls (Ume 1) t\X-}TI~)-'d) «,II" tL.lilt' 

2), AX-2T133-L.3 cf'lls (Lanf> 3), dnd AX-2TIB-)Q, 

transformant in which the p3 ll/31 gene is i 111 ,iCI (1 "Il' 1 l, dl" 

shawn 

B. Imwunoblot analysis 

intervals from vegeLltive and deV(,lopini~ c(·11~ of 1\.'.- ) llll- ''1 dlld 

AX-2T133-/.0 were fractlondtecl bv SOS-PACE dnd tlH'1l ll-dIIL,I'I"I,'d to 

fi 1 ters The blots werf' then probed with thc· Sdlll( dllt lbodv \l'-,('d 

for the abave imll1ulloprec i pi tation 

weIl as p34 and p11 are labf>lled 

The two SUhll111 t.., of (':\I\I'J d', 

Ldlw 1. vl'I',l't dt l", " t rd' t'" 

Lane 2, 4h extracts; LallC' 3, 8h pxtr;lcls, Lml' 'l, 1/11 l l tI ( t l, 

Lane S, 1611 extracts, LéiOl' 6, 20h e:-.tract" Léllll' l, > III t' rI,,' t" 
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integrated random1y into the genome; DNA blot dnil1v<,i L; indic,ltl'<' 

that the p34j31 gene is intact in this strain 

the two subunits of CABPI are present in both AX-2T13 3-/,0 ,lIld AX-

2T133-43, no wildtype p34 or p31 polypC'ptidC's .In' C!t'!l'ctl'(\ in 

these strains. Instead, vt-'ry low levels of Lwo ~lighllv ~m,djl')-

mo1ecu1es are present (Fig. 14A, 1anes 2 and 3) TI1('<'(' t wo 

polypeptides probably represent truncated versions of r 3', ,l1n\ Il 31 

generated by the 3' deleted copy of the f,f'I1C' f,c·lwrdt(·(\ bv 

homo1ogous re~ombination (see Fig 12) 

Immunoblot analysis was also pC'rfonnpc! tn d, t(')'mil1" ! he· 

expression of p34 and p31 in one of thE' di~rllpt(·(\ ::-.1 l-di Ile, 

were deve10ped on filters as dpscribed in section) 1 l'Iolvin 

samp1es were taken at 4h intervals. fractionatc·d by SIlS-PAl,E. ,ll1d 

transferred to filters. The blots were then probf'cI \ ... itll tlll' '"IIIIl' 

antibody used for the immunoprecipltatioll dn,dvL,tL. dl",ccihl'd 

above. As Fig l4B sh 0\'" 5 , tlw control trall", fo lïn,lIlt III wllicll th, 

p34/31 gene is intact dlsplays the previously dC'scl'lbc·d prof i 1(· of 

expression for these two polypeptides (Kay et !il 1<18/) Bolll 

molecules are absent from vegetative cells and dPP('dl- hy Id) of 

development. Theil- levels then r('main l"(·lati\'llv l'Olle,! ,lIl! 

throughout the l'est of the developml'ntal rycl(· 

howev0r, the truncated form~ of p3 /, and p31 Cil!. ju',t hdf('lv !>(' 

detected during development 
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1~: Grmlth ')f AX-2T131-40 And AX-2Tl33-43 

Phenotypic mwlysis hns n'vealed a growrh defect in the two 

1,.111('11 Dictyostplium cells are mixed with a 

!wctpt'ia1 <,uspenstol1 and then spread on agar plates, uniform lawns 

soon dppC'nr as t!H' bacteria grow. A short time later, plaques 

appNlr in dH' bacteria1 1awns as the Dictyostellurn ceUs grow and 

ingvst surrounding bacteria. Fig. 15 shows plaques that are 

produced by a control trnnsformant in which the p34j31 gene is 

intact compared 1.0 those that are formed by AX-2TI33-40. Very 

li Ily P InqtH's are produced by the mutant cells compared to the 

wi ldtype COll! roI, illdicating a slower rate of growth. 

l'PSU l! sare obta ined wi th AX- 2T133-43 

Identical 

A quantilative analysis of growth in these stralns has also 

bf>PIl Jwrfonned (Fie 16A). Cells of each strain were inoculatpd 

inlo bacterial suspensions and then agitated. At regular 

lntpl"vals, slIIall aliquots were removed from each culture and the 

Dictyostp!iuln cell density was detennined directly using a 

1!('JllOC y tOIllt' te r While wildtype A.X-2 celis and the control 

t l"ansfonn,lIll p,rew with a doubling time of approximately 3h, bath 

AX-2TI33-40 i1l1d AX-2TI33-43 grew significantly slower with a 

gl'I\ernl ion Ume of aboùt Sh IntriguingIy, this growth defect was 

~l·t.'11 ollly w11P11 l1ll' l'clIs were [l'd bncteria. When grown axenically 

III 111.') Illl'diulll, cl Il LI ~ trains grew wj th a generation time of about 

8h (Fig. 1(1)) 
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Figure 15. Plaque formation by mutants. 

Approximately 50 cells of strains AX-2T133-79 and AX-2Tl13- LIO WPI'C' 

mixed with bacteria and then spread on agar plates. The plat(''!"' 

were incubated at 22°C for 72h to allow plaques to form in thC' 

bacterial lawns. 
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Figure 16. Growth curves for \vi1dtype and mut<lnt c;tr<lill<-' 

A. Growth on bacteria. Wildtype and mutant cells wC'r0 inoculdtC'(\ 

into bacteria1 suspensions and incubated at 22°C Wilh dgiLll iOll 

Cel1 density was determined at 4h intervals USiIlg a !wlllocyLol!l{'[('!" 

B. Axenic grmvth. The same strains analyzC'cl dhove \oll'n' 

inocu1ated into HL5 medium and grown axenically at 22°G C('11 

density was determined every 8h. 
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3.3.4: Development ofAX-2T133-40 and AX-2Tl33-!d 

To assess the developmental profile of 1\.'\-2TI33- /10 ,111d ,\.'\-

2T133-43, hacterially-grO\vn cells were plated 011 filt('r~ ab 

described in section 2.1 They werc IPonitorC'd at 1-7h ill!('I"Vdlb 

and compared to wildtype AX-2 and the control tr,lllc;fonUd111 AX-

2T133 - 29. Al though the mutants form normal fnti t ing !Jod i (H.. 1 h('Y 

possess a minor defect in development. They complC'1 (' cll,\,(·lopl1l(·Il! 

about lh 1 ater than normal strains. Interestingly, l\w ddt·ct 

responsible for this delay occurs at a specifie dcvf.'lop\l1(·lllHl 

stage. The mutants behave identical1y to wildtyp0 controls 

throughout most of the developmental cyclC'. including 

aggregation, tip formation, and establishment of a \l1i~rHtory ~lug 

They then remain in the slug phase for approxillJatc·ly III IOllge/" 

than the wildtype contraIs before going on to cOlllp!('Il' tl'nnilldl 

development in a normal manner. 



100 

Chapter 4: Discussion 

'- As described in chapter 1, toe molecule cAMP plays a central 
':;. 

role in the lifecycle of Dictyosteltu~ discoidet~. It acts as a 

chemoattractant to direct tr.e formation of multicellular 

aggregates after development has been initiated by starvation 

(Konijn et al 1967), regulates the differentiation of both spore 

and stalk cells (Williams 1987). and controls much of the gene 

expression which occurs during ûevelopment (Firtel et al. 1989). 

While it appears that most of the effects of cAMP on development 

are the result of an inter.:::ction between extracellular cAMP and a 

cell-surface rpceptor in which a series of G-protein linked signal 

Lransduction events play a key r01e (F1rtel et al. 1989), there is 

also compelling evidence wèlich suggests that intracellular cMIP is 

jmportant in at least sorne of these events (Kimmel 1987; Kay 1989; 

Riley et al. 1939; Simon pj: al. 1989; Chaprnan and Firtel 1990). 

The isolatIon of the novel intracellulsr cNIP binding protein 

CABPI [rom Q. discoideum (Tsang a~d Tas&}a 1986) has identified a 

possible pathway through which the effects of intracellular cAMP 

may be mediated. The observation that CABPI accumulates in the 

nue lei of developing cell.!:. suggests that it may play an important 

regulatory rolé (Kay et al. In addition, monoclonal 

antibodies l&ised against CABPI nossreact with severai 

polypeptides (Tsang and 1asaka 1986) \>lhile CABPI cDNA probes 

rC'cognize a numher of genes in the genome of Q. discoideum (Tsang 

C't al 1988). These observations suggest that CABPI may belong to 

d falliily of related molecLlea. 
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l have analyzed the '1lechanis.l' by which the two subuni ts of 

CABPl are produced from a single gene. :::n addition, l have 

isolated and characterized cDNA clones encoding two polypeptides 

which crossreact with a.'t~ .~A~ï'1_ mO_-'Jclm~al an::ibodies and have 

disrupted the gene which codes for these lllo1ecules. The> 

conclusions based on these experiment~ are presented here. 
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Il 1: An Unusuai Splieing Met:hani<;m Generates the Two Subunits of 

CABPI from a Single Gene 

The two subuni ts of CAB::>l are encoded by a single gene. The 

evidence for this conclusion inclûdes DNA blot analysis (Grant and 

'J'sang, manuscript submittedj. RN.~ blot analysis (Grant et al., 

monuscript submittpd), and cornparison of genomic and cDN" 

sequences (Grant et al., n.anuscript submitted). Finally, the 

observation that the expression of a full-length CABPlA cDNA in 

Dictyostelium cells leads ta the synthesis of bath CABPlA and 

CABPIB directly demonstrates that the two polypeptides are encoded 

by one gene (th:s thesis, s~Ltion 3.1.1). 

The two subunits of CAPFl ap;_.ear to be produced by an unusual 

splicing mechanlsm. These two su~units are identical except for 

the presence of an adciitior,al 37 amino acids inserted near the 

aruino terminus Jf CABP1A (Grdnt and Tsang, manuscript submitted). 

The sequence of a cDNA clone en:0dLîg CABPlA is absolutely 

iclentical ta that of the CAEPI gene, while CABPlB- specifie cDNAs 

drc lacking a lll-nucieotid.::. ele'llent located just downstream of 

the translation init:ation 'odcn in che gene (Grant and Tsang, 

manuscript submitted; Gran~ et al., manuscript submitted). Since 

this 11l-nucleJtide segmenr is aanked precisely by GT/AG 

eukaryotic splice consensus signaIs, :i.t il'. ~robable that the rnRNA 

encoding CABP1S is gener~ted èy a splicing mechanism which 

SOIllC'ttllles rellloves a portio:1 of the cading region from the CABPI 

primary transcript while CABPIA rnRNAs consist of unspliced 

transcripts I~ has been ~uggeEted that the splicing reaction is 
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regulated by a 2-nuclcotic~c devi .?tfon in the 5' splie€' sltl' 

present in the CABPl ge, <:! com;Jared to the consensus sequence 

derived from several g. ûiscoi.a~uI'1 1.1~trons (Grant 1990). "his 

deviation, which occurs E't posit~_:ms 5 and 6. lI'ay cause splie ing 

to be relativel, inefficlent, thercby ensuring that both subunits 

are synthesized. 

To deterrni'le whet~ler l:he tW) subl'nl ts of CABPI are in fae t 

generated by a splicing l.1echan:'::;rn, and that this splieing i5 

regulated by the deviation f~orn ~~e consensus 5' splice sequence, 

gene fusion é..nd sit;e-Lirected rnu~agenesls expcriments wen' 

perforrned (section 3.l). 1he resul::s f:-om these experiments 

strongly support the above hyp:,the52s. Fi!'st, expression of (l 

full-length GABPlA cD~A un~~= the control nf ~he aetin 15 promoter 

generat:es 2 rnRNAs, one 0: which codes for CABP1A and the other of 

which codes for CABP1S (F165 1 ana 2) This result dernonstrates 

directly that the two 5ubunits are the produets of a single gene 

and that the information required to generate the CABP1B rnRNA is 

present within the CABPlA cDNA. Second. when the 5' splice sit(' 

present in CABPl (GTMTA) iu converted to the 12. diseoideulll 

consensus (GTMG:'), only the CABPIB r.1RNA is generated and only 

CABP1S is expressed (Figs. land 2) This result d~rnonstrat~~ 

that RNA splicing Is clearly respcnsible for gen~rating the CABrIS 

mRNA, and that the 2-nucleotide deviation present in the ~' splicp 

site of CABPl compared to the LonEensus ensureh that splicing do('~ 

not occur constitutively, thereby preventing the synthe~is of only 

CABP1B. 
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T!1pre arC' at least two explanations for the decreased amount 

01 lhe acLÏnl5-CABPlB fusion polypeptide present in cells 

tronsformed with the mutated CABPlA expression construct compared 

to control transformants carrying the wildtype expression p1asmid 

(Fig. 1) First, the amount of the corresponding mRNA present in 

the cells could be different. Since the PCR experiments shown in 

Fip,. 2 werC' nonquontitative, it is not possible to determine the 

relative amounts of the transcript present in the two populations 

of transformants. A1ternatively, the individual subunits of CABPI 

m~y not be stable and might have to interact with one another in 

order to prevent degradation If this is true, it would imply 

that the splicing event plays an important role in regulating the 

expression of CABPl. 

As described in section 3.1.1, cells carrying the mutated 

CABPIA expression construct occasionally contain an additional 

polypeptide' which can be immunoprecipitated with an anti-CABPI 

lIlonoclol1nl antibody This polypeptide migrates slightly faster 

than the wildtype ac tin 15 - CABP LA fU.üon. While the precise 

ori gin of lhis molecule is not known, its size suggests that i t 

1\1,1Y l'C'pl'f'sent the product of a second spliced mRNA. Two potentiai 

3' splice sites (AG) dre located between the 5' and 3' splice 

jUIlC't iOI1S which are nonnally used to generate the CABPIB 

t l"élllSCl"ipt The use> of Oll{' of these two si tes could be 

r<'sponsible for the generation of the extra polypeptide. However, 

on l y one 0 f thel\1 1\1<1 i nta i ns the appropria te reading frarn'O! and the 

l't'sull ing polypeptide' would be srnaller than the rnolecule which is 
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actually observed, Thus, this polypeptide IlldY Ill' prot!ul'('d hv 

aberrant splicing or by the use of crypt ic spi iec <; i t ('~ At t ('mpt ~ 

to determinG its precise origin by using thc POIVI111·l'd'-.(· l'hdlil 

reaction to isolate a cDNA which er,codcs i t h.l\'(' Ilot Ill'l'Il 

successful, perhaps due to its apparently tran",icllt lldtltl(· 1 t i ~ 

important to stress the fact that, in rhese cell'-., 110 llll"P II C('d 

product corresponding to CABPlA has ever been dpt (·ctc·(\ dt (' i t Ill'l' 

the prote in or mRNA leve1s, Thus, the results stron!',lv ~lIpport 

the hypothesis that the 2-nucleotide deviation ill tlll' )' "pl k(' 

site of the CABPI gene compared to the Dict vast (' 1 i \l1Il (,OI\',,'I1',lI<; 

p1ays a major l'ole in generating the two tran~cripl~ \vhlCh ('Ilcod(' 

CABPlA dnd CABPlB, 

These results are consistent with a number of otlH'l' <,tlldl('f-, 

which have examined the effects of specific lflutdtioilS wlthill th(' 

5' splice site of introns in another lower euk,ll'votp, Lh!' Yl'd',t 

Saccharomyces cerevisiae, In this organism, il strollglv COI1',('rv('d 

5' sp1ice consensuf' sequence of GTATGT has been Obf-,Cl'Vl'd (1'('('111 ~ 

al. 1984), Hutations at position 5 which convprl tlH' l; l'V',l(lul' 

to C or A have been found to significant1y r"e1uce Lhe l·if idvlH V 

of splicing and leael ta the accumulation of unsplic('d .1<; w(·ll a'. 

spliced transcripts (Fouser and Friesen, 1 °86, Park(')' <iIlti l;ut Ill' i (', 

1985), 

For introns in 111dmméllian genes, d ~lightly diff(·J'(·Ill ')' 

sp1ice com:ensus sequcllce, GT(AjG)AGT, 11<1~ h('l'Il fOlllld (~lIIi t h ~ 

al. 1989), This seqlwnce is much less hiE,hly cons(·l''1(·d thall th(-

corresponding element in yeast and Dictyo<,ll'l iUIIl iIlt 1'011<' Ollly 
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n!>oul 'H of .î 11 mnmmn 1 ian introns examined to datE' possess a 

pf'rfect m,1tch to this consensus (Smith !'.! al. 1989). In general, 

mutation of the 5' splice site towards the consensus can make it 

more' efficif'nt (Smith et al. 1989). 

Thus, the two subuni ts of CABPI app. ~ to be produced by an 

unusual splicing ev;nt which sometimes removes a portion of the 

corling Sf"quence present in the primary transcript. Spliced mRNAs 

encode CABPlB while unspliced transcripts code for CABPlA. 

SpI icing dOBs not occur constitutively due to a two-nucieotide 

deviation in the 5' splice site compared ta the consensus 

S('qUC'llce 

A similar mechanism is used to generate t\.;ro isofonns of -y­

fibrinogen in rats and humans from a single gene (Crabtree and 

Knnt 1982; Fornace et al. 1984). In these cases, however, the 

cptdirwd intron contains an in-frame stop codon which causes 

translation of the two mRNAs to terminate at different sites. 

Similady, the presence of a retained intron in somallc cells of 

the Droc;ophi] ,1 P-elcmcnt transposase generates a truncated and 

non[unctional protein due to the presence of a stop codon (Laski 

pt.dl 1986). Hore recently, it has been suggested that the two 

human high mobility group proteins HMG-Y and HMG-I are produced 

[r011l a singlE" genE? in a manner identical to that which generates 

CABl'lA and CABPIB (Johnson et al. 1989). Thus, this mechanism, or 

~light vclriations of H, appears to be relatively common in 

l'ukal"votes 
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4.2: The Two CABPI-Re1ated Po1yp~ptides p34 and p31 

In order to understand the Inechanisms which medidte tlw 

effects of cAMP on the development of 12. discoid~um, it is 

necessary to identify a11 the cellular COmpOIlf'nts which directlv 

interact with this mo1ccu1e. Two cAMP-b; nding protf' i ns have bf'l'l1 

intensively studied in this organisrn. These mol~cu1es COl1sist 01 

an integral membrane protein involved in chemotaxls and g(>Ile' 

expression (Klein et al 1938) &nd the regulatory subuni t of rlw 

cAMP-dependent protein kinase (Mutzel et 21. 1987). A novel cAMP­

binding protein designated CABPI has recently he en characteriz(·d 

in this organism (Tsang al'(. Tasaka i986, Kay et .i3l. 1987, T.':.ang !:.L 

al. 1987; Tsang et al. 1988). In the course' of these studies. it 

has been found that C"-BPI appears to !Je a mf'mber of a fami ly of 

related polypeptides (Tsang et aJ. -_988). This hypothes is ha~> 

been confirmed t>y the isolation of cDNf. clones which encode two 

CABP1-related molecu1es, p34 and p31 

Based 011 the clata presented ir. chapter 3, it is very likply 

that the cDNA clones pDdM34 .::nd pDd.'-Dl r,~spp.('tively encode p34 nnd 

p31. First, hvbrid se-;'ecdon analysis of the cDNA clone pC)DC) 

(Fig. 3) indicates that this 3equence iG complempntary to mRNA~ 

which encode these two polypepU des wt.~·n a cDNA 1 ibrary Wd<, 

screened using this clone as a probE.. two different class~s of 

cDNAs were iso'.ated, rep!"8sented by FDdM3 /1 and pDdM31 Second, 

the sizes ot these two clones agree weIl with th~ sizes of two oi 

the transcripts which are detectpd by Northern hlotting (FiE 9) 

Third, the polypeptides ~nçoded by pDdM34 and pDdM31 appear to 1)( 

the products of a sing1", 3~ne (J; ig:;. 6 and 7) and an· v('ry 
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simi lar to the two suhunits (If CABp· (Fig. 10), which are also 

producpd (rom ~ single gene by al alternative sp1icing mechanism 

(Figq. 1 and 2). Fina::y, wh~n a t~u~cated fragment of one of the 

cDNAs was used to dis~upt its cog~êté gene by homologous 

n'combination, the lc"e1s of p34 and p31 were drastica1ly reduced 

(Fig. 14) Tc:ken together. thèse èaca strongly suggest that 

pDd!134 élnd pDoM1l élre comph.r.entacy to the rnRNAs which encode p34 

and p31. 

The results described jn .3ectjon 3.2 lndicate that p34 and 

p31 are the prorlucts of a single be:.e. 'l'l'.::: two subunits of CABPI 

dre a1so encoded by one gene (Grant and 7sang, manuscript 

~lIbmi t ted, Grant et al. m:inuscripl. in p!"eparation; this thesis, 

spction 3.1). Based on the nigh siœi1arity between the 4 

polypeptidps (F.L,s 10), h is proi:>able t~lat these two genes arose 

hy duplication. Subsequ\.'nt sequence divergence has led to a major 

change in only (lne domain, , ... i t~ the remainder of the two genes 

Illd inta ining close similari ty, espec:ial1y at their 5' ends. The 

virtual identity of the amino termirli of p34j3l and CABP1 in 

contrast ta the reiatively wt>aker ~imi '_ar1ty disp1ayed by the 

rpllldlndpr of the pro teins suggests that this region of the 

polypept ides is crue ia1 for funetion. Furthermore, this arca 

contains the segments which dre removed from the CABPI and p34j31 

prilllary transeripts to generaLe CABPlS &nd p31. It is very likely 

thdt p34 and p31 are generated from a dngle gene by the same 

lIlf'ch,mi sm which producE's CABPIA and CABPIB. Similar ta CABPI, the 

'i' splice site in the p3hj31 gene (GTAACA) deviates from the IL 
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discoideum consensus at positions 5 and 6. The st t'ong 

conservation of this feature between the two genes impli€'s tha t 

the abili to generate two polypeptides is functionnlly very 

important. 

The high degree of similarity between p34/31 and CABP1 r,lis0b 

the question of whether these molecules are [une ti olla 11y 

identical. It is not yet known whether p34 and p3l POSS('b'i the 

cAMP binding activity displayed by CABPl. However, due to the 

extensive homology between these polypeptides, it i8 very prohahle 

that p34 and/or p31 will a1so bind cAMP On the other h,ll1d, gel1P 

disruption experiments indicate that these molecules probably do 

not perform exactly the same [unctions in the cell (seC' spctiol1 

4.3) . 

The functional relationship between p34 and p3l ie; not dhll'. 

Since CABPl operates as a heterodimer between CABPlA and CABPIB 

(Tsang and Tasaka 1986), it is possible that p34 and p31 also 

associate to form one functional protein. AlternatiVE'ly, a11 iour 

polypeptides, or various combinations of them, may form a compl€.'-...: 

Consistent \vith this hypothesis, gel chromatography E'xpC"'rilllC'nts 

have revealed that native CABPI elutes in a high l1101ecuLu' wl'ight 

fraction which also contains p3h and p31 along with d numlwr of 

other polypeptides which are antigenically related to CABPl (TSillllj 

and Tasaka 1986). Further analysis is required to rpsolve thb 

question. 

Because both the CABPI and p34/3l gc Il€.' b ('I1CO(\(' lidO 

polypeptides, they represent two of the mosl cOlnpl iCdled 
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It appears that the p34/3l 

Ecn(' j ~ cven more complex Northern analysis using p34/3l cDNA 

pro!J('s d('U"cts transcripts with sizes of 1.15kb, 1.25kb and 1.Llkb 

(Fil', 9). The two srnaller mRNAs probably encode p34 and p31 and 

lJ1o!-;L ] ikely correspond to the cDNAs pDdM34 and pDdH31. The nature 

of Lhe larp,est mRNA is not clear at present It does not appear 

to rc"prcsent the transcript of a second closely related gene. 

First, South0rn analysis clearly indicated that only a single gane 

{·ncodp.'-, p34 and p31 (Fig. 6A). Second, under Iow stringency 

conditions, p3 Llj31 probes crossreacted with only one additionai 

gC'ne, that which encodes CABPI (Fig. 6B). CABPI probes, however, 

do Tlot ;~~'bridize to the 1.4kb transcript under conditions of high 

btringency (Grant and Tsang, manuscript submitted). Finally, this 

U:an<,cript was recognized by probes derived from aIl regions of 

tlw p3l+ and p3l cDNAs, even when very high stringency conditions 

wert' C'lllpl oyed. Thercfore, the 1.4kb transcript probably 

}"f'presents d thircl message which is produced by the p34j3I gene. 

TIt(· dete1'mination of its precise origin and function will require 

dddiLional analysis 

The discovery of very high similarity between CABPI, p34/31 

and two bal' ted dl polypeptides encoded by a plasmid which confers 

n'si ~tdllCe to tellurium anions (Fig. 11) was completely 

This close 5imilarity suggests that the5e molecules 

l1a\'(' a comlllon evolutionary origin. It also implies that they 

pl'ohably have sinlÎ la1' functions. Unfortunately, the mechanism 

\\1111('h impartc, t0l1uriulll resistance in bacteria is not known, so we 
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can gain no clues as to the function of p34/3l ami C1\BI' 1 , l t i s 

also not known whether thesE' bacterial polypeptides Cdll bind l'ANI', 

In summary, the resul ts presented in sec t ion 3, / c1011l011~ t 1'.1 t p 

that p34 and p3l, two of the polypeptides which Cl"OS~n'.lC t \Vi th 

anti-CABPI antibodies, are in fact very closely 1"01atPd to CABr1, 

These polypeptides, like the two subunits of CABP1, <lppe'al' t 0 he' 

the products of d singlE' gene, The CABPl and p311/31 gC'tH'b 

probably arose by duplication followed by sequence div('l'L',0\1C(, 

It is likely that both genes use the same mechanism to !jc'l1pr.lt (' 

two polypeptides, Based on these resul ts, i t is clpa r t ha t CAB!'l 

belongs to at least a small gene family, BecausC' ,1Illl-CABI'1 

antibodies crossreact with a number of polypeptides in addition to 

p34 and p3l (Tsang and Tasakct 1986) \Vhile CABP1 cDNA pro!wb 

hybridize ta several genomic DNA fragments (Tsang C't al 1988), 

several more genes may belong to this family 

the CABPl gene family will not be kno\vn until aIl t!w Ijl'Iles 

identified by crosshybridization wi th CABPl probeb h,lVP !)('en 

characterized. 
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/1. '3' p'3LI élnd p'3l Appear to Plny Important Roles in Both Growth 

and Deve]opment 

One of the most powerful approaches available to determine 

the function aL a protein is to isolate mutants which express 

nltered amounts of the molecule in question. The recent 

ùernollstration that homologous recombination can be employed ta 

spec i [ically disrupt genes in Q. discoideum (De Lozanne and 

Spudieh 1987) makes this a very powerful system with which ta 

analyze the role of specific polypeptides in growth and 

dif[erentiation. In arder ta determine possible funetions for p34 

and p3l, the gene whieh codes for them has been disrupted. 

After transforming celis with a plasmid containing a p34/31 

eDNA fragment truncated at both ends, 80 independent transformants 

wcrc analyzed by Southern blotting. A total of four mutants were 

obtained. While the frequency with which homologous recombination 

occurred in this case was not particularly high (4/80 or 5%), it 

agrees weIl with results obtained for the few other Dictyostelium 

genes that have been disrupted in this manner. For four other 

genes, homologous recombination has occurred in 5-30% of a11 

transformants analyzed (De Lozanne and Spudich 1987; Witke et al. 

1987; IIHr10ff pt al. lY89; Jung and Hammer 1990). 

Two of the p3!+/31 mutants, AX-2Tl33-40 and AX-2T133-43, have 

hpcn éll1<l 1 y2 ed for 

1l1UIlUlloprC'cipitation and 

the expression 

immunoblotting 

of p34 

experiments 

and p31. 

(Fig. 14) 

cledrly indicate that, although a null alle1e has not been 

isolat~d. the disrupted strains express drastically reduced levels 

of truncatC'd versions of p34 and p31. The residual amounts of 
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these two molecules are probably producC'd hv tlw 3' t nIlle.! t l'd 

version of the p34/31 gene which is generatE'd as a con'sC'C!uc'IlCC' of 

homologous recombination (see Fig. 12). This f,PllC' cOlltdins .1 

functional promoter as weIl as most of the codi ng t,eqlH'llcP 1 t 

lacks the last 30 codons and aIl 3' flanking sC'qUC'\lC('!, SillCl' 

transcripts from this gene will not contain cl polyaclplIylat ion 

signal and probably will not terminate properly due to the dhsc'llcP 

of a specific transcription termination sequence, lhey arC' 

unlikely ta be very stable. This would expIa in the VC'l'y low but 

detectable levels of truncated p34 and p31 found in lIlc' dl <,rupt ('d 

strains. 

The observation that AX- 2T13 3 -40 and AX- 2T13 '3 -Id f Onll vc'l'y 

small plaques on bacterial lawns compared ta a wi] dt vpc COllt ro} 

(Fig. 15) suggested that these mutants grow slowly. 'l'hi <, 

hypothesis \l1as confirmed by analyzing the growth l'ales of LIl(' 

mutants (Fig. 16A). Intriguingly, this defect was t,f'('11 ollly WIWll 

the cells were grm.,rn on bacteria. When cul tured axcnic,llly i 11 111.') 

broth, AX-2TI33-40 and AX-2TI33-43 grew at tl1C' S<1/l1P l'<ltp il" 

wildtype contraIs (Fig. 16B). There are at least lwo pOSb i h 1(' 

explanations for this difference. First, the defect rcspoll:,ih}c' 

for slow growth in the p34j31 mutants may be specifie lo d proccbe, 

which occurs only in cells which f eed upon bac lC' l' id 

AlternativeIy, sinee axenic celis grow approximdrply 3 t impe, 

slower than those grown 01. bacteria (compare Fig 16A <lod 161) for 

wildtype controls), it is conceiv3ble that the grovlth dc>tC'ct i.r:. 

simply masked by the already extended generatioTl Umc' of 
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nx~nicnlly Browing cells 

These r~sults indieate that, direet1y or indirectly, p34 and 

p3l must play an important raIe in growth, at least in cells which 

[('('d on haeteria. This is very surprising beeause these two 

polypeptides are not detected by Western blotting in vegetative 

ecl1 pxtracts (Kay et al. 1987) although the transeripts which 

encodp them are clearly present at this time (Fig. 9). However, 

s inee twc independent mutants behave the same, i t is highly 

unI ikely that this growth defeet is an artifact. This suggests 

that p34 and p31 are in faet present and play an important role in 

growi ng cells. The inability to deteet them may be explained 

severa1 ways Perhaps only very small amounts of these molecules 

nrf' produced during growth. Alternatively, the y may only be 

synthf'sized at very specifie times in the cel1 cycle. Finally, 

p34 and p31 may be unstable in growing cells. Whatever the case, 

i nterfering wi th the normal production of these polypeptides in 

vegetative eells by disrupting the gene which encodes them appears 

to lead to a decreased growth rate. 

ln addition to the g,rowth defeet deseribed above, AX-2T133-40 

and AX-2T133-43 possess a minor developmental defeet. Both 

mutants exhibit a slight- increase in the length of the slug phase. 

AIl other stages of developmcnt appear to be normal. These 

!"csul ts sugges t that p34 and p31 perforrn a specifie function 1ate 

in dC'velopmcnt. 

Furthettnol-e, this analysis suggests that p34 and p31 possess 

functions di5tinet from those of CABPI. Both p34j31 mutants 
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described here express normal levels of CAB!'l (Fi l', 

Therefore, although p34 and p3l are very closely r01nt0d Ln CAB!'I, 

they are not functionally equivalent to it, dt l"i1~t Ilot 

completely. 

Because a null mutation has not been ohtnilwd, otlH'l' 

interpretations of the above data are also possibl", It Is 

conceivable that aIl of the observed abnormalitiE's pn>sc>nL 111 li\(> 

mutant strains are not caused by a lack of normal p3~/31 

Instead, they could be the result of the presence of the lruncated 

forms of p34 and p3l in the cells, For example, tlw alt"rc'c\ 

polypeptides could interact incorrec tly wi th other intrdc011 uldJ' 

factors ta change growth and developmental propel·lips. ot- Lhe·y 

could somehow antagonize the activity of CABPI 'l'hu c, , t!\(' 

isolation of a null mutation in the p3L~/31 gene will !Je n'qui l'cd 

to clarify these results. 
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4.4: Concludin~ Remarks 

The r~sults described in this thesis have increased our 

knowlcdge concerning CABPI and the closely-relélted p34 and p3l 

polypeptides. llowev0r, there is still much ta be done. First, 

UH' isolation and basic characterization of the remaining CABPl­

n·] ated genps present in the genome of Q. discoideum should be 

performed. This analysis could proviùe valuable information 

concerning the evolution, structure and function of CABPI and its 

related polypeptides. Second, the generation of antibodies with 

greater specificity than those presently available would greatly 

simplify the task of determining the expression and intracellular 

localization of these protcins. It would also provide a way to 

examine the interactions, if any, between these different 

molecules. Finally, the generation of mutations in aIl of these 

genes by homolagous recombination or gene replacement should yield 

Vè:lluable data concerning the functions of the individual 

polypeptides. It is only by performing these, and other, 

C'xperiments that we can fully evaluate the raIes 0& CABPI, p34/31, 

dod their related polypeptides in the grawth and development of Q. 

discoicleum 
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