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ABS TRA CT 

When D~o/2ophila embryos and pupae , undergoin g 

differentiati on , are subjected to a brief heat shock at an 

ele vated temperature , spec ific abnormalities are produced in 

tie adult organism . The type of abnormality produced is 

dependant upon the stage in the differentiation pr ocess at 

which the heat shock is adm inist e r ed . In addition , D~o/2ophila 

cel ls respond to heat shock with the rapid cessa tion of all 

pre - existing transcription and translation , and t he 

simultaneous transcription of a specific set of heat shock 

genes . Heat shock mRNAs are subsequently translated 

preferentially into a novel set of heat shock p r oteins . This 

response of D~o/2ophila is independant of the type of tissue 

and the developmental state . Many other organisms display a 

similar protein synthetic heat shock response . 

Phy/2a~um plasmod ia can be r eadily induc ed 

expe rim entally to undergo a process of different i ation 

lead in g to the development of mature sporangia . Heat shocks 

administered during this differentiation have been reported 

t o result in the formation of abnormal sporangia . This thesis 

is concerned with the detailed inv estigation of normal 

sporangial development in Phy/2a~um and the effects on 

s ubsequent development of heat shocks administe red at a 

number of different stages of development , using a 

combination of light microscopy , scanning elect r on microscopy 

and transmission electron microscopy . The more immediate 

response of Phy/2a~um prote i n synthesis to heat shock is also 

investigated , us in g r ad i oactive labeling of p r o tein s , SDS­

polyacylamid e gel elect r ophoresis and fluorography . 

Heat shocks administered durin g the ear ly stages of 

Phy/2a~um sporangial development induc e a delay in subsequent 

development but normal mature sporangia are produced. Heat 

shocks administered late in development induc e the formation 

of grossly abnormal sporangia, with the type of abnormality 

induced being dependant upon the stage of development 

attained at the time of the heat shock. Heat shocks 

administered at a mid-point in development induce a complete, 

. though not permanent, developmental arrest. 

Heat shocks at a number of different stages of 

Phy/2a~um sporangial development induce a considerable 



reduction in pre - existing protein synthesis , while the 

synthesis of a novel set of heat shock proteins is induced 

by each heat shock . The heat shock proteins of Phy/2a~um have 

approximate molecular weights of 85 , 000 , 78 , 000 , 75 , 000 , 

73 , 000 , 69 , 000 , 18 , 000 , and 14 , 000 daltons , with the 

predominant heat shock protein being that of 69 , 000 daltons . 

Phy/2a~um plasmodia undergoing active growth synthesize the 

set of heat shock proteins typical of plasmodia underg oing 

development but , in this case , the pre - existing protein 

synthesis continues during the heat shock . 

The effects of heat shock on both the develo n.~ en t and 

protein synthesis of Phy/2a~um plasmodia are discuss ~~ and 

relationships between these two phenomena are propos ed . Also 

discussed are the similarities between heat shock- induced 

abnormalities in D~o/2ophifa and Phy/2a~um , and the 

similarities between the protein synthetic heat shock 

responses of these two organisms . In both organisms , a 

similar molecular basis probably underlies abnormalit y 

production , while the major heat shock proteins of bot h 

organisms are remarkably similar in molecular weight . 
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SECTION 1 . INTRODUCTION 

It has long been establ i shed t hat the imposit i on of an 

environmental stress during the development of D~o/2ophi ia 

can induce mutant - like abnormal i t i es , described as 

phenoccpies , in the mature adult . Thus a brie f shift fr om 

the no r mal growth temperatu r e to an elevated , but not l e t hal 

temperature (heat shock) at speci f ic stages of embryolog i cal 

development or metamorphosis indu ces specific phenocopi es 

(Goldschmidt , 1935 , cited in Mitchell and Lipps , 1978) . The 

cause of the abnormality has been suggested to be a hea t 

shock - induced conformational change i n specific protei n s 

(Milkman , 1963) . However , it has since become clear that 

phenocopy production results from the d i rect e f fect o f he a t 

shock on transcription of a gene that must be expressed i n a 

specific time interval for normal development (Seybold 

et al ., 1975) . Additional work on the induction of 

phenocopies in D~o/2oph i la led to the hypothesis that the 

transitory repression of a transcriptional activity is 

equivalent to a lack of function or an abnormal function in 

a mutant , and the time of phenocopy production corresponds 

to the time of expression of the normal allele of the mutant 

ge n e (Mitchell and Lipps , 1978) . As well as affecting the 

transcription of structural genes directly , heat shock may 

also interfere in some general way with the action of 

regulatory elements in the development of D~o/2ophi la 

(Santamaria , 1 979) . 

Heat shock is also effective in inducing developmental 

abno r mal i ties i n other o r ganisms . When Ph y/2a~um pol y cephalum 

plas modi a unde r go in g sporul a ti on a r e hea t shocked at 

spec ifi c s t ages of de v e l opmen t, many a bn orma l spo r a n gia ar e 

s ubs equ ently pr oduc e d (Sau e r et al ., 1969). Similarly, when 

Naegfe~ia g~uie~i am e bae are heat shocked during differen­

tiation into swimming flagellates, an increase occurs in the 

average number of flagella per cell from approximately 2 to 

either 4.5 (Dingle, 1970) or between 5 and 6 (Walsh, 1980). 

During the normal development of the larval salivary 

gland of D~o/2ophifa, considerable changes occur in the 

pattern o f puffing activity in the polytene chromosomes . 

Puffing at sites on these chromosomes represents a measure 

of transcriptional activity and thus changes in puffing 



activity reflect changes in gene e xpr ess i on du rin g 

development . However when salivary glands are heat shocke d , 

a unique set o f puffs is rapidl y induced while mos t p r e ­

existing puffs regress (Ritossa , 19 62 ; Ashburner and Bonner , 

1979) . In addition , it has been possibl e to isolate a unique 

set of messenger RNAs that are induced by heat shock 

(Spradling et ae ., 1977 ; Mirault et ae ., 1978) . In pa rallel 

with these changes in t ran sc ri ption , heat shock also 

r edirects protein synthesis from the production of a broad 

spectrum o f proteins which are characteristic of the various 

tissues and cells of D~o/2oph i €a , to the producti o n o f a 

unique set of proteins , the heat shock proteins (hsp ' s) , 

which are not tissue specific . The set of hsp ' s of 

D~o/2oph i €a includes at l east seven different proteins with 

apparent mo l ecular weights of 82 , 000 , 70 , 000 , 68 , 000 , 

27 , 000 , 26 , 000 , 23 , 000 , and 22 , 000 daltons (fo r review see 

Ashburner and Bonne r , 1979) . Of these , the 70 , 000 dalton 

protein (hsp 70) has been found to r epresent appr o ximat e ly 

80% of the total proteins synthesized by D~o/2ophi€a in 

respons e to heat shock (V elazquez et ae ., 1980) . The 

resp ons e to heat shock at the l evel of transcripti on is 

extremely rapid such that after only 60 seconds at the 

e levated t empe rature , 2 . 2% of the nuclear RNA is hsp 70 gene 

transcripts (Findly and Pederson , 1981) . Within 8 to 1 2 

minutes , heat shoc k mRNAs have been processed , transported 

to the cytoplasm , and translated into protein , while the 

synthesis of the no rmal complement of proteins and mRNAs is 

rapidly curtailed (Lindquist , 1980) . 

Similar protein - synthetic responses to heat shock have 

been r epor t ed for many other eukaryotic organisms including 

chi cken e mbryo fibroblasts, mouse L cells, and baby hamster 

kidn e y cells (Kelley and Schlesinger, 1978); Chi ~ono mu/2 

ientan/2 (Vincent and Tanguay, 1979); Chinese hamster ovary 

cells (Bouche ei al., 1979); Saccha~omyce/2 ce~evi/2iae 

(McCalister and Finkelstein, 1979; Miller ei al., 1979); 

Diciyo/2ielium di~coideum (Loomis and Wheeler, 1980); 

Poly~phondilium pal€idum (Francis and Lin, 1980); Naegle~ia 

g~u te~ i (Walsh, 1980); plant cells (Barnett et al., 1980); 

7ei~a hymena py~ito~i~ (Fink and Zeuthen, 1980; Guttman 

et ae., 1980); 7ei~ahymena ihe~mophila (Hauser and Levy-

2 



Wil son , 1981 ) ; quail myoblasts ( Atk in son , 1 98 1 ) ; HeLa cells 

( Sl ater et ae ., 1 98 1 ) ; and de v eloping sea u r chi n embryos 

(Roccheri et ae ., 1 98 1 ) . The strict dependance of hsp 

syn t hesis on new trans c ri pt i on a t t he e l evat ed te mpe r ature , 

as indicated by the inhi b it ion o f hsp syn thes i s by 

act i nomyc i n D, has been demons trated fo r D~o/2ophi la (Lewis 

et al ., 1975) , Di ctyo /2 t el ium ( Loomis and Whee l e r, 1980) , 

Nae g le~ i a g~uie~ i ( Wal sh , 1980) , 7e t ~a hym ena p~ i to~mi/2 (Fink 

and Zeuthen , 1980) , HeLa cells. (Slater et ae ., 1981) , and 

sea urchin embryos (Roccheri et ae ., 198 1 ) . Although the 

sets of hsp ' s of a n um ber of these organisms differ in 

molecular weight , hsp 70 or a protein of approxima · , ly the 

same molecular weigh t p r edom i nates i n Chi ~on omu /2 , 

Di..c t y o/2i..el ium , 7 . py ~ i.. to~m i /2 , as it does in D~o/2ophi la . In 

addition , hsp 70 of D~o/2ophi la has been shown to co - migrate 

on SDS acyla~ide gels with the hsp 70 of Di ci..yo/2telium 

(Loomis ei.. ae ., unpu bli shed r esults ci t ed in Loomis and 

Wheeler , 1980 , and Velazquez et al ., 1 980) Such observations 

seem t o suggest that th e heat shock response is a truly 

universal eukaryotic phenomenon . c/2che~ ich i a col i has also 

been r epo rt ed to respond to an increase in temperatur e with 

a transient increase in the synthesis of a number of 

proteins (Lemaux ei.. al . , 1978 ; Yamamori ei.. ae ., 1978) and 

this further suggests that prokaryotes may be subject to a 

similar type of response . 

Although heat shock itself is the p r imary inducer of 

the heat shock response , the mechanisms at the molecular 

lev el by whi ch the he a t shock loci are specifi cally 

selected fo r exp r e s s i o n rema i n to be e lucida ted . It has been 

poss i bl e to pa r t i a lly i n du ce t he he a t s h ock puff s in 

indivi dual D~ o/2 ophifa salivary gland nuclei by mi c r o ­

injecti on of mitochondrial supernatant, obtained fr om 

mitochondria subjected to the elevated temperature , into the 

salivary gland cells (Sin , 1975) . Similarly , incubation of 

isolated salivary gland polytene nuclei in cytoplasm 

prepared from D~ o/2ophifa tissue culture c ells which had been 

heat shocked before disruption , induces puffs at the h eat 

shock l o ci (Compton and Bonner , 1978 ; Compton and McCarthy, 

1978 ; Bonner , 1981 ; Craine and Kornberg , 1981 ) . The active 

factor in the cytoplasmic extracts has b e en partially 

J 



purified an d characterized and found to be a protein (Craine 

and Kornber g , 1981 ) . The observation that the heat shock 

loci are induced even in the absence of protein synthesis 

(Ashburner , 1970) sugges ts that p r oteins involved in gene 

activation must be componen ts of cells during no r mal growth 

w~ich are modified or t ransl ocated, o r both , after heat 

s~ock . It remains a possibi lity that such proteins normally 

reside within mitochondria . 

Additi onal controls in the heat shock response appear 

to operate at the level o f translat i on . In parallel with the 

c~anges that occur in the patterns of proteins synthesized 

by D~o/2oph i ia in response to heat shock , pre - existing 

polysomes disappear and are replaced by a population of 

polysomes containing RNA synthesized after the elevation in 

temperature (McKenzie e t al. , 1 975) . When polysomal RNA i s 

e xtract ed fr om heat shocked D~o/2oph i la cells , it is f ound to 

direct the in v i t~o synthesis of heat shock proteins 

( :-1 c Ken z i e and M e s e 1 son , 1 9 7 7 ) . Howe v er m RN A s t ha t are 

no rma lly synthesized and translated remain in the cytoplasm 

of heat shocked cells and can be translated in vit~o als o 

(Mirault et al ., 1978) . Furthermore , lysates prepared from 

heat shocked D~o/2oph ila cells preferentially translat e the 

heat shock mRNAs , while the lysates prepared f r om normally 

growing D~o/2ophiia cells indiscriminately translate both 

normal mRNAs and heat shock mRNAs (Storti et al ., 1980 ; 

Kruger and Benecke , 1981 ; Scott and Pardue , 1981 ) . 

D~o/2oph i ia cells can therefore discriminate at the level o f 

translation between t wo populations of mRNA which co - e xi st 

in the cell . The addition of c rude ribosome fractions from 

normal cell lysates to lysates from heat shocked cells 

r escu es translation of normal mRNA , suggesting that the 

discriminating elements are associate d with ribosome s (Scott 

and Pardue , 1981 ) . Upon the return of heat shocked cells to 

the normal temperature the normal proteins are again 

synthesized , initially from stored mRNAs (Lindquist , 198 0 ; 

Storti et al ., 1980) . The hsp ' s themselves are apparently 

not involved in translational control since D~o/2ophila 

embryos, at a s tage in development where they are unable to 

synthesize hsp 1 s, still suffer an arrest or substantial 

reduction of normal protein synthesis (Dura, 1981 ) . 
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On the basis of the heat shock -induced repression of 

normal protein synthesis , it has been proposed that 

phenocopy induction in D~o6ophiea results from a non ­

coordinated r ecovery of the normal protein synthesis pattern 

following heat shock (Chomyn ei ae ., 1979 ) . The process of 

differentiation in D~o/2ophiea pupae is accompanied by rapid 

changes in the patterns of synthes is of all the most 

abundant proteins and these changes , which are regulated at 

the level of transcription, can be related to phenocopy 

sensitivity on a temporal basis (Mitchell and Petersen , 

1981 ) .. Altho ugh not a developmental abnormality in the sense 

of phenocopy induction, a delay in the onset of mitosis 

induced by heat shock occurs in a number of organisms. Often 

such delays can be related to morphological abnormalities 

within nuclei . In Phy/2a~um poeycephaeum , heat shock - induced 

mitotic delays with variable durations dependant upon the 

actual stage in the cell cycle at the time of the heat shock 

have been r eported (Brewer and Rusch , 1968 ; Kauffman and 

Wille , 1975; Lo magi n , 1978 ; Wright and Tal l o n , 1978 ; Tyson 

ei ae ., 1979 ; Wolf et ae ., 1979) . Similar cell cycle ­

dependant , heat shock - induced mitotic delays have been 

r epo rted f o r 7et~ahymena and Schizo/2accha~omyce/2 (Zeuthen , 

1974 ; Polanshek , 1977) . In D~o/2ophiea , mitosis is blocked 

during heat shock and takes almost 3 hours at the normal 

incubation temperatur e before normal cell division occurs 

again (Arrigo et ae. , 1980) . There is some evidence to 

suggest that mitosis in both Phy/2a~um and Schizo/2accha~omyce/2 

i s dependant upon protein synthesis at the sensitive stages 

of their cell cycles ( Sachsenmaier ei ae . , 1972 ; Polanshek , 

1977; Tyson et al ., 1979) and it is possible that the delays 

in mitosis onset are caused by the heat shock - induced 

repression of normal protein synthesis and therefore may 

have a molecular basis similar to that of phenocopy 

induction . It is interesting to note that division in 

[/2che~ichia coli depends upon the accumulation of a specific 

protein throughout the cel l cycle and that heat shock delays 

division increasingly with the age of the cell (Smith and 

Pardee , 1970) . 

While the physiological function of the heat shock 

response remains unclear, it is kn own that heat 1s not alone 
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in its ability to induce the transcriptional and 

t ranslati onal changes ass o ciated with the heat shock 

response . In cluded amongst the many other ef f ective inducing 

agents are anaerobios is, uncouplers of oxidative 

phosphorylati on, a nd inhibitors of vari ous enzymes and othe r 

cel lular functions (Ashbu rn er and Bonner , 1979) . Ag ents 

other than heat shock are also effective induc ers o f heat 

shock-type r esponses in a numb e r o f o rganisms besides 

D~o/2oph i la . Both decil ia tion and release fr o m an o xia induce 

the same set o f proteins in 7et~ahymena py~ito~mi /2 as does 

heat shock (G ut tman ei al . , 1980) . Simila rly, anaerobic 

treatment of maize seedlings r esults in the synthesis of a 

novel set of proteins , the major one being identified as 

alcoho l dehydrogenase , an im portant enzyme for anaerobic 

survival (Sachs and Freel in g , 1 978) . 

Theref o re it i s likely that the heat shock r es ponse 

its e lf is but an e xample of a more general biolo g ical 

reaction to environmental stress . The proteins synthes iz e d 

in r esp ons e to that stress probably serve in some way to 

alleviate the effects of th e stress on the o r ganism , an 

hypothes i s which is suppo rt ed by a number of studies . When 

D~o/2oph i la embryos are heat shocked at any stag e preceding 

the migration of the nuclei to the periphery of th e egg , 

they fail to produce hsp ' s and stop cleaving , wh e reas 

embryo s heat shocked at later stages do produce hsp ' s and 

cont inu e developing (Graz i osi et al . , 1 980) . Simila rly, sea 

urchin eggs heat sh oc ked prior to hatc hing fail to produce 

hsp ' s and do not survi ve the heat shock whereas those hea t 

shocked after hatching do produce hsp 's and survive 

(Roccheri et al . , 1981 ) . Diciy o/2tel ium cells ar e p rotected 

from an otherwise lethal tem peratu r e following a p re­

treatment at a lower temperature which induces the heat 

shock response (Loomis and Wheeler , 1980) . A mild heat shock 

pretreatment of D~o/2ophila cells also greatly enhances 

survival and the recovery of protein synthesis after a 

higher temperature heat shock (Mitchell et al ., 1979 ; 

Petersen and Mitchell, 1981 ) . In addition , pretreatment of 

D~o/2oph i la pupae leads to both increased survival of an 

otherwise lethal heat shock (Milkman , 1963 ; Mitchell zi al ., 

1979) and protection against phenocopy induction (Mitchell 
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et ae .• 1979 : Petersen and Mitchell . 1981 ) . When D~o/2oph i ea 

cells are subjected to a gradual rise in temperatu re , the 

temperature range of the heat shock response is greatly 

extended (Lindqu i st , 1980) in a manner resembling that of 

pretreatment . Clearly a relationship does exist between an 

effective heat shock response and both survival and 

protection from heat shock - induced developmental 

abnormalities . 

The importance of hsp ' s can also be demonstrated by 

inhibiting their synthesis . Thus when the synthesis of hsp ' s 

by D~o/2ophiea cells is inhibited by the addition of 

cycl · ~ximide to the cells prior to heat shock , normal 

transcription i s strongly inhibited following the heat shock 

(Arrigo, 198 0 ; DiDomencio et ae ., cited i n Velazquez et ae ., 

1980) . Although the hsp ' s are not r esponsible for the 

repression of genes active before the heat shock , their 

synthesis is necessary for the resumption of RNA synthesis 

following the heat shock (Arrigo , 1980) . The addition of 

cycloheximide to Saccha~omyce/2 cc~evi~iae cells prior to 

heat shock also prevented the recovery of the pre - heat shock 

mRNA pattern of these cells on subsequent incubation at the 

normaJ temperature (McAlister and Finkelstein , 1980) . With 

Dictyo~teeium cells , the protective action of pretreatment 

was prevented if the cells were incubated with cycloheximide 

during the pretr eatment (Loomis and Wheeler , 1980) . 

Therefore it is apparent that the hsp ' s do in some way 

protect the cell against the effects of the elevated 

temperature . A number of observations indicate that the 

actual site of this protective action is with in the nucleus . 

Us in g cell fractionation procedures , it has been shown that 

some hsp ' s may become localized within nuclei (Mitchell and 

Lipps , 1975 : Vin cent and Tanguay , 1979) . Further work using 

this t echnique has shown that approximately 80% of hsp 's 22 , 

23 , 26 , and 27 , and 30% of hsp ' s 68 and 70 become localized 

within nuclei of D~o/2ophila cells foll owing a one hour heat 

shock , whereas most of hsp 8 4 is found in the cytoplasm 

(Arrigo et ae ., 1980) . When heat shocked cells are return ed 

to the normal temperatur em , most of the hsp ' s migrate from 

the nu clei into the cytoplasm (Arrigo et al ., 1980) . 

Electron microscope autoradiography of D~o/2ophila cells has 
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also demonstrated that a major portion of the proteins 

s ynthesized during heat shock is rapidly transported to the 

n u c leus and very little appears in cytoplasmic vacuoles or 

i n mitochondria ; once inside the nucleus the hsp ' s bec ome 

quantitatively associated with chromosomes (Velazquez 

et ae ., 1980) . A more detailed biochemical fractionation 

study has confirmed the association of hsp ' s with the nuclei 

of h eat shocked Dno/2oph iea cells and has indicated that the 

hs p ' s become associated with an intranuclea r scaffold rather 

t~an being directly associated with chromatin (Levinge r and 

Varshavsky , 1981 ) . Another study also locates a substantial 

~raction o f the l ower molecular weight hsp ' s within nucl e i 

o f heat shocked Dno/2ophiea cells and identifies the most 

prominent basic hsp as histone H2b (Sanders , 1981 ) . On e of 

t he hsp ' s of 7etnahymena pynitonm i /2 also accumulates within 

t~e nucleus and may be associated with structu r al or 

sca ff o lding proteins in the nuclear matrix (G u ttman el a e ., 

1980 ) . Thus , although the actual molecular interacti ons 

r e ma i n un c l e ar , the r e l a ti on s h ip between t h e hs p ' s a n d t h e 

nuc l e u s mu s t be a n i mpor tant on e f o r c ell survival at 

elevat e d tempera t ures . 

In th e s tudy pr esent e d h e r e , th e myx omyc e t e Phy /2 a n um 

po ey ce phaeum is u til i zed t o inv es ti gat e the e ff e cts o f heat 

shoc k on bot h d e v e l op me nt and pr o t e in synthesis . Th e life 

cycl e o f Phy/2anum (Fig . 1) e ncompa s s e s two vegetative p hases 

of growth : uninucl eat e , haploid amebae , which grow and 

divide by binary fission , and a multinucleate plasmodium , 

whi c h grows without cell division . In the pr esence of an 

ad equate food supply , the plasmodium continues to grow 

inde finitely , undergoing sychronous mitoses . The enti r e 

plasmodi um can also migrate around by means of protoplasmic 

str eaming . When starved, plasmodia can unde rgo a reversibl e 

transformation to a resistant encysted form , the sclerotium . 

Starvation can also induce sporulation , for which a period 

of ill umination is also necessary , and which involves a 

complex sequence of developmental changes . These changes 

include the morphogenesis of a fruiting-body (sporangium) , 

the c leavage o f the cytoplasm to form uninucleate cells , the 

hardening and darkening of spore walls around these cells , 

a nd both mitoti c and mei o tic divi sions of the nuclei. In 
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Figure 1 . Diagrammatic representation of the life cycle of 

Phy~a~um poeycephaeu m (from Gorman and Wilkins , 1 980) . 
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moist conditions the spo r es germinate to release amebae . 

When conditions become unfavou r abl e , amebae can also form a 

reversible encysted stage , the microcyst , and in very moist 

conditions they can form flagellated swa r m cells . In hetero ­

thallic strains o f Phy /2a~ um, the transition from the amebal 

to the plasmodial phase of the life cycle requires the 

fusion of two amebae of different mating types, with the 

subsequent fusion of the tw o nuclei . However ther e are some 

strains , most notably the Colonia (CL) st r a i n , in which the 

transition occurs apogamically within c l ones of amebae to 

produce haploid plasmodia . The CL - 2 strain , as used in the 

present s · ly , is a diploid derivative of the CL strain 

produced by heat shocking CL plasmodia . ( See Dee , 1 975 ; 

Alex opou l os and Mims , 1979; Gorman and Wilkins, 1980) . In 

th e laboratory , the plasmodial phase is routinely cultured 

on a semidefined medium on a rotary shaker and under these 

conditions it breaks up int o small pieces , the micro ­

plasmodia . 

The bio hemical , morphological , and ultrastructural 

changes that occur during the process of differentiation 

from plasmodia to mature spores are known in some detail 

(Guttes et af.. ., 1961 ; Sauer et af.. ., 1969 ; Rusch , 1970 ; Laane 

et af.. ., 1976 ; Goodman , 1980) . In addition , it has been 

established that heat shocks at specific stages of this 

de v elopment result in subsequent developmental abnormalities 

(Sauer et af.. ., 1969) . In the present stud y , thes e findings 

are extended by examining in greater detail the changes in 

the morphol ogy and u ltra structure of the developing 

sporangia p r oduced by heat shocks at specific stages o f 

d e v e lopment. 

To determine whether Phy/2a~um responds to heat shock 

with the changes in protein synthesis typical of D~o/2ophila 

and, if so, whether this response is independant of 

developmental state, the changes in protein synthesis 

induced by heat shocks of sporulating plasmodia at 

different stages of development and of growing plasmodia are 

examined. A general suppression of translation in Phy/2a~um 

at an elevated temperature has been reported to occur 

(Bernstam, 1974; 1978). However it has yet to be established 

for Phy/2a~um whether this suppression of translation is 
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accompanied by the synthesis of specific hsp ' s . A heat shock 

induced repression of both normal transcription and 

translation , as has been established for D~o/2ophiea , could 

account for the developmental abnormalities reported to 

occur i n Phy~a~um (Sauer e t ae ,, 1969) . This possibility is 

investigated in this study by using heat shock as a probe 

of differences that occur in gene expression during 

sporulation . 
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