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T is t hesis reports inves tigations on two 

Myxo cetes, s dies eing carried o t on the let hal 

react on hich follo s plasmo ial f usion bet een certain 

s trains of on t he culture of 

Un er appropria te enviro ent 1 con · tiona lethal 

reactions ere obta i n d ·th 5 eat re larity follo ·ng 

fusion of pl as .odia of strains 1 + 12.. or i + ,2A with 

i + 29 u t no t "th e ch ot -er . The spati al distribution 

of killed protoplasm i nitially le to t e vie t hat 

i + 1 and i + 2 ere ·to be re arded as ••killerr str ains 

and i 2 as •sensitive • ore det ile consider "tion 

of the conse quence s of f us ing pl s odia of differen t 

sizes su gested ho ever that it is more a prop iate to 

regard the lethal rea cti on as t he conseque ce of the 

· xture of pla odial protopl asm of differen t g~notype 

i n certain proportions . 

Culture s ere establi shed 

f rom fruiting bodies collected at t wo localities in t he 

.London area . Para- dichloro enzene was shown ·to be 



highly toxic to both plasmodia and amoebae and hen ce 

ita employment f or t he protecti on of to· · xomycete fruiting 

bodi s from ites and insects i s inadvisable . The 

o boid phase of D. sgua maintained in t o-

e bere culture and s t u ies on t he for a t ion and 

reversion of t he flag llate f orm ere carried out . 

'r e s e indicated t hat t h a oeboi d and fl ellate s tates 

are r adily inter-convertible and t hat it i s not corr ect 

to regard t he flag llate condi t ion a s a rief ut 

obligatory phase of t he life cycle . 

l as odia ere found to a r ise "t hin clone s of 

amoebae conf ir ·ng t hat t h e species i s homothallic or 

pogami c . lasmodia fro different clones fused 

readily ith ea ch other, and no letha l reacti ons w re 

f ound. 
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I I NTU 

he organisms in the class ,, yxor ycete s a re of 

great inter est . 'f h ey have both oeba and pla o ia 

in t heir life cy cles .and s o offer oo opport •ties 

for t e s dy of cellular functi on and beh viour. 

Their lif cycle is a fo o s: t he spores er · n te 

libers.ting amoebae which , in et conditions , generally 

deve op flagella. The a oebae fee on b cteria d 

ulti pl y . I n so e yxo yce tes amoe of i fferent 

ating t ype fuse "th e eh oth r to for:m the plas o i · , 

i n ot er specie pla od~a can arise "thin clones of 

a oebae . T plas o ·a gro into lar ge ul tinucleate 

protoplau ic struct ures in hich t er is aynchronou 

nuclear division (f i g. 1} . T ey have no cell walls . 

A plc:a. modi um as a reti culat e system o:f vein.s i whieh 

protoplasm strea s r hythmically bac and for t • Under 

a ppr opria te conditions t he pl asmodium diff rentiates 

into fruiting bodi s a d spores are f or d. 

1ore work has been done on Phvsarum polycenhalum 

t han on a:ny othe-r myxomycete. It is t he only s pecies 

in hieh the plasmodi um can readily be gro'vn on a 
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soluble ediwn in the absenc of other organisms . 

Danie l and sch (1961) reported the culture of 

. polycephalum on a partially defi ned soluble edium 

f or over f our year s ·thou t n appreciable decline in 

gro th r a te . e plasmodia of · ,. polycephal can be 

hich gro n routinely in liquid and on agar edia 

re se ·bl t h one fo ulated by Dani 1 and al d · n ( 19 64) • 

as 

een exten ed rec n t ly by t he studie of e (1960, 1962, 

1966a, 1 66 ). Carlile and e (1967) shoed t hat the 

possession o ' identical alleles at t he f usion (f) l ocu s 

as a pre-requi site for lasmodial fusion. 

t hat 1 n c r a in strains of las odia fused 

~ ey fo 

ith eac 

other , t h f i nal r sul t as a plas odium whose ori ·n 

fro t o separ te plas odia was no longer evident, but 

t hat when other com inations of s trains f use , a let al 

reaction follo s a few hours later. The le thal reaction 

va ies in its severi t - one or both of the fused 

plas nodia may e affecte d y it . ~ometi es t here is 

total dest ction of both plasmodia . r t her 

investigations of t he phenomenon have been J ade y th 
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present ru1t hor and are reported in Section III of 

this t hesis . 

Although . polycephalum is an organism of grea t 

interest, other yxomycetes ay differ considerably 

fro it and deserve investig tio ,. ttempt s o culture 

r i ti sh sp cie wer e therefore d ; one of t he f irs t 

myxomycetes to e o t a i ned as D.i ymium sgu .ulosum, 

th subject of s o e int .ri gui ng r ports y Mukh·erje and 

Zabka. (1965) . t her studies ere hence 1 ade n this 

s ecies and are repor~ed bel o (Section I ) . 
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II 

(1) Or 0 anisms 

... P.-h.Y.-s.-a.;:;:;..;.;;--....P..-o.l..,.y .... c .... e...,p.-h_a_l___ Sen eini t z. 

11 aterial employed as ulti mately ~ erived f o 

a plas odium supplied by Dr. • · • Rus ch ( :1cAr le ~.1emori 1 

abora tory for 

i n 1957 to • 

of eicester) •. 

ancer .... esearc , University f ffi s_consin) 

• ( par t .ent o · n i , Univer i y 

t r ains d f rom t hi s pl a o i 

ere emp oyed i various gen tic s t u ie ( e, 196 , 

1962 , 1966a , 1966b; rlile a d e, 967 ; Poulter 

e , 1968 • 

oe ae s r ains i, A7015, 7 29 , 7 32 ( oult r 

and ·e , 1968); i n the _> resent study ref red to as i, 

_2, ~ and ~; e r e provided by Dr. ,· ,- . J. ,. rlile . 

Plas odia i + 2 , i + 1 d · + 32 , prepar d by ating 

a oebae , were also provi ed y • 1,1 .. • • rlile . 

porangia use d in this s t udy ere obta i ned f rom t wo 
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localities: 

(a) 'i i bledon ' o on (? . 10. 67) . The spor gia ere 

on ead ste s and le ves. 

(b) '~ pping ~'crest ( 27 . 10. 68) . T e sporangi a ~re on 

Holly leaves and ere kindl y pr ovided b ·!fr . ~ . c rter. 

(2) Media 

(a) Plain agar . 

2% ( /v) of Oxoi gar No.1 s adde to distille 

ater. e agar suspension sa t oclaved at 15lb/in. 2 

(103 . 4 k /; 2 ) for 15 minute s and poured into pe tri dishes 
0 

f t r cooling to a out 50 • 

( ) Liver extract agar . 

• 5g. of xoid liver infusion and 2g . of agar ere 

added ·to lOOml . of distilled a t er. ~he mixt · e s 

autoclaved a t l51b/i •2 for 15 minutes , cooled to about 
0 

50 c, and poured i n to petri dishe s . 

(c ~e nd-defined r edium, modi f ied ( • Carlile , pers onal 

co1 unieation) f rom · aniel and ald ·n (1964) . 
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Component Concentration (g. Ll.of water) 

~,.{lucose 10 

eptone, acteriological 
(Oxoid) 10 

Ci tric acid. H20 3. 54 

'2 2 

Ca 12. 6H 0 2 0. 9 

~g 4. 7 2 . 6 

. 22 

e 12. 4H20 • 6 

Zn 0 • 7 20 0. 034 

Thi amin hydro chlorid .o 2 

iotin o. 5 

l emati n .• o 5 
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The various component s , othe r t han he a tin , ere 

diss olved in distilled water, the pH was adjusted to 

4 . 6 ·th 10% sodium hydroxide, ad the r.1edi u was 

sterilized. Hematin solution was pre pared t y dissolving 

he· in in 1% sodium hydroxide to give 0 . 05~ solution 

(e . g . 50mg. hemi n to lOOml . 1% NaOH solution) . nhe 

he ati n so u tion was s t erilized , stored 
0 

t 5 C, and 

added aseptically to s terile me di um (lml . hematin 

solution/1 0 ml . ·. edium) at room te per ature i mmedia tely 

prior to i nocul tion. toc1aving f or 20 · nutes a t 

1 lb . /in . 2 (68 . 9 kN/ m2 ) was su·t ble for s t eri l i z i ng 

bo h the he atin nd other components . 

(d) S /5 medium. 

!hi s edium was devised for t he two- em ered culture 

of amoebae and pl asmodia o~ --~-------i~g.r.i.p_e_s ( err and 

Suss1nan , 1 958 ) . 
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onen t on centra t i on ( g. / l . of ~ater) 

Gl u cose 2 

acter i ologi ea l peptone 
( xoid ) 2 

Y ast xtr a c t ( xoic) 

gar 2 

. 2 

0 . 2 

. 3 

0. 2 

he · e i s u toclaved a t lOlb . /i • 2 f or 

2 nuteo , cool d , and poured into pe t r i di shes . 

( ) om eal gar • 

• % ( rT/v) of fco corn eal agar a s added to 

dis illed wa er. _t was autoclaved at l 5lb . /i •2 for 

15 minut es , cooled to about 50 ° , and poured in'to petri 

dishe s . 

(f) Gr ass extr c t agar. 

The me t hod f or 1naking t hi s medi um was s i i lar to 

t he on used y r t (1937) .• 

20g . of d gr ass as boile d i n 5 • of di s tilled 
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wat r until 250ml . of the extract re ined. ~h·s 

was f iltered , placed in flasks , and au.toclaved at 

15lb. /in . 2 for 2 ·· · nutes . or medium pre par ion 

the atoc solu tion was diluted with water to give a 

1 solution. 

solution and the 

for 15 ·nutes. 

dishes . 

gar 2/ · /v) was ad e to the 1 o 

·xture ms autoclaved a t 15lb./in. 2 

It as coole an poure ~ into petri 
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(3) Culture conditions 

(a) oebae 

a-membered 

coli - s e ployGd an 

oeba • On or t o loopfuls o th 

pr - gro ·oro-organi sm (for t he oebae to feed on 

were added to 10 • of sterile distilled ater , an 

ixed. A out . 2m1 . of suspension as streake across 

an agar pl at with a pi pette and t he a ar surfac 

allo ed to dr • If a la of th icro-organism on 

a gar was re ·red , 1 1 . of su pension was pi petted 

onto the agar and spread over it "th a sterile bent 
0 

glass od. T e p tes ere incubate at 30 C for 24 

hours befor t hey ere inoculated with amoebae . 

After t e bacteria ere consume d, the amoebae 

encysted and remained viable for ong periods . 

(b) J:ilasmodia .;;,;;;;;;,......,.... __ 
.lasmodia of D. sguamulos were cultured as 
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above , but Bacil us thuringiensis was preferred o 

E . ooli , ~s i ndi cated later. 

'" lao odi a own i n p re 

cul ture either on a a.r or in li uid e i - d f i ned medi • 

1'he p covered t he ag r in abou t 3 to days 
0 0 

t 2 • t 14 C the grovth r a te of t he pla~ odia 

as less t han t 2 °0 per 'tt ing the ~ lasmodia to be 

tra sferr d less often t o fre sh m dia . r i cro- pl s odia 

in 50 1 . er c t u e 

Er hlen eyer flasks co t aining 5 1 . of semi- d·efined 

medi • he flasks wer e shaken at 18 r . p. m. on a 

rotary shaker (radius of gyr ation l t rt) in darkness at 

24 o C. 'haki ng ensured the cul t ure s 1er aer a ted . 

clerotia fo ed in liqui c ltures h ,n nutrient s 

wer e exhausted , and remai ned viable f or so e weeks . 
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( 4 ) 

( a ) -oebae. 

oebae and encysted amoebae were transferred 

to fre sh agar l edia in two ways. ( i) They ere 

scrap d of f t he s rface of the gar with a wire loop 

and transferred to a fresh plate here the micro-

or ani e ployed for two- e ber d cu t ure v s ro 

(ii) hey ere scraped off t e surface of t he agar 

and tr nsferre d to 1 ml . of s t erile di tille ~ater 

and sha en. loopf ul of t h icro- organi s required 

for t o-1 e ered culture was adde d t o t he sus pension. 

·• 2 • por t i on s .of t h su s p n io ere i pette onto 

a g rand spr ead over th s r!a ce of t he edium 1ith 

a sterile · ent glas s ro • r his net od used to 

o t a i n pl a que s of amoe ae in a layer of bacteria . 

b ) · l aemodia . 

i) Transfer f rom agar to agar edi um . 

A pl as odi was transf erred to f r esh 1 e dium 

hen it ha d covered ost of the a gar in a petri dish . 

block of a gar with plasmodi um on i t was cu t out with 

a s t erile s caJ pel. 1 'he block f rom the e dge of the 

• 
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plasmodi a l col ony an · about lc 

a s e p tically to a f r e·sh pl a e . 

2 . ' vas t r s ·erred 

Later th pl asmodium 

· gr a t e off t he block nd gre " on the f re sh edium. 

i i) Transf r f rom gar to liqui d medi • 

A block of agar "th a piece o~ plas odi um on it 

as transferr e d aseptically from an agar culture to 

l iqui s ·-de f i ne d medi i n a 50 1. t!rhlemneyer 

f 'l ask . he i ocul um block ms car eful y in er ed 

into t h f l ask and t he block f loated o th dium. 

Th f l ask s k pt t a tion y t room temper a t ure 

t i l ·h pl asmodi ad grown a·~ay f rom t he lock 

o e t he su f ce of t h l i qui d . ~his t ·o f rom 12 

to 24 ho rs , nd th n e f l sk wa s k n on r otary 

shalcer o b e k he pl smodi up i nto icr -p~ asmo i a . 

i ii) il'r ansfer fron l i quid to liquid . .1edim • 

. 1i c o- plas o i a were t r ansferred f om an old 

liqui d cul t u re to a f r esh f l ask of m di by ~ · . t -

drawing t 1e suspension of micro- pl asmodia into a 

s t erile pi pet ·te, and in t rod cing easured quanti ties 

.of t he sus pension into t he ne ·v .m di um. Usually 

transfers were made t o c;i ve 57~ , 2~& and 1% inocul a 
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(i . e . 2. 5, l or 0. 5 • per 5 ml . culture) in the 

:t'res , medi a . 

(iv} Transfer from liquid ~o a gar illedi • 

.. ..Iicro-plasmodia in s e ·-defined tJe · w were 

transferred by pi pette from flasks to petri dishes 

conta ining semi- defined a gar. '"he a gar abs or ed 

t he li id, and the ·oro- plasmodia gre and f used 

with one another forming .. a cro- plaswo i • 
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(5) i nation technique 

Two or t e s por angia of t he yxo cete were 

r e ov,d f rom the substra rl th f ore ps and c shed 

in 1 · 1 . of s t erile di i~led a t :r. "·' o ti.m.e s a 

loopful of pre-gro . bacteria s adde to he s·:ore 

susp nsion , and h . e horou · y . 

r eas 1red portions of sus .11sion :er i etted o. to 

agar edia and apr a over he surf ca with a sterile 

bent .laos r od. ·1 · te o were i cub te at room t mp­
o 

era ture (19 - 1 ) • 
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II 

(1) 

L · er x r act agar pl at s , seeded with ·;r. . coli, 

1ere inoculated a t f w points · th 19n yste n e bae 

·of str ain 

at roo · 

ex ne 5 

"ul t res were incubated 

perature in a cupboar d . oebae 1e e 

·ys after inoculation of the plate . 

cl ea ly defix e p aq es 

each i t h an advancin~ f ront consistint; of n erous 

oe ae ( £i g . 2) and so e oe a were ahead of h 

a dvancing fro • efa ctile contr ctil v .. c. ole s 

re cle · rly see ( i . ;) hou ruder right field 

i ll · nation nt1clei ere n ot visibl i n t he a oe a e. 

Nut er ous ~ nules were p esen t in the a oebae . hind 

the advancing f ront, ost amoebae ,_ ere cncyste ig .• 3 ) . 

r1e di~_ete s of six of t he plaque s of amoeb e 

rerecorded f or four consecttive days . .:easu emen t s 

of each Jl aque rere made alone; a line drawn on the petri 

ish b neath the plaque (Table 1) . 



eter of 

l 'laque lo . 1 

2 

3 

5 

6 

ve ge incre~ent 
duri g )rece ding 
24 ho r 

26 

Table l 

ys af er inoculation 

4 5 6 7 

6 8 1 13 

6. 5 8 10. 5 14 

9 1 1 · 5 13 

7 1 11. 5 13 

8 9 11 15 

3 6 9 11 

6. 6 8. 5 

1 . 1 . 9 2 . 8 

The diameter of t .1e plaques incre se by 2 - mm. /day . 
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FIGURE 2 
Part of a plaque of amoebae of P.Botycgphalum in a layer 
of E.coli on liver extract agar. 

advancing front, 
. composed of 

numerous amoebae 
and bacteria. 
•E.colj 
scattered amoebae 
amoebae and 
encysted amoebae 

direction of growth 
of plaque 

x 20 natural size 



FIGURE 3 
Drawings of amoebae and encysted amoebae of F^qoiycephalum. 

amoebae encysted amoebae 

refractile cyst 

retractile contractile 
vacuole 

granules in amoeba 
^J) nuclei not visible 

10um. 
r 

Length of amoebae (urn.) 
11 
16 
13 
13 
11 

13 Average 
(to nearest j im.) 

Diameter of encysted amoebae (urn.) 
8 I 
7 
8 
7 
7 
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(2) ' he fusion rea ction b 

T e pla odia used in t his study "'.i ere !. + 12, a.nd 

1 + 29, each of "ch ad alleles identical with those 

of the t he r str in at its f usion locus viz . f 2f 2 (:Poulter --
n d e, 1 968) . 

:fuen t o plasmodia et on s - efined a ar, t hey 

re:J ained separa e fro each other for a length of ime 

vary fro a fa I ·nutes to alf an hour efore fusion 

occuri d . Protoplasm passed from on plasmodium into 

t e ot r, nd r vers ls of flo of protopl a occ rr d. 

The surfa ce ar a of protopl a involved i 1 f ion 

' 
nd at t e sa t e co_ ectin v i1 

enlar g d ar1d increas e d i n n b r . 

~e roc s of fusio s o served mi ro copically , 

a n d easura ents were ade of t he time ..::. of c,t .ea ·ng of 

prot pl br~ f ro . one pla l_ odi 

ill e of fusi on (Fi g . ) • 

into t he ot he r f rom the 

'{hen an i + 15 plastto · w fused ~ i ·h < n t h. r i + 12_, 

and an i 29 1_ l a s1 odiur!l wi t h a.no t er !_ 2<: , rotoplasm 

:flow or ro g l y . qua l ti eo f ro a ch plaG!~lodi 

i nto t he oth • Gowever , wh .n .., i + 29 pl'"smo i - -
fused ith ani + 15 plasmodium, pro toplas flowed f rom 

!_ + £2. into 1 + 1.2. f or lonGer periods t han in the reverse 
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dir cti o • i'he ~ eri ods of s treami n, r om i + 2 

into 15 du l l y shorten hil .s l er ao a - -
COllCO •t n incr .ase i n t h t h of period g.f 

fl01( f rom !. ll i nto i + .?.2· i'v n t ually , protopla ic 

flo 1 i n bot dir c t ·· n c a ppro xi ately the a • 

'rot opla s flo · d tor l o er p riods :fro !. + g,2. into 

i - 1 n fusion ooc rr d , i r Qpect iv of 

relative ize s .o f t he t 0 a s 0 • 

i .t . 1 r sul t er d wh n i + 15 and 

i ~ e - pl a odi f - e (for tho 
' 

ction 

II ) ' i ctive f t h rela i v size 0 si g 

. . pro opl " f r o i i to . v 

i i or l r 11e riod h i n t h o·)p ei 

r 0 s 0 fl ow f Olil i + 2 i nto lly 

t per i od of fl o from i + 15 into 

2 i ncre until protopl c fl o\ in bot 

dirac ions b c· e ro ~ l y t he a e . 
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FIGURE I. 
Histograms showing the lengths of time of 
protoplasmic streaming . b~tween two plasmodia. 

i+29 ..... i+15 
' ~ I 

D i•1s-. ·i·29 

i+294i+29 

Di·29--+i•29 

0 i+15-ti+15 

Consecutive streams of protoplasm 1 I 
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(3) ~he lethal ~reaction. etweeyt plawnodia . 

(a) Description of t he leth l rea ction between 

str ains i + 15 ~~d i + 29. - - .......... 
When plasmodia i + ~ and i + 15 met , fusion 

occurred ( uection III, 2). A f hours l ater, proto-

lasmi c s tre ming adually ceased over an area of 

va r iable exten t. The region i n hich s tref~ing 

stopped subsequently became sharply delimited f :,om t he 

re s t of t he plasmodium: t here ·on was rea ily 

di s tingui s able to t he naked eye because it was a 

di ffer nt tin t of ye low fro t he re s t of t he plas -odium, 

and pi gmen t leaked from it i nto t he edi ; under th 

micros cope , no ovement a s seen in it ( whe t her proto­

plasmic s treaming or · rowni.,n movement) and t he region 

became dark and globular in appear ance . The non-

via ·ility of t he protoplasm in w "oh streami ng had 

stopped could be demonstr ated by attempting su cul ture 

from it ( "{arlile a nd e, 1967) . Durir g t he following 

24 hour s or s o t he dead area Wd.s invaded and apparently 

digested by su r viving plaa odiu . which was not adversely 

affected as a re sult of fe eding on t he dead protoplasm. 

typical distribution of dead protoplasm is 

indicated i n . ili g . 5 . I t will l)e noted that r ost of the 
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dead protoplasm i s in the 1 ... e gion occupi d by plast odium 

i + 29 prior to f usion s e.l as a l i t'le in the s i t e - -
of t e i. + !2, plas o i • On a few pl e s t he le t hal 

reaction as so seve e t hat both las ·odia e • 

( b e ction be 

/hen !. + 2 and i + -
f ollol ed. ad protoplas 

of t he site of plas o di 

! 2 . 

('c 

·d !. + 2,g pla odia. 

2 pl as o · a fused, i ll . 

as f ound in lareer ar as 

2 t han i n t e site of 

i+ 

sio 'b t een this e aining possi eo ination 

f str~i s of plae odia s ot follo d y the lethal 

reaction . 
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FIGURE 5 
Drawing of the typical distribution of dead protoplasm 
resulting from the lethal reaction between an !.•!§ 
and · an l•29 plasmodium. 
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(d) Tl}e e f fect of varying t he ratio of the siz s 

of i + :t.2. and i + g,2 pl a s odia. 

(i) taa c r o- plasmo·dia on s emi - defi ed a gar. 

\¥} en plasmodia i. + ll and 1 + ~ h·· vin6 simi l ar 

sizes fused with each ot her, t here as a l e t hal rea ction 

w ic _ was mostl y confi ne d to t he si t e o pl a smodi um 

i + £2· The rel ative s i ze of f sing plas"llOdi a \Va s 

var i e d y usi n g i noaul bloclc s of aga. pl us r la~ odium 

eu t ·t cork- borers of va r ying dia ne t ers . When a 

l arge i + ll plas odi u fused with a s-naller.!, + 2.2, 

t e let a l :r·ea etion a s confi .e d to t e s ite of t he 

i + 29 plasmodi um. en an i + 12 p a s odi a f s e d 

with a l arger i + ~' dead protoplasm re sulting f ro. 

t he let hal r ea cti on was distributed r oug- ly eq a l l y 

between t he s i t e s of t he t wo fusing plas r.1odia and 

su r vivi ·g pro t opl a sm remai n d a t bo t si t es ( li11g . 6 ) . 



FIGURE 6 
Drawing of the typical distribution of dead 
protoplasm resulting from the lethal reaction 
between an i+15 and a larger i+29 plasmodium. 
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Attempt s wer made to fuse pairs of accurately 

measured plas odia by puttinJ inoculum blocks s i de by 

side on ser ·-defined a gar plates. The pl amodia e t 

and fused efore t hey migrated off t he l>look s, but t here 

were no lethal reactions. 

~xperiments were set up to dete~1ine the size 

atios of fusing acro-plasmo ia hich ¥o l d g · e a 

le thal react i on. Two rnl . of a seoi - defined liquid 

meditml Sis pension of i + 12 micro- pla smodia were pipetted 

onto s en.i- defi ed agar pl tes n s p·ead ov r t1e surface 

with glass rod . i ·.1a ly, i ~ micro- plaC! odia 

were s pread on the surface of other semi - defined agar 
0 

plates . '.t:hey were i n cubated at 24 C for 24 hours 

during which time ost of t e micro- plat;Jmodia had f 11sed 

with one another. Trian lar blocs of a ga r , ·th 

pl s~odia droduced as above on t heir sur faces , were 

cut ou t and nut into empty petri dishes s o t hat, in ea ch 

di s , a block 1 i th i +~ plasmodia on it as ad jacen t 

to a block wit1 i + 12 plasmodia . The pairs of blocks 

were cut to gi ve five small pairs which were se par a ted 

from one another , and t l ese cultures were incu a. t ed a t 
0 

24 c. The experiment al procedure is sunmar:i.s d i n 



FIGURE 7 
Sum~ry cJ method to determine which size ratios of fusing macro-plasmodia te.ld to the 
lethal react ion. 

l•~ microplasmodia on agar 

agar blocks cut out 

_ ~ blocks placed next to each 
other in an empty petri dish 

-agar blocks cut 

- small pairs of blocks separated 
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1.1 sion usually occ rred be t · een p as!UO . ia thus 

brought to~ether . ubsequent 1 t hal reacti ons then 

occurre y on bloc p irs £ 1 o t o 8 trials) , 

~ (5 ou of 7 t r ia s ) a d 4 out f 8 t i · ls ) . n 

bo h £ and .2. b oc s t _ e qu ti ty of !, .:Jt -1 smodia.l 

I ater ial cxceede th t of!+ 12 but ccurate calc lat ion 

of relative amount s of t h t ·~o strains of '_ las odi a was 

not :ossi le wi t h t is met od ecau s . ri cro- plasmodi 

on t he loc s did not all fuse wi t h one anot er, and 

so he s rfa ce a rea o · t h block s Wc::J.S • t 11 ex ct 

measure of' t he quanti t i s of '}Jl s · o ial aterial 

i nvolve d i n fusion b t wee t he g eti ca 1 di f fer nt 

plaG odia . However,. the experi ents sho t ha t 

i + £2 and i + 12 pl asmodia ive th lethal reacti n 

he an i 2 p asmo i 1 f'uses ·th as all r i + 15 

plas:.lodiu.;n, an t hat ·he proba ili t y of t he ccurrenae 

of a 1 t hal reacti on de creases when t he s i ze of t he 

1 + 15 plasmodium , relative to t hat of' t 1e i ' 29 _, 
inc eases . 

(ii) :fi cro-pl asmodia on semi-defined a gar. 

l ide culture s of ·cro-plas. odia were s et up to f ind 

whether the lethal reel.ction occurred bet een micro- plasmodia . 
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The follo dng procedur ms carried o t wi t h s mi-

defined liquid cultures of both 1 + ~ an i + ~ i cro-

plasmodia . e nu. of · ·cro- plas o · 1 suspensi n s 

pipetted i n to 9 ml . of sterile distilled water to ve 

a - 1 dilutio • fhis s r peated several ti~es 

- 2 lo- 3, d 1 giving 1 , an dilutions i n wat ·, r . One 

ml . of t he 1 - 3 dilution a pipet d in·to a p tr~ dish, 

and 1 ml . Of 1 - dilu i01 put into r the • 

] i. teen ml . por i ons of semi- defined agar conta ining 

2 . 5% a~ ar t o enable easy cut ting nd liftin~ of aear 
0 

were cutocla he di as coole to 47 and 

· . 15 ml . o he atin s de 0 ch tub sh k n . 

A 15 ml . porti on o edi · vas t hen added to ch pe t r i 

dish tow · ch the suspension of micro- pl s o ia as een 

a dded. r1' e cu t es 'ere s · rled, al owe a t o set, a nd 
0 

put into the 24 incu ·tor. 

fter about 4 days , small plasl!lo lia w re sen 

r:rr owi ng inside an . on t he surface of the a ga r . all 

pl dillOL·a on t he surface were selected and c ut out wi t 

a small piece of semi - defined agar on which t hey were 

bro ring - one la modiu on each piece of a gar . Two 

pieces of a gar , each bear in a small plas11 odium , were 

p1t side by s i de on a slide in a hw "d petri j ish. 
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ontrol late s contained a~.) r lock s e · ring t he same 

pl asmodial s t r ain. ·nevel opment and fusi on o t he 

pl as odia were observed unde r t e . · c os cope • 

. 1et er or not a le t al reaction fol 0 1e d t h fusion 

of i i !2. · cro-pla s odia depen <ied Llr on t he 

r lative siz ·s of the f u sing plas odi • let ha l 

r eacti on f llowed f usion of an i + 2 mi c - ·)1 sno . 
um 

i h a c ea r ly l arge i + 15 icro-pl s4 odi on t he 

s ' n 0 c s io s t his 0 tte pte d . '.Ll ere l'Jer 

fre quent e 1 rea ctio s h ·cro-pl s odia wer 

a ppro i ·a t ely oqu 1 i s z 4 o t of 7 r ials) . 

' j_ lJ.n r cou r d an !. " £2, . · c o-plas odi 

f us · t Cl ..;:_e a r l y s "'all er i + 1.2, n icro- pl C!UO' J..t • 

I n contr a t to t he let :.t 1 racti o e een aero-

p asn odi , mic o- pl asmodi 1 l e t h 1 re~ctions os tly 

occt r e · i n ooth plasmodial s ites , an dea .iL teri 1 

wao di s tri buted roughly q a lly et een ·t e t wo. 

ene r a l l y , kiLling as t tal , he h r ..1i cr - p a modia. 

of e ual o 1fferent s i zes f u s d. CC "' iO.fJ. lly , 

pi e ce s of plas odia s r vi e td 1 r four ~ in ei her 

of t h -- t o s ites and soueti e s i n both. 

(e ) ~ffect of ya rying t he con e ntrati on oi edi um. 

s eries of t en dilutions of liquid sei!li-define d 
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medium as made fro y; xl t o xO . l strent~tb . gar s 

added to Bive a 2% con cen tration in each , and the media 

were pou e d into pe t i dishes . The plate ·) wer inoc-

ulated ~,i t h bloc s of s mi- defined agar bearing !. + !,2. 

and i + ~ pl as odi • T ee replica t e pl ate s were 

p e r r ed f o ea dilution of e dium , and all culture s 

e e i n cubated at 24°C. ~ o ay s late a l l pairs of 

plasmodia had fus • The frequencies \rlth which Leth'l 

r eactions occur ed are given belo • 

'
1 ble 2 

arious 

semi- define 

Dilution of semi-defined ed1um 

xl o.·g 0 . 8 0. 7 0 . 6 . • 5 0 •. 4 0. 3 0 . 2 0 .1 

1iurn er of 
plates ou t of 
3 on which t he l 2 2 1 2 1 2 2 2 0 
l ·ethal rea ction 
occur ::> • 



'
1 1e dia eter of t he J lasmodi a of both s r ains 

increa ed mor e r api dly as t he ~e i u e pl OJed ec 

more dilute (Fig. 8 • n . 1 strength m dium plas odia 

gr e rapidly ancl t hei r a gins bro - UJ irto se r 1 

ad vane n g front a d t he p 0 a J.J1i6 at a e r o s t he 

a u·r. l.L i s ome rh t &i il r ehaviour 

on plai :a r 0 hi ch t e let h l r eactio does r ot 

occ r ( '"'arli . e, por 0 al COl!Ul!Ull c tion) . 

I (I e let ha l reacti on s observed on only one of .1. 

t e t r e con t r ol lates (~ 1 di lut i o ) g e s t ln ~ th r 

was a tl feet in t e edi 
' 

a 0 no ·e of t ! e • 

dilut io11. plates . . tittle can '>e r a from the fai ure s 

to s ive ~ e le t al r action , beca se t here ve e fai l ure s 

t , ,;i ve lethal e a ctions on all t e m.e di .- . Ho ever , 

the posit· ve res 1 t s are mea in ·~f 1 . ~hey i dicate 

that low r cone n trations of n 1tri e t s t '1a r1 are provi de d 

in x l s t e n t · s r i - de fined :1edit; ar ... su.f.ficient f or 

t he :,ro duc ti on f 1 ~t ~.1 e a ctions . 



45 

35 

Average 
diam. 

(mm.) 
25 

15 

5 

xl 

FIGURE 8 
Aver age diameters of i + 15 and i + 2 9 plasmodia 
24.5 hrs .after inoculation en the range of dilutions 
of semi-defined agar medium. 
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(f) · \f fect of the o · ssion of glucose. 

~ ~xperimen ts were .set 11 t o see l.~hethe:r :Flucose 

was ne cessary for t e lethal rea cti on to occ r . 

Several plates of semi- defined agar Jl · nus :::; u cose) 

ere each inoculated it agar blocks beari n !_ ~ £2_ 

and i + 12. pla smodia . ·. late s of semi - def ..... ned agar 

(containi ng , .1 . cose) , also i nocul ated wit .1 t he t o 

strains of plasmodia , serve d as controls. The c tures 
(.) 

were i c bated at 24 1 and after 3 day s ~airs of plas odi 

had ~use d i n a 1 o t he • 

fher e e lethal reactions on al l con trol plates., 

but no e on the plates lacki {T .lucose . Hence , t he 

o ssio·1 o ~ 61 cose fro t he semi-d fi 1e , eai um eads 

o the aboence of any letha r a c ion. 'l 'he ossibili ty 

that other sugars can replace glucose in s pporting t he 

lethal eaction h s not been i nves i ~·ated . 

Sxperi .en ts were carried out to i nve:Jti (;,ate he t her 

or not t he lethal rea ction was caused by a protein of 

one strain precipita ting a protein of the other. 

(i) olide e t hod. 

A s oluti on used by hamber s ( :J-961) for injections 
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It co t alned t ee salts 

dissolved in water: - . 12 d -potass ·um chloride, 0 . 13 .M 

sodi c l oride , d • 3 lJI calci1 chlor i .. Oxoid 

Ionagar lio . 2 and sodium zide wer adde d t o the nolution 

giving 7~ an • 1,~ c n e. -ra i o s r ·11e c i ve ly . he 

solution as boile , divide into 5 por t ions , and the 

pii of' e ach as a j 1sted i t h ydrocnloric · · d or odium 

h rdroxide . The pH values o t e 

5 . 8 , 6. 9, an 8 . 1 . 

the aga r . 

Ul e n microsco e 

fe·r- r :P S 0 ol en 

s i e n. a l low d to 

Th e ia 

sli de s ere 

a gr·r edium 

s pread over 

di wer 

re t hen boi 

. 4, 5. 2 , 

to melt 

placed on a ho·t pl ate . 

we put Oil 0 ch 

the gl as s surf ' ce B.t d 

Y• fh ·g r - eo· - a gl ass provide d surfa ce on which 

~ditional aL,ar ould re in .more r a· j_ly han on a 

clean c: l ass ur ace •. The lides w re r emoved f ro 

t he hot --)late a n . 5ml . of ; .ol t en ,ne · .. ium \ ere pi pett ed 

on to ea ch slide , a l lo ve d to s pr ad over t he sur f a ce , 

and ·· a har J en . o re plica te slide s 'Jere pre p red 

with a ch porti on o f r'ledium . l ls 

ere ma de in vhe a ;:::;ar on each slide . 

J.~xtracts of 3- day old i + 15 and i + ~ micro-

plasmodia were made as f oll ows . Suspensions of cro-
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pl asmodia i n s emi - de fined liqui d medi um were centrifuged 

a;;."ld the 1 edium ·· ecanted. The plasma ia were suspended 

i n Char·ber ' s s olu t i o , re- centrifuge , and t he liqui <tjl 
i 

ao de canted. The pl a smodia (a semi - liquid m ss) w re 
l 
I 

put into bi ·ou b ottl e s ... d h omogenized wit ~- a soni cator. 

T e extracts i n the bottles er e kept i n ice until th y 

were require d. T e cell extr ac ts ere ~tt into the 

e l ls in t he · gar on slides ( Fi t_, • 9) with drawn- out 

Pas teur ) ipettes. 

' he slides , 1hic se ved .. s controls i ·tihe 

ex1 erimen t , each had one well in the a :~ar wit one of 

t he t wo kindb of extra ct in e ch well . 

~ach sli de was put into a uetri ·i sh containing 

wet filte r pa per w ich . . a i nt&i !'le d a 'lWJ.i at:,osphe e 

i n t he dish . 
0 

~rhe dishes were incubated at ? 1. • 

-'._: .. J e !"·•r.:"',~ .• · .,.~ t-,·.i'-'e J··· :· e we ll s . 1:0 linev of preci l:~·t tat .~ O.r1 l ~ -... u ~ · v .. 

r.rhe a~: 1 ount of sedif entati on in the ~e l s we:..G s i !:ti lar i n 

t e s t nd contr 1 slides . de ce , this ~J.e thocl r vealed 

no protei1 - preci pitation eaction. 

(ii) 

·'xtr a.cts of !. + ll and i . .,. ~ micro- plasmodi a 

were pre pared in the same wa.'f as in { i ) . Cha ber' s 

s olutio , a t pii 7 . a and containing 1 . 5~·r. of a t: a r, was 
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heated to boiling ard kept in a hot water bat h . three 

replicates of each of the tube s i llustrate d i n Fig. 1 

e re prepared. 

~i fty 1 . of the hot a ga r were t r ansferred to a 
0 

beaker and cooled to 5 C. One 1 . of i + £i extract 

was added t o it nd t e suspension stirred ge tly . 

-;;ive • of this suspension ere put i nto t u e 1 and 

5. 1 . i nto t ube 2, and allo ed to set . ne hun red ml . 

of t e hot a r r e cooled to 45 
0 

nd . ome s pi pett e 

into tube 1 to give a lay r 2mm. thie • Five ml . ere 

added to t ube 2, and 5ml . to tube 3. The aga r was 

al l e d to har den. ot .er porti on of hot a r s 
0 

cooled to 45 and 1 . of i + 15 ext r a ct added to it 

a nd s irred gently . ]'i ve 1 . of t his su p n sion ere 

a dded t o tube 1 and tube 3 an d allo ed t o t"e t . Al l 

tubes ere plu~ge( wi t h cotton wool and ke p t a t room 

te 0era t ure . 

Ther e was no pr e ci pi t a tion in any tube . 

protein- preci pi t a tlon r eaction was i ndi cated . 

H nee, no 



FIGURE 9 
Pattern of wells cut in agar on slide for antigen I 
antibody test, showing in which wells plasmodial 
extracts were placed. 

i ' 

15 = i~15 p~modial extract 

29 = i+29 plasmodial extr.ct 
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FIGURE 10 
Antigen/antibody test:-test tube precipitation method. 

tube 1 

tube 2 
(control) 

tube 3 
(control) 

~---cotton wool plug 

+----agar+ 1+15 extract 

+----agar 

+----agar+ !+29 extract 

-+----agar+ 1+15 extract 
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IV 

(1) Collection of sporangia 

Sporangia, together with some substr a t , vere 

placed in sui tab e containers such a s hinge- i ded 

tins. ead-he'ded pins ere used to fix the speci en 

to a layer of cork at t he ,ase of the container. The 

spora gia were trans ported to the labor tory inside 

the tins hich ere t hen opened for about 24 hours 

to allo the s pecimens to dry to preven t overgro th 

by oulds . The tins ere then closed a d kept in 

laboratory cupboa rd . 

a r a-diehlorobenzene cryst ls sho d not e placed 

ne r the collection of sporangi to kill ~tea b cau se 

it is l i kely t ha t t h va our i lls the spores. ~ xperiments 

sho ing t he eff ects of - di chloro enzene on --~~-----­

are reco1ded i n sections (5)f, ~ d 9)e . 
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s porangia 

Sporaneia were examined microscopical l y (Fig. ll) , 

a nd t heir feat ure s com a r ed · th t hose given for 

porangia were 

. 01 n t ed · n slides u.si ., t he f ollo ing me thod: a cru shed 

spora:'lgi t . was pl a ce on a slide in a drop of absolute 

alcohol , fol lo ed by a drop of 3~~ potassi hydroxide . 

fter blotting the sli de slightly , one drop of weak 

g cerine vas added to the prepar a t ion a cover sli p 

1as pl c d over the s le . The cover s l i p was s ealed 

i t h nail polish . 

~rhe organis had t he f ollowi ng orp· ologic 1 

c r acteri s·tics hie agreed d t h t hos e ister gave fo r 

D. sgu 

v' 9) . 

T e plasnodium wa colourless ( ection 

f_rhe sporangi a were s t alked and contained 

s tellate cr yst als . . he capillitium was co posed of 

slender t hreads and had no vesicl es . The spores were 

viole t - brown , about 9 • jmin diameter , a d faintly s pi n-

ulose . These obser -ra tions verify the prelimi nary 

identifica t i on by Hr . • In .r and f'i • s . Carte r of t he 

spor ngia as those of D. sgu. ·· ulosum. 



FIGURE 11 
Drawings of spores and other inclusions of a sporangium of D. squamulosum. 
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Ger mination was att pted in t he pr e se ce of 

~ scherichia coli on the f ol lowing media: -

( ) l a i . agar . 

s pore/bacterial suspension was ade in 1 1 . of 

s t erile distil ed water y c shing t o or t hree s por-

angi a i n t he water with a sterile f orceps . 'fhen a 

loopf 1 of r. coli grown on n tri nt ag" r was adde d, 

and t e suspension stirred. 0 • porti ns of 

t is su pension ere pi p t t e d onto plates of 2% plai n 

a ga r and s pread over t e aga r sur f a ce with a sterile 

e t ss ro • 

Ge inat i on of s )ore o·ccurre d after a t le st 

four days ' incubation t r oom te perc..ture . T o or 

t hree days lat er -plaques of a.moe e were clearly 

visible i n t he bacteri 1 layer. 

(b) Co eal aga r . 

he ·edium, si i lar to t he one sed by ~~ herjee 

and Zabka (1965) f or the / erry i ation of 

s pores , gave s pore gerr ination after about one "eek ' s 

i ncubation at room temperature . '.rhe s porangia 

ger r inate d only on t hose parto of t h e agar which had 

dried out . No amoebae were seen on t he t:ar if a 
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continuous layer of water was pre sent . 

(c) Gr ass extract agar. 

~ hen .ass extr a ct agar - plates ere inocula ted ith 

a s · s pension of spores , · t hout e liberat.e inocul tion 

of bacteri as w 11, n o ger i nation occurred . hen 

plates were inocul a t .ed ri t h a spore/ • coli su s pension, 

ger m.i nation occurred within one day of s owing . 

0 

germination experi nt emp oying pre- dried (5· C 

f or 20 inu tes) and undried ass extra ct a a r plates 

in icated ber ination as ore rapid on t he pre- dried 

plates than on the un ried plates . The dried plates 

absorbed ater ore quick l y than th undri d ones and 

s o the forme r had dry patches on the gar , here he 

a oebae were very nrunerous , t he day after i noc lation ; 

i n contrast, it was sever al days before dr y pa tches 

broke up the continuous f ilm of water on t he undried 

plate s . Ge · nation as a day l ater on the un ried 

plates, on hich t here was s till a con t t .r.wus f ilm of 

water over the agar. . pores i l l t herefore ger ·nate 

hen t hey a r e total l y i rmners e d in water on gr ass extract 

agar, ln contrast to t he results fo r co~ . eal agar . 



56 

The best method fo.und for germinating .--...-...::~..iiiiioiiloi;o;;;;;;,;;;;;;;,;;;;;;.;;;;;.....,.. .. 

s pores was to so 2ml . of spore/ • coli suspe·nsion on pre-

dried plates of grass extract gar. his ave good 

ge ination of s pores within one day at roo temperat ur • 

The perce ta.ge ger · nation of spores on ch plate as 

ot ascertained. T e time for germination co pares 

f avourably ith the results of .1 art (1937) 0 found 

it t ook 6 days for D. sguamulos!!m spores to ~nate 

0 

i n hay i usion t 25 c. Ho ev r, ·"" art ' s ethod 

dif fere d considerably from th one u ed her • for inst ce, ' 
he suspended spores in dilute hay ext r act . 
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(4) Cu-4. ~ v...;.•e of amoeb e. 

(a ) Cloning of w oebae. 

Amoebae were routinely cultured on liver ext r act 

aga r in a s socia tion wi t h ~seherichi eo~i hich served -
as f ood for t e amoebae . Clones of oebae ere 

obta i ned as follows: - a suspension of encysted amoebae 

and as ade in sterile distil l ed water a d 

. 2 1 . portions of t his suspension wer pi petted onto 

liver xtract agar plates. The s s pension s ere 

s p e d over the agar surfa ces wi t h a sterile b nt glas -

rod . bout 6 days later t s ever al ell-defined oeba 

plaques developed in the bacterial layer. It ~as 

assumed that each plaque arose from a si gle amoe 

cyst . oe ae fro ell- sep rated plaques ere t r ans-

ferred to liver extract agar pl tes seeded with •. coli. 

The cloned oebae uiekly ultiplied on the plates, 

and t hereafter were routinely cultured with ~ . coli on 

liver extra ct ag r . l~o r clones were obtained f rom t he 

•ii m ledon o;~p res and nine from t he 'pping spores . 

(b) - cont in t i on of amoebae. 

All amoeba clones 1ere free d from cont~inating 

micro-organisms by successive t r ansfers from t he ma r gin 
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of an amo ba colony t o a fresh plate of liver extra ct· 

a . ar with a su1~ace layer of pre- rov 1 .i' . coli on i t . 

's the amoe a multipl ied and spread ou t a r ds on the 

pl a te, contaminating micro- org· · were left ehind. 

Such transfe rs ere made several ti es before the 

a oebae ere con idered to be in 2- emhered c l r 

i th '' • coli. 

(c) Maintenance • 

.1!.. cysted a oe ae were 11 aint ai ed on liver x r a ct 

a gar ·slope s in Universal con t ainer s (M ckie and tJicCartney , 

1956) . ~ncysted oeb e were su pe ded i n a '5ml . portion 

of sterile distille at r an a loop:ful of pr - gr .o 

'. coli cells as adde • Por t i ons ( . 5 . ) of t he 

s sp nsion ere s pr ad over the l ope s of l iver extract 

a gar. ter about 2 weeks numerous cysts ere present 

on the agar , the origi nal cysts having rel ased amoeb e 

hich fed on the bacteria and multi~lied , encysting 

when the f ood suppl y r an out. he bottle caps ere 

then sere ed tigh t ly shut to ens ~.1re t ho hu. i di t y as 

hig ' ithin t he bottle s . T e cysts r emained viable 

for some months under these conditions, and some 

cul tu.re s were :preserved t hi s way . ·t e rile. medicinal 

paraffin oil was t hen added to ot her cultures until 
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the slopes , wi th the cysts on them , were under the 

oil , and t he bott l e caps were s crewed on .• ·his al so 

proved to be a 

11 cultures 

a tisfactory ay of preservi ng cultures . 

ere stored at ro te(pera t ure . 
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(5) bserva tions and exp.eri ent s on the amoe boi.JLJ.thase. 

(a ) Form and behaviour of amoebae • 

.Liver ext r a.c a :ra r plates ,. seea.e ~ with ~ . coli, 

were i noculated at a fe points with eneysted o : bae 

of D. sguamulos • :.che pla·te s were i xeu ·a ted at r oom 

temperature (19 ! 1° - ) in a cupboa r d . :rhe follo g 

observa tions \Vere made 5 d y s after inocul tion of the 

pl a tes . 

t t his stage t here wa clearly def ined plaq e of 

amoeb on each pl ate (Fi g . 12) . The advancing front 

of the plaque consisted of numerous amoe· ae , none of 

whi ch ere found ahead of the f ront . .efra c t il 

contractile va cuoles ' ere clea rly seen in the amoeba . 

( Fi g . 13) . The nuclei ere 1 r ge and e· ch contained 

a nucleolus , e s i ly discernible from the res t of the 

nucleus as it trans itted les s light t han the re s t of 

t he nucleus. n .. erous gr anules were present in the 

amoe a.e . ' eh:i.nd t he advancing front , os t · oebae 

ere en cyste d (Fi g. 13) . 

Th e diamete r s of five of' t h e p l aque s of amoebae 

were r e corde d fo r f our consecut i ve days . 1. easurements 

of each plaque ·ere n~de along a l ine drawn on the petr i 

dish ben ea t h t h e tlaqu e ( Tab l e 3 ) . 
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FIGURE 12 
Part of a plaque ot amoebae of D. squamulosum in a layer of 
E. coli on liver extract agar: 

\ 
\ 

x 20 natural size 

1' 

....,._ __ advancing tront1 composed cl 
numerous amoebae and 
bacteria 

~ E.coli 

amoebae and encysted 
amoebae 

~direction of grqwth of pialue 

:I 

!/ 
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FIGURE 13 

Drawings of amoebae and encysted amoebae of D. squamulosum. 
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Table 3 

<?_!bae p l gues 

ys aft er inoc~lation 

1 

2 

3 

5 

4 

9 

11 

9 

1 

5 

13 

15 

12 

15 

14 17 

10. 6 14. 

6 

18 

2 

6. 5 

17. 5 

7 

22 . 5 

25 

21 . 5 

22 

22 . 5 28 
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The dia eter of the plaques increased by about 

4 - 5 • per day . 

The e f fec ts of' different te peratures on t he r ate 

of ~ro th of amoe ae were inve stigated. oebae were 

grown t various te p rature in t o-me ere · e lture 

on a streak of . coli on liver extract agar . .L ter , 

meas e e r1 ts were ade of t e di tance of adva cing 

fronts of oebae from t he points of t heir inoculation 

on t e 1 t s ( i g . 14) . 

10e ae ultiplied and i gr ted rapid y at ro 
0 0 

temper t ure (ca. 19 C) and at 25 C, but less rapidly 

at 15°0 . At )0°0 t ere a s barely ny u lti lication 

and · br ation of a oeb e . 

b ) i'ncy s t 1nen t. 

''n cy st en t has een obs rve d un er a va riety of 

condi tions . oebae come to a halt , round off and 

secrete a t hick all Fi g . 13) . 

s entioned earlier ( Sect·on (5)a) cysts fonn in 

a oeba plaques on . :1 • coli on liver ex t r a ct a gar i 1 edia tely 

behin the advan cing front, a d inc eas e in f're 1ency a s 

t he distance fro t he advancing fron t i ncreases . This 

is corr elated wi t a conco'f itan t decrease in t he 
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f requency of a ctive moebae . I t ould see l i kely 

t ha t amoebae en cys t beca.; s bacteria are no l ong r 

avai labl e i n suffic"ent qu n ti y t o s upport gr wth 

and a c·tivi t y of amoe bae, i . e . t nat e:r cyst en t is ·eing 

ca. sed. by s t a r va tion . 

cyst nen t has also en o served 01 p . • tes t hat 

were drying out, but on hich bacteri· were s till un-

consumed. It is l i ely, t herefore , t ha t encysttn.ent 

as ca·1 d y de s i cca i on. 

0 

cys e t occur d on )lates incu ated a t 27 c. 

· his is e r t he i mum te p ra re of t he oebae , 

a n so n cys ent could have een cause d b 

e p r t ure . The possi ility t hat t h oe e ere 

sli ghtly de s iccated , d t . t hi con ri u ted to t heir 

encyst illen t , is not , ho ever , excluded . 

oeb e whi ch encysted a s a re s lt of t he environ­

Jen t a l f a ctors discus s d above r e t a i ed t hei r viability . 

Eara-ar i no benzoic a cid . as een u se d to improve 

1966a) . T~is compound , ~ ich in exces ive amount s can 

e toxic i n s ome organi sms , was used i n an a ttempt to 

i mprove pl asmodi um i nitia t i on i n D. sgu· ulosum amoebae 

( Secti on III (7) d) . fter 5 days' i ncuba tion on the 

~-a · no benzoic · cid - i ncorpora t ed me di n, t he ~noebae 
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of all 'Ni mb l edon clones had. multiplied and re growing 

along t he bacterial stre&...lcs , but after 9 days ' incuba tion 

there s almost co plete encyst ent of amoeb e on all 

plates . A few da~rs later e.ncystment wa s co p lete . 

i'Iei t .1er f ood s ortage nor, it as cl ea r , hwaidi ty as 

respo s i le for encyst en t . 

Hence , encystment of amoe e of . sguamu.losum e 

be rought about by s tarvation , de~iccation , - wni o 

enzoic acid, and possi ly y high t per t ures . It 

i reas o a le to conclude , t herefore , th t encystment 

occur s in re spon e to unfavourable enviror .1en tal 

condi tion • 
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(c) 

'rhi s i s the esca pe of t he amoeba from the cyst 

wall . · hen encyste d amoe ae ere tr~nsferred to a 

fresh liver extr ct ga r plate with a pr e- grown layer 

of : . col i, excyst -- en t occurred wi t hi 24 hour s . Hen ce , 

e cystment of t e amoebae occurs i n the presence of 

acteria . 

(d) 

e eral plate s of clon e d oe a e gro dng on 1' . col i 

on ver extra ct gar ere floode i · th ster ile di sti lled 

ater s o that a continuous layer of a ter covered t h 

aga • The oebae had gro on t he plates :for f o 

8 t o 28 days . ',[any flagellate s a ppe <. red withi n l t, hours 

of a di ng wat er to t he pl ate s and e e ver y n erous 

after 6 hours . t 20 hour s little c ange was obser ved , 

but by 28 hours t heir n bers had greatly de creased , and 

after 48 hours t her e we r e very few flagel l ates . At 

72 hour s t here were no f l agella tes but t here ere any 

round an oebae on the agar surfa ce beneath t he water. 

Hen ce, a moebae form f 'lage l l a te s soon after i ersion i n 

water, and aft er abou t 20 hours disappear, apparen tly 

t hrou r)l r eversion t o t he amoeboid form r a t her than 

death ( see over) . 
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u.r h plate s of amoe ae of D. sguamulosum ere 

floode d vli h 1 "' 1 . of s t erile distilled water . Three 

hou s a · r, flage 1 t s w re ~resent i n the ater above 

the ag~r . Drops of water cont i in .. ~ f lagellates were 

r ansferr d " • th ' ... as ur i ettes to fresh pl tes of 

liver x r a c t gar r~hich had been spre d 24 h ours be1·ore 
0 

vi t h ··'.coli and incuba ted a t 37 C. A out 3 drops of 

suspension ere placed a t a point on the . g r where 

bacteri ere ro ng. hese pl tes ~ er ex ined 

der t e eros cop and the pre sene of flag l lates 

and a s c of a oe a on t e wa ch.eak ed. 'f ey 

were i n cubate at ro te pera ture . "ix day"'" l ater 

t here ere l ar e plaques of oe ae in the cterial 

layer s , indicating t hat t h fla llates d revert d 

to a oe ae and t he latter h ultiplie:d. The 

plates i'!ere f l ooded in t he sual way a d flagellates 

we e presen t in t he 1ater on all of t hem 4 ours later . 

Hence , oeba.e o 

appropriate conditions , ch n e into t he flagellate 

state , rever t once more to t he a oeboid c ndition and 

{afte r further multiplicatio ) give r ise yet a ~ain to 

flagel lates. 

(e) Inter a cti ons with other organis s 
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(i) c·~-..ria 

s cherichia coli. s already mentioned , - :-~ . coli 

i s i ngested y amoebae of D. sguamulosum and can support 

t he amoe ae i n a healthy condi t ion in efinitely . 

~ cillus thuringiens1s. Thi s bacterium as employed 

in the t wo- ember ed cultur e of plasmodia of .tJ . sgua ulosum; 

its us ful ne s as foo d source for the ~1oe ae of 

.-~.__.ul._o.sum.· .. . s t herefore investigated. lates of 

gr ass extract agar with pre-gro~ . t huringiensis on 

t he , and plates s own with ere inoculate d with 

cloned amoebae . 

multi plied uch 

Amoe ae feeding on · . thuringiensis 

ore slody t h those feeding on . coli . 

In addition , the for mer oe ae did not produce such 

a sharply defined advancing f ront as t hey did "th . coli, 

a d t hey advanced only 2.5mm. fro the inoculation point 

in 11 days at room te perature compared ith 15 n. f rom 

t he inoculation spot on the . coli plates . Hence, 

• thurinr-~iensis ia a leas sat isfactory food s ource t han 

' . coli fo r oebae of D. sgu ulosum. 

( ii) lt'un :~i 

U i dentified Yeast. lli some spore ger ination 

p.ates (corn meal agar and liver extra ct agar), amoebae 

multiplied in the vicinity of a yeast . . everal a oebae 
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had inge sted yeast cell s . he yeast was t herefore 

isolated on alt agar plates containing aureo.mycin 

(2ml . of . 2% aureomycin hydroc lori e i n water added 

to 100ml . of agar 1 edium) to supress bacteria , and 

a tempts e re made to grow t he amoe bae in a s · ·ociation 

~nt the y ast (both live and autoc aved) , washed 

suspensions of wrl ch were s t reaked onto liver extract 

a gar plat s . The a oebae ultiplied very slowl y and 

encysted wit out i ating a l ong the yeast streak. 

Hen ce , t his ye st is not suitable for o-membered 

cultur "th t he a oe ae , eve tho h it y be 

useful component of t he food of the oebae in crude 

culture . 

Trichoderma viri e . his was the fun{.,. s most 

frequently obtai ed hen atte pti H ' to ger mi a te ore s 

of _ ._sguamulosum on plain agar plates ·th ~ . coli . An 

interesting observ tion made on ge ina ion p ates con­

t aminated with T. viride \vas t hat n erous hyphal branches 

of the fungus grew towar s t e ncysted oe ae . I t 

is possibl t hat the hyphae were responding by tropi sm 

to nutrient s released from t he encys ted a oebae . 

T. viride was isola ted f rom a ge ination plate 

by transfer of spores to pl ates of potato-car ~ot ~ar, 
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and was su seq ently 1 a.i ntai ned on potato-carrot agar 

plates . 

mcys t ed oe ae and T. viride s pores were placed 

a short di s t ance f rom ea ch other on t he surface of pl ai n 

a gar. 'hree days lc ter, amoebae l yi ng I ear the hyphae 

had or e numer ous and much lar ger active contractile 

va cuoles t han other oebae situated f urther f rom the 

h.yph e . 1!\l.rthe ore t he · oebae near t he hyphae ere 

l arger d more rounded t han usual . I t is likely t a t 

e t bolic products of t he fungus act on the cell Membrane 

of t he oeba and t hat this results in an i ncrease i n 

vol e of ter nt r~n )· t he o ba f ro the 

environmen t . s a re sult , t he turgor pre ssure i .n t he 

oeba voul d ri se , making t he oeba l ar 7e nd rounde d , 

and contr acti le va cuoles .ould incr ease in size ad 

nu.."'lber to deal wi t h t he lar ge volume of water en erin ·~ 

t he c·ell . 

iii ) knoebae of Physarum polycephalum 

~ cysted a oebae of . sguamulos and P. polycephal um 

ere inocul ated at s ·epar a te points on plates of l iver 

extrac t agar , previ ously seeded with ' . coli, and t he 

plates were incubated at room te pera t ure .. The 

plaques of amoebae of Di dvrni um and 'hyesar um grew and 
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c e into contact with each other. At this stage 

t e junction e ween the t wo plaques was visible to 

t he naked eye as a distinct ridge ( :B'i g . 15a) . "he 

t o ty es o:f encysted amoeba had inter-.illi ngled in t his 

re~ion and had no a pparent ill-eff ect on each other. 

day l ater t he shape of t he ri ge had a tered (Fi g. l5b) 

prod cing a concavi t y i n t h D. sguarnulos plaque . 

1l'his as ro ably due to t e faster growt h rate of the 

plaqu of compared with t hat of ......,.........,.........,........., 

( ection I II (1) and IV (5) a) . I t can be shomn by 

geo etric construction t hat such a concavity would be 

expected ( i cl • 16) . The sh pe of the fusion ridge 

a dually change d du ring t e au sequent d ys; the gle 

of t e r"dge i th re spect to t he plaq e bo d ry of 

D. sgu ecreased further, i.e . he concavity in 

t he ~ium plaque , produce·d by the r i dge , as ace;ent­

uate d. 

1t he rer;ion where the t wo plaques we re in contact 

was examined. lhe two ki nds of amoeba were co-existing 

in this area , and amoebae of bot species were encysting . 

oebae of Did iu.m were of ten seen to encircle ency ted 

amoebae of h sarum, but the active amoebae soon oved 

away from the cysts . Hence , t here wa s no indication 
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t hat one s pecies of :t oeba 

other . 

s being ingested y the 

(f) "'ffect of dichlor obenzene 

'pore of s tored i the pre sence of 

.E_- di chlorobe ene :failed to ge ina t , t heref ore its, 

effect on o bae of as inv s tigated. 

o ae gr ing n pl tes of liver ext r act a 5 ar t h 

.. ~, . coli ere employed. ' he pl t s ere i nverted and a 

few crys l s of - di chl orobenz n placea. on t he inner 

surf ce of t he l ids , hich ere t hen rep aced . he 

plates vere inc bated upside do at room temr er'ture . 

T oe e die •th i n 18 ours, and ~host- i k r i s 

of oeb e were left on t he a gar . 
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FIGURE 15 

Drawings showing the coalescence of amoeba plaques 

of f:P.Q!~cephalum and D. sguamulosum. 

(a) 

(b) 
72 hrs. later 

x 1 J£.. natural size 
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D. s~amulosum 
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between the two 
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ridge of amoebae 
producing a 
concavity in the 
D. squamulosum 
plaque 
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FIGURE 16 

Geometric construdion representing the coalescence of two colonies d am~, 
one colony enlarging at twice the rate of the c1her. 

The diagram represents two enlarging colonies of amoebae 

in a layer of E.coli; 'A' a colony of P.polycephalum 

amoebae, and 'B' a colony of D.squamulosum. 'B' increases 

in a diameter at twice the rate of 'A'. The concentric 

circles indicate the margins of the colonies after a 

succession of time intervals of equal length. Circles 

1 A and B represent the ~rgins of the two colonies 

before meeting, circles 2 A and B the margins at the 

time of meeting, and partial circles 3 - 5 A and B the 

margins after further colony growth. It will be seen 

that the boundaries between the two colonies (X, Y, Z) 

obtained by joining up the points at which the circles 

would have intersected, closely resembles the boundary 

a~tually observed (Fig. 15). 

[ .. 
L 
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(6) ~lasmodi xm initiation 

( ) T e media lis ted elow were us d for plas odium 

production from · oebae . The media ere inoculated 

wi t h encysted amoebae and a cteria in susp nsion , and 

incu at d at roam te per re . 

ran~.· e of cone trations of t he edium . 44 - 4. 4,t 

co n ne 1 ar in distilled water) as tes·ted . la mo . 

forme on 4 . 4 ~ corn 1 a rin 0 t 2 s , but t 

no other e c ntratien. l a dia f d a l so on 

plates of 4. 4% corn meal agar m e ith t ap vater , an d 

o 4 . 4~ corn me 1 r to hie 1 x 1 - s 

a dded. alcium chloride s inclu ed ecause err 

196 ) sho e d that its ad iti on indu e plasmodium 

o ation i n The t· e to plasmodium 

for tion and t he health of t he pl 10dia o ~. all t hese 

edi ere si ilar. 

Liver extract agar 

r ange of dilutions of liver extract a·ar ere 

a 

made \ri t h di s t illed water ( • 45 - 0 . 0045h • liver extruct 

in l OOml . water) and inocula ed wi t h a sn.sp nsion of 

a oebae an d bacteria. Plasmodia arose on t he liver 

extra ct agar pl a tes ove the whole r ange of dilutions . 
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f im ledon clone 2 amoebae for. ed plas o ia a lit t le 

more r a pidly t an t he other three vii mbledon clones . 

It produced plasmodia in about 12 day s from i noculation 

of a oebae . 1lones 1, 3 and produced pl asmodia 

a out 2 days later. E. pi g amoebae f ormed pl asJ odi 

u ch sao 1er t .. an · i mbledon oe ae . '/hen th fo er 

r e i nocul a ted onto plates of l iver ext r act agar seeded 

ith . • coli , pla odia ere seen on al l th plates after 

6 day s . 

experi ent as carr i ed ou t to i nves tig· te t he 

· portance of p of liver xtract gar for plas o ium 

ini i ation . range of a gar media w s pre pa re d havi 

pi values from 4. 1 to 7 . 8 . 1 edia ere stre ed 

with 1 suspen ion and cloned \ti mbledon a oe ~· > re 

inocul a ted at t he ends of t he E. coli strerucs. Four 

weers later t e amoebae had multiplie and a dvanced 

a l ong t he bacterial st eaks on all plate s , bu t pl a smodia 

had formed on only some of the plate~, as i ndicated in 

'fable 4 . 
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Table 4 

· roduction of nlasmodia rl thin. 4 weeks on pairs of liver 

lates at a ran n ion concen t r tions . 

pi of liver extract agar 

4.1 4 .• 9 5. 9 

++ ·- (+)(+) (+)-

= Healthy plasmodium fo ned. 

+ ) - 1 s odi f or , havin irr o lar 
v 1ns; t herefore it i unhealthy . 

= )lasmodium not fo - e d. 

he r esults indicat plas o ium. fo ati o 1 c n occur 

over a · e pll r ange on liver extract agar , but sugge t 

t hat pH 5 ay e opti al . 

lain agar 

- lat s of plain agar (p . 7) ith pregro la s of 

· :~ . coli on them, were inocul a ted with 6 ··lone a of ' ping 

amo baa . 11 clones gave ri e t plas~ dia on ·this e dium 

i thin 3 ks . 

Jci di fied plai n agar (pH 4. 6 ) pl tea , ·th pre- grown 

' . coli, were inoculated witl 5 clones of ~pp·ng amoebae . 

All failed to prod ce pl aomodia on this edium. Wi mbledon 

amoebae , clone 2 , which readily yields plasmodi on liver 
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extract agar , did not yield any plasmodia on plain agar 

t any ~ I ( 4 . 1 to 7 . 6) t ested. 

(b) do e environmental condi tions were varied , and t he 

effect on pl asmodium initiation were e mi ned: -

(i) e (1966) has used p- a""lino enzoic acid to 

im •}ro e plas odi um i nitiat ion 

·lain a ar plates , ith ~-aminobenzoic acid i corporate d 

i nto t he (54 . 8 g . /1 . of medi ) were str ked "th ·1 . coli 

suspension and ~i b don oeb e ere i noculated at t he 

en s of t he streaks . asmodi initiatio~ did not 

o ~cur; i stead , t he amoebae encysted pre aturely 

( ,e ction I II , ( 6)b .). 

(ii) oeba ere inoculat d at the ends of pre-

grown tre s on liver ext r a c t aga r . airs of 

plates ere incu ated at 4 di f ferent t e era tures . The 

res t . obtained aft er 3 wee s are · iven below. 

:eable 5 

plas irs of live r 
extr a ct agar plate s 

0 
· ·'em:p ra ture , 

++ + (+ ) (+) 

+ = Lar ge healthy plasmodium f ormed. 
( + ) = S all unhealthy pl asmodium. 

= No plas o ium fonae d . 
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.Pl asmodia f'o ned f r o a oehae over t he temper a t ure 
0 

range 15 - 25 G. 
0 

t 3 C, pla mocia did not fo 

(c) Ori~in of plasmodia in cloned cul t ures . 

ll clones of r'ii mbledo a oe ae produced plasmodia 

on a variety of EJ.edia. Si~ ~la ly , all pping clon. s 

gave pla o od· a . r herefo1 e , plas1:10 diw. i ni i t i on 

occ1 rr din eac s train of a~oebae , each s train b ·n 

composed of g~netically i den t ical cells which may or ay 

not diffe r ge etica ly f ro ot 1er s tr in • on e quent y , 

D. amuloswn !1own to e homothallic or apog 

yxo ycete, a s. had e n suggested y t he work of 

e ;ee and ' a a (1965) . 

e 
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(7) 1lasmod~ 

The plas.~.nodium of _... ............................................ iliiiiiiilo was a whit or 

transparen·t r acroscopi c structure . The veins ~ried 

in size 1d a ppearance with c ;)n · t i ona of cul t u r e, 

a d in ge1eral ere r t her less distinct t han t he veins 

i n t he plasmodia of 
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( 8) .9J!}. tu~ of .Plasmodia 

Liver 

s liver extract agar with · . coli had een success­

fully employed for two- member ed culture of oe ae , t e 

s e proced re wa s attempted wi t h plas. o ia . ~las odia 

were inoculated at t he e ds of •. coli stre ks on the agar 

an i grated along th bacterial streaks for distar ces up 

to 3 ~ . be f o e t hey retra cted or i grate a cross the agar . 

The results were not ntirely satisf ct r y , and so the 

value of othe media. and acteria was i nvestigated. 

The Jl smodial inoculum for each experimen t \-ta.s i nitially 

o t ained . o liver extract agar plates wi t h p; . coli . 

ver gar with erobacter aerogenes 

Pl asmodia soon left t e bacteri a l streaks d ither 

retr::tcted to t 'IJ.e i noculum blocks or i gr a ted a cros e• the 

Hence, the re sul s we r e not sat · sfactor y . 

Plain a ga r wi t h ~ . coli ----------
'lasmodia mi L;r a t ed alon.,r t he bacterial streaks up 

to dis ance s of 16~~ . bef ore retra cting to t he inoculum 

block or veering of:f t e .:>treak an< I i grat i ng across the 

agar. A slightly acid medium ( pH 5 ) gave the longe s t 
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mi 6 ration along the streac . However , t hese conditions 

of culture were not entirely satisfactory. 

:Pl a in agar with A. aerogenes 

llasmodia mi grated only a fe fol mi lli metres along the 

bacterial s treaks . Then t hey left t he bacteria and ei the.r 

migrated across the agar or , 1 ore usually , r etrac·ted to 

the inoculum blocks . 

·· r a ss extract a gar with E. coli and other acteria 

Plasmodia left t heir ii ocul m blocks on all plat.es 

a nd mic;rated , of ten for several days, along the t!l.coli 

streako . ~~ventually they veere d \Y. y fro the streak s 

and i g ra.·te d aeross the agar. Considerable growth of 

t he plas.~1odia. was observed under t hese conditions . This 

was the most satisfactory result so far obtained , tu~d so 

a ra· ge of bac·teria, strea_lced onto grass extract agar 

·ere presented to the plasr· odia. 'itrobacter freundii , 

Aerobacter aeruginosa , and · roteus mirabilis were 

unsatisfactory - the plasmodia. did not touch the bacterial 

streaks . The plasmodia mi grated rapidly along the margins 

of streaks of Proteus mira·bilis and :Pseudo onas aeruginosa, 

but did not penetrate t he bacterial colony . 
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The most satisfactory resul ts were obtained \vith 

grass extract agar, stre~ked with - acillus thuringiensis 

suspension. ·--~pping pla smodia migrated along the pre-

grown bacterial streaks and grew ( ]1i g . 17). Plas odia 

ere transferred repeatedly t .o fresh pl a te s of grass 

extract agar plus B. thuringiensis, and t hey mi r.rrated along 

the streaks . Repeated atte pts to grow 'Ni m ledon plasmodia 

under these con itions failed; the plasmodia left the 

streaks and died on the agar a few days later. pping 

plasmodia ere maintained as follows: they were rown on 

plates of gra s ext eact agar wit. 
0 

t 6 c. 
The plas odia were healthy but their mi gration and growth 

r ate s ere slo , enabli the frequency of subc lture to 

b redu ce to once every 2 - 3 weeks . 



FIGURE 17 

gra s extract agar 

(X 5 magnifi ation) . 
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( 9) ·bserv~tions and experiments on Elasmodia o:f 

D. sguar ulosum 

(a) lfigr a tion 

Pla.modia were incubated at v rious te peratures 

on streaks of . thuringiensis on gr ass extract agar, and 

t 1e rates of migration~ plas odia along t he streaks 
0 

were _a ure d (Fig. 18} . The plasmodi kept a t 24 C 

os quickly. t 27 o (.; t he pl smodi failed ·to 

leave their inoculum bLocks . 
0 

At 6 C plasmodial I i r a t i on 

vas slow and rou,.. 1 li ar. t this t pe r a t ure, plas-

odia did not f orm fan- lilre dvancing f r onts , i ns tead 

t h y ere irr gularly lobed d occasional y retracted off 

t he 

(b) 'he effect of the a ddition 

and growth of plasmodia .. 

Grass extract agar plates containing l~j glucose and 

s treaked with . thuri ngien$is were inoculate d wi th 

plasmodia . r e pla smodi a , which i gr ated 

along the bacter~al streaks , were compared with t hose on 

edia containing no glucose . 

Pl asmodia on the medium lacking f:Slucose gouged t he 

a gar, but lasmodia on glucose-incorpore:~cd edium did 

not . rrhe veins of t he pl asmodia on agar lacking glucos e 
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were more distinct than those of .:Plasmodia supplied with 

glucose; the location of the veins i n the latter was 

i ndicated only by protoplasndc mover ent, whereas the veins 

were clearly demarca ted in pl asmodia on a ~ar lacking 

glucose. ·pl · s odia supplied with glucos were almost 

overwhelmed by bacteria 18 hours after leaving t heir 

inocul um blocks , but they had recovered 24 hour s later, 

then mi grate d over t he b cteri and gre ·~ slowly. Plasmodia. 

on agar lac ing glucos e grew more r pi ly, probably because 

t e bacteria did not reach sufficient numbers to ov·erwhelm 

the pla odia. 

,.., i mi l ar y , when D. sguamulos plasmodia fed on . coli 

on liver extract agar , the ag r as gouged, ut when 1% 

glucose was incorporated into the medium t he plasmodi 

ceased ougi ng t he agar. The plasmodia. on liver extract 

agar conta:ning glucose had regular outlines and straight 

veins , u.nlike t he other plasmodia (on medium lacking 

glucose) which had less r egular outlines nd convoluted 

veins . 

(c) fusion experiments 

Bxperimen ts ere carried out to see whether plasmodia 

derived from cloned ~noebae woul d or woul d not fuse with 

one another . This was done by inocula ting t wo pieces 
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of pl asmodia , one a t each end. of a pre- grown ~ .• thuringiensi s 

streak , on gr a s s extr ac t ag r . ~- a tes were incubated a t 

room temperature nd r esults rere obtained af'ter a fevt 

days when plas rnod.ia had grown along t e streaks and met . 

The results of t he exper.imnts sho tha t all strains Gf 

plasmodia t ested fused ith one another. 

killing reactions following fusion. 

Table 6 

Results of fusion experi ent s 

CLO ~ 1 4 6 

8 0 + 0 + 

6 0 ..... 0 + 

4 + + 

2 + + 

1 + 

+ = fusion 

= no f usion 

0 = not attempt ed 

There ere no 

8 

+ 

The nmnbers in the table r efer to t he clone of 

:Epping amoebae f rom which pl asmodia wer f' de rived . 
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(d) _£_t~ction ith otJler or anisms 

1'3acteria . 

su.l ts of' p a " odi al in eracti on with some bac·teria 

a r e gi ve in Jection IV ( ) . 

An al ga: Chlorell 

· l ain a gar plates were stre ed with su s pensi ons 

of was~ed and unwashed Chlorella cells , i n oculated wi t h 

D. sguamulosum plasmodia , and i ncubated a t room t em erature . 

Some plate s were k e t i n t he light a d ot her s in da r ness . 

he r e was no a pp ren t diff erence in beh viou r of the 

pla odia wi t the s e differe t trea t 1 e t s . 

-Iany Ghlorell cell s were i ge t ed by pla o a~ 

s o e cells ere in va cuoles moving ·th the s tre ing 

protoplasm in the vei ns or lying nationless in gel proto-

pla~ • ~here were s o e vacuoles containin~ t wo or more 

l ga l cells . l as odia left t he · l gal stre s after 

a bout one day an d · gr a e ver t he agar. 1J ring t his 

time t he numbers of algal cel ls within. the plas odia 

droppe d unti l none were seen , and algal cells ere lef t 

behi nd on the plasmodi al tracks in t he agar . It as not 

clear whether t he algal ee l s ere iigcsted and l ater 
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digested ~ or whe t her aft er they were i ngested t he algal 

cells ere eliminated unha ed from the plas odium. 

plasmodium, grown. for ten days on .B. tl uringiensis 

on o ass xtr act agar at room te perature , was exposed 

t o the fumes of ~-dichlorobenzene by the same me thod 

used for rnoe ae ( ·ection III ( 6) (f) ) • r·1he plas odium 

was observed continuously as soon as it as exposed to 

E- dichlorobenzen vapour. 

··treaming stopped in al l veins after 4 seconds ' 

exposure . After one in te's exposure , t he lid nd 

cryst ls ere remove d d o the pl~s odi was xposed 

to the air . Five i nutes l e ter t here as so e resumption 

of streaming i n a few small reas of the plasmodium 

t h ou r,h most of it appeared o be dead. After t ~enty 

1 inutes' exposure to fresh air t here "\J rere only the few 

surviving parts seen earlier. 

was ead • 

! ... os of t e p .as odium 

.Jxperiments with plasmodia of di fere t ages confiru ed 

t he re o.tl ts given above . ,_ 
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(1) Ph,ysa. ... polycephal~ 

(a) arks 

Ca. lile and preli ·nary ccount 

tween pl smo . i of ---. ....... ~..,;;;,..;.~........,,.;;;;;;;;;;;. a n d of 

e (1967) g ve 

of f s ion 

lethal re ction which follows oO e u s ions . mhey sho 

tha t there J.S f usion bet een p irs of pl asmodi which 

of diff rent s tr ins ut of i dentical ~eno ype at the 

fusion (f) locus . .~i th s o e combinatio s of strains, 

t he fi r sult f f usi on as he lthy pla odium of 

ed 

re 

hich t e origin from to sep r te pla ·.u. odia 'l a no longer 

e ident, u t wi th other co i n ions of tr ins fusion 

f o lowed y a leth l reaction which varied i n its 

severi ty . l~rther inve tigations on th lethal re ction 

a e ported e arlier in the present the sis. xhqse will 

now be discussed furt er, in rela tion t o thE=-1 ioloeical 

s i t;nifica. ce and t e e chani sm of the r ea cti. on. 

(b 

i•ne l ethal reaction was discovered in plasmodia 

•1r o 1'ling on emi-defineo~ agar (Carlile and ee, 1967 ) , 

but does not occur i n plasmodia on plain ·ta r Dr . M. J . 

Carlile , per sonal co unicati on) . As report ed e rlier 
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t he pre s en t author has sho t hat no letha l reaction 

occurs on dilu te s emi-defined . edirun (xO. l of ·the original 

concentr tio11 ), nor on senti-defin ed agar lackin~ glucose . 

Hen ce, the lethal re · ction occurs in ali ited 

range of nutritional conditions and so its occurence in 

nature is uncertain. If it doe s occur its -function may 

be to a s a barrier preventing vegetative fusions of 

geneti cally unlike plas odia . 

(c) Evidence fr om other strains of l asnodia 

1 + 2 , i + an 1 2£ plasmodi a ar i ntic 

with re pect t o their genotype at the fu i o1 locus , and 

s a re sult t hey 11 fuse ith on a ther. The result 

of fusion t een i 12 d an 1 + ~ plasmodium as 

a leth 1 reaction Nhich g neral y affe cted the i + 2 

site more severel th the 1 + ll· ;..i i i Lila rly , a f usion 

bet een an! _3_g an d ani+ .?,2 plasmodi 1 :resulted in a 

l e t al rea cti on which affecte the 1 2 s i t e more 

seve rely t han the ! + g . 'lhen n i + .2,g_ lasmodium 

fuse Cl wit an i + }-.2. no l ethal reac t i on follo ed. ence , 

i + ~ and i + !.2_ plasmodia re oernble each other closely 

and differ from i + ~; t he latter i s t he more severely 

a ffected ·by the lethal reaction following a fus.ion with 
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either the i + 2£ or !+ 12 pl asmodium. 

Two other plasmodia , havi ·;- t he same t:;enotype at the 

fusion locus as 1 + _?..,2., i + .2£ and i + .12 plasmodia , were 

tes t ed .' • 1v . J . Carli le , personal corrwrunica tion) and ea ch 

gave t he lethal reaction after fusing with i + ~' ut not 

with other strains . was ore 

severe y aff ect by t e lethal reactio t han the one 

t a t interac ted with it . Hence , only t wo clas~es of 

p la _ o dia have yet een found wit in this group of fusable 

plasmodi viz. 1:. ~' and the re t . Hence, so far the 

lethal r action may be regar · ed as the re sul t of the int er-

ac ion of t 70 fac ors; patt r ns of int :racti n that. 

mi ght indi ca te a ~ore co plex basis for the letha l r eac t ion 

have n o t een f und. 

(d) Obs,e rvations on streaming bet een plas odia after 

:fusion 

It has -been shown that hen an i + 12. pl asmodium 

f uses \vi t h an i + £i, protoplasm streams from i +~into 

i + 15 f or longer periods t han in the revers e direction , - -
i rrespective of the relative sizes of t he t wo plasmodi a . 

i_rhe periods of f low f . om i + ~ into i + 1.2.. Lradually 

s orten d, whilst periods of fl ow from ! -~ 15 into 1 + 29 
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increased until time s of protopl asmic fl ow in both 

directions became roughly t he same . This suggests t hat 

an i + ll plasmodi has a higher internal hydrost tic 

pressure t han i + 1:.2.· 

(e) Con clusions from the interacti on o.f ;plas odi of 
va.rious sizes. 

Leth 1 re ctions between micro- plasmodia ~ere al ays 

obtained when a small ! • ~fused with a l ar ge ! + £2, 

the resulting pl as o ium commonly bei · wholly destroyed 

at both 1 + 1i and 1 + £2 sites . ometimes sm l l a reas 

surviv d , but t here ~s no tendency for t hem to be in 

one site r a t her t han t he other. eth 1 re otions some-

times follo d the fusion et een · cr.o·- pl smodi of 

1 + !2 and 1 ~ of roughly equ 1 size, the dead ~reus 

bei·ng uniformly distribute d et een !. + 12. and ! + 29 

sites. Le t hal react·ons ere not observed hen the 

micro- plasmodium of i + ~ was smaller than t hat of i + 15 

(Table 7) . 
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T ble 1 

The oaeurence and distribution of the lethal reaction. 

La.rg i + £,2 
and small 

1 + 12. 

i + £2 and 

i + 15 
roughly equal 

in size. 

Sm 11!. + ~ 
and lar~ 

i + 15. - -

In micro- plasmodia 

Lethal reactions 
always obtained. 
Unifo distribution 
of de d material 
in both plasmodia. 

Lethal reactions 
obtained in bout 
i of the experiments. 
Unifo distribution 
of dead material in 
both plasmodia. 

o lethal re ctions 
obtained. 

In macro-plasmodia 

Lethal reactions 
regularly obtained. 

ad areas in both 
1 + 12. and ! + £2 
zon s . 

Lethal reactions 
re larly obtained. 

ad area ainly in 
the ! + £2, site • 

Le·thal reactions 
regul rly obtained. 
Dead protoplasm 
entirely in the 
!. + ~ site . 

It is reasonable t .o assume, in view of the high rates 

of protoplamnio streaming observed and the s all amounts of 

protoplasm involved, t hat when mi cro-plasmodia fuse , mixing 

of :Protoplasm is rapid and complete. ~rhis ould explain the 
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unifo distribution bet een the ! + 15. and i + £i sites 

o£ dead mat ri.al on occasions when t he l ethal reaction was 

observed • The cor-'.si stent absen ce of le t hal reactions 

. en i + !2. ·as bigger than 1 + ll and its consistent 

pre sence hen 1 + ll was smaller t han i + ~ augge, t: that 

the 1 ·t hal rea ction is the consequence of t e mixing ·n 

certain proportions of two differen t types of !Jro.topl asm. 

Unless there as reason to regar d the edium as 

being defecti e , lethal reactions were re 1 r ly obt ained 

:n a cro-pl smodia ere fu ·ed , regar dless of hether 

! + 12. was sm ller than, equal to, or bigger t han 1 + ll·· 

T e differe ce observed con ce ed not t he prase ee or 

absence of th· r e a ction but its distribution betwe n sites . 

"fhen a small i + ll mac·ro-plaomodium fused · th a large 

1 + 29 the le hal react.ion oceurrc in areas of roughly 

equal size in both sites. When t he t o fusing plasmodia 

were roughly equal in size , the lethal reaction subse quently 

occurred mainly in t he i + 29 site, but so e dead aterial 

as present al o in t he i + 15 site . The lethal reaction 

resultting from t he fusion of a large i + 15 macro-plasmodium 

with a small 1 +~was confined to t he 1 + ~ site (Table 7). 
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The occurrence of the lethal reaction in interacting 

micro-plasmodia of 1 + 12. and i + ~ of different sizes 

was interpreted as indicating t hat t he mixing o:f the two 

ty _es of pr.otoplasm in certain proportions was lethal . 

This hypothesis can also account for the distribution .of 

the lethal reaction in macro- plasmodia. 

hen :macro-plasmodia f use, mixing of protoplasm is 

not complete for several hours , as has been demonstrat.ed 

both by isotope studies (Kerr and axlax, 1968; and Miller, 

Anderson and Peterjohn, 1964) and cytological observation 

(Rusch, achsenm.aier, Behrens and Gruter, 1966) . Hence, 

in different regions the proportions of the t o types of 

protoplasm will differ. ·en t he i + 15 plasmodium is - -
larger than the i + 29, a mixture in hieh ~ + ~ protoplasm 

is in excess of ! + 15 will be confined to the original 

site of ! + £2,, and hence we may expect the lethal reaction 

to be confined to. the 1 ~ ~ site; this in fact occurs . 

fuen the i + 29 plasmodium is larger than the i + 1.2., a 

mixture of protoplasm in which 1 + ~ exceeds 1 + !.2. ay 

be expected to extend into the i + !2 site and to produce 

a lethal rea.ction there, as i s in fact observed . 

It seems best, therefore , to regard the lethal 

reaction between i + 15 (and similar strains) and 1 + ~ 
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as a consequence o:f the mixing of particular proportions 

of the two types o..r protoplasm rather t han i n terms of 

nkillertt and "sensitiven genotype s , an interpretation 

consistent wi th lethal rea ctions in Paramecium (Beale , 

1 954) and ye at (Woods and evan, 1968) . The pr ·eeent 

phenomenon does ho ever resemble the lethal rea ctions 

studied i n eurospora by ilson, Garnjobst and Tatum (1961 ). 
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(2) Didymium sguamulosum. 

{a) Spore germ.inatior1 

~ uch effort has been devoted to the s~tdy of germination 

o.f myxomycete e. Hawker ( 1952) has assesse·d some of the 

internal and external factors influencing the spor germ­

ination of myxomyeetes. Gray and Alexopoulos (1968) have 

recently provide·d. a cri tiea.J. assessmen t of the li tera.ture 

on spore g·ermination , and showed t hat in spite of the great 

amount of' .ork done, the initiation of spore germination 

in myxomycetes is still ill-understood. 

inoy (1907) suggested that bacteria induced s pore 

germination o.f myxomycetes, but. Gray and Alexopoulos (1968) 

cited considerable evidence to support their view that the 

presence of bacteria is not always necessary for spore 

germination. The present author found t hat there was no 

germination of spores of D. sguamuloswn on grass extract 

agar unless bacteria (e. g . ". coli) were also present . Hence, 

there i s a. need for further investigation of the factors 

affecting spore germination, particularly t he e~fects of 

other micro-organi sms. 

In the present study, spores of D.squamulosum, suspended 

in distilled water with E. ooli, were inoculated onto a 

variety of media. Germination occurred after 4 days at 
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room te perature on plain agar, whereas on corn meal agar 

germination took plaft after about 7 days . There was 

much baeterial development on the corn meal agar plates 

and this may have resulted in a retardation of spore 

ge · ination. Germination of D. squamulosum spores occurred 

on all plat·es of grass extract agar sown with t he suspension . 

Amoebae and pty spore cases were seen after only one day . 

~his as, i n the experience· .of the present author, the most 

~apid and reliable method for t he germination of ~. sguam­

ulosqm spores . This contrasts favourably with the results 

of Smart (1937) ho found, admittedly employing rather 

different techniques , that the germination of D. sggamulosum 

spor s in grass extract took 6 days . 

Gray and Alexpoulos (1968) advocate the use of 

.E.-dichlorobenzene to protect myxomycete spores from mites 

and insects . However, it is inadvisable to use ,J?.- dichloro-

benzene :for protecting s pores because t he present author 

found that none germinated after s torage in its presence . 

The subst ance has been shown in the prese.nt s t u dy to be 

lethal to amoebae and plasmodia of' D.sguamulosum. 

(b) The amoeboid hase 

(i) Morphology and growth 
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Much attention is given to t he plasmodial phase of the 

myxomyce te life cycle in the literature, but t here is little 

discussion of a oeb e . Gray and Alexpoulos ( 1968) have 

ri tten a short chapter on am·oebae of yxornycetes, bu t t hey 

too emph si e the importanc of plasmodi at the expense , 

t he present author feels, of the amoebae . 

ere exposed to a rang of te peratures. 'h greatest 

rate of amoe a advance along a streak of • coli a s in t he 

range 2 
0 

- 25 c. ro th he 
0 0 

r ate of advance as slo ·r t 15 C th t 2 . C, and t 
0 

6 C th re s virtually no mul tipliaation of the amo ae . 

There i s uch scope for further phy.siologica l studies on 

the oeba.e of myx.omycetes . 

When Didymium, and Physarum amoe.b colonie s e t, t he 

t wo kinds of amoeba eo-existed itho.ut any a.p. arent harm 

to either. Since ,. h o ver , D. sgu ulosum amoebae mi gr a te 

faster than those of l?. polye phalumt: simultaneous inoculat'ion 

of t he t o species onto ~ 1 wn of ~. coli leads to the 

greater p rt of t he bacteria being eonswned by Didymium. 

Hence, i n nature, competition for the limited nutrients 

cou~d occur bet een myxomycete species wi th large swiftly 

mo·\Ting amoeba.a and t hose wi t h sma ll slo amoebae,. even 
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t hough t here may be no direct ant agonism. 

The stu dy of amo-ebae of Did:y · um and Physarwn revealed 

some interesting diff-erences between t he t fo t ype s . Some 

compa.r isons a re given below in Table 8 . 

Table 8 

compari son of amoebae of D •. aquamulo.fium and • polycep 1alum 

ucleus 

h pe of 
cells 

Lengt h of 
cells 

··ameter of 
encysted 
amoebae 

oebae 

Visi l e in li ·ng 
amoeb with bri ght 
field ill nation 
(x40 ma) · f i ca t ion) 
5 diameter. 

en rally · s ooth 
outline. 

18 - 25/ • 

10 - llf • 

hysarum amoebae 

Not visible 
under t hese 
conditions. 

enerally 
irre lar, lo ed 
ou tline. 

7 - 8f • 
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The colony margins of both k~nds of amoeba are shar pl y 

defined t o tbe naked eye. Under the ·croscope, t he 

advancing front of D. egu ulosum is se,en to cons ist of 

a wide , clearly defined and of amoebae . 

P. EolyceEhalum is narrow and less sharply define d, there 
. ~ 

being many solitary amoebae in advance of the majority . 

Perhaps t he most strikinh difference between t he colonies 

is that t he gro t h rate of' the D. s gu ulosum colony is 

approximately twice t h t o:f the P. ;eolycephalum colony. 

It is poss i ble t hat the . orpholo · of myxomycete amoe ae 

a.p.d t eir pl ques mig t b of v ue· in identificati on and 

classification. There is clearly a need for further 

study of amoebae of myxomyeetes . 

(ii) The flagel l te phase 

Hoss (1957) observed ..-..pores of D. sguamulosum germinate 

to give myxamoebae . Withi n 5 hours t hese amoebae had 

produced flagella and hence had become swa cells . The 

flagellate sta te did not last long beea 1se no swar m cells 

(flagellates) ~ere seen in 24 - 30 hour- old cultures , only 

a oebae being present • These cells were described as 

.. irreversi bly amoeboidn and D. s.Q._ua ·:ulosum a a representatiye 
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of his nbrief l y f lagellate n type . 

The present u t hor has shown , .ho~ever , that amoebae 

of _Q. sguamulosum i n '8 - 28 day-ol d culture s , when i r uers ed 

i n water , change into f la ellat e s , and t hat flagellates 

were resent in such cul ture s up to 48 hours a~te:r i mmersion. 

I t has also been de onstrated ( ection IV, 5 (d) ) t hat 

amoebae of D. sguamulosum can , under appropriate condi tions , 

change into t he flag~llate state , revert on ce ore to the 

amoeboid condition and (af ter further multiplicati on) 

give rise ye t again to fl gellates . . sguamulosum. cannot 

t heref ore be rega r ded as "irreversibly am·oeboidn and the 

uti l ity of sue c tegories as "briefly fla ellate~ i s 

ques t i on ble . 

(c) The plasmodial nhase 

(i) Plas odium initiati on 

In the pre sen t study , all cl ones of ~imbledon and 

ppin :,) amoebae produce d plasmodia , conf i ing the ten t a tive 

conclusions of von Stosch (1935) and fukherjee and Zabka 

(1965 ) ; hence , D. sguamulosu~ i s like D. ni gripes in which 

i t has been firmly establi s ed by Ker r and Jussman (1958) 

t hat pl asmodia can a r ise in cultures of cloned amoebae . 

D. nigripes was hence regar ded as homothallic . On the· 
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