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ABSTRÀCT 

A detailed study of colony develo~nt and ." -
différentiation, in BUdorina elegana Èhrenberg vaa carried 

out et bath 'the liqht and electron .icroaoo~ levels. In , . -
untrea~ed colonies the sequence of eventa in plakeal 

4 development and inversion vere studied. Siqnifican~ 

\ 

alterations in these processes vere Observed when colonies 

weré treated with a 0.2% colchicine solution. These 
j 

-alt.rations are dJ:scus.ed as weil a. the role of .icra-

tubules. 9~19i and colonial envelope fOrlUtion -in colony 

developme,\t. Colchicine treataent alao induced a bigb 

level of POl~Ploi~n coloniea. and following reqovery 
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in eolchieine-free media. haploid and induced stable ... -di~oid colonies were found.~ 
t 

'Differentiation between aomatie and generative 
> 

cella in Eudorina californiea (Shaw) Goldatein waa 

'~und to oecur follawing the four~ plàkeal -division. 
, \ 

Thia ia the firat clear demonstration of the stage in 

plakeal development at which differentiation ia initiated 
. 

in Eudorina californica. . 
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RESUME 

-

J­
Une étude détaillée du développement et de la 

différenc\~ation des colonies' dans Eudorina elegans 

Ehrenberg a été faite au niveau. du microscope composé et 

du miçroscope électronique. On a étudié le déroulement 

des'~vénements dans le développement et l~~nversion pla-

kéels dans les coloni~s non traitéeà. On a observé des 

changements significatifs dans ces processus quand on a 

traité les colonies avec une solution de colchicine à O.~%. 

Il Y ~ discussion de ces changèments aussi bien que des 

raIes d_a microtubules, des g6lgi, et de la formation d1en-

veloppes coloniales dans -le dêveloppement des colonies. 

.. / 't 



~ 
Le traitement au ~Olchicine a au •• i cr'. un niveau 'lev' 

de polyplo1di. dan. le. colonie. et. apra. avoir remi. la 

colonie dans un milieu 8an. colchicine, on & trouv6 de 

l'hapl01de et dea d~ploldea atable •• , 

.. 
On a trou~ que la diff6renciation entre~l •• cel-

Iules 8omatique~ et q'n'rative. dan. Eudorina californica 

'(Shaw) Goldstein s'établit apr •• la quatriame division 
'1 , 

plakéelle. c'~t la pr.mi~re d'mon.trat~on nette de l'6tape 
" 

dans le développement ,plak6el ~ laquelle la différenciation 

s'établit dans Budorina ca~ifornica. 

'. 
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polchicine Induced Alteration! in'OOlony 

DevelQf!!nt and Differentiation in Eu~o~ina 

'- Statement of Oriqinality 

Ta the'writer's knowledge, the research described 

within this thesis contai~s the following original contribu-
1 

tions: 

1. The first d~iled account of the ultrastructure of 

nuclear divjsion in Eudorina • 

2. The first,detaildd account of the ult~aatructu~e of 

cytokinesia in Eudorina, which revealed the following: 

a. Th~presence of cytopla •• ic bridgea between 

plakeal cells. 

b. The presence of the "pbycoplaat" aicrotubulea 
.. 

and their ~le in colony development. 

3. The firat d~ailed account of the ultraatructure of 

inveraio~ in Eudorina. Tbi. atudy revealed thè 

po •• ible involv...n~ in ~~v~ion of cytopla •• ic 

bridg .. and colonial env. Ion. .. teriel. 
~ '. -

- . 
'" 

..; 

'i~:; 
.~ 

'\, , . 
: 

"~ ,', 
2~ " 

j j .)}~ 
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4. The firet observation in Eudorina ~f mierotubules in' 

the chloroplas~ of dividinq and younq vegetative 

cells •. 

--­s. The firs.t study of the affecta of colchicine on the 

Volvocaceae at the liqht and electron,micr?scope 

levels. 
~ "'--. 

These effects included: 
" 

a. Formation of projections or "stellations" at 

the cell surface. ~ 

b. Production of extra~eytoplasmic particles. 

c. The di8orientation and inhibition of cyto--

kineais. ~ 

d. The inhibition of inversion. 

e·. Production of flattened qonium-like 

colonies. 

) 
6. The firet detaileci" liqht aicroacope observationa 

of the nuclear cycle of BudOrina. durinq plakeal 

devel~t. 

1. The firat 8tUdy to demoilatrate the effeeU of 

colchicine on ,the nuçlear cycle of the Volvbcaceae. 

'\ 

" 
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8. 

" 

, 1 
", 

9. 

10. 

. -
'.' . 

" 

The first study to clearly demonstrate polyploid 

production with colchicine in the Volvocaceae. ,and 

to isolate colchicine-induced stable polyploids. 

An investigation into the ability of treated cells 

of Eudorina, to recover'fram colchicine treatment. 

The discovery of when differentiation of somatic 

and generative cells occurs in 1_ californica. 

.. 
( 

" 

" , 

--



• 

• 

,.. 

-. 

r 

INTRODUC'l'ION AND LlTERA'l'URB REYIEN 

.. , 

Since the time of ~he Greeks. colchicine has been uaed 

for various medicinal pu~posea and ia mentioned in such te~ 
/ 

b~ Dioscorides. However. mod~rn studies pn colchicine vere 

not ,colllnenced until the early 1930' s •. It vas in the labora-

, .. / . -tories of Professor A. P. Dust1n in Brussels. that the effects 

of colchicine were looked at for detail 

(Dustin. 1934). It vas found an anti-

m~totic effect in bQth animal In fact. in 

1938 Levan had already completed a detai f 

~ffects of colchicine on aitosis in root tips of Alliua. 
;.. ----

This, and much subsequent work establiahed that colchicine \ 

was destroyinq the spindle apparatus and W8S resulting in 

polypl~dy\Of the cella (Bigsti and ~tin. 1955). 

\ . ~ 

Though most of the original effort va. concentrated 

on the anti-mitotic effect, it was noticed that colchicine bad 

4 

(' 

,~ 
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• th.~O other effecta too. Levan (1942) waa perhapa 

notice~that thèae effecta were' not related to the an ti-

mitotic effect •• 1.~.polyploidy. Working with Allium he 

diacov.red th~.~;~e ao-called colchicine tumoura produced 
" ' \. 11.);,..... ~ , 

, :~ 

on the roota were"n~ due ta polyploidy. Soon the literature 

on theae aspecta of colchicine e~fects became quit. profuse, 
./ 

particularly on higher and lower plants and protozoa (Eiqati 

and oustin, 19S5)~ 

1. Effecta of COlchicine on the Algae 
at the Light Micro.cope Level 

~lgae as a rule appear much lea. senaitive to 

colchicine treatment than higher plants (Sarroa, 1961). In 

fact, a fev apeciea, such as Euglena (Leedale, 1958) and. 

Pithophora (Pâtel, 1971) appear ta be totally ,unaffected by 

concentrationa of colchicine, many timea greater than that 

which will ki11 higher plant cells. It ia alao intereating 

to note that the number of a1gae which have been induced:to 

fo~ polyp10ida are few, a1though in a number of algae, 

particular1y green a1gae, the effecta of colchicine treatment 

have been atudied. The moat intenaive atudy,of colchicine treat-

.. nt on 8 9r.en 81g8 haa been c8rried out with the unicellular 

. , 
, ' ... L .. .f~ 

, 
/ 
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f1age11ate Ch1amydomonas. Gavajdan and Kobozieff (1938) 

ahowed that colchicine treatment produced abnorma1ities in 

growth and division, and a1so resulted in the formation of 

bot~ polyp1oids and aneuploids. However, Cornman (1942). ~ 

failed to produce po1yploids, and it was left ta Wethera11 \ 

and Krauss (1956) to definitely induce po1yploidy in 

Ch1amydomonas. Buffaloe (1957)' noted ,that after pro1onged 

treatment the normal vegetativ€ cells becarne quite distorted, 
.1 

indicating that the colchicine W8S not just affecting the 

nucleus . 

/ 

In fact, colchicine treatrnent has produced changes 

in ne~rly every part of the a1ga1 cel1. In Spirogyra, 

colchicine treatrnent has produced changes in the morphology 

and distribution of the p1astids (Yamaha and Ueda, 1940: 

Kartoshova, 1945), as we1l as a disruption of cross 

wall formation (Mairold, 1943). Treatment of 

Hydrodiotyon ha, resulted in swe11ing which oçcurs at 

~he extrema ends of segments, a8 well as a general thickening 

of the cell wall (Gorter, 1943, 1945; Sarma, 1962). Further, 

a high degree of po1yploidy has been obaerved i~ thi8 genu., 
~ 

(Sarma, 1958, 1962). polyplo~dy has a180 been Rroduced in 

specie. of Sphaeroplea (Sarma, 1957), Microspora (Sarma, 1958), 
i 



• 

• 

• 

1 

Drapanlldia (Godward, 1966), Clldophora (Patel, 1971), Ind 
QI 

Oedoqonium (Tschermack~ 1942). 80th Oedo90nium (Gorter, 

1943, 1945). and Cladophora (Gorter, 1943: 1945: Mairold, 

1943) also underwent a considerable thickening of their cell . 
, 

walls, though these thickenings were limited in CladopQora to 

the cross-walls. Henningsen (1963) treated several species 

of Oedogonium with ~olc~icfne to produce c-metaphase 

chromosomes in order to faci1itate karyotyping of the 

species. Other green algae investigated have inc1uded 

Pediastrum (Jakob, 1951), Scenedesmus, (Jakob t 1951) and 

Chara (De1a~, 1958). aIl of which showed a disruption in the 

no~al pattern of growth and'development. 

Other algae. for unknown relsons have appeared to 
o 

be much less affected by colchicine. Levan and Levring (1942), 

for iQstance, found that both Ectoca,pus and Spermetochnu8 

were only very slightly affected by colchicine treatment. 

II. Effects of COlchicine on the Algie 
at the Electron Microscope Level .. 

More recently, inveatigatora have turned to the electron 

microscope for it. hi9her r.solution and have demonatrated a 
,. 

huaber of affects at tha ultrlstructural level, not aIl of 

," , 

, ' 
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c. 

8 

. 
which are appa~ntly directly related bo it. effect on the 

• 
nucleua. 

,A. Non-Mi totic Bffects 

i. 8ff.cta on Golgi Apparatua and Cell Wall Deposition 
i 

In Chl!!ydomonas. Walne (1961) observed a marked 

increaae in cell wall material in colchicine-treated cella. 

This cell vall'-.terial vaa laid d~ in layera vith 

abaci8sed portion. of the cytoplas. bebween -the cell wall 
\ 

These portions of oytoplas. included pieces of the 
, . 

" 
:; layer •. 

chloroplast. mitochondria. sections of endop~a8.ic reticulum. 

and· other cell organellea. FUrther. Walne also ob.erved a 

con.~derable increaae in the activity of the 9019i apparatua 

vith the releaae of n~rou8 9Olgi-aaaociated v •• iclea. Wanka 

(1968) working With~lorella. noted that cell wall formation 

~a~i8ruPted and Ji::rientated. He alao Obaerved tha~ the 

go19i apparatua shoved an increase in activity following 

colchicine treatment. 

The effecta of colchicine on sper.a~ene.i. in 

Nitella (Turner. 1970). reaultéd in the diaruption of cell 

wall formation. eoa.ba ~.!l.. (1968). ahowed that colchicine 

affected the ailica abell fo~tion in •• vieula apd 

poatulated that colchicine apparently affected the 9019i 

'.. 



• 

.-

9 

~ , 
apparatus, which is known for its aecretory function in many 

organiams _ (Môrrê .!! .!l., 1967). 

It ia a1so interesting to note t~t in both higher 

plants and mammalian ce11s, colchicine has been noted, in 
) 

certain cases to have simi1ar non-mitotic effects on the ce11 
• 

fine structure. Pickett-HeaRs (1967), on treatin9 xylem 

f 
ce1ls with colchicine. noted that the pattern of cell wall 

~ 

disposition waà consider~b1y disrupted. Robbins and Gonatas 

(1964), o~ examining colchicine-treated HeLa cella. noted a 

build up ~thin cel1s.of 901gi bodies. lysosomes and various 

osmiophilic granules. 

1 

ii. Other Non-Mitoti:c Effects of Colchicine 

In Ch1amydomonas. Wa1ne (1967). noted a considerable 
\ 

) . 
inc~ease in ce11 size, as weIl as in the size of the nucleus, 

which a180 underwent lobin9. 
1 

Further, the amount of nuclear 

membrane and endoplasmic ~etic6lum increased considerably, 
, 

the nuc1ear membrane becoming convo1uted. After about 18 hr •• . . 

of treatment with colchicine the cells loat Cheir .atility 

and .ev~ntually their flagella. However. on ~emovtng the 
\ , ' 

1 treated cella fram the colchicine and allowinq them to' 

11recover. 
fi 

a number of the diatorted cella eventually produced 

1 
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morpholog~cally normal cells. wanka (1968), found a simi1ar 

1 
increase in the amount of endoplasmic reticulum in 

colchicine-treated Chlorell! cells. Finally, Turner (1910) 
<f .... 

found that when sperm of Ni tella, we~e treated with t~ 

colchicine, branched flagella were produced. 

B~ Mitotic Effects 

\ 
J' • 

It has already been mentioneB, that under the light 

microscope, colchicin~ was observed to break down the spindle 

apparatus. However, the structure of sorne cèll components, 

such as the spindle apparatus, were not resolv~le at the 
. 

ultrastructura1 level until the advent of gluteraldehyde as .. . 

a fixative (Sabatini ~ al., 1963). After fixation in glu-

teraldehyde, the spindle appara~us is seen to be made up of a 

number of mièrotubules of 

of 200-250 R. Bàrisy and 

u8i~9 3HaColchicine, that 

varying len9th,. and vith a diameter 
• o· 

\ 
Taylor (1961 a,b) established. by 
~ 
colchicine bourtd to the microtuhule 

sub-unit, now known ~s tuhulin (Feit ~ !1J.:, 1971: Wiman 

et al., 1972). The microtuble 8ub-unit has been found ta be 

a protein Molecule of abput 120,000 M.W. (Shelanski and 

r 
Taylor, 1961), that con tains a number ol specifie sites to 

\ . 
• 

• 

~ 

J 

J
J 
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which GTP binds (Adelman et al., 1968). Colchicine treat­

ment thus . r~;ul ta in the diaappe~anc;;' of the microtubules 

that make up thE! spindle appa ra tus'\ as has been observed in 

Many ôrganisms incl~ding the alga Nitella (Turner. 1970) • 
. 

Further, microtubulea are also found widely distributed out-

side the nucleus in the rest of the cell. where they are . 
referred.to as cytoplasmic microtubles, or in flagella as 

f 

flagellar fibres. Slautterback (1963) has reported ~n their 

distribution in animal cells whilst Ledbetter and Porter .. 
(1963) ànd NewcornD (1969) have reported on their distribution 

l , . 

in pla~t cells in general • 

c. Effects on cytoplasmic Microtubules 
.. 

Kiermayer (1968, 1970), working with Micrasterias, 

fcr 
showed that colchicine affected cytop1as~c microtubules 

that were possibly involved in the migration of the nuc1ei 

and chloroplaste in dividing cella. Both Werz (1969) and 

Woodcock (1971) treated Acetabularia undergoing rep~duction, 

and colchicine was found to affect the cy~oplasmic mic ro tubules , .. 
that were responsible for the ancho~in9 of the dividinq nue1.i 

" 
in the reproductive crown • Brown and Bouck (1973) found . 

.J
''<' 
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! , ,... 
that colchicine affected cytoplasmic microtub~le8 that , 

appeared to control the cell shape of Ochromonas. 

, , 

D. cytoplasmic Microtubules 

. , 
Recently, particulàr attention has .beèn paid to the 

role of the cy~oplasmic microtubulel in the celle In his 

. r~iew~aper on plant 
\ . 

our pres~nt knowledge 

rnicrotubules. Newcomb (1969) discussed 
~ 

of rni,crotubules in plant c~lls. 

Firstly, they compose tl)e mitotic and meiotic spindle fibres, 

and are involved in chromosome separation. Othe~ ~icrotUbules 
? 

have been found to play ah important role in the formation of 
r 

. ,the phr~gmoplast of, dividing cells. AThey are pre~nt in the 
, .. 

cytoplasm next to the growing primary wall and"also next to 

the developlng, layers of the secondary wall, where they may 
" . 

~ontrol the depoeition of ~r ~ellulosic mi"crofibrils. Very 

'ô\ten ~hey occur in the cytoplasm. ar~anged be~~ath ~he cell 
~ 

surface or at, random throughout the celle 'In r'Ucus sperm 

they 

spot 

are ~st~t'ed to. be_lnvo.lved. i~e aliqnment of eye-, 

granu}e8 (Bouck. 1970)-. Re.cently, Pickett-Beaps (1972) 

has noted that Many 8pecie~ of green algae have their 

cleavagè fur~ ~irected by a group of cytopl •• mic 
~ <,'} , 

• 

.1\ 
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microtubules. 'which he has ~ermed 1 .. the phycopla'at". Micro-

.. 

tu,bules' are also. of course, very important components of •. J 

\centrioles ~nd basal bodies anB constitute the 9 + 2 

axonemal'elementB of the flagella. Special mi~rotUbu1e-like 

structures have been fo~nd in 
" . 

the Ch10~of~asts of, Beve~~l 

green algal species (Hoffman, 
-s 

1967: Brown et al., 1968: 

Braten and ~vlie. 1968: Pickett-Heaps. 1968: Sabnis, 1969: 
. , 

, McBride. 1970: Pickett-Heaps and Fqwke, 1910: Deason and 
, # 

Darden, 1911: Jacobs and AhmëldjJan, 1971: Smith:and Butler, 
Il 

1971: Moestrup' a,nd Hoffman, 1913; Pickett-Heaps, 1973b). 

In animal cells- and protozoa, the mi'crotubaes that 

are distributed in the cytoplasm under the ce11 surface are, 

" 

be1ieved to play a ~rominent role in controll~ng cell shape, 

par~u1arly in developing orga'nisms ('l'ilney, 1968). t!ow-
g 0 

.' 

J ever, as most pla'nt celUI possess a cell wall, the cyto-
1 -; 

skeletal function of these m~crotubu1es may'he 1es8 ~por­

t 
tant. 

, 1 , 

'. 'There is no doubt from I!Jtudies on the effects bf 

co1chici~~ on the a1gae an~ othe~ organi.m~, ~hat miéro­

tubules do play an important ro1e in the deve10pment of. 

plant ce11s. 

l '. .... ..,.' 
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" 
DL The'Volvocaceae and Eudorina 

1 ., 

The colonial g~een flagella te, Budorina ia one of 
I.:f'·. .. 

aever~ genera belonginq to the family Volvocaceae in the 

green algae (Chlorophyta). The family Volvocacêae which 

includea MOst gènera pf~the colonial green· flagellates is 

characterised by a unique and simple form' of multicellula~ 

organisatio~ made up of chlamydomonad-like cells. colony 

development results ïn the formation of plakea, which 

• 
undergo inversion to form daught~r colonies, a proceS8 

, 
which ia unique, to theOVolvocaceae. Though plakeal develop-

ment and inversion at the ~ight microscope level are s~ilar 
J>. 

in aIl speciea of the Volvocaceae, it la clear ~hese develop-

mental ~roceases result in colonies of lncreasi~9 ccm-

plexity. and degree oi cellular differentiation, culminatinq 
, 

in the most complex genus of the family, Volvox. Colony' ( 

development has been studied with;the 1ight microscope in th~ 

following genera: Gogium (Stein. 1958a), Pandorina (Coleman, 

1959), Volvulina (Stein. 1958b: Carefoot, 1966), Platydorina 

(Harria and Starr, 1969), Eu~orina (Ger:isch" 1959:. Goldatein, 
J • 

1964,~ 1967), and Volvox . (St.arr, 1968, 1969, 197 lb,: Kochert, . 

1968: Mcéracken and Starr. 197Q: VandecBerg and Star~, 1971), 

, ' 
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"and at the ultraetructural level in Volvox (Bl.alput'ra and 

St.in, 1966, Dea.on et al., 1969, Pickett-Heap., 1970a, -- , . 
nea.on and Darden, 1911). Hewever, .ome of the proc ••••• 

, 
of colony development, auch a. inver.ion, are atill poorly 

underetood, particularly at the ultra.truetural l.vel. To 

* date, 'only th. ultraatructure of vegetative colonie. and 

celle ha. been etudied in Budorina (Lang, 1963, Hobba, 

1971, 19'2). 

Eudorina r. of particular-inter~at for two 

rea.onaz 

1. The developaental proce •• in Eudorina i. 
, 

aimple~ th.n in Volvox. and thie aiaplicity may faeilitate 

an underatanding of the general proee •• of colony develop-

ment aa it oecure throughout the Volvocaceae. 
;-

Further, a camparison of the ultrastructural 
, 

cH!ttaile of eolony development in Budorina vit.h Volvox" 
\ 

.ay add addi tional eupport to the pro~.ed evolution,!lry 

ech .. e of the Volvocine line (Klein and Cronqul.t, 1961). 

2 •• In .ome .pecies of Budorina, al1 the cella are 

potentially generative and capable of daughter colony 

.. 
j 

" 
? l~ 
,'~ 

. c;1 
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formation. while in other .peci.. of ludorina, a. in Volvox 
, r 

1 

spp., colony development and diff~r.ntiation re.ult. in 

sOma tic and generat1ve celle in a pattern epecific to the 

.peciea. The mechaniam of the diff.rentia~on p~oce.a ia , 
~ . . 

little under~tOod. and ita elucidation could be very eignif- -

icant particularly a. the Volvocaceae. and Eudorina in 

particular. 'exhibit one of the aimplest forma of cell 

differentiation that occura in nature. Further, a better 

underatanding of such a simple form of differentiation, aa 

that which occurs in Budorina. may eventually give aome in-
1 

sight into differentiation aa it occura in more advanced 

planta, and animals. 

It has already been mentioned how recent etudiee have 

shawn the importance of aicrotubules in developmental pro-

ce.aee in the algae (Kiermayer. 19681 Newcomb, 19691 Bouck, 

1970: Wbodcock, 1971). 

. 
It ~a8# therefore, decided tG look at th.~effect. of 

colchicine on the colonial green fl.gellate, ludorina 

elegène, inve~ti9ating the dev.lo~tal effect. under the 

light and electron micro.cope.. It wa. felt that th. tr •• t-

~nt of Budorina .ight reve.l the role, particula~ly of 
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cytople.mic mierotubul •• , in' th. aellular developmenta1 

proe ••••• , ~ith empha.ia ~n nual.ar divi.ion, oytokin •• i • . 
and lnver.ion. Further, th. colohicin. tr.atment would al.o 

,enable ORe to look with gr.eter datail at th. nucl.ar cyto-

logy of a 9roup of orgeni.m. who •• nuol,ar cytoloqy ha. not 
• 

he.n inten.ively .tudied (cave and pooock, 19S1b). 

, 
ln examininq th. developmental proee.. ln ludorlna, 

it wa. decided to adopt a broad approach, ~.! .. to .xamln. 

, 1 all the variou. event. of colony development. Thi. approach 
r 

wa. decided upon becau •• it wa~ f.l!.l'.ential to obtain an 

overall view of development, rather than .tudy a few 

i.olated eventa. Further, thi. type of approach would al.d 

help in the und.r.tanding of th. r.lation.hip of th. variou. 

eventa that rnake up colony dev.lopment in Eudorina. 

Therefore, the broad ov.rall objective. of thi • 

• tudy were to more clearly elu~idate the inherent mechani ... 

controlling colony deyelopaent and the pattern. of colony 

difter.ntiation in ludorina, a. well a.,to ah.dtlight on 

more gen.ral que.tion. concerning cell differentlation and 
1 

multic.llular d.velopment. 

) 
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MA'l'B1UALS ABD MBHiODS 
\ . ' 

1. Isolation, Purification and Maintenance 
of Jfudorina 

A heterothallic strain ot Eudorina elegans. 56-1 (f), 

56-2 (m), was isolated fram a dried'.ud s..ple oollacted by 

M.E. Goldstein fram a pond just south of Greencastle, Indiana. 

on Rt. 41 (6.7.59). The technique for clonal isolation 

involved the acquisition of colonies Wit6 a aicropipette, 

washing, and inoculation of single oolonJea into soil-water 

medium' (Starr, 1964) ~ccording tp the .ethod of Goldatein 

(1964). Similarly, the technique for preparing axen1c 

r) / 

cultures in which colonies were vashed by centrifugation, 

plated out on aoil-extract agar (Starr. 1964). and lMacteria-
• 

rra. colonies inoculated into Volvocacean JMdiua (Starr, 
t 

1964) was like that of '&ldatein (1963). 
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The maintenance of stock cultures and some of the 
-' 

experimental work was carried out under controlled environ-

mental conditions. The temperature in the culture chambers 
, 

was maintained at 20 ± lOC;-· . The light source consisted of 

banks of cool-white standard fluorescent tubes (40W.CW) with 

illumination of 250-350 ft.c.intensity. The lights were 

'automatically controlled by a clock which allowed·16 brs. of 

liqht and 8 hrs. of dark daily. 

The strains were maintained either in half pint 

bottles (250 ml) of soil-water medium for light'microscopy 

or in 251 mL.Erlenmeyer flasks of Volvocacean (Starr, 1964) 

" 
or Volvox medium (Starr, 1971a) for electron microscopy. 

Stock cultures were also maintained on slants of soil-, . 

extract agar. The formulas and methods ~. preparation of 

these and other media used in this atudy are given in 

Appendix Il. When grown in soil-water ~edium, the strains 

were transferred every three weeks, while those g~own in 

either liquid Volvocacean or Volvox medium were transferred 

every 10 days: 'Ibo.. straina grown on Volvocacean or 

vor~x agar vere tranaferred every 2-3 months. The newly. 

~.ferred strain. vere placed in bright light (~50-350 ft.c. 

.7 
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intensity) for 7-10 days 

liqht inten.ity wa. only 

~ 

II. Colchicine Treatment 

20 

and then ~ved 

20_6(ft. c. 

to a place where the. 

1 

D~viding material of both strai~. of Eudorina wa. 

treated with an 0.2% aqueoua solution of colchicine (General 

Biochem. Lots 82934, 401611). To obtain diviainq material, 

. .. 
6 

colonies from 10-12 day old stock cultures were transferred to 

watch qla.a.a containinq freah, soil-water aupernatant, , 

'-' Volvocacèan or Volvox medium. A 5% solution of ~aHC03Ia • 
adde~ to the bot tom of the petri dish, in which a watch 

qlass Was supported on a qlass trianqle. The watch qlal. 

sètup was then placed under illumination of 250-350 ft.c. 

about 5 hrs. before the 8 hr. dark periode Then 3 or"4 

hrs. after the onset of the liqht period, good dividinq 

material we. obtained. For liqht microscope preparationa, 

the colchicine solution was prepared with sterile soil­

"'-
water .upernatant whilat for electron microacope prepara-, . 

.... 
tions, ,the colchicine solution waa prepared vith a •• rile 

Volvocacean or Volvox medium. 

,< 
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Dividing material wa. th en pipetted from the watch 

gl.a •• a into 12 ml. centrifuge tubea and centrifuged for 

2 mina. at 3000 r.p.m. The aupernatant waa poured off and 

the colohiea reauapended in an exceaa~ 6 ml. of an 0.2% 

colchicine aolution. The auapenaion w •• then placed in a 

watch glas •• et~p for the period of treatment. At the end 

of the treatment. the colonie. were washed through a number 

of auccesaive changes of diatilled water by centrifugation. r 
"" 

Ill . Stainins Techniquea 

For the cytological atudy. untreated dividing colonies 

\ or tho.e treated with the 0.2% colchicine w.re fixed (axcept 

for aceto-orcein staininq) in a 3sl aolution of ab.olute 

alcohol and glacial acetic acid aaturated with ferric 

acetate (Cave and Pocock, 1951a) and were then atained with 

s.veral different atains. 

A. Aceto-c~rmine (Cave and Pooock, 19518)-

8. AAceto-orcein (after Darlington and LaCour, 1960) 

c. Schiff.reaqent (Gra~n. 1952/53). 

For the recipea of the varioua ataina. aee Appendix III • 

',l' 
1 
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, 
A. Aceto-carmlne 

• For aceto-car.ine stalnlnq. the .e~od according 

to Goldstein (1964) vas used. but instead of rinqinq the 

coverslip with wax. clear nail polish vas found to be more 
, ' 

satisfactory. 

B. Aceto-orcein 

. . 
The treated and untreated colonies vere individually 

.picked up using a capillary pipette under the dissecting 

• microscope. and then placed on a clean microscope slide. 

The water was allowed to evaporate until the mate rial was 
,,; \ . 

almost dry, and then 1-2 drops of ~-the aceto-orcein were 

placed on the material'. Using a rusty iron .needl~. Ithe 

material and stain vere lDixed together on the slide. A cover-
, 

slip was then placed carefully over the aaterial and the side. 

blotted very lightly between sheets of bibuloua paper to 
i ~ 

remove excess stain. - The coveralip va. then sealed vith 

colourless nail polish. ~en the polish dried, the 8lide W8S 

ready for observation. 

It va_ found that this method vas particularly uaeful 

• when correlations betveen the effecta of colchicine on the 

" 

1 • \ 
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cellular organi.ation and on the nucleus vere .tu~i.d. 
\l 

Colonie. which .howed certain morphological effect. could . 

be transferred individually to a slide and .tained t9 

ob.er~e" effect. on the nucleu •• 

c. Schilf Reasent 

The Schiff reaction u.ed ta .tain the tr.ated 
. 

material wa. adapted by Bower. (1968) fram a method deviaed 

by Kapoor and Beaudry (1966) and further modified by the 

a~thor. The detai1s were a. followal 

1. Fixed colonies vere concentrated in a pellet by 

low :peed centrihnd w •• hed throuqh • nUlllber o~ 
sucee.sive changes of distilled water. ' 

2. The colonie. vere hydroly.ed in n-He1 for 30 min •• , 
. . 

at 60oC, the hydro1y.i. t~e being det.~ined by running a 

hydro1ysi •• erie. between 5 and 60 min.. The time cho.en 
. 

wa-. that which gave the high •• t percentage of differentially 

.tained nuelei. 

3. The coloni •• vere va.h.s t.lediately through 3 

cHanqe. of di.tilled v.ter." -
, 

.. 

A 

j
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4&. Then colonies were stained in leucQbasic fuchsin . 
. , 

(Schiff's reagent) fo~ 2-4 hrs. Tréatment with S~ water 

was generally unnece,s8ry. ... 
.~ , 

. 5. A small amount of the àtained material vas then 
.r 

placed on a clean slide and squashed in aceto-orcein by 

tapping on the covers}ip followed by moderate digital 

pressure. For observation and photography of the chromo-

somal preparations, the coverslip was sealed to the slide 

, with colourless nail polish • 

IV. Preparation of Material ,tor 
.the Electron Microscope 

Because of the nature of the p~oblem. two'approaches 

were used in the preparation of the material for the electron 

microscope. 1. Fixation and embedding of a large number of 

colonies usipg the standard methoda deacribed below.~ 

2. Fixation and embedding of individual colonies utili~ing . 
capillary pipettes and a dissecting microscope. 

For the firat metho~ colonies vere apun 40wn for 

5 min •. at :;00 r.p.m. in a clinical centrifuge. The mater­

ial was then washed in the Volvocacean or ~olvox medium 

-
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depending on which ~a. used for growth. Con.iderable 

difficulty was initially found in fixing EUdorina, "and a 
.. 

number of different concentrations of gluteraldehyde were 

used for varying periode of time at different temperaturea. 

The main problem appeared to be a'lack of penetration of 

the fixative. To solve this problem, it was,decided to uaè' 

the penetrating agent dimethyl" aulfoxide (Rammler and 
.. . 1 

Zeffa~ain, 1967) as part of the fixation proce.s. The use 

of the dimethyl sulfoxide considerably enhanced the degree 
S" 

of penetration of the fixative and therefore the quality of 
, 

fixation.' .. Subaequently, aIl material was fix~d for 30 mins. 

in 2.5% gluteraldehyde and 2% ~imethyl sulfoxide at pH 7.2 

using an O.OSM phosphate buffer. 

After this first fixation step the coloni •• were spun 
, . 

down and washed thre. times (10 mins. for each~wa.hin9) in 

O.lM phosphate buffer at a pH of 7.2. This wa. followed by 

a post-fixation wi~h 1% osmium tetroxide in O.lM pho.phate 

buffer at a pH of 7.2, for 30 mina. The fixed colonies . 
were then centrifuged and washed through two change. of the 

buffer, each of 10 min •• duration. The material wa. then 

pa •• ed through a •• ri •• of alcohol conc.ntr~tion. (50% • 

: 

.. -



e 

e 

1 

"-..,..... 

-e) 

. , 

• 1 

26 

. 
'4' 

70%, 95%, 100%, 100%. 100%" to dehydrate-the cells, each . 
step of dehYdr~tioJ lasting 5 mins. 

( 
'~ 

f 

To embed in plastic, cells we~e centrifuged and 

suspended in' two series of propylen~ oxide and plastic 

(" " resin (Spurr, 1969) for another 30 mins. Then ~he plastic 

mixture W&S spun off and replaced with pùre Spurr plastic 

for an hour. Using a pipette, a small amount of material 

" 
was then transferred to a plastic le.!!!.!!!" capsule (Diagram , 
l B) and further plastic resin added. Subsequently, the 

capsule was topped off with plastic ând polymerized at 700 C 

for 8 hrs. Upon cooling. the capsules were ready for cutting. 

The seqond technique was developed because it allowed 

fa~ a correlation of the effects of colchicine at the light 

and ~lectron microscope levels. Colonies which had been 

subjected to colchicine treatment were observed" at different 

.stages of development under the dissecting microscope. Then, 

at increasing time intervals. individual colonies ware picked 
v 

~ .. 
~ with a capillary pipette an~ pl~ed in spot plates . , 
(Diagram 1 A) for fixing and embedding. In all case., the 

. 
times in the fixatives. alcohols, and plasties, were the same 

.s deacribed previoualy. ' The colonies ,,-re tranaferred ., , 

f) 
'.' ............... .. 
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, .. 
through th~ varioua fixation. -and wa.hing. u.ing capillary 

# 
pipettes. Havever, vhen the colonie. were tranaferred into 

the plastic, Ripettes were uaed in which the ~nner .urface 

of th. ~~ft ha~'~een coated vith liquid silicon (Siliclad) 

ta reduc~ surface tension. -Pinally, the .ingle colonies , 

were placed in the capsules and oriented, a. shawn in 

" 

Diagr~m lB. They vere then co~~red with pla.tic and poly-

merized. . ~ 
1 

'Ultrathin sections were eut u.ing glasa~kniv.s. on 

a P6rter-Bl~ MT-2 Microtome. ~The aections ~er. placed on 

200 mesh copper grids covered with a 2% fo~var film and 

shadowed vith carbon. 

• l' 

Staininq (aee Appendix IV for recip •• ) 

The section. vere atained in lead citrate (Venable .. 
and COqge.hal. 1965),' for 15 min... followed by uranyl • 

acetate for .hothe~ 15 min.. Th ••• etiona were then examined 

under a.Philip. aM 200. 
.'" 
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( 

V. 
;0 

lhotography 

Photomicrographs at the liqht microscope level were . ~ 

taken vith a Kodak Banta. camera on a Zeiss miçroscope. 

using Kodak Plus X and 8igh Oontrast OOpy film. developed 

in Kodak Microdol X and 0-19 respectively at 680 C. Agfa 
.' 

Brovira paper vas used for printinq. 

Electron microscope images vere photoqraphed with 

Kodak fine Grain Positive fi~, Xlford Ilfobrom paper was 

used for printing • 

• 
VI. COlony and Cell Structure of Eudorina elegans 

il 

• 
To appreciate th~ effects of colchicine on colony 

development and dif~erentiation, it i. necessary to under-

stand the basic structUièlof the colony and the vegetat~ve 

cells. The str~ of Budorinp elegan.' used in this study 

normally con tains 16 or 32 biflagellate cells, arranged in 
~ . . , 

tiers at the periphery of tbe coloniâ1 envelope (Pig_ 1). 

As seen under the light laieroscope, •• ch cell of.!. el!9ans 

is chla.yda.onad-like in atructure, ~.eaain9 a pair of 
/ 

apically in •• rted flagella, a cup-shaped cbloropl .. t(,.v~th an 

, 

, . , 
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Budorina e1egan. 

Pig_ 1. A mature vegetative colony. x 400. 
\ 

Ultra8tructure of ~eqetative OeIl of IUdqrina 

P~g_ 2. A longitu~inal section of a mature vegetative 
. 

cell of Eudorina. Note the cup-shaped chloro-

pIast (c) which possesses a nuaber of 

projections or lobes (pr). 'Within the chloro-

pIast two of several pyrenoids (p) are shown-, 

surrounded by starch plates (sp). Also apparent 

is the peripheral arrangement of. the mito-

chondria (m) and the central location of the 
.4 

nucleus (n). The cell itself i8 embedd~d in 

the colonial envelope (ce)' which is bounded by 
\ 

a colonial boundary (cbn). x 9.900. 

Fig. 2A. Detail of the colonial envelope whtch ahows it. 

fibroua nature (arrowa). Note a180 the oolonial 

boundary. (cbn). x 8S,10<r.Sr 

... 
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eyeapot, and"aeveral pyrenoida. The nucleua is centrally 
\ 

located and there are two oontractile vacuole8 beneath the 

points of insertion of the flagella._ 

The ultrast~cture of the vegetative cell of 

Eudorina revealsl the most conspicuous cell ~nent to be 

the chloroplast. which contains several pyrenoida .urround~ 

by ataroh plates (Fig. 2).~ The pyrenoid (Pig_ 4) posses.e • . ~ 
a number of tubular extensions which aria. fra., the thylakoida 

and are embedded in an opaque matrix. The py~enoid structure . . 
< 

ie essentially the same as that described in ~ illinoiaenaia 

by Hobbs (l~71). Also present withi~ the chloroplaat 18 an 
t 

eyespot (Fig- 3). The mitochondria are peripheral in arrange-
, 

ment (Lang. 1963). while the nucleus has a central l~ation 

(Fig. 2). The nucleus has a singlè nucleolua which often 

con tains one or more light cores (Pig. 17). The 9019i 

apparatus (Fig. 42) i. partially ~urrounded by characteriatic 

éxtenaions of the nuclear env.lope. or .-plexi, that have 

been described previou.ly by Lang (1963). 

Bach cell containa two apically diapoaed contractile 
/ • \1 

~ 

vacuole. vith a nuabèr of .ttached vacuolea (Pig. Sr,. 

• 
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Pig. j. 

Pige 4. 

\ 

Pig."5. 
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Ul tt.structure of Ve9!taU v. Cell. 

t 

~ 
.; 

An ey.spot (ey) pra.ent within the chloro-

) plast. Rote the chloropla.t thylakoida (ct)~ 
I~ 

x 20.825. 

A pyrenoid fram a ~ture cell aurrounded by 

.tarch plate. (ap). Note the chloropl •• t 

thylakoida (ct) running into the pyrenoid aa 
• 

tubular extenaion. (te). ~ 20.825 • 
.f 

One fl~gellUm within ita flagellar canal (fc) 
" 

and bounded by the éOlonial envelope (ce). 

""Note the ~ranaition.l region (cyn), whera the 

central aicrotubulea ter.ainate. and the ba.al 

body (bb) forma. x 55,600. 
'" 
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The flagella are contained within flagellar canall that are 

bounded by the colonial envelope (Fig. 5), and have been 

delcribed by Lang (1963.) and Hobbl (1911). 

In recent yeara, another organelle which haa been 

obaerved in Many plant and animal cells, ia the cytoplasmic 

microtubule. In Eudor!na. there are two types of cytoplaamic 

microtubules: flagellar root microtubules (Fig. 6); and 

microtubules distributed throughout the cytoplaam, but not 

directly associated with any organelle (Fig. 6). The cyto­
\. 

plasmic'microtUbulea have a diameter of 190-230 fi and are 

primarily diatributed in the peripheral region of the cell 

where they are generally alsociated with the cell Burface 

(Figa. 1, 1A). Similar observations On cytoplaamic micro-

tubules were made by Robbs (1911) in E. illinoisensis. 

The cella of the colony are embedded in an envelope 

which appeara to he of a fibroui nature (Fig. 2A). However, 

the exact chelllicai nature of the envelope is unknown. The 

envelope i~ bound by two meabrane-like structure. (Fig.2A), 

al ob •• rvec! by Lang (196 3) • 

\ 
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Ultrastrueture of Vegetative Cella 
a 

çytoplasmie Microtubulea 

,ig. 6. An oblique section of the apieal portion of 

a celle Ilote the flagellar bases (flb) and 

basal bQdiea (bb). Aiso preaent ia a flaqellar 

root mierotubule ~(fxa) and scat~ered cyto-. 
plasaie aicrotÛbule (ca). x 40.425. 

, 

Pige 7. A series of cytoplaaaic aicrotubulea (ca) 

which run juat beneath the eell surface. 

x 44.100. 

Pige 7A. A hi.gher .. gnificaticm viev of the cyto-

plasaic aicrotubulea (CIl) of Fig. 13. 

x 112.700 • 
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l. Light and Electron Microscopy of OOlony 
Developnent · . 

In~. elegans. each,cell of the colony possesses the 
• 

potential to divide and form a daughter colo~. though there 
.. 

is a slight delay in the onset of division in the anterior 

tier of cells (Fig. 8). Cell division usually involves 

4 or 5 successive bi-partitions in which aIl the planes of 

division are parallel to the longitudinal axis o~ the mother 

celle Division results in a curved plate of ~s or plakea-

containing 16 or 32 cells (Fig. 8). 

The nuclear division cycle has been recorded for the 

firat time and consists of tYPiC~OPhase 

met(Pha.e (Figs_ 12, 13, 14), anaphase (Fig­

phase (Pig. 16) stages. Nuclear divisions in 

(Figs. 10, 11). 

15) and telo-

the formation of 

-v -
a single platea are conaiatently synchronoua froID the 2 cell 

35/, 
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Pige 12. A lateral vi.w' of a nucleu. 

p",.e vith the chromo.ome. a 

.quatorial plate. Note th. the fibroua 

nature of the_apindle apparatu. '(ad) can be 

ole.rly •• en. Aceto-orcein .tain. x 2,000. 

, . 
Pige 13. Both a lateral and polar view of metapha.e 

ohromo.~ea. Aceto-oroein at.i~. x 2.~00. 
... 

Fig. 14. A 2-oelled plak •• ahowing metapha.e ohromo-

aomee in lateral view. Note' the oell aembrane 

(omb) dividing the cell.. Aceto-orcein .tain. 

x 2.600. 

Fig. 15. Lata anaphaa., ahowing chromo.om •• , ne.r or 

at the pole. Aceto-oroein arin. ,x 2,600. 

Fig. 16. A 2-celled,plakea in late telopha.e with the 
, 

chromo.ome •• tarting to uncoil. Aceto-orcein 

atain. x 2,600. 
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Light MicroacopY of Aaexual Reproduction 

Fig: 8. 

J Fig. 9. 

,~ .. , 

2-. 4-, 8-. 16-. and 32-<:el18d plakeal stage •• " . 
Note the lack-of synchrony amon~ the plakea. 

the anterior tier of cella having undergone 
j'b. = " '/-" 

feVer divisions. x 240. "'~-

" J . 
Young' daughter coloni.s about to be released 

fram their .aternal colonial envelope. 1 Note , ' 

each dauqhter'colony naw ha. ite own diatinct 
l , 

colonial envelope. x 240. 

Normal HUel.ar Diviaion :" • 
, " 

Fig. 10. An early 8tage in proph.ae'of a 4-celled 

plakea. Note the apparent lack of membran •• 

dividinq the cella due ta the squash 

technique. Aceto-carmine atain. x 2,600. 

'-

Pig_ 11. A ~ate 8tage in prophase of ~4-celled pl.ke. 

vith greater condensation of the chromatin • 

. Cf. vith Fige -10. Schil~ reaction. X 2,600.· 

(over) 
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.tage onward J (Figs. 10, 117 13-1.6). -Howevf' 'nuel.ar ,r 

divisions and plakeal developme'nt in differerit cella within 

a colony are by no mean. eynchronoue (Goldit.in, 1964). 
/' 

"( 

When division is complete, the parental eyespot is found in 
J 

9ne of the newly formed p~ripheral plakeal cell., ae 

obaerved by Goldatein (1964). The two parental flagella 
, 

are attached to peripheral cells on oppoaite aidee 'of the 

plakea, aa reported by Geriach (1959), or to a single per!-

pheral cell, as obaerved by Doraiavami (1940). ~he 

distribution of the parental flagella ia dependent on the 

initial plane of cleavage. Upon completion of cell diviaion, . 

plakeal inversion take. place, ('8ee Diagram ~, p. 50) which 
\. 

results in daughter colonies camposed of a compact aphere 

of bi-flagellate cella (rig. 9). At the onaet of inversion, 

each cell of the plakea produces a nev pair of flagella, and 
, 

a colonial envelope la produced around the cell •• Depending on 

the number of cell divisions in plakeal development, the whole 

process of dau9hter colony 

~ith each nuc~ar diviaion 

. daughter colony formation, 

form~ion takea from 2-4 hrs., 

taking from 20-30 mina. Following 
' . 

the maternal colopial env.lope 
~ 

break. down and the daughter colonies are released. 
, 
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, , , 

daughter oolonies will enlarge o~ a 3 day period. ~nd then 

o divide to fo~ the- next generation. 

..... 

.. 
Under the electron mtcroscope. a number of additioKal. 

structures and events have bee'h obaerved in plakeal dev~lop­
ment, beginning vith nuclear division. At the start of 

division. the interphase nucleus (Fig. 17) moves, close to the 

celi surface (Fig. 18). 
i ' 

This movement aoes result in some 

reorganization of th~· cel,l coaponents. but not of the cyto- . 

p1asmic ~icrotubu1es which remain periphera11y orientated 

(Pig. 18). 

~ 
Upon entering prophase, the ch~somes begin to 

condense and the nucleolus diaappears (Fiqs. 10, '11). The 

chromosomes then become fully condensed and align them-, 

selves Along the equatorial plate at the start of meta-

phase (Pig •• 12-14). The nuclear membrane is present 

around the metapbase chromoea.es (Pig. 19), and remalns 

intact throughout division. The chromosomes are aasociated l,Y r- l', 
'. 

vith the microtUbulea of the'nuclear apindle (Fig- 19A), .. 
, which radiate fram the nuclear poles (Fig. 198). However, 

special pointa of attachlDent of microtubules to the 

chromosome. (! . .!!_, kinetochor .. ' vere not ob.erved. At t'l\e 

f 

~. 

l , 
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Ultrastructure of Asexual Rep~uction 

l' 

Pig.' 11. A typical interphaae nucleua vith aingle 

nucleolua (nl). wbich oontaina ~ liqht 

'cores (le). The nucleus is sur~unded by a 

typical double nuel.ar ~rane (lUI) oontaininq 

numerOus pores (np). x 20,825. 

Fig. 18. A nucleus (n) vith n.~cleolua (ni) juat prior"\ 

to entering proph~.e. &O~e that the nueleua 

has movèd to a position next to the cell 

surface. Further, the cybopl ... ic .icr~ 

1 tUbules (Cm) are still peripherally orientated. , 
t 

x 49,000. 
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Ultrastrueture of tsèxual Rep~ction 

pig. 19. A 2-eelled pIakea. undergoing diviaion. ,~e nueleua 

(nÙ is of a polar view of .ataphase. .look~ng down 

on the ehromoacaea\(eh) aligned on the equatorial 

plate. It ean be aeen that the nuel.ar ~rane 
\ , 

(nm) remains intact dùring nuelear dlviaion. The 

nucleus (n2) ia of the metaphaae ehra.os~ in 

lat~ral view. Note the incoaplete fur~ (f) 

wi th the cyt0t9asmic bridges (ch) connecting the 

cells. x 14,350 .. 

Pig. 19A. A more detai1ed view of part of nuele~ nI (Pig. 

19). Note the presence of part of a chro.oaa.e 

(ch) and numerous spindle .icrotubu1ea (a.). 

)( 18,400. 

Pig. 19B. A more detailed view of the polar regian of 

nucleus n2, (Pig. 19). The spindle .terot~ules 

can be seen radiating from the pole. Where there 

is an opening (arrowa) in the nuclear ~rane 

(nm). x 31,050. 

Fig. 20. A late~al view of a nuelear pole at .etapbue. 

The spindle mierotubulea ( •• ) appear t!l radiate 
, 

from a sPecial ragion (mc). x 60.125. 
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f' 

nuclear poles are openings or fenestra in the nuclear 

envelope (Fig. 19B), into which the spindle microtubules 

pass. The area, from which the microtubule. radiate, is 

visible at the extreme poles of the nucleus, and appeara more ç 

densely stained (Fig. 20) than the nucleopl~am. This area 
, 

may possibly be simi1ar to the Microtubule Organizing Cèntre 

(MTOC), deaaribed by Pickett-Heaps (1969). Of note ia·the 

total lack of association of bas~l bodies or centriolea with 

the spindle microtubulea. In fact, when basal bodies or 

centrioles are obaerved in plakeal development. \hey are 

always at the periphery of the cells (Fig. 21), and are 

never found in close association with the nuclear poles. 

At anaphaae, the daughter chromatida separate and 

\ proceed to the poles (Fig. 15), where they uncoil duriog 

telophase (Fig.) 16). Following telophase, ,the daughter 

nucleoli form (Fig. 22). Subsequently, an elaboration of the 
/ 

persistent nuclear membrane results in the formation of the 

daughter nuclear envelopes. Often associated with newly 

formed daughter nuclei are parallel bands of internuclear 

ER (Fig. 23). Following the çompletion of nuclear division, 

the daughter nuclei remain close together, near the periphery 

of the cell (Fig. 24) until the onset of cell cleavage. 



... -
91 tIaa tructure of AII.xu.1 Reeroduction 

...J 
Fig. 21. A centriole (en) i. present at the surface of 

a plakeal eell. Note the nucleua. which ia not 
-

visible in this mierograph, i. located some -
distance fram the eentriole. Also shawn ~. a 

cytoplasmie bridge (cb) and cleavage turrow (f) 

between the two cells. x 42,466. 

Pige 2~ A nucleus'in late telophase ahowing the two 
J 

daughter nucleoli (nl1 and nl2) which have juat 

Fig- ~3. 

Fig. 24. 

• 

fo~d. x 51.450. 

" Two recently fo~d daughter nuelei (nl and n2) 

are shawn toqether with banda of endoplasmie 
1 

reticulum (er) ~tweeh the daughter nuelei. 

x 46,550. 

Two daughter nuclei (nl and n2) prior to cyto-

kipeaia. NOte that the daughter nuc1ei remain 
v_ 

closely associated. x 24,225 • 

r 
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Cell cleavaqe ia diacontinuoua and reaulta in a 
, 

furrow inter~pted by cytoplaamic bridgea which join 

edjacent dauqhter cells (Pig. 25). Theae bridgea often 

contain ER. but are never aeen to contain mitochondria or 

" . 
portions of the chloroplaat aa obaerved in Volvox 

/. (Bisalputra and Stein, 1966). Cloaely .,-w0ciated with the 

cleavage furrow are portions of ER (~. 25A) as weIl aa 

cytoplaamic microtubules of the phycoplaat '( Fig. 26), which 
1 
\ 

may direct the orientation of the plane of cleavage. 

Not reported before in Eudorina ls the presence of 

distinct microtubule-like structures in the chloroplast. 
) 

These are only evident in actively dividing plakeal cells 

(Fig. 27) and cells of newly formed daughter coloniea. The 

. 0 
microtubule-like structures are 250-300 A in' diam.~er. 

Chloroplaat microtubules usually occur in groups (Pig. 28), 

'. 
which may contain up to 15 individual microtubules.~· In 

croas-section •. th,e microtubules are made up ~t s\lb-unita 
., 

(Fig. 28): while in longitudinal section. they po.aeaa a 

diatinct banding (Fig. 29). The.~ banda occur at ~egular 

intervals of about , 
in Oedoqonium • 

250-270 ~ reported by Hof~n (1967) 

.,;~ 

.~fJ 
", .. 
1 

, 



\ 

l.. ' 

. , 

Ultraltructure of A.exual Reproduction , 

Cytokine.il 

Fiq. 2~. The cell hal jUlt completed cytokine.il, th. 

incomplet. cleavaqe furrow (f) relulte in the 

production of cytoplalmic bridgea (cb) between 

the plakeal cella. At thil ear1y atage,the 

furrow ia na~row and the bridge. ~ro.d. 
x 29,600. 

/ 

Fiq. 25A. A porti9~ of the cl.avage furrow (f), from Fig. 

25. \ Note thé band of endop1aamic reticu1um ter) 

1ying cloae to' the furrow. x 75,850. 

Fiq. 26. A claavage furrow .howinq the phycoplaat micro-

t run par.1lel to the fur~. . . . 
Not a1lo the endo .Imic reticu1um (er) running 

thro çytop1 amie bridge (db). x 49,000. 
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Ul traatructure of Asexual aeproduction 0 

") 

Chloroplaat Microtubulea 

Fig. 27. Chloroplaste of plakeal cella which contain a 

number of chloroplast microtubulea (chm) in 

croae-section. Note the cytoplaamic bridge 

" 
(cb) connectinq two of the oella. x 34,200. 

Fig. 28. A éection of the chloroplaat trom a young 

dauq~ter colony with a typical.qroup of 

"" 
chloroplaat microtubule. (c'bm) , aeen in cros.-

section. Note the microtubule~ ap~ear to be 

made up' of 
1 

number of 8ub-ùnits (sb) . x 115,150. a 
4 

, . .. 
• 

~ig. 29 .. ' A lateral v-iev bf "a gro~ of chloroplast .nicro-
1 

tub\lles ('chm). ".,Note the distinct band. or gyr.s 
" , 

o~ the mierotubule •. x 109,600. 
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Chloropla.t divi8ion ooeur. during cytokin •• t., in a 

.anner .imiler to that reported~by Goodenouqh (1970) in 

ehl!!ydomon... Th~ replieation of the pyrenoid., how.ver, 

wa. not ob.erved. although plakeal cella are often ••• n',to 

cont.in more than a aingle pyrenoid (Fig. 30). , 
) \ 

" One,orqanelle that show. con_ideraQl. activity during 

the deve10pment of> the plakea i. the 90191 apparatua. Thi. 

" activity invo1ves' the production of a large number of 

"-vesicl.a. Theae veaielea are ama~l (35-70 ~~ in di.m.ter) 
"-.'\ . 

with electron opaque cont~nt. (Fig. JOA) . 

lAS loon •• nue1ear diviaion and cytokine.i. a~e 
f":.. -

complete. the'~lakeal cella commence inveraion (Diagram a), 
'.,"" . 

which leada to the formation of the dauqhter eolony. 

Inversion, as seen ~nder the light microscope, ha. already 

been deacribed by Geriach (1959) and -oOlc!ltein (i964). 

-"," 
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Ultraatructure of A8exuai Reproduction 

.. 

Fig; 30. ~-This' plakea has juat comp1eted ita ~~ division 

and is, in the 8-celled atage. The ... cleavage 

furrowa (f) 'are narrow. whi1e the cytop1asmic 

bridges (cb) are broad. Bote the two pyrenoida 

(p) w~thin On~akeal celle x 12.000. 

Fig. 30A. A golgi apparatus (g) from a typica1 p~akea1 ce11 

(Fig. 30). Note the numerous op~que ~siOles 
~ 

(vm) associated with the golgi. x 21,000. 

Fig. 31. A plakea just prior to inversion. -A separation of 

the plakeal cells has taken place. Note the 

elongation of the cytoplaamic bridges (cb) and 
... 

the broadening of the furrows (f) • x Il;500. 

r-
) 

Pige 32. -An 8-celled plakea just prior to inversion ahow-

0 ing considerable cell separation. Note the -, 
,~ 

L stretch~ cytoplasmic bridges (cb). x 9,900. 
• 
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material (Fig. 31). Thi •• eparation of the plak.al cella 

re.ult. in an elongation and narrowing of the cytopla.mic 

brid\le. (Fig. 32'. ~ 
The cytoplaamic bridgea, however. do not occur at 

random. An examination of many aectiona, both before, and' 

elpecially du ring inveraion (Fig- )3), indic.te. th.t th. 

cytoplaamic bridgea are moat numeroua in th. ragion of th. 

poaterior facet. of the,plake.l cella (a •• Diagram 2) • 

Peripheral • tar~ inv.raion movement 

which re.ulta in a reorientation of the convex and concava 
\ 

surfacee of the plakea (_ee Diagram 2) • . 
~h ha. undergonè partial 

33~nd an equivalent .tage 

inveraion, i. ill 

in developmen~ i. • 

Diagram 2C. At thi~ atage, the anterior facet. of the 

plakaal cella now form the conv.x aurface of th. partially 

inverted plakea (a.e Diagram te). 

At the completion of inveraion, the cella form a 

compact Iph.re of uaually 16 or 32 cella, that conatitut •• 
~-

the young daughter colony. The cella th.n completely 

f1 
.eparate and the cytopla.mic bri.ge. dia.ppear. Th~ i • 

, 
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Inver.ion 

Pige 33. 

: 

Pige 34. 

" 

.' 

• 

ultra.tructure 

Thi. section i. of a p.rti.lly inve~te4 l6-celled 
, 

plake.. Note the cytopl ... ic bridg .. (db) Ar. 

numerou. between the cent~.l< plak •• l cella (cc:) .. 

However, there are few ,oonnection. between the 

peripheral cella (pc). x 19,800. . 

A young da~9hter col~ny th.t ha. juat been 

relea.ed from the maternal envelope. Note that 

i t now ha. i ta own \cOlonial envelope (ce). 
, 

x 4,400. 
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partIy due to • con.iderab1. expanlion of the colonial 

_enveIo~" and allo~o the Itre •• cr.ated between celll 

~uring inver.ion. The young dauqhter colony i. loon 

relealed aa a reluIt of the br.akdown, of the maternal 

envelope (Fig. 34). 

II. Colchicine,Alterationa in Colony Dav!lopment 

A.' Short-Tarrn Effecta (0-5 hr •• ) on Celll 
.~ Initiatinq Divilion 

So far a8 it can bè determined, ahort-term treat-

menta (0-5 hra.) with .-0.2% aolution'of cOlchlcln, have no 
, 

apparent vilible effect at ~he light mierolcope level on 

non-dividing cella of Eudorina. On1y celll which have 
: 

,,., 

',initiated celi divi.ion or are actively dividing are villbly 

altered ~y colchicine treatment. (See Dlagram 3, p. 72). 

The firat atructural (non-nuelear) affecta of col-
( 

chicine on cella which have initiated thair fir.t divi.ion, 

are viaible in live celll after 90 min.,. of treatment (Fi9.36). 

OOmpared,with the non-dividing cell (Fig. 35). the treated 

cell no longer ha. a amooth lurfaca, but po ••••••• diatinctive 

aeparate short (a' and long (b) projection. ~g. 36) • 

Under the electron micro.cope only th. long projection. 



.' 

. pig_ 39. 

Pige 40. 

Ir 

, 

Fig. Ill. 

. 
/ 

.' 

" 

,1 

COlchicine treat.enta 2 hra. A atellat41 celle 

Note that the flagella (f1) atill appear to he . . 
normal. x 860. 

COlchicine treat:lMmta 2 1/2 hra. '!'he 

atallatian (8t) has beoo.e con.iderably 

expanded and cao be .ean to contain portiolUl , 

of cytop1a •• and the chlo~la8t.·x 1.700. 

l 
COl~hicine treat:ment: 2 1/2 hra. A 

atallatian (8t) under the electron aicroacope. 

Note that it contain8 aitochondria (a). 

,vacuoles (v). pà~t of the chlo~pia.t (c), 

and profiles of the endop1a..tc retieulua 

(er). x 21.015. 
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Bhort-Te~ Bfr.cta of COlchicine on Cella 

. Initiating Diviaion 

Fig. 35,. A mature vegetative cell not t~eated with 

colchicine. x 2,240. 

Fig. 36. Col~icine treatmenta 90 min.. T~ell 

initiating divi.ion ah~ 2 type. of projection •• 

5mBll .tout projection. (a) and longer, thin 

'projectiona (b). x 2,000. 

Fig. 37. Colchicine treatmenta 90 min.. A long, thin 

. lib" (aa in Fiq. 36) projection a. aeen under the 

electron microacope, vith an expanded ba •• l 

portion containing cytopl ••• (cy), and' a long. 

thin membrane-bound exten.ion (lb). x 3.5,075. 

38. Colchicine treatmentz 2 hr.. Th~ .hort "a" (a. 
, 

in Fig. 36~ projection. or atellations (at) have 

con.iderably expanded and elonqated. . Note the 

-
.i •• of the div!din9 cell (de) com~ared vith the 

unaffected vegetative cell (vc) to the left. 

x 1,500. 
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are vi.~le. The short projectiona are diffiou1t toJocat., 

due to the fact that the celi surface becom8a aomewhat 

diatorted during fixation. The long (b) projections 
r 

\ ,. 
(Fig. 37) consist of an expanded baBal portion containing 

cytoplasm and a continuous, long, thin, cytoplasmic 

" 
extension bound by a membrane. The contenta of the treated 

cel1s app~r normal except for the total absence of cyto­

p1asmic microtubulea, which are no long~r present after 

36 mina. treatment, in both dividing and non-dividing cella. 

Further, the spindle ~icrotubul~. are a1so not present ~ 

after 30 mins. of treatment. The short (a) ptojections in 

cells ini tiating division exp and and elongate •. and are more 
. \ ' ' 

readily visible (Figa:--'-{8. 39) fol10wing 2 hrs. of colchi~ine 

treatment. Thesè expanded projections give the cells a 

stellate appearance (Fig. 38) as compared to unaffected 

vegetative cella (Fig. 38). 
J 

'A fter 2 1/2 hrs. ot' treatment, the continued 810nga­
/'\ 

tion and exp~sion of the projections or stellations 

dram~ticalfy alters the appearanèe of the dividing cel1s 

(Fig- 40). Under the light microscope, cytoplaam and portions 
1 

• 1 
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of the chloroplast are evident in the stellations and vith .. 
. the.electro~ microscope. mitochondria,profiles of the endo-

plasmic reticulum, ribosomes, and even vacuoles are evident 

~ 
(Fig- 41). " . , 

In addition to the ~ove short-te~ effects observed 
fi 

vith the 1iqht and electron microscope, there are a number 

of other ~ffects visible only with the electron mic~oscope. 

One of these effects is on the golgi apparatus. After treat-

ment for 1 hr., the g019i appear quite no~al, as in untreated , 

dividing cells (Fig. 42). However, after 2 ~rs. of colchicine 

treatment, there is an increase ~n the number of 90lgi-

associated vesicles (Fig. 43). Theae vesicles are smal~ 

opaque (35-70 ~ in,diameter) and similar to tho.e in un-

treated cella (Fig. 42). The vesicles become more numeroua 

vith longer exposure to colchicine. 

Following 2 hrs. of treatment~ effects on the nucleus 

are'also obaerved. 'One auch effect is the presence within 

the nuclei of both a nucleolua and condenaed chromatin (Fig-

44). P.urther, the preaence 

condenaed chromatin within 

" (Fige 45). 

of 2 nucleoli and 

a Bin9~ n:leUB 

areas of 

alao occura .. 
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Fig. 42., 

Fig. 43. 

• 

Fig. 44. 

~ 

\ 
't , 

/} 

Short~Term !ffecta of colchicine 

A golgi 'apparatua (g) partially aurrounded by 

characteriÎl,t'ic ext~aions of tl'1e nUC1:ar 

envelope known as ~mplexi (am}. Note the 
'(l .. \.' 

veaicles (vm) àssociate'd 'with golgi, lamellae. 

--., 

Colchicine treatmerit: 2 hrs. The ~Ol~i bodies 
t 

tg) ~re~producin9 8mall opaque (vm) vesicles. 
\ 
x 41,.. 82$ .• 

colchicine treatment: 2 hr8. A nucleu8 that 
1 ~ 

can be seen to contain both a nucleolus' (nl) and 
1> 

46,473. conden8ed chroma tin (ch). x 
, 

" 

Fig. 45~' /. Colchicine treatmentl 2 h'rs. A nucleus witl;l 

2 nucleoli (n1l and n12) and condensed chromatin 
..... ~ 

(ch). x 41,825. 
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B. Long-l1'erm If-fect. (5-10 hr •. ) on Cell. , 
)Initiating oivi.ion J 

; 

, ,,, l 
After about ') hr •• expoaure, to colchicine, the 

..., .... 

• tollàtion. beqin to di.appear and num.rous cytopla.mic 
• 

pArticlo. atert to (om a ring around th. treat.d cell 

(Fig. 47); Undor th~ electron micro.cope, it i. ditficult 
, 

ta obeervo 'the formation of the •• extra-cytopla_.mic partiel.a. 

However, li9h~ microscope obe.rvation. indicate that the 

pArticl8. app"ear to 're.ul t from the abllci.ion of the 
J' 

elongatad projections, or stallation. (Fig. 46). Un~or th • 

electron microaeope (Fiq. 48), the partiel •• constet 0' 
membrane-bound portion. of the cytopla.m, parta of the 

f 

chloroplaet thylakoida, starch grains, and membrane protil.s. 
'. 

Thea. oxtra-cytopla8mic partièl.s are a consiatent feature 

of cells treat~d for 5 hrs. or more (Fig_. 47, 48), and are 

peraiatent for up ta SO hrs. of colchicine treatment. 

External to the part1clea, the colonial envelope i • 

obaerved tb be altered in structure. The env~iope appe.ra to, 

hav. ft diatinct lamellate appearance in certain areaa (rig. 

4BA) which ia never obaerved in'untreated cella (Fig.2A) • 

il • 
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ri9. 46. 

Fig. 41. 

Fig. 48 .. 

Lons-Te~ 8ffect. of Colchicine 

, 
Colchicine treatmentt 5 hr •• A .tellation.(.t) 

in the proce •• of "breaking off", whiob re.ult. 

in the·production of extra-cytopla.mic partiel •• 

(ep). x 2,500. 

Colchicine tr.a~entl 5 ~r.. A typical treate4 

cell with numerou. extra-Cftopl.amic particle. 

(ep) ,.round the oU~lde of ,the now amooth c.~i 
.urface. x 1,060. 

Colchicine treatmentl 12 hr.. A cell which ha"---': 

produced extra-cytoplaamic partiel... Thi. 

particular cell ba. a number of amall partiel's 

'" and a fev larger onee (gp). The cell iuelf .. 
appeare to have a normal ehloroplast (e) and 

.the uaual type Qf mitochondria (m). Unueual, 

. '-J' 

however, ar~ the large number. of opaque veaicl .. 

(vm) and vacuoles (v) present vithin the celle 
o 

x 11,325. 

~ 4BA. A more detalied view of the colonial .nv.lo~ of 

Fig. 4~. Note the numeroua "lam.llar" atructur .. 

(lm). x 31.950. 
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" The long-term treatment. (~-70 hr •• ) a1.0 r •• ult ln 

·change. in a number of th. organell •• within' the celle 
f 

Th •• e 
1 

changes, however, are not exclu.ively limite~ to ce~ 

, initiating division but are a1.0 ob •• rved in cel1. \t variou. 

stages of plakeal development. There i. a further increa •• 
. 

c'in the number of a1na11 golgi-aasociated vesicles (Figa. 49, 

50), whoa9 presence througho~t the cell i •• ~pecially evident : 

after 12 hrs. 'of treatment ~Fi9. 48). The number of non-

contractile vacuoles also increase throughout the cella 

(Fig. 48). ln addition. there are num~ro~s membranoua 
.... 

'structqres clo~ely 8ssociated with contractile vacuoles (Pig. 

52) . 

, 
After 24 hrs., certain cells have nuclei which are 

quite irregular in appearance, with the nucleoplas. being , 

more fibrillar t~an granular (Fig. 53). AIso, the two ~ 
Il 

, , 
. branes of the nuclear e~velop. appear to aeparate in certain 

regions (Fig. 54). '. In addition, a number of membrane-bound 

• 
inclusions are evident in the nucleu, after 24 hrs. of treat-

ment (Fig. 55), and these may well repreaent • lobing of the 

nucleus or nuclel. 
t. 

'. ' 
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Fig. 50. 

Fig. Sl. 

Fig. 52. 
\ 

, ' 
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, LOnSl-Term Iffect. of COlchi<eine 

" 
) . 

COlchioine treatment. 24 hr.. Note the numerou. " 

opaque ve.icle. (vm) a •• ociatecS with the 9019i. 

x JO,OOO. 

COlchicine t'l'eatmenta '24 hr.. 001g1 (C) 

8urrounded by numerou. op~que v •• iel •• , (vm) ~ 

- X 46.550. 

'. 
A typical contrac,til. vac':lole Ccv) f aut'l"ouncSed 

G 

by numeroUf _ttaeh.cS vacuole. Cv). x 46,250. 
r 

, 
Oolchicinê treabnenta 24 hr •• 'Th. contractile 

vacuole (cv) with a number of ••• oci.tecS· 
,. 

membranou •• tructure,. x 61,2S0. 
.. 

. ' 
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Fig. 55. 
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Len,-T.~ Iff.et. oC 991oh101n. . . 

Tl1. nuel.opl.lm 

(npl) app.ara fibrillar and the doUble nual.ar 

m.mb.rane (nm) can b. a •• n to hav. a.parat.d. , ' 

The nucl.olua (ni) appeara normal. x 20,625. 

colchicine tr •• tment. 24 hrl. Th. nuel.oplalm 

(nplf appearl to have a fibrll1ar atruetur. and 

the doubla nucl •• r'membrane (dm) hal •• parate4 

(arrow). x 19.600. 

Oolch~cine treatmentl 24 hr~. The nucl.ua 

eontaina ,a numb.r of membrane-bound Itructur •• 

(nx), which m.y b. ln4icat~v. of a lobin9 of 

the nuel.ua. x 18,025. 
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Within the cell, however, sorne of the organelles 
t 

~ppear ta be little affectet by prolonged colchicine treat-
~ ( .. 1, 

ment. One of theae organelles i. the chloroplaat, which 

appeara to 'have ~o unu8ual internaI structural alterations 

(Fig. 48). The ~hylakoid8. pyrenoida, and chlaroplast 

"micratubules are unal tered and persiat even after 24 hr,s. 

of treatment (Fi9~ 56). The mitochondria a180 show little 

structural change (Fig. 48). Unaltered·both structurally 

and functionally appear to be the flagella of vegetative 

colonies, even after 50 hrs. of colchi~ine treatment. In 

cells that are visibly affected ~y colchicine, the fl~gella 

may persist during the stellate stage (Fig. 39). However, 

with the production of -.extra-cytoplaamic partieles, the 

flagella disappear. 

,Eventually, after 70 hrs. of treatment. aIl cells 

that initiate division die (Fig. 57). û! 
The dead cells are 

\ 

characterised by a thick, wall-like structure, that surro~nd. 

a'cytoplasm apparently devoid of organelles. Non-dividing 
) 

cella are obaerved to die after the same treabment time, and 

&ohey also have an appearance "sim-!lar ta the treated dividi~9 
" ' 

cella (Fig. 58). However, aome non-dividing cells may still 

- 1 
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Fig •. S6. 
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Lont=ierm Effects of Colchicine 

~ . 

COlchicine treatment: 12 hrs. Nume~ous 

Il 

extra-cytop~asmic particle~ (ep) are prèsent. 

The chloroplast microtubulea . (chm)' appear 

structu;ally unaltered, but cytoplasmic micro~ 

tubules are nqt present. Note that the,reat 

of th~ chloroplast in~luding the"pyrenoid (p) 

als0 appeara unaltered. x~p,ooo~ 
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Pi9. 57. COlchicine tr.atment. 70 hr.. The cella., 

, 

are d •• d"witb a 10 •• of cytopl •• m an4 a 

thick wal1-like .tructure (w). x 340. 
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C' 
appear to h~ a fairly no~l cell structure. evefi after 

. 
treatllent. 

c. el'll Effecta 0 .. 5 hrs. on Plakeal Sta ea 

)aaa1or e,~fectà 9f colchicine treatment on the 

plakesl stages' of Budorina a~ the disor.ientat~on and 
~ . . 

inhibition of'cytokinesia. Baaed on Observationa of cella , 

" uridergoing fira~ and aecond .cleavaga. 'it appears that dia-

orientation of the cleavage plane precedea inhibition of 

, cytokinee ia • 

The effecta on cjtokinaai. are firat obaerved sool1 " 
. ) " 

after the on.et of coléhicine treaiment (a .. Sec. ~. 
1 

p. 73). However. they only. become evident in unstaiDed cella , . . 

after 2-3 hr •. of treat.e~t. ~e disori~ntation of ~to-.. 
kinesia re.ulta in unequal diviaion ?f the plakeal cella 

.., . . 
(Pig. 59).' The inhibition of cytokinesia ~e.ulta in j 

"a.i-dlvldecS- (PiCJ. 60) and hiCJhly 1.rregular plake.l cella 
r... 

·(Pig. 61). Th.i_ i. especially evident after 5 hu. of tre.tllent. 

After that tJ..e~ the treatllent vith colchicine relulta 
, 

in tl!e pr'9duction of plù •• that poe ••••• hiqhly unu8ual . ' • 

. , 

... 
.. 
. ' 
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Fig. 64. 

/ 
Fig- 65. 

, Fit. ~6. 

Fig- 67. 
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COlchicine tr •• tJient. 5 br •. A 6-c.ll.4 

plak ••. x 1.050. 
~. , 

, , 

COlchicine tr •• tllent. 2 hn. An unequally 

di vidèd plakea . .!1 Note the ... 11 atell.tiana 1 ~ 

(at). x 960. 

.. 

~lchicine tr.atllent. 2 br •. , An 8-celle" 
1 

plak.a. Note the •• all -.tellatiOn. (.t)_ 

x 960. 

Colchicine tr.a~tl 5 bra. A 4-celle" 
o 

plakea. Note the extra-c:ytopl ... ic partie le. 
, ' 

(arrowa). x 1.050. 
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Short-Te~ Effect. of Colchicine on Plat •• l Sta,.. 

" 

Fig. 59". Colchicine t:reatment • 5 hr •• A 2-celle4 
• • 

plaka-a that is the re.ult of unequal divi.ion. 
_'1! 

x 1,050. .. 
\ 

Fig. 60. ' Colchicinè treatment: 5 br •• A plak •• 1 cell 

witb incomplete di vis ion due to an inhibition . 

o~ cytokinesis. Note the .mall extra-

cytoplaamic particles around celle x 1,200. 
// 

Fig. 61. 'Colchicine treatment: 5 hr.. A 2-celle" 

.... 

Pige 62. 

Pige. 63. 

(over) 

plakea who.e second division ha. been inhibited. 

x 750. 

. 
COlchioine treatment. 5 br.. ,A 3-oe11ed 

plakea. x 960. 

Colchicine treatment, 5 'tir._ A 3-cel~ 

plakea .urrounded by extra-cytopl ... io 

partiel •• (arrowa). x 1,050. 
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1 

number of cella such as 3 and ~ (Figs. 62-64). These types 
( 

of plakea are never observed in untreated cells because of -
the apparent synchronous nature of plak~al divisions. 

Bowever. in theae cases. one or more of the plakeal cells 

has failed to divide. which indicates tnat the colchicine 

either has a differential eff~ct 6n the plakeal cells, or , 

disrupts thelsynchrony of plakeal divisions. , 

AlI of the above affected plakea exhibit stellations 

after 2 hra. of treabment (Fig. 65), although they are always 
, ~ '" 

much s.aller than stellations of cells initiating divi8~on 

(Figs. 38-40). After 5 hrs. of trea~ent, these'stellations 

also give rise to extra-cytoplasmic particles (Figs. 59, 60, 
t 

63, 64). Many normal appearing 2-. '4-, arid 8-celled plakea 

are also obaêrved to produce a.all stellations (Fig. 66) and 
./ 

aub.equently, extra-cytoplas.ic~rticles (Fi~. 67). 

Often, treated plakea exhibit ~bnormal separation 

of cells which is never observed in untreated plakea (Fige •. 

68-70). The separation'of plakeal cella bécomes very .vident 

, 
, 

\ 

~ following 5 hrs. of treatment (Pig. 69). Th occura ,..' 

in aIl stages of plakeal development (Pigs. 
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Il 
1 

If 

COlchiciD,è trea~t: 

. ' 

1 

5 bra. 
1 

Separation of 

cella occurs in all ataqee of plakeal develo~nt. 

1 
Rote tllat the vege~tive colonyJ (vcl). ia 

J 

unaffeeted. x 350. 
--\1 

"# 

Fig. 69.. 'COl~hicine treablent: 5 hra. 'l'he separation 
1 0 

la very apparent together vi th an incteaae in li-
o 

\. 
envelope _terial between the cella (arrow). 

1 x 480. 
l, 

,-

Fig- 10.' - COlchicine ~t.ent: 5 hra. 
. / 

Ilote that plakea! 

cella have beeGle aliqhtly diaorientated. 

x '50. 
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resulta in the inhibition of ,inversion. ~ther, there 

appears to be an incr~ase in colonial envelo~ mate rial 
t > 

.. 
between the plakeal cella (~ig. 69). The appearance of 

thewe plakea ia quite aimilar to the flatten~d colonies of 

Gonium and they remai~ ~ fo~ at least·one generation when 

placed in colchicine-free medium. Subsequently, these 

/ 
gonium-like colonies become free-swimminq and qive rise , 
to typical colon~es of Eudorina (Bee Sec. V, p. 83). 

Cytoplasmic particles are sometimes associated with 
/ 

r s~arated plakeal cells, (Fig. 67). while in -fmilar treated 

plakea. the extra-cytoplaamic particles are absent (Fiq. '10) .. 

Exam~nation of many treated<plakea rev.aI that only plakeal 

cells that form stellations (Fiq. 66) 

particles • 

On~urther aspect of plakeal development affected by 

, " colchicine treatment, was tbat of flaqella development. As it 

has been deacribed previously in Section l, (p. 37), the 

. • flagella are produced in plakeal cells just prior to inversion. 

Examinàtion of numerous late-plakeal stages ~eveals an absence 

of flagella d.v.lo~t during colchicine tr~atment~ 
1 
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microe/eope At the e1ectron level, plakeal cell., 

\. '. ~ 1 , 

after 2 hra. of treatment, ar~ commonly found to contain 
! 

2 nuclei (Fig. 71). a s'ituati<~n that occurs much Iess 

frequently in untreated cells. This binucleate-eondition 

appears to result from an inhibition of cy1!okinesis. A very 

peculiar ~ituati?n was observed where apparently 4 nuclei 

were found within one plake~l cell that had been treated 
1 

with colchicine for 2 1/2 h~ •• (Fig. 72). 

, " 

D. Long-Term Êffects (5-70 hrs.) on Plakeal stages 
( , 

'. After 7 hrs. of treatment, the separ~ted plakeal 

- 1 .. . , 

• 

cella become disorientated (Fig. 73). With 48 hrs. exposure 

to COIC?iCin:!'the celle of the di8orièntat~d'Plakea extrude 

their cytoplasmic contents and degenerate (Fig. 74). 

Eventually, after 70 hrs. of exp08ure, these colonies are 

killed by colchicine. 

Diagram 3 is a pictorial representation of the ~ajor 

effecta of colchicine on ~el18 of Eudorina, in variou8 stages 

of devel.opment. This diagram pute into per.pec~ive aIl the 

different.effects of colchicine mentioned &bove end will he 

diacu.sed later. 
ca 
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"Short-Terrn Iffect. of Colchicine on Plakeal Stage-

--.. 

. , 
.. 

Fig. 71. Colchicine treatmentz 2 hr.. A plakeal 

cell of a colony with 2 nuclei (nl and n2). 

Note the short flagellum (f). x 41,825 . 

.. 

Fig. 72. 
, 

Colchicine treatment: 2 1/2 hr •. 
<L.. ~ 

A plakeal 

cell with 4 nuelei (nl, n2. n3. and n4~, or 

po.aibly 1 lobed nucleua. x 27,390. 
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~ Long-Te§F Rtf.cte of Colchicine on Plake.l Stag •• 

i 9 / ; 

~ 

Fig. 73. 
- 1 

Fig_ 74. 

'" 

" 

. 
\ 

Colchic~'n'e tieatlllent~ , 7 br.. ·Plake. are 
\ . 

conaidèrably diaorientated vith the cella 

arranged at' ~.ndom. Not~ the blU~~.~'.Wimmi~ 
. , . 

veqetative c~lony unaffected ~ cblchicine 
\ .. 

Colchicine trèatment: 48 br •• -Some plakeal 

cella have extruded their cytop'la.mic 'Content •• 
e .' 

x 240. ( 

.... 
) 

"-

>"'Î" 

~.) 
,. 

. , 

..,., 

...,-\ 

\ 
\ 
,\ 

'. 

, . 

. ~ ·.r .... 
. ""'-

~ 

• ". 

, 
< , 



, ,. 

. , 

!< , ,g 

.' 

. -

, , 

. \ 

~.CI 

Q , ... 
./ 

1 
• 

, 

& 

• u 

. , 
;, 

" ' 

\1 "-.. .. 
J1 

1 

.. 

.. 
. . .1 

" 

p 

.~ 

, 
1 

'j 

=;j 
·1 

,. 
- 1; 

.. 

: 



.e 

D 
,. z , -

1 ... 

• au 
Z -'~ 
~ 

1 

t., 

e ; 

" 

-n 

o . 
. 0000\ 
(e 0 0 ei 
\0 000) --------.,. 

1 

.. 

1 MI a . ' 
ë ~" 



, . 

• 

•• 

• 

• 

--~--.-~ • ''1. ,' .... 
1; 

• 

73 

. 
III. COlchicine Alterations in the. Ruclear Cycle 

. . 
A. Short-Tena Bffects (0-5 hrie) of colchicine 

The firet noticeable alterations in the nuc~ar cycle 

~e evident afher, 15-20 mina. of treatœent and result in 

typical c-aetaphase configurations of chromosomes (Pig. 75). 

Unlike the no~l IMtaphatie configuraJion (Fig. 13), the 

ch~.omes are w~elY Sp8ced 

of the spindle .t"paratus. In 

aa a result of the breakaown 

addition, c~saae doubling . 

occurs (Fig. 75r. Subaequently. the siater l chromatide 

.eparate at rapda.. 'Phen the nucleua enter. interpJ:laae 

which May last up to 15 mina., even though cytokine.ia 

appear~ to be inl)ibited. Pollowing the- prolonged interpha.e, 
1 

the nuclei ~e-enter prophase with a diploid co.pl..ent of 
, 

chro.oaome •• at 40 ~ •• of treabaent (Pig_ 76). At 45 

" 

min •• of trea~t (Fig. 77), a diploid oa.pl..ant of 
~, . 

c-_taphaae chra.oaOlMll i. apparent and at 50 ain. _ of treat-

_nt. the chrcaoacaea double once again (Pip. 78, 79). 'fhe 
\. . 

Pigure •• how chro.o.a.e. at two optical level. in, the .... 

nucleua to illuatrate the 4!ploid nu.ber of chra.o.a.e.~ 
\ .' 
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Pige 79. 

.. .. 
Fig. 80. 

Fig. 81. 

Fig. 8~ 

COlchicine treat:.ent: 50 aiM. S_ cell ... 
~ 

in Pig •. 78, bu~at different focal or optlcal 

level td illuatrate diploid ca.pl..ent of 
'tI} 

èhromosomes. Aceto-caradne stain'. x 2,400 • 

COlchicine treataent: 75 IIlina. A cell vith a 

tetraploid complement of 56 chralOSalea. Aceto-

~a~ine stain. x 2,000. 

'COlchicine treatment: '80 mina. A cell vith a , 
\. 

tetraploid complement of.chromoacae. that are 

starting to- double. Aceto-carmine stain. x 2,400. 

COlchicine treatment: 80 mina. The s..a oeil aB 

" in Pige 81, but at a different optical level. 

. . 

Aceto-carminè stain. x 2,400. 

COlchicine treac.ent: 95 aina. cell vith large 

chromo.ame compl...-ent (octoplo14?). 

ca ra, stain. x 2,400. 

(f 

Aoeto-

'" n 

.. 
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; 
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Short-Term Bffect. of colchicine on Nuclear D~vi.ion 

Fig. 75. 

Fig. 76. 

Fig. 77~ 

Pige 78. 

(over) . 

Colchicine treatmenta 20 mins. A typical 

c-metaphase chromosome configuration vith 

widely separatec! chromosomes revealing 14 

distinct chromosomes (u~arked ar~. point 

to 3 chromosomes at a slightly lover optical 

level). Also notè the doubling of the 

chromosomes (x). Schiff reaction. x 4.160. 

Colchicine treatmenta 40 mins. A cell 

entering prophase again, but vith a diploid 

" 

number of chromosomes. Aceto-carlline atain. 

x ~. 200 • 

... 
Colcfticine treatment: 45 mins. A cell in 

c-metaphas. with a diplo~d coapl ... nt o~ 28 
" 

chromosomes. Aceto-carmine atain. X 2,220. 

Colchicine treatment: 50 mins. The chr~a.ea 

are s.en to~e doublinq aga in • Aceto-CaEWi De, 

atain. x 2,400. 

. , 
- ~.. ... 

-
.~ 

. . 
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• Therefore. it appear. that even though th.·.p~n4l. 

apparatu8 has ~en rendered no~functional,'chromo.ome 

replication continue. to tak. place and th~ phase. in the 

/ nuclear division cycle are limited to interphase, c-prophase, 

• 

• 

and c-baetaphase., with normal anaphasè and telophase stages· 

• being absent. Further treatment (15 mins.) resu1ts in tetra-

ploid nuclei /(Fig. 80), which undergo chromosome doubling 

at 80 aina. of treatment (Figs. 81, 82). Subsequently, 

ch~some doubling occurs again at 95 mins. (Fig. 83). 

Additional'stages in chromosome doubling are more difficult 

to follow. due to the largé number of chro~osomes to he 

surveyed. However, it la dlear that further doubling does 

occur in the aequence deacribed (see Table 1). 

Th~ no~l nuclear cycle ia compared to,thetcolchicin.-

affected cycle in Table 1. lt should be noted that the 

lengtha of exposure to colchicine and the re.ul ting cyto- . 

logical changes refer only"to mother-cell nuclei. Daughter 
... 

nuclei, arising~~ nuclèar division prior to colc~icine, 

treaE.ent. appear to respond s~ilarly, but give rise to 

polyploid oompl ... nta containinq fever ch~.omes, a f.ët 

which will he diseus.ad later. 
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'l'ABLE l 

oa.pari.on of 8uelear Division Cycle in Untreated 

and Oolebieine-'I'reated Cells l 

Tt.e in RUelear 
Diviaion 

ainutes Divi.ion Cycle 

o 

5 lst 

10 1 • 

1 15 

20 

25 

30 2nd 

35 
" 

Interpb"e 

Prophase 

Metaphase 

Anaphàse 
-relophUe 

Cytokinesia 
2-cel1ed 
plakea 

In te rpbas e 

Prophase -.. 
,,' 

Metaphase 

.., 

TRBATED ClLLS 

Ttae ~n Muelear 
Division 

.inutes Division Cycle 

o 

5 lst 

10 

15 

20 

25 

30 

35 

Interphase 

Prophase 

Metaphase 

c-Metaphase, 
chromo.omes 
appear double 

Separation of 
chromosomes at 
random 

Interphase 

Interphase 

Interpha.e \ . 

Ana~.e 
( 

"'e1ophaae 
40 40 2nd o Proph ••• -diploi4.;, 

nwaber of 
chromo.aIle. 

• 1 

l 
IDi.viaion cycle in treatect .urial rerera only to 

c~a.ea vithin • .,ther cell nueleua. 

, i 
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TABLE 1 (Continued) 

UNTRBATED CBLLS 

Time in Muclear 
Division 

minutes Divisiàn Cycle 

45 Cytokinesis 

50 

55 lrd 

• 60 

65 

70 

75 .. 

80 4th 

-

4-celled 
plakea 

Interphase 

Prophaae 

Metaphase' 

Anaphase 
Telophase 

cytokinesia 
8-celled 
plakea 

Interphase 

Prophase 

Metaph ... 

'l'RBATBD CBI.I,s 

TÙBe in HUelear 
Division 

minutes Division Cycle 

# 

45 c~etaph.se 

50 

55 

60 

65 

70 lrd 

"'75 

80' 

85 

, ' c;hrc:aoaa.es 
ap~ar double 

Separation of 
chromosomes 
at random 

Interpha •• 

Int.rphaae 

Interpha •• 

Prophaae - tetrl 
ploid n\œber of 
chro.oac:aea 

. 
c-Metaphas.~ 
cbra.lac.es 
appear double 

1 

Separation of 
chro.oaa.ea at ~ 
rande. 

In te rph ... 



• 

• 
• 
., 
~ , 
fJ 
L 
~. 1. 
fi 

~ .. 
t' ( .. 

'. 

r.,. .. 

Ji 

78 • 

In dauqhter nuc1ei of plake.. it i. difficu1t to 

~.c.rtain the exact deqr •• of po1yp1oidy produced bec.u.. the 

.qua.h technique re.ult. in an ag9regation of the .eparata 

chromo.ome complement •• 

B. Long-Term Ett.cte (5-24 hr •• ) Ôf Colchicine 

Distinct from the production of po1yploidy.and other 

. ~ '( .hort- .rm eff~at. of C;olchicine. further nuclear cytologie.). 

effecta were ob.erved at the light and the electron micro.cope 

levela after' more prolonged eoléhieine tr.atment. After 12 

hrs., denaely .tained nucl.i appear in tr.ated cella (Fig. 

84). arad certain .ing1e cella .pp.ar to contain • number of 
~ 

d~11Y .tai~ed nucl.i (Fig. 85). Often. the •• nuclei, . 

appear to be int.rcon~e~ted in a .imilar way to that ob •• rved 

in Chlamydomona. (Walne, 1966). Th ••• connections between 

nuclei appear to b. "pre.ent in many cella that have been 

treated for 12 hr •• , or more. and perhapa indicate a lobinq 

of the nucleu, •• A. an exemple. what ·appe.ra to be 5 "nuc:l.i" 

aeen in Figure 86. could be the equivalent of 4. 3. 2. or 

on1y,ï highly 1oh8d nUèleua. 

" 
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Pige 88. 
t 

, 1 

Pige 89 • 
• 

\ 

11 

" , 

colchicin'. tr •• tment"i 12 hr.. A 3-ce11e4" 

" p1a)cea,- with heavi1y .tained nuclei. Note that 

one nucleus is much larqer than the other two. 

Aceto-carmine atain. x 2i, SOO. 

Co1chicine,treatments 12 hra. A typical 

" ' multi-1obed nucleus, thé arrows pointing to the 
f 

e 
lobes. Aceto-carmine atain. ~' 3,375. 

\ 

colchicine treatments 12 hrs. Photograph of a 
o 

typical heavily .tain~ nucleus, to'bring out 

l ' 

the nuc1.ar .tructure.. Note that t~e nucleus 

apgarently consista o~ numeroU8 conden.ed1 chromo-

.omes. ~ceto-ca~in. stain. x 4,000. 

f 
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Lonq-Term Effeéta of Colchicine on Nuclear çytologx , 

., 
1 

Fig. 84. Colchicine treatment: 12 hr •• A single plakeal 

cell containing a'nucleus with heavily stained' 

condensed chromatin ~aterial'. Aceto-carmine stain. 

x 3,375. 

12\ hrs. single 
. 

Fig- 85. Colchicine treatment: A plakaal 

ce11 containing two nucle~ with heavily stainecS '.,1 

Fig. 86. 

, 

condensed chromatin. Aceto-ca~ine stain. ' 

x 2,000. 

Colchic~ne treatment: 12 hrs. A "single plakeal 

cell with either 5 nucle! or l highly-lobed 

nucleus: Note the arrow point/ a connection 

between 2 "nuclei". Aceto-caritine atain. 
"-

x 2,500. 
\)T-_ ..... . 

87. colchicine treatlnentl 12 hrs. A Z-cel.led pl.ka" 

_.ch cell contain1ng a heavily atain_d nucleus. 

Aceto-cal'1Dine atain,_ x 2.500. 
1 

(over) 
\ . 
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Two-cell.d plak •• , wit~ •• parated cella following· 

cOlchicine tref~ent, alao po •• e.. denaely Itained nucl.! 
j 

,(,iq. 87) •• do -3-c~led plakaa (FigO' 88) • In the latter ... 

c •• e, ~he aiz. difference between the nuclei appear. to 

rel.t. ta the difference in cell lize (Fi9. 88!~1 Th. lôb.d 

nature of the nucleui is clearly ••• n (Fiq.' 89), al well a. ". . " 
the large relative volume of th. nucleul, a. compared ta 

'thé nu~u. in a no ..... l ".U. 

\ 

The nature of the heavily .t.ined nuclei wa. 

fortuitoulli r •• olv~d when it 'wal, found (cf., nuc~.i 

Figs'. 89, 90), through caRful dodgin9 of the photograph., 

, 'r 
that the den.e material conliated of a large number of 

apparently conden •• d chromolomea. Th. large number. of 

chromosom.1 pre •• nt ..... d ta indicate a high de9r •• of 

polyploidy and we~. 'lIlOat Obvl0u,a in mother-a.ll. and in 2-, 

3-, and 4-celled plakea. 

" . . 

" 1 
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xv. .eboven' çycle 

, . 
The ability ~f dividing gell.~of Budorina to-recover' 

q 

from colchicine t~ea~ent varied greatly, even when the cella 
1 • 1 .J 0. 

" . 
ver .... ubjected to the aam~ period of: treatment .. " In the 

atudy undèrtaken on the "reèovery cycle, thi. variation 

produced complex reaul~ ••. Tb faeilitate tne un~er.tandin9 

of the main event. of"recovery, a Di_gram (4) ha. been 
, J 

dravn to illuatrate theae major eventa in chronolo9icai , . 
o 

order. 

Cella treated ~or 20 min.. toc 4 hra ~I wer~ .Wlowed to 

recover in colchicine-fre. medium for up ta 10 day.. It 

ahould be noted that colon!ea gere only treated'up ta 4 hra • 

• ince~ongér treatment, teaulted in very diatort_d coloni •• , 

who.e recovery wa •. difficult to coloni •• o a •• ea •• However, 
" . ... .. 1 

treated for pep.oda of up to, 8 ~r •• did ahow .om. degr.. ~ 

re8overy. 
À, 

, 1 '" ,<- • 
1 Certain plakeal cell. undel'9o' a number,of unecJUal " 

~ ~ 

{ ... 
diviaiona .oon after r.-oval fra. colchicin •• .. " 

The •• dili-

torted plak.a are called plake,al "fragaenta". and alwaya 
.. 

degenerate and die after about 5 daye"of recovery (Piq.~ 

• 

" 1 

• 
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, . 
;~ 
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1 Pige 97. 

Fig. ,98. 

:-Y' 
" , 

COlchicine treatlDent. 4 hr.. Re~overy time. 

76 hr.. A, flattened Uninverted 32-celled 

pl~kea,'shawiRq le •• separation'of the·p~.keal 

cella. x 220. 

, 
Colchicine treabBe~e: 4 h.r •• Recovery ti.es . " 
96 hr •• , An unihverted plakea commencinq to , 

divide. Note that aome of the cella appear to be 

dividiJlg normally (arrow). x lt270. 

COlchicine tr;eatméint: 4 hr.. Recovery tilDe. 
i 

96' hra. An uninvérted, plakea commencinq to 
• , 

divide. Note that .ome celle appear to be 

forminq'plakeal fragmenta (ar~ow). x 270 • 
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F1'g. 91. 

F~g. 92. 

Fig. 93. 

" 4 

pige 94. 

1... 

.' 1" ,.. 

. ! 
- , 

a.eovery Cycle' 
" 

COlchicine treatlMmtl 60 ain.. aeçovery tille. 
0-

r ~ 14 

6 hr.. Di.tortion of colonial envelope an~ 

foraatJi,on of pl~eal fraCJIMnt., (arrow). x 220. 

Colchicine treataentl 90 aina. aecovery ti .. , 

76 hta. A plakeal fra~nt foll~ing rela ••• 

fro,a the ... te~al envelope. x 300. 

COlchicine treatllent: 20 ain.. .ecovery ti ... 

110 hr.. Plakeal fragaenta deqenerating and 

.... , 
dyinC). x 220. 

Colchicine treatlMntl 20 aina. Recovery tille 1 , 
Î • 

26 hra. 'l'ypical .eparated plakeal cella and 

. 'ii.~ - . 

p \ • • 

pl~eal fra~nta pre •• n~ BoWever. .ca. plake. 

" do invert (arrow). x 220. \ 

l'i9. 95. COlchicine treatllent. 2 hr.. Recovery t •• 

26 bm. Ilote' th. co~id.rable '~eparation of 

• 
plat.al cella. x 250. 

(over) 
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91-93). The degeAerating fragmenta bear a atriking .~ilar-
ity to the nQnviable polyploid proqeny that reaulted fra-

. 
inter.pecifi; hybr~dization in Budorina (Gold.tein, 

1964) • 

At the other extr~me, a number of plakea, partic-

ularly 16- and 32-celled stage., treated for only 20 .in •• 

appear to he little affected: The.e plakaa often invert 

no~ally to form typical daughter colonies (Pig. 94). 

Most of the plakaa a~ op.erved ta underqo a . 

separation of their cells and to pr~ flattened goni~ 
-" 

like plakeal colonies (Pigs. 95, 96). The degree of cell 

separation can vary considerably (cf., Pig •• 95, 96). 

Generally, however, plakea that have undergone a greater 

" number of divisions belore co1chi'cine treatment .how le •• . 
separation of plakeal cel1. (Pig. 96). 

. 
'!'he.e sepaJ!'ated 

p1akea never invert ~d, when relea.ad froa the llatemal 

enve10pe, often develop flagella and motility. sventually, 

th •• e flattened co10ni •• divide again, .~ no~ly, to 

produce typica1 daughter oolonie. (Pi9. 91). Otber. ~ar 

-

, 
to under90 unequal divi.ion to proc!uce fraCJlUllta (Pige 98). --,; 

The,e fragmenta eventually deq~.rate and die • 
, l 

• . ~ 

.. "\. ':. ~.~J..~ .. , .. f~" ~ •• .. .:'>--t. .. _ •.•• .. ~ •• 
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-
Occasionally, the flattened plakea give .ri.~ to very 

, 
peculiar colonies. For example, coloniea which appear to.be 

made up of cella closely appressed to each other, much like 

colonies of Pandorina (Fig. 99): or colonies which remain 

within their maternaI envelope and divide yet again to form 

.. 
colonies containing two generationa of cells (Fig. 100). 

Both of the above cases were at first thought to be poa-
o, 

sible mutants. However, when their progeny were releaaed. 

they formed perfectly normal colonies. 

One aspect of the recovery cycle studied with 

considerable interest, was the production of permanent poly-

ploida. As has already been illuatrated, colchicine producea 
; 

quite a high d~gree of polyploidy. 

To find out if permanent polyploida were produced. 

" \ 
individual coloniea, which had been t~ted for 20 m~. 

up to 4 hr •• and formed flattened plakea, were isolated 

followinq 7 daya of recov.ry~ Within 3 weeks. clonaI' 
• 

p~pulationa were produced and then-dividinq colonie. vere 

fixed and atained to a.certain their chromo.ome nuMber •• Bxaa-

• 
ination of a number of the •• clonaI iaolat.. revealed a fêv 

• ~IYPIOid. vith a m~imum of 28 chromo.ome. (Fiq·. 101). '!'he 

" 
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PlV. 103. OolchleI~. treat.enta ,40 min.. A polar v1.w 

Note • haplolc:'l 

nuMber. 1 •••• 14 Ohtomo80Me8. Aceto-carmine 
, --

\ 

Pi,. 104. COlchicine tre,tMentl ,2 hi •• A polar vi.w 

of Met.ph ••• ch~o.om... Note. haplold 

nUNber. i .•.• 14 chromoaam.a. - --
ataln. x 3.600. 
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Pig. 99. COlchicine treatllents 4 hra. ReCovery tille, 

10 daya. A g~up of pandorina-like daughter 
J / 

coloni.. ju.t being relea.ad. x 220_ 

'Pig_ 100. colchicinê treatllent: 4 hra. aecovery ti ... , 

10 day.. ~ generation. of daughter coloni~. 

all 'vithin the original .. ternal colonial , 

env.lope. x 220. 

COldhicine Polyploida 

Pig. 101. COlchicine treatJlent: 20 .in.. A polar view 

Ilote a dtploid 

nUilber • .! . .!!.. 28 ch~a.e •• Aeeto-c;~u:.in • 
• 

.tain. x 2,800. 

• 

" Pig_ 102. untreated colony •. A polar vi.., of .. tapha.e 

1 
Ilote that there are 14 ch~._ 

Aceto-caadne atain. x 3,600. 

(over) 
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\ 

normal untr •• t.d cell cont.in. a campl .. ent of 14 cb~ 

.cm •• (Pig. 102). Tbe •• '.table polyploid. arcae only 
1 1 

fram d1viding coloni •• treate" for 20 .1n.. COlonie. whicb 

hacS been .Ubjecte" to longer periode of colchicine treat­

.ent 'vere founeS to centain a normal baploid odmpl ... nt of 

chromo.OIfte. (Piq~., 1.03, i06). 
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DISCUSSION 

1. Structural Alterations Induced by Colcnicine 

In th~ one previous detai1ed .tudy of co1chicin~'s 

effects on the cell.form and u1trastructure of an a1ga 

(Chlamydomonas. Walne, 1966, 1961), the first effects of 

~ colchicine treatment, visib1~ under the light microscope 

occurred after about 6 hrs. of treatment. However. Wal~ .. ' 

(1967) did report effects on the g01qi apparatus after 2-3 hra. 

and transitory effecta on the mitochondria after 4-5 hr.. In 
, 

contrast, the firat structural effects visible under the ligh~ 
'-

microscope in Eudorina occurred after only 90 mina. of tre,t-
\ 

ment, even thouqh the sam. concentration. of colchicine vere 

uaed. Walne (1966. 1967);, in her studies on Shl!!llYdOllOnaa l, 

"-~ . 
did not differentiat~ between non-dividing and di~~ding .cell •• 

Thi. May veyaccount for the apparent di.crepancy bet.veen 

the treatment ttme...o that this would not appear ta be 

aignificant. 0 
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A. St,llationa 

(The moat spectacular morphological reaponae to 

colchicine ia the production of at.ll.tiona,' which to my 
, 

knowledge, have never been produèed in Any other organ!.m , . 
treated with colchicine. However, in reaponae'to prolong.d 

, \ 

colchicine trea~nt, graaahopper neurobl.sta were obaerved 

_to produçe ~all bleba at the ce11 aurface (Gaulden and 

Carl.on, 1951). 

-,-

Th~ atellations are primarily produced,!n cella 

that are initiating division.' ~he moat dramatic event 

during the initial stages of division, ia the pre-prophase 
J 

.ig~ation of the nucleus f~ the center to the periphery 

of the cell, which mu.t re.ult in a considerabl~ reorqaniza-

tion of the cell campan.nta. During pre-proph ••• , peri-

'" pheral cytoplaa.ic microtubule. are moat evident and may be 

ra.pan.ibla for maintaining the .mooth ahape during the 

rearganization at thi. .~.ge. Thar. for., th. ab •• nce of 

th ... aierotubule. could po •• ibly ra.ult in tha formation of. 

.tallations. Further ,~~ actual'form of th. stallation • 

. could b. a r.flection of th. tact that the chloropla.t' • 
-,.-

" .' 

'), 
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exterior surface does not appear- amooth" ~t rather eonsieta 
l 

of a number of ,projections (Pig. 2). Theae proj~etions àre 
. 

vi8~b1efn the light micro8cope as striations of the chloro-
'~ ~ 

pIast (Goldatein, 1964, Fig. 4, p. 31) and have a1ao beeh 
, 

obaerved in Pandorina (Coleman, 1959). The movement of the 

nuelei during 8uba~ent ~re-prophase ~tag~a ia minimal,sinee 
.~ 

the nuc1~i are a1ready at the ce li sqr~ace (Fig. 19). 

con~equently, only very small stellations are produced in 

cella entering theif second, third. fourth, and fifth 

\tivisions. 

The question then arises as to why Chlamydomonas. 

which appears to h~ve pre-prophase nuelear migration and a 
,-

stmilar arrangement of cytoplasmie mierotubQle. (Johnson and 

Porter. 1968), does not produce stellation~.' A.po.sible 

explanatlon may be that the pre.ence of a cell wall in 

'thl!!ydomonaa reaulta in the reatriction of the, atellation •• 

In conclusion. the production of the stellations 

would appear to indicate that the peripheral cytopla.mic 

~~~rotUbule. have an important cyto'ke1eta1 funetion durinq 

ra PJ;8-~,roPhaee cellular reorganization. A cytoaleeletal . 
funetion has, aleo beèn aaeribed ,for cytopla •• ie microtubul •• 

in Ochramonae (Brown "and Boucle. ,1973). 
1 • 

,0 f) 

-, 
.1 

~ 
• 1 

" . 

1 
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·8. Production~of Bxtra-Çytoplaamic Partiele. 

FOllowing about 5 hr •• ~f colchioine treatment, the 
". 

atellations are Obaerved to rupture. Thi. re.ult. in cella , 

~urrounded by numeroua extra-cytop1aemie particle •. 

to be \ ChlamYdomonae (Walne, 1966, 1967~ wa~ al~o ob.erved 

aurrounded by aimilar type, partielea" f.ol1oWing colchicine 
" - e/ 

In ChlamYdomona.) Walne (1967) po.tulated that treatment. 
"1 • 

a continuoua ayntheaia of cellular companent. r •• ulted in 
/ 

an abacie.ion of porbions of the cytoQla.m, whieh formed 

the eytopla.mie partielea. 

r.:~orin~. th~ ab.ciaaion of the .telletion. may 

be due to the exeeaaive .tret~hin9 of the'eell~membrane of 

the elongate .tellation.. The evidenee then seems to 

indieate'that the production of the cytopla.mio 
.. 

particles may ~e an indirect re.ponee to the eolehi-

ci"e treatment. A aomewhat similar production of extra-

cytop1aamie partie1es ha. been obaerved in cella that 
1 

vere bath inju~ed (Cleg9_ 1964) and dying (Mookerjee and 
" 

Gangluly, 1965). The prpduet~on of extra-cytoplaamic 

rparticle. in Eudorina and Chl!!ydomohaa rnay a1.0 pe "t~e 

/1 

, . 

'n:,.." 
~ ". 1 

• V 

" .., . ~ 
.' 

~;l 

;~ 
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re.ult Or .n injwr,y or lndir.ot rl.pon ••• ~r.th.r th.n • 

.p.cific r •• pon •• 'tp th. colchicin. tr •• tm.nt • 

.. c. 

......... 
-A major Itructural ohan,. cau •• d by, th. colchioine 

tr.atment wa. th •• bnormal .xp.nlion of 'th. colonial 
" 

.nv.lope around th. plak •• l c.ll~. 8imil.rly. in h.r .tudy 

on C~l ... ydOllOn .. , ~al~ 1961) reported". eonaiderable 

incr •••• 'in' c.ll w.ll m.t.ri.l. Th. qu •• tion ari ••••• 

to how th. colchicin. tr •• tm.nt i. art.ctin9 th. produotion 
) . 

of envelope ~t.ri.l • 

Ix.min.tion ot th. c.ll co.pon.nt. durin9 th. 

expan.lon of th •• nv.lope rev.al. th.t th. on1y or9'nll1. 

th.t Ihowa .ny incr •••• in activity i. th. 9019i .pp.r.~u •• 

w.ln. (1967)· report. a .imil:.r incr •••• in 9019i activity in -.. 
~lamydomona. art.r colchicin. tr •• tment. , 

f 

• 

,J 
•• li 

i 

l 

, 
'ô 

, { 

In IUd~rin.; thi. ,activity pr1Mrily con.i.t. or 

~h. production of .... 11 (35.-70 .. in 4i_t.) 'opaqu. 
"- 1 \ 

ve.icl •• , .~.il.r to tho •• tound in th. untr •• t.d c.ll.'of 
l 

n , 

pl.Je.a .nd yOUft9 d.U9ht.z:: cO,lont •• but in lIuch 9r •• t.r nUlibara. 
• Il. 

, . 
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93 , . 
~he evidence then aU9geata that the colchicine trea~ent 

rêaulta in a~ inereaee of golqi-a.aociated veaiclea, and 
, , 

that they may possibly eontain the envelope materJal. A 

aimilar oriqin for the envelope material haa alao been 

poatulated in Volvox by Bisalputra and Stei~ (1966) and 

Deason and Darden (1971). 
.' 

An important point that,could either aupport or 

. refute this hypothesia concerns the nature of the envelope 

material. If 'the envelope ia ~f a carbohydrate nature. as 

suqqested by Lanq (1963) in Eudorina' and by Deason and Darden 

(1971) in Volvox: then. it i8 qui~e poa.ible that 9O~ 

yeaicles may contain envelope material sinee go19i are, 

• 
aeeociated with syntheeie of earbohydratea (Whaley et al., 

19661 ·Robards. 1970). Hew.ver, sone workera elaim that the 

envelope in Volvox (e.~. Koehert, 1968) ia proteinaeeou. in 
~ -

nature. Kochert.ll968) waa able to bre~k down the envelope by 

u.inq a number of proteolytie en~e.. In contra.t to carbo-

</. l 

byd~ate., proteine in the al~ae do no~ ap~.r to be 

'aeaociated vith the 9019i. 

1 The exact rea.on for the increa.e in the colonial 

env.lope is unel.ar. However, the evidence ..... ta indi~ate 

1 
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• corr.lation b.twe_n th. inor.... in oolon1.1 .nv.lope 

mat.rial and 9019i activity. 

\ 
D. Contractil. Vacuol •• 

\. 

Contractile vacuol.. appear to be affect.d by .or. 

prolonqed periode of colchicine tr.atm.nt. Th ..... wa. 

not.d by Walne (19~7) in ChlaMyda.ona.. A po •• ibl. explana-

tian for th. larq. numb.r of meNb~anou. and ve.icular 

partiele. that Ar. a •• ociated with th. vacuole., i. that 

the centractile vacuol •• may be "pumpinq out" th. c~lchicine , 
tram the c.ll. A .imi1ar .ituation ha. b~en report.d in 

par.m.cium (Pick.tt-H.ap., per.on.l communication); 
\ 

E. Hucl.ar Morpho 1 Ogy 
; 

After th. Rroduction of polyploid nuc1ei, longer 
\ 

colchicin. tr.atllènt (12 hr •• or IIOr.),. produced • nwm.r 

of very h.avi1y .tain.d nuclei. The .taininq inten.ity wa. 

thouqht ta be due to a 1arqe nUBb.r of oonden.ed ch~.a.e., 

which w.r. not expect.d at thi. t~ in tbe nuclear cyol •• 
~.r 

<#,.:1 
Upon camp1.tion-of chro.oea.e dlvi.ion, in colchioine-tr.ated 

c.ll.. the ohroao.oa.. appear.d -êO unao!l and .nter interph •••• 

" 
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, 
The chromo.am •• vere not expec~.d to conden.e a9ain ~til 

. 
the tre.i.d cella were about to enter th.1r next •• rie. of 

dlv181on •• Â.~ .• approximately 3 day. after the ln~al ~ 
tr8atment.' Yet chromoaom •• appeared te b. cond.n.ing aft~ 

only 12 hra. of colchicine tr.atment. 

Th... appar.nt highly polyploid nuclei .1.0 

exhibitad a deqr •• of lobinq end irr.qulerity of form, not 
...J..-

found in normal untr.e~ uclei. Th. lob.d nuclei vere ae.n t.~ J ' 

') 
under the light and the elecpron micro.cope and eppe.rad very 

.imiler to th. nuel.i d.~b.d by W.ln. (1966, 1967) in 

Chlamydomonal. Th. electron microacope exa.ination of th,.e 

lobed end h.avily Itained nucle! in ludorin. reveeled a 

fibrou. nucleoplalm rather than their ~ormal granular appaar-

anc~but the nueleolui appeared normal. Thi. fibrou. nature 

of the nuel.oplalm may account for th. conden •• d nature of 

th. atained nuelei (Pig •• 84-90). If thi. i. the c •••• 
t 

~ it would tend to di~rount th. poaaibility of th. 10h8d 

• nucl.i containing conden •• d chromo.OIIe.. OU.tin (1947) h .. 

~.port.d that followihg prolonqed peri~ of tr.at.ent of 

" 
mou •• inte.tin.l ti •• ue vith •• v.ral mitot!c poi.on~, tb.ra 

i •• de9~n.ration of chromoeome •• Thi. dag.n.ration , 
evehtually ~~.d. to th. ~r ••• nc. of 01~ of ba.iophilic 

" 

'~ 

.... 
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material whieh .tain with~Schiff'. reagent. It i. pos.ible, 
\ 

, therefore, that the heavily stained nuclei aetually con-

tain degenerating nuclear material and the ultra.tructural 

evidence would tand to aupport thia hypotheai8. 

Purther, the nuclear membrane also undergoe. 
\ . \ 

considerable change aa the two ~embranea expand and come 
1 . 

apart (as aean in Chlam d mona.,' Walne, 1967). A .imilar 
, 

rasponae waa produced in cole icine-treated asc~ tumora 
, ' 

1 

\...-..... (Guerritore .!! .!l., 1967). {'rhe nuclear me~rane reaction 
\ 

appears' to be a~ilar to eve~t. in cells underqoinq 

degeneration (Mollenhauer!Œ !l., 1960). 
\ 

therefore, that the more prolonqed t~ea . ' 
of colchicine 

elicit a non.pe~ific responae in the nucleua, rather than a 
\ 

.~cific one, auch aa that due to its effecta on the apindle 

microtuhules. 

F. rlagellar Microtubu1e. 
l '" 

Another interéatinq aspe~t of colchicine treatment 

in ludorina waa the abi1ity of the flagella to f 

normally when treated up ta 50 hr.. In contra.t, Walne 
1 

(1966, 1967) fo~nd that flaqella in Ch l amydomona 1 re 

affected after only 18 hr •• of colchicine treatment. In 

J 
:] 

J
/ 
" 

., -
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1 

Chl!!yaa.ona.. When cells enter division they normally 

loa. their flagella. Walne (1966, 1961) was working vith 

cell~ that appeared to be entering''''division dur~ng c01-

~hi~ine treabBent, which may exp~ain why shorter 

.\ota resulted in a loss of the flagella. . 

treat-

In Budorina. one interestinq facet of colchicine'. 

effect on the flaqellar apparatus was its ability to 

\ inhibit the formation of flagella. Simi1ar colchicine 
, 

effecta have been observed by ROBenbaum et al. (1969) on 
. --

regenerating fiaqella~f Chlamydomonas. Thus, the indica-

tio~a froœ the present study and othera (Tilney and Gibbons, 

1968) are that flagella are le.s readily affected by col- t 

chicine except when regeneration o~ elonqation is occurring_ 
If. 

G. Chloroplast Microtubul.a 

'l'hi. is the first observation of chloroplaBt micro-~ 

tUbul.s in Eudorina and adda Eudorina to the qrowing liat of 

~rs of the green algae in which they have'been observed 

( ... 'l'able XV, p. 120) • 

- 1 
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Chloroplast llicrotubules. from the qbservations of 

their distribution il) Buclorina cells. seem to be almost , 
excluaively 88sociated vith the chloroplasts of differentia-

tinq and rapidly qrowinq cells (l.e/-. the plakea and younq 

dauqhter coloniés). This distribution is àimilar to that 

in other qr~n alqae, as noted, by MçBride (1970) and 

suqqests that the chloroplast microtubules aay be involved 

in chloroplast division and expansion. .. 

7 
The colchicine treab8ent has no apparent affect on 

the cbloroplast .icrotUbules, even after 24 ~rs. These 

resulta indicate that chloroplast .icrotubules are distinct 

f~ cytoplasaic microtuhules and confirm the observations 

of Pickett-Beaps and Fowke (1970) • 

In view of their st~ctural and functional differ-

ences vith respect to cytoplasadc .icrotubules. the ,... 
alternative name of ·plaatotubules· for these structures is 

suqqested._ PUrtber th~ir po8sible taxonoadc siqnificance 

in the alqae viII be dealt vith: later in the discus.ion 

t.ee p. 118)_ 

J 
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II • Recovery Cyc'le 
... 

One of the most interesting questions to he aaked 

in relation to the effects of colchicine on Eudorina is the 

degree of reversibility of the ef~eèta. Walne (1966) 

placed colchicine-treated cells of Chl!!ydomonas in 

,colchicine-free medium and then allowed them to recover. 

Sh~ reported that cells underwent a nunber of successive 

unequal divisions that resulted in some recovered vegetative 

cells which ultrastructurally appeared nOrMal. 

" In the pres en t s tudy. numeroua treated plakea vere 

allowed ta recover. and cells vere found ta be affecte<! bath 

reversibly and irreversibly. The irreversibly affected cella 

eventually formed plakeal fragments: while the reveraibly 
,... 

affected cella eventually formed nonaal colonies. 
1 

" The n~al colonies aro.e bath f~ invérted plakea 

and fram plakeal colonies which failed ta underqo inveraion 
" 

(aee Diaqram 4). The plakeal fragaenta occurred at tvo 

different stages of the recov.ry cycle (8ee Diagr .. 4). The 
t 

first occurrence va. ~iately following the oolchicine 

treatment. Th.se plùe.l fra~ta appear ta aria~ f~ 

.. 
'1 
l, . 

\ 
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plake.l cella that und.rgo'a di.orientation or inhibition 

of cytokine.i. durin~ and following colchicine treatm.nt 

( ••• Dia9ra~ 4). Th ••• oond" occu~rene. wa. at the .tart cJy 
• 

, d1. ~lalon ot the flatt.n.d uninverted plake.. ln thi. c •••• 
, 

the reault. aU9g •• t that the fra~entation oeeura a. a 

re.ult ot chromo.omal imbalanc. due ~o th. unequal dia tribu-

tion of chromo.om •• at dlvi.ion. Th. fragmentation may 

r.pr •• ent an attempt by th. cella to re-•• tabll.h th.ir normal 

chromo.om. oompllmen't. ..The ri fore, th. ability of th. 

flatt.ned pl.kea to form normal d.ughter ooloni •• would appear 

to be dependlnt on the dlgree of ploidy of the oell •• FUrth.r, 
• 

the oytolo9ioal .• vidence indicate. that ce1l. vith gr •• ter 
, 

" . than a diploid number did not r.cov.r •. It wa. not cl.arly 

I.tabli.h.d, how.ver. if th. polyploid c.ll. vere able to 

.u~ol •• fully r.duce th.ir ehra.o.oae nunher. or note lt ~ 

would .pp •• r thouqh, that thi. wa. not the o... .. unequal 

divi.ionl alw.y. app.ar.d to r •• ult in th. production of 
, 

plakeal fragaent. whleh di.d. , 

It appe.r. then that th. tr.at.d a.11. do not recover 

if cytokine.i. i. aff.at.d. However,' ir inveraion i. ~ffeote4. 

the cell. mày recover dependlng on their l.vel of ploldy • 
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lU:. Hucll.r Di vi. ion. 

A. Norm.l 

cUviaion in Éudorin. b.arl • conlid.r.bl •• imilarity ta th. 1 

•• m. proe... in both ChlI!Y4omon.. (John.on .nd port.r, 

1968) .nd Volvox (O ••• Dn .n~ D.rden, (1971). Thi. ia in many 

w.y. expect.d, aa t~e c.ll atructur. of .11 three or9.ni~m. 

are cl.arly r.lat.d. The limil.ritia. al'. li.ted ln T.bla Il 

( •• a r •• tur •• 1-5), t0geth.r with a numbar of re.tur •• (6-8) 
1 

not ob •• rvad in Eudor!na, and .om. fa.tur.' (9-11) only 
,'!; 

ob •• rv.d in Eudorina. Th. faatura. ,(1-8, Tabl. II) 

pr.vioully ob •• rved in Volvox and/or Ch l amy4omon.1, hava 

.lraady 

Port.r, 

will b. 

ba.n ~'CU ••• d in praviou •• tudi.. (John.on and 

~9681 ~on .:d Dard.n. 1971). Th.r~for •• .-ph •• i. 

pl.c.d only on tho.a fe.tur •• which .pp.ar .xcluaiv. 

to Budorin. (9-11, Tabla II): 

Ona f •• tur. i. th. formation of th. d.ught.r nucleoll 

'prior to th. form.tion of th. d.ughter nuelei. Thi •• ppe.ra_ 

to b. 4iff.r.nt to th •• itu.tiona in bath Chl!!fdO!Oft'1 

(John.on .n4 Port.r, 1968) an4 Volvox (De.lon and Darden, 

"" 

. . 

1 

~ 
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1971) where the nucleo1i fo~ fol1owing the formation of 

thè 4aughter nuclei. 

Another feature concerns the presence of dark1y 

\ stained areas at the nuclear poles from which the micro­
,L. 

tubules appear to radiate. It ia tentatively suggested i~ 

the resu1 ta ·that these area. might correspond to the. Micro-
• 

tubule Organizing Centers (MTOC), described and defined by 

Pickett-Heaps (1969). If thi. area is the MTOC. it would 
.. 

tend to support the hypotheaia that basal bodies and cen-

trioles are not involve~in the organization of the spindle 

apparatus. 

-----A thi~ure of Eudorina is --- -~ 
of 'ER, 

between the newly formed daughter nuclei, in tinct banda •• 

A possible exp1anation for the intemuclear ER is that it is 
. 

merely the result of an excessive elaberation of the nucle.r . . 

envelope during daughter nuc~ei formation. (This f •• ture 

be further discu •• ed in th.~ion on cytok~.ai. 

sec. IVA, 

\ 
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• 
TABLE II 

'" 

SOMe reatur •• of auclear Divi.ion of Chlamydomon •• 
,/ 

Volvox. and ludorina 

.... tur. Chlam~domona • V2ivox luctor~n. 

Mucl •• r env.lope rem. in. intact 
th roughout. . axcapt. for two + + + 
polar fene.tr. 

Kinatochora. not • •• ociat.ed 
+ vi th chromolOIMI + + 

v 

8a.a1 bodiel/centriole~ pre.ant 
et periphery of cell, not + + + 
e •• oeieted wit~ nucle.r pol.1 
or Ipindle microtubule. 

Daughter nlil • er envalopas 1 
t!Daaad thro h an el.boratton of 
the per.L.tent nucl.~r envelope 

+ + + 

BR pre.ent bètween newly I:Jned 
d*ughter nuel.! + ,+ + 

Metapha.e band of 
pre •• nt 

microtubul •• + + 

Bxtr.-~ucl~.r .heath of lIicro-
tubule. raeti.ting froll th. b ••• l + 
bodie. ~ r 

,~ 

, 

~ 
... ;, 

"!I 
.... 

i 
"J 
~I 

.' 
'J 
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TABLB II 

(COntinuecS) 

, . ' 

reature 

tttJ 
"Çh17 domon •• 

,. 
, , ~ 

. .... -
Internucle.r microtubule. 
between 'newly formed dau9htex: + c 

nuelei 
"-

Formation of daughter nucleoli 
prior to the formation df~,t"e 
daughter nuele~ 

'" 
. 

Microtubule Orga~.in9 Center. 
(MTOC) may be pre.ent 

Pre.enee of" internuc1.ar 
BR (re.ture 5) in di.t!nct 
band • 

fi 

,. 

,-

.' 

". '. . . 
. 
• .-

p 
. 

Volvox 
~ 

J ' 

. .. 
1 ". 

BudoE1n! 

+ 
b , 

,-
+ 

- + 

• 

. 

$ • 
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The effacta of ,colchicine on nucl.er divilion in 
. 

lu40.108 reluIt in considerabl. Alteration ta th. nu~l.ar 

divilion cycle (a •• Teble 1). Th.a. alt.ration. appeer to. 

be the reauit of the continu,d replicetion of the chromoiom •• 

'" folloving the breakdown of t~e .pindleomicrotubul... Thi. 

continued replicetion of the chromoaomea is only et a .lightly 
, 

reduced rete from no~.l ( ••• Tabl. 1), and i •• til1 repid 

enough to reeult in a very high deqr •• of ploldy after 

reletively short expolur •• ta Qo1ehicine. Thi, sit~at1on h •• 

rurther, the degreo of 
'. - r 

polyploidy exhiblted within eech c.ll appearl ta b. direct1y 

re1ated to th.ir .tage of p1.kea1 dev~lapm.nf prior to' 001-

ch~cin. tr •• tment. 

ludarlna i. the firet a1g81 .peoi •• in whioh c-mltotl"l., 

. includinq o-m.t.ph •••• h •• been in4uo.4 by Ihart (15·20 min •• ) 
1 

tr.atM.nt. of colchioin. et cono.ntration. of on1y O.2~. 

Tb. only ~th.r genu. in which c-m.~aph ••• ha. b.en ob.erv.d 

i. O.do90nium (8.nn1n91.n, 1963) but then only with prolon9.a 

" tr •• tment. and at hi9h.r oOnc.ntrat10n. of oolchicine. Th • 

• patial •• paration of CbroMOaOMe. at c-m.tapha.. i. of 
i o • 

'. 

l , '. 

~ 

'l .. .' 

- ; 
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partleuler value in lu4ot1na, wh.ra flattened ~qu8ah 

prepattatlons of ehrocao8011le. ara not PO'.lf., due to the :~ 
b 

nature of the colonial env.lope. In view of th.l. r.lultl, 

it is nov pds.ible to conlider a d.tailed éytotaxort~ic 

inve.t'i<Jat'itm of ludorina. ta d.fine more cl •• r1y apëeiation 

in the <Jenus (Galdltein, .1964). 

... 
Another 81qnificant effect of eo1eh~cina on nuei.ar 

. { division in Eudorin~ ia the production of pe~an.nt po1y-

" 

, " 

plaid •• ae a reluit of .hort-te~ (20 min •• ) treatment with 

O.l% colchicine. Thi. i. of extrema inter •• t bec.u •• 
~ 

pe~anent po1yploidy i. qu.ationâb1e in Chl!!YIomona. 

(Buffaloe, 1951). In the given 819.1 .peci~. in which 

polyploidy has been ob •• rv.a (Oodward, 1966), it ooeur. 

only ~fter more prolonged tr •• tmentl, uainq hiqhar con-

centration~ of colchicine. 

OO16nie. treated for longer period., giv. ri •• to 

eell. ~ith • high deqre. of polyploidy' ( ••• Table 1), 

. but .... tf.~ p?iYP1oid "elb h.v~ never bllen reC!.Ov~ ... d. Thb 

evia.ne •• uqge.t. that wi€h a greater th.n diPl9id number 

of chromoaom •• , the ahromoaome cOftlp1.ent i. unbalanced 

~ and tlle cell i. un.table, wh1ch r.aulta in poor viab1U .. ty 

and a.8th. '1 
J 

:' 
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ÇYtoJcin •• ia 

Nonaal 

In aIl three apeci.a,AChl!!yda.ona., Bu40rina and 
/' 

~ . 
,Volvox. a proQlinent feature of nODlal aytokineais ia the'· 

presence of the phycoplast aystem of .icrotubules. Theae 

microtUbules appear ta direc~.the orientation of the 
, " 1 

cleavag_ furrow bebween th. cloaely as.ociated dauqhter / 

nuclei. Pickett-Heapa ---'and Marchant (1972) consider the 

1 presence or absence of a phycoplaat a highly aiqnifieant 

feature of the green algae, and have devisad a phyletic 

.eheme blfled upon i ta preaence or ab •• ~ce. In both Vol vox 

(Dealon and Darden, 1971) and Budorina, the phycopla.t 

a~peara to <:ontain fewer aierotubule. thart in Chla.yda.ona. 

(Johnaon and Porter, 1968). 

A !DO.t signifieant obaervation in Budorina ia th,. 

formation of a diacbntinuou. furrow vith <cytoplaaaie -

bridgea between adjacent cella a. in Volvox (Deason and 

Darden, 1971), but di.tinct fr~ the continuoua furrowa of 

C!)lamydaaona. (John.on and Par,ter, 1968). UnliJce Goniu.-­

(Stein, 1965) and Volvox (Darden, 1966), the cytoplaaaic 

v 

... 

~ 

1 • 
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bridge. are not evident i~ colonie. under the li9ht 
,i 

micro.cope~ Thi. ia th~ firat report of their exiatence in 

the genu •• , In view of the ai9l\iticano. ,of the.e bcidq •• 

for inver.ion (to be di.eu.a.d below) , and th. tact that 

inver.ion i. a charact.ri.tie proee •• of the Volvocaeea., 
, 

thi •• vid.nce would tend to .ugge.t their exi.tence in all 
i 

, 
member. of thi. family. In faet. there ha. alr.ady been a 

brief .. ntion of their pre.ene. in P.ndorina (Lefort, 1963). 

pre.ent exelu.ively in Budorin. are band. of ER 

a •• oeiated with th. cle.vage furrow. It i. po •• ible that 

thi. BR play. a role in el •• vag. furrow formation. Purther, 

orientation of th. internuel.ar band. of IR Along th. 

"~~··i. """ 

'~ 

~ 

pr •• umptive pl.ne of el •• v19., .u9ge.t. a po •• ibl. conn.otion 

bet"een the two •• t. of band •• Howev.r, furth.r .tudie. 

will be n.e •••• ry to e.tabliah the above hypoth •• i •• 

B. OOlchiein.,Tre.tment 

COlchicine tr.atment'of c.ll. that are undergoing 

cytokine.i. r •• ult. in two atriking ~t.ct.1 (1) the di.-

orientation, and (2) th. inhibition of éytokin •• i •• 

, , 
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It has been auqqeated by Pickett-Beaps (1912) that 

phycoplast microtubul~s direct ~he orientation of the 
, "... 

cleavaqe furraw. In the present study, .hort-t~~ colchicine 

treatment of dividing cella reaulta in the breakdown of thé~ 

phycoplast. The disorientation Of the cleavage furrow, which 

results in unequal divi8~ona could b~ explained in te~ of 

the breakdown of the phycoplaat, thus 8upporting the hypo-

thesis of Pickett-Heaps (1972). 

The subsequent complete inhibition of cytokinesis 

would suggest further that the phycoplast could poa.ibly 

be involved in the actual formation of the furrow. This 

may turn out to be an interesting hypothesis as ~t sU9gests 

'an additional role for the phycoplast. It may be, therefore, 

that the phycoplast plays a dual role and is essential for 

bath the direction and the formation of the cleavage furrow 
-~ 

in Eudorina. 

1 

Another possible explanation for the complete inhibi tion, ~~ 

of cytokinesia is that the colchicine is directly inhibitlng ~ 

membrane elaboration for the formation of the furrow, but at 

present, evidence in the literature does n9t support such a /) 

hypoth •• ia. 
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V,_ Inveraion 

A. Normal 

The .xamination of inveraion in Bpdorina, under the 
o 

electron microacope, reveala a number of featurea not 

,observed under the light microscope. The only other 

colonial green f1a~11ate in which inver~ion·ha •. been _ 

atudied at the u1traatruetural level, ia Volvox (Pickett-

He.pa, 1970.). There appeara to be .,number of aimilariti •• 
-Ir 

in the inversion proceaa.a ,of the two apeciea, thouqh they 

differ in colony complexity. , Moa't obvioua, is the prea.nce 1 

. 
and arrangem~nt of cytop1aamic bridges' in the region of 

the poaterior facets of the plakeal cella (aee Diagram 2). 
, 1 

The bridgea appear to hold the cella together, while aoting 

a. "hingea", aa reported by Pickett-Heap., (1970.). Alao 

.presènt in bath genera are peripherally orientated micro-

tubule.. In Volvox theae microtubulea may be involvea in 

the cell elong_tion that 9ccurs juat prior to inveraion 

(Pickett-Heap., 1970a). Pound exclu.ive1y in Volvox,~r. 
, 

.triations on the plaamalemma around the cytopla.mic bridq •• 

(Pickett-Heap., 1970a). 

, \ 

1 

' . 
.. 

~ 
"" ,~ 

<l'~ 
~ 

'j'!~ 
1 

~~ 

~ _ :",'t}' .~~~~f*" 
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Vith reqard ta the actual process of inversion, 

Pickett-Beapa (1970a) postu~ated that some coordinated -. 
contractile .av~nt of the cell membrane around the cyto-

plasmic bridges. together vith other factors; 8uch as cel1 

elongation, may be responsible for inversion • 

In Eudorina. neither cell elonqation nor striations 

on the cytoplas.ic bridge membranes are o,served in inverting 

p1akea. Rather. the.most praminent activity durinq inversion 

is the expansion of the colonial en~elope around the plakea. 

To understand h~ this expan~~on may 

let us examine the uninverte~ plakea 

result in inversion, 

(see D~qr_ 2A). and 

note that the cells are mainly connected at their posterlor 
... 

faceta. Upon expansionrof the envelope, considerable 

pressure ia likely to be created vithin the plakeal cup. 

In reaponse to this pressure, the cella tend to separatei 

but they can only mave apart at their anterior facets, due 

to the position of the bridges. This, then results rn move-

aent that begin. vith the perip~ral cells and re.ults i~ 

the fo~tion of a sphere of ce1ls (1.~., daughter co1opies). 

~is for.ation of a .phere ia a natural tendeney of objecta 

that are puahed apart While attached at only one end. This 

• 

. 
• ,', 
1 

'" , 
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i. becau.e, a aphere allow. for the greate.t •• paratien 

of the cella .t their unattached end.. Therefore, it May 

be that inveraion i. at.ply the re.ult of pre.aure created 

v~hin the pl.keal cup by the expan.~on of the colonial 

envelope bebween the plake.l cella. 

Thia hypothe.i. auggeata that plakeal cella are 

puahed apart and .ave pa •• ively in in ve r. ion, in 

contra.t to their active role in plakeal 'inveraion in 

Volvox. poatulated by Pickett-Heaps (1910a). It is felt 
- , . 

that this difference may he reflected in the much simpler 

nature of inversion in Eudorina a. campared to ~olvox. ====-
However, the author feel. th.t inveraion in Volvox may 

alao involve a a~ilar expanaion of the colonial envelope. 

\Thi. hypotheaia alao lenda additional functional si9Oif-

1cance to the ar~n9e1M1lt of the cytopla .. ic bridges. It 
. . 

viii he intereating to a.e if bridgea are arranged in 
/ 

Gonium in a aanner .iailar to that obaerved in Eudorina 
1 

and Volvox, aa Goniua doea not undergo co.plete inveraion. 

" .' 
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B. COlchicine Tr.at:raent 

Colchicine tr!'tm.nt coaplet.ly inhlbita the praoe •• 

of inve~.ion. The mo.t obviou. explan_tion.would be to 
,,/' 

con.ider the involvement of microtubule. in the no~al 

inv.r.ion pro~ ••• of Bu~orina. 

periph.ral microtubule. ar. pre.ent in pl.ke.l cel1. 

and could po •• ibly be involved, a. h •• been .ugge.ted for 

Volvox (Pickett-Heap •. 1970.). Howevar. in Budorina cell 

.long_tion normally doe. not take place durinq inver.ton. 

lnver.ion appear. to be inhibited by the bre.kage 

of the cytopla.mic bridge.. Thi. bra.kage .ay be due tq 
t, ~ , 

an abnormal produ~tion of colonial env.lope .aterial a. 

compared to plake_ undergoing no~al tnveraion (cf. Fig •• , 

1~, 71). 
1.. 

lt may b., therefore, that thi. axce •• ive expan.ion­
/. 

of the env.lope put. an incr •••• d .train on th. bridge., 

cau.inq th.m to br.ak b.for. inv.r.ion tak •• plac.. Bvidenc. 
~ 

to .upport thi. hypothe.i. va. obtainad fram .tudying 
--r .. 

r.covering plake •• 

Examination of th •••. plak •• indicata4 that plat.al 

c.ll. that ve~ .till tightly appr ••• ed, followinq colchicine 

J " 

'" " . 
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treatment, would olten invért normally when allowed to 

recover. However, plakeal cells th~t had beoàme 

sepa.rated and flattened were never observed to invert. 

Colchicine treatment, th.n, appears to add further 

'e~dence ta the impo~tance of the bridge. ln the inversion ., 

proces. in colonial green flagellates. In this light, it 

would be interesting to examine certain speeies of Volvox, 

8uch .s y .• ureus, which have permanent cytoplas.ic 

connections, to see if inversion has been inhibited, follow-

ing colchicine treatment. 

.... 
In concluaion, the ability of plakea to invert 

.' ~uld appear to depend upon the production of colonial 

"-
envelope mat~ri.l and the arrangement .and pre.ence of cyto-' 

plasmic bridges. In,contra.t, a breakdown of the bridge. 

due ta exceasive pro~uction of colonial envelope material, 

inhibita inversion, as ob.erved in colehicine-treated plakea. 

'VI. Taxonomie and Phylogenetie Implications 

A. Event. of Cell Divi.ion 

In recent year." a number ~f ultra.truetu~~l eharac-
- )-

teri.tic. have beeome tmportant taxon~c and phylogenetic 

/ 

J:~: ... 
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criteria within the green algae (Round, 1971). Pickett-

Heapa (1969, 19~) and Pickett-Heapa and Marchant (1972) 

ha~e placed particular e~phasia on the ultrastructural 

,detaila of cell division. They noted three main character-, 
" , . 

iatica which they conaidered important if distinguishing 

phyletic groups in the green algae: (~presence of a 

phycoplast during cytokinesis: (2) a closed spindle: and 

(3) the persisteryce of the interzonal spindle. Further, 

Pickett-Heaps (1969, 1972) has stres.ed the involvement 

;'<;Ji:, -. . 
. . 

of the MTOC rather than the centrioles or 'basal bodies in \/ 

spindle organization. He also postulated that basal bOdie~ 
1 

(centrioleJ) are primarily involved with the flagella 

apparatus. 

Pickett-Heaps and Marchant (1972) u •• d',one of the 
1 

above criteria. the presence of a phycoplaat, to divide the 

green algae into two main phyletic gro\lps. ,Recently, this sarne 

characteriatic together with sorne others, haa been uaed in a 

taxonomic and phylogenetic evaluati~n of the Ulotrichalea 
" 

(Stewart ~ al., 1973). The phycoplaat-containing .alga~ were 

further dis'tinguished (Pickett-Heaps and Marchant, 1972) by 

thè collapae of their interzonal apindle and the elosed 

nature of their apindle. 

f 
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Be.ed on the above criteria, Eudorina would appear 

to be a typieal member of the phyeopla.t-containing algae. 

Purther, the author believe. that other characteri.tic. of 

taxonomie .ignifieane. have been ob.erved in thi. and other 

atudie~ to further d~.tingui.h, the Vol vocale. from the other 

phyeoplaet-eontaining algae. Examining Table III, it ean be 

aeen that Eudorina, Chlamydomona •. and Volvox ean be 

di.tinguiehed from the other genera b~two unique character-

---- f i.tie.. the ab.ence of ba.al bodies or eentriole. from the 

nuelear pole. and the pre.enee of internuelear ER. 

The ab.enee of the baaai bodies from the nuelear 
v ' 

pole. and their p~e.enee at the eell aurface ia a partieularly 

.ignifieant taxonomie eharacteriatie. Of aIl the memhera of 

the phyeoplaat-eontaining algae, only the Volvoeale. 

are permaAently flagellated. Tharefore, it may.be that the 

pOaition bodies or eentriolea within a cell i. 
.. 
related 

. 
othe permenen of flagellation in the organi •• •• 

life hiet However, further .tudie. on cell divi.ion in' 

other Vol ale. will be nece •• ary to .upport the validity of 

the above ehar,cteriatie. a. taxonomie criteria 10r thi. group 

of organi.m •• 
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TABLE III 

~Compari.on of Phycopla.t-Cont.ininq Or.en Alqae 

A. VOLVOCALES 

1. ludorina 
2. Volvox 

3. ChlamydOlftona. 

B. CHLOROCOCCALES 

4. Ch10rell. 

5. Kirchneriella 

6. Hydrodictyon 

c. ULOTRICBALBS 

1. Ulothrix 

8. Stiqeoclonium 

9. Micro.pora 
lO. Sehi201Nri. 

D. OEDOOONIALBS 

u. Oedogon ium 

12. Bulbochaete 

Reference 

Gottlieb 
ne •• on and Darden 

( 1971J 
Johnaon and Porter 

( 1968) 

Atkinaon et al. --, (1971) 
Pickett-Heap. 

(1970b) 
Marchant and Pickett 
Heap. (1970) 

Floyd et al. (1972) --
Floyd et al. (197l) --
Pickett-Heap. (1973a) 
Stewart et al. (1913) --
Pickett-Heapl And 

Centriol •• / 
Ba •• 1 bodi •• 
••• oci.ted 
with nuel.er 
pole. 

( 

+ 

+ 

+ 

+ 

+ 
... 

~e (1969).* 
Plckett-H •• pl (1973b) .* 

r 
Inter­
nuc1 •• r 

ER 

... 
+ 

+ 

? 

f -

7: 

" 

* No c.ntriole. were ob.ervec1 in no~.l divic1inq cella. 

? No Obaervation •• ade of poat-teloph ••• atage of divi.ion. 
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a.' Chloroel •• t Microtubule. 

In recent y.ara, ch1oropla.t microtUbulea have been 

found wi thin a number: 0' member.'<of the gre.n algae (Table 

.IV). Further, the featurea of chloroplaat ultraatructure 

have been uaed for aome time to de1ineate different gr~upa 

o.f algae (Gibba, 1970). Gibba diatinguiahed" the 
~ 

Chlorophyceae (aenau, Chriaterta.n, 1966) by the fOllowing 

feature. of their chloroplaat." The chloroplaata are limited 

aolely by a double membrane, the banda are .ade up of'. 

variable number (2-6) of thylakoida or grana or bath, and ~ 
1 

the atarch graina are ator.d inaide the chloroplaat. In 

the author's view, the pr •• ence of chloroplaat microtûbu1 •• 

ia an additiona1 characteri.tic that can'he1p define the 

• lim~a of th. Çh10rophyc.a •• 

.. , 

ln examining fhe di.tri~ution of ch1oropl.at micro-

tubulea (~.ble IV)~ their p~eaence ia rev.aled within the ~ 

Ch10rophycea. (.enau, Christenaen, 1966) and,Ch10rophyta and 

Charophyta (aenau, Round, 1971) • • 

At. ,th~ ... ~ chloroplaat .icrotubulea have not 

b .. n Ob •• rv.d in th. two oth.r cl..... of th. gr •• n 81g8., 
< • 

ttJ 
:d .. ~ 
'j 
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th. Pr •• inophyc •••• nd luglen9phyce.e. Thia .b~~ce, if 
proved concluaively. would tend to confirm their plac .. ent 

into a.parat. cl ••••• (aen.u. Chriaten •• n, 1966) or phyl. 

'- . Howev.r, th~re haa been inaufficient ( •• n.u, Round, 1911). 

inform.tion to make definite conclu.tona. The pie~.nce of 

chloropla.t ~icrotubulea however doe •• U99 •• t that perhap. 

the Chlorophyta (aenau, Round. 1971) ahould include the 

Çharophyta redace~ ta a cla ••. 

., 
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<1 TABLE IV 

1 

Distribution of Ch1orop1ast Microtubu1es within the Gre~n A1gae 

Phylum. Class 

Ch1orophyta Ch1orophyceae 

~ 

'> , 

' .. ' .. 
< 

r 

'"' ..... - Prasl.nophyceae 
",Il 

Eug1enophyceae 

'" 

~-

Order Species -. 
Vo1voca1es 1. Volvox . 

,2. Eudorina " 
3. Chl!l!!Ydomonas 

Chlorococca1es 1. Trebouxla 
U1otricha1es 1. Fritschie11a 

2. Stigeoclonium 
Ulvales 1. Ulva 
Oedoqoniales 1. Oed2Slonium 

2. Bulbochaete 
-../ 

Zygnemata1es l. Closterium 
.f'Bryopsidales 1. cau1e!Ea 

2: Dichotomoaiphon* 
:-

Ch&ralea 1. Chara 

Reference 

Pickett-Beaps, 1968 
Deason & ~arden. 1971 
Gottlieb 
Brown et ~.,- 1968 
Jacobs &:Amadjan, 1971 
Mc~ride, 1970 
Pickett-Heapa, unptiblished 
Braten & ~vlie, l~â 
Boffman, 1967 
Smith & Butler, 197,1 
P~ckett-Beaps. 1973b 
p~ckett-Heapa & Powke,1970 
Sabnis, 1969 
Moestrup & Hoffman, 1973 
Pickett-8e~p8, 196a 

.. ~ 

* Strueturalteported.tobe un1ike other types of ch1~rop1ast microtUbu1es • 
• .t ... .." 

~ 

'. 

J 

'\ 

.~ 

~ 
~ I~ 

, ~ 
-. 
t~ 

<, , . ~ 

:j 
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StMIARy AtfD CONCLUSIONS 

1. Colchicine treatlDent wa. found t.o affect. coloni •• 

that were undarqoinq diviaion. Affected dividing colonie. 

vere found to eXhi~it the following atruct.ural, and nucle~r 

alterationa, depen~ on the .tag. of developnent th. 
~. 

dividing cell had re.ched' prior to colchicine treabDent. 

A. The prOllu!"tion of atellatione )hat .... r. _et l 

prominent in cella that vare initiatinq divi.ion. 

It wa. hypothe.ized that the stellation.lvar. the 

reault of the breakdown of peripheral .icratUbulé. 

during the pre-propha •• migration of tbr nucleu., and 

that the microtubu1e. were perfonaing a cybGekeletal 
... 

function at th!a crucial stage of develo~nt. 

) 
B. T~e production of extra-cytopla •• ie partiel •• 

that occurred around the tr •• ted cell.~ter more 

prolonged colchicine treat.ent. The partiel.. appeared .. 
to he the r •• ult of a rupture of th. atell.tiona. 

121 
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C. Blakea vere produced that did not invert and 

which resembled the flattened colonies of Gonium. 

These gonium-like colonies appeared to bé the re.ult~ 

of an abnormal inerease in colonial envelope 

material around the cella. A po.sible explanation 

for thi. increase was sU9gested by the considerable, 

increaae i~ the production of small opaque ~ol9i­
.; 

associated vesicles. 

D. An alteration was induced in ~he normal 1uclear 

cycle due to the breakdown of the sPindl~otubule •• 

These microtubules were obaerved ta diaappear after 

short (25-30 mins.) periode of colchicine treac.ent. 

This resulted in a considèrable increase in the number 

of chromosomes in the treated plakeal cells. Further-

more. a number of permanent cliploi4 eolorri .. were 

obtained following recove~ in' colchicine-free medium. 

E. colchicine treatment also reaulted in alterations 

in the nuclear morphology. These included changea 

fram a granular to a 'fïbroua.nucleoplaam and the 

condenaation of nuel.ar aaaterial_ Alao obaerved was 

\ 

\ 
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an'expanaion and lobing of the nuclei and a .eparation 

of the two nuclear membran~ It wa. hypoth •• ized that 

th •• e nuel.ar effect. C~Uld ~IY be due ta th. _; 

general poi.onou. nature of th. colchicine. 

F. The di.orientation an~ complete inhibition of 

,cytokine.il wa. induced in treated plakeal c.ll.. and 

appearad to be the re.ult of the breakdown of the 

phycoplast band of micr~~pb le.. This .ugge.ted 
, 1 ) 

theae microtubule. coul~ e re.pon.ible for both , ' 

that 

the 

direction and formation of the cleavage furrow • 

Colchicine· treatment 'reaul ted in a comyte 

inhibition of inver.ion that appeared to be'\due to an 

abnormal production of colonial envelope material. 

G. 

It 

wa. ,u9g~.ted that thi. âbnormal p~oduction re.ulted 

in the breakage of th. cytopla.mic bridge. ~etween the 
1 

cell.. Th ••• reeulte then, .eemed to confirm the 

importance of the bridge. in the inver.ion proc •••• 

2. On allowin, treate~elle to recover in colchicine-fra. 

medium, plakaal c.ll. vere obeerved to b. affected, bath 

revereibly and irrever.tbly. Plak\a, in which cytokine.! • 

,. 

,~ ___ v •• 

fi , 

,,:4,44 
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had ba.n Clilrupted forme .. plaka.l fragmentl" and never 
"\ 

recov,ered. However, pl Ke. in lwhich only inveraion had 

beeh affected. dld lome thi. recovery 

appeared to be dependent on the degree of polyploidy of 

these flattened plakea. 

3. 
.... 

A detailed ultraatructural atudy wa. made of cell 

\ 

division and colony development in ludorlna Il,ganl, which 

reeulted in the fo1lowing obaervationa and conclu.iona. 

A. Nuclear division wa. limilar to that in 

Ch1amydomonal reinhardi and ,Volvox aur.ua with the 

exception of a few featur... Th •• e f.atur~a 

included the fo1l~wingl 
~ , 

1. the ~I.ibl. pr ••• nce 

of a Microtubule Qrganiaing Centre, and 2. the 

. formation of daughter.nucleoli prior to th. forma-

tion of daughter nuclei. 

B. A tYl>ical "phyeopl.lt" band of mierotubul.e. 

'wa. found to be involved in .cytoJtin~li.. Howeveri 
, , 

~, 

-

cytokinelil wa. lnçomplete whieh reaulted in a nwnber 
'" :J." "-, 

of eytopl.lmic bridg •• -betw.en the plake.l eel~. 

" 

'. 
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-'h ... brldv •• had nêV.r b •• n Qb •• rvèd ~r.viou.ly 

ln IltRrina and it-we.' 'U~9 •• t.d that they may bo 

• ch.r.~t.ri.tl~ Of al1 maMbar. of the Volvo~.aè ••• ... 
~ , '\ 

c. The ihverlioh prao •••• p~ •• r.d to ihvblve 
, 

th. produ~tlon of ~olohi.l .nv.lo~ materiat and 

at the ultra.truotural level with whloh it w •• 

IU9ge.tod that the Volvo~al.a aoüld b. diltinquiahed , ~ 

f~tother .. Nberl of th. phycopl •• t-containinq 
• tr 

.19 •• (Piekett-U •• pa and M.r~h.ht, 1912). The •• 

lnelud.d th. pr ••• n •• ol int.rnualear IR b.twe.n 

n.wly fotMed dau9ht.r nuolei, and th. leok of 

••• ooi.tion of b ••• l-~~i •• /o.ntr101 •• w1th th. 

nuel.ar'pol ••• 

•• Mierotubul~~ Ob •• rv.4 for th. f:r.t t~ 
ln the ohloropl •• tl of dividin, ".nd younq 0.11 •• 

1 : 
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atruotuNa tG be •• elu.tvely found .ln t". 
Chlorophyc ••• (,.n.y Chri.ten.en, 19~~). It wa., 

ind •• d be • u •• tul taxonOMie r •• tur. of the 01 •••• 
. 

Purth.~ ~ ln l1tht of the.e .icrotubul •• • atrudtural , , , 

di.aiailarity to r.9\llar .ie~otubul.i, and th.ir 

) 

l' 

. . 
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APpallDIX 1 

" .. 
COLONY DIFFERENTIATION IN E,UDQR;tNA CALll'ORNICA 

Ba.ed on studies of colony dev&iopment and differ-
'1 ~..... • 

" 

"" entiation in E. (Pleodorina) californica, Geriach (1959) 
, ~.. ..........,. 

and Goldstein (1961) postulateç) the stage in plàkeal -- . 

development when differentiation of soma tic and generative 

cella was initiated. These postulates, however, have not D 

been confirmed experimentally, since no suitable methods 

~re available ta inhibit plakeal development and ta study 

differentiation of uninv~rted plakeal cells. The effective 

inhibition of plakeal development vith colchicine has 
, 

enabled the present study Ito re-<>eal the stage of development 
. , 1 

at which the onset'of differentiation occurs in E • 

. californica. 

\ 
The strain (198 hd) of E. californica uaed in this 

atudy was obtained from the Indiana University culture ... 

145 
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collection • 

~ 

To inhl~t plakeal ~.V.IOpment, dividinq 
... ; 

colonies were treated with a 0.2% colchicine aolution in 

sterile aoll-water eup.rnatant for 40 mina. Followinq 

coléhicine treatment, colonies were ",a.hed in fraah'aoil-

water medium, and t,hen 4, 8, 16, 'and 32 celi plak •• wère 
.' 

exciaed from their maternaI colonial envelopee. Individual 

plakes were then placed in depreaaion spot plate, containinq 

fteeh eoil-water medium, for obeervationa over a 6 day 

periode 

~, 

Normal vegetative colonies ~ave a number Of .omatic 
, ~ 

and generatiNe cella arranged in distinct rows or tiera. 
" 

The 8maii somatic cella alway. makeup the~antarior tiars • 
'r. ~ 

of the colony, while the larger generative cells makeup the 

posteriYiers of th,e colony (fig. 1~05). Further, the 

number of tiers of ea~h celi ty~e va~ies with the 'number of 
"i-

.cells in'the colony (Figs~ 105-101). 

Under normal' growth condi tion. in cul ture, 4-, 8- and 

16-celleH colonies ,ara nevtr ~be.rved. On entering divi.io~, 

thé generative cells divide (Fig. 108}!' and. form plaka. which 
~ . .. 

eventually invert to produce dâughterocolon~e. (Fig.- 109). 
, \ 

T~e gefierative cella divide while the .o~tic cella .re 

. . 
" / 

, 

, ~àj 
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Fig. 109. 6~-0.11.d o~lony W~h plak •• ·underqoinq 
" . 

inv.raion to fotm d~u9hter oolon~.a. .,Note 

tbat the anterior tiara of cell. a,- ~ot 

dividinq. x 100 . . 
• 

C J 
Fig. 110. A young v.qe~ativ. co19ny.. Note that oell 

1 

/. 
/ 

differentiation la"not yat apparent. x 352. 
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Differentiation in Eudorina californIe. 

Vegetative OOlony 

. / 
" . 

Fig- 105. Vegetative c~lony·of Budorina californie. 

contajring .12 c~11.: 'Note the red~ction in .ize 
• 

of the two anterior tjers of cella. x 320. 

'Fig. ~06.' Vegetative cplony of EUdo.rina cal~or~ica -------- _.----------1 ~ , 

containing 64-ce11 •• Note the reduction in aize 

of t~e three anterior tiers of' cella. x 275. 

Fig_ 107. Vegetative colony of Eudorina californiea 
; 

contalining 128 cell •• Note the redùctioft in ai •• 

of the four anterror tiera of cella. x 200. 

Asexual aeproduction 

Fig- 108. 64-celled co1ony undergoing diviaion. Note that 

the anterior three tiers of cells do nct undergo 
.. 

diviaion. x 200. 
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obaérved to undergo ae~escence and death.' In newly formed 
'. 

daughter colonies (Fig. 109). and those reoently released ~ 

tram the •• ternal envelope (Pig. 110), aIl the cells are 

equal.in aize. Onlyaa the.young colony enlarges does . , 

differentiation of the cells gradually become apparent, .' 
evéntually reaulting in a fully di~~rentiated cQlony . . \ 

(Fig. 105). \ 

Sh0rtly after treatment, the p1akea appearèd normal 

and showed no aigna of the colchicine treabment (Figs. Ill, 

114, 116, 119). The plakea vere tben examined èvery day 

/~til th~y divided which was usually after 6 days of 

recovery. 

" 

~llowin~ 48 hrs. recovery in colchicine-free medium, 
~ 

cells of all plakeal stage. .eparated, and upderwent 'sorne 

,- enlargement. concomitant with an expansion of the colonial 

envelope (Piga. 112, 117. 120). A(ter '6 day. recovery, aIl 

the cel1s of the 4-, and 8-cel1ed plakea proved to be 

gen~rative (Fig •• 113. 115). In B. californica, tbe peripheral - , 
'1'" 

cella of 16- and 32-celled plakea enlarged and divided.while, 

the central plakeal cella remained aamatic (Figa. 118, 121, , 

122) • 
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16-çelled Plakea 

Fig. 116. 
Î 

5 brs. recovery. Plakeal cella still cloaely 
• 

.. appres8ed to one another. x 560. 

~ 1 
Fig. 117.' 4 h 1 k 1 Il d 8 rs. recovery. P a ea ce s, sepac,t~ • 

Expansion o(~\ colonial en~elope around cella. 

x.560. 

tige 118.. 6 _ days ,recovery. Peripheral' plakeaL,eella 

u~dergoing divisipft. Note/the four central 
, 

cells (arrows) do not dividé and are strictiy 

somatie. x 220. 

. , 
32-celled Plakea 

" 

Fig •. ~~9. 5 hrs. rec9very. Plakeal cells still cloaely 

appreaaed,to one another. x 560 • 
.. 

. Fig. '120. 48 hrs. recovery. Plakeal cella aepar"ated: 
, 

eXpansion of colonial -envelope. x 56Q. , 

1 
Fig. 121. ,5 days recovery. Difference in aize between 

. ~ 

'è~ntral and peripheral cella ia apparent. x 560. 

Fig. U2. 6 days recovery. IlOte central c.ll.a do not 

" . ,. divide. but r ... in aoaatic. x 200 • 
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~att.rna of Differenti.tion in Plake. of 

È. californ!ca Pollowirrg Colchicin.'Treatment 

4-ceù.led Plakea 
r 

.. 

-
, --. . , 

5 hra.,recovery •. Plakeal cella atill clo.ely Fig. 111 • 

. , ~ppreaaed to one an9tper. x 560, . 

, 

Fig. 112. 48 hra. recovery. Piakeal'cella .eperated, 
t 

( expanaion of colonial envelope around cella. 1 

" 

x· 560. 

• 
~ Pige 113. 6 deya recovery. Plakeal cella conaiderably 

enlarqed about to enter diviaion. 'AlI cella' 

qenerative. x 560. 

',,-, '"1 
.. '\ à:~elled Plake. ~ 

Fig. 114. 5 hr •. tecovery. Plak •• l cella at~~l~.ely 
. 

appr •••• d to one another. x 560. 

/ 

Pige 115. 6-d.ya r.cov.ry. ~l.k •• l cella 'con.iderably 

enllo~ed and about te enter d~iaion: All cella 

9.nerative. x 560. 
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In Diagram t the patterns of su~es.sive cleavag~ '. 

planes, up to the l2-celled ~tage, are clearly illustrated. 

The origin of the 4 central plakeal cells, which in 

recovered l6-celled plakea become somatic can easily be 

~ traced, as can the origih of the 12 central.plakeal cells 
. 

in recovered 32-celled plakea. Thus, in treated plakeal 

stages in E. californica the onset of differen~iation is 

first evident in l&-celled plakea which aris~ at the 4th 
\ , 

'successive bipartition of ~}, .... mother cell. 
~~ 

These results provide.direct confirmation of the 
• <il 

postulates of Geriach (1959) and Goldstein (1967). 

Goidstein (1967) further postu1ated .that the s.omatic 
't 

nature of the central p1akeal cells may arise through an 

u~equa1 distribu~iop of a peripherally oriented cyto-

" plasmic ~omponent ~f the mother cell. , This author 

suggested that mitochondria may be the organelle involved, 

sinc, the mitochondria are peripherally oriented in 

vegetative cells (Fig- 2). Therefore .. baaed ,on this hypo- \ 

theais. one would expect differentiation to occur at the 

16-celled plakeal stage when peripheral ,and cel'\tral cella 

are fir8t eut out by cleavage. 
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~ , 
A pos.ible explanation of how the mitochondria 

are involved ls t~ consider the fact that mitochondria 

nonmally sqpply the energy for DRA synthesis. If pnequal 

distribution of mitochondria occurs in B. californiea, 

there may be very few mitoehondria in the central plakeal 

cella. ~hen folloWing inversion the now-anterior tiers 

of cells of the eolony may ,subsequently be unable to 

f~oduce sufficient energy to car~ out DKA ayntheais. 

This, in turn. would render the celis .omatic in nature. 

Other theories eoncern~ng differentiati~n}in ! . 

californica also aeem to, imply some type of cytoplasmic 

control. peris~1 (1959) after a n~er of expe.imenta 

hypotheslzed that there waa an early dete~ination, 

possibly in the undivided eells, of a somatic and generative 

cytoplasmlc area. In Volvox, Starr, (1969, 1971b) has 
, . . 

postulated that differentiation occura fol~inq an unequal 

division of cella in the developing plakea. The larger 
. ( 

cells are belleved to give rise to gonidia wHile the 
c 

.1U1ler ce!ls qivE! rise to sOiptic cella. Transla'ting 

thi. evidence into the hypothesis ju.~ ppstulated to 
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• 

éxpl'in differentiation in!. ealiforniea, it aay he 

that the .mal~er plakeal e~ll. ~f V~lVOX. r.ce~v. 1'88, 

mitochondria during developm.nt and aUbaeqyently ~n 

maturing coloni •• , ~ay produce inaufficient energy fo~ 

DNA aynthesia. 
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APPBNDIX II 

RBCIPBS OF GRONTH MlDIA 

Pringsheim's Soil-Water Medium Containing CaOO3 , 

A pinch of CaOO3 is plac.d i~ a test tube (20 ml.) or 

half-pint milk bottle (250 ml.), and sufficient soi1 (obtalned 

from ft field neBr Burlington" Vermont) lis addad to iDake a 
, . 

layer 1/4 to 1/2 an inch deap in the vesael. Pyrex ~istilled 
" 

~tèr ia then addedcto the va ... ls until they are abou~ 2/3 

full. -The test tu~a are coverad.with metal capa and the 

bottles are covered with amall petri, dishes and then both are 
~ ..-

steamed on two 8ucceasive day •• The test tubes for one hour 

each day and the milk'bottlea f~r 06e and a half hour. each day. 

--.. 
" Soil-Bxtract Agar 

(starr. 1~4) 

\ 
For each 1000 ml. o~ medium requi~edl 

modified B~iatol'a aolution • • • • • 

aoil water supernant. • • • • • • • • 

.... ~,.o al. 
- \~ 

• ,. • •• 40.0 111,. 

Agar •••• . . . . . . . . • • • • • • • • 15.0 g. 

154 

,1-

-L,' - " 

, . .,:\. 

.' , 

. ' 



• 
~ 

• 

) 

t' . . " ... r 
\, . , 

.1 

155 
, 

Modified Bristol"s Solution 
ot:> 

six stock solutions, 400 ml. in volume, are employe~. Eâch 

" 
contain, one of the following salts in the amounts liated: . ( 

/; 

NaN03 · · · <'. · · · · · · 10.0 g. 

caC1
2 · · · · · ~. . · · · · · . · ' . · 1.0 g. 

, 

MgS0
4

• 7H
2 
o. · · · · · · 3.0 -g. 

3.~_. 1<2 8PO 4· · · · · · · · · · · 
0 1<8 PO · · · · · . . · · · · · · 7.0 <J. 

2 4 

RaCl. · · · · · · · · · 1.0 <J. 

10 ml. of each stock solution are adàed ter ?40. 0 ml. of Pyrex-
1 

distilled water. Ta this is é\dded a drop of 1.0% Fe.el) solution. 
\ 

-

~'/. 1 .! 

Volvox ~dium , " 

(Starr, 19118) .' 
For each 1000 ml.of aedium required place the following 

amounts oi stock solutions in 943 ml. of Pyrex~distilled vater: 
i 

Number of ml" 
to 

lo 

10 

10 

10 

10 

1 
. 

1· 

f'" 5 

Stock Solutions 

. J. . . . 1.1.99/100 .l. 
"i 

MgSO .18 O • 
.. 4 ,2 

• • • • _. • • . 0.491100.1. 
\ 
\ 

N82<Jlycerol pho8p~at&. 5H20 0.5~lOO ~. 

I<Cl • • • • 

G1YCYICJIYCin,J. 

B12 • • • • • l· 

.' . 

. ' . 
Biotin •• · . . . . 

1 

PIV metal .olution. · . . 

• 0.591100 aù~ 

5.0g/100 1IJ1. 
1 

.10.0q ... ~lOO ~. 

, , , 

. a. 91 ven below. \ 

\ 
. . 
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PIV M!tal Solution • 
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l a-

" 
.. 

, 
. Ade:! thè~ foll~~n9 amo\lnts ~f .çchelat.t.nJ '.gent and s.lta 

. , 

" to 500 ml. gf Pyrex..;diatill"ee:! water. .~ 
, ' , ft. 

. 

" 

~~'..;" -'?eC,l3~6~0 · ~ · • .. • • • • • • 0.097 g . 
. ,~, ... , o_ 

, '~. 
Adju8t 

'/' 

vMn~12 • ,~H22 · · 
.Z'!C12 • . • · 

" OOC\ . . 6H 0 '. • 2 2 • J 

Na "MoO 
,2 3 

. . . 

• • •• 
\ 

• ,. ,. 
" , 

.: • ~ 

.. ., _. 

, ' 
0.041 . ' · · · • • g . 

.. D.OOS g. • · • • • 11-, 

· • • • • - 0.002 g-

• • • • · . 0.004 9. ' " 
tJ. 

N8
2

BDTA . ~ . , • • • • .. • -. • 0.75 9. 
, 

fin~l aolution' to pH 7.0 uain9 lN .aOH. 

Vol~oeac.an'Aiar 

1964) 
i ,.r-: (St.ârr, 

t. 

( 

JaQO'lIll. of ,medl\1lft I? 

FOk' e~ch r.-quireda , 

(do not.· 'adJt .-

Waria solution the pH) • • • ~ 

e ... ( -."" 
"sug1ena medium • r..'l. . · • • • 0 • · • • • · , .. 

0 
~, 

Agar (Cifeo) • .. - . • • • .. • • • • - -. • · , 
· .fi 

"? ,;~ . 
~ 

& 

.. .. 

" .- ,0 . " . , -, 
'i 

" "-

1 1 • ~ 
1 . ... : ' 

Il 1 
,-

, 
" 

" · , < b 
" . la 

, 
", 

• • 

• • 

~ • 

· ~ 

'" .. 

: 

.' 

o • 

~ 

1, 

.. 

8oo.cI~. 
"\ 

200.0'~., 
1 

1 

15.0 g-

-\ 
.~ 

2 
'1 

'" . , ., 
, , '. t:~ ., 

J 
, , 

, . if, 
.-

" 
" _ .. ',,~. 
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•• .. Waria Solution l 

"'v-
To 1000 ~l.of Pyrex-distilled v.ter add 1 ml.of the fo11owing 

solutions: / , 

l~ D03 : 

S% ~aS04: 

2% MgS04 • 7~0: 2% (NH~)2 .HP04 : 

Iron Seque8tri~e 8olu~ion. 
" 

• • .j 
Iron s~~strine solution i8 composed of,the following: 

T<l 1000 

" , 

~ 

• u 
Sequestrine AA · . 2'.61% 

FeSO .18 9 .. 
4 2 

• • • • • • • • • • • • 2.49 9. 

lN KOH •. . . . · . · . . . .21.0 ml. 
J 

Pyrex diat1lled water. \ · . · . · 500.0 ml. 
.. . 

Î 
'-

\ 

ft Eug1ena "Medium 

ml.of Pyrex distilled vater add: 
! ~ 

SodiUJll acetate · • · · ,. · • · .. · . . 1.0 9· -
Beef extract • • • • • · · · • · • .. /1.0 9· ... 
Tryptol'1e .. .. 2.0 9,' . . · · • · · • • • • • · 
YeBat extract. · • · • • • • • • • • 2'.0 g. 

1 ~ 
,. 

~ t 
cal~ chloride 

• 1 ~ · • • '1-. · • • 41 0.01"9· 

. , 

.. 
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, APPENDIX III 

ReciP~ of the .Chromosomai Stâina 

/ ~ . " 

1. Aceto-carmine (cave and Pocock. 1951a) 

2 g. of carmine (National Aniline, Cert. No. NCa-13) 
~ 

are refluxed in 400 ml. 45% glacial acetic aci~ for 4 hours, 

'allowed to cool and filtered and bottied •. , 
, 

2. Aceto-orcein (after Darlington and LaCour,I~O) 
;0 

2 g. ~ oree in (Gurr, Cert. No. 375) aretrefluxed in 
.' " 

100 ml. of 70% 9l~al acetic acid for half an hour. ~he 
~ 

solution is "then cooled, filtered and bottled. The stain 
) 

1 

was improved by adding a ~ew bits of'iron nee~le to the 

refluxate. 

3. Schiff Reagent (Graumann. 1952/53) 

0.5 g.vbasic f~chsin·(Basic PUch. in. Fi.her Scient •• 

Cert. No'. 790325) is shaken in 15 ml. of normal HCl until 

.. 

. """ 
dis8olve4. Then 0.8 g. of ~S205 i. dissolved in 85 ml~ of 

• , 

-

il ,. 

~ 

", 

dietilled water and added to the baaic solution. After 24 hra., 

the .olution ia shaken for about 5 mina. with 0.3 g. of , 
\. 

activated ch.rcoal, filtered using N9. 50 paper. and .tored 
\, . 

" '-
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APPDDIX IV_ 

; ~ 
Raciee. f~r Blectron Microscope Stains 

) 

. 
1. Lead Citrate (Vanable and Cogge.hall, 1965) -----

0.06 «.J. of Lead Citrate ia added to 20 ml. Pyrex-

diatilled vater in a 30 ml.8crev capped cultured tube. 
," 

Ta tbi. aolution ia added 0.4 ~l.ot SN C02-f~ee HaOB and 

a piece ~f -Parafll.- i8 placed over the top of the~tübe, _. . 
t 

th. top being acrewed on tightly. The mixture i. then 

abaken vi90rously until all tbe lead Fitratè i. di •• olv.d. 

The mixture ia th~~filtered throuqb Ho. 50 filter paper and 

tbe stain uaed ~diately. 

2. Uranyl Acetate 

A aaturat.d aolution of 3" Uranyl. Acetate in 7~-

ethyl alcohol ia prepared and atored in a tightly atopper.d 
. -

bottle vrapped in almainua foil. I_diately before uae, a \ "" . few .1. are tilterad tbrouCJb No. 50 fllter paper. 
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