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Paramecium
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Fig. 2. Paramecium. Diagrammatic surface view of
a small area of pellicle.

pellicle of Paramecium includes a series .gf three
(i) outer cell membrane, (ii) outer
and (iii) inner alveolar

membranes :
alveolar membrane,

membrane.
[V] Cilia

The entire body surface is covered by numerous,
tiny, hair-like fine projections, called cilia_. These
measure 10-12 in length and 0.27 p in diameter.

openings of trichocysts

basal body

(kinetosome)  kinetodesmata

Fig. 4. Paramecium. A diagrammatic three-

alveoli

dimensional electron mi i
: . micr i
of a portion of pellicle and infraciliary system, e

POSTERIOR

Fig. 3 Paramecium. Diagram of a hexagonal
area or ciliary field.

As already stated, one cilium (2 in P. bursarig)
arises from the centre of each .polngna]
depression (circumciliary .s.pace) of .pe]hcle. There
are 10,000 to 14,000 cilia covering the whole
body surface. These motile organelles-are arranged
in regular longitudinal TrOws. Their length is
uniform throughout, except for a few longer cilia

cilia circumciliary spaces

~ outer
membrane

-
inner
membrane

ectoplasm

undischarged

trichocysts alveolar cavities
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osterior end of the body, forming

eme P _
| e e*" gt hence the species name caudatum.
scaudﬁl microscopy has shown that a cilium
' plec gamental structure as has been

the Sﬂ:eof a flagellum (Fig. 5). It consists of
. surrounded by an  outer
hich is continuous with the
merﬂbfane of body. Within matrix are
A 1ongimdinal fibres, which run along
A% of cilium body. Each fibre is
WO sub-fibres, one of which carries a
S wof short arms O projections, all
10 - same direction (clock-wise). In the
mmam.x are twoO single fibres, which are
within an inner membranous sheath. In
e e central and peripheral fibres are nine

al accessory fibres.

e

INTERNAL STRUCTURE

1 Cytoplasm .
the cytoplasm of bo
wo regions.

The narrow, P
alled the ectoplas

within pellicle,

differentiated into t
1. Ectoplasm-
and dense zone is C
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. alveni;
" Constituted
Stmata

produced ingg hile he base of e,

b i like ¢
ody or Kinetosome, | ke structure, cq fle

2. Ki 5
basal bod?ezmgf&sc‘;\‘;\a‘ Associated closely wit
o - and lying in the ectopl
@ system of specialized striated fibrils, calle?
l:(l.netodesma\ fibrils. A single ﬂg\-}fiaﬁi;
b‘:;ym(()lfese‘;:;s CE‘S;S‘ ﬁo:\“ the k'meu.)some or basal
R derale s and runs lax-\tegor\y somewhat
g the course. It joins its counterparts
from the posterior kinetosomes, forming 2 bundle
of overlapping longitudinal fibrils, called
kinetodesma (pleural, kinetodesmata). The
number of fibrils in each kinetodesmata constantly
remains (5), because the individual fibrils do not
run anteriorly farther than 5 basal bodies. It has
been suggested that fibrils coordinate ciliary beat

and movement, but the evidence 18 Vvery

conflicting.
The kinetosomes of a longitudinal W plus .L\xe‘xx
Kkinetodesmata constitute & structural “““i Cfx\\ed the kmew
Kinety system is apparem\y characteristie of all ciliates.
el plays an important

is sai the pattern of infraciliature
il s of Protozod. For example, 1
ible for the

in the morphogenesi :

: e set of Kinety, 18 solely responsioie ! 538
mouth  structure. A new mouth fails
ty 1S removed expenmema\\y.

role
Paramecium, O0
development of :
develop if this ki€
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\} ischarged

trichocysts

_like or OV:

¢ seen in Paramecium

lis. These arc in size, Ioeasu;'iztg;
:goft Zy in length. Each trichocysf coin:;sts Coaued
elongated shaft and a terminal pom;:. Thl;, Xt
the spike or ;

barb, covered by a €@
of shaft consists of a dense mass of a ﬁbr(:ilrsl
protein, called trichinin. rem

Its fibres
condensed forming a cross-striated lattice work.
Function of trichocysts is n0

¢ well known. It
is believed that these discharge an

body surface.

d anchor the
animal to a firm substratum when it feeds upon
bacteria. Others believe that these are organelles

of defence.

Discharge of trichocysts is triggered by
mechanical, chemical or electrical stimulation. It
occurs in a span of a few milliseconds. When
fully discharged the shaft becomes a long cross-
striated rod and measures about 40u in length. Tt

is believed that the discharge process consists of
an unfolding of the lattice of trichinin fibres.

[IV] Nucleus

tParamecz'um 1'; heterokaryotic as it possesses two
ypes of nuclei, In P, caudatum, there is

. : a large
acronucleus and a sma]] micronucleus :

Besides

A tw”.micr“mlc\r:i P \'("\“i.l‘
lia and many in Py, 56 e

Macronurleus. The inr,,,r:""
kidney—shapcd and with, ‘,(\
membrane. It is polyploig n
Jeoli and much more chyre, . Do iy
acronucleus is the somag,, a »
d controls the day't‘)-;la
of the ecell.. K jg Y
i cronucleus during reproductive g
mi 2. Micronucleus.  The rn‘;(;r”::“e;
lodged in a depre‘s‘sionv f)n I d:e
macronuclcus. it 1S usua-lly Sphericy .
nuclear membrane anq with diploiq ,{u Wi
chromosomes, .It oontams a definite . .
J2) aurelia, while in P. caudatum the o %(‘)“s 2
absent. It controls the reproductive aq-w.m:v\ '\3\
%o

the organism-
vl Contractile Apparatus

f()ughly
nuclear
many Pu¢
(DNA): M
nuCleUS an
activities

ium, unlike Amoeba and Eugleng,
are two contractile vacuoles, ocCupying sor o
fixed positions in endoplasm. One Vacuolzw.
near each end of body, close to the dorsy S“ﬁh&
Each of them is surrounded by a circlet o
10 long, narrow, spindle-shaped radia)
(afferent pulsating canals) extending far o
cytoplasm. Each contractile vacuole gpepg ““(

In Paramec

61y

nephridial tubules

> endoplasmic
.- reticulum

feeder canal

vacuole

myoﬁbriis

ejection
water

cytoplasm

\E Paramecium. Contractile apparaf
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1l oy 4 actile vae "
’,u,lfd“!t Ofmi]. jdentity when water is (V(\( uoleg ’ Bucesy ,"{:'Y
’ { o N S expe Ow CaAvia b
08¢ £ croscopy has revealed n‘.‘:(“m‘ ‘vf: of Cilia ;\’“\,-. o Fiok ¥y -
o atus includes some of th al each 3 Side g Ming 4 BB Side o
e ‘"P‘r;gmic reticulum, nephridi ]0 tubuleg Xtending ¢ three gy he . .
¢ - al tubyle Poste X fromw ToNpy o ke Y a
8 e cndo{: poes0rY vacuoles (radial ‘”“‘(g‘ pey TIOF ey r:f the  tim (({l( fonr pry A\
( JH*{ cﬂ“’,'n’ c.onﬂ‘ﬂcmc vacuole. The ac anals) ‘1\’”"”“’ b Buceq) the "\\"vn‘ of cilig
p‘lﬂ' . a3 e accessor iary Al ber avity, Ty N8 e g
ﬁ“:“mf rrad‘ﬂl canals are, in fact, the “mp““,){ (‘“d(“.\‘”“ 5 ““M‘"v it g R are ¢
frl“,olﬂ-‘ csnals. ac CYlost Membran ute g .
& ger J108tome, » £ ¥ 1l , e
‘d. ‘73(:“0“\5; "hh“(\ pell eMadesyy Wed ettt P
¢ I.“o(ld around ple icle and {,: fily s ll....m“ Wis
N] Oﬂ_conu-actilc food vacuoles, rec line the rW’ﬂ;han e end g Al ey the
R /i SR * Wa ROows ¢
meﬁ’“ soles bY Vokovsky, can t ntly : 1 of vesiiy P
Al g;‘stl' 3 5 be  seen Y i le —
ﬂﬂed wi g S endoplasm (cyclosis) Cytopygg
m‘,\iﬂg.ﬂ:er in shape and size according to o S .
oy O ested food particles, but mostl BT diina ok )
1he) Y \hey Stome ang , f h,),\,/ .

f ing

ngﬂ‘feu‘; ded in form.
i
ol ApPT
il
f ramﬂfi” ¥ oral groove leads ventrally and
p Pii iy as 2 tubular structure, called vestibule.
Poswds ety in‘tO a w@e tubular passage, the
I lec: Vity- In its turn it opens into a narrow
hucet o cyto pharynx through a narrow aperture,

cvmswm& The cytopharynx, at its proximal
pRdy muy food vacuole.

endora! quadrulus
prané
2l dorsal
peniculus
ventral
peniculus

margin of
buccal cavity

nemadesmal
pundles of
microfibrils

Fig, 8, Paramecium. Oral apparatus sh

owing puccal ciliature.

; i
Portion of ecton e 10 the righs

weak., Here’ o asm  and pellicle

€ time

the t of eoeat

P It cell anus, ¢ |
aperture called yiog

is visible, Tt j ston,
s pee It 18, hDWevg‘.‘ &iffy yUE Of
Tmanent icult to say
or a temporary
egestion.

LOCOMOTION

Pa i
i t":’:;ixmbhas a streamlined body which enables
il aTout in \?va\er with a minimum amou::s.
i beat‘m. fh:_ rapid stng is facilitated by
g 'g.o ine and hair-like cellular organelles,
ed cilia, that cover the animal's entire
cell-body. Paramecium moves with & speed of
1500 or more per second.

{I] Ciliary Beats

During movement, 2 ciliom oscillates hike 2
pendulum. Bach oscillaton comprises a fast

effective stroke and a slow recovery stroke:
During the effective stroke or the strong backward
ed and rigid

lash, the cilium becomes slightly cury
and strikes the water like an oat, SO fhat body 1
propelled forward in ion of stroke.

opposite directy
The recovery stroke which follows jnnmediaely
prings the cilium ag

in nto position for the next
effective stroke (Fig. 10).




ments
Fi i iliary mover
i illustrating C* i
ip. 9, Diagrams ! Y ety
of ga- s'inglc cilium (after Gray): A Effc Lro
B. Recovery stroke.

o f body do not ITIOVC
i ths(; a;l‘limindgpendemly but progrescS;\]/leé()if
'Slmulwz;zzac{edsdc wave-h:k'e .manlm’:', ol
::et:chmnal rhythm. T}}e cilia 1[1)1 ai niifg e
row beat in a charazterisu; gwr:::in geg i
jor end an pr i .
élcl)t;:equenﬂy, a cilium m a Iongltu%;;ajlndr o
always moOVes in advance of the one gl
All the cilia of a transverse IO

ing forward
i synchronously. During
el the metachronal waves

movement of Parameciuin
pass from the posterior end forwards.

All

[II] Mode of Swimming

The animal does not follow a straight tract but
rotates spirally like a rifle bullet along a left-
handed helix. The reason for this is twofold.
Firstly, the body cilia do not beat directly
backwards but somewhat obliquely towards right,
so that the animal rotates over to the left on its
long axis. Secondly, the cilia of oral groove strike
obliquely and more vigorously so as to turn the
anterior end continually away from the oral side

’(»
cilia x,

direction of movement

o

[l

o

5 [4 ‘_’7 1 _"___, ST 1 ’

; ‘kw—%,g:‘—._“—%: eﬁﬂ]
0 aee recovery effective recovary -
effective ‘/‘[ L Fa
; {7
10

‘

e 0

24—:“”‘4—-5‘—— «— U A St o S € = s

recovery

effective

recovery. sffective

B

Fig. 10. A. A single row. of cilia showing metachrong] 4,
Blg-cilia 1-7 indicate recovery stroke. Cilia 8-12 - dicau;

effective stroke:

and move in circles. The combined effect Causes
the movement of animal a.llopg a fairly Straighg
path, rotating about its axis in an aIltiClOCkwise
direction.

In backward movement a Paramecium follows
a straight course. In this case the metachropg]
wave passes from anterior end backwards. This is
due to the fact that effective stroke is carrieq out
anteriorly.

Mechanism  of  ciliary movement iy
Paramecium is little studied. It is now known
that cilia are moved in a coordinating system.
They move by the contraction of peripheral fibres
located within them. The energy needed for
fibrillar contraction is supplied by ATP.

direction of
o 7 movement
axis of neu ]
movement

Fig. 11. Anticlockwise spiral path followed b
b/

& swimming Parameciym,




NUTRITION

faod s in the holozoic mg

nrﬂﬂ“’ciume food © st @iy O?“E;Cllik‘c
o water in whlc}} it lives. It hag bem\

%2 to 35 .rmllion individumsei‘;
& coli € devoured in 24 hours by a sing)e
il . In a‘ sense, paramecia are gl
pacteria, lest the_y might FEprodch
Padoy as {0 endanger their own existence 1
/ i Jing- It also feed'S upon small Protomz
sl plant.s (algae, diatoms, yeasts, etc.) ami
S5 pimals and vegetabs, T will e
% Al e non—dlgestlble ma}enal and devour
rnos‘, of ds of food. One.speues, P. bursaria, is
. Py : being green in ‘0010\11' due to the
SEC e puierous unicellular  alga, the
f r"sefwﬁc ochlorella in its endoplasm. It can
oo polophytically for long periods on food
s ves manllfacmred by Zoochlorella. During
5ub5'fmc i f00d> it can digest even its own

503:;;,11;% la and can live apparently indefinitely

githout thert-

i ———

-

=

=Y
Y
=
=R
(=)

=

il Feeding Mechanism

. swims O places where it can get its
paramect 5 catching apparatus is much more
food I’ts than that of Amoeba and Euglena.
SPeaahzg is ingested by a definite cell mouth or
e lying at the bottom of buccal cavity.
nstant lashing movements Of cilia of oral
i COdrive a current of water with food particles
e the vestibule. Ciliary tracts of vestibule
direct sthe food particles into buccal c':avity,
paramecium is a selective feeder. .Accordmg to
Mast (1947), many kinds of pargcles may be
carried with water current into Yesgbule, but only
¢lected ones are passed on ms.lde the bucc.al
avity. Rest of particles are re]ectedz tha't1i is,
fischarged t0 outside. Passage alogg wmch ci ary(/i
wction drives selected food partlcles, is terrgeh
ihe selection path, whereas passage along whu‘:1
owanted food  particles e DO CR

westibule, is the rejection path.

-

oraj ® e ——
Sroove, & x (0%

/T}* of
=

Smal|| ¢,
00¢

Panic) ~_W
elng T fourent
ingesteq o1 Pariciay

5 las

Vastibyl

bucey 3
cavity }

2'9‘! particles
9iNg rejactad

G 5
‘\:rie‘;acﬂon path
\ selection patn

Cytostome M
i ia}‘;\‘}nv‘lacua\a
ing
post

buccal fibrils

Ciliateq
bands

"
g 12, Parameciym e

current drawn into by

KT
c:\wmg. food particles with water
cavity by ciliary action.

.Beat‘mg of cilia of

= ! membranelles
cymsytoilnnew:isn tthe selected food pm'\c\e(;{ x:i:oc\f:h
e odcen gullet or cytopharynx. The
Cympharynxgri’«:‘;a\\y collects at the bottom of
fea o a membranous vesicle which is
. Coiin as a food vacuole. Another food
Ay azp(\)); ;ﬁ:med within 1 to 5 minutes
ol supply of food and the rate

[IITI] Digestion

Bach food vacuole consists of food particles
§urrounded by a thin film of water. Rapid and
irregular movement of endoplasm does not oceur
in Paramecium, but the food vacuole is circulated
around the body along a more Of less definite
path by a slow streaming movement of endoplasm,
known as cyclosis. Several vacuoles may be seen
thus circulating in 2 definite direction i the
endoplasm of @ well-fed  Paramecium. The
vacuoles are carried first posteriorly, then forward
and aborally and again posteﬁor\y. a“.d orally up
to cytopyge- Digesﬁon. and assix.m\au-on Of\:?{?:
take place during {his journey. Digestve © Y

(proteases, carbohydrases: \ipases) &€ secreted
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cavity
forming

food A

Paramecium showin;
Jes in endoplasm-

Fig. 13.
food vacuo)

the lysosomes into
Amoeba, the contents O
but later 8r&

increasingly acidic,
alkaline. This can be demonstraFe

of Congo Red and other in
alkaline phase results from
enzymes within an alkaline
yacuole. Products of digestion”
globules) are diffused into
cytoplasm and either stored oOr used

activity and growth.

[VI] Egestion

The vacuole gradually becomes smaller as
digestion and absorption  proceed. Finally, the
undigested residual matter is eliminated from body,
through a definite anal spot or cytopyge on
ventral surface, posterior to cytostome. The
cytopyge is of the nature of a potential cell anus
as the undigested matter is always discharged at

this spot.

the secretion O
medium into the
(glycogen and fat
the surrounding
for vital

RESPIRATION AND EXCRETION

;Qespiration takes place, as in Amoeba and other
reshwater Protozoa, by diffusion through the semi-

ne L Al atum -
i ('Ynfln
yame

o0 )

<|||mm "
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- CO2

Vvacuole
bursting

Fig. 14- Paramec.ium. Diagrammatic 'repremmﬁm *
etion and osmoregulation.

respiration, excr

Jlicle. Oxygen dissolved in water is
diffused in and used for oxidation of protoplasmic

molecules- Catabolic waste products such as CO,
and nitrogenous matter (NHz) simply diffuse out
into external water because their concentration is
in body. Crystals present m

always higher
cytoplasm are in fact excretory products, which .
get dissolved and eliminated with the fluid of

contractile yacuoles.

OSMOREGULATION

The function of the contractile vacuoles in
Paramecium is osmoregulation.

An excess of water accumulates in body
because of continuous endosmosis, the concen-
tration of body cytoplasm being higher than
that of external medium. Small quantities of
water are also taken in along the ingested food.
This excess of water is got rid off by means
of contractile vacuoles which contract (systole)
anq expand (diastole) at regular intervals,
assisted by the contractility of myofibrils
(see Fig. 7).
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7. Gravity. Paramecia generally show a
negative geotaxis or response to gravity as seen
n a culture contained in a test tube, where they
ather close to the surface film with their anterior
nds pointed upwards. If paramecia are introduced

in an inverted water-filled U-tube stoppered at both

ends, they immediately move upward into the
horizontal part of the tube. When, in mOvVing across
the tube, they find their path going downward, they
reverse their direction of movement.
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Conjugation

Paramecium undergoes a sexual phenomenon,
which is called comjugation. It is frequently
referred to as sexual reproduction, but it is simply
a temporary union of two individuals of one and
the same species for the purpose of exchanging a
part of their micronuclear material. This
remarkable process in Paramecium  occurs
frequently between binary fissions and is necessary
for the continued vitality of the species.

[I] Process of Conjugation

The details of this process differ slightly in
different species of Paramecium. The following
account refers to P. caudatum.

In  conjugation, two individuals or
precox?jugants, from two different mating types,
come i contact ventrally and unite by their oral

grooves. They stop feeding and their buccal

structures disappear. The pellicle and ectoplasm

degenerate at the point of contact and a

protoplasmic bridge is formed between the two

individuals, which are now called the
conjugants. While so united, like the ‘Siamese
twins’, the conjugating pair continues to swim
actively and a sequence of complicated nuclear
changes takes' place in each animal.

The vegetative maeronucleus simply breaks
up into fragments, which are later absorbed by
cytoplasm. The diploid micronucleus of each
conjugant first grows in size and then divides by
meiosis. Thus, 4 haploid daughter micronuclei are
produced of which 3 degenerate or become
pycnotic and disappear in each conjugant, while
the remaining one divides by mitosis forming
2 unequal pronuclei or gamete nuclei. Smaller
one is the active migratory gamete nucleus and
the bigger one is the passive stationary gamete

nucleus. The migratory nucleus of one conjugant




dnturnt The Slipy
4.1 20 Yoy

¥
g 8

p

m"."-murlpi ’

\ ity

7 niucls)

uolevs I
disintegtatirg

i \ : / p
-> -.-'; \ - ( / F
gamete) | Y- 0 y
> q "'“rlm\‘/ \ / * }/‘\ /,‘ \ .
1 : a & AR -y -—
Aora Aota A . '-,\/ a of é
A Aoraa a4 5 SN Serg\ ,
. - J
L“'\lg_ 15: Parer AR '/ -
mecium
urelin, 4 4
rough the protoplasmic bridge
P’F‘# gividual and fuses with its smﬁ:m‘{"h 2) A
W et in ing @ gingle diploid zypote Y Cettain
ﬁ,r‘ form lete fusi > Wicleny Bifferin
0 _on. el usion of two nuclej O cop
"I‘M‘“"r‘differe“‘ individuals forming a zyp i 3) In ONjugation |
o0 med amphimixis. AN (“\\\,y L e
o . : ; i e
”(,;k‘“ w0 P ng Pafan.iecm. after a union of (4 aftenogy, U8 and |
1116" 48 ol o g ‘Elnd are now called )+ Xbe conjy
a*""‘ I’an In each exconjugant, the zygote smaller ip :,/m\,, b
. ﬂ,mui-' - ides mitosis three times in rapid  ( individualg (4 Q10y 1
s @ . 8 nuclei, of whi SN G nR 300-350
w;]ev, " producmg nuclei, of which 4 enlarge \ definite stgy M lon
W&SS“;C macm““dei and other 4 become since staryeq ncr of nutritign
{ ; e ; T ‘
4 bccoclei- ec nucronugle} disintegrate and ©) \I://;n not CO“»“UE'&\\QCH\(\ individuls
,ﬂicf"“u hile the remaining micronucleus aupas ma‘\m;\ns'\h“
¢ . pinary fission of exconjugant. Thus passed through q dc\‘_‘n\;‘\\n\\-_ 1dual
djvidGS’c ks xconjugam two daughter paramecia %eeneraugns (period of ‘-\h‘c numb
o~ c ; maturity) R
o bea' ed, each containing 2 macronuclei and () The()me_S_Cxua\\y Mmature ?::\r ™y
‘ . - air . and ¢
P ".cwnucleus- The micronucleus again divides ‘herep'ls 0g Conjugants are i
one mdl]e givision of each daughter Paramecium i ma{“’ morphological sexual d nd
g . G 2 S dimomohism
il individuals each containing one  (8) COnjugagoam female conjugants phis
- ) gants
fofﬂ‘“;guc Jeus and one micronucleus. Thus, each e e a“e‘\’er takes place amons
e roduces four daughter individuals at AR pure \\ne-, that is am
onog of conjugation- e @ S}ng\g individual. Tt occurs
e end b i “'mdwx(\ua\s belonging t© two
Factors and Conditions rent mating types. Thus, a sont of
mxa Conju gation physiologically sexual differentiation . ¢
of ConJ Paramecium. b

is very complex physiologically.
and conditions governing conjugation
and these may also vary with the

(onjogetion

The factors

e several
S,

) Conjugation does not occur under favourable

Jiving conditions- Starvation or shortage of
food and a particular bacterial diet oOr certain
chemicals are said {0 induce conjugation 1

some Species.

©) {\gglunfxanon favours conjugation. It is the
interaction of mating type substances
(proteins) which are localized in ciha.

[ITI] Significance of Conjugation

The significance of conjugation has been much
discussed but it otill remains wncertain. The
following functions ot offects are attribued © this
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[IV] Genetic Consequences
of Conjugation

If conjugation takes place between two paramecia,
one homozygous for a dominant gene (AA) and
the other homozygous for its recessive gene (aa),
the first generation would be heterozygous (Aa).
If the two conjugants are already heterozygous
(Aa), then the resulting progeny would be either
hogxozygous or heterozygous, depending upon
v&./h'lch gene gets eliminated at the stage of
dlslytegation of three micronuclei in each
conjugation.
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e e e A
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o gamete nuclei. Meanwhile, the macronuclens @

ows into 2t irregular skein-like mass, which

i‘;e Jks into pieces later to be absorbed in the :
cytoplasm- e o, gameto, uciel | CHIgEY i
Protoplasmic cone temporarily formed near cell
mouth and thent fuse together to form a complerely .

homozygous diploid zygote nucleus or synkaryon.
This divides twice to yield 4 nuclei, 2 of which
2 micronuclei. The cell \%

become macronuclei and .
the micronuclei then divide to form two ,

body and ‘
daughter individuals, each with a new :
macronucleus and 2 micronuclei. Autogamy \

rejuvenates Paramecium.
[I1] Genetic Consequences of Autogamy 1

If autogamy takes place n 2 Paramecium
heterozygous for 2 dominant gene (Aa), the \
resulting progeny will depend upon the survival ‘
of the gene A or a. If the gene A survives, it will i
lead to AA individuals or vice versa. Thus, “
autogamy always results in homozygosity.

Cytogamy

In 1940, R. Wichterman reported, 1n

P. caudatum, a sexual process without nuclear

exchange, termed cytogamy. The process resembles
conjugation in that two small paramecia (2004 long)
temporarily fuse by their oral surfaces. The early
nuclear divisions are also similar to those of
conjugation; but there is no nuclear exchang®
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CYTOPLASMIC PARTICLES
IN PARAMECIUM

1. Kappa particle: . s
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respectively. 1t was found out that in the individuals wh'xci\
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bodies containing DNA, called Kappa ;;rﬁc\;s. These are
ascociated with the production of a Killing substance,
paramecin. This cubstance diffuses out into the surrounding
water and causes the death of the sensifive (kappa free)
In the course of studies about the kappa
(K) in nucleus

individuals
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