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figure 5.2 A, the axoneme is composed of nine pairs of
microtubules plus a central pair, and it is enclosed within
the cell membrane. The central pair ends at about the

Flagellum

level of the cell surface in a basal plate (axosome). The o —»—;V Ix\/0D)
peripheral microtubules continue inward for a short Microtibulas —
distance to compose two of each of the triplets in the 3

kinetosome (at level y in A). B, Electron micrograph of
section through several cilia, corresponding to section at x
in A. (x 133,000)
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figure 5.4 Ameboid movement leading to
phagocytosis. Top and center, the ameba extends a
seudopodium toward a Pandorina colony. Bottom,
the ameba surrounds the Pandorina before
engulfing it by phagocytosis.

figure 5.3 Ameba in active locomotion. Arrows
indicate direction of streaming protoplasm. The first sign of a
new pseudopodium is thickening of the ectoplasm to form a
clear hyaline cap,into which the fluid endoplasm flows. As
endoplasm reaches the forward tip,it fountains out and is
converted into ectoplasm,forming a stiff outer tube that
lengthens as the forward flow continues. Posteriorly the
ectoplasm is converted into fluid endoplasm,replenishing the
flow. Substratum is necessary for ameboid movement.
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figure 5.5 Diagram of axopodium (right) to show orientation of
electron micrograph of axopodium (from  Actinosphaerium
nucleofilum) in cross section (left). Protozoa with axopodia are
shown in Figure 5.19 (Actinophrys and Clathrulina). The axoneme of
the axopodium is composed of an array of microtubules,which may
vary from three to many in number depending on the species. Some
species can extend or retract their axopodia quite rapidly (x99,000).
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Codosiga

figure 5.6 Some feeding methods among protozoa. Amoeba surrounds a small flagellate with
pseudopodia. Leidyopsis,a flagellate living in the intestine of termites,forms pseudopodia and ingests
wood chips. Didinium,a ciliate, feeds only on Paramecium, which it swallows through a temporary
cytostome in its anterior end. Sometimes more than one Didinium feed on the same Paramecium.
Podophrya is a suctorian ciliophoran. Its tentacles attach to its prey and suck prey cytoplasm into its
body, where the cytoplasm is pinched off to form food vacuoles. Codosiga, a sessile flagellate with a
collar of microvilli,feeds on particles suspended in the water drawn through its collar by the beat of its
flagellum. The particles are moved to the cell body and ingested (surrounded by small pseudopods).
Technically all of these methods are types of phagocytosis.

A

Cytoplasm
Contractile
Hz.o H* HCOS' |‘..|20 ~~ vacuole
/ \ "
Cell
membrane H,0 H* HCO5~ |:|20

.

18




figure 5.7 Proposed mechanism for operation of contractile vacuoles. A,B,Vacuoles are composed of a system of
cisternae and tubules. Proton pumps in their membranes transport H+ and cotransport HCO3- into the vacuoles.
Water diffuses in passively to maintain an osmotic pressure equal to that in the cytoplasm. When the vacuole fills
C, its membrane fuses with the cell’s surface membrane, expelling water,H+and HCO3-. D, Protons and
bicarbonate ions are replaced readily by action of carbonic anhydrase on carbon dioxide and water.
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figure 5.8 Binary fission in some amebas and Euglenozoa. A, The two nuclei ofArcella divide
as some of its cytoplasm is extruded and begins to secrete a new shell for the daughter cell.
B, The shell of another sarcodine, Euglypha, is constructed of secreted platelets. Secretion of
the platelets for the daughter cell begins before the cytoplasm begins to move out the
aperture. As these form the shell of the daughter cell,the nucleus divides. C, Trypanosoma
has a kinetoplast (part of the mitochondrion) near the kinetosome of its flagellum close to its
posterior end in the stage shown. All of these parts must replicate before the cell divides. D,
Division of Euglena.
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figure 5.9 Binary fission in a ciliophoran (Paramecium). Division is transverse, across rows of cilia.

21




obEl Ol WY dain Y L) aasall dag o an Lgany LY SIS g he50 ) O a2
¢ A ol o ZLaaY) (g 0sS Le Bale . uall Sl dad elas Ngigig ol G peind)
gliad WA ool Ll Clagusas S 6% s3le¥ CladV) didee 6 mean

Adisa gl Lyglae dgalitia o< 38~ LiaY) o)) Ldals

JIEAY) Cipm) m LYl s did ) P 5] alaaV) disy ¢ alilgal)

I raeng - L) aalaay Gldaguall Gamg cibaagll (8 Db Jadl 8 13a (il

cagagag KU Aalal oo AUl dadall Aand) Alady shadl 5y50 (8 (Lhad) Luwia (paiial)

PRV ladl¥l) Clagugag)Slh 45Uy daala) Jua¥) i (hatiahysdll) Lua¥) (e A
bl b le g JSI 5aUall sdag (Jased

=z o) Y (syngamy) eadall YL HAVL ZLaeY) sl maah ddae o
S O A AR L aadall Ol et Y lgsignd)l (B dsall alladl)
5 dadall danll IS maatiy JIFAY) ala@Vh z L) (g5 jekit dus (autogamy)
Lall QK Gy zla) Gy Jals Gasay clagamil @Al Al A @l 8 o) Y
o) Leia Ll S 06 syl LS L ) (e Wbty lilad) el o
Eaang S8 ) il U Al (5 Ll :Asexual R, aadadd) il -
s adall Gyl sasl
Dl Cpanas S Y Al A iy :Binary Fission ) jUaziy) -
- 13889 Al Glensdiy AU ool ) Ledsad aaag oY) (40 Laas
lgyg sl & Gasy :Multiple fission or Schizogony aamia) jWada¥i-oo
daiall A Cajaty aPlguladl aladi) Jd Gl 2o Blgill bl g Jadd
.Merozoite &g jualls 434<all LAY Schizont (§slaally

22



L Lineal) 5all cldlagy) 4 ks :External budding ajlad) aspuill-c
saiig e Lad e Jealy @ ool G mhaus e e DU ey (68 o

s bl avall )
Ginld S 06$ tInternal budding or endogyogeny  Ailall aspaal—C
A B daay WS dlead) oda 4 debanddl QY AN Jaly B ooiyeea

-

.Sarcocystis e sS)ludlg 4021 <IN il g2al)

Pl L ganyh e gsSogSexual R, eadad) Al -

:Conjugation Jaliall Clady) -

SEE 5 Lagiy slal) (e ledly 45e g uBIS OUEL Sy gl B dasay
Nall Caar o dagine Blgi am & Glaliadl 82 Uaeall (Ul Slady LSt ollsl)
& A ol Jladl lgaden SaV) G alaily QIS JS e Gilagugag SI (e Lial)

Baally 5Kl 36l (106<5 Bale) Lgia JS

:Syngamy qwial) zlai¥) o) (Y-

zedall AVl (oS madd) Jia Lenas) Gpmadie zleall s ilnaglly Sl gl 8 Gasy
Al o) dpadd) Aanl) (sl Glaguge S (e 2a2ll Cral Ao Lgia S (ggin 3 (g
13 s (A Lyghaa dgline damiall zLAY) calS 13 llsogamy duleal) oda e xig Zygote
Anisogamy _awié Macro 5,.<s Microgametes s Jic Ljglae dalida calg
Encystment and Excystment _ aill ¢ (sl

¢ aleadl )lAl) L)) lie Gk e bl daa Al gy e Aliadia g3 i
SRl O Al g ylal 1S Ampeiall Afl) lalgall 3 falie K8 daali lgisisnd ol
GLSY1 (6 e 19353l 5538 o aSEIL dasiy das daals Cagpl Q8 slall a8 e

O e A bkl JICEY) e el L age Gasl 0psSs of + eadY) Jaliall ol aus

23



J<a Y cbbihll o Gl ¢ @l aag (V.0 KA i) cpduaed) G wld A e g2l
daball Gaaas 28 L AT ) Chacas e bl JEY) e adiay gan Lo o 1y Luls)
s Y Ol Ball o . pl) mes (ulS) b O] 5 aeylly SULANIS Al

Aol el LA o) 1ol gon 1ag o gualll

oabsS) L Alada dilies dudad) slually Auil A Gaad AN |9 igigs) Gty (b alSY) Gaai
das cal clelu ¥ g Jilull elsgll B ol V L ¢lid) giSe Colpoda Ayil) il
s B ddlal) 4,0 & Colpoda (uls) (e Blall a8 Lo elddl . 2% Voo Fla
€4 Ga SV daa AS O) OSar (99) Bniuall Clibipad) Gan ly cddaw YA J Juad
oad OSly Barall Angas JeaTio Salingd Luall¥) Gl Jas dagh (ubis¥) IS Gad Al

comaddl) Al of digta daja 00 (30 Blad) day ol Ciliad)

O Vs s b O e pll e ¢ Lol dasghe e LSl @l Cag Ll

ol Jady slall Ba JISG) alane (8 Lslall 550 (p Aime daje (B Gimag ¢ Gysa 050

Cagiaill A5 Bald) (3 pal e Jaids 8 Caglll b e o) - paSE) Ll S

Aa)) 5 dpmalall Al ded & ud o) GuaSo¥) S5 pall ¢ (ghsal) Sl baraall 52l
.5y )

Cagyra ye (obSY) (e lgayhe) laliad) o aliall gaall 8l of e ae)ll e

led 0585 U ghsionll el (8 aglal) GuSil) e D)l Cagylall Bage o8 ¢ Bale

el GaSill a6 38 ¢ dabalall JIKEY) L Aaglie dlage b (Qilalad) ulSY)

28 ¢ dabelll JIKEY) 4 . Carcaall 8 Bagagal) @bl dlilan gk bl Las ¢ Laads jSI
cCincadl & 5asagall Gl diles Wyl Wi 1aaas €T s Al Gusill 06K

abigigpll e dag S ABS ) Troph sdaiall sall digad e caldlany) 4uL06
OsSe GO o<y pakall pl 3 gdaiall eall o) lia Chal g Gilia (i ddalas
LS ) Ak e

24



s ol A g
Adle Ll Gigylal e Ll e ddadladll 1)
cillghall ey N 4G -
A G Caniae e JEB Al Y
Attachment sbail™l 45, jha S5 - ¢
Do Sy sl @ld) e aelid Sl Jal el )
Ol (843 ) 50 W) Dl s -)
U TE U P EQ R JFCS SUU g PSS [ E R B S S [RET DR s ¢
oSl Cadle e Camall il 3l s oY

25



