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(Prokaryotic and Eukaryotic cell)
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(Introduction)/gf? 1.0

(Objectives) 42 1.1

(The Cell - An Overview)s b LI .o 1.2

(Cell: A Fundamental Theory and Modern &3’;/:).?/;17/5&;%,{1:,& 1.3

Research)

(Biochemical Composition ofCell)&V&g{.@? J.‘& 1.4

(Water: The Solvent of Life) U §(0_ x):&g 1.5

(Domains of Life)e b £ 4 1.6
(@Lfkgu&f/?a@uf{u{ud/g 1.6.1

(The Prokaryotic Cell) - u@f/ K}/’ 1.7

(Eukaryotic Cell) o £yKY 1.8

(Comparison of Cellular Organisation).<.J/ »* Kffj 39’ 1.9

(f} Susk LYY LYKol de 191
'//V/}U@id/uyll(g/}’u}:u 1.9.2

(Difference Between Prokarotic and () / Un &Jg/ Q/}! u@f/ K}/’ 1.9.3

Eukaryotic cell)
(Learning Outcomes)éf«’dm 1.10
(Keywords)5WIJ /gg 1.11
(Model Examination Questions)w U/l »* L}@";/ 1.12



(Short Answer Type Questions):«wrdbéay}?/y 1.12.2
(Long Answer Type Questions)aﬂ!rdbﬁawﬁg);)’ 1.12.3

(Glossary)u@) 1.13

(Introduction)/gz'; 1.0

= "Kytos" BI3EgLIA S Lora b 6 2o (K1 SULS (et b
EUS16655 (Robert Hooke) Snslidta iy Jo_c " BUG"\" 8" Ner§ 7 e 35\
ALl sl st Woaebef § (Cork) TS 123 Lind Ui
WL SE gk S 11218 (Cell Biology) =l b3 s (UK (Cells)”
_ujug%"" SE Lo EULil
(Theodor I 15352 1l (Matthias Schleiden) X1 Lo Jb 1838-1839 (Uil !
A Lo F U S 1t Q0 L U7 WU (Cell Theory) £ F & Schwann)
_ung_P‘“” 4:&%1}@(& 1
-‘éém&,;&;w}g&(wmram& 2
2 A 1855 (Rudolf Virchow) 55 iif 15 St slie s sty < Lo 3
~Breolos
e P s § L 3508 Molecular Biology) =il QUL I8 2\ A1 L eb
e I e BT Sosa
S g S L1 E s § sl (Prokaryotic Cells) — L3I F 1
T sl (Bacteria) E/:’”; Ll 2 gﬂ/ (Organelles) <\ #* iy = ub’ 231 (Nucleus)
_uju'gt"fu(u’l(Archaea)
E o (Nucleus) 25 2 F e UPFEIEP ULz (Bukaryotic Cells) - E 315! 2
1 (Fungi) Q8 ebbemti & . rd_ss2v* (Membrane-bound Organelles) . i

- LK (Protists) &j}/,:
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GBS 3 Z N QY2 (Metabolism) ¢t (Reproduction) 43 (Growthis &

GAL Qo sl (Medicine) b« (Genetics) i el b o Y6l st 3t S - &1 s/

Sesm eI 36 A2 3t o Bt 35S e 13l ure L2  (Biotechnology)
-%Q)untéd(:é/‘j:pj/gﬁvd/

&
oy

(Objectives) 43 1.1

-uffaévf&fb9y/lu%4jfuf¢§;,tJﬂuéumwxf,g”d}wU:&Ktm

=G QB S ST e UV e eolond B RSl LUt i d et P S %
661 Z(Cell Biology)

St LU BT & 2 S Ui S sl S(Cell Theory) 2 f L <
At s LY

uy/}L(Eukaryotic Cell)#(}!jfv{ul(Prokaryotic Cell)#(}l]j‘}%"uld;?uu(“' o
_c‘-gﬁwﬁ#;ﬂ"f_pyﬁJ’;A@wfuml&}(«u

(Cell Membrane) L}”’ 3&1’ (Nucleus) W% « {Cytoplasm) (JU.;;’/L’ VAN d/ “ﬁ D
_gtgla?ﬂ/?ubﬂ{/&l/&u}!Jﬁfb“aéfgfyL’a}d/v/:;ﬁ(OrganelleS):«“W

9 (Excretion) ) 7 { Nutrition) §/& Jm (Locomotion) =/ 7 )Jy ot Juir .)«7:’/ l/u’ <
A e wd U S 3t Ao (Reproduction)

(The Cell - An Overview)o'//lg Vg —,JV 1.2

.
g

hr«?:u} JJL’:"! 1664 ++(Robert Hooke) S st & 1% %cq@ﬂb‘l J(Cell)",}&"
/’ﬁc’_/,u(n_é“: LY ffci.}‘?j.’uf}jdi(Cork)_«cgé/} £(Micr0scope)ufui'(jlﬁl Ul
u.t’;gj}}:?l 4 6’/4/5 Z u.’fuf(f'{i_ «#(Antonie van Leeuwenhoek) Jz’»f L d;;'l o ul//"/l/
£33 L 31 HZ 1 +#(Red Blood Cells)\fe Z#(, # (Sperm Cells) =\ §" s+ Uk 2 o
_Q;rL’K * ’*‘(Animalcules)"ﬂ:’?fff::~ o' */ uuutgéjuié_w/ I _éub L:?(Microorganisms)
ST iuszd Fo L B0 pEUao sl P U S M biarita p & LAl
Sz fhm w183 Len 3 nd Usogsih » L0 UiF e sa$usiznd Pl §
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:’/&Vu’uwgzl!ﬁiLU}/l;:éf_//Alb‘gfﬁJijlfl‘_jﬁu»g%ﬂ%(Robert Brown) 3l
_E)"UK*%iéo}'//GJ'}'(Nucleus)"u’%g"%iféieg;lulLag}

ubf.{ldﬂ,&ﬂn()‘”cu’lfzﬁlgr’ﬁQﬂl.guﬁy)J(Cell Biology):«g’?&g‘;a)gu,

oﬂ//->=<~%=éfg¢4€',2_a&?;’a>?uxv,g]cui',u!_ujé'.nu?/;l‘ﬂ(7!&Kuﬁu%cf_élﬂog:wg.ﬂ.uff&v

(l/“ 7] ‘Ldr’l sk L16(Biology) =l @Tﬁru{/ sx d/(Cell Theory) :/}j 3&1’ LU?@/} élﬁ.’ O]
“LLZJuuﬁé‘/JQl/ﬂ&Vd/u»ulg

(a) (b) (c)
Fig.1: RobertHooke Antonie van Leeuwenhoek RobertBrown
(1635-1703) (1632-1723) (1773-1858)

(Cell: A Fundamental Theory and Modern &Ji/g/ﬂ?ﬂ’:«f:' d)&%.'g,;l} 1.3

Research)

f&fo/«,lﬁ*,L (Matthias Schleiden) uig’uﬁug’wn (Theodor Schwann) u;,i/,j,f’uﬁ 1838
_‘Létgég%&»uwuﬁay&mruﬁ (Animal Tissues) u?;&ujm (Plant Cells) c«w Lu»{f
Frtogd & s G oSSz ln Lo s 36 s, £ S 1830
M.J. &‘l’a{l{fd/” (Cell Theory) dﬁ&u’ ”,%,-LLJWJBJU:%?@&{N (Atom) ﬁ’#C/U"
‘.l{’/u%:uﬁ]838-39 T, Schwann ssISchleiden
Sk L sl wLnJ’f”4 “i LI (Protozoa)b];’b)/? s3I (Bacteria) ng &Z A m{
4:«&156{: (Animals) 9 131 (Plants) P (Fungz)&?3#ul,u‘lg/:(},?.‘u,?Lllz‘(/lllg(Unicellular)
/}ly/;!(_J{,lf?culengaW4ugﬁé¢_ujL%illg (Multicellular) d&}?}ldj&ﬂﬁ
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&;v/;-ﬁ‘&(uﬁagléLw‘d%}lnd%,{/u@&/M‘;f?_ugz_n&&”/?awL(uu@
_ujL.l;rL{'l/cZi_}uL{JM&g’?&(@fululu}(}n:ﬁ/ (Structural Features) c:«.t;vrp

¢ (Biophysics)=\a® >« (Biochemistry)od o <2 s 50§ b ¥ e lb s £ 0T
U35 £ e tb U SS AL (Physiology) s (Histology) =tBle (Genetics)= 1oy
Sresd pUAS GrustiesggmimetE S bt & Bt Fn Pl iE e AL b
_f_dgaj,/Ju?g/;J:fuﬁuwmu‘fg/_w;;r@/dwLUC'J

(Cell ff“’" J. eirre Malor S 2 N IF S E L (Cell Theory) o f Q6
Gl el S edln i UdFeEATL (19th Century) Sao+21-upe 23 Division)
QB el 2228 o bwszr e § (Chromosomes) v s (Genetic Material) 51
%,1uﬁ4ffnfu,,:fJ&?4gy/ (Genetic) Cjél/u;l (Physiological) J’jr(Biochemical)
(Biochemical ¢ (ot Z3r Oz e JIE L Srams Lot uni sl £ L3I 168
et ool L ,CJ;?“L&(M } 2 Organization)

s« (Drugs)elsl c (Health)es L% e 1 £l e (lelf bk S &fj g =l
(Environmental f\ QUP\ « (Reproduction) '3 « (Medical Treatment)ite & «(llinesses)
_c‘_‘j‘uutaé’ 40¥ A (Life) f %5422 8 sl (Evolution) 58 /\<Problems)

S S Uk 2 & A L B Biochemical Composition) =3t o & A
_Zgj"/wu;u(ﬂﬁl

(Biochemical Composition of Cel) =3 l/é %{.@? J “i 1.4

(Bacteria)l, 262 - (Rocks) U9 3, U(ee*3.5L F L Ui S e T
uﬁjﬁ)%JV&J%.5/,:/}3;/‘?Lfl]f‘al:’ﬂ:/,t"d;u’!?ujé:)&n(Fossils))’}Lu;/ulgwlfﬁ
Jil. s KGE Ji rén |4z 4 (Ocean Surface) é/ Sons dﬁ’) ,J/‘L - ://j J}‘?’ wlie o _JT
T FECON AT BB P s w2 QL A a1 LIt b= (Atmosphere)
& JEH0) =l L35 361N

(NP3 F e Sulfur: S)u@/f(g/ l.‘i/:(}J{f}/ijlﬁre-fu?y‘/vuf/’Lf‘{(Hz)J"fgfuijl,
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s 20l P SECCHD o SONHD 1 CHS) 26l P 223 8T Ut S5 2L L (Carbon: O
i (Nucleic Acids))i{,l.@}ju!(Amino Acids))i;ﬁlk."lé/}'é&&@é%ﬁﬁ/Lag/ul_dffuﬁ
-ulegé};Lc«/V(ﬁ)gdﬂ/l}ﬁ‘é

G b S Saiugm o TS o P i e e P §6a Sas e 2

2z \(Elements) 2t ¥ .} £ 500 ¥ Ut uuuwu-éf % & ((Carbon Compounds)=\/,

(Nitrogen) S>3 F L Hydrogen) > ujgl[:(Carbon)w&(oxygen)u?‘ff -5 o e
b B99E s F. Z s £(Phosphorus: P)Js#6 15 Calcium: Ca)(%*;

o@uﬁ(@l @“59{1cﬂ/gfc‘-dg)dkugJL&)QJuC’J(V"/(Carbon)ui/KLb/t.’J&/ﬁ
(:5}” (Potassium: K)(fﬁgd;/lf ﬂl/’z -‘LC"’(J&;”W JLL'/.(Organic Compounds):«lﬂ// &VL
O 8 b 0.8 P S (Magnesium: Mg)(fﬁ’? I(Chiorine: CDef 1558 (Sodium: Na)
e u;/lllyr’l}_‘at’lyw(Tmce Elements)uj"‘:l"‘luff/bu:‘t’;?:ujLnu?ruf/L&'* g d/,wi 0.2 ~t#
e dbdiet o 3 by

(Chemical Composition ofCell)..»;'//“J.L;f.Kd/ill N Juy

(%)w‘écb’@&dﬂ (Element)/‘:’ (%)/W:.; e 5L s (Element)/‘:’
68% (Oxygen)df:ff 0.25% (Sulphur)uajif

18% (Carbon) )-8 0.20% (Potassium) (3 Ly

10% (Hydrogen)J* 3,47 0.15% (SOdi”m)(’:j”

3% (Nitrogen)J*s F & 0.15% (Chlorine)u’"/}g

1.5% (Calcium)(.%'; 0.05% (Magnesium)(.%‘u?

RTINS

1.0% (Phosphorus) J/#§
(Trace amounts)  (Fe, Zn, Cu, Mn, etc.)
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(Water: The Solvent ofLife)J)l; K d/ AJ :&g 1.5

4™ (Solvent of Life) J¥* lﬂf £ ":,lcj_u’l‘c"_t’b: % 80-60L /"J Kok, Luuu@[}g
Ut sk UF s (Cellular Reactions) = b3 7 U7 o« esSobiosdl-o

&t LnJC (Biomolecules) 53 L A5 Ut (Dry Weighy win B0 L E
AT~ (Carbohydrates) /383K (Nucleic Acids) 335 (Lipids) %« (Proteins)7s
Ly b oAU e e

/tﬂjbﬂ.{'ab’@iu}}u@d/ﬂ{’?@yufizl .ZJuy

wi o K (Biomolecule)d}:’? L&.lz’ o B (Biomolecule)d{gl'&?
(%) (%
71% (Proteins)ﬁﬁ/,: 5% (Carbohydmtes)gfz//?lﬁf/g

505  (Inorganic & »» &VL /;‘

12% (Lipids)J2%/
’ Minerals)

704 (Nucleic JAd v@}:
Acids)

(Self-Assessment Questions - SAQ)Glo A (5

B e B LOOMANE S bl f 580

L sz s L (Trace Elements) /U 27 L2 (Sodium) (£5v 1) (Potassium) (3 tye) .1
-t

L LB e e A2 L (Proteins) 7y () 2

‘ugam}z’“’ q=lisrli() 3

_ELE P10 (dqueous) ST QL lndntde) 4

U gBL () s () E SRt ds 5

-J! (Trace Elements) '~"!ui/";}2y‘uﬁ£ (Sodium) (:5’)’151 (Potassium) ﬂ:lf{f(a)
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~BSCEA IS L (Proteins) i (b)

Ut n e =R iU ()

2 e U (Aqueous Medium) J5 3T (Cellular Reactions) = _1s3_x 4 & (d)
(d) Xe(e) V/ilb) /e (Answers): (@) Xeblle

z
(Domains ofLife)aL&’,J’LJ £ 1.6

.-c‘-f:j” "uﬁ um/ d;ngf ;Jﬁdbé.@@%uﬁjl La?t';u(u)u@ggoéw
SEIILL (Single-celled) S L 2l (Fungi) &gé::_;guiwtcﬁ (Eukaryotes) — uj:j/b/g 1
i
_wJLi/umf)/'(L?&gm (Bacteria) | /Cu*u’ (Prokaryotes) — Jp@ 2
i (Ralph S. Wolfe) J,,w_ﬂmf‘ L il (Carl Woese) uf/»w{uu_pgg»& Va3
(Prokaryotes) Uj%/g% égzﬂnrkcaf S u’-e'_(:ﬁ rusis S ol S i s S il
< (Eukaryotes) uuutg.,@f/KgIJ Vet gJ uwuj‘f’“f 4 um/ iz Jgg;;4/)@gg>o;:éLM
.'.lzl@/ﬂﬁufUﬂj/’ﬁvﬁlu,g]:’/uj{/é/’:.jtg-‘aﬂff
_ (True Bacteria), 25815 (Eubacteria) -\ 259 .1
JLort¥ (drchaea) W St 77 (Archaebacteria) -\ ARG 2
(Terrestrial) $.J\ (Aquatic) QT;QX Jt (Microorganisms) 7 /:.f hiya l<ll (Archaea) T
Ve ere dni¥ Pie (True Bacteria) | 25871250 Qim Qo dur-a bz Lt s
PP e WSS a8 s s i s e Mo 5 S s
(@dk;/;(}f/vca@ufgu’:/udjg 1.6.1
ag}“’"/ @,Lakd;gwf " (Tree of Life) .wu;&f £ "[j,u'ziu'f;;dﬂ
(Archaea) /T .1
(Bacteria)\, /;{'? 2

(Eukaryota)ty /€y .3
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u:“/g}jut.:,yézicﬁ:ug/u@ (Single-celled) d}uwg(Bacterl’a) g/;ém (Archaea) &-CT
-t’nuf}ﬁr(Nucleus)
%TL/LLF/}’ (Well-defined Nucleus) u:“gﬁ!»{iutayai (Eukaryota) U’z’zggf,{//?
_u,?J ¢ (Protozoa) l)]ja/.:u!&{ss‘gﬁgc/]lgufu’ It s0s 25 (Membrane-bound Organelles)
:étg_§_" u:‘%;;”vib/‘ﬁff_wdtgug "Karyon"
5’}%&&4"@{:" (Before a nucleus)‘&?c(ﬁ%}f”‘aww (Prokaryote) &{/K}/,:" .
_L"nu:‘; J:?f‘uff% ¥
vﬂwﬂzu&f&éldﬂ‘" (True nucleus)wﬂ}j‘}il "o A6 (Eukaryote) Lo Y e
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_4"_[3;»» uﬁaé‘/&vd/uml@;!&Lgp[,uuu.bdxa.?/;,
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Protecbacteria

Eukaryota
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Sheonpli§ Qoo £ a1 2
2 (Prokaryotes) 46 4 § (Structural Complexity) S aze F\ &) (Cells) &
ﬂ:;.b@gg&}ugu’J&VJujf/Kgunujg/%/?gﬁ_ugzg.w;(:ﬁuﬁ (Eukaryotes) uj,f/Ql
et SRS S P S AU
5 Uk (Genes) 72 (Genetic Information) s QL & ol o
Utz S S (Protein) s Ukl o (Ribosomes) v s %%
28 Us Y (Functions) JW1st (Structure) =3\ Z 7, <
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J{'?Ld}&%ﬂbd.,ndt*plufu#rng_éy u(&l:i; (ATP - Adenosine Triphosphate) Qdé_i X
-+

(}/.ﬁcdit&;ﬁ/&&uﬂL&ﬁc‘aé;’uﬁy‘ (Plasma Membrane) ﬁt)&dcﬁ(ﬁ <
-

e e S P FLELE A

(The Prokaryotic Cell)..;lé g £y Kﬁ'/v 1.7

LIJL@L‘L:/?UQ}?:U,? (Microorganisms) ])’:.f/f)f/l. (Single-celled) d}bb{.&j{/%/n
‘u:fd'if’ (Archaea) QJ//TA’ (Bacteria) Qﬁdﬁ{/%@-dj&ﬁ/@wu;/u@é!}:I
rekeor® G S £ By,
(Membrane-bound %Té_né_/fcfm (Nuclear Membrane) ub’/;ig):uf“iccw .

(Chloroplast) wL};u;K < (Golgi Bodies)u’fl,u%f: (Mitochondria)g/fb'/ F1.S % Organelles)

-Lnu:" 3725 (Lysosomes) 7337 .l
:‘LL"}?J}?/J:LLkJG.{lL (Cytoplasm) r)l}:j”bﬂ&'ndf’nl};ﬁ (DNA) < Ie1S3 o
—ebblf (Nucleoid) ¥ K5
JAl J{/%/JL&_{! (Escherichia coli) — d}’/“lf?././“i .
(39’?1}14"_%7&&;): (Intestinal Tract) uﬁT&Uuz‘§_/1;@Jg/%4(uu{i (E. coli) d/_dl
_§_VlggJWl4L.@¢_2L1J&?
-< (Gram-negative Bacterium) | ig},f/g"'j (Rod-shaped) G § /J’i’? V{i d[ Sl e
_‘L&ng}:}‘/v (Lipopolysaccharides) Jﬁjl/gdg:fﬂﬁ&a/;d/ﬁéu’l o
(zn)ﬁr‘ju( (Peptidoglycan) M,"égﬁfgf‘;‘;dﬂ (Cytoplasmic Membrane) Jo{,dﬂ{:f’/b«‘_jﬁu’l .
eSS L LI E 2
~<Uslig (um) /J"fﬁ/..cll.lulw (um) f'-f;/..gl.Z Q/“J,“Jﬁgd/‘dl .
(Diagrammatic fléu.”f.;u! (Electron Micrograph Image) /,,ﬁdl/'i/?tu’}gld/d)’/.di
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Capsule

Pili

Cell wall
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Nucleoid

Ribosome
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Flagellum

(@ (b)
e 3 s SV NS0 E. colid s E v 18 E. coliz] 3
LBy 0 U L kos? FLCE. col) s~
e Fed bbbl itmest- G )il By K, L2850

(Cell WalD) /1 £>36 .1

25 LA -e Qe 2L pe JnGa 7 I ((Sugar) F (Protein) s ;3 L1 2
-t ':J (Peptidoglycan)dfég Py i 4;.(?’@&&..6;@ y

-‘LL"}’ZZ 1 OL:, /“J Kuj;y@éﬂg;él)é M,”g( 5%@(Gmm-negative Bacteria)& jg}:@rlf
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-
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Lipoteichoic
Acid

Peptidoglycan
Cell Wall

Gram-Positive Bacterial Cell Wall Gram-Negative Bacterial Cell Wall

B
_33 3 Peptidoglycan [

Plasma [ e
Membrane L S0

Plasma [ it

Membrane

B(1=4)-N-acetyl-D-glucosamine

Alternating copolymer of
and N-acetylmuramic acid |:

L-Ala-D-Glu-

Z : L-Lys-D-Ala
Pentaglycine cross-link / :| tetrapeptide

a b
E Wt 2B GG L2 P e b 01 47

(Plasma Membrane)(}e, Ltk 2

J%:J)ﬁ"ti y-< Jn' 12Y 4 i/ &uﬂ d//l,f; &l)’ ‘e Cl qu’{ (Cell Membrane) Q’/ J: & fuk’ Ltk

éﬁé(Molecules))’:;? L,’Kd).l{fl{u’ / _‘gém}""&’ 4(Proteins) - 55%’/’5 14 (Phospholipids) - 45%

_‘ali/(dﬁ/y//(Transport)ﬂf{ L/;gmm Z

(Cytoplasm)(]l};)‘i"/l/ 3

_ﬁ;(}ﬂd ;L(Plasma Membrane)d‘e’ Lk 2 4"_:2'1/&5/,0 I d/ “i -

(Nucleoid)/?’::.g % 4

2 <‘LL"}€)}?}"J}:§' \wls L 16(Double-stranded DNA) N1 S35 % fﬂ}ﬁ’u«”L(Cytoplasm)()ll;i"/v

_‘Lt‘nufyu((CircularDNA)&/U%HQ

u://;%}jé:()//ﬁ JI( “ct‘ﬂuf?}lnI/cdq’d_bat‘lk(Bacterial Chromosome)(}’f;/fég/}gd

_3}?&.‘5} s 2" (Nuclear Membrane)

(Plasmids)4ity .5

u:ﬁ;'? (W yany 4_?‘{/{/ L}?.’ P /! $3(Extrachromosomal) J’r/;/!fgi o~ L}g}'wyj

-‘Lt'lgw/(Plasmids)Ji 7

_ujan;ljfa(Bacterial Chromosome)(r’y‘ﬁ/( JQ /}g}?:uj&nal.}’” L}Wuﬁ/i/Qg

-L‘/l,}g.(Antibiotic Resistance) 71 » 36 L ils» e 210 728 3P uﬁ"‘czoijuﬁcaﬂlaﬁJ/U)/lllgd
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(Ribosomes) 7+ 511.6

Py AUt L2y (Granular Structures) &5/ 9 L& o J £25,000 F Ut ol
- bl (Ribosomes)
Y P AT Z (Protein Synthesis)d/.t? Juf54fr;?¢/
(Flagella)il(?ﬁ 7
eSS Motility) =7 4 ;éz:ujdnuf' A Protein-based) S~ /,ufu,,
(PilD3 1.8
e b PN et VS LAY 2 (Cell WalD 953 b 381 4
~E ST 2 a(Copies of Plasmids) U8 Si4 bk 2o sa 0Lk
(Capsule)‘_)x;i( 9
S o\ S EBubacteria)l /}gan:’( -‘Q&%(Sticky Outermost Layer) « ufﬁa Gs e, &
_‘4&»,«. Jm k)
(Storage Granules)e— 25 02131%.10
43_ 4_/,2_/0/3'54_%&!}5{)/51(Starch)?li‘J:(Fats)Lgt'géﬁf"Z'JUéJC';uf(JLg}‘f.”Vd:Q/:’”gc:«%
s 529 (Storage Granules)ﬂ!:/f & st
SRS
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¢ bl U L S edee o (cet & 1
CIVO iU (Eukaryotic) B389 181 (Prokaryotic) 36,
?&nufuf./(Nuclear membrane) ub’&l){}:u: ij{/%/?
S el §Ued Cin Lt L UF b Qs £ L (E. col) $5-8)
sl AU AL 2GS (Plasmid) 4tk
b S YN S L L 25 (Peptidoglycan) wél{ sk
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?wz_mu,,;;w(,u/cj_é (Protein synthesis) %@ufu?uﬁijgm/? 7

e SR L st e I USIAIS 3225 U (Cytoplasm) (35 Ut By 6oy 8
Ce bl Lad U (Capsule) U b blL AL 28 9

Ll A S =3 (Pili) St (Flagella) w28 .10

(Eukaryotic Cell),;}} j ¥ KX 1.8

u}bﬁdj&ﬁ)ﬁy‘ayr‘} &V&.l futul/;l+dtﬂu¢fgvg (Eukaryotic cell) ,,}ijgf/b/gf
3825 (Nucleus) w%zf4/}51;bgwﬁg/Kg_duégufw (Prokaryotic cell) #u@’,/%/’
fd;‘uj&nd'mf/ (Organelles) %T&L&q’fwuyyV@/Q:MWLJI_‘LLI‘M
uufJfL (Cellular energy exchange) LJP’LJU?/I'&&, (Mitochondria)—k;fb’/}’/l. .
RV
d/v{ly/“ (Membranes) u%/ﬂéi: (Endoplasmic reticulum) — H{giuu(ﬂ};)i?} .
_4"_@,;:,« U:J;)Jv d/u;)h}?g_ (Canal-like system) (Uw
;Jf]d/u»l..i@m‘alz;rl{ldbﬂ (Secretory) dﬁ/guﬁ”&d (Golgi apparatus) — u”i4:!(;%f .
_‘le;uuf.f&;/?
.L‘du/’/:;uiuj"%ylf'i (Digestive processes) JU@W@/X'&&, (Lysosomes) — /r‘r’/U .
sk qu/JiL{“/u»LMG
.(VJ/:/.:«‘V}“}U“;VJ(Eukaryotic animal cell) &&!fjgjlﬁ"’louguf(ﬂg. 1.6) 1.6‘_)&
SUF 2 el nie (Cell wall) Aire5 5135 L0 (Plant cells) L3605l
L}“fuplc (Osmotic pressure) 5@);@’;1/}1 (Mechanical pressure) 5L)gf‘:(¢1,ﬁ‘a&)gf:up;‘;
L
f.f}/‘,ul (Polysaccharides) Jifl/gdg/f;fﬁéaanf)/?uﬁjﬁ (Cellulose) J}J)l..”ﬂg’,)d
‘.u}‘Lnéc{,l U (Matrix) J/ L (Proteins)

8L (Plasma membrane) J‘fug/i:u;&/xliﬁ (Materials) LJLL!)L&A{)&W,
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-wz_wc"uﬁ (Cell wall) /@)&WJI{].T/J!:U,?LM (Release) @/GL&JH(U}L@{CD};’

a
Lysosome_
b g Plasma membrane Centriole Rlbosomec'[
\ Canmeome I |uCrr;" membrane
Reugh endoplasmic reticulum
= NS \ Smooth
endoplasmic
Mitochondrion / N 4 reticulum
’ NLWARN L Nuyclear pore

Lysosome / »
v E‘\ Nucleolus 3
Golgi apparatus ' Nucleoplasm é

Nuclear envelope
Rough
endoplasmic

reticulum
Nucleus

apparatus =\ Mitochondrion

Secretory  Cytoplasm
vesicles

a b
St 0L L Ui fs Ao KL L Ui (1.6

.

(Comparison of Cellular Organisation).~.J/ | ff/ &&17 1.9

u:/'/;ilb‘c'_,g}f.‘ﬁufdu;ml&l/d/ (Organelles) }%TJﬁngKgu:uﬁf;L&gm(‘
K (Cell Organisation) (f;&(zl’uﬁ (Eukaryotes) J}{/Q’/Jl (Prokaryotes) u”g/%/?;u’“&?_i

gLy

f%.;:‘d/u}:.uv@f/gzﬂijg/g}/?wjl/d)y 1.9.1
UKy Sk
(Blue-green algae) 6 =, 25 (Organisms) N &l
B (um) S AENI-10 (Cell size) P KL
(Aerobic)L14)\ (Anaerobic) s 2! (Metabolism) (5t

u::‘} Jﬁ LA (¢ Organelles)}{.’u/ﬁ

/:/’K;f/.:;fuﬁyd/(Circular DNA) ;l@ldﬁwa//lulr&%_;ﬁ}”/f ,
(Nucleus)uff’g;f
c‘-t'né:(f"
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UKy Sk

)}?}"/:; (Nucleolus)uijg}f

(Binaryﬁssion)uﬁéd/@&% (Amitosis) Lj’/}.’f& (Cell division)ﬂﬁ(zw

;zrutd”f’ug (Enzymes) a/ﬁé:u/“w:/;};m&dl/oﬁ/ﬁ;

(Mitochondria)g/fb'/ 4l
St

220 F (Chioroplasts)erths/ ¥
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ety el 2SSt I L PO L LS Ui Sy
2 Pk il e S FTE 2 B o um) s ALt sl E
Foml (Shapes) JEIS et ne 2 10F 3¢ b L usk £y e LUy S
e b0 Fe 36
fl//}!d@' d/u»l,&'lgu!u}:? 1.9.2
Ut s P (Tissues) UPLL (LI 2t 8 b2 LB Ll 200047 311
S
(Epithelium)ﬁ%l .
(Connective zissues)y“f};‘g .
(Muscle tissue) S LOWS
(Nervous tissue)u.:‘; LL}WI .
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(Germ cells)&(j‘e .
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FA e E Alen St (Biochemical) S Y 23§ Snl (I L Fy 6,
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LS

a3 S Se Y iU (Eukaryotic) 3Kyl (Prokaryotic) Ky /sy
L I3

S} e S (Organelles) =\ S ngé‘u:’(,j‘pg}ﬂ/#;wd)géi B

UJ/
el &%

26



(Keywords)5WI (S J;K 1.11

_t‘nuf‘ﬁ%;jml}//gfgg}’//&?éfuﬁ‘ﬁ#,, Prokaryotic Cell ,}a&l;’f
)ﬁ/awg/cﬁmwjg}f/bﬁibugJﬁf,ﬁu

Eukaryotic Cell ,“,La&m
-l w

/51u.?é'_ny”/“gwo;k)kv{l/lllg,’ﬁfc_t’/ugﬁ:}ju .
' ‘ Cell Theory :’%z:b

_4"_(5&(5)&3:6/6/,0]#
L"/(f:ﬂ Uffﬂd’géguj(’ﬁfwjb{’gd“'."‘?/’ufu’/ul? Five Kingdom ’?/)rﬂég
- Classification S
_w;;rlg’lr{u’f?ﬁ;i'z;&”,,lfv.f_,{)ﬁmuLﬁ Organelles =L

(Model Examination Questions) w Ul 3 (} ey’ 1.12

(Objective Answer Type Questions) Q/@J?dl&/aﬂ'/g)’béa@'ﬁ/g 1.12.1

(MCQS):«LJI/QG:'U»?

?‘Lt'ﬁ)}?}”ﬁ;)y.b’u}(ut =B Ly ks, 1
ik #A(B) )
v #1AD) Fuw©o

u’»“% :.f(A):_,lﬁé’d
g r:ﬁ J(Domains)Us s S &S Usi bl Z K 2
uf(B) »(4)
&yD) (C)
Bzl
?%GCMD,CJU:ak’«c"/;l@/!/g/)(jlflﬁf_(ﬁ 5 o Microorganisms)=zod s 3
U1(B) L 25(4)
S D) e

27



%T(B):yizéé
S L By F e bl A E Ky g e s 4

Fuk® ey A1)
(D) LSO
Q/,)?/;‘/L(C):y1ﬁé’d

e bl AL e b 6y S
FARLO) S )
ik # (D) S X120
B2l

Ceboatiniiteloed f &zl estdzdl 25 .6
A B) Fuu)
e3#UAD) Jrd (O
U (C):_‘,u?éf

Ut b LU Enzymes) b dind Sapdud £ & By sy T

4#(B) o)
LS #UD) Fuuo)
Fun(iizl

i JeLIE. colDdS-G1 8
29 K9(B) S
JH5(D) L 20

L 2Ol
?ufd'lfbulgbﬂc)/u:d/«;:g/)J&Wv@f/g{ 9

L 25(B) 1339,4(4)
<4(D) dé©o

L /:’*g(B):_.,lﬁé’d

?‘at‘g)u Uﬁ(Tmnsport)ﬁ}‘d/)'/l/ufauﬁ%bengLguﬁ:«wu@/@ 10

28



o (B L)

S E£(D) er#14C)

STz

(Short Answer Type Questions)e Ul Sb bl A7 1.12.2
S Ve S e AL St (Cell) b 1
V38 » L (Eukaryotic Cell) 638351 (Prokaryotic Cell) o Fy 65, 2
O

?L“,ﬁ,m;/(a;uﬁulé,uiuﬁvd@uuggdﬂd;gé (Cell Theory) - & 3
S e Kot L1 2 S i =3 § (E. coli) (-G 4
(Carl /;»J/b/mujz.u/ =AW 440 Z (Biological Classification) §£: . 3&“? S

?.L'I/'/J/L:?A (Three Domain System) (b’/ufﬁu.:@/‘f/c Woese)

(Long Answer Type Questions) :JU!}"J&L:«U:?J)E 1.12.3

?J!j’fuc&‘f/vu)ﬂld}&%iu’wlu"/‘/yw:d/(Cell Theory) ,}',)? N

K@kﬂﬁ&’;ulgv&/(Eukaryotic Cell) ,ﬁu@/ﬁfui (Prokaryotic Cell) ,}5..'@/(5/,: 2
g S d

§rpeal Qe Sz S e S22 6 Lo Zees-$ £ L (E. cold) d5~1 3
?iné’

(Carl Woese) ﬁ))d/gjjldg’j(.jéu/’&hwjégi (Biological Classification) U//C:.?u&g’.lg 4
U /. ww;d/ (Three Domain System) (b/ et Z

LS Z i Sk § (Organelles) w525 U (Eukaryotic Cell) &£ €767 .5
?uﬁ“f[ﬁéu

29



(Glossary)wé/. 1.13

C7

J;g‘»/l

/}!uﬁéb'd)y:Jui}?:ujLndxy/vgg‘;/u(g"V“ % Jum}:lg

-‘a&m}”
Z"_/Jluj&c,&w;ulgrﬁfc“_b’/uyﬁd};u
—sslge by ML
;ﬁrayfmd‘”"mof/mlfcd"’uﬁgf&cy
_kigécdﬂuj}
Jmﬁrc,g’w‘md“fmD//A;J‘?’Zuu:u’o&u
-ﬁéu»{f/)lu»}jlgﬁ:uj

"l/" A% s beJ ¢ ks Z S sl Juuutg
il 2l e bW i A sse e S Ui sl
—by 6y

Juil u‘/gm‘a&mzmméﬁzwvﬁwu
-uijg}f/)hdfufﬁpfi/f’/l.ﬁrba&)r’l{‘l
dﬁuﬁdﬂzr}&f/uﬁur}%@y@?ﬁ&w
e Qi

e

Jef

.
* -

*"/" L

2/~

oy

&

g

AU

N SN,

LEs by

w DI I8 J/K

"tEJufﬁuf

flf!&g‘;

ﬁﬂﬁljo}'//

etz S 2% 2 el $ 0l o o 3 Gl

_‘LL}CQU‘”&WU’;‘;

Lu»l./;l‘L&/&El}?d/;l'ﬂ&uil}?j&;ﬁd/ﬁ
e 3L T A&

30

E)4

FFods

U4

LS F

Cell

Cell Theory

Prokaryotic Cell

Eukaryotic Cell

Three Domain
System

Organelles

Nucleoid

Plasmid

Plasma
Membrane



S sesSFu 2 3¢

(Structure and Function of the Plasma Membrane)

(Introduction)/gz'?

(Objectives) 3+

(Structure of Plasma Membrane){' (3 Kdi Ul};

(Lipid Bilayer)e 4%/

(Membrane Proteins)‘/".’.'b V4 y

(Carbohydrates)uéz/? lp{/(

(Fluid Mosaic ModeDJ3l £ JL-

(Key Features of the Fluid Mosaic Model)-:«&ﬂr‘} 6¢KJJSL9{M J.L:«
(Fluidity)egL-

(Factors Affecting Membrane Fluidity)iJ IFd_ls_silx lj% :4,’.[:«
(Mosaic Pattern)) %W _{Jr

(Learning Outcomes)éf«'(ém

(Keywords)5WI )zf

(Model Examination Questions) Ul » (}L?".’«/

(Short Answer Type Questions)&U!}/J(vial‘,lﬁ/‘:’?

(Long Answer Type Questions)&ﬂ'/dbic«@!ﬁd}b

(GIOSSQIY)&'E /

31

121 L 3

2.2.1

222

2.2.3

2.4.1

2.4.2

2.4.3

2.7.2

2.7.3

2.0
2.1

2.2

2.3

2.4

2.5
2.6

2.7

2.8



(Introduction))gz"/ 2.0

&VJ;A!d;QV{!:c"_t'@prg(Cell Membrane)(ﬁ’(}w&(Plasma Membrane)‘ﬁl.)l{:
U;A{/,'ﬁﬁ'v{l5-44-(3/€G’L}1)/JV:‘:J?L6A}A!4"_(3’{//1/“/,/&§u(u’l:§_u%//4_/;j/£ﬁ§_
L’:ﬁj‘:@it&ullu;’.c%&/ﬁ?/&'_/?&/zgul/llL&Lu»hﬁ%g/((g/vu}’ Z (Selective Barrier)
ml?rg_)x.l‘.’/lllg(v“ &Vd)g,_+3/cj;w J(Physiological Processes)u}j &L}‘?JQLniz
Cellular ) ¢/J1¥ 3&17 sl < 3}4 IRV e r(Eukaryotic) Jg/t{&""’ LU (Prokaryotic) jz,{jf;
“L&/(bl/l;/d,gb/uﬁ éui/“/,:’/(Homeostasis

/)bLJAKJ(RCSpOHSiVC)Q’}?/}l(FleXible)/Uvgvg df‘deﬁ/;JG'Lwd/fM}.
A6 e 58 s M- 0 3 2 8 S (Structural Stability) 81 5L G o et S S
ébfd}&%}?‘aény/v(mpid Bilayer) -7 ( 52 JQZ:/,:/)’ d)yf(}q,til}:-‘a/?('?’/)l V{}';/ d/u’l
:(Glycolipids)/’i’«j:f 11 «(Phospholipids) %/ #6 o7 § 122 v - 1 J:@' S(Structural Framework)
Z_lgg:..,i}'uﬁjul/l,«g/'fkqgfﬁc‘_(}%ﬁ/(:(Molecules)c;«UVcC(Cholesterol)Jﬁ/ﬁ’g/ul
-t

LI S UGE Lo L B rom S e ees? FL§(Phospholipids) 46
2t (Lt S/ 3 -Hydrophilic) s s 43(L1s &35 < 3 ~Hydrophobic)
UG r e a1 5 X U e B o ol S s o SR 7 S s 3 12 b S
—utd Snteraction W A L e L3 Lo S et o b i

2 e TV ol 25 L (Fluid Mosaic ModeD <5 {7s Jp = dts /= FL§F L
J/J"fdeL/w_u?yﬁ%L(G.L. Nicolson)‘f:fd!&/;l(s.l Singer)/é;uﬁl Jx1972
Skt Z 7S aUvédg-‘gg}?&//?ﬁ;/?mug.gztav@rdt,m./}“u{l L estes
Je L2200 d:d:i uﬁﬁmﬁﬂwz.mugfdfzwz,ﬁﬁw §(Lateral Mobility)_“)/]
it

Integral -ﬁa@é?g)ujd’;/}’?/gﬁJq’/vu}’f;gﬁu’?"gﬂu&@ﬁ)/vﬁ/ﬂ Lélﬁﬁdyu’l

32



o u.?“g:ﬂf'!/‘_)bﬁ'! J;ﬁﬁ/,:,_(Peripheral Proteins—y’:})/,:j/)u.?z_n;b]./?i/ Jf&(Proteins
21 {Enzymatic Activity)$ ys $ b «Signal Transduction) & > d/ J’C {Transport) Jo u( Ul
-(Intercellular Communication)&)lu&&-gluf

Sbeeblor 1 (Fluidity) de S 67 2 b JEF (CholesteroD Js 5 Ut Lk
sz E ALK AT oo L1 Tl i Senined end 2ef E Uk Sl 7 o0
ot -t d e - L (Glycoproteins=72s, F €)72 £\ (Glycolipids-s4/ F )32 2
qu E’L. 21 LAdhesion) 5%. {Cell Recognition) =% &L}? sl uj&n A;//,: i/&;/:. JLF u“"/f:/‘
-u:z&/’/bl/b/ Al J~(Immune Response)

:U)"/T,:«_é".jduwg‘ k(Cellular Functionality)c«u(}.w .ﬂ.ufu%&wv{t u‘;fl./&.
Signal ) 7 SHE 2 2 ot lop 2 < &S F A &ty & Ul SZ6 0 121 dix
20V IR L&(Selective Permeability):/,,;';"ﬂ"}@@%:'l d/f_‘ag/?ﬁ' Lilas 4/5£(Transmission
“i £L‘aw!(Metabolic Functions)JUlJﬁUgé&ﬁ“L(’UqVUﬁéz;l}/,/g))!?L@Ubwlui/T
e/

sz U SE o 0 A Ut S sl (Cell Signaling) G L6 F Lotk e st
«(Gene EXpression)/bpglJgﬁcujL/J}':’/ij&y,cmlw&%ﬂLigands)%gg&ﬁﬁJ%/
S fb/ It "/;’U’:&L}V L<«(Enzyme Activation)é;’lgd yd"

%ﬁm‘ﬂﬁéw:@mLJE‘JWLM@J&&u}f&gyd;g%/fm&w&‘fug
bt L2 A Kty s e wdp&v&fﬁ SEL e lelid L& S
ﬁciu’f/‘j’tpp’}c‘wwgimfému:f&gih,lylaf&”f’_;ﬂ/?rtvlz:_,gu¢_€Llffu4
_4_6/,/¢4q§’_£;®/1/,1g)’u L&

(Objectives) 4#E» 2.1
LS Tl S

33
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Peripheral bilayer
membrane Integral membrane Cholesterol )
protein proteins Protein channel
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(Figure: Structure of the Plasma Membrane):)’lfp( ub, Ltk J(’
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37



nonpolar ) (s> uﬁ ﬁ‘ (hydrophobic) ..Qu}g’ (sl Ve d/ st (polar heads) ~ uﬁ (hydrophilic)
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FLUID MOSAIC MODEL OF PLASMA MEMBRANE

Extracellular f
Fluid S0 o

Cholesterol
[

R

cytoskeleton
Cytoplasm

(Fluid Mosaic Model of the Plasma Membrane) 3£ J»* - KJ’? (.J!g:f

£ L =31 (semi-permeable) //f/.lg (: ¢ (dynamic)J 7 Y #/ (Plasma Membrane) J‘; Ltk
(embedded /f 2 Y- Yo ‘_f c%&n‘f?y 4 (phOSpholipid bilayer) a/,:d /:»5;!;5” 62 ‘L.lﬂ.b'/)
(Fluid Jﬁ’l.._{ vy J.l,»-ujLnJ (¢ (cholesterol) Js /"’-1) Ll (carbohydrates) Lﬂ'ﬂy’ |4 /6<proteins)
(proteins) I 34,91 (lipids) Q].: ulﬁc‘&t'/’/ uy,/ (flexible nature) = )/u.g d/ ul‘; Mosaic Model)
el ub, (Integral Proteins) 72 st St 2/ (lateral movement) =/ [y Lc«/,: S
753/,: J/.{ﬁ f e (Lf’ (signaling functions) Jbﬁ'l J/@l 23 (tranSport) J'?) qu LIAOi L/’/

/,"gj}g/ Lg 2l (GlyCOproteins) ﬁ.’b }/,:}..C/ Lg-u,? S M i/ d/ J”’ (Peripheral Proteins)
(cell =30 QL6 < 352 87 (carbohydrate chains) o 2 J ik Z- £ o (Glycolipids)

(Cholesterol /;;g l J; f-’! e Ui S s S (’U ~ (communication) < lo/s* uirecognition)
2% (fluidity) edL sl (stability) i SE 2l ne /{ o i1 £ = § psmolecules)
(structural s &7 Lost Z (cytOplasm) (JQ;?/L/ (Cytoskeletal Filaments) u’t" 1Y befﬂ s -
_UJL/(U} support)
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(Key Features of the Fluid Mosaic Model)&kﬁ!‘é d/:gd/djl.ng}”dy 2.4

(Fluidity)=dl 2.4.1
(lipid =40 183 4P Sl - (fuidity) ede S werr? AL EULL oL
-ujé/.:f’/]li/bﬂL.:«/,’%lﬂ;;gl.ﬁg}f,ubgf+&ﬁag;Jbilayer)
(lateral movement and J ;/ul =S 76 /7 ;;? Lé@{, (Lipid Mobility)i =7 ;Jy J Q{ .
U stGEn s o T 7 e il U (flexibility) B 2z 2/ b-6rotation)
‘ujg}C/LL”Z P e RY&s “L&)’ZJC' o o8 d/ (unsaturated fatty acid chains)
4./ .,(:3’ j/)!';/}l (stretch) 4/‘ (bend)ﬁ / LF G’»{,J.L:“ (Membrane Flexibility): S ,«g J J” .
Jf &l}’ —i¥ s1 (cell shape changes) Uz.-L-Ag'" J g}/j 89’ ety p-eoelll J (self-heal)
NIy /“iﬁ (exocytosis) J ¥ Ls sl (endocytosis) v~ Floady &
k,*u’{ (membrane proteins) g‘)é')/,:édl‘? 10 /’ J QZ: (Protein Mobility): =7 :JJ J U£31., .
J Jﬁ « (protein-protein interactions).:«ﬂvb"'uﬁ‘%—ufu,:af 7 o= LSS 76 /’M’l Z
_+ﬁ léé (tranSport activities) U):,’/( s J J‘”’ :Jy 2! (signal transduction) f*
(Factors Affecting Membrane Fluidity): 15 L_lsd_ st 4101 pedl 2.4.2
bedee ez ont. Lea b 3ol e e 7 50l (Temperature): wl 7 59 o
i
S22 (unsaturated fatty acids) J4d5¥es z ZF (Lipid Composition): 51| gz -
_ujzé;/ [ | (saturated fatty acids) jX 6‘:} > ;,‘,?.:c‘-&/ RICTIPCH
‘+t/ ¢ 6 L (fluidity buffer) Hedl-LiJs ~?J (Cholesterol Content): »/»* KJ:/"’@} L.

_Lab-’/uc,&.d.l,«ug)/”a/1].3/)0}&)/3!ﬁo)k)/”a/!].?mf//fﬁ

(Mosaic Pattern)¢/ %W u{)}f‘ 243
Oy szﬁaauﬁrgy':“u,dc‘)ﬁ/uﬁ J‘?’ﬂ/c (mosaic) ..{quﬁdﬁhv{);»dlf
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(patchwork) U 415 F 2t s 0554 oS / J~(lipid bilayer)
(Types of Membrane Proteins)irlﬁi d/ uéu,;éd’f
(Integral Proteins):uéu,dﬁ I .1
It E SN A Sy F i En (embedded) sl AT Fryy o
“Lt‘lgw/(transmcmbrane proteins) uﬁ‘;/,u: e
(cell adhesion) 3€; 81}5»1 (receptor functions) Juil 4=« (transport) ) 3‘}; s o
L JEU
40 L (enzymes) < /6| (receptors) J /‘-.;,‘{w (carriers)J ﬂ/‘ (channels) /A% v O©
_uﬁg/ (K
(Peripheral Proteins):uiu’d ;.’ 5 2
~td s My &25 (outer or inner surface) i/&uil b 3 Yl i u'5:4 s o
(enzymatic J&iIS 6 s (structural support) 54 (3’ b (cell signaling)..ﬁ;ﬁ &l.)',: o
S gl /functions)
LS E A gE el
(ASymmetry of the Membrane)a.v.’l/g/{. u( J; 3
u( (lipid bilayer) < /22 u( Q/;' Lﬁcg@uy’f + (asymmetry) &.{L{/{ d/ ul‘; it Jy‘JL/
-Uf nu.'f‘; u/f .{l (inner and outer leaflets) uf 4(}; Yl L}!M"
(Outer Leaﬂet)::«4&; Y
< 4s25 A < (Glycoproteins) 724 # ¥ (Glycolipids) 1%/ F 1 o
(protection) £3# s (cell recognition) :jl:‘ﬁ&l.)"}? LL(ZU: (Glycocalyx) u’g K:.C.y o
Y A

(Inner Leaﬂet)::«/,duil .
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11 (Phosphatidylethanolamine) ¢y f 14536 2% (Phospholipids) J4J#6 o
-‘L&}'ZL}:}) +, (Phosphatidylserine) J ﬁd’/ V]
-« §P &L (cellular structures) ;LMJQV o
(Conclusion)..i? .

AUy —et S e longy 4§t (dynamic and flexible) Al F L L AL
(cellular MV&Q’ d: I (proteins) 7 343 (lipid bilayer) oYLy d/ Q@ J <oy
J:”L,-u,?éul } /,/ (material tranSport) =7 ,JZJ Ysbs/ (communication) :«uﬂlr‘rintegrity)
-‘at'/’/ Zj l;cf/ e (adaptation) e ¥ b £ (environmental changes) u‘r}olf gyil.é:uﬂé

(Learning Outcomes) élldt:fi 2.5

e S ool P Mot L8 S Iy

d/ (components) o7 lﬁu‘ 1! (basic structure) =IOk d/ (Plasma Membrane) J‘; Ltk o
K/ Gk J:”J :

=l sl (structural principles) i 31}.(@ Lz (Phospholipid Bilayer) Aty 5,;9;5’” (X
K& Z f(fluidity)

=l S J; St ts S (Proteins) 77 2.4 03l¢ (Glycolipids)/‘i’«g}g €< (Cholestero)Js #¢ 4
b Seolos§eds® Ji(membrane fluidity)

J ;,’ Y (Integral Proteins) /fb V4 oA Vd S Prad :(L5¢ d/ (Membrane Proteins) /f ;/,:(,k’ <
_?4_/ ug/ (functions) Jl:ﬁ'ml (structure) &Vu( (Peripheral Proteins) /fb 14

e (}Q’? Z Ul (key features) c;«.l,ar‘y (7' J(Fluid Mosaic Model) Jl ngy‘ J.L,« o
K S ol (biological significance)

(cell =3(2 &l}’ L (Glycoproteins) 7 54)’? K sl (Carbohydrates) u"i/)i(’g;f/{ X
£ é S 5S Ut (communication) = el sslrecognition)
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_Lab‘lgn(‘j‘(Sphingomyelin)
(Importance of Lysosomes )/ d/rr‘rjﬂ 3.4.6
Sedbm s SE LSz L el et nia & v
LA IS Sk ot BTy e 0

Membrane

Hydrolytic
Enzymes

o )
ﬂLTransport

e Proteins

,:»-Vlni/fégf?ugﬁrbag///zlﬁ/&Vd/(Lysosome) (}";jﬂb{’/“r‘g:,:&wfrr:jﬂidﬁ
&QL}W(};JJ [ ,-‘awgguﬁ (animal cells) c«W(}If /:lta(membrane-bound organelle)
-~ F (r‘// U-‘at'/’/l)l/l)/’/ S48U% (waste processing) —Es; M i(intracellular digestion)
u.fd_/,}”):’/fuﬁ u(ﬂ;.jghzﬁ!&’f//i}zf(acidic environment) J?LQI):" Lu”ﬁ:c"_(y//g/;/

(::'lic (cellular debris)q".(}w (hydrolytic enzymes) /‘;l’/'!..gﬂjijl,ull:cy_c‘-&)u
(transport proteins) e 54:J7 ’JJ -t 2434 (macromolecules) 7 :;..C‘ Lég’pdb}l:(pathogens)
Al e Ll d Lt g b T F e v H087 Bl iz ™
(defense against {631 Lﬁ? .7 13 (autophagy)($.# 2 #« (cellular homeostasis)d{;‘ 7
i !.:A{“i L pathogens)

62



(Inclusion Bodies)rl’—?’ d!‘: 3.5
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=P JJ&J}'JX}K)/&&VA'ZK&QP‘ :6 &K’

L . 4 Lo 4

(Cell size and Morphology of Prokaryotic and Eukaryotic Cell)

(Introduction)/gz'?

(Objectives) 4# -

(Theory: Prokaryotic Cells):«g} jz’/g)/“,:ﬁ

(Size and Structure of Prokaryotic Cells)=? V/}"//l/l{c«w u@/ K,/"
(Additional Surface Structures);i (3 f’ d (f f:

(Common Shapes of Prokaryotic Cells)dg‘l" (l& Ja«&l’ u@/ K,/"
(Materials and Methods: ML"?&:«W j;f/gg’./}! J{/gﬁélzg@,//}’)’}”
Observing Prokaryotic and Eukaryotic Cells)

(Materials):s/ »*

(Procedure):z(.’é{ )

(Observations and Results)éf«'/}’ (2

(Observation Table)!Jug(}U,U‘f

(Visual Representation)id/ AV S /J

(Subjective and Observational Questions):e Ul » (}Ug (e (§ 25

(Learning Outcomes)éf«'(ém
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(Intro duction)):;{/ 6.0

(Living Organisms) uuuwﬁ 2t (Fundamental Units) 61 U/)E”J Lf %5 (Cells) =\ F
Yl Z (Microsc0pic Size) « L3 (}I’f}j(};l _u:?(}/({/?/)’ Z (Building Blocks) JKLL(}'/:;L
- bays 6+ € (Diversity) {5 /:fl < 2 J~ (Function) J” 21 (Size) (; « (Structure) =3l = |0
u;‘é’/icﬁjl}”c (Cellular Functions)dbﬁ'l&w (Study) .tJUz/K(Morphology) &L/JJ”’%L&W
- 5:4,1//4 LS (Evolutionary Relationships) < (b (j@/l ssI(Adaptation Mechanisms)
(Eukaryotic) J{f/@f/)l (Prokaryotic) Jg’/%/,: u)i:ay’ Z (Types) 5l AT (Unit) &9/
‘ZQ/';J%/K(Difference) 3/ %Juynéaw

elss? Grlx Z (Biology) =l (Distinction) 3 U =\l jgj/’}f ] VQJK;/,:

L /,-f?g U~ & « (Prokaryotic Cells)e | jz’/%/,: - .{l & (~(Fundamental Concepts)
/.:ubrlpﬁ:u.?é'.n (Smaller) L}{Al (Simple) o)l//.:/)’ (lpcuijlf? (Archaea) ,:(/TM(Bacteria)
231 (True Nucleus) o//gfh“’?..{u_pgié,_ugé/ (Diameter)/j (Micrometers) /)’fa/..C/LS.O:_O.l

(Genetic sl &L;«;? Z - g f < (Membrane-Bound Organelles) c«kr” - ‘F
ey 225 400 20UT U2 (Cytoplasm) (I # L2 bl ZUE & St (Nucleoid) 4+ /Material)
432 (Shape) B S 2 2, (Rigid Cell Walls) Usilgs U6 w5 21 b £y 6r ;o

_tZ5# < (Environmental Stress) 5@)3Qil./;lu3£/

Uy « (Animals)Usl # « (Eukaryotic Cells) £y/y (In Contrast)‘f? 2 LU
(More o@vu&]»’ (Larger) 74 /}b"l&‘u,? Lng}}:y 4 (Protists) U'u 34,231 (Fungi) dﬁ «(Plants)
Ll g & (Micrometers) ~ ;f/ L 100 (Diameter) 10 4§ «(jf & sComplex)
(}yf J “2 LU ij (Well-Defined Membrane-Bound Nucleus) s YL J‘f Jf:‘ =y /’ uﬂf f

O u’r‘; ¥ =l Jg/g aste L I - (4, %  (Genetic Information) <l

H}? Al ke < (Mitochondria)l 493\ J &% ot & J'::} £(Specialized Organelles)
~ - (ChlorOplasts)d—wJJ;,J/}K n Uy sl ¢ (Golgi Apparatus)()‘ (jf {Endoplasmic Reticulum)
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(Functioning) «=JWi s (Survival) B, Lt &1~ (Specific Functions) Jii P =¥
UL L
G U e £ o By Syt By Ko, & (Shape) FF L (Morphology) w3t (§ il
u:““uf;zw/,mrwgb s bl 0P Ul s £ (Species) wuf'fi_;,f /;m‘LCc{/
Zuji/
(Spherical)d;/ (Coccei) - d/)’/ .
(Rod-Shaped)/ 5 (BacillD) - &
(Spiral-Shaped) L7 (Spirilla) - th & o
(Comma—Shaped)VL/ (Vibrios) -2z e
L 26 a2t G} 225 L (Rigid Cell Wall) g3 46 =5 1 27 (Shapes) U2
=S d/u’l (Cell Shape) J{; d/"ﬁ - (3!: J‘:ﬁ‘/v (Peptidoglycan) ugjif’%rr J~(Bacteria)
_93n11;1}14 (Survival) &< J;’L._.éﬁ; 231 (Nutrient Absorption) — ez &l)i’c(Mobility)
wl?’v Je fx,(uj “, u.?é’ S S~ « (Eukaryotic Cells)e Vo VQ/Q
uffﬁ‘ i u’.'.?( Il t‘ng};ﬁ) 4 (Protein Filaments) Js2. Z uf'fu,::? e by J:?}"(Cytoskeleton)
et JE L5,
¢ (Spherical)(ﬁ;/ (Animal Cells) =¥ Z Uil
‘ (Cuboidal)uj"'/
«JtZ» (Columnar) dﬁ*’ .
LJQ (Hexagonal) Sl (Rectangular) ‘_).'.w /,:ub (lp (Plant Cells) _.;,L,Lé Lu»{ ﬁ .
-l
(Scientific =6l L At £ 3} L (Morphology) 3L~ sl (Size) (; L=l
(Medical u‘:ﬁu?m (Microbial Classification) dﬁ'f.g»u‘flif#c‘aﬂlquuﬁApplications)

(Cellular Ju! &b}’ Il 25 £ 2 lbr £ (Cell Morphology) =30 &Q’ _Diagnostics)
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(Evolutionary %) L;L?J/! 31 (Environmental Adaptation) el Jb Z Jil. Functions)
-UrE # JRelationships)

=l Jg/;’uljg/%/v’;nifdvplK(Light Microscope) -..;:ﬁ)).?l.('jéuvi"uﬁ&gu’l
UV‘ZJ??.’Q/KL/(Comparison) 215 1 (Observation) s.4l2+§ (Shape) F i (Size) (gé
u..y» L Z i s (Identification) =32 J =l ¥ _;T 23 L (Practical Experiments) | f“
(Foundational H‘ D . L v Vs (Interpretation) C ﬁ“ d/ (Structural Features) c«.l:ay"
21 (Microscopy) Q:"/‘:f/ sl S (Complex Biological Processes) Jf J?poégvKnowledge)
K S A1 at S P b (SKills) ety U (Cellular Analysis) z7 QU6

(Objectives) 42+ 6.1

(L Un6 Teg 51y
(Morphology) <31~ (Size) f; Z_/,c;«&l’ (Eukaryotic) Jg/gm (Prokaryotic) ngga/.: X
_u:/’/ ol (Differentiate) J/4;g~J
f@.ul (Observe) s4l2+6 (Cell Size) (;L“iLﬁL/JWI ¥ (Microscope) -..;:ﬁ}/?/l. o
- AMeasure)
(Common Cell Us£ 3&17 b U= Uss» (Eukaryotes) uj #9151 (Prokaryotes) uj P IV
-/ (dentify) =302 Shapes)
- (Interpret) s/ 5 e 5L (Function) J” S o1 § (Shape) F* sl (Cell Size) (; L& o

(Theory: Prokaryotic Cells):«g’. szK,"/?:d}:' 6.2

2 (7! u/,:ub d).l,%,:_u,?Ln'/V" - r’lﬁ! u’"}‘f:ﬁ/}l ol o d/d/l)/.: O] :«Q’ j{/g}/"
(Eukaryotic Cells) <= ¥ Ky Ky (Archaea)y/zfm (Bacteria) | /:i’gu:z g/g}w < (Domains)
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(Membrane-Bound c«“l,a"’én d/:_ J""’m (Nucleus) o}'// Al e Jg/lﬁ/.: i yys
6 L RIS U a2 el o2 LS - Gl Organelles)
(Human Gut) J#% T(}Ul/ L (Deep-Sea Hydrothermal Vents) 2’3’&/!7 Soas e [ P 211
N
(Size and Structure of Prokaryotic Cells)e30- s/ 7 - K:«g’ j{f/()/n 6.2.1
_‘Lt‘nJ(Micrometers) /J"f;/..C/LS.an. lﬁgu?cujLnL}fa%/,:/}"baW .55164
o $7 L;I'ZI(;I)Z}?:‘L%A/(Surface Area-to-Volume Ratio) g,/l:fﬁ ﬁmfivm’,
=3 .:«J?:[ d/ u!-‘at't;dg e (Efficient Waste Elimination) &7/ S L L2 (Nutrient Uptake)
_Q&QJGLLnﬂjad){{./}é (Binary Fission) J)d/tu.'ﬁ
s Mty ui‘/ 9 o}'// K (}’7 (Genetic Material) s (3&«;? S e v@/%/?
(Cytoplasm) (Ji{,}?’bﬁ‘ujg(Nucleoid) po f §.t’n);?/uﬁled:yoﬁG'<_wgl(DNA)
fUlp“at‘n (Circular Chromosome) r},},’/gdﬁ J;/’uwu.,Q/?M(uuwdf_‘ammL
F5koth g bl (Plasmids) 745tk U2 w2l G6i g Blor UL 267
-%L/ﬂ’}/’};é (Antibiotic Resistance) .:jl/.,@j@éé’lﬁujéz (Genes) % &
sl (Chloroplast)d’/igu)g ¢ (Mitochondria)&xi’/ Al e L 4 Ld‘”’ A .55164
"rx/ lzé Ld&‘ d/ uff;/? J gﬁgﬂ i L“_uf nu’ff »#+ < (Endoplasmic Reticulum)ﬂ? ~/~1;‘1}5;,’1/;I
i d A e S 80 L A YKy Ut s £ S 70 24t x5 2 (Ribosomes)
< Z (Metabolic Processes) JFJX&,";?U}L”;Z/?:;?L/.CM (Enzymes) < ,bos =itk 241
Sl
J’zﬁ, 4 (Phospholipid Bilayer) =9 ﬁg{f}“” 6 LI (Cell Membrane) (}’7 J = v@/%/?
:’/(Substance Movement) J]}JJJU}}L/’LJ}U,UI Limc_&/’}{g(Bamer) J;Agu?:c_&yz
/utziad/ (Cell WalD) 14> dW =5 L vl Ll J)’JK)/ e edoph L J‘”’_a d/da/
- d/‘_}’f + (Pseudopeptidoglycan) Jﬂ 9 ess e U WL (Peptidoglycan) J"Cg 3 e
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_4"_(3/(51/3,«5"4; (Osmotic Pressure) L3> (Structural Support) s (};V/I;f;
(Additional Surface Structures);ilﬂff/ &L’o'm{ 6.2.2
:ﬁcujé’_nd{ (Surface Structures) ébﬁf&bluﬁng@/%/vg
43/'/;,«. uﬁéau}/u!‘a@%c—u{u@gﬂig (Capsules or Slime Layers): jd?‘&d}:&r .
-
< £ (Genetic Exchange) J_s{7 3132 s .f_fnr? LU Ji - (Pili and Fimbriae): | /mdf Lo
-- Conjugation)%fﬁﬂ& (Ll
bl L L e 2 i 2o (Flagella): < 2f o
(Common Shapes of Prokaryotic Cells)J@’ﬂp d/c«.l.}’ u@/gﬁ/“ 6.2.3
Pl a3 3 Fnls o oe ey AL U Sk o 3N S L Bk,
_c‘_&n v 4 (lb;i:f, (Cytoskeletal Elements) Jb"g/ /
(Cocci - Spherical)a 61
_usz.n[,Jﬁ u’u@. Jf & 74 (Description): JL‘J .
- JK/}’?;./’“' (U< UM{J‘ - Diplococci)é?fjﬁf (U u;/"ﬁ‘ﬁyl;, (Arrangement): &7
U~ - Tetrads) )5’/’:; (u;’u/ Z /%L‘ - Staphylococci)&l{/ P (& U)Q..Z‘Streptococci)
==
(Examples): uf.‘lf'» .
— b, u:’?’ | e (Staphylococcus aureus) - ST o
- =416l (Streptococcus pneumoniae) - |+ J A Al o
-‘ggnﬂu’ﬁuffJ;’Lz{/ﬁ’c;!’/’.’lJ!Eﬁ:‘a(}/ﬂ@i/éé/gfﬁd)/(Signiﬁcmce)! ekl e
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(Materials and Methods: 0 4246 Lo u@f/gzﬂ' j{/@/?!/g.@.}/}m}” 6.3

Observing Prokaryotic and Eukaryotic Cells)

(Materials):s/»* 6.3.1
& 0&
(Light Microscope):lf s o .1

oo

:J::‘" 1
o,«,tﬁ»diﬁg;iw‘}gﬁLﬁz/u%é}z”;n!_/dt&t((}ﬁ;/dt,’;fjfz,)fd/iv{i a
e
L% b
)10031ex40ex 10 (4x 2357
104206 (U= Ko i
:;u.l:n‘;/:(; .c
@?Jﬂwy i

(Coarse and Fine Focus Knobs)‘/,)LbL/gf}uf/ymj_% Al

(Prepared Slides of Prokaryotic and Eukaryotic Cells): /47 i o 5 .1
JOI LY TV
Bacillus subtilis)LStaphylococcus aureus Escherichia colil* (= Jf, jg .a
re BBy Ky i
(b ZHAE)=bdy a
(el S el 3o b
2blelfs i
Ll ST S UE 57 SO Aol
(Staining Reagents):ﬁ WLES 2
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(Methylene Blue): ::.L w.‘&}: i
S p Lo\l Fy sz 5l a
(Gram Stain): 'curif i
,‘gt“ndtﬁ“i“iLL/d,«k;/)uﬁfﬂ/@;ﬁrlfﬂjg a
:J’ Iy b
£kt (Crystal Violet): ebsf S i
(s JE}A S _£))e45 (Todine Solution): J# LT i
Wsd_ty bl b & ﬂf ),71.% 5 (Alcohol): Jf"? i
(o Ed8Y b 7 1 DE 5 6 (Safranin): of1 2 iv
(Glass Slides and Cover Slips)igﬁo"/ quljij U/d/ “4& 3
-w&mw@zé/ﬁ_,f:ww‘!g‘ i
_ug[}gp(ff/v,'Lﬁgwééaﬁmu‘gﬂg/L/:uz.%f i

(Micrometer Scale)il}ofc | El 4
(Stage Micrometer): /' )f Lé/ i
ol i 0 1005 2 DL et L Faen, S SEE L a
yos
(Ocular Micrometer): 4 9/..6 I./g;l Al
bl Pl zoal e nl 2 K a
(Notebook and Pen):fs Aluf 2y 5
e
_"LLé_/ﬁ/@//ﬂ/@(}gﬁm‘u:“jL:?‘_au,Lﬁ» a
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(Procedure):~ (.'é{ ) 6.4

(Prepare the Microscope and Slide)u’zg'd/ KWl fssilde s 1
:Jli-ﬂd/ Lus i
_Qj/ul.aa,[;‘gf"{[/{ a
-ng//rgifq/.gfgéf,/ b
:u.‘.{//?é/ s F i
UL LT Sl a
-ﬁ/,:;iuféél/rﬁfu,:/ b
ySe2 S Fa i
ey e 2l 5L AP S PG a
(Focusing and Observation)eg(s+sl 9:2 4o 2
(Low Power Objective):— ! Kf«.ﬁéw i
S e U 104k a
DS e IS b
(Higher Magniﬁcation):o4L'>‘4lezo;gJ i
s R E A Tx 100440k a
LGS T nE i d EFAST b
deaZ ALl il
-q/fu//“rﬁzifdl.&t{,it/}.@g a
(Measuring Cell Size)lA -6 l:3 L » .3
(Calibration): ¥ »§cfsns i
_Q//‘f}/ﬂuﬁ{u’é//}f}f@/ .a
_Q/__,@T(v/}:,)?uéﬂ,;%,; b
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Fedeil i
BB S i
(Recording Observations)t./3/.f wiylsid o o 4
plibesL Ol
el S E L es el a
Lo W i
-u/fﬂmdwmu‘uiu&‘”mum a
(Staining Techmques)u‘a J & 54 /S .5
(Simple Staining - Methylene Blue):0€nsl- i
_ufﬂ;é&g»f.::»z—l:uféo/f@w}: a
S onenE L Sns#

o

(Gram Staining):0¢.1.S i
SosderDelis f S

a

Stesd e DJ# 377 b
JW}{(JL’{QO)J{Q .C

LS s (e D d

(Cleaning Up)Jls6. » .6
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SIS F e LKy FE oSl o

(Observations and Results)é Cosleinlze 6.5

43/ U » L (Prokaryotic and Eukaryotic Cells) e\ T LI LY (IO PP AP

e (MorphOIOgy)Jﬁ dye Jrie o~ te S U1 (Table) J}y/y.{léﬁ'g/@’/@/cdﬁ&ﬂ
- 1 ff!; S (Examples) dt"f g “i s« (Special Features)c«yr‘} s (Size)
S (Visual Understanding) (‘:‘J SAStu Lbé.l/f/ (Accurate Diagrams) Lo 1a Ve
R S RS (S ST P AR

(Observation Table):duy&’ 4+ 6.6

(Cell Types, Morphology, and Size Measurements)gjj !3.6/ 7! lu;lcda ‘rwégé

(Cell 5

Type)

(Prokaryotic)

(Prokaryotic)

J{’/%/u
(Prokaryotic)

JZJK{’
(Eukaryotic)

(Shape)P*

(Cocci)Lf/;r

(BacillDdL

b
(Spirilla)

JI

(Spherical)

(pm)7 - (Special Features)fosr® (5

)Xy‘f(;fzf« (No nucleus)uf‘;o}'//
1.0pm  <(Cell wall)J1#53L (Nucleoid present)

(Circular DNA);!QIJ;”JI

l&fiﬁulg)gWr (Rod-shaped)? § £
2.0-5.0 um (No ufﬂ’l’/&u@"(ﬂagella)
membrane-bound organelles)

U,-flﬁf,:u;/u]»‘ (Spiral shape)yjl;r;

1.5-3.5 um (Rigid 42040 =5 (Flagella at both ends)
cell wall)

Q/i‘/ #\c (Prominent nucleus s/ ULV

7.0-10.0 um  (Flexible cell % (46 1 4€«(Mitochondria)

membrane)
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(Example J&

Organism)

Staphylococcus

aurcus

Escherichia coli

Spirillum volutans

Human cheek cell



(cell ~E L . (Example J&
(2 (Shape)g}¢ (pm)7L (Special Features)= oy (5%

Type) Organism)
. « (Nucleus near base)— # d/ éo/’/ Ve

LKy J ) o Human intestinal
20-30 um Lﬁu&)}?f (Microvilli) J:»);L

(Eukaryotic) ~ (Columnar) epithelium
(Elongated shape)
J;’d;uir(Central nucleus)o}’//u’}’//

10-15um  (Uniform J{’ UL «(Glandular function) Kidney tubule cells
(Eukaryotic) ~ (Cuboidal)

shape)

JiLJdsZ « (Amoeboid shape)gf;/'g’g/l
LYKy sulb ’
1520 um  (Cytoplasmic 5kt s #*L-(Pseudopodia) Amoeba proteus
(Eukaryotic) (Irregular)
streaming)

(Visual Representation)id/ yeav; J /4 6.7

(Drawings of Observed Cells): LG&:@U‘;oﬁulﬁ'ﬂ .
‘Qn;«}wn{ (Structural Differences) J/&y V,J/L“ufft‘/.él&ff a3l sy o
(Annotations): C’ /"’“ o
U;fZB 2 = lov® 5 5 sl (Nucleus)ss/ s« (Size)7 L« (Cell Shape)y S& .
-qﬁwt%& 5 155 (Microvilli) uL ¥ W (Flagella)
(Magnification Level): 6/‘; J k% o
2010004 x 4000 (/567 Sl

(Subjective and Observational Questions):ee Ul 3~ (}U{ (e J ¥y 6.8

(Compare and contrast the structural (} S oy ("f} 57 (v d/ O L9 sl ..f,leﬁ/, A
organization of prokaryotic and eukaryotic cells)
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LSt o
(EXplain the significance of cell shape in relation to (J /. u.l.«.:( ) J J” Lu’ ,”Uﬁ J “ﬁ
its function)

S eolos A LU S b Ly Ky Ly ey o

2

(Describe the steps of the Gram staining technique),/ /. u&"‘)’ I /L...gf J Zbri/ 3

Gt B e et SIS o

(What were the most noticeable $(# .L;rJ/ ULV« o s Z 42 of L s

differences during microscopic observation between bacterial (prokaryotic) and
animal (eukaryotic) cells?)

(Why is it important to use immersion oil ?‘Lg:a:ﬁ‘ d, dlﬂ"‘l LJ’ITJ LL u»,{ }..é./'Tl 00x
with the 100x objective lens?)

_¢/ug/¢'}uéu14 (Image Clarity) Mu}d//“f‘j o

4

(Learning Outcomes) élldt:fl

6.9

e S ool P I L8 S sy
LGSO S Y Kyl Yy
Ly eeendi Ll
Lyl i S
LSS ST B SE s
Ly e Lol L F e gl
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b 2 5L ot/ 7 3¢

(Cell Viability by Trypan Blue)

(Introduction)/gz'?

(Objectives) +# -

(Principle of Trypan Blue Exclusion)J!" I LU 7 };Luy../b
(Key Components)g‘.‘«ﬁ’(" [

(Materials and Reagents)uﬁ‘z 280518

(Equipment)c.'«UT

(Reagents)gfb’%{ J

(Procedure)z(.’é{ )

(Cell Harvesting and Preparation)d/.l?/}! (5/}7@7’ J c.'«g’ 1o Ve
(Staining with Trypan Blue)dﬁ.‘rj/c‘_);guzl’a/b@)i/
(Counting and Microscopy) < b ui:}/i. 2 &/73 o /
(Calculation of Cell Viability) Y o> S 4 b
(Observations and Results)éf«'/}’ | (2
(Interpretation)i}' f“

(Precautions) /4 ub .L;bl

(Applications)gjubl

(Troubleshooting)dp gJ/l/

(Conclusion)g? i

(Learning Outcomes)éf«’qm
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7.2.1

7.3.1

7.3.2

7.4.1

7.4.2

7.4.3

7.4.4

7.0
7.1

7.2

7.3

7.4

7.5
7.6
7.7
7.8
7.9
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(Model Examination Questions)aUly&L?‘w/ 7.12
_Q/ug./?ubﬁfdﬂéuiwﬁgéu;&} 1
S K3/ ¢ 7 Lg‘f (cell viability)wLb £ s Z_ S Jed16 4 s ez 2
UL o s Lo i S
eI bl neid L3 b Wk 4
U Lt 28 Fiem &t i Kbop 312 5.

N
W

(Introduction) /gz'{ 7.0

_LLL"/’//;W)’/(functionalily) &.ijh;/;’cjéd/(cellpopulation) d}LTin‘L,/@ﬂb{leJf
FI1e (grow)iss S S e $on 0L 09251588 (living cells) e \B o5 (sample) S
Lo 4160468 Al 7 L (cell culture) /f sl (eytotoxic effects) <) 1&_ zi<(proliferation)
&b
.-/z‘é:c‘-d/,/:,fct@ojul;//;Kw/dfuﬁufﬁbfz@

(Cell Biology) 344\
(Microbiology) &s 5 s £\

(Cancer Research)g}gf /’:."/
(Drug Development) /¢ d/ 3]
(ClinicalDiagnostics)u‘qz‘;}ﬁg .

(Trypan Blue Exclusion Test)._‘;»:;@!]'lx%ug../b

(Trypan M@!}'lgugj.@};w}wmUULnJL»“me_./“iLL%JMK@JJf
-& Blue Exclusion Test)
ufm{/;lujzﬁnuﬁ:)ug (membranes) UWJ(viable cells) a.w»l)/c".(j{/?d/lu’u@.},
_u.?GC/c;LnJél}/(dyes)
_‘Lt’lgn‘flul!L&VTV@L.?Ju(gj?cuj&lgn/:'l?ggl/'uy@?u((non—viable cells) :«.L‘léu/.?.

(negatively charged d’jﬁ){’jbﬂé@/%&)ﬁb& (vital stain) ébﬂl;{’ (Trypan Blue) :;lfu‘l;../b
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_4"_tj«,)j/ﬁ,9uj1//nfbc&lflﬂgﬁaL«uo;/dgt'nujJ‘;buffd/awwjd-c"_diazo dye)
}j (colorless or clear) JW&L&.%L (microscope) JE.9 (Viable Cells): c«.L;uM’) .
T
_uj"%;éul/;/?/;bff’;m"lfé (blue stain) ._f/“& (Non-Viable Cells): 0-"-4&1’.0)/ .
(Importance of Cell Viability Testing)=.4 J&»ﬁ.’bél’& JJf
_LL('Z’JL?’éL (research purposes) ML'JAL}'?;/M (applications) ﬁ@éuﬁgf"t{w&){
:‘aéﬂibuﬁufidﬁ’@/wﬁ@w
(Cell Culture Monitoring):&l/?d/{df 1
(production deml%ga@j&W/f-(}lhOﬂ;/&@u’l&l/{(u&ﬁf@d/(cell culture) ZKJZ/
uﬂ}"/f: (contamination)J})T:‘_,wa@-uj/ (viable) @JG.JJLC’JUUMLPI"OCeSS)
g &LL (experimental treatments) @110(3@ f“ \ (suboptimal culture conditions) & U ZK
e Uz berd
(Drug Screening and Cytotoxicity Testing).'*f.gc{.&/;)/;lélg d/c«.L‘ul 2
K (toxicity) .:J}.'lé/z}/;l (efficacy) c_'«,:}"?d/(compounds) ap//kak}ﬁl(:‘:&&:ﬁl’égd/g):
u’.uogdjl/uwf‘““" LS P A /mu:/’,ufL@w,ugﬂ.:f“g“ii'géo;m
_ujé/’;fjg(cytotoxic potential) ;«tg“éﬂjé (therapeutic agents) USL
(Cancer Research):&:’; /‘.f( 3
:«Walj_‘aﬂl&%&»f{@JJ:éLL/AWgcA/:’!L (anticancer drugs) c«&»l/‘:@}‘l
_u,?EELo’//.b ch,,}.’?d/(chemotherapeutic agents) u%idi}}{ﬁﬁffﬁhﬁlﬂd/
(Regenerative Medicine and Stem Cell Research):&?gff(fyluluf,@fﬁﬁdz 4
;‘«y{ﬂ“b&t‘n(zl&{//l}z/(higk viability) w‘wﬁ (stem cell research) &‘:;Jfﬁ.j’l
LMLGJ-&@Q&GW;/(thempeutic applications) Je1 S sl (differentiation) &:/J
_‘Lgtgd/&l/{(d/(stability) "@”!ulofdd/fﬁff(%léu'
(Bioprocessing and Biotechnology):(ﬁ}’bg{ @/J’_;C.:" szl .S
1 (vaccine production) d/ng U:”(Jd; (e (large-scale cell culture) ZK Jf /,:Lk.,d?,
(optimal gf;//w A s 7 K0S« (bivlogics manufacturing) k. /5’ P u@gg
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_g_dzaﬁaf,,l/g:’_éiivl::&w;/(qualily) /L:v'd:&lu""fﬂlyields)

(Objectives) 4¢G> 7.1

i b6 WP otal b LU
!/:,«;‘Zluldﬂlﬁ (Cell Viability Assays) ugf,"itwigu’& (Trypan Blue):,’,guzl‘/../b o
-t
Ll Lot Lwd (cell Sus;yension)&)/ S
ol S Lfif“ i ( Trypan Blue Exclusion Assay) % Z’/l].’}%ug’../b >
_L‘églf()!ﬁd/aw f/;lm)f’;n&/dlz«""l((Hemocytometer)}ff/l/}‘f <
S F il P Sl
S e e Ut @

X/
0’0

(Principle of Trypan Blue Exclusion)d!‘p’ L@’f‘)j}’dkﬁ./b 7.2

(Cell Membrane Integrity) = l/d/ J“’ U4 (Trypan Blue Exclusion Test) 00 l:;lfuzl,«../”
Jq’/}f/g(i/ﬂ#lf@.luﬁf‘atbgioﬂfugafWJ(LiVing Cells) &Wul],:-ba(_;‘f/?dr"ld)yfé:
L%}/&?Ié’}é (Dyes) ufzJﬂgﬁ‘ujiul}/,/(Selectively Permeable Membrane)

_4"_L5'/u

J‘z‘?d/awwja,pd/ayﬂ}/{?h@lﬂ% (Synthetic Diazo Dye) j/;)flfgf}’”vgxgug../b
L“ﬁu:fc«g}Lna"_/gu/fb,»f:‘aélgngl}'ug‘a%uuﬁ/furﬁge:ﬂt“-fnuffbuﬁ
_c‘_l:;m_;vallj/ngf’uuﬁﬁc_&w’bﬁ,?cc‘_

(Key Components):«&’ﬂl 7.2.1
:Q/gga,dz‘ﬁ/?;w(«!Lméié}/kﬂfﬁjﬂ;?

(Membrane Integﬂ'tyM lru( J‘i .1
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&5K/g;“;vglﬁ‘a(}nyﬂuﬂﬂJuf.:«WM’J-‘L:/}Lfd/ﬁdfﬁﬁd)yfg:/f@!]'léug}’

&/ﬁ@ﬁ{lﬁu?b“fgjyg:u»tuuLe'ﬁ,?.4".&;L/f:@;;ghdu/}d_cz_(}/(KK(Selective Barrier)

(Semi-Permeable ,flp:ﬁ M«CL. (: R 57 /l/“/, IR0 AT é:ﬁ’;/,: 23 Ji’gj :‘JV U/(F-%

L« (Chemical EXposure)‘j7 Vé.l(‘."./‘ (Physical Damage)ul.-ﬁ}&w:agﬁ —2-<bl:Structure)

uf/géw-‘aéwfj:gL/Jd“f?w“ug/égwf) ar‘&{#il/’i/v (Apoptosis - J/}":gl

-ujénfl)uﬁ (Cytoplasm) (JJ};?:/V@)L&:;.Qgﬁ:LLL}T&E - (Permeability)

(NOI’I'JL:”/:;U.?}’ ‘n%uuﬁ/fu(u%‘at’nfbuﬁaw 8] J//Lﬁlu’ﬁ(ﬁu’ly}tul?./b

—e b5 LViable)

(Selective Stamm‘g}jzj,gvr/u;" 2

LS E S ALk Tt JEUE (Cell Suspension) ¢ O 2/ dis ot/

:‘L&/Jb'fﬁflb‘

Il §E B L 2F Ao S £ ures S Bl (Viable Cells): =i
_UJLT}'JL;g/uﬁérduééwuiay@,:@?_&;uf

e TS B & ol S F § % el (Non-Viable Cells): eb i & o
e jjﬂ:i lss (Cytoplasm) (Ji{r,}’f/l//'/ 7 « (Intracellular Components) ¢/ l&ul!
-t

uf;/f_‘at‘t«.)@‘ldf@mul/u/ﬁ/' uy/)LUx.l‘} jJ'L/JU’JjJ (Visual Distinction) J( 4

L/J/ uyuﬁ (POpulations) ug)ﬂw/ulDIJLJ?“LCJ:@%,«,WK:«W L(;}uiu &k d/

_4"_L"nul/7

(Quantitative Analysis). % S/ .3

(Quantitative Data) (30,16 £ (Cell Viability) ok w S e o4 671 L1617 ,}ugj

et A}
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}f;’/V!f.?éLUfJ/f/uj})QW(L’Jj/@)d@}/}l(u@d.—)ol)fﬁ Ldﬁ‘ﬁ.f/
—e bl & nZ_/)e16(Hemocytometer)
e bl U &+ 6} 58 (Percentage of Viability) 428Uk

Viablity(%) = Number of viable cells % 100
DIty LT0) = Total number of cell(viable + Non viable

A E IS Ut §F b $us PSEE (Fields of View) Uil £ s ined LEGE
NEN R ey N~ A SIir 3o U (Statistical Reliability) A% 3} 42
—e b ut G I NS

be
(Materials and Reagents)ﬁ sy 7.3

(Equipment)e= /T 7.3.1
_4;’_ Z:L/C?’JJ]Z‘;“()/&&E f/a._/,m;.f; (Light Microscope): u;;(/;/l.df’ﬂ 1
_ﬁf‘}*zfﬁééd_/phﬁlﬂd/df (Hemocytometer): & #L-»7 2
L (Resuspension) &)/ ul,»"iﬁé_/ (Pellet) &:&;}’/ =¥ (Centrifuge): L2 o3
e
L L F e ndeimL) 10 (I mL U5 4
- LL/CL?&;/J?; L 3,7 (Glass Slides and Cover Slips): U= 4 sl iz .5

(Reagents)uﬁ{{ 7132
d;y"i LL/J}J:«WM/AIM‘J (Trypan Blue Solution = 0.4% w/v): Jﬁx}fu‘lf,/b 1
-k
L L8 S ST =¥ (Phosphate-Buffered Saline - PBS): (flk-3 #ed-6 .2
_é Lé//l /“/)’/ LEJJ‘»’ uu»LdA; (Cell Culture Medium): éﬁ;f ZK Jf 3
‘“iLL/'//L?&)/J: (Sterile Test Tubes): zr,":/:"_.@f_(fu/:' 4
- L 12.0136- (707 EthanoD): J #4707

()
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(Procedure)/ (.'é{ ) 7.4

(Cell Harvesting and Preparation)d/g’/}'d/}rb?’ d/ c«g’ 1k, 7.4.1
(Cell Collection)i)s* E=\f .1
S F el LA
ST S N i
( C’enm'I‘iJgatI'ozz)-'J"'f x.’u’ /‘-.*.“ )
“Slnede = B STy oS d £e541,000 pm
_j'fé/at’//%;q:t’qc;la@l:’/(Supernatant) DAL
(Resuspension)%}” ol 3
P USSP A L desitl mLPBS 152k
(Staining with Trypan Blue)S 2T b sl /22 Jo # 7.4.2
(Dilution) £/ .1
LA ERS s B Lol pL 0.4% 50/ souL
B e =T Ak
AL L3 e onle Sl .
(Loading the Hemocytometer)t./39 Jo 1 #\os 2
L Do 74 SOy SV
e Ee s L 2 # e L 10l ® kol .
‘q;éjééwy{uﬂmw ‘&?L(_}[L‘.}‘ .

\S)
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|- Coverslip

=naplreacr ge =] vea v
a%

RS Ncich /
o,

~ Reits”
(Counting and MiCl’OSCOpy).‘:bf‘u})/};J}’GJJi3 o 7.4.3
(Microscope 'é'elup)-'-g,é’}'d/ ?,C T
e T 20 10/ L
gl el é_/,é‘i“(:/?ubém’/awj}lfj .
(Counting CelLs)»ﬁf d/ Y )
ST S F o Fradosst Uded s Sl L e rss
ST E St L LE s
T S B Fsleks o
= sl uf% 6’ 1L (Light Microscope) .;P,/?’ veA S (Hemacytometer) 5\ 57
(L'?uﬁLl&Zﬁ/z_bﬁruﬁL//‘--u,?LnLl}&/gbﬁ.}//:L/”-.’.'?’L/df -J»/JK}/,:(Cells)
Znd b8l E16U LG8 et (S UBtah LG L s EDST L E Dl
c;wf‘/;iﬂd/aglé@-Q/Aﬁu’f/agﬁ;ﬁr/?u;fud»/JJ/U;J/uﬁé_ud/cz/;-uz
—te % (Non-Viable) J&b & o £l f /e s
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(Calculation of Cell Viability)ugcj/u,«lf? J@J%JF/ 7.4.4

(Viability Percentage)w‘:? d/ B .1

Viablity(%) = Number of viable cells « 100
APIEYAT) = Total number of cell(viable + Non viable

(Total Cell Concentration):)&“JlJ: J( 2

Avergae count X Dilution Factor x 10*

Cell Concentration (cells/mL) = Number of Quadrant counted

(Observations and Results)é (=l K y" (2 .3

44 (Number of s/ d/ Al

(Percentage) Cells) (Celt Type)fgﬁvf
75 150 (Viable Cells)e s )

25 50 (Non-Viable Cells)e b Jui &

100 200 (Total Cells)e o f
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Cell Viability Testing

Trypan blue Staining

O O ®
O O @] O
o © ® O
o % °
(B O A
o S O
@ @
O
@ © O O. O
® O O CY ) @
O
(] ® o
Dead cell Live cell
Parameter Observation
Viable Cells (Clear)

Non-Viable Cells (Blue)

Total Cells Counted
Viability Percentage z
Cell Concentration cells/ mL
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(Interpretation)C‘ } 4

e (IS e sl 807 o
_c‘_uwd/@;}cén.ﬂjg{u‘;tz @{;502 .
-‘Ldﬂ/’ééé//l/“/,/cj‘quf: &l/f(uiﬁ'g o

(Precautions)/,f»’;ubk}’ )

Ll ST el e F12 el
_Q/quﬁguyuﬁgm;Léauu 2
S E E s L LF 05 3
SO Ll F sy B0 4

(Applications)J Wi .6

‘,fgﬁif'wcfﬁuﬁugbwuﬁl&? (Cell Culture Monitoring)i j/bflljo{d“/ N
_df:'ga!}'!L%ﬂuf’» (Toxicity Testing): df.’b&,/:) 2

-&:7';4u/“’£w&gj (Biomedical Research): @/.Jﬂfyg@ 3
-,fj(q}"?J@w/‘:@%¢ (Cancer Studies): &W:C/z( 4

(Troubleshooting)f KJ/L»‘ 7

(Solution) (Possible Cause)g:;(’ (Problem) k4
. ‘ (Faint J /uq
_Q/’UL’:‘“U);;%UQJW (Insufficient Dye)/I,&'deL'd/dlﬁ’
‘ Staining)
(Improper uf s bzl

e Lo ol

Resuspension)  (Clumped Cells)

(Conclusion).f.’f "8

m:,f,"u“ﬁ)‘&?fug’ﬁux”&ﬁ-‘aﬂdwv{léLLéoJm Sl e B sl
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w/;g:"“‘“”zm;wL/J‘&/?uﬁﬁuﬂuuw/g -c‘_ﬂquwf’fdt&uéwuﬁdwgﬁf?{dﬁ
-ujz_/ﬂi/.c;«[.‘{d/u.fé_/@c'_/,é.’//.bg_c@mag](}.w;?fujégfwlaél;’;ﬁ:‘lg}@ul

(Learning Outcomes) éCQLfl 9

LS oo L8 S kS
P A L L L P Sl AT %

R/

Jl.élu.‘.'u;z‘fu(u»}}lg <>

E sl il %
J;sf"@gzg(uuilgﬂ &
A Sl

(Model Examination Questions) < U3 dgﬁ'.‘d"; .10

_q/ug./?/}/igfdﬂidui%/géu}éi}’ 1
e K3 Pl L;J (cell viability)w QWb & s SJe16 2 sl 2

%‘.b’lgy/d“/d/.uy‘ucﬁcpy&u//;!ol]c_uJJ/%@:’(}I/L 3
Ce Wy e LSk Kl 4
?ujgf&ubﬂdV;ﬁgﬁ:’/}u‘/»éwu»{/()} é ;5
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mw&’(u/“;?w/@@w J‘Qg :8&%

(Demonstration of Selective Permeability of Biomembrane)

(Introduction)/gz'?

(Objectives) +# -

(Principle of Selective Permeability)d!" It &)Kj?«’;‘;

(Lipid Bilayer Structure),f o3 o7 »i’g"

(Protein Channels and TranSporters)J/b/).{:j |71 )ﬁ - 2,
(Molecule Characteristics)c:«&ir"; d/ J ,:? L

(Concentration Gradient)J / K6l

(Membrane Integrity):«;:} (0 d/ J”’

(Materials and Reagents)uﬁ‘z 280518

(Equipment)!c.'«UT

(Reagents)k"ﬂ'ék{f

(Procedure)Jj J )

(Preparation of Beetroot Cylinders)d/.l? d/ U}/j}b’ é//b;Z 11k Ve
(Experimental Setup)—s# (BL f“ 2 s

(Heat Treatment)f(}ﬂ]S ,17/

(Observation and Data Recording)u@’/@/fﬁﬂl s 4244 Lo /
(Observation and Results)éf«’ﬂl s

(Calculation of Permeability Index)Jj ki.d/ ://lf?' Sz ,g 590

(Interpretation)a /"7
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(Precautions) /4 ‘f .L:]b]

(Applications)= & U/

(Conclusion).f:’.L ’

d/“,}:c_'{,'/‘é (Biomembrane) Ji{?L}'ZL/JWIKV.Cv@J{,!o/zW&f
J3(Permeability)

(Obj ective) 42

(Problem Statement) -

(Hypothesis) -1+

(Variables)< | /:’3'

(Materials)s/

(Procedure)JKﬁg /

(Preparation of Starch Solution)dJ[.}'J J’L{ 2B e /
(Initial Observation)s.4 L"VL;U?J 2,

(Preparation of lodine Solution)d/.l.}'p( J# </ 5973 ko /
(Immersion)c§) 457 :4 Jo /

(Final Observation)s.4 L‘Vf 5o s

(Observation and Data Recording).f)ﬁ@/@,f/}’ I

(Experimental Data Table)duy (3 d L f“

8.8

8.9

8.10

8.11

8.11.1

8.11.2

8.11.3

8.11.4

8.12

8.13

8.13.1

8.13.2

8.13.3

8.13.4

8.13.5

8.14

8.14.1

(Control Data Table) sl 3Js £ 8.14.2

(Results and Interpretation)é‘ f“ 43l ét«'
(Conclusion).ﬁ? ’

(Significance)e4/

(Learning Outcomes)éf«’(}lﬂ/’
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(Introduction) )37‘/ 8.0

:u.?(Structures);iLwﬁ’("i <22y S (Living Cells) =\ /) 4o "V“(Biomembrane)u:ﬂ;f@
L(Substances)u»l./ggm/,ClL(Cell)&uiujif"g/?/} Z(Dynamic Barrier)&agzu(}vglﬁ
t’n‘;jg i d/ (Property) =6 b ..{’ (Regulation) blo o= L/((Regulate)fgy P (Passage)/}f
}’;;QL u’:“’; Ry JLL &l’/. Lf?’ =l g Ul b,’/(Selective Permeability) Sk =l dl;! E
Uiy (}J/,C’ s “ﬁ =2l - Ul 1 //:(, ,}1/’ ru:): /fé (Membrane) f G (Specific Molecules)
w121 & LD (Nutrient Uptake) #1271 JIJ@ sl Alelf é L, I} 2 (Cellular Homeostasis)
_‘a(}tzdg }’/(Processes)dj (7 (P (Signal T mnsduction)df 76/ UG sl Waste Removal)

Unique ) =3\ 3 2 J(Biomembmne) u:/‘:) I\ (Selective Permeability) Sk el A/ dlﬁ:l
ﬁa4;jﬁu%§_&ndza//,:(Phospholipid Bilayer) 7 dﬁufggﬁ"G/.:ubd).lf%ﬁ‘c"_&nl%c;(&ructure
u%jﬁc". U%Z(Hydrophobic Core)//vguféfl, wgl (Bilayer),f o m -t 2_:’54;:4'/ (Proteins)
G}L(Nonpolar)u%; j A‘L}?f .}?:4“_&/’/ r{g(Barrier)&)K/{’_ é:){? \(Charged) 154\ 51(Polar)
‘(Channels)ﬁ:‘g nUe &//bl/b/ (7 I((Membrane Proteins)'/'fb 54&‘{’ palle Lu’ (Y é/j (Freely);l)!JT
S(Controlled Movement) =7 ’JJ u&G'Qd/ J ;;..C‘ LAl éu’L(Pumps)gﬁ’{’/}l(Carriers)J/’: /.J./
e

Z(Cellular Processes)dj 3&1’ i (Regulated Movement of Molecules):f'/ 7 fb/ ~ d/ Ul
%}U%}’/f@.i(Carbon Dioxide)jjm&!5M/K/}i(0xygen)wf:f“"/,:/? LJ@_‘LL}%C&&!;{M%
);"{ WP Il /}f <1sol e (Phospholipid Bilayer) 7 § ;3 fgf;“" b o9 d/ (Nonpolar Nature)
- (}:’c‘ s 2 J(Transporters))fu;ji/bg%ujé}/,: upr‘; :J/(Polar Molecules)ﬂ:ftu%;/)l (lons)
(@ TP)Lé(}U’l G{)'(Cellular Energy)(ju;"(}w r/l% Z:(Active Transport)&/iﬁdydﬁ‘uﬁ U;/}"Uk}’}
:ujL//(Transport)Jﬁ eIz L (Concentration Gradient)J§ /I z:ul/ﬂ;;?hé_nz./ulz}l
-LLL“L.A@{J - (Nutrient Absorption)glg L;liiél)i'm(lon Pumping)% J7f4

% gd:;?l.fd; “L&n}UfL(Factors)Jif..iﬁ;(Selective Permeabilily)u’/,,,:g ;'/.J/Ql's:'!
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