
• .c:l 
tJflfl 4 

QJ ~ ~ ~~ 

fl11;1~1~11Jti1Jfllti&U'1f1(7l 

(Organization of Life) 

(Physical Organization of Protoplasm) 

1 th 1~v-H~1 ~~rn u 1 Ubs:tr~~bUUff11th:: nau~~ ::bau~6J!ui'e:nun n bb~::J1u~an11bitJ 
~ mv-n11iii .J:JJ1 n ,-::'Ylu n 1 ::b rlaUJ.wi ~tJ..:IL~ niitJtJ ~1tJL V1~d~..:~~1 b tlw;J::~a..:~iii ..:~V:a~:JJ 1 th 1~~~1 ff3! 

. . , , 
b~arnvi'U1~~~LVIikn V:a~:~-m~::tra..:~nu LL~ecl1..:~1 1n~1:JJ bda..:~"illn 1th 1~~~1ff~btl'Uff11~ii~1<il 

~ . . ' 

LL~::LUU'VIU1U~U~1U"lJeJ.Ji..:~ii~i<il ~..:1~1LUU"il::~eJ.J1~f1J~11~~1LUU~eJn11~11.::t~1<il LL~::iin11 
"" 

iurhu~11~111'ila..:~n11 ~11~1..:1 'J ~..:~'ila..:~~1Ubi1aan1::VI':h..:~ 1th 1~~~1ff3!Lff:JJeJ LL~bda..:~~1tJ 
lt.h 1~~~1~mui..:~ii~i~~uiii..:~~eJ~:JJ~.JL1tJnl1brlmX:JJLs:tr~~ (cell membrane) flU Lrla~:JJLs:tr~~~U~..:I 

~ ~ 'IJ , 

11:JJii1JY11J1Y11 ttn11~1UL i1 eJeJ n"lJeJ..:I~1 1m.J~1U n1 1~1UL i1eJeJ n"lJeJ..:Iff11~L n~rllJLs:tr~~~ULUU 
'IJ 

1tl~1:JJVItnn11'Yl1..:1~~n~ri'1 6J 1 tl ~..:lfl11~itnf1n~1"il::1~L iuu 1LL~::~"il11m 1"ll'U1Un11 
'IJ 

.c!i "-' .:.., g., J .,:;: JA .c!i I .., 

V1'leJ'VI~nn1 1tt·b 1b ~muu~u~1UVI 1mb W"J'Yll.J~a btl 
"" 

n1 1Lfl~eJU 1 VI1'VI1 tlbfl~eJU~"lJeJ..:I~1 1~1..:1 ') ~U ~1:JJ'VIinn1 1'Yl1..:1~in«eJ1"i!LLtJn 1~ 
LUU 2 LL1J1J ~a n11LL~1n1::"il1tJ (Diffusion) LL~::aa~ 1:JJ6D'ff (Osmosis) ·~.::~~::"lleJLLtJnaiu1tJ 
LUUb~eJ.J ') 1tli.Jd 

' fl11U't'f'Hl1~'\1UJ (Diffusion) 
I _,- J ..I A ...~ .... A 

n1 1bb ~1 n 1 ::"iJ1UbUUn1 1Lfl~eJU'Yl"lleJ.JeJm "lltl\1~11"il1fi1J1L 1m 'YllJthl11m"lleJ\leJm"llEl\lff11 
'IJ 'IJ 

~tt:JJ1 n 1 tltiu1L 1m ~iitl1:JJ1m"lleJ.Jam uatJ n11 tl1ti1:JJ1m"lJEl\lflm"lJEl\lff11L uu7L 1m tt.::~ffEl..:l 
'IJ 'IJ 'IJ I 

.... I "-' "-' <=:;! I .... I A A 

:JJfl11:JJLL~n~1.::Jn'\.W1n El~11L11"1Jfl.Jn11LL~1n1::"il1tJ"il:::JJlJ1n n11LL~1n1:"il1tJ"il:'V\tJ~LlJEl'U1L1m 
'I 

..... ..... ~ 

'fi'.J~eJ\litUii tJ1:JJ1m "lJeJ.JElm "1Je1..:1~1 1 L rl1L fitJ:JJ nu L iu n"il~ n11'V\tJ~LL ~1 n1 :';l1tJU l1"il~ff:JJ~~ 
'IJ 'I 'I I 'I 'I 

d <=:;! ""'""' <=:;! I ~. A I ..., en ..:~d.Ju"i!~'YleJ~ 11L 11 "lJeJ ..:1 n1 1LL ~ 1 n ,-::"ill tl"ll eJ..:I ~1·n1.::~ ffeJ..:I'U'lL 1ntL 'Yl1 nu , . 

tl
.... .... "-' I .., g.,"-' .., :: 'I I) ...~ .... 

Ell"ilb 1U'Ub 'YlU'UeJ~11fi11bb~1n1::"iJ1tl"lJEl..:lff11 b~nun11 b 'VI~"lJEl\IU1 bM111U::fffl\l blJ'YllJ 

· rla~~~aii.::~nu 1~ t1111111U:: luV1ii.::~iitt1i.::~aclL~:JJ ti1~n11111U:'VI~11.::~LtJ~ brlmtl~rlEJJ11 'VI1 'VI~ 
'IJ 

1tlvnnu1~ J1"il1n1l1~U::'VIii..:l"il::1 'VI~ 1tlff1l1~U::~l1\1Elcl1..:1L i1LL~:Lb 1\1 LU 'l:tJ:LL 1n ~EllJ1flf111 
'IJ 

n111 'VI~"il::b ~:JJ~~~" "i!Un'l::ri'..:~,- ::~u~11 U1l1~u::~.::~fffl\l~ULrhnu ~1"il:'V\tJ~1 'VI~ (ii.::~,.~ 
'I 'I 
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Bfl11L 11~El-\lnTlLLYrln1::·;nu ih.nn1laufi1-\ln'l-4fl1llft'n1"U::~El-\lft'11 ft'11~iift'n1m:Lil'". 
m'Jf';l::£ieifl11L '11~El-\lfi11LLY·dn1::';11tlft'-\lft'fl lf11~iift'n1"U::LU'I-4~El-\IL11\~1£iBfl11L 111El-\l~-\lli1LL~: 

. . '1.1 'I 

"" fit . fit .... ..... fit d 
ft'11'YlLti'I-4~El-\ILL tl-\1';1::3.1 Elfl11 L 11911 

i1ath-\I~El-\lm1LLw1n1::';J1tJ~L~'I-41~-Ml1~LLn m1n1::';11tJ~El-\ln~'I-4~111\Elli'V\;an~1-Wh-\l ') 
I A A ~ """""" 'I ~ I I 

n11LLW1 n1::';11tl~El-\111\tlfl11\ll n'V\1 El11\tlfl'l-41tl1'Ylllft'~-\l L '"'I-41LU~1 n11LLW1 n1:,1tJt1El-\l . 

I. 

Water 

,. 

. . ~ •. ( 

Sa.t\ 

• • . -~, .. 
• • • 

• • ~ 

• 
• • 

• 
• • 

• ... -~ 

~··~ • • • 

~·'~. c .• ~ ..• '.(,~··~· 
c 0 •:;.0 0 '6:''" 

o · •. <: • o ·~::-a 
(. 0 0 () 0 .. 0~., 

·• :• • o ..... ·•· .. o. · · 
c 0. 0 ~. ~-. i. 

~ e C • •r .• 0 
0 u u 0. ~ . ~· 

• o • o ;· ··o . .' ~~ 
0 Q (.) 0 c 0• 

a ·e • •. o • ~ 
0 ) 0 0 :.o . 

(' . . . . 
0 0 "' 0. o,. 0~ 

.. • n • a ~ · ' 

n11LLw1n1:';11tJdiiu-nu1'YlftEln11crl1-\11'1-4~e-\lft'T,:fi1-\l 'J L'I-4LU1LflW~1ft'aJLU'I-4Elth-3 
111 n n1 1;aliLLW1"1Jtl-3 fi16Jf';J1 nLsn~L(111tlL 'l-471-\lfi1'tl n1111\1tlL'<i,r-\lfiLu'I-4~3J11\1tJL ';JL GJJ1Lb~::~1l 
~1tl L ';ltl tl fiff1-3 nLiJ'I-4~ ~"lJtl-3 fi1 1bLW1 n 1 ::';l1(J,r-3j'l-4 

' 
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88tl lJJ;a (Osmosis) 

DElft 111snRLU'-4n11bb Vi-i n1:';11li1JD-\IDnL1JD-\11JD-\Ib 'VIf.'l'J ';11 fitf11f.'l:f.'l1ll~b ~D-;)1-\1 fil1 
'U 

(iit111nm-nD-\1~11.11nn11) 1tJ~tf11f.'l:f.'l1li~Li1.1i'-4n11 (iit1i1.11nL1JD-\1~1UDlln11) 1~u~1'UI.rla 
1J1-\I 'J \rnt1n~1f)1';1Yi';l11n41L~l-41~11 L'-4L~D-\11JD-\IDD« 11.16B'wd ~"1tJ~n11LLYi1n1:';11li1Jfl-\1~1 
~"D1~LLU1fl111l'VI1.11ll-nD"DD w 111snw 't l-4'Yl1-\1~11'Ylll1 ~~11 Lul-4n11LLYi7-na"am -nD-\1~1';11 nuiL 1m 

'U 

~iit11111m-nD~~11.11nn11 ( «11f.'l:f.'l1li~Li1.1i'-4uaun11) 1~u~T~4LrlDu1" 'J 

1J1J1\4 fi11fl fl ff 11JsnRii1J'Yl1J1'YlDci1-\l ~1tlt!J L l-4fi1 1ri1-\11'-4"lJD-\I 1 tJ 11~Yif.'l1H3JL i'Un\4 

n11-nurl1llft11~1" 'J 111£.1 't ui "ij~i~-;)1 nLsnf.'l~'VIll" 1 tJtiDnLsnf.'l~'VId"LtJ'-4 1 u1~£.Ji~aatf 111sn« 
'U 

,l A ~ !*'I .. a I ' 1 A 'l .. t \1 ""' I A ""' .. 
'U LliD1J1-\I ') 'Ylbu\4D-\Iflu1:nau-na-\11J1J1'-4n11flflff 1.16Jfft L 'ULSJff.'lf.'l\4\4 L'ilLLn Lllfi'V11.1t6Jff.'lf.'l , 

I 

(cell membrane) 'it'Ub.D-\1 

A ""' .. !*'I ..4 ... ... - ..l 'l ""' ... I ""' .., ""' ... A ..l 
bliD'VI1.1L6Jff.'lf.'lbu'U.I.llfi1J1-\16Jf -\11.1flnLff1.11J~'Ylllfl1.1 L 'VIft111J1-\IIIjf\4~~'UI.1J1DDn ~~ L1llfiL£.1ti1J1-\I'Yl , , ' 

... - 1 .:1 A • A 
1JflnLft1J1Jflb"!J\4\411 Semipermeable membrane 'V11fl Differentially permeable membrane V\'l"D , 
Selectively permeable membrane LU'UI.rlD~£.JD1.1LlK~1 Ln~md LLL'l:H111J1-\I"!JU~~1.1~1'-41~ u~1llllfl1.1 
1""' A A I A - ~ I .: ... I I .,l --~ ......... I 

'VI ft111J1-\IIIjf\4fi6Jf1.1Wl'U fl111.1 ff11.11 1 fi'V\1 DflnLffl.llJ~'il-\1 fif.'ll'J\4 ';1:1Jflli~Tl1JL m'YlL SJff.'l f.'lll-\ll.l"!f'J~flll 
, 'U 'U 

L'Yh~'U ~f.'l1JD-\11J1J1'-4fi11DDR 11.1snHL ui -\lij~1~~D1';)Yi1JL~l-41ffi U~i~tJ,-:~11'-4 1~LLrl n11 

L~li'JL~ 1'VI ia~11JL~-\I"lJD-\19il-4~-.n n1 1£.J1Ji11Jfl-\l~f.'l 1ir'VI iDfi1'V111U1:L1l'YlLL ,f~1.1' 'VIi a 'ilfl-\1~1ff1.1 , 
.J1Lfi~El LU'Ufl'\.4 

1 a I .. 1' A .: ... ~ ..... .,l .,l ""' ~ , ""' ""' 
'Uu11 fi!J fi11nL 1JD-\I'll1J1\4fi11 flfl ft 1.16Jfft\4 1Jfl'Yi'Yl'JIIjf1 fi11'YlL fi£.11'llfl-\lfi1Jfl111JL 'lllJ'lJ'\.4 

..1~ A A 
'lJEl-\lft11f.'l:f.'l1li'Yll-4nfln~1fl11'Yl111J flfl 

, , . ... , ...1.... IV 'V I I .oil .... ..., 

Hyperton1c Solut1on 11lJ1VCI-3ffTH1~"1V'¥1lJfl11lJL'\JlJ'\JU~-3n11 n"11fltllJfl~'l'1 

tr1U'Ufl-3mlJ1W'\lD-3.ff1'l'lJ1nni1 

Hypotonic Solution 111J1Vfl-3ff1'l"~"1u~ijfl111JL'li'lJ'lTuunvni1 11'1nijv~'l'ltl1'U 
'\Jtl-3mlJ1W'\Jtl-3ff1'l'UflVni1 

A ..1... t; ""' I ~ 
Isotonic Solution 'VI1.11llfl-\lft11f.'l:f.'l1li'Yl1.1fl111.1b'll1J'lll-4L'Yl1nl-4 

~ .I ..- , """ I rJ 4 * ltlt>UH (membrane) UU~11llJfltlUYlJU11f1l•Hit>lJ l1CJtlJ~l'Utltlf11 'U 3 UUU fit> 

rJ -4 diiJ I , , , I 11J , 
I. Impermeable membrane 1 'UHJtl'YI LlJ£ltllJ 'Hffl~ ~ '1 ~l'U L~ln£1 

.. .. rJ -4 J ,, 
2. Semipermeable 'H~n Differentially permeable 'H~n Selectively permeable membrane l 'UHJtl'YIVtllJ 'H_ 

ffl~l~£J~Ul~'J1U~~l'U1~ 

rJ .4 J ,, "" I IIJ" 
3. Permeable membrane 1 'UHJtl'YIV6lJ l1fflnJf1ttt'U~~l'U 1~ 
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Semi,...meable Membrane 

Water molecul!H::te~ Sugor mo.lecules • • '. · ... e~r.·i;~· . . . . •. . . . .. ·t· ·:~, . . . . ~ . . . . • • ·•® • () . . . ~ . . . 
• . • ... ® • • 

Water 

• • • • • • • 

• 
• 
• 

e fiij. • · Sug?r 
...li...a •olut1on . •:"""'• . 

• 
• 
• 

. ... . • 
·~· e • ~ . . ' . • 

• 
• ·~® • 0 .. . . . 

..... 0 • . . ...... • • • ·~0 .• 
Wotf.-r movement 
ac:ro.s membrane •¢&-... - ..... is greater into the · 

0 
.... solution thnn out of it 

.tllff 4-2 utt~H termeability ua::ooallJcitt 
~ I ,4 · IIIJil ,.;. . 1 ..J ~ ~ I il 

A. llJHHlo'Ud~UlVIHH'Hl~~ltHfHl semipermeable llJ t~Wfn::lJ'\IUl~ 11 rt1~LlWoflo'UtJ.J'UllflotHH·nUl~ . . . 
B. ~ o'UtHfl1llJ ff llJ l'l o9ilJ~ lU l,)''UtJ~ llJllHllt'UtHJnh h1'tn~'U,UlUfl 11 tJ tJ ff llJci ff 

... ~ ~ I Q,.o 4 !"'I . 
3Jfl113JL "lJ3J"lJUL 'Yl1 nU'V\'HlLu'U Isotonic !)Oiution 

l ..C ..I fl' I !t} 0 l ~t l . ..... fl' 
un7m'YlL6!f~~LL"1JEl~ b'U~17~:~1tl hy.,ertonic 'il::'Yl1 'V\U1mtl UL6!1'~~6!1'3JDEln3J1'il1nL6!1'~~ 

3J1n 'ilU,;1L~L,.~~L~r.nLLWu lth l~v-.~1~aj''il::'V\~.,.13JnuLi}un~3JnDu L;untJ11 n!J n11md 

··h Plasmolysis ~'ltl1Ln~U1U 6J 'il::.n11YrLsn~~'V\3J~ff3J77tl111l1LUn11fh'l1U1~ tl1fl11~J 
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(Chemical Organization of Protoplasm) 
'I t .. I t f{' .... .... I A A !1'1 " I ...~ .... 

111£.1 L u u1 <llYHntUJ';I:lJ«T'Hflllflr.Jll1nll1r.J'V\~1r.J~'U~ tJ1"1f'U~Lu'UR17u7:neJUYill 
'll 

lfl7\l«i1\IJ1r.J 6) LL~tJ1\I~it~LU'U«17U7:neJtJ~fleJU,j'1\161ftJSJ5eJu u71.11tW'1JeJ\1«17U7:neJtJLL~~: 
~it~ L 'U t U 7 l<11Yi~1 «li'GIJeJ \IL6Jf~~'V\rt\l ') iil~iJu71.11 m ~LL U 'UeJ'UL 'Yh tl'U t~r.J<Il ~eJ~ Cil\I~'U 
t .. l t ..... ... ~I 'I ...1 ~I .... I I 
u'l <1l'Vi~1RlJ';I\IlJR1l1YiLu'UG!JeJ\IN«ll (mixture) L 'UtJ77~11f1~'YILuutl\lflu1:neJtJG!JeJ\1«17<111\I 6) 

111r.JL 'UL6Jf~~~'U iJ1f1<1l~UtJ11ti1~nJll1nLL~:iJn'YitJeJciL«lleJ~11f1<1l l~LLrl. eJeJn;aL';I'U fl1'ltJeJ'U 
. 'I Ql 'll 'I ' 

\'1 t \'1 t . ...1 ... 1 ..... t g.; ..t ...... lA ..... " I " I f{' ~ f{' 
LU ~1,L';I'U L u 'Yl'lL';I'U LL~:rteJ«neJ'l« 1f1<1l'Yl\I'V\11f1<1l'Ullu71.11m 111Jn'Uu'l:1.11m 95 LueJ7L6Jf'U<1l 

. 'I 'I 

GIJeJ\IJ1'V\UnGIJeJ\I tu,-l<1l'Vi~1«1i t~r.JLQ'Vi1:e:Jcl1"ri" 1r1<1leJeJn;aL,uiill1nu1:ll1m 6o LueJfLenufl' . 'I 

t ..... .... ...1 0 ..... VI .. I"" " I ~ VI g.; I 0 ..... t .... .... 
UeJ n-;,1 nu Ur.J\Ill1f1<1l'Yl«1 flru 7 e:J\1~\1 L u eJ'nu ,-:1.11 mL -;,~1f1<1l L~LL n n11.1 :r~u 6JfL~r.Jll fl~eJ 71-L 

'I Ql 'I . 

LLllnLUL~£.11.1 lui«L~£.11.1 LLfi~L~£.11.1 LL~:L'V\~n (L'UL1~1~eJll1iJn17fl'Ufll1YitJ11iJL~liDn~11f1~ 
A t Q; 4 Q; 4 t A 4 Q; ) t ..r.... 0 ca; 1 0 

fleJ tJ'leJ'U 1.1\ln1UH 'Yle:J\ILL~\1 R\ln:«. LL~: ll~tJ~'I.W 1f1~'Yl"'V\li~'I.Wfl111.1«1flty<1leJG!JtJ1Un17'Yl1 
II I 'J fS" ~~ I A 4 I 4 ..., I I A 

\11'U1l1r.J L 'UL6Jf~~Lu'UeJ£.11\11.11n ';1\IL 7r.Jn1f1~L 'V\~11-L 711.1 nu11 Essential element «1'U1f1~eJ'U 6) 

'UeJ nL 'V\iLeJ' U-;)1 n 17 1f1<1li1LL3!';1:GIJ1~LLfi~'U luu1\l rTI3-l.Yn1. ~G!JtJ1'Un17Yt1"1'W11£.1 1. 'UL6Jf~~LW£.l'V\1£.1 
'I 

VI,. I Q; A 4 I t I I t ...1 :a'l 
Lull1fi'Un ';1\IL1r.Jn1f1<1lL'V\~1'U'U11 Non -essential element 1f1<11<1l1\l 6) 'Yl\I'YlLu'U essential element 

. 'I 'I 
..t Q;QooOJ' ~ I. g.; A 

LL~: non-essential element 'UeJ1';1711.1<1l1n'UGIJ~LU'U«17U7:neJtJ<1l1\l 6) LL~1~:~1r.J'V\7fl~e:Jr.J 

u:uue:Jcl1.ulu7l<1l'Vi~1«1i 
'll 

«17Lfl£i~eJVL U lu7 l<1lYi~1«1ieJ1';1LLr.JneJeJn l~LU'UReJ"U1:L1l'YlfleJ f;f?'1lf'1:1fl8 UB iiun1u 
'll . 

..... AI ~ C>/G' g.; I I 

(inorganic compound) ntJ{;f?'1u'1:1fiBUBUn'ifl (organic compound) 1.1flLL<1ln<111\17:'V\11\IR11 
" I ...1 " VI g.; I I ..... o;'A .. I A .... f{' A .... f{' !1'1 f{' 

«e:J\1 u 1 :L1l'Yl'YlL 'V\ u L~eJ £.11\IL~'U~~ nfleJ «11u 7: nfl tJfl'U 'Yl'lr.J'Yln~u~-;, :1.11f1<1lfl1 'ltJfl'ULu'Ufl\lfl 
'I 'I 

tJ1:nfltJflcl~1r.JL«lleJ ue:Jn-;,1n~U«<1l7 lfi1\1Ri1\I'YI1\1Lfliirj"f1~u,Y1"cl"r.J1n'1fu&J5eJuDn~1r.J t'f1u 
'll 'll 'I 

/ 
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.. 
li1 (Water) 

~ !"I · • I ...,. ..,. r .I• 1'1 1· I 1 r .. I • I r • r 
U1LuUR17u7:n£l'U£l'\.U~'Yl7tJ'Yl1JtltJ ~'\.4 u7 flYH:nR1J1J1nu7::1J1N 65-90 Lu£l7LIJ1'\.4fl 

\J ' 

'IJJ£l~~1Vttl'n-ntl~ lu71flYHnw3J ~ ~i:i:nifl~t1'1fltJt!clLU~I-;J:ijtJ;li1N'IJJ£l~~1L u 1tJ71flYi~1R3J 
' \J 

I 'I .. ~ ~t I .. R .. -~ .... I 

111 n R1'\.4 L '\.41!'\.4'1!-tJUU';J:lJ'\.41£ltJU7 :111m 65 LU£l7LIJ1Ufl'IJJ£l~U1Vt'l.4n-ntJ~71~n1tJ 
, \J ' 

~1i:iflmff1J~LU'\.4Jl1'Yi1~:~1tJ (solvept) ~R11J17tl~:~1tJR17fh~ ') 1~£lth~n11~'1JJ11~ , 
A o " .I !"I ..,. .I ..,. I I ,.I I , " I r .L, I I 'I " 
';I~'Yl1'V\'\.l1'YlLu'Ufl1n~:n~'Yl';J:7'UR~R17fl1~ ') Yl~1'\.4L'IJJ1£ltln7:Vt11~LIJ1~~'Yl171~n1tJ LL~:cn1tJ LVI 

tJ~n;tJ1Lfli:J111tJL'\.4LIJ1~~Ln~L~1~U Utln~1n'~'\.4LdtJ~';J1n~1LUUR1'HfliJ~ijfl111l'ftJU~1LYn~R~ 
. \J 

..t • , ..1 o " " .... r .. ,..1 .. 1 \'1 .. 1 ~ " " " .. ,.... · " 
CU~'V\1J1tlfl111111 L '\.4n17'Yl';J:'Yl1 L'V\~N Vt.fJ1l'IJJtl.\IU1L:.p~tJULLu~~ Lu'UU ';J:fltJ~ L ~u7111tutfl111J'ltl~ 

Ltl'\.4~1'\.41'\.U.nn ~~~'" J1~~'Yi1VtU1~Ltlui1n~:n~ifn~rf't.Wt~t~mVtnijn1tJlu 1tJ,-1flYi~1R-11Ln~ 
, \J . 

n17LtJ;~ULLtJ·~~t!cl1~ n:,;''\.4ltu:A ~';1:1 tJn7 :'Ylun7:L il£Juc;I£JtJ~ n;tJ1LfliJ'IJJtJ~R17111tJL U 

1 
.. I 1 . .. . " :¥ " I .... . .. .... . tJ.d tJ \'ltJ .... 
u7 fl~~1Rll ~1tJL'V\~ULLlJ11~~Vt.fJ11111tl'\.4tlnLCU~~';J:Ln~n1'H ~tJ'\.4LL ,~~ L ~tUt'V\.fJll 

'IJJ£l~ 1th 1flYi~1Rlln';J:LtJ~tJULLtJ~~fl11lt!U1~i"1 ') LL~::11J111.ntl'n rn 1~erfl71'1JJtl~u~n1tJ1LfliJLu 
LthLLil~fi1ffa-!1aJn,:'Yiun,:aflam.nn\\l""L~!ln~zu1""n1, 

4 ' UU\flU1 (Inorganic mineral salt) 

Ln~t~u 1aiLu'Yl16~ilt~clt'"i~i:i~1fl~'"· iltJ,-:3J1m 1-5 LtJafLsnufi-na~~1Vtltnrr~Vtllfl 
. \J 

L n~mL 1L Vt~1diluVt~~~aclLL~:'U'Yl'U1'Yl'V\cU1~LLflnc;l1~n'" 1tJ L·.nu · Ltl'l.4a~titJ7:nau"lla~n,.:~n 
. \J \J 

~'" Lt.J~a n L n~~ n7:~a~ 'IJJ'\.4 IIi ~IIi ti1'l.4L n~f.!Ldftacll '"1 tJ,-1flYi~1 ffll eJ1';JiiRn1YiLU'\.4ff11 . \J 

flnfl:nt~'\.4 Vt iaavl UR1l1Yi'IJJeJ~ff17~;:~1tJ Vt7£Jetllu 7U"lleJ~eJ:fleJ1l~iitJ,- :';I 1 rh~1 (ion) 
.\J ' \J \J , 

i ~i:i~1fl~1L tlu~';J:fl'a~ 1 it n~ eJLL 1L Vt~1dL ~1Elfl111JU7 nfiR"lJLL~:n17L ';J1ruLiit.J 1fl"1Je;J~11~ n1t1 , ~ 

LL~111i1fl'U1~".!1ll~11~n1tJflEJ~n17LUU~1U1UcU.tltJ1J1n LLflfl1J~~LHtJij1~ 1i1flc;l1~ ') ~'i1~n1tJ 
, 'I . 

" dl \'ltJ . ... I A 
fltl~n17'\.4tlnL'V\'\.4£l L ';J1n essential element ~ 7tln11 trace element 'V\7tl non-essential element 

tJ tJ 1 r A i' " ..,. :f dl L 11fl1~R7 1: tJ"nU"lJeJ~Ln~tJLb 7 ~~~'\.4 flfl ( 
'I 

1. ~1'1~ 1fl7~n7:~n ~u LL~:7:lJ'U"1JeJ~L'V\~·1L'l.411~n1tJ . 
' \J 

2. fl1'Ufi3.HJfl71fi1111LUUn7~Vtia~h~"lJEl~"1Jtl~L'V\~1L u 'i1~n1tJ 
'I 

I • ~ 

n1 7 ~fl~tl'\.4tJ1ti'IJJtl~L n~tJLL 1111tJL ~ 11~fl1tJL fi~;j'\.l 1~~U"1J'U1Un1 7LL Yi1 n 7:';J1tJ 
I , . 

(diffusion) · 
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B'U'n;tlt1'11.flltJ1cu lt.h lfiYiDltYJ (Organic Compounds in Protoplasm) , 
.... ' 

tntJ1 u 1 tJ 71flvH~1 wa.lua n-;n n-;,:ih.t 1u~: w1,. DU u'Yl16~:~1tJtJ::tJuatJLL~1 u-\lii 
\1 

ft'11U7:nf.l'l.JLflii~"ijft'fl11fl7 -\lft'i'1-\IU-\ItJ1 n'lfu6Ji'El'U3.J1 n ft'1 7LfliiL ~-\16Ji'El'UL 'V\~1U L~3JL ,j1l;n1u 11~'1.J 
\1 '1, 

L~ ~1: luL'lf~~-nD"i "ii~iflLYh~u 1-\IL ;una1 7LfliitJ,- ::Ln'Ylii11 ft'1 1tJ1 :nauau'Yl16'V\1a 

~u'Yl1tJft'11 (organic compound) LLfi1m1~1ttamiin17tl"Ufl11~'1.J11 ~u'Yl1tJft'11'V\~1£J11Ufl~'l.Jlti 

1 \.Llr113J111fl\.LEl n'i1-\l n1£J11D-\Ii "ii~ifl LL~::1J1-\111Uflft'13J17n i-\1Lfl11 :~~'" l~ u ~a"tJ~Uiin11 
1"rn 1~fl113J'V\3J1£J-nf.l.jti111 ~u'Yl1£Jft'11 LU;tJ\.LLLtJ~"'tJ';l1nfl113JL,j1 l-;,~ii3J1LLflL~3J LL~:';l1n~~ 

... '""'"" I A .... A ""' """" ~ ... I "" I I A -nf.l-\1 n11 fln~11';)£J ~u11 au 'Yl1£Jft'17'Yln1f\.Lfi'Yl~'l.J';)::3J ~ n~m::fl~1 £Jfl~" 713.1 nuf.ltJEltJ1-\I'V\\.L-\I 
'I \1 

A .... .. ~I .... I I~ 0 .. 

flf.l ';) :3.1 fJ :flf.l3J11 f.l-\llr1flfl1 7 'l.Jf.l\.LL u\.Lf.l-\lflu1:: n fJ '1.J El£Jf11£JL ft'3J El ';)1 \.L 1 'Uf.l ::fl El3J11El-\llr1 flfl11 'l.JEl\.L 
. 'I \1 'I . 

.... ~ .... 'I ~ I A "" .... t t ""' 
';l:3J3J1 n'Uf.ltJL ~[J-\1 LfiLL~1LLfl1f\.Lfi1Jf.l-\lf.l'U'Yl1llft'11'U\.L '). 'UEln-;J1n\.L \.L n11L n1:L n£J111El-\IEl:flEl3JEl1';) 

L n1 :~flfi ElL ~f.l" nuL tJuL iuu11'V\ 1 a DTvL n1:L rftJ1 nuLtJu 1-\l'l.J11';)1J ril,.; 

\rn~1Lflii (biochemist) ~'l.J111ui~ii;1flii~u'Yl1£Jft'11ElU'V\~1tJ11Ufl LLfl~~'l.J3J1n LL~:.Yh 
\1 . 

'V\U1~LU'ULL 'V\~-\1 1 ~ n1L Ufl~i-\1-\11\.LLL ri11-\ln1£J~uiiatJft'13JU1:L11'Yl ~'U'Yl1£Jft'11~-\lft'13JU1:L11'Yl 
\1 

dunft'111'YltJ1 (physiologist) L1un11 a1'V\11 (food) 1fl~l.;,-:ufl113J'V\3J1tJ1lf.l-\lf.l1'V\17l 111';l:tlEl-\l 
'I 

rn1mnfl~i-\I-\11\.LL ~m:n ltJl ,j-\11\.L l.; ';l:flf.l-\IU1 ltJl irnl~11-\lmtJL';l7q}Lfl'l.J 1flLL~:'!fEl3JLL8Jf3JR1\.L~ 
wn'V\ 1miu'V\1£Jl.; LL~:';l:flf.l-\lfl11 ~ 'i1-\ln1uii ft'111~LtJutJ,-n9lft'1J i1'V\ i'u1i1LL~::L n~mL 1Duu'Yl16 

'I 

tlu LL3J1Tv:LtJui -\1~1LU\.Lflf.ln1 7~1 7 -\l~ifl LLflL da-\1';11 n l3Jl~ ~~i-\1-\11\.L 1-\1 l3J'IluL da-\IL 1J1LU\.L 

m'V\11 ~u'Yl7£Jft'17~'ifi11LtJ\.Lm'V\17~uih~" t u~11 LL~::ifl1 LL£Jnai'l.J1tJ<9l13Jfl113JU~mnel'l.J'lfau-na" 
'I 

1 ~ .... I ' ""'-1 ~ I ~ VI .. I ' VI ~ "" ~ 
fl1-\IW71-\1El-\lflu7:nau ';l1nW11'Yl3J fl1-\lft'11-\ltJ-\I£J1n'Uf.ltJLu'V\13J1nLfl fi-\1\.L 

'I 

1. fl1f1ultJLfl'l'Yl (carbohydrate) 

2. l 1lll'U (lipid or fat and oil) 

3. 1tJ,-f1u (protein) 

tn11 tJ 1ul~1fl (Carbohydrate) 
.. 1 VI !'1'1 "" .,. ...1 .. 1 ~ fl' \1 1 fl11 '1.J LlJLfi1'YlLu'UEl'U'Yl1£JW11'Ylu1:: nf.l'l.Jfi1£JfJ:flEl3Je!jJEl-\11r1flfl1 71JEl'U Llf fi1L ';1\.L 

'I 

LL~:f.l£1 nenL ';l'U tJ73J1lU 11El-\11r1fl ln 1fi1L ';1\.L';) :ii~1\.L 1\.LLU'Uft'f.l-\IL vl11lf.l-\llr1flf.l anenL';l'ULft'liEl 
'I 'I 

Dfl71ti1Uf.lU1-\1~11lf.l-\11f1flJ"ft'13JLUU CH2o 1fltJ~1 l tJit£J3JLLU-\Ift'11U1 :naufl1 f1 ulnLfi1'Yl 
'I 

Elf.lnLtlu 3 ti7:Ln'Yl flf.l 
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... ... ... 
0 ... ... I 0 ... • ... I 0 ' 'ilol .. 

'U1fl1~ diose lJ 3 eJ::fleJlJ L 'H.Jn11'U1fl1~ tric;>se lJ 4 eJ::fleJlJ L 'HJn11'U1fl1~ tetrose LL~::fi11J 
... 

... I 0 

5 eJ::fleJlJ L 'HJn11'U1fl1~ pentose 

C6Hn06 C,H, 10 6 

Gluc01e Fruc!o,e 

Poi,.h where bomls 
1\o•it been broken 

~ Wolet 

---. CuHu011 + H20 
. Sucro'e Woler 

llll1 4·3 uer~~ luaana11tHtnilu,II~1YIUa'::n111lui·u.Ui~·uu1u . ; ' . ' 

i1Elth"1JEl"~1fl1~ m'onosaccharide l~LLn ~1fn~n~ Lf'lff (11lucose) ,I1fl1~~'lf'ILflR 
. ~ ~ , 

· (fructose) ~1fl1~n1LL~f'ILflR (galactose) 

' A fit . :r '"" t; I '-' 

2. Disaccharide 'V\'Hl Double sugar LU'U~1fl1~'Ylth:neJtJfl1tJ monosaccharide 2 'V\lJlJ1711JnU 
. . ~ 

LfltJ1in11'Yl1"Lf'lij~L;tJn11 condensation ~~~:fnuJ1eenJJ1 1 LlJL~n~ i",lcuRfl1LliL~n~ , ~ , 
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fl1EI~1'11JEI'I~1fl1~ disaccharid~1.fu.ri li1fl1~'Yl11tJ (sucrose) ~1fl1~llEI~ lflR (maltose) 

~1fi1~LL~fl lflR (lactose) 
I o ' ~ , . .., ''t ~ 
\ ,1'11111~llt1./f1811 disaccharide 0118{/ 'U'W1fl Oligosaccharide 'H'18 Compound sugar 

f II I I . I 

-4 '5/ 0 ~ ~ ""' "' 'J Sl I ~ Sl 'f ~ "' 
7Nl u uu 1fl 111 nl118tft11Ufl 1il:1llflf1fl 7 ''H monosaccharide nn 11F18f11 oligosaccharide '" nllflflfl 7 

?H' monosaccharide 2 Tulnnnl1Un oligosaccharide ffui1 disaccharide O?ll,fln11H ,'J Tulnnn 
9 9 , 

-ot 1 Sl "'7" 'r -ot v-ot!fJ ") l'1Dfl11trisaccharide f11llflflfl1 fl 4 t1./lt1Qfll'1Ufl tetrasaccharide fi~UluUfiU 

3. Polysaccharide Lih~flTflu1uL~7'Yl~ljlllL~~~ l~qj111n. tJ1:nEJu~1tJ monosaccharide 

111fle:JL ~fill riuuu7m.Jit'u~u l11L~ n~ .Yh 1 ~'tj~ 1~1l'n l11L~ n~R ""~1ui1 1~u1n ft'fl1lllL~ n~L ;Juu· 
'I 'I \1 \1 ' 'I 

t~tJ,r1Lt111 (C6Hw05)n t~u~ n ~ll1tJn'IL~-n~1'U1'UL~ll1~ 'J rfl~ 
fl1fi~1'11Jfl'l polysaccharide L~LLn LLU'I 1 uri"lf {plant starch) LLU'IL n~ lflL';)'UL 'URfll 

(animal starch L,Y'ULLU'I 1u~fltJ'U1'173J) L6Jf~~ 1~« (cellulose L,Yu L~fln7::~11Y) L~n6Jf'Yliu (dextrin) 
\1 

LL~::Lfl~'U (chitin Lan'ULtJ~fln~3Jfl1LL3J~'1) Ltlouc;lu 

,,sr,.. (Lipid or Fats and Oil) 

L -n3JULU'Ufl'U'Yl1tJR17~tJ7::nEJ'U~1tJli1flflTfufi'U lu t~7L';J'U LL~::EmnsnL';l'U LLfltJi3J1rn 
'I 

1Jfl'lli1~ LH t~7L';J'U l3JLU'Uft'EJ'IL rl11Jfl'lli1~flfl nsnL ';l'U~'IL anu 1 'UflTfl '1:11UL~7'Yl '-n3JutJ7::nEJ'U~1[J 

ft'T~tJ7::nfi'Uft'fi'1"11U~3..11713Jnu ~fl n1~ l -n3Ju (fatty acid) 3 t~L~n~ riun~L'lffl7 EJ~ (glycerol) 
'I 

1 13JL~fl~ fl'U'Yl7UR1 1tJ1 ::L1l'Yl 1 -nJu U';l: 1 ~Yi~'I'11'Ull1 nn11fl1fl 1J 1uL~1'YlLrifllj~1'V\,.t'nL 'Yh IT~ 
'I 

n~11A[) L!JaT~ 1 ni'a.~L~ElLtnl'Yia.~LVlEJ~U-I'\J.,rULLtr'lf\J::L'I'i''W~\'h'I1~F111a.!i'EJ~ 9.1 nLfiLLFJfi[)i L~!Jtu::~ 
A1it ulliLVl,'Yl 1 ni'a.~ L 'J'i'cw~\1\11~A11a.!i'EJ~LcW~h1 4.1 nLfiUFifieJitfh,fow, , 

ouEJ n';l1 n l -n3JutJ7 n9l~l~"W'UL ~'" t~tJcrt1 l tJLL~1 £l'lljau'Yl1tJR1 1~nu1~th ::tn,'YI~il 
fl113JR3J~Ulffl~1~ 1 n~;~riul -n3Ju L 7tJnft'11DU'Yl16L~~1U11 · "fl'tJJiulvfH 7yJYu ·· <fats 

9 

derivative) J'll -n3T'UbL~:fi'U~Ulf-nEJ'IL -nlTuU 713JL 7tJn11 L~tl~ (lipid) 1~tl~'Yln"11U~ft'13J17t1~:~1tJ 
'I 'I 

1ui1vl1~::~1tJL~~~1tJ"11i4~ t1iu er~nfiHfl~ ~L'Ylflf fl~fi17Y-Jfl:f3JLL~tL'l1~'U fl1vl1~:~1tJ 

L 'V\~1UL 1un11 "~1~::~1r/l-n3Tu" (fats solvent) . 

L ~tl~EJ1 ';JLLtJ nfl EJ nf113J ~ n,;.m::-nfl~ R1 7~3..1111 1: nflu L~L U'Uft'13J"W1 n ·fiEJ 

i iJ ... d A ::I .., ~I .d.... I .. . VI t 
1. ft ~Wlf-3!~£.11 (Simple lipid ~7fl True fats) Lu'U L~u~'Yl3JLLflli1flfl171Jfi'U LU ~7L';J'U 

'I 

LLL~:flfl n~L ';l'U,L vh,Xu L~LL nl GJJ'V\7 EJ3Tu (fats) ~ 13-Tu (oil) LL~:ft'1 7Yi1 n~~" (wax) 
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2. 1atJ~wi-nh~nnu (Compound lipid) LiJ'Ul~tlf!L~~L~tl1~ii'fi"1~V\7ElV\llll1~'U1~1JiLtl 
, I 'I 'IJ 'I 

3J1711lt!Vfl1tl L1i'U i:iV\3Jtll43J~n,.tl~tiR~~tJ;fi 1n~ l '"1 'Yl'lL';)\4 V\1El'fi"1~ri13J:t1'ULU'U~'" 
\1 I \1 'I 'IJ 't 'I . 

R1'l'Yi1nlllfiLLri ~flR 1~l~tlflt'"l,JLLtl~ L\4Rllflo\l lfl~ 1fll~tltl LL~:l~ 1tl1ti,-'Yl'U 

Ql d' , tJ I ':tl ~ ~I ... ..1 A ... tl fit ..1 
3. D ~ ffU 1i'U D ~ ft fl (Lipid derivative) LJJU \ ~lJilL 1J o\1Lflti1V\ 1 tl L 1J ~ 1:: n fl 'U0~13J'Yl 

LtJauuutl~~lt11flutl~n7u1mo\ILflii R1'l'Yi1ntt\~'LLri n1t1l-nJu (fatty acid) RLflEl'lEl~ (sterol ~~LtJ~ · 

t; 'I"" A tl .. ... """ ..... fit' .. !"I fiUL V\~ L V\Lft''UL~Elf!L 71_:fl'Ufl'U U~: O'l :~~ L V\Le.tf~ftL nfi3J:L 'l ~) ft'Lflfl 'lfltlfl (steroid ·LlJ'U 

w1 ,-tJ,.: nfl'U 1 '"~1il u~:LtJ'l-lflo\lflu'l: n~'U~fl~trfli13JULVifl) 

1 u1Yiu Protein 

1tl,.f!U~.tl'"e'"'Yl;tJw1,.~iifl113JtJ~u1,ntf1Jifl'U3.11n~w" LtJuw,,.~ij,l,V\un 13JL~n~w~ ' , ' : ', , , 'IJ 

t ~ !"I 1· I ..a • I ~ t1 '1 . , I iJ o ..,. 1 3.110 'Yl~'ULJJUL'Yi'l1:: JJ'l'Yl'UJJ'l:Ofl1J~'Ufl1tJ1\3J lJUlO&UJfltl ') L 'U';)1\l1'U3.110113JO\o\ 3JL~n~ 
. , , . ' ' 'I 

I ..1 .. I ... !"I l· I .. ~ .. I ~· ' .. 1 " .. . I tl t; 
tJfltJ ') 'Yl3J1JJ'l:n£l1Jn'\.U.1J'U JJ1'Yl\l'\.U. 'ltJn11 n'lflfl:JJ '". (amino acid) e.tro\IJJ1:na'U~'Ufl1tJli'1~ 

fl1f'Ufl'U lu lfl'lL';)'U flflniBL,u LL~:l u 1 ,,.L,u 1flu~r1fll u 1 ,,.L ';l'U';l::~flL n1:£ltln'U1r1fl , 'IJ , 

lu 1fl'lL ~'" n~1tJLUU\-'\3J1r1fl~L ;un11 fl'Ullftfl'lfl£l:ij1'" (amino radical- NH2) n1flfl::ij1 uiifltl 
'IJ , 'I'll . 'IJ 

3J10V\~1tJ1Jilfl LLtiii-uilfl~ft1fliU ') fl~U'l:13J1~ 24 -.nilfl :a~~1JL\lio\llii1fl,t1ltl 
.,. ,.: _. •• • ..I ..,. .. •"1 VI " '... t fit " ..,. 
3Jft'o\llJ111fl\-'\ft1tJ11\lfl'Ylft'1lJ1'lflfto\ILfl'l1:~n1flfl:lJ 'U \f!Lfl~ · LLfll'I~O'l:\lUOf\fl~fl1fltJ 

n'lflfl ::ij1 \.1.';11 nu \-'\~o\lfl1V\11~\Ul1tJU£ln~n..,~ n ~UL ~e\11 l tiR'f1-\ILR7ilfl11liL ';17qJLfl1J 1fl 
~ -1 ... :'I .... I . I' .I ... fit VI .. I ..1'1 ~ 

'Ufl0';110Un''lfl£l:lJ \lllo\ILJJUflo\lfllJ'l:n£l1J~£lo\1~1u£ltJ\-'\1£l L£1\l L'Jfll (enzyme) 911-\IYl L1f LW'J.J'U1\.1.01'l 

0 --fl1'lo\11J1fl 

1.1 .-1 !"I ..I.- •'I 1•1 1 .. !"t ..1 ,.. A ..a '.1 . _lJ'l'YlULJJUR11'Ylll£lij LU JJ'1 ft'Yi~"''ft'lllJ10LlJU'Ylft'£l~1£l~';l10\l1 flElllflijlJ1:lJ1m 

16 · LtlflfL.;ut1-nflo\I,I1\-'\Unfi1 t \UJ1-\I n1ii1 · 1 U1Yl\.I.R11J11 nLtJ;u'" 1 tJLil'Ufl1f1 'UltrLfl'l'YlLL~:: 
VI ... VI t;t; 1 ... - VI ....... VI ... .: VI ... ...: I rtf - tl VI t; A 1 .. 
L-nli'U Lflfl1tJ u1n'UtJ1ntt';l:: Lllllft' UJllfll~'" \llll'lft' Uf1Ro\ILV\~1'U';J:Lnfl"J.J'U LfiUJfl tl'l'Yl'U 

R~1tJfl1't'\1flLfttJR111ViltJ 

1uln'U,i'1luLLtJnflflnl~LiJ'U 3 tJ-:r:Lnnfia 

1. lu1iluai~a~tr1 (Simple protein) Lilu 1 thfi'U~LrlflLLtJnR~1tJLL~1';l::l~n,.f!a:ij1 u\-'\7fl 
..1... -1 .t ... I I VI• VI• ..... 'I,.-. fit 

ft'1'l'YlLOfl';l100'lflfl:lJ UL'Yl1UU ft1fltJ1-\IL1J" L11-n11 L"J.JLLfl~ e.tf111 LU'U1Lftflfl L£J'U "J.J\4 n1::~n 
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Nume .·lhhn•,·iation 

Alanine :\1 \ 

.Arginine AIHi 

A'paraginc ASP NH~ 

A'pank adJ ASP 

Cy,teine CYS 

<ilutamk ackl (i[LJ 

<ilutaminc tiLU NH2 

Glycint.· Gl.Y 

Hi"t idim· HIS 

hokudne ILU: 

Lcudnc LEU 

Lysine LYS. 

Methionine MET 

Phenylalanine PHE 

Proline PRO 

Serine SfR 

Threonine THR 

Tryptophan TRY 

Tyrosine TYR 

Valine VAL 

CH~ 

:'IIH 

If· 

( tiClff 

I 
NH; 

R 

NH~ C- NH- CH2-CH2 

NH~-CO- CH2-

COOH- CH2-

SH- CH2-

COOH- CH2- CH:! 

NH2- CO CH2· CH2 

H-

H· c c CH2-
I ~ H N 
\ II 
c 

H 

CH2 -CH2 CH 
I 

CH, 

CH:\ CH- Cf:"l:! 
I 

CH., 

CH~ 

NH2 CH2 CH2- CH~ CH2 

CH2· s CH2- CH~ · 

0 CH2 

CH20H-

CH3-CHOH 

(t( CH2 
II 
c H 

' 

I 
H 

H0VcH2 

CH3- f'H-
I 

CH3 

Neutr.tl 

llask 

:'lleutral 

Addie 

Addie 

Acidic 

[\;cutral 

Nl'Utral 

Hask 

Neutral 

:-.Jeutral 

Neutral 

Neutral 

Neutral 

Neutral 

Neutral 

Neutral 

Addie 

Neutral 

- CH~. <H COOH 
*The structure of proline does not fit the prototype. It is as follows; CH2 1 

'CH2- NH 

\ 
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2. 1tJ,;iuti~t.l1~tltltJ (Compound protein v;7a Conjugated. protein) Lth.~1tJ,-Yiu~tJ,-::nau 
" 1" I ""' .... """ ""' ...~ ...... 11" I ""' I ...~ ...... 11,. I ""' J'.. I t11tJ u"H1\.LL1J-3LiltJ1113JntJR17'Yl2H1J 111'Yl1.t ~2.d1JEl-3R11'Ylll L1J u7'Yl\.L\.LL7tJfi11 prosthetic 

group ~tJL'UU1tfl~tJR1JEl-3L6Jf~:~ tu,!1'Ull 11JLLt1-3 n1~t1n t5u naf111u . 
'U 

3. tllfcW~tf-uo~ 1t11fl'U (Derived protein) Lilu 1 U1Vl\.L~l~111nn11R~1tJ1JEl-31U7Vl~ 
.... ...1 A .... .. I .:: A ""' 1 .. I ""' .. ~ A ~ \1 ~ .. oar ""' L 1J-3LiltJ1 ~ 1 ElL 1J-3u7::nau n~13J n1 7 R~1tJVI 7 ElbfftJR1l1~1JEl-3 u7'Yllh~\.Lb nt11J\.L Ltl LiltJu';l1ltJ 

9i1-3 6J L"..iu fl11ll'lau LL«-3 ~~-3-31un~ · LL~:~tJ~n1tJ1'Yl1~Lflii 
"''I ""'""~~ 

fl1~'UlfUltlfl (Nucleic Acid) 

111tJtu1tJ,-1~~~1«miltJL\l.~1::ar.h-3fl·ou1L1m"1Lfl~tJw~i.r;hiHtJ,-Vi't.LL~-3u7::nau1Jitt1 
.J I I 1 .. I ""' ~ A A ""'1 1 .. I ""' . . A A " \1 ~ .. I ""' 

~\.L-3El~3J1fi u7'Yl\.L\.L\.Lt1El\.L1fl~ El u7'Yl\.L (nl}cleoprotein) 6Jf-3UJDLLt.Jfift~1tJLL_~1';J:: Ltl Lu1'YlU 

L;-3L~tJ1nu prosthetic group f1a n1t1il1t1aefl (nucleic acid) n7t1il1flOOfltt<Uul~11LU\.Lff11.Lti1tity 
.... 'I 0 ""'""' u~::lltJ'YltJ1'YlLUn11t111~1J1~3J1n. 

n1t1il1fl~~flLU\.LR11~U'Yli t!~ii1llL~ ~~ 1 ~qj tJ7::nau~1tJ~\.huciou~ -3L i tJ n11 

il1fl~1al 'Yl~ (nucleotide) 3J1113Jriu il1fl~1a1 'Yl~tJ1::nau~1tJ 8\.Llf~~ElRL ~~(PO~) ~1~~~ 
'I'U 

...l .... \1 1 ""' t A A 1 .. I fit \1 i; I 
pentose (C5) LL~::LtJR'Ylll L \.L 'Yl1L11\.L (nitrogenot!lS Base) il~\.L\.LL3JEl~1111m1 iltJR1u1l::L~\.L Lil11 

• 'I 

n1t1il1fl~~fiLU\.Lff11U1::nauL ~-3SJfEl\.L~L n~~1nil1fl~1a' 'Yl~~~1tJ ') ~lbtJ3J1L ~Elllfl_El nuL \.L 

""' ""' ...1 ~n1Ym::t1-3111~'Yl- 4-5 
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"' " "' • o:l ... 1 I I 1 t1 o ~ ~~ o 
Ribose nucleic acid "'"El Ribonucleic acid "'1ElL 'HJn ~tJtJEl11 RNA LL~ri1'U1~1~'U'Ubu'U'U1~1m 

ttrilfl desoxyribose n1flil1fla~fl~~ ;un11 Desoxyribose nucleic acid 'V\1 El Desoxyribonucleic 

acid "';ElL;tJn litutJEJ11 DNA (fi1111J1-3LftlJL;jtJ'U~ElJ1~l1~l1 deoxyribose ~-lrln~El-:l'rY-lft'Eh'Jfi1) 
\1 . 

I . .I A ~ .I .,1 tl ~ I ~ ..1 
'"Eln~1n DNA ~:~1-3~1n RNA ~~'U~~El-lU1~1~~lJ1u1:nEJUU~1 tJ-3~1-lnU~ 

tl II .. .. ...... ~ ... VI 1 ... ' 
DNA 1:nEJ1J~1tJL1JW 4 ~"fl flEl £J:fl'UU (adenine) fi1U'U (guanine) b'D' ~'D''U (cytosine) 

, ... I tl II ...... ~ ... VI 1 ... .... 
Ll~:: 1r1J" (thymine) W1U RNA 1:nt1u~1tJ EJ:~uu n1uu b'D' ~'D''ULL~:~11'D'~ (uracil) 

... II .I I .... ~ VIti ~ I VI i.-
DNA lJ"''"1~Cl1U~Elfl~n~m:~1-l~Utrn11lJ';J1fiU11~U1~ b tJ-31U~n'V\~1U b~ 

'I . 'I 'I 'I \1 . 

~h'l-1. RNA 3l'YI1l'1fiLM!11rl\Jn1'Ufi'1\1t t.hfi·'l-f.LLt1::.J1~EJ!l'YI~£lL~'l-ftl!fai !61!1-rufDi1l\1'i11n DNA 

n1~il1fla~fl,ro3 DNA LL~: RNA iJu~U1~LL~:11fiiU1n11L~tJ1rl1Jfl1LiL~"lJEl-li-l~;l~ 
~1~ ~l rA'n ~ 11 LL ~1 t 'l-f.IJIEJ'l-1.~1-ft ~\1LFI,!I e t l1~A n ~1 J e 1-ftn tru l tJ'YlU'Y11'\;t,L YJ EJ FJ11a.J 

"" d .t d L!l1b'\IEJnFI1\1'YI'l-ft\1 
... ... 
lfiUJ'U (Vitamin) 

. 1mih4Ltl~u~i'tJR11~-lLw11iil1JEJ1'V\11~,:.Ynlmn~~~-l-l1U LL~:Lw1111-ln1tJc;lEJ-ln11 
1tniiul U~1'U1WU£ltJlJ1 n LrlElL YltJU rlUDU~itJW1 1~LUUEl1'V\1 1 u~ 11-l fi1tJ";J:"lJ1~lCil1iju 
lJJltr m~1flltl~:rn L~Ln~El1fi11~~tl1n~fl1-l ') ~-l;t~11:1Cil1ijurn'V\lt1~ti-3L«1lJLL~:fl1UfllJ 

~ 

n11L ~;qJLtllJ 1~ LL~:fi1U~lJfl11lJLUUU1 n~~El-ln11rl1-31U"lJEl-lEli'tJ1 :~h-3 ') "lJEl-:d1-ln1tJ 
a 4lr, .I ~ ..., A . A ~ ~~ ft 4lr, .I A ~ ~~ A .I tl 
utlJ"'1LntJ1n1Jfl11lJ~Eh1fi111Cil1lJUU LuUuqJ'V\1~Lfi~"lJU111U1U LuUL 1El-l'Y111tJLL 1 -lLL~: 

fl1-3n~1:"'1l'n L\4fl111J~1LU'U"lJEl-llCil1iju un 1n~Uff1HCilf'Y111U~11'1Cil1ijuiiu~U1'YlL Ufi11UEl\Jrl'U 

11fi~-3Lflfl~1nn11m~£J1'V\11 (deficiency disease) LL~:1~LHUmLu:111~~,:L~fuiCil1iju~urn1~ 
lflVn111Uu1:~1\4El1'V\11L~rlni~ti1UCil1lJ~~n1n~t.t1n11 

\1 

l \4iULtl1JLd£JiJ n11tlU~U'V\ 1 El1'~ni~1ijuo_nU~ L~~u~'V\ it-l~UlJ1 3T n~ :n1'V\U~~El 
\1 

... .. ~ !"I .. .... I I 'I .I... ... ... " ~ :X VI """' 0 

1mlJ\4'U'UI.u\4~ElEln~1 LL~CiltllJ1 bU1:tJ:'Y11~tJ1n11'Y11-lo.t11LfllJfi11'V\U1lJ1fi"lJU b~lJfi11fi1'V\U~ 

~El'JJEl-31tnii\4L \4rl1'UEh1LtltJ1rlUrlU~El"lJEl-lff11Lfl~tu ') ~flU~U nu 11iltJfh L tl 
-• ~ .iJ .d u C\ C\ 
lJ1::lflftlUJI 'U)JllfltllfltJll'IUJ'U 

n11tl'Ufl11L ~tJ1nU'1Cil1iju~ -lLUU 11n qf1UYh L .;L nlil n1 1l~tJ~1-liYltJ1fl1HCilf~u, ... 
L~lJ.i'U~1nn11tlU~u1tnih'en 'V\1Eln1~LLEJHflEJfufl (ascorbic acid) 11iltJ~U111il1~nL1miJu~1U1U 

. ' \1 
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~ ~ .... A ... .J l I .... A'A ~ ~ ..., . 

n1 1f1Ufl11 fl nL 1 fl.JV.U.J'YlfiTHL n n11 n~11tl.Jnfl€1 n11ft.J'ilflH .JL nfl'ilfl.JU1ti'Y1V.11 

L1€1"1Jfl\111~'\.t1lnjU'\.t ~€1 rl ?n7n (Takaki) ~.J1~LHU€1UU:11 tl1'ltJih:'Y11'\.t,j11~i~v.1flff 
~ , . 

lA' o ~ .J .;_ A . ){ A"" ~ ~:rA 
flt1LUUU1:~1bb~1 fi11'Yl~:LYUJth~1nt"lJfl\lfl1,1'\11U1:L11'Yl LU€1 \.UJ V.1€l~n~nn"llu 'Yl\IUL'W€1 

'U . ' 

UflMluii1 ~di~ 11fiLWUU"n1 (beriberi) 1uu~~1JuL 11Yl1'1td1,Y11~i~~~"lJ11~:HtULfftJifl1iiu, 
, ; 'U ~ 

B1 v.1€1 11lfl1iju, (thiamine> LL~,rflL«uflLLu:"lliO.JtJflfl~erd~:~1,Jn11~u"Wuifl1iiu LLfinLiju, 
' , 'U ' 

~'Y11.J~crl1L ~b n~LLU 1~~11. ~~fl'ul1uifl1iiu~.Jl~~T1 
'U -

1u.L~fl.J111~L~tt1nuifl1iiu ijH'"Wr1~~11LLnn11«uL~fl~ 3 f11 flfl 
'U 

A vitami~osis V.~1tl~\l ·fff11'Wn11nb~di~n11e:l~u1n~L U 71.Jn1ttbdfl.J~1n"ll1~ V.;€1 -

13Jijifl1iiu 

Hypovitaminosis V.~1ttii.J H 111'W n1 1 m-~difl~UL d€1\1~1 n 1~fuifl1iiUUfltiL nu 1 tJ 
~ 

~ tr'laA oi)~A ·Ill..., 
tl1R111'Wn11ntb~UU.Ln~u1u .6) ~:_'Y11 bV.bn~ avitaminosis b" 

d tr.d A ~ A Ill~ .... A A A Ill 
Hypervitaminosis V.~1tltl\l ff111'Wn11nt'Ylbnfl'iiULUD\1~1n b~1·tJ1ft1~U~1nLnu bU 

~ .Jifl1iiUU1.J"nit~n11~fuui~1nt~1 nblJUb'J~1U1'\.t~~~ElflU ~:L n~blJUfi~ 1~ 
U~~uuijn11~U'WtJifl1iiULL~1th:::~1UI, 20 "nit~ ifl1iiUL'V\~1dff1~11tlLLU\IDDnfi12J , 

flm«3Jlffi n11~:~1tt1~dJUHfl.JU1:L11'Yl ~€1 
, r , 

1. ifl1iiu~~:~1t1LuJ1 (water s~lubl•~ vitamin) ·~«1~ty1~LLrlifl1iiu B co~plex LL~: 
ift1iiu c 

2. ifl1iiu~~:~1tJLuJ13TU (fats soluble vitami~) ~«1~ty1~LLrlifl1iiu A, D, E, LL~: K 

lA1i1'U B 

b~~b~fltlUl1ifl1iiU B blJUff11th:nDtJL~ti\1"15Uflb~ti1L'Yh,fu, LL~luna1fl€1111'Wtll:l 
H1 d U1: n€1u'u1:L11'Yltjfl1iiu B ijDtJV.~1ti"11Ui~ ~-lij n1 ~ nTV\'U~~1~tJL v:l3JL~3J~l-t~1Dn 

'U . ' 
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A A ~ A A ..,j I A A A ...... ... I ~ 
1~11l'U B1 LU'U1~11J'U'Yl~1Jflel'U1~11l'U B el'U ') 1J"lfel'Yl1\lbfl1J11 Thiamine chloride LUl-L 

... ... ..I 'I ~ 0 g.., g.., i) Q; g.., 'I g.., Q; tl . 
1fl11lU'Yla:a1tJ L uu1LLa:nn'Yl1a1tJ~1tlf111117Du L u~1 n1:~u L 'VIelt11n1u 7:'Yl1UD1'VI1., 

~ , 
1i'1u1un11~~~~1u11 f11'Uf11ln17n1.:~1u"lJD\I~D1l~~~uerf11lu f11'Uf11ln17L~1~a1ruf11f1u- · 

, , el 

luL~7'Yl nT~1\In1ul~fu1~1iiudl&it~u.:~'t'4D ~:n11 ~n17Vr1\11U"lJD\I~D1l~~tl7n~ n1"1J1fl -

... ... ..t 0 'I "' ... 1 ~ ... ... ..t 'I g.., ..I~ lVI g.., Q; ... 1tl ... 
1~11l'U'U~:'Yl1 L'VILn~ 7flb'VI'U'U"lf1 (beriberi) 1~11l'U'U'r4'U1J1n L'U"lJ11'Yl Lll L~"lJ~~1 7'Yl'U 

ti7:L1l'Yl LdD 'VIll l1l LLa:ij1u~nft'~LLa:~al3! · . ~ 

1~1iiu B2 ij~el'Yl1\1Lflij':h Riboflavin fr1'VIlt1~711lnu1~1iiu B1 1 unTn~1~a1ty 
fnf1 uluL~7'Yl tl1"1J1~1~1iiud~:fi11..;L n~LL~a't'4\"4el\1~111~1'VI\!-\Ielel'U (dermatitis) 1~1ii'U. , 

..t 0 I ... I A A 

B2 'U ~171'U1-\1La1JL7tln111~11l'U G 
~ ca; ... ,.. A AA ... .J:..& g,..,j A 

Ueln~1n'U'Utl\1111~11l'U B 1f'U~el'U ') Dn'Jf\11l'VI'U1YlL~'r41: flel 

"' A g.., o. I) ~ ca... ft!" A 

Niacin 'V\7£1 Nicotinic acid fl1"1J1~~:'Yl1 b'VI~1'VI'U\I'VIti1'U LL~-\1 au'U11J 
A A A 

Pyridoxin~ 'V\7£1 1~11J'U B6 , 

Pantothenic aid 

Biotin 

'Cyanocobalamine 'VI7el 1~1iiu B12 tl1"1J1~~:.Yh 1 tfra~~~1\l 

Folic acid 

Choline 

Inositol 

Para-aminobenzoic acid 
... ... ~ ..t ... ,I ..I I Q; VI It! I Q; 

1~11l'U B 'Yl\I'VIll~'U 711JL 1t1n11 B-complex ~a'ilel\ID1n17YlLL'U'Uel'UtJ\I Lll 71n!JLL'U"lf~ 

L ~tJ-\ILLfl£1~1 u.ffu'Yl~aD.:~nui~1u1.:~"1fit~L 'Yh~u 
~ . .. .. 

1f111J'U c 

.... 
1f111J'U A 

i) A A ..,j 'J ~ ca... I) ·~ . I ca... A ...1...... t.1 A 

L 'U1~11J'U'Yla:a1tl L'U b'illl'U 'r4'U3J1n b'U 'Ull L'Utl' b'il ~'U LL~:'r4"1f'Yl1Jft'ft'1JLLft'~'VI7el 

LL~-\1 n1'll1~1~1iiu d ~:fi11 ~f11111~1u 'Yl1'U 'liD-\171-\In1tJa~a" ~1LL ..;" l3JijJ1'VI~mau-\l eJDUL 'r4~tl 
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blindness) 

""' ""' lfiUJ'U D 

ij;€1'Y11 "Lflij11 Calciferol ~1J LULL 'V\~"~"ft1Ji~1iiu A ti1ull1nLTifl~U ltlLEI-3LUUifl"lih4 

~ltl~tJULLU~\13J1~1nl~tJ~u1:LTl'Yl«Lfl€11El~ (sterol) rh'V\'"1~fi11Jfllln11tlfl~li1J1fiLLfUUtitJJJ , ~ , 
bb~~~mrw€1f« 1u11\ln1£.J tl1"1J1~i~1iiud~:inL'V\~'W-J n'l:flnB€1l4flflLti"..:~EJl3JLL~LL1-3 ntnJJLda . , ~ . . 

ri€1ubutmb~~inn'l~t;~n · , · 
'I 

l~llJlJ E 

~~ €1'Yl1\lbflij11 Tocopherol LUUit;~1iilt~crl1tn:I'EJ~liu 13J'l..;'LtJu 'V\Ju crl1u.Yh l..;'ti1~EIU 
bn1~~~~u-:~:w~u~n1~L'V\ittJ1Lb1.iU~~ it;~1iJudYi1JL\.L. V1-D~n;,L;jtJ1 L1J~~~11 Ull LL~:~1al'ou~1f 

~ . 

j~llJlJ K 

b uuit;l1iJu~~u:w1n 1u~n' Vl1'V\U1~~11U«71..:~a-11~'Yl1l-ll~~flLL;j..:~fi1 tl1'll1flitn£iou 

d~~r'h 1lXb~eJ~bb~-:J~1i'1 L~m~eJfllnn 'V\7EJL~El~~'V\~'V\~Mi1 (haemophilia) LLa:'Yl1L~LaEI~flnLou 
1~u1~~u-l~bb~~ 

.::IV) V' I :f . Q-' d fit ~~~ g;.1 " 1tl 1 c' c' .. t .. 1l1nYl b~ n~11:W1U unfln'JYT<il:L'V\\.1. Lfl111l1U LU 1 fl'W~1«1J"lJEl-3Lfjf~~'V\U..:J'U\41Jft11 

~1-:~ 6J ~~~:weJJb~mtJuin,-fi~~"il:GJi1£.JL~"1Ju1u,nT7fin..:~L~EJn11~1,...:~~1fl~1Luultlltlt11uii 
. ~ . . 

~\l~~ft .J~~ 1lXL6!1~t&'ijfl11:Wu1n~ LL~:ti,.:J~~ 1~..:~ii~1t;~,fu ') «1JJ1'lrt~1'l..:J«tl1Yi"lJEJ..:JnTx~iifl 
mJ1~~f.Jtia.JU1ru 
~ ~~ 

(Biological Organization of Protoplasm) 
I 

G' il~ ..!": G' 
4.'1.1 L'11flflllfi~F111U1lf1tl1HUl'11flfl 

'II 

(Cell and Sll'ttdy of Cell) . 

Lsn~~f1EJneJu 1 u1 1<;}~~1«~ta \lijb~EJu1"~El·~JJEJtJ \ L'~~~Ltlu'V\1-i 1u1fl,-""1'1-:~JJ~.,"" 
. ' , ~ . . ~ . 

..: ..,...,..,. A ""' I "" 0 ....... ... ~ • 'I .. t 
"lJeJ..:Jtl \11l"n1t;~ 6J1 \ln"iln1711t;~1\l 6J L ~Eln1 ,.~,,.,,~1~~:L nfl"1JU~1nn11'Y11\11Utl1tl L'UL'I~~'"'" 

~ \lij~it;~'Yl n~Ufl"il~ ijL6J1 ~ ~L tlueJ..:JtlU1: nEJ u,r~'Yl1\l 'ltl-11\ILL~:'V\U1~ 
'I ' - ~ 

· ~ 1 ~'i rv ~ 11 dl t1 t1 ..:4 rv A ~ 
u1~ 1~! ~Utf ~ASUu 'Utl11tltl'Hlfl'Utl11lflfJltlUl"UUtCiffti'l 

n1 ,-t1 n'JY1b ~£..11 nuLsn~~~'" l.1it.Jfl111lft\4 'l ~etJ1~ni1..:~1111\11l1tJ'V\~\1~1 nij nTT 
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th::fi~ fn~fl.J';J~'Yl11flULL~1 unth::il~ f~~11-Jn~el.J';J~'Yl11flU~U 1 a!'LUUflf.JLL 1 nfia 1f1-J . , . ~ 
f t I ~ 

tl I oa,.. f( A A 1 Q; ~ d f) !"1 
1::nfltJLL1U1f11~~'Yl 1ffl Hans Janssen LL~::tJiil1"1f1tJ"lffl Zacharias Janssen 11:1JnU~11-J'iiUbUu 

~ 
I 

fl. fl. 1590 9la:IJ11utJ fl. fl. 1650 vi£Jfl111'11i1fl1~a Antoni van Leeuwenhoek L~tJfuth .Jn~fl.J1 
~ 

';J~'Yl1 1flU 'ilfl.J Janssen 1 lffiri.J~U LLN11:in ttJi1 11-;J~'itfl.JL 'V\~11fit~c;h.J 6) LL~::YitJl11 u 'ilfl.JL 'V\~1 , ~ 

L'V\~1~Uii';J~U'Yl7~EltJLUU~1U1U:IJ1n LUU fl.fl. 1665 Unl'YltJ1fl1~Cilf"lf11eJ.Jnn~~fl Robert , ~ ur 

Hooke 1~~171-;JL~uLflEJLJJflflfn~.JLUuLtJaan'ila.J<ilu 15fl ~u11LL~u 13JLflaL3Jflafn,!u,tJ,-::nau 

fl1tJ1ifl"L v.~tJ:IJL~ n 'J Ltlu ~1u 1'l.W1 n ~.J'ilfl.J,Ja.JL v.~tJ:1J,!ut1auir1"v.u1 ~.JL 1tJ n,Ja.JL v.~tJ:IJLLc;\~':: 
tffl\1~~11 L~~~ (cell) ~\1Lth·IJ11~1~~fii'l-bilFl113-lvt3.nErJT~'fl\1L~n 1 

n17flufl11tT..:!fl"c;lDLda.Jnu:IJ1L ~atJ 6J lutJ fl.fl. 1835 irnilil1i'YltJ11111~f"Lfl~~a 
VI ~~ I 'I .. ~............ t .... ~ ... f) Q; ~ ~ "' .... 

Felix Dujardin ~~flU'YitJ11 LUL'D'~~'Yl:IJ1f1CilUU';J:::IJ~11'iiU 6) ~ b~ ~n~nt::fl~1t11U ';J.Jb 1tJn~11 

· 111tJLUL'D'~~,!u,-;h sarcode lutJ fl.fl. 1839 irn~11i'YltJ1"1f11LtJiLiitJu (U-;J~UU flEJ L"lf1n~-
1~1::ditJ) ~EJ Evangelista Johannes Purkinje L~ffn~1Cil1eJflU"lJEJ.Jfflil1V.~1tJ1fit~YitJl1111tJ1u 

... I co4 G' 
L 7tJn11 nt]'H[jl"JJtUt (Cell Theory) 

1utJ fl. fl. 1846 irn~{)n~fl1~1ilf"lf11LtJfl1~U~fl Hugo von Mohl ~U'YilJl1LUL'D'~~'ilfl.J 
A ~ I ... 1 .. I 1 .. I f) !"I ... !"'I Q; .. 

~1f'Yl"'V\~1tJ:IJ u1 Cil'Yi~1~:1JE1~ LUu fl. fl. 1850 Ferdinand Cohn 'D'.JLuuun~{)n~fl1~Cil11111 

LtJEJ13JUL,Yunu L~L~uEJfl11:1JL~u11 1tJ,-11il'Yi~1~mu~"lfLL~:: luilili,!u iiin~m::LL~::a.Jf1tJ,-::nau 
L,JuL~tJ1nu fl11:1JL ~udt~iin11~~,-u 11LUUfl11:JJ'il1 "1~tJunilil1i'YltJ1"1f11LtJEJ1~u~a Max . , ~~ 

Schultze lu fl.fl. 1861 

.... .. ~ 1 t VI ~.... ~ ~ A 1 ~ ~ 
'Yl{)'btlJL'D'~~'YlL~UEJ ~tJ Schwann LL~:: Schleiden UU L~:IJnTHLn b'iiL'Yi:IJLCil:IJ 'V\~nlilfl.J 

R11\J1mri.J~U. 1~tJUn;1l'YltJ11111LtJE11~U ~fl Rodolf Ludwig Carl Virchow 1 UU fl.fl. 185.8 

1~tJ~ Virchow L~:IJLfl:IJl1 L'D'~~c;\1-J 6) ,_tUVEJ:IJLn~~U';J1fiL'D'~~~ijEJ~L~:IJnelULL~1 ~.J1un~1c;\EJ:IJ1 
I I 

I Q; A I f(Q; 

~tJ11'U'Ufl fl n1 1LL tJ.JL'D'~ L'l'U 'ULEJ.J 

UEJn-;J1n~~.J1Utf1tlty ') 'iiEJ.JUnl'YltJ1fl1~Cilflil1:1J~L~n~11:1J1LL~1rJ.Jii~~.J1U~U ') 
..1 Q; tt..l I Q; d I 

L nt11 nuL'D'~~'Ylfl11LL n n11uu 'Yln L "lfU 
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'I ~I .., ~ ... ..1 ~ .., .... I I ,l A ~ 
~Uu fl.fl. 1824 R.J.H. Dutrochet ~n'lJ11'YlU1~11H1"LflR ~fln~1111L'UDLtJEIYh1~ft1tl 

... "'fl' .. t "' fl'• 
'lJEI"~~LL~: Rfl1 u1: nEIUfi1UL'lf~~L~ n. ') 

1J fl.fl. 1831 un~tln'htfl1Rflf~11tl~ntl'rf ~EI Robert Brown ~tri1n1tiL'UL'lfftR-.:,3j 
""' """ I 'U1LflfttiR (nucleus) £1~ 

Edward ~traburger 1!n;i1'YltJ1~11Lt1El13Ju n~11L uti ~.fl. 1879 11U1Lflfttlfnntl 

ll1~1 nU 1Lfl~tl~ll~ii;1fl e~ fl11llflfld1~ fu n11 a-1tua-~ ut u11 1882 1flu1t ~;11nu1~11 
""" A 'I ~I .: I .., ..1 .., """ ""' 

BDRLfl'lU~EI Walter Fremming LL~:·~t.Lu 1882 UL~Un'l;I.'Yl August Weismann un~11fltl1~11 

LUe73Ju n~1111 L'lf~~lu-lu\1\ft" 'J R1ll11n~:ij&n'ttm:ueun&ultiV\1U'l1~tl'l'rf 1~ 
'I -;'I 

I 
'U~l~'Utl·UCift'lt'l 

· L'lf~~ft1Ull1n£i'1Jt.L1fiL~nll1n .. 'U 11JB'1~3JEI~L ~ul~fl1tlfl1thn~LLft: l1Je1~ L ill19l11 

fl11liU11~LinuLuutl1:~11f1 ~~n1V\Uflll'1fl111fi~'U L V\lllflun1V\'Ufl~~1tJLUU lllfl1EIU 

(Micron) tiityty&n'ttm JJ fl11lltJ11 1 llJfl1£lU Lrhnu 111,ooo £h~~Lllfl1 V\1e 10-6 Lllfl1 

( 

I ._, ..1 """ ...: I ..r,.., ~ I A I ._, ·. -9 , "' ._, ._, fl' 
V\t.L1U1fi'Ylft:LEitlfltl"n11"U; ~•tLLn Millimi~ron 'lf~!J11L'Y11nu 10 ·. UJfl'l ~11Rtytyan~m · 

m.u LL~:V\1.i1u Angstrom ~"ijfl11llti11L'Yhrl'1J 10 _, 0 L-lift'C)ll}lin~m A 0 lfltJthn~L'lfftif'lJEI" 
...: .......... """ "" .,1 \1 ... ~... I "' ...~... 1, I . fit 
R"ll1f19lli'1Jt.L1fiL~~Uu1:ll1m 10-100 ~llfl1Bl4 liL'lfftL'fL~tl"ft1'U'UEiti'Ylli'1Jt.L1fl ~V\ty~'UlJEI~LV\" 

1f1L'liu L~ft~'1JEI"LR'uti7:R1'Y1EI1~tl11ii" 3 /~~ L'lfft~'1JEI'"LRULtl~1f1J1~11Uflu11tl7:t.nm 2 

V'!fl V\ie 1 GJJ"lle"ifl1fi1" 'J ( ft1U~LUUL'lfftif,.e"' ,J,fuLUU'VflL«n 'J fteuetluu~1 1 ,Ju"" w1u 1 ,J 
'I ~ ~ -

LLfi"LL.a:l ,J"ll11,fu L tJuN~flNft'lJ£1-\IL'D'ft~) 
. I t I 

~U11~'Utl·UCift'lt'l 

L'lfft~"lle"i "ii:a1fl lt.il~ij,-tJ71"L V\iiB~ riunn-nilfl ltJ LU~:LLliufli "ii:a1fl-niltt Lfl . 
~ 'I . 

11\lfiV\d"LEI"L'D'~~n£i~tl71-\lfl1" ') rl'U tl11l£iatJ11~LU'ULVt~tJ11 nftll LLU'U 1 'Yl'l-\ln1:1Jnn 
A .,1 'I ~,.11 1:: fl' ""' o.; ·,.1..1 ,.J I \1"' I 

V\1£l~u'Y11 -\1 ~fl ') n ~'' unn~1nUULIJ1ftftU.1-\11J'Uflti"W1lJ11flLuft!J'U~u11" ~fiD~LRaJEI 
v . ' i J ln1~a'11~Ua:tl~flt.h:ntltJ,8~1Cift'lt'l (Cell Structure and Function) 

~1nn11fln1!-1"11D"1!nLtJtfta1nrn (Cytologist) voJ11L'D'ftft'1JEI~1fLLft::ifl1~uti1uLv.qJ 
iii'n'rfmfl~1Ufl~-\lnu ~:iii"LLflntb~riuu1~LiRu~L~·s1u'uantJauu1~tl7:n17LYhJu \un11 
A ..1 .., A rt 1 t ,.. ... tJ fl'... ..11 · . fl' • ~ 
fln1!-1L nu1 nuL 1£1-\IL'lfftauu ~ 'U1f~Lf1llll~ n1mL .... u~n~e",a..,.,.,flulr1 11Jfl1L fl1t.LU ';JU 

tl1:ll1mn~1"tl fl. fl. 19so 1fliin11th:il~fnt\'!l",ft'Y111ftiinLRflfl'lEJ~~"t,r ,.;,t~fl11llf 
LflU1ntJL'lf~Gl.i11tlft:LeUfln1:~1",jflfl-3~~ L~-\l.i1tJL~fl~L'lfftft~~LLft:L'ifftftftfl{ijfl113JLLflnfh" 

'I 
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rl'U 'li3.nnun ~.JUtJ&miu1tJtrn~m:: lfl1.Jtrf1.JLL~::fl.Jfltl1::nflU"1Jfl.JL'l1~~113J ') nu ltl 1U"1Jfl.J 
\1 

.-..l ...,. .t tJ o .A A .,. A .- t ,.. ...,. .-tJ ~ , 
L'D'~~'YlL "lJtJ\.L "lJ\.L 1:: nflUfl181fU1tJLYUln17ffn~1L 18-JL'll'~~\.L \.L ';J.J3Jfl.Jfl 1:: nf1Ufl1Utl1'U 
.-, tl .. A;: I A .. tl A ,.l l 

L 7tlnJ L'll'~~ffll~fl\.L 11 Generalized cell V\18 Typical cell LLft'~.JS.Jfl 1:: nEJu~n'li'Ufl'YlYiU '" 

L'lf~~'lnLLUU 1fl1.Jft'i'1.J (Structure) LLft:£l.JfliJ7::nau (Organelle) "1JB.JL'll'~~jj11r.J~::L~ll~ lfltJ 

ca; tJ ca; I \'ltl;: 
ff .JL "1J ~.Jfl8 L \.L 

IV ~At~ ~ 
N'U~ICIJiUUID:&tltl't1J.UCIJaa (Cell wall and Cell membrane) 

n11~J11.u 1tl71flYi~1«3!iiaijlf!ii.Jth::ll1~ go LtlafL'll'UtlLL~::w1uth::nau~u 'J 
111r.JLUltJ,-1flYUnw1flliL~B~LL~.Jft'~1tJltJ~u LYi11:iiLrlB~3JL'l1~~ (cell membrane) 'V\a~3J~B3J181J 

'I 'I 
I . ..... \'1 .... A ... I !"'I I ..l ........ A tl ~ . 

Bij cell membrane B1';JL 1r.Jn L~Bn'li'8V\\.L.J11 plasma membrane Lu\.f.ft'1\.L'Ylll'll'191 7::nau~1llft'1~ 

A . ..... .. tl \'1 ~I ltl ..... ... - !"'I 0 ~ ..l 
fl\.L'Yl1tJ 1::L1l'Yl L~u~LL~:: 1'Yl\.L ll~nLft'liUflLu\.L Semipermeable membrane 'Yl1V\\.f.1'Ylfl1U~3Jn1~ 

I ~ A ~~ .. ~ .. t 'I .. ... .. ... .. 
~1\.f.L "1J1BB n"1JO.Jft'11 Lll8l'\3JL'l1~~\.L3J'Yl.J L \.LL'll'~~Yi'li'LL~::L'll'~~ft'fl1 

_L, 

~\) 
~ 

A 

'I 

8 

. ~~~~;~.%~~~· }1 
· · Basement membrane 
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... J ... t ""'.::!! I .J !'"'1 ""' r~ ""' _.... IV .J 1 o ""' 'l 
Hooke 3J'nmfftl.J'U 'U nfltl ff'd'U 'YIL u'Uf..J'U.JL 61H~~'ULfi.J f..JU.JL'lf~~3J'lJ'YI'lJ1'YILL~:=Vt'U1'YitltJ1-Jff1flnJ L 'U ... 

n11UtJ.Jnut1u<il11tJLL~:n11«nJLfftJH11111tJLUL6J5iRa ~'n'lJ1~~1rit"f..J~<il~~L6J5~a~u3J1LUU~1U1U 'IJ... . i - . -

3J1n trl m6J5~a~ u<il1tJLb~1f..J,r.:~L6J5 ~a-~tr.:~fl-l« n1v·mua11nl1 1 tit -A'tb:=1tJcn.ul~ L ~u 13Jflaf ntL~:: •u 

LtJ~an13J~1~ 6J · 
""" -=1 
'UlUUUJa (Nucleus) 

~ .:~~atJ1~n11~3J~t~3J"lJEl.JLrla~3JL6J5~tft~u ri1 U1L<il'W~1«~ tu nau "lJEl.JL Vt~1 1 t11L<il'WS1«~ 
'IJ 'I 'I 

~ud tl.JflU'l: n f) 'lJ~'d'U Vtrt-3~ .JO~ n'ht m:L U'U rltl'Ufl flU an1-J n~3J'V\ 1 ai El1~~ Eltltl~<iltl'U n~1-3 
' 'IJ 

Vt1au1nm 1"u1n_m Vtrt.J 'a.JfitJ,-: nau~1ud L i_tJn11 ii 7tF1fltltf (nuCleus) tl'U'W'lJLUUflf.JLL 1 n 

L"tJ Robert Brown u 'dbfl~tJffLU'Utl.Jfi'tJ,-: ntJ'lJ"lJtl~L'Jf~a~.Jiif..JU.J~3J~El3J t wrhufl.JL~tJ1rltJLflfl~3J 
. 'I 'I 

L6J5~a titJntrlad11 Nuclear memb~ane tflt1~3J ~1Lf1;·tJ«d~:'V\t~~3J"lJEl.JLVt~1~-JLitJn11 
· nucleoplasm 1 11~trltl~3JU 1Lfl~tJ«~:ii«11~ii,in'htn4!f1~1tJ<il11htJ~fl~3Jtl~L"tJ<il~tl~ l<1lfl 

. 'I 'I 'IJ . '1, 

· ~iiin'htm:fl~1tJ<il1,j1tJdt itJn11 1n"f1J 1i1u (chJromatin) LU'U~1'U~rJEl3JH~~,r~ L'U 1:tJ:~L6J5~~ 
iin11LL.1J.J~1 Lff'U LtJ 1fi13J1~ud~:"lJ1~Eltl~~1 nnuLiJ'Urltl'U 6) 1u~1'U1'U~ .Jfl.J~LQ'W'~:cnU~"lJtl-3 
~.JO:ni<il~'U rltl'U"lJtl.J Lf113J1~udtitJn11 1rri11111111 (chromosome) Yl1VtU1~LU'U~1-U1in'htm: 
'YI1-J~u1ln113J~1 n~att3.11 tJtT.J~ n Utl n~1 n~ull1tJ 1 uU 1Lfl~tJ«~:0tJ3JL~n 6J tJ11 n11t1~L itJn 

'I 'IJ " a.J 'U 

U3Jd l1 iJ lflfl1flilif (nucleolus) L ~ElllU l1LU'Ucgj3J'YI.1-J"1Jtl~LH'U Lfl13J1~'U tJ3Jdtl1~ii1~'V\~1tJ 
'I 

Q..f I a; J f(.;_ ·, ca., . '---. 

tl'Ub.L<il~: «~1 tl1111 ~.JL3J tlL6J5~~L 13JbL 1J~<il1 

~1nn11fln'ht1itf111:m~tJ~:LDtJ~'Wu11 Lfl713J L6J13Jtl'l:=nEJu~1tJ«11~u'Yii6tJ,-:Ln'YI 
. "' 

DNA Lllu~1uLVtqj uan~1nuutT-:~0«1'lU'l:=Ltl'YI RNA 'l13Jt~ijlhv 

'U 1Lf1~tJ«iiVtu 1~fi1'1JfllJ"lJ'lJ1U nT7'YI nm.h.J~L fif\~'"l"t'Jfat{ L tli~UL«ij tl'Ufl'UtJUnJ'111 'I 'I ; . . , . ·, 'IJ ... 

e-.1.. 
nTJ"lJ ~.JLsn~~u ULEl.J 

'1cu 1~vuntn1 (Cytoplasm) 

1sn1<il'W~1«~ ~a1tJ1L<il'W~1«~~~U~EI~~tl3J1El'lJit1Lfl~Vft n1'~~11n41tl~1-J~1L~'U 
.\J , ·. , -

""' ( VI 1 ..... ..... ""' ...... I ..... "" X .... I "' ""' ' 1 'l "' ~:LVt'U'd\ b6J5 <il'W~1«3J3J~n'htrn:LU'U"lJtl.JL'V\~1~<ilVl<iltlnULU'ULUflL~tJ1 LL<ilfl1'W~11n41 ~tJ b'11 

n~tJ.:J~~'YI'l'lflU DL~fl<il'l au Y-l'Ul1L uL Ut~1JEJ.Jlf!f L~Y-l~1«~~u ilLrlElu1-J 6J 'Yitl~'Yiu1 U3J1LU'\.i 
'I ' ' 
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cS ,. """' """'"""' <V ltl'U B~'VUlUUJtl 11fltlltUI (Endoplasmic reticulum) 

Lflau1'1~'YlEJfl'YluvrultJ:uil '""~'",a" l'lf 1<1lcri~1wlltf'"L 7vn11 

"""' .-:1 
fltltl1lUtl~ (Golgi body) 

A A fit f( A I d f( f( I .,tg, fit ~ 
na~'i\I'Uilfl Lih..LEJ'IflU7: naua nS1\.L 'V\\.L'I"lJ EJ'IL 'If~~ EJ'IflU7: nEJ'US1U.U.flU. Yi'ULUU.fl7 'ILL 7 n 

I 

lu.tJ fl.fl. 1898 1flt1UfiL'lf~~i'Ylt111111a<1l1L~tiU. ~a Camille Golgi na~~'UEJ~ ij~n~m:LUU.LNU. 

LLU'U"lJU.1'1.UlU.LL1.iu. tJ7n~hJncri'ULU.L'lf~~i<1l1Lrhtfu. VfUannL'"L!J~tf~vi1'Yitt'1~~i1\1~1~ Lth-11 

L'lf~~"1Ja'1a1'r..~1:'1Tuthr..~ .Yh t ~L ~anu.--l1 na~~ ua~ ijwu1~b ~t11nun11onurl1r..~ LLc;lnrT" laJij 

mfl~u.rru. 
'IJ 

~~~ .... .c;.._-_,....c;;_ __ lnterstructure space~--+--,.._ __ 
A 

Outer wall 

Inner wolf---'.!..__~ 

Cristaj 

I 

, 'i' ..,. _I' 1 Sl a ' 1 ' v lllVi 4-7 1J lflfl0UIYa'UJ A. 3IJ1HUtJYa~ 't'H't'i'Utfll!'U0~1l UJ .l.l B. tfll.l,tllti'U6U·l.l~ 
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,,., 1Atl8~1~;tl (mitochondria) 

!'I .... I .. ...~ '" .. .... 1 I • 'I .. LlJ\Uh1fllJ 1: Oelt1"1JEh1LSJf~~'nYfUEltJ L 'UL'lf~~LL 'ntl'n O"lf'Ufl iltJL\:\ Yn:eu.n~V" L ~L'Jf~S 
~ , 

~ij"1Jtl1\l011'ti1"1U\l" L1fu L'lf~~'lJEl"iu lfl LL~:;1J1:W1'n .ijJtJin~m:th~ ') rl'\.L 1J7:0Eltl~1tJ 
~,x""EJ",r'" ~,x"iulu~cuJ1Ltlui'\.LtY.:~\:\1nnu~i"Lil3J iu~~"~"Q1nL'1i'1l1J\i 1itJn-l1 n1n~1 
(crista Yi~Yi';)ii critae) 1ia"111tJL u l3J 1flflelUL~itJ';):~1JD.:IL'V\~1,r"n~ ';l10017i"L OflYitJ11 
\41 T ... ~ A \41 ~ ...1 r o ' ~ ~ ~ rtl A -~A : ~ 
·Lll LflflelULil1tJU';):tJfl'V\fl Lfl LU'llm:Y1L'Jf~~'n1"1U 'V\'U1'n'lJEl-3El"fl 7:0Elti"1JUilUflel011W11~ 

LD,_. l'lf~~l,rtun11'V\1tJL';}'V\1aL~1~~1GJEl1'V\11L~ElL ~Lnflvut"~," ~"EJ1';)L iunl~11 lll 1fl­

fleJUtflitJ LUW.L'V\~"·w-f1"Yii.:l.:l1'1-ftL~LUlL'lf~~ (h~use of power of ~he cell) LU1-\J011LLYi'nUU';l~UU 
ihi" 'l ~fl113JftU L';)~el t3J 1flflelULflitJ11LU"UNihi1'1.4 713JL U011Yl1L~difl11fl3J:L -l.:~'V\1El lll 

~ 

A ~ Q; \41 I :"'1 ...~ A 

~· ~~011fl01Y1'llm:UtJ.:I L3JL1JU'n~91 

1al•l•JJ (Lysosome) 

l~ 1'15 L'lf3JLlJue.:~ti'tl7:nuu~t1uYiu 'l 'V\2il 111tJ~i~iinT11J7:~,;. f nael-\J';}~'Yl11flii 
oil , 

~Laflfl1auLLa1 1~ 1'15 1'1f3J~in~m::n1tJuElnfla1tJnullJlflflal.ltLtt1tJ ~'""'ll£l-\J£l.:~fl'ih:nelu"1fufl 
~ !'I .. I .., 1 .. 11 .. I ... 'I ... 't' I A ~ .., .. 0 Q; 'I ~ I I 

UL1JUft11u1:L1l'n L~ u lJ1'YlU fl1UL'U3JU1tJDtJ'V\7£lLEl'U-L'Jl'lJW1'V\1U L"1ftJElUft~1tJft17911.:1 ') 

~ii'llU1fl13JL~n~ L 'V\ruL ~ft/11~LiJ~13JL~O~Lan L~Elfttfnn LU017tlOL1J~tJU l1JLiJuYii.:I.:I1U , ... ' , 'U 

t.i1~...t'.:~"1JEJ.:~ 1~·1'11 1'lf1l~n'Yl1~1tJ Lnu l'lf~~El~fl1tJL \.r~:'Yl:ine£Jn1l;Ll~:uEJtJ«11~u 'J 1" 
1.,1 1 r ~~; ~ A :"'1 ...1 ~ 'I I \41 1 1 ... 0V - • . .. ...~... A .... u1 fl~~1ft3J fl.:IUU';l.:IL1JU'n.L"1J1 L';J11 L~ 'If 'li'3J3J'V\~1Yl'Yl1~1E.JL'lf~~'Yl3J£l1~3J10~1ElL'lf~~'n 

~ 

f)1tJ~~~1 

lcU'UA;Teaua~1tltUtl lA lC~JJJ (Centriole and Kinetosome) 

Lenufl71EJ~iiin,;.m:Lihn1aun1"n'::tlanLan -1 iii1u1u 2 eiu a~lna 'J it1LflRtJW 

';l1nn17tl01Y1~1tJO~El.:l';l~'Yl1i"flii~Lafl911£l'\.L~trh L-i~tt11aatl1::n£ltJ~1tJLW\4LtJ'V\S£l~Lftn ') 
, I 

9 n~3J LLfl~:n~3JiiLWULtJEl~ 3 LWU Lenufl11a~LLttatEi'l4';)::fla~ti1tT.:IQ10~-\Jn~LL~::n\4 
Ll4L'lf~~u,.:~,-Ufl~.:~iiLiu"1J\4~:LetJf!Lan 'J ~.:~LitJnn cilia iifl~~~,tJ ,:ii1fl1-:~w:f1.:~,-n~ 

A .... I ""1 ~ 1 ~ A .... I . . .. ~. ~ ... . I '1 flit 1 1 ... ... 
· 'V\U.:Iflflel~'n flU'tfl"lJEl-\1 cilia 'ij\4 fi1:\Jft11-l'V\70£l.:lfllJ1::0El1J11\4tl\4L1tJ011 Lfl~\4'n fl 'lflJ IJJ.:IJJ 

Q; I .. I I ... .... .... flit .o;o,1 ~ flit ;..1 '1 . flit 1 1 ~ ... 
~n,;.m:LL~:R1Uu1:0EltJL"1Jl4LfltJ10\4fitiL'lfl4fl'l, El~ 'Yl~L'J1"f11 EliUL~:: LfiL\l'Yl fl 'lflJ\41Jfl111J 

A \41 ~ A ,.i ~~; I rtl t 1 ~ o "' ..1 !IJ 1 ..1 o 1.~ A 

ft13J11 fl';):tJfl'V\fl ~fl ';J~L "lf-El0\4 11£1-\Jfl 1:: OEJU't!l"REl.:I_EltJ1"\4'n1'V\\41'nLlJ\4ft1'U'Ylfl1 L ..,L Ofl011 

Lfl~El'U l 'V\1LL~: 017Lfi~El\4~11£l-3L'lf~R LLfiii1in·1 1LLflnth.:~-.1nn11U~'V\ft1J£l"Oft11JL;l£l L \4Rfl1 

'V\~1tJL-n'~~~'" 'J EJ.:~ti'lJ,-: nau...f.:~weh1ttllJ~uluL'lf~$'~,- · 
~ 
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Q; t( t(tl ~ A A ~ ... Q; :tl 'i;l ~~ ... .I o ~~ -~ A ..a 
tf911 Eh1fl 'l::fiE11JWUflt1 YHn~flft'Jhlll~fi~nL::Lu\4fiEJU~1'l 111ll LUll~1'l'Yl'Yl1 Ll'\Lfift~1J11l 

acl vun«~ftLLtJ\IEJEJnfl1llin~m::11EJ\IRlfi'LtJu 3 vnnf1a· ~1n~ii~11iL;jU1EJcl111E.JLuL7vn1"1 
~ . ~ 

fliUJ Tnw:rutn (chloroplaSt) «11iLc1iv1\t;vn-l1 flitB tswa (ch!orophyii)~\ILU"U~11~ii~mwl.l~ 
~Lfl~LU vn::i1 flE1tf13J1'lfiU 1LE11~ 1ll111llfl1J n1'lffl1'l1JE1\4 lftEJEJ n 1'11.1 LfllliiLLR \IR11\ILUU 

i1'l1lltllj n1E.J1 L nftLlJU«1 'laun;uth::L11'Ylfl1 flu lnLft'l'Yl tl1V.~1~~ft~uii R1 'lR~"U~Dl ,y 
... ... I 'l ... A ~ I ')' '): fO' 'il A ~ \1 t..a ...... 
tfL1Jll1E1ll111tl LU L 'ltlfiV.~1tfflft\4\411 lf/1 t1JWB1iffl (chromoplast) fi1V.a1R~ftUU Lli3Jft11l.IR 

~ 

I ~~ ... I ""' '): G' Q; '} t( A -'\1 1\1 'i;l Q; I -' • 

E1~111ll L UL 'ltl fi11 it 1 tfl Wit ?iff! (leucoplast) ll n~lJ L UL'lf~~1JEI\I~~'Yl Lll Lft11JLLR \IR11\I n11'YlV.ilf 
... ... ... A A A 'il ... 'I :tl f(tl ,¥ f' 
3JtfL1Jt11'V\1"E1fH'V\~t1\l tfll LLft\1 91~E1fi-,Utf1111 LR ') Lu\.LLYfl1::EJ\Ifl 1::nE11JU1JEI\IL'lfl'll'l 

..: .... ') !"'I I .J I'} \1 1 t(. I ,:¥ ... A A~ _!I I A A~ t¥ 
U1flfl1 t8it LuU'ne:J\I'YlEJtl LU L'Jf fl..,R1~ll ~El\IU';l::3JLE.IE11J1\Il'\lltiElli1El1JEill LllEJl'\l.IU 

~ 'I 'U 'I 
A I .::. -r T G' , 1 ;x ... r A 1 • 

L ";ltlfi11 LtJEJ tn U Wit ?iff! (tonoplast) fl1ll LU~E1\IU';l::lfU1LLl'l::~111'l::~1llD'U ') 1J11~Eiij LL 1fl~ 

fh Le:J~ 1 uL615~~11e:J\I~ .Jii~iflEJ1'<ilLLtJ\IEJEJn lt1LtJ"U«1llth::L11'YlflD ti1LUULL 1flih 1el'l~111E.JL\WR11' 
~::~1ll1J'l'l'<ile:Jcl~.J~l"'n~113J1 L7vn11 sap vacuole tl1LUULL1flth LE11'l~iiD1'V\11EJrlrnv\u 

'I ~ li 
A 1 'i1 !"'I ~ A 1 ...1... 'i;l ..,1 o Q; t ... f' ..a 1 

L 'lll n11 food vacuole fi1LuULL 1flfl1 E11'l'Ylli'V\U1'Ylfi1'<ilftU1U~::11EI\ILRE.IEJDn'<il1nL'lfl'll'lL 1llnT'l 
A ~ A 1 A ,/¥1111. A \1 'il ..,1 A tl • 

contractile vacuole 615\ILL1flfl1 EJ~'nUftU3Jfi113Jtf13J1'lflllft'V\ft Lfl R13J11fi'Yl';J::LLflnLLl'l::Lnfl,_,~ 

L'V\lil"'LUUf\1"11 ') ltl 

f(tl I t( ...1\1 'il A ,/¥ tJ :tl Q; \1 'il .... I \'ltJ,¥. 
e:J\Ifl 'l::nEJ1J911\I ') 1Jt1\IL'Jf~~911li'Yl Lf1Elll1J1ll3J1U E11'<iltf1 LuULL~\U-J\1 Lfl ft\lflEI L \4flll 

. . 'I 
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Cell membrane and Cell wall 
Endoplasmic reticulum 

Golgi body 

Mitochondria 

Cell 
Cytophism - Organelle Lysosome 

Centriole and Kinetosome 

Plastid 
Protoplasm 

Vacuole 

Nuclear membrane 

·Nucleus 

· ··{.·. Chromatin - Chromosome 

Nucleoplasm 

Nucleolus 

tl1U n~n~1~~~"UTH1~ 1~t11tJu~ fitJu"U:: ~ ~~ 1~11 L !fft~ L tJi !J'U1i tl'U Eh1 Fl n,VIiElVIU 1 !1 

~1u~ija~ti't11:: nau~~11u1rn f~n11ri~ t11:: na'tl~1tJ~1tJU;'V\T~Ufi::fl1Ufl3JU 1tJtJ1tJ (ibLfl~tJ~) 
'tl 'l , . 

~1tJ1i1n11 (organelle ~1~ GJ) LL~::~1tJu;n11 (L~1fl~11afiUL'4::Lrla~3J~1~ GJ) ~fi~1U~Ln~~U"U1n 
'l , ' 

n11Yh.j1~1111n~ ~~~t'4L~in~n11~·,,~a~m.h~aTufl~ -'LLL'4::rh1~Ln~fl113Jn11'VIU1Ut'4::n11 
'tl . . 

b "U1 tyL@lu 1~a~1~ijtJ,:: i.'Yli~L'4ri~ 
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ill'Vf 4-8 UffVI~ Typical cell 'H1fl Generalized cell 
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.... ... ... \1 .!I I \1 '1.1 I ..: .... ........ .. I '1.1 ... t '1.1 I !='I '1.1 ..l ';)1 fi'nCJ'ltlJL'lf~~sn' "' L~l n~11 L 111 H "3J"lf1<ilu1: fiel'l.J.,1tiL8Jf~~'l.t'l.t LL3J11';l:Lu'l.t1J£lfl113J't1 

1. ,rl,l[.,u,.t1 l tJ LL~ijn,-nlunL 1.uu1"n1m~ "ElijuEJ nL 'V\itEJ l U';)1fi't1CJ1!-~dmj11';l::Lilui "ij=a1fl 

L'V\ilEJunu L1i'u 

1. l TfH~ "i.,LtJUi "jj~1fl"lfit.,'V\rt" iilfl~EJ"flU1: fiEltJL 'V\iJEJUL8Jf~~vt1 ltJ l 1'lft' 

U1: n£ltJ~1UH11el-L't17tJ U1:L1l't1fi7.,it 1fl~aflLYh~u llJijEJ"flU7: fiEltJ~l-L ,.,'!.tEl n' tJn11 
,r 
UL~tl 
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'I ... X .. tl "" ... ...~... tJ I I Q,oo I 0 "" ..1 I ... Q,oo 

(simple tissue) L t.L1J1..:m7mL t.LeJLtm 1:: neJ1Jfl1tJL6Jf~~'Yl3J7 7,1~~1~ nt.LLL~3J1'Yl1~t.L1'YleJt.J1~LfltJ1 nu 
'U 

~ I "" ~ I 
... A A A Q.oo I " ~ .. "'"' a/ , 

L 1tJnLt.LeJLt.Jel"11t.Lfi'U'U11 l'UBU/fJrJNu'i::flfJU (composite tissue) 

LdenfleJ~~1r.J ') "11itfiLrleJ3J1U7:neJ1Jrl'UL 1J1LU'Uff1t.L~h~ ') "lJeJ~11~fi1r.J L 7t.Jnff1t.L~h'l ') 
.tl .., Q,oo I ... t "" X .. A 'I~"" Q,oo I 

'U11 "8101::" (organ) el1r.J1:elr.J1~~'U~ ') 'U'UeJT;JU1:neJ1Jfl1r.JL'UElLr.JEl"11'Ufl Lfln Lfl El1t.J1:LL~~~ 
I ... "" ..1 vttJ "" Q,oo "' I 0 A Elr.J1~3J~t.L1'YlL~v·n:~~ L tl1El1r.J1:~~1t.J 6J ~t.L3J1713J'Yl1~1t.LU1:ff1t.Lrlt.LL~Eln';Jn173J 

eJth..:~Lilr.J1nt.L L;un~3J"lJEJ~Elru1:~t.L':h "'i::uu" (system) L"lft.L 7:uu~Elr.Jfl1~17 tJ1:nE1u~1t.J 
'U . 

I I 
Q.oo tJ A :a'J IV A 1 o I -.... Q.oo 

eJ1tJ1: 1: neJlJeJ'U ') Lut.L~t.L L3J EJ1:uu~1~ ') 'Yl1~1t.L 1'13..1 nt.L~~"lJEl~n1 1713..1 nt.L "lJEl..:J1:1JU'Yln1: 
'I 

~ 0 'I "" A ...... A ~ A "" Q,oo 0 -.... A 
uuu u 'Yl1 L ~L nfl n1 1 3J"l11~"llt.L L t.LEl~fl1 u ~ n lY m: LL~: n1 1'Yl1 ~1'\..L "lJ El~fl1 £J 1:~,. eJ 1: uu 

iifl113JLLfln~h..:Jnt.L 713Jfl~Elfi';Jt.Ln..:Jn11ii1:1JU1llLYl1Lfir.J3Jrl'U ~~ri1L~~ij;i~LL~n~1~rl'UElElfi 
"tJ :a'l A Q,oo ... Q,oo t 'I ... ..1 Q,oo A tJ..I tJ ...... 
L Lu'U~"11LL~:ft'~1 fi~'U'U L 'U fi17flfilY1L fir.J1 filJL 1 fl~"lJEl..:Jfl113JL ~r.J'ULL ~~"lJfl~LSJf~~ ';J~LLr.Jfi 

. fln"tt1ElElfiLU'ijL ~El..:J"lJfl~~"11LL~:L ~El~"lJEl~i~1LU'Ufl~1~ ') 1tJ 
~ I 

G' . .. elf elf 

4.3.3 l71ililllil::l'UfllflfJWfJ~W11 (Plant Cell and Tissue) 
IVA IVA I IV IAtJ IV' A 

n1~';J17tu1fl~t.L~"11Elr.J1..:Jn11~ 6J ';J:~1J11~"11 7:nEltJfl1r.J1:uu«El~1:uu flEl 
'U 

'i::VU11fl (Root System) un::'i::uuwR-uhuwunu (Shoot System) ~~113J1tJii~~1<flt.LLL~: lu 
~ .t "" X . A ;.. 0 -.... A . ..;' ...; ~ 

1:.1J1J'Yl~ft'El..:Jt.LU'l: nEl1Jfl1t.JL 'UElLr.JEl'Ylft'1 fltl:J 4 tJ 1:L11'Ylflfl l 'Ufllflfllfl 'if]j (Meristematic tissue) 
~ , ~ , ~ , 
~ .. ft, .., elf elf cv elf elf 0 ~ 

lUfllflfJufJ~nu (Protective tissue) l'UfJUJfltf11Jf]j (Fundamental tissue) LL~:l'Ufllflflil1lilfl~ (Con-
" I "' I ~ '\ o 1 ....,. A A a'if ....,. A A ca; 

ductive tissue 'H'ifl Vascular tissue) L'U~1711J1~L~3J';Jfi113JL01L'UElLr.JEluEl~nt.L L'UElLf.JElft'13Jru ., 
· "' I ""' I A A o ... 'I "" ca; ... 1 A A 

LL~::Lt.LElLr.Jel~1L~r.J~ L ~113..1 fi'UL 1r.Jfi11L 'UflLr.Jeltl11 "J (Permanent tissue) 
~ , 
~ .. ... 

l'UfllflfJW'if]j (Meristematic tissue) 
X A A A ... 1 ~VI I ~ I .-..1 A~ I 

, L t.LeJLr.JElL ';J1qJ~1flL 7r.Jn flr.J'Yl1 LU11 meristem LU'U n~3JL6Jf~~'YlL fifl"lJ'U ';)1 nn11LL1J~ 
~ I , Q.oo \1 1... tJ..I tJ vttJ 0 IV ..1 1 I" Q.oo ... ~ tJ I" 

L6Jf~~ L~3J s:J t.J~ L3J3Jfi11L ~t.J'ULL ~~· L 'Yl1~'U1'YlLU~1:flr.J1~ L6Jf~~.3Jfi';J:lJ"lJ'U1fiL~fiJ ~fi1J1flfi 

El~L7r.J~~flrl'ULLcU'U 111r.JL'UL6Jf~~ijit1Lfl~r.Jff 1 eJ'U LL~:13JiiLLlfl~h 1EJ~ ~cU~L6Jf~~u1·~El~~flrl1J 
'U • 'U 

..... ... I I vt I A I I I I" 

L6Jf~~"lJ1~LflU~elr.J1~~'U1LL 'U'U ';Jt.L L3JL fifl"11el~11~1:~11~L6Jf~~ (intercellul~r space) 

uiL 1m ~~uLdeJLfleJL ';J i ru 1~LLrlff1t.LU~1r.J"lJ eJ~<flw~"11 ';J:LU'UU~1r.Jr.Jflfl ~7eJtJ~1r.J11 n ., 
• I .:... I X A ..1 'I A .:... I 

nfl13J R1'UU~1U'UL 1r.Jfi11 growing point L 'UflLr.JEl'Yl~lJ b 'U1J1L 1tu'UL 7t.Jfi11 Apical meristem 

ri1~-ij1~L~3J"lJt.J1r.Jfi113Jr.J11L~LLrl71nLL~:~1<flt.L t.LElfi';J1nttt.LeJ1';)~1J1~nuiL1m~rt~Lt.L1JiL1tu 
lol I """ I I 

IV IV ... AA 1 ... 1 A o ...... A 

1El'l.J1~fi1'U"lJ1~ L1tJnLt.LElLr.Jm~~1'U11 Lateral meristem ~1fl Camqium 'Yl1~'l-t1'YlL~ll"lJr.J1r.Jfl111l 

n1'1~ L ~qjL~LLrl~1~ULL~:11fi meristem ,r~{{fl~"11itfldLrleJL flfi3J11~1:r.J:~rt~LL~1';J:L ~1Jiin11 
..1 vt ~ X.J A I .J ... ~~.~..I I •VI 

LU~tJ'ULLU~~ bULUUL'l-tflLt.Jfl"11l-tfl~1~ ') 6Jf~3J~'l-t1'YlLU~1:Elr.J1~~f) bU 
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adoa~tlU·tl~nu (Protective Tissue) 

,r A-'~ ~ . ...~.... I "'... .l_'f "-"' 
L 'UelUJ£1ueh'l nU';J: tJ nfi~3J El~'Yl~·n4i'1'U'Ufl n-n el~ R1'UCIJJel~fl'U Yi"lJ Yh'V\~1'YluEh'l fiuij L l'l 

L 'IH~~~el~4hu 1 'U ll~b ~11 tJ14ffUel'Ufl11E.lel'UL d£J{I3J1';J1n n11~qJLWEJJ' 1'V\7eJnTl n1:'Yl1Jfi1:LL 'Ylfi 

';11 ni ~~'U bllf~~CIJJ el~L daLfleJ"lJU~d3J fi';J:ii~,Z~L'lfi~~'V\'U1 LL~:ii fi11 ai'1~'Yl~LL 'Yl'U 1~eJ~1~11~L i1 
"" I "" .o:l .S .,1 ... I "''-'!'1'1 A .o:l ~ 

b'UelLE.lelu1:L11'Yl'ULL'lJ~eJeln L~bu'U 2 "lJ'U~ flel Spidermal tissue nu Cork tissu~ 

Epidermal tissue 'V\1m;E.Jnnu1~EJ,.t11tJ1i epide~s LUUL'lf~~~u~ii~1fla~ 3TnL1EJ~fl1EJ~ 
' A t; 4 fS' I ..r... ~ t; A A I · ~ A 4 I t; 

fl13J~1'UeJ n-n eJ~flu Yi"lJ Lllf~~L 'V\~1'U3J~'U~~1'U 1-llel nsn ~fl~fl£1 nu~u 'V\ 7£1eJ1 n1flfi£1'U -n1~'V\U1LLft: 
~ "' ..t .. I "' .. I . .t .,. ~ .!': ·:f~ .,. -'~ ~ 

~'" ~'"~~1'U'Uu7:nau~1EJR17u7::nausn~3J~n~m:fiL-t1E.ICIJJ~~ llfi113JR11117nua~nun11 

1:L~E.ICIJJel~J1141 R11U1:nE1udL7E.Jn11 cutin LU'Uft'11~ft'i'1~ 1~tJ 1u71fl'Yi~1a3! i1L'lfft~ii 
.. I I .I .I ... "' .. I A ~ "' ....... ... ... ...... I"' fit "' 

1u11~Rb 'V\~E.lli~'U~1 u7 fiflll n Lli3JR 'V\7£1'1J1~~"1JU~£l1';}1Jft'£1E.l~1E.ILftfi'U£1E.l 
~ ' ~ . 

fl'' fit .. .I A I ._, . .: A A A , 

Cork tissue fl£17nLU'UL'lf~~'YlLfi~';l1nn11LL'lJ~fl1CIJJEHILUeJLE.l£1L';17qJ"lJ'U~ lateral meristem 

.... .I... I A .. ... ~ .!': .., "-~ ~ !'1'1 .. 14 

"lJU~'YlL 1t.1n11 cork cambium L3JElfl£11nLn~-n'U3J1LLL-t1.,:nn~ueJEJn Ll'lli1713J rt'Un~1E.ILu'ULu~EJn . ~ 

eJ~'Yl1~~1uuan-na~~19lu'V\1a-,1n~iiEJ1E.Jll1nn11 1 u ~\l'~Lilfft~nnRi'1~ 1tm1u-, 1fl'Yi~1a3! 
~ , ~ 

.. I "' A .. !'1'1 .l_'f ' ~ t' \1 ~ I ... .., " 
u1: neJU~1E.IR11"1JeJ suberin llf~Lu\.Lft'11'YiuEI~nun111:L 'V\E.ICIJJEJ~\4 1 L'ltL "1J'UL~E.l1 nu cutin 

.. .. ..t ... •"' "' ... "' 1· I 1 . .. .., "1 .. I ... I ~ .. 
L'If~~CIJJel~flel 1 nu ';):1JeJ1~EJ~ L~ 7 :EJ:'V\U~LLft1 u1 ~Yift1ft'3J';): ft'ft1tJfl1 L u L ~ftEJLLfl~'U~ fiEJ 7 n 

.. ..r .I \1t.fO A 'I~ 
L'If~~'Ubel~'Yl Robert Hooke L~'U13J1fln~1 L'Uu fl. fl. 1665 
A A IV 

A'U·tllfJtltJUJty (Fundam·ental tissue) 

LdmrlEJa1irtyLLU~EJElfifl13J~n~m:-nEJ~L~~Gtfi'ttJu 3 Yi1nflEJ Parenchyma, Sclerenchyma 

LL~: Collenchyma 

Parenchyma LU'UL dmflEJa1aJn.J~Yi'lJEJtJL W.L YtU'YlnU7L 1m ,El~~"lJ LIJ1fl~LtJiE.JuLLU~~3J1';)1 n ., ~ , 
L dmrl elL';) i ru ij,-l.J'l1~ 1~'V\~1E.ILL 'lJ'lJLLflti1Ull1 naj nn~3J'V\ 7 EJ 1 ~,Z~,EI~LIJ1ftt{U1~ EJ1';)U1: n·EJu ., ~ \ 

t; .I .I I ... .. .... I I .. I 

~1E.IL'V\~E.lli'V\~1E.IL'V\~E.lli7:'V\11~LIJ1~~flEJL'If~~.,:3J"lJEJ~11~1:'V\11~LIJ1~~ (intercellular space) EJ~ 

1 .:.."1 .. 1 IJ ..... ,: .. 1 t ......... fit 1 .. 
~E.l'Yl1 Lu 111E.l L'UL'If~~3JLL1flfl1 EJ~ 'UEJn';)1n~"U parenchyma'lJ1~"1JU~E.l~3JLll~fi~El 7Yi~1Rfl 

EJ~b U'U ~1'U 1'Ull1 n .Yh 1 ~Len~ ~tf'" Yl1'V\~ 1~L U\41L~ ""~"i -3Lfl7.1:~EJ1'V\11fl~ El~ ii~ n11L nua: ft'3J 
~ ' . . 
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... .... .. I . VI 'iol<':t o<:!l ...~... .. 

Vi,1"lnL1fl13J~fi~nL:::1.JB~"ltlL61H'l&Ul1,LL'U~ sclereilchyma BBfi L~LUU 2 Vi1fiflB Vi1fi'Yl3J"ltlL6Jf~~ 
. ~ ~ 

LUULtt''U LtJtJ11 ~1'Y11tJLL'V\~3J ~-nr~'V\U13Jifi,'"L'V\~B'7iB~ fi~1~L6Jf~~b ~tJ~b~ nuutJ b6Jf~ ~"D'u~d 
Lit~n11 Fiber L "l1U1LB1L«'u'ltJ fiber d11Trhl~Hifl1.h::: 1t~"D'U'Yl1~Lfl"l~tn,L1Juu~1~111fi L1iu 

. ' ""' 

L«''U LtJthu L«''U lt~lf1tJ «,; LtJ1l:::Vii'11 iutJ:::"lfl t.tJu~u tl1L6Jf~~ii,-tl11~Uu1ltfu ii~u~'V\U1 
~ 

..: ... .. ... ..rl ... ... A "" ;r A ... ..r 
LL~:::LL'll~111fi L "ltJfiL6Jf~~"D'U~U11 Stone cell 'V\"ltl Sc/ereid 'U"lL1nL1.1B~Vi"D''Yl,:::Vi1JLUBLtJEl"D'U~U 

VI 'i.l I tlA 'i.l " ~I 'i.l 3J1fi LflLLfi L ~Bfi'V\3JL3J~fl fi:::~1 buUflU 
'I 

Collenchym~ Li:lUL dmflB~L ~fl113JLL ~~LL "l ~L '7i'Url'U uflfl1~,1fi sclerenchyma ~ collenchyma 

.... :tl .. ""... ...... .. ... .... • ~I "" 'i.l .... I 'i.l ... 1 
tJ~LuUL6Jf~~'t13J"lf1fl b6Jf~~3J~fi~nL:::LuUL'V\~tJ3J'V\~1tJ~1U ~U~LL~~:::~1U,:::1lfl113J'V\U1 ~tJLUYn::: 

B~1~fl~u1L 1nL113J'llB.:JL6Jf~~ BT~ii'7Ju~11~"l:::'V\11~L6Jf~~ El~U1~'V\1 B lliii L~tJ iifl113J~~'V\~U , ~ . , 
111fifi11 sclerenchytna ~~~fi'Vi1JLU1J1L1m~1Bu1'V\1'11El~~U~"D' L,)-u rhu'lu ~3J1.1El~~1~U 
A A o .,. 

I\HlUJ8111UUH (Conductive tissue) 
;r A 0 ... ..: .r A "" 0 'i.l "" "" a:.- I 0 ... I ' I ... 

L 'UmtJB ~1L~tJ~L tluL uuLtJB'Yl't11'V\U1'YlL ntJ1 fiu n1 "l1.1U« ~~1L~tJ~«1 "lfl1~ 6J ,1 fiLL 'V\~'V\U~ 

ltJ5~~ fiLL 'V\~'V\rt~111tJL U~U~"D' LdBLflu"D'u~dtl"l::: fiEl1J~1tJL duLflu~ ~~snBu 2 tl"l:::Lll'Yl flB 

A I tl tl 'i.l I' A tl ca..o Xylem LL~::: Phloem 6Jf~LLfl~::: "l:::Lll'Yl,::: "l:::fiB1J~1tJL6Jf~~'V\~1tJ"D'U~ll1 "l:::fiuunu 

Xylem LUUL duLflB~Yl1'V\U1~~1L;tJ~«1"lB1'V't-1"lLL~:::1flt1~1Jfi1~ 6) ,, fi~UL -n1ti"l1 n 
'I ' ~ 

(1~tJ1.11J1Ufi1"lLL'Yi7fi7:::,1tJLL~:::BB« 1116R«) LL~1\~,1ti~~El~UtJ~1J1L1nL'llB~L6Jf~~~ijfl~El 1 "l'Vi~1«c;i 
1 

L6Jf~~~111tla:::fiB1JLUU xylem· ,fltij 4 "D'U~ flB parenchyma, fiber, tracheid LL~::: vessel ff1'V\f1J 
t ... .... .... ""VI 'i.l I 'i.l l .... 'i.l I ,;.. I 0 'i.l "" 

parenchyma LL~::: fiber 'UU3J~fi~nL:::~~'Yl L~fi~113J1LL~1 ,_.'V\11.1ElfiBUL'VitJ~LLfl3J1'Yl1'V\U1'Yl 

~1L~tJ~«1"l,1fi11fiW~1~ULL~::: LULYhttu 
~ I I 

:tl .. ...~ ... tl I ca..o 'i.l A I ca..o 1tl 1 I' ., A Tracheid LuUL6Jf~~'Yl3J1 "l1~tJ11'V\1'Yl1tJLL'V\~3J L3JBLLfifl1 "l fl'Vi~1«3J111tJ LU,:::L«Elll 
~ 

«~1tJl tl ,Ja~'Yl1~111tJ L ULSJfR~~~ fiL'l1tJLUU 'Yl1~~1U 'llEJ~J 1 UB fi,1 fi,!U~U~L6Jf~~~ ~iifl113J 
'V\'U13J1fitJ~,.1tJYl1fl113JLL .n~LL,. ~ L~LLrl~'U~"D' ~tl'~~1U 'l'" 1.1El~L6Jf~~ii~1~~1tJLUUL n;tJ1~~L n~ 
,1fifi11«:::«1l'llB~«11L6Jf~R1R« Ldu~u~L6JfR~~tJcrt1ltl,:::ii,JB~L~fi 6J LUU'Yl1~~~f!unuL6Jf~~ 

~ . 
'i.l ... l A ..,1 ...... ca..o ~ ca..o 'i.l I' I :tl 1 

'll1~LfltJ~ U Vi"lf'Yl3J11~U1 n1 "lff ~1.JU3J1~U~~1U 1.111~1.1El~L6Jf~R,::: tl1~Elu fiL uULL~Ufl:::LL fi 1 ~ 
~ 

vh L ~L6Jf~~ij~fi~nL:::fl~1tJflBW .:~J 1~~fiBnULUUL«'UtJ11 LSJf~~~ij~fi~m:::.r~ fi~11dL itJ n11 
I ..... ca..o ... I I ... ca..o ,Jt 111:1. 'i.l ..,1 I .cl 

Vessel LLflR:::L6JfRL'lll~U~'V\'U1LLR:::1JR1~R1tJfl1~ 6) L"D''UL~tJ1fi1J tracheid vessel U3J'V\U1'YlL"D'U~~tJ1 

n'"nu tracheid 
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Phloem L UUL de:~ L~ e:J ~ 1 L ~th'l ~ '11'Yi TV\ U 1 ~ "lJ U tl1 tl ~ 1 L ~ tl'l1 ff11 LL~: e:J1 ~ 11~~\.L ~ 11 l ~ 
"" .. ~ ~tl"" I I tl ~ r A ..S 
«'11Lfl11:~"1J't.-L L tl'11ff1't.-L'il1'11 ') 1:ne:Jt'~1t1L6Jl'~~ 4 11\.L~ fle:J parenchyma, fiber, seive tube 

LL~: companion cell 

!"'J rd... tl I "" ...... A 1 1 ~ ... ;} ..,. ... '! 
Seive tube cell Lu't.-LL6Jl'~~'YlliJ 11'11tl11 ti'I13J111'ile:J~LL'ilLlle:J3Je:J1~3J1n"lJU'U1Lfl~tiR~1tt:L't.-L 

I 11),.1 "" I 

L6Jl'~~'cij=«~1tJc;l1 ltl v-rl'e:~llnuuw;~:Ln~LL iflf111e:~~;iu'Yl11t11 uL6Jl'~~.Yh 1.~11..1,-1'11~~1«3Jnn~u l ~ 
\1 

, 7u 1 ti~~~U'11L6Jl'~~ ~U'I1~1't.-L "1J11'11"1Je:J'I1L6Jl'~~11U~d ';l:ihit~'l1'il:LL n1 '11Yh L ~ fi11"1JlUi '11~1L~t1'11«:~1 n 
,:. ~ 0 .X A .... I It} ..... .... A ... 
ti'I1"1J't.-L n11'Yl1'111't.-L "lJe:J'I1 seive tube cell 't.-LL 11e:J nu 11 e:Jtl L 't.-Lfl113Jfl1tJfl3J"lJe:J'11L6Jl'~~El n11u~~'t.-L'I1fle:J 

\1 ~ 

..1 !"'I r-='..,. · "' 1'""' "" !"'I rd.,...,...,. . ...,...,. .,. 
companion cell 6Jl''11Lu't.-LL6Jl'~~'Yl3J"lJ't.-L1~L~ne:J~'il'ilfitJ sieve ~ube cell LuUL6Jl'~~'Yl3J111'il LL~:ll'lPLfl~tl« 

e:~rll~tl'il~e:J~ companion cell i:htl71'11ti11LL'Yl71nmJlun~3J"lJe:J'I1 seive tube cell LL~:~~"e:Jil"nu 1~tl 
\i \1 \1 ~ ' 

I R ...1 ... I~ "" r 
11e:J'I1L~n ') 'Yl3Je:Jtl"lJ1'11~\.L'I1L6Jl'~~ 

\1 
t A . I· ff . A ...1 ... I 

'Yl'11 xylem LL~: phloem Lfi~';J1nn11L~tJ'I1L6Jl'~~"lJe:J'I1 lateral m~ristem 111-L~'YlL 'H.tfi11 Vas-

1 .X I "" t} _., ~ ~ ..S ' . 

cular cambium ~tl cambium U';l:LLtJ'I1'il1 bl'l phloem Ele:Jfi'Yl1~~1\.L't.-Le:Jfi"lJEI"'il't.-L~11LL~: xylem 
~ r o ~ It} ,.. 'I ~ ,..! 1 ... o ~ ,.. 'l .: d ,.. · 

L-u1~1~'t.-Ltlfi~1'11"lJe:J"~1'il't.-L LL'il L't.-L~11 LtJL~ti"Liiltl1 L11U~11';11~1fi~f!J1LL~:~11·btJL~ti"Lfltl1 (~11 

LtJLLfl~) "1" ') ';l:lllij~e:J xyle~ LL~:'Yie:~ phloem 3Tn';l:'Yle:Jfl~"lJU1Ultl~1tlncu ~"L;tJn'YiD~"HEI" 
.X I "" I 0 ... 

U 1111 ') 11 3Jfl'Yle:J~1L~tl" (Vascular bundle) 

tl 
A ~ Jt. , I 'I · ~ ~ I;} t 

1fi'ilLL~1 cambium ';J:ff"';l1'11 xylem 3Jilfifi11 ph,loem LLa: L't.-Lfi11H11'11L6Jl'~~ L~3J"lJ'U3J1't.-L'U 

!1~1~!1EJ\IL'li~~"::~~adti'uA113-I~(;la.Ja~\t~cl!IEl\I~\ILn~aea.~ Yhl~il!1'"1~LL(;ln~1\ln~"'1J.Jq'f)n1~ 
" I " ' ' ~~ 

tl1 l~u 1LL~:El1~113J1 fiL6Jl'~~';l:ij"lJ't.-L1~ L 'V\ qj tl1itlLL~:El1'V\11"1J1~LLflaUL6Jl'~~';l:ij"lJ't.-L1f'IL~ n ~"U U 

I 1. ... ... " d... I d !"'I J' VI " ... tl ~ ~ " 
't.-L~11tl't.-L'ilU'Yl3Je:J1~3J1n ') «11-LYILu'UL't.-LEI Lll .twood) 6]]'" 1:nDU~1tl xylem ~1\.L ') 'cij:~'V\Ufl113J 

I .... .... 1 ~ ~· .... !"'I t ... _'!, .... .... ... t 'I ' 
~LL'il fi'il1'11"1Je:J"n11L ';l'lf!JL'iltJ 'il"lJEl" xylem L~"lf~Lu't.-L 1"111-LRL 'llliLL~:';l1"R~tJfiU L 1tln1'1111U L U 

Lda13Jd,·h "1'11U" (.annual ring) c;l1EJU1""lJEI"1'11U~L~Ul~fl1~LLnl3Jin LL~:13JLdau.n'l1~1'11 ') 
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Companion 
cell 

v .... l 

Trocheid 

Pit 
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.. I 
.. -c-c ~ ... 

4.3.4 l71tllllltl::lJJ8ltJ8fliHcr"1 (Anrmal Cell and Tissue) 

' 

.., .. a: .., I - .., .... " I ... 'I .dl .. .: ..i 
1 \4Rfl11fl4\1~ El1tn:fl1~ SJ lJfl11lJft~tJ'D"tJ'tHnun nn11'Yl~tJ L\4~11 L'D"~tuu~:L\UJUJEJ 

~th: n£JtJLU\4£Jitn::~fl11lJLLfl nth~ n\4lJ1 n 'UEl n-;n nti \4Hfl1LL'il~:-ni4tlu~iifl11lJL U~[J'ULL\.l~~ 
\w~e-ruo~•aaua::~&M'mtt1-na~L'D"fu(aijLiJ'Um.h"lJ1nLwi,~::iiv.u1~fl~1ttfla"n'" L,y'" Lnatlu~ . 
n1::tto~Lth ~iD11\4\4n LU\4~\4 

\ 

X ... I ~ 'I ...... t I~.., ..... 1 .., ' 0 ... 

L\4ElLtJElfl1~' ') 'Yl~tJ L\4Sfl1\4\4E111LLtH Ltlfl1lJ~ n~ru::-nEJ" fl'l "R11"LL~:;~tln1L Utltltlfi , 
..,. t ""' I ""' ..., I 

iJ tl 
• .. .. .. .. .., .. . .. .. 

~ \4 4 . "J::Lil'Yl flEl L\4E1Lr.JE1~ (Epithetial tissue) L\4E1LtJEln~1lJL\Ul (Muscular tissue) L'UElLtiEl 
.: A ~ -~ 'I A ... ..... ... ~ 

ti"J::ft1'Yl (Nervous tissue) LL~:;L\4DLUE1Lfir.J1n\4 (Connective tissue) L\4fi11flfi~1LntJ1fitJL ''Hl"\4 

Lfl';1J() \~\l'nftn~1 n·1V.\4t\' 11. '"\~aijttnJEJ11L dEJLrlEJ.ll" ') L V.~1diifl11lJRlJ'~~~ulf n\4ntJnTl 
... ~ .. tJ... ..... .. 

Ul.~El\4 L V.1'1S~L \4~n,;m:;LQ~1:11Eh1Rfl1 

,J: .. 
1\UUrJD~ (Epithelial Tissue) 

i~iiiifl'Yln&JJiltl1:;;i'a"ihi1U1JEJ"'i1" fi1tl~~.lEJ nui "LL 1~~mJUE1 ni1 l 'Ui"ii=Aifl~~. , . 

.. - - A -~ .. • .., .i.t 'I ... . .... .. t X ... .: ... • .., ... .:- I .... 'I 
~ttfftRLflr.J1lJLtJEll'\lJL'If~~'Yl1V.\41'YlU L \4~1JLLR:; ft'fl11l\4R "1J\4lJ1';J:; lJL \4E1Lt1El'Yl1V.\41'Yl\4L 11\4 fi\4 L\.L , ~ 

if'i'L11L1un11 LdaLrla~ {epith~lial tissue v.1o epithelium) Yi~v.u1~~~1UEJ"n~e1\4~1,71r.J LL~: 
~1-eJfi1\1ii,,~a;,~a,,~'"3.11nl~ 4b~~,~'ll~~L~~L~~'4l~LLn w1\1u~ L~~t!n'lt~-3LLnaJ Ln~'4 . .., ' . ' 

'Yl1~L~\401V.17 LL~::LUElt~Elir.J1:fh" ') li'"ll1tll4_EJnLL~::ll1tiL \4 

Epithelium LLU~E1Elntl1lJin~rn:-nE1"JlJ11"1ti'Lij'"v.~1tJ"nU~ L~U t1'1ij~lJLLU'Uflt\'1rJLLJ.Ju 

n"J::Lde~ L 1un11 Squamous epithelium ~tJEl~~11JE11tn::~ti~'U~1J,t1 L 1.J L 1iu 1ia~1.J1n 
1V'41~1lln ~Rat1a1v.11 ~.nr~1ia""~ofl ~L~:"'tl'~n,~.;, i1,ij,ti71"LLuu~nu1fln "''EJ~nLtt1 

\1 . \1' " \1 
W iJ o'_.(l_,r , ..: • L. A -4 ~ ' ~ ' .-4 

1;vni1 Cubo/dSI epithelium lJ0~~4 '\.UGifn~rnrt1lfU1Vl'fh N'tf1n11tl"-.1fl1-.1 '1 'UUJJ1 LttfULVtl~ 
~ .. ~ ..t ... "" • " ..1 J!. .: . \'1 I .., f• .... ~I 
YlV'4tJ LUV.~Elfl Lfl LL~:L UE1Lr.JEl'Yl'Yl1V.\41'YlR11"1. 1JE1L ~fl1J1tl hperm) LLrt: L 1J rl1L'1frt~ll~fil;n4:;Lu\4 

.. I \'1 ~. A A 0 \'1 " 
'Yl1'~\1~ L "JtJn11'Columnar epithelium ~tJ Lfl L\4Lr.JEl~n'l::LYn:EJ1~11 LL~::LfJEl~rt1 Lft' columnar 

A .. ... l""'tl t,l A .... A ..;. .t I 'I 
epithelium tJ1~&JJ\4fllJ1JU~:LElr.JflElij'Yl ~1r.Jtl11'UV.U"L 7UfiLUEJ~-n'Ufl\4 11 Ciliated epithelium ~tJ L \4 

"'RDfl~lJ LL~::fiali1 L -llL UElir.J1::L ~flo;\~" 
.-A .. - ....... .., .. .. .. ~-
lJLr.JEl~&JJUfl cuboidal LL~: columnar tJ1"1l'Ufl'Yl1YtU1'Ylft11~ il11'\JUJJ1 L'IJ~rtiiJ1'"flUL 'lttn 

11 Lttf~l{fialJ (Glandular epithelium) ~1V.\l1~R~1"R17~\4lJ1 L1iuuaf1lJu L5u1'1J3! ~1\41J 
~1fl1 ~1R1r.J LU'Uil\4 uEJn~1ndv~jjLneltJ1~'I;uflYi1V.U1itL~tJ1ntJn11i'tJfl11lJi'in 1flr.Jn:'I~1U 

' \1 
... ... .... .... I A ... i.... .. A ' A .t... I 

tJ1tft1\4n\4ntJtl7:;ft'1'YlR11~R L&JJ\4Lr.JEl~'Yl~D'ltJll1~"HE1~fl1 L'Jf~~LtiE1'41f'UflUL 7r.Jfi11 Sensory 

epithelium 
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.fA i1 .K 
&lHHfJflfl~llJnHl (Muscular Tissue) 

1 uu11<fi1b6lf~~..t..:~~~1tJ"lJu..:~i~i~u b6lf~~~~fl113J~13J11 rl~"il:'V\~~1 "t~~~~<fi "t~bbn 
' '1 

b6lf~~n~13Jbdu n11'V\<fi~1"1JeJ..:Jn~13Jbdu (~..:~iiu11bUun1,-rn-:~1u"lJeJ..:Jn~13Jbdu) bn~"il1nn11'V\~~1 
"lJeJ-:J 1th 1~~~1~aJn1u1 ub61J~~ ~~"1JeJ-:Jn11rh-:~1u"lJeJ-:~n~13Jbdurh 1lXi~1~13J11rlbfl~uu 1 'V\1L~ 

1ui~i~n1:<finiu'V\sr-:~,¥u,~..:~ b~u 3JuMrJb11~u bdmrlun~13Jbdmbu..:JueJn~13JsrnMru: 
~ ~ '1 

~ ~ 

L~bUU 3 bbUU ~eJ n~13Jbitun1:<fin 'V\1u n~13JbiteJ~1tJ (Skeletal muscle 'V\1eJ Striated muscle) 
'1J 

~ ~ 

'i.l <!I ..,. 'i.l <!I ""'1 <!I fj' 

n~13Jbum 1tJU (Smooth muscle) bb~: n~13JbUeJ~1 "il (Heart muscle 'V\1eJ Cardiac muscle) b6lf~~ 

n~13Jb du 1<fitJ~1 L U~1U11-:JtJ11 fi1 1'V\<fi~1 nb n<fi~13JbbU 1tJ11d n11'V\~~1"1JeJ..:Jn~13Jb duLn~ 
'U 

~ ~ ~ I 

"il1 n n1 1 n1:~u "11 u-:~1:uuu1: ~1'Yl bb~~b .Wu..:~ n~13Jb itu n1:~n'V\1 un~13Jb itu~1tJb rhuwrh 11 
'1 . ~ 

.... i,; I f 
,_. ., 'i.l All ..,. 'i.l <!I ""' ..,. ., ~ A All I !"'I 

~13J11rlfl1Ufla.Jn11'V\<fi~1 b~ "i''..:Jb 1tJnn~13JbUeJ~u~u b~eJn~.eJV\U..:J11buU voluntary muscle 
'1 

~1un~13Jb du~ n~eJ-:J~U<fi~u b 11 "ta..l~13J11rl~11Jfl3Jn11'V\~~1 L~ ~-:Jb 1un11 involuntary 
9 

muscle 

Skeletal muscle bUun~13Jbdu~U~1tJ~1-:J'V\rt..:J~<fi~~urJr1un1:~n'V\1m5un~13Jbdu 
'U 'U 

~u<fid~u~th:3J1ru 4o buufb6lfu@}"1Ju-:JJ1~un~1 b6lf~~~1tl11..:JbUu'Yl1-:Jn1:uun u11 'lK1't11u 
'U 'U 

bb'V\~3J n1u1u~u1bfl~tJ~eJ~'V\&ntJ8u ~brluiX3Jb6lf~~"il:~~1tJ;b~3Jbb~:"il1..:J~1~~srunubtluurJu~1~ 
'U '1 

"1J11-:Jb6lf~~ ~1eJ~1-:J"lJeJ-:Jn~13Jbdu~1nd"l~bbn bdui~i~u13J1bUueJ1'V\11 (bQ~1:~1u~b1tJn11 
~ 'i.l 

'\ itu" "il1-:~ ~ b'rhuu) 
~ I 

Cardiac muscle bUun~13Jb itufiu1: nuu rlUbUUeJltJ1:'lK11 "il ~1usrnMru:"lJeJ-:Jb6lf~~ 
'U 

. I I 
'i.l ,_. I,....,. ..,. <!I A 1 A!IQ;VIY'i 

fl~1tJnu skeletal muscle ~1-:Jnu'Yl cardiac muscle 3Jbb"lJU..:J'V\1eJ~1"1J1b~eJ3J tJ..:Jrl-:Jnu b~ b~tJ~~eJ~ 

n1 1U~'V\~~1"1Ju.:J n~13Jb dud "il:b n~~u t~u~ 1 u~b ~1 u-:~btlu i-:~'V\1:~~1b~3Juu~~~u<fi:ni~"1Ju-:J 
'1J 

i~i ~~"1JeJ..:Jn1 1£j~'V\<fi~1drh 1lXb 111~ n L~ bb~:b 1tJ n11bUun11b~u "1Ju-:J'lK11 -;u 
'1J 

Smooth muscle bUubdmrlu~U1:nuunu~ubUU~U-:J"lJeJ-:JeJltJ1:1l1tJ1u1<fi£J~1LU n~13J 
bdu~u<fid~1u11..:~'lK1't11tJbb~~3J n~1..:11J'u-:~ ~ulbfl~tJ~eJ~ 1 5u ~brluiX3Jb6lf~~aJ~~1tJ~1~"1J11..:J 

'11 '11 9 

bcWtJ..:Jbb~~~b~3Jbrhnu 1~£J~~eJ<fi n11'V\<fi~1"1Ju-:~n~13Jbdu~u~dbuu "luu~1..:~i'1 ~ 1<fitJl~fun11 
n1:~u"il1 n1:uutJ1:~1'YleJ~ 1 u,ijibb~: ~1 1bfl~ 

'1 
.K A 

&~fJ&fJtJtJ-,~Hl'tl (Nervous Tissue) 
I ~ ~ 

<!I Q <!I <;! Q; ,o:i ~ <;! ~Q Ad 

b3Jm11rln3J<fiU1<fi'V\1eJrln"lJeJ..:Jbb"lJ-:J~n~-:~3J1'YlU b11"il:3Jfl113J1~m"ilu fl113J1~nu"il:bn<fi"lJU 
'U '1/ '1J '11' 

1 Ub 1~1~11<fib 113J1 n"ilU<fib'V\3:ieJu l1eJ1 n11b~U~Ub n~~U 1 UrlUfi~b 'V\~n11nbb n~~Ufl113J7in 
'1J '1 '1/ 
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~1-J 6J dLL~~f1u 1u1~unT·n.t 1"1Jfl.JL denrla'nu~'V\rt.J~L d1L 1t~n':h LdaLrlau'l~~1'Yl (nervous 
~ ~ I ~ 

,:!I ,:!I A .:i I I I' I . .:i ~ 41!1 4 ~ 4 d 

tissue) LUmr.Jfl"l1u~u-.u::Lb'Yl'dnfl~l1n~1U"lJfl.J1.1.Jn1m"l1uL~r.J1nuLuflLtJfln~111LUfl ~~El~tl.Jn1d 

Yi1.J1Url'<U:: tl 'd::~1.U.J1U rl'Ub dEl tria n~13JL dtJElth.J L n~;~ 
Ldmrlau'd::~1'YlU'l::n€l'l.J~1r.Ji1t1/aflzh:::fl7n (nerve cell 'V\1El rteuron) ·3J1'l13JrlU Len'~~ 

ft I I t;'ft I ~ ~ ... !"'! I ...l#iiVJ 1 6' I~ .... ... 

u'd::~1'YlbL~~::Len'~~u'd:;nfl'l.J~1tl cell body sn'"LuU«1WYl3J ~en' ~~~1~3Jtltl~El3JU1LflRtJ« 
. 'U 

-.u1n cell body -.u~ijLff'u'lmL"lJU.Jb~n 6) riu~Bflfln3J1~13J-;J~fl1.J 6) LffULtJdLLU.JBBnLiJu«El.J~1n 
'I 

~1 n'V\rt.JLUULffU Ltl~ij"lJu, 1~iuL 1 tJ n11 Dendrite Yl1'V\U1~L UU'Yl1.Jfund::LL«fl113J1«nL '111ti 
- 'U 'U 

cell body m n~1n'V\rt.JLUULffU Lr.Jtl11 tJ1.J"l1it~fl1';)ijfl113JtJ11LUU'V'J!f1 L1tJn11 Axon Yi1'V\U1~ 
'I 

, LUU'Yl1.Jif'-ln'd::LL«fl113Jf~nLL~~~1i.Ja€ln-;J:1n cell body ~13JU"j'n~LL~1 LffULr.J axon ';l:;ijLrlEl 
'U '· • 

1 "1JaJU~3JEl~ ~U~1tl~~"1Jfl.J dendrite LL~:: axcm -;J::~·LffU LtJ~::Lflti~LL~ElflLUU~1U1U3J1n LffU Lr.J 
'I 'U 'I 'U 

L'V\~1dt1tJn11 End plate Yi1'V\U1~LiJui1Ln'l:L~r.J1U'l::~1Url'l.J end plate "1Jtl.JL'1i~3u n1'l~~ 
L~tl1U1::~1UrlU"lJEl.J end plate L1tJnl1 Synapse 

Lsn~~u'd:: ~1'Ylu u.J~13JWU1~ n1 1Yi'"l.J1UElB ntuu 2 ~1.n rn n~Yi1'V\u1~fu n1::LL« 

fl113Jf~n L1un11 Sensory neuron vnn~ih~1i.J'V\1Elfl113Ji'ffn-;J1n1~'l.J'l.J«3Jfl.J (~.JLUUflUV 
'U . 'U 'U 

I'J,I I ' t.l 
A A ftJ 11JftJ ~ ~ 4 ... I 

113J"1Jtl.JLU€1Ltl€lu'd::~1'Yl) ~uU"n~13JLU€l Li1tln11 motor neuron 
~ A d ~ . 

A'U.flUJfUflUl'Vt'U (Connective Tissue) 

L daLrlBL ~u1cvruij'V\U1~'V\~nL ~r.J1 rl'U n1 d"LUU tfld" .J11.JLt~~ 1u.J~~ff1U~1.J 6) "lJ€1-J 

"i1.Jn1r.1 L dtltrifl"l1U~dYl1.J1U 113.1 rl'l.JL dBL~El n~13JL dEl tdtltrl€1U1~~1'Yl Yi1 L ~11.Jn1tJL IT~ 
~ 1IJ ~I J' ~ .J ~ -~ I ~ I I A A~ 

n11bfl~€1U~'V\1 LW11LU€lbtJ€lbntJ1~\.L';l::3J~n~m::LL~nfl1.JnMtJV.~1tlbL'l.J'l.J LL~'Yln"l1U~-;J::1J~n~nL~ 
'U 'I 

.J A ~ I I d ,:!I .,J ~ I. ·.J ... ~ ::tJ A I 0 

'YlL 'V\11 flU nuBtJ€lti1.J'V\U.J fl€1 -;J:: u1:: n€lu~1t.J«1U'Yl3J~ n~rn::Luu "lJEl.JL 'V\~1L d"tl n11 Matrix 'Y\1 
'U 

'V\U1~LUUff1U d"El.Jfu LL~~~1'-b~LU~1L'lf~~~-3J:iJtJ~n~~l'h\l j LL~1LLfl"l1U~L 1t~n11 Corpuscle-

Ldmrlm~u1cvruLLU.Jni1.J 6J aBn~13J'V\U1~1~~Ltlu«B.J~1n fl€1 ~1n~'Yl1'V\U1~~T;Ju 1fl1 .J11.J 
'I 

... I ..,l 0 ~· ...l..t ...1 A I ... I • 

b 1t1n11 Supportive connective tissue LL~::~--J n'Yl'Yl1V.U1'Ylti~L 'V\.Uti1LL~~~~~€1L1tl n11 Binding 

connective tissue 

Supportive connective tissue bUUL ~ElLrlB~Yi1'V\U1~tUU 1fl1 .J"i1.J 'V\1B1fl1 .Jnd"~~ n 
'U 

(skeleton) L~ElL~i~1Cil1.J 6) ij,-tJ'Y\1-Jfl.J~ UIEln-;nn~uV.JYl1'V\U1~L~tJ1nun11U€l.Jnuan"'1tl 
'lJ I 

'lui~1~13Jijn,-::~niu'V\~.J L'liu LL3J~.J v.7BViltJ 1fl7.Jn1::~n-;J~Unfl~3JEl~fl1tlUEln (exoskeleton) 
'U 'U 'I 'U 

1fl1.J11.J~1nd-;J~tln«11\ILL~::iue:mn&n1l1!1UBn11.Jn1tt 1flULen'~~L~Elu ti1ului~1ijn,-~ttn 
'U ' 'I . 'U 
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Squamous cells 

Column.r cells with tilia 

rAT CELlS 

66 

Sensory epithelium 
cells ('Yt retina) 

. -:.K 
S!loiiiY. bolle con~illinlt 
red bone 11\irrow 

Columnar cells 

&ONE 

Glandular cells 

-tA~:=:~; .. !-" 

FIBROUS CONNECTIVE i. 
TISSUE 

Bone cell 
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