
Poh-Pm-e-ßsf Ipdn-®p≈ ]T-\-amWv Poh-im-kv{Xw. Pohn-IfpsS cq]w, BIr-Xn- F∂n-h-sb-°p-dn-

®p≈ hni-Zo-I-c-Ww Ah-bpsS sshhn-[y-sØ- am{Xsa {]Xn-]m-Zn-°p∂p≈p. sshhn-[y-am¿∂

Poh-Pm-e-ß-fpsS tImi-X-e-L-S-\-bn-ep≈ (Cellular organisation) sFIy-sØ-°p-dn®v kqNn-∏n-°p∂

tImi-kn-≤m-¥w, sshhn-[y-Ønepw Pohn-I-fpsS ASn-ÿm\w Cu GI-X-bm-sW∂v Du∂n-∏-d-bp-

∂p. Cu bqWn-‰n-se A[ym-b-ß-fn-¬ tImi-L-S-\bpw tImi-hn-`-P-\hpw hni-Z-ambn {]Xn-]m-Zn-

°p-∂p. Poh¬ {]Xn-`m-k-ßƒ, AXm-bXv Poh-[¿a-]-chpw (Physiological) kz`mhkhn-ti-j-]-c-hp-

amb (Behavioural) {]{In-b-I-sf-∏-‰n-sbmcp \nKqV-t_m[w tImi-kn≤m-¥w krjvSn®p. hnhn[

Poh¬ {]Xn-`m-k-ßƒ \nco£n-°p-∂-Xnt\m hni-Z-am-°p-∂-Xnt\m ]cn-]q¿W tImi-X-e-L-S\

Bh-i-y-am-Wv F∂-Xm-bn-cp∂p Cu -\n-Kq-V-X. `uXnI˛cmk kao-]\ØneqsS (Physico-chemical

approach) tImi-c-lnX hy-hÿIƒ D]-tbm-Kn®v At\z-jWw \S-Øn ta¬kqNn-∏n® {]{In-b-I-

sf-∏‰n ]Tn-°m\pw hni-Z-ambn a\- n-em-°m\pw km[n-°pw. hnhn[ {]{In-b-Isf X∑m-{Xm-X-e-

Øn¬ hnh-cn-°p-∂-Xn\v Cu kao-]\w \sΩ {]m]vX-am-°p-∂p. aqe-I-ßƒ°pw kwbp-‡-ßƒ°p-

am-bp≈ Poh-I-e-bpsS hni-I-e-\-Øn-eq-sS-bmWv Cu kao-]\w Bhn-jvI-cn-®n-´p-≈-Xv. Pohn-I-fn¬

GXp-X-c-Øn-ep≈ Im¿_-WnI kwbp-‡-ß-fmWv D≈-sX∂v a\- n-em-°m≥ CØcw ]T-\-ßƒ

klm-bn-°p-∂p. CXv ]T-\-hn-t[-b-am-°p∂ Hcp hy‡n°v ASpØ L´-Øn¬ CØcw kwbp-

‡-ßƒ tImi-ßƒ°p-≈n¬ F¥p-sN-øp∂p F∂ kwi-b-ap-≠m-Imw. Ch Fß-s\-bmWv

Zl-\w, hnk¿P-\w, Hm¿a, Xncn-®-dn-hv, {]Xn-tcm[w XpSßn hnhn[ Poh¬{]-h¿Ø-\-ßƒ \S-

Øp-∂-Xv? as‰mcp Xc-Øn¬ ]d-™m¬ Poh¬{]-h¿Ø-\-ß-fpsS X∑m-{XmSn-ÿm\w F¥v

F∂ tNmZy-Øn-\p≈ DØ-c-am-Wn-Xv. tcmKm-h-ÿbn¬ ico-c-Ønep-≠m-Ip∂ Akm-[m-cW

{]h¿Ø-\-ß-sf-°p-dn®v hni-Zo-I-cn-°p-hm\pw CXn-eqsS Ignbpw. PohPmeß-sf-°p-dn®v ]Tn-°p-

∂-Xn\pw a\- n-em-°p-∂-Xn-\p-ap≈ Cu `uXn-I˛cmk kao-]-\-sØ- "\yq-\o-I-cW Poh-imkv{Xw'

(Reductionist Biology) F∂v ]-d-bp-∂-p. `uXn-I-im-kv{X-Øn-sebpw ck-X-{¥-Øn-sebpw Bi-b-

ßfpw kt¶-X-ßfpw Poh-imkv{XsØ a\ n-em-°p-∂-Xn-\mbn D]-tbm-Kn°p∂p. Cu bqWn-

‰nse 9˛mw A[ym-b-Øn¬ ssPh-X-∑m-{X-I-sf-∏-‰n-bp≈ Hcp eLp-hn-h-cWw \¬In-bn-´p-≠v.

A[ymbw 8
tImiw : Pohs‚

ASn-ÿm\LSIw

A[ymbw 9
ssPhX∑m-{X-Iƒ

A[ymbw 10
tImi-N-{Ihpw

tImihn`-P-\hpw

tImiw : LS-\bpw [¿ahpw
(CELL: STRUCTURE AND FUNCTIONS)

bqWn‰v  3



t{]m´o≥ LS-\-bpsS I≠p-]n-Sn-Ø-Øn¬ hfsc {][m\ ]¶p-h-ln®

{]apJ hy‡n-bmWv Pn.F≥. cma-N-{µ≥. "a{Zmkv kvIqfnse' I¨^¿ta-

j-W¬ A\m-en-knkv Hm^v _tbm-t]m-fn-tagvkns‚ ÿm]-I\m-bn-cp∂p

Ct±lw. 1954 ¬ t\®¿ amK-kn-\n¬ {]kn-≤o-I-cn-® sImfm-P≥

t{]m´o\ns‚ At±lw Is≠-Ønb {Xnam\ slen-°¬ LS\bpw amwky-

ß-fpsS A\p-h-Z-\o-b- -kwcq]-Wßsf°pdn®v (Allowed conformations of

proteins) "cma-N-{µ≥ tπm´n'eqsS At±lw \S-Ønb hni-I-e\hpw LS-

\m-flI Poh-im-kv{X-Ønse (Structural Biology) {][m\ \mgn-I-°-

√pIfmWv. C¥ybpsS sX°p-]-Sn-™mtdØo-c-Øv, sIm®n-bn¬ \n∂v AI-

se-b√mØ Hcp sNdnb ]´-W-Øn¬ 1922 HIvtSm-_¿ 8 \v At±lw

P\n-®p. KWn-X-imkv{X s{]m^-k¿ Bbn-cp∂ At±-l-Øns‚ ]nXm-

hn\v At±-l-Øn¬ KWn-X-im-kv{X-Øn¬ Hcp {]tXyI Xm¬∏cyw D≠m-

°nsb-Sp°p∂Xn¬ henb ]¶v D≠m-bn-cp-∂p. kvIqƒ hnZym-`ym-k-Øn-

\p-tijw 1942 ¬ a{Zmkv k¿h-I-em-im-e-bn¬\n∂v At±lw `uXn-I-

im-kv{X-Øn¬ (B.Sc. Honors in Physics) Db¿∂ dmt¶m-Sp-IqSn D∂-X-hn-

Pbw Ic-ÿ-am-°n. 1949 ¬ tIw{_nUvPv k¿h-I-em-im-e-bn¬\n∂pw

tUmIvS-td‰v (Ph.D) t\Sn. tIw{_n-UvPnse Kth-jW thf-bn¬ en\-kv

t]m-fnwKv F∂ imkv{X-⁄s\ I≠p-ap-´n. α ˛ slenIvkv,  jo‰v LS-

\-I-fpsS amXr-I-I-sf-∏-‰n-bp≈ en\kv t]mfnw-Kns‚ {]kn-≤o-I-c-W-ßƒ

cma-N-{µs\ hf-sc-b-[nIw kzm[o-\n-®p. CXv sImfm-Ps‚ LS\ cq]o-I-

cn-°p-∂-Xnte°v \bn-®p. 2001 G{]n¬ amkw 7˛mw XobXn 78˛mw hb-

 n¬ At±lw \ncymX\mbn.

Pn.F≥.-cm-a-N-{µ≥
(1922 – 2001)



\nßƒ Np‰p-]mSpw t\m°n-bm¬ [mcmfw Poh\p≈-h-sbbpw Poh-\n-√mØ
hkvXp-°-sfbpw ImWm≥ Ign-bpw. \nßƒ A¤p-X-s∏-´v \nß-tfmSv Xs∂

tNmZn-®n-´p-≠mImw˛ "F¥mWv Hcp Pohnsb Poh-\p-≈-Xm°p∂-Xv, AX-s√-
¶n¬ Hcp \n¿Po-h-h-kvXp-hn-\n-√mØ F¥mWv Hcp Pohn°v D≈Xv?' AXn-

\p≈ DØ-c-amWv ˛ Pohs‚ ASn-ÿm\ LSIØns‚ km∂n[yw ˛ F√m
Poh-Pm-e-ß-fnepw ImW-s∏-Sp∂ tImiw.

F√m PohPme-ßfpw tImi-Øm¬ \n¿an-X-am-Wv. Nne Pohn-Iƒ H‰ tImi-
Øm¬ \n¿an-X-am-Wv. Ahsb GI-tImi Pohn-Iƒ F∂v hnfn-°p∂p. F∂m¬

a\p-jysc-t∏m-se- a‰v At\Iw Pohn-I-fpsS icocw [mcmfw tImi-ß-fm¬
\n¿an-X-am-Wv. Ahsb _lp-tImi Pohn-Iƒ F∂v hnfn-°p-∂p.

8.1 F¥mWv tImiw?
GI-tImi Pohn-Iƒ°v Xmsg ]d-bp∂ khn-ti-j-X-I-fp-≠v:

i) kzX-{¥-ambn \ne-\n¬°p-∂p;

ii) Poh\v B[m-c-amb [¿a-ßƒ \n¿h-ln-°p-∂p.

]q¿Wamb LS-\-bpff tImi-Øn¬°pd™ H∂n\pw kzX-{¥-ambn \ne-
\n¬°p-hm-\p≈ Ign-hn-√. AXn-\m¬ F√m Poh-Pm-e-ß-fp-sSbpw LS-\m-]-

chpw Poh-[¿a-]-c-hp-amb ASn-ÿm-\-L-SIamWv tImiw.

Hcp Poh-tIm-isØ BZy-ambn Is≠Øn hni-Zo-I-cWw \¬In-bXv B‚Wn

hm≥ eoh≥tlm°v (Antonie van Leeuwenhoek) F∂ imkv{X-⁄-\m-Wv.
]n∂oSv tdm_¿´v {_u¨ (Robert Brown) F∂ imkv{X-⁄≥ a¿asØ

Is≠-Øn. ssat{Im-kvtIm-∏ns‚ I≠p-]n-Sn-Øhpw XpS¿∂v Ce-Ivt{Sm¨
ssat{Im-kvtIm-∏ns‚ Bhn¿`m-hhpw tImi-L-S-\-sb-°p-dn®v hni-Z-ambn a\-

 n-em-°m≥ klm-bn-®p.

tImiw : Pohs‚
ASn-ÿm\LSIw
(CELL: THE UNIT OF LIFE)

A[ymbw 8

8.1 F¥mWv tImiw?

8.2 tImi-kn-≤m¥w

8.3 tImiw˛Hcp

Ahtem-I\w

8.4 t{]m°m-cn-tbm-´n°v

tImi-ßƒ

8.5 bq°m-cn-tbm-´n°v

tImi-ßƒ
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8.2 tImi-kn-≤m¥w (Cell Theory)

P¿a≥ kkyimkv{X-⁄-\mb amØn-bmkv jvfoU≥ (Matthias Schleiden)

1838 ¬ [mcmfw kky-ßsf ]T-\-hn-t[-b-am-°n. Cu kky-ßƒ hnhn-[-X-
c-Øn-ep≈ tImi-ßƒ sIm≠v \n¿an-X-am-sW∂pw Ah kky-Øns‚ Ie-

I-fmbn cq]-s∏-Sp-∂p-sh∂pw At±lw Is≠Øn. CtX Ime-b-f-hn¬ {_n´ojv
P¥p-im-kv{X-⁄-\mb Xotbm-tUm¿ jzm≥ (Theodore Schwann) 1839 ¬

[mcmfw P¥p-tIm-i-ßsf ]T-\-hn-t[-b-am-°pIbpw P¥p-tIm-i-ß-ƒ°v Hcp
t\¿Ø _mlykvXc-ap-s≠∂v A`n-{]m-b-s∏-Sp-Ibpw sNbvXp. C∂v AXns\

"πmkvam-kvX-cw' F∂p hnfn-°p-∂p. At±lw kky-I-e-I-fn¬ \S-Ønb ]T-
\-ß-fpsS ASn-ÿm-\-Øn¬ tImi-`nØn kky-tIm-i-ß-fpsS {]tXy-I-X-

bm-sW∂pw ÿnco-I-cn-®p. Cu ]T-\-ß-fpsS ASn-ÿm-\-Øn¬ P¥p-°-
fpsSbpw kky-ß-fp-sSbpw icocw tImi-ßfpw Ah-bpsS D¬∏-∂-ßfpw

sIm≠v \n¿an-X-am-sW∂ ]cn-I¬∏-\bv°v jzm≥ cq]w sImSp-Øp.

jvfoU\pw jzm\pw tN¿∂v tImi-kn-≤m¥w (Cell theory) Bhn-jv°-cn-®p.
F∂m¬ Cu kn≤m¥w ]pXnb tImi-ßƒ Fß-s\-bp-≠m-Ip∂p F∂v

hni-Zo-I-cn-°p-∂n-√. tImi-ßƒ hn`-Pn-°p-∂p-sh∂pw \ne-hn-ep≈ tImi-
ß-fn¬ \n∂pamWv ]pXn-bh D≠m-Ip-∂-sX∂pw (Omnis cellula-e cellula)

BZy-ambn hni-Zo-I-cn-®Xv dptUmƒ v̂ hn¿tjzm (Rudolf Virchow) (1855) BWv.
At±lw jvfoU-s‚bpw jzm\n-s‚bpw \nK-a-\-ßsf sa®-s∏-Sp-Øn-s°m≠v

tImi-kn-≤m-¥-Øn\v A¥n-a-cq-]w \¬In. CXn-s‚- A-Sn-ÿm-\-Øn¬ tImi-
kn-≤m¥sØ Cßs\ a\- n-em°mw:

i) F√m PohPmeßfpw \n¿an-®n-cn-°p-∂Xv tImi-ß-fpw tImi D¬∏-∂-
ßfpw sIm≠mWv.

ii) F√m tImi-ßfpw ap≥]v \ne-hn-ep≠mbn-cp∂ tImi-ß-fn¬ \n∂mWv

D≠m-Ip∂-Xv.

8.3 tImiw˛Hch-tem-I\w

D≈n-sØm-en-bnse tImi-ß-sfbpw a\p-jys‚ Ihn-fnse Bh-c-W-I-e-bnse
tImi-ß-sfbpw ssat{Im-kvtIm-∏ns‚ klm-b-Øm¬ \nßƒ \nco-£n-®n-´p-

≠mIpw. Ah-bpsS LS\ H∂p-IqSn ]cn-tim-[n-°mw. kky-tIm-i-Øns‚
DØ-tam-Zm-l-c-W-amb D≈n-bpsS tImiØn\v G‰hpw ]pd-sa-bmbn hy‡-

amb Hcp tImi-`n-Ønbpw AXn-\p-≈nembn tImi-kvX-c-hp-ap-≠v. a\p-jys‚
Ihn-fnse tImi-ßƒ°v G‰hpw ]pdsa Hcp tImi-kvXcw am{X-am-Wp-≈-Xv.

Hmtcm tImi-Øn\pw D≈n-embn I´n-Iq-Snb kvXc-Øm¬ s]mXn™ a¿aw
ImW-s∏-Sp-∂p. a¿a-Øn-\p-≈n-embn t{Ima-tkm-ap-Ifpw Ah-bv°p-≈n-embn

P\n-XI hkvXp-hmb Un.F≥.-F.bpw ImW-s∏-Sp-∂p. Cßs\ kvXc-Øm¬
s]mXn™ a¿aw D≈ tImi-ßsf bq°m-cn-tbm-´p-I-sf∂pw -kvX-c-Øm¬

s]mXn-bmØ a¿a-ap≈ tImi-ßsf t{]m°m-cn-tbm-´p-I-sf∂pw hnfn-°p-∂p.
Cu c≠p-Xcw tImi-ß-fp-sSbpw Dƒ`mKØv A¿[-{Zm-h-Im-h-ÿ-bn-ep≈

tImi-{Z-hy-w (Cytoplasm) \nd-™n-cn-°p-∂p. kkytImi-ß-fnepw P¥p-tIm-
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Nn{Xw 8.1 hnhn[ BIr-Xn-bn-ep≈ tImi-ß-fpsS Nn{Xo-I-cWw

AcpWc‡m-Wp-°ƒ
(hrØm-Ir-Xn-bp≈-hbpw

ss_tIm¨tIhv Bb-hbpw)

tizXc‡m-Wp-°ƒ
(Aao-t_m-bnUv)

kvXw-`m-Ir-Xn-bp≈
Bh-c-W-tIm-i-ßƒ
(\ofw IqSn-bXpw

saen-™Xpw)

\mUo-tImiw
(\ofw IqSn-bXpw
imJ-I-tfm-Sp-Iq-Sn-b-Xpw)

{S°oUv
(\ofw IqSn-bXv)

aotkm-̂ n¬ tImi-
ßƒ (hrØm-Ir-Xn-

bp-≈-h)

i-ß-fnepw tImi-{]-h¿Ø-\-ßƒ \S-°p∂Xv {][m-\-ambpw tImi-{Z-h-y-Øn¬
sh®mWv. Hcp tImisØ "Poh¬{]-h¿Ø-\m-h-ÿ-bn¬' \ne-\n¿Øp-∂Xv

tImi-{Z-hy-Øn¬ \S-°p∂ hnhn[ cmk-{]-h¿Ø-\-ß-fmWv.

a¿asØIqSmsX Hcp bq°m-cn-tbm-́ nIv tImi-Øn¬ kvXcm-h-c-W-ap≈ hnhn[

tImimw-K-ßƒ (Organelles) D≠v. A¥¿{Z-hy-Pm-enI (Endoplasmic

reticulum), tKmƒPn tImwπIvkv, ssetkm-tkm-ap-Iƒ, ssat‰m-tIm¨{Sn-b-

Iƒ, t^\-ßƒ (Vacuoles), ssat{Im-t_m-UnIƒ apX-em-b-h DZm-l-c-W-ß-
fmWv. F∂m¬ Hcp t{]m°m-cn-tbm-´nIv tImi-Øn¬ kvXcm-h-c-W-ap≈

a¿atam a‰v -tIm-imw-K-ßtfm ImW-s∏-Sp-∂n√.

t{]m°m-cn-tbm-´nIv tImi-ß-fnepw bq°m-cn-tbm-´nIv tImi-ß-fnepw ImW-
s∏-Sp∂ kvXcm-h-c-W-an-√mØ tImimw-K-amWv ssdt_m-tkmw. tImi-Øn-

\p-≈n¬ ssdt_m-tkm-ap-Iƒ tImi-{Z-hysØ IqSmsX A¥¿{Z-hy-Pm-en-I-
bpsS ]pd-Ømbpw a‰v c≠p tImimw-K-ßfmb lcn-X-IWw (Chloroplast)

(kky-ß-fn¬), ssat‰mtIm¨{Snb- F∂n-hbp-sS D≈n-embpw  ImW-s∏Sp∂p.
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Nn{Xw 8.2 bq°m-cn-tbm-́ nIv tImihpw a‰v Pohn-
I-fp-am-bp≈ Xmc-Xayw ImWn-°p∂
Nn{Xo-I-c-Ww.

_mIvSo-cnb
(1-2 )

]n.]n.-F¬.-H.
(GI-tZiw 0.1 )

sshd-kp-Iƒ
(0.02-0.2 )

Hcp bq°m-cn-tbm-´nIv tImiw
(10-20 )

P¥p-tIm-i-ß-fn¬ ImW-s∏-Sp∂ kvXcm-h-c-W-an-√mØ as‰mcp tImimwKw

BWv  sk≥t{Smtkmw. CXv tImi-hn-`-P-\-Øn\p klm-bn-°p∂p.

tImi-ßƒ BIr-Xn-bnepw hep∏-Ønepw [¿aØnepw hf-sc-b-[nIw
hyXymkw ]pe¿Øp-∂p (Nn{Xw 8.1). DZm-l-c-W-Øn\v, G‰hpw sNdnb tImi-

amb ssat°m-πm-kvaIƒ°v 0.3 µm \ofw am{X-ta-bp-≈q. F∂m¬ _mIvSo-cn-
b-Iƒ°v 3 µm apX¬ 5 µm hsc \of-ap-≠v. G‰hpw henb H‰-t°m-i-amWv

H´-I-∏-£n-bpsS ap´. _lp-tIm-i-Po-hn-bmb a\p-jys‚ Nph∂ c‡m-Wp-
°fpsS hymkw GI-tZiw 7.0 µm BWv. \ofw IqSn-b- tImi-ßfn¬ Nne-

XmWv \mUo-tIm-i-ßƒ. BIr-Xn-bnepw tImi-ßƒ sshhn-[y-ap-≈-h-bm-
Wv. UnkvIv BIrXn-, _lp-`p-Pm-IrXn, kvXw`m-IrXn (Columnar), Iyq_m-

IrXn (Cuboidal), \qep-t]m-sebpw As√-¶n¬ {]tXyI BIr-Xn-bn-√msXbpw
tImi-ßƒ ImW-s∏-Sp-∂p. tImi-ßƒ \n¿h-ln-°p∂ [¿a-Øns‚ ASn-

ÿm-\-Øn¬ Ah-bpsS BIr-Xn-bn¬ am‰-ap-≠m-Ipw.

8.4 t{]m°m-cn-tbm-́ nIv tImi-ßƒ

_mIvSo-cn-b-Iƒ, \oe-̨ l-cnX B¬K-Iƒ, ssat°m-πm-kva-Iƒ, πyqtdm \yptam-
Wnb t]mse-bp≈ Pohn-Iƒ (Pleuro Pneumonia Like Organisms -PPLO)

F∂nh t{]m°m-cn-tbm-´nIv tImi-ß-fm-Wv. Ch bq°m-cntbm´nIv tImi-ß-
sf-°mƒ s]mXpsh sNdnb-hbpw hfsc thKw hn`-Pn-°p-hm≥ Ign-hp-≈-

hbpw BWv (Nn{Xw .8.2). ChbpsS BIr-Xn-bnepw hep-∏-Ønepw hf-sc-
tbsd sshhn-[y-ap-≠v. _mIvSo-cn-b-Iƒ  {][m-\-ambpw \mev BIr-Xn-bn¬

D≠v ˛ Zfim-IrXnbp≈ (Rod like) _mkn-e- p-Iƒ, tKmfm-IrXnbp≈
(Spherical) tIm°kp-Iƒ, tIma cq]-Øn-ep≈ (Comma shaped) hn{_n-tbm-

Iƒ, k¿∏n-fm-IrXnbp≈ (Spiral) kvss]dn√w.

t{]m°m-cn-tbm-´nIv tImi-ß-ƒ [¿a-Ønepw
BIr-Xn-bnepw hyXymkw ImWn°m-dp-s≠-

¶nepw ASnÿm-\-]-c-ambn Ah-bpsS LS\
Hcp-t]m-se-bm-Wv. ssat°m-πmkva HgnsI

_m°n F√m t{]m°m-cn-tbm-´nIv tImi-ß-
fnepw tImi-kvX-c-Øns\ Np‰n tImi-`nØn

ImW-s∏-Sp-∂p. tImi-Øn-\p-≈n¬  \nd-™n-
cn-°p∂ {Zhm-h-ÿ-bn-ep≈ `mK-amWv tImi-

{Zhyw. hy‡-amb a¿aw ChnsS ImWp-∂n√.
Ch-bpsS P\n -X -I -hkvXp kvXc-Øm¬

s]mXn™n´n√. an°-hmdpw _mIvSo-cn-b-I-fn¬
P\n-XI Un.F≥.-F. (Genomic DNA GI

t{Imatkmw/hrØm-Ir-Xn-bn-ep≈ Un.F≥.-
F.)sb IqSmsX hrØm-Ir-Xn-bn-ep≈ sNdnb

Un.F≥.F ImW-s∏-Sp-∂p. CØ-c-Ønep≈
sNdnb Un.F≥.F sb πmkvan-Up-Iƒ (Plasmids)

F∂p-hn-fn-°p-∂p. Ch _mIvSocnbIƒ°v Nne
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{]tXyI kz`m-h -k-hn-ti-j-X-Iƒ {]Zm\w sNøp∂p. AØ-c-Øn-ep≈ Hcp

khn-ti-j-X-bmWv B‚n-_-tbm-´n-°p-Isf sNdpØp \n¬°p-∂-Xn-\p≈ Ign-
hv. A\y-Po-\p-Iƒ (Foreign DNA) D]-tbm-Kn®v sIm≠v _mIvSo-cn-b-bn¬ \S-

°p∂ ]cnh-¿Ø\{]{Inb (Transformation) ]cn-tim-[n°p--∂Xn-¬ πmkvan-
Up-Iƒ°p≈ ]¶ns\°pdn®v \nßƒ Db¿∂ ¢mkp-Ifn¬ ]Tn°pw. bq°m-

cn-tbm-´nIv tImi-ß-fn¬ a¿a-kvXcw ImW-s∏-Sp-∂p. ssdt_m-tkm-ap-Iƒ
HgnsI bq°m-cn-tbm-´n¬ ImWp∂ Hcp tImimw-Khpw t{]m°m-cn-tbm-´n¬

ImWs∏Sp∂n-√. bq°m-cn-tbm-´nIv tImi-ß-fn¬ ImW-s∏-SmØ C≥¢q-j-
\p-Iƒ t{]m°m-cn-tbm-´nIv tImi-ß-fpsS khn-ti-j-X-bm-Wv. tImi-kvX-cw

sshhn-[y-h¬°-cn-°-s∏´v cq]-s∏-Sp∂ aotkm-tkm-ap-Iƒ t{]m°m-cn-tbm-´p-
I-fpsS am{Xw {]tXy-I-X-bm-Wv. Ch bYm¿YØn¬ tImi-kvX-c-Øns‚ DƒaS-

°p-I-fmWv.

8.4.1 tImi Bh-c-Whpw (Cell envelope) AXns‚ cq]m¥cßfpw

an° t{]m°m-cn-tbm-´p-Iƒ°pw, {]tXy-In®v _mIvSo-cnb tImi-ßƒ°v cmk-
]-c-ambn k¶o¿W-X-bp≈ tImim-h-c-W-ap-≠v. Cu Bh-c-W-Øn\v ZrV-ambn

tN¿∂n-cn-°p∂ aq∂v ]mfn-Iƒ D≠v ˛ G‰hpw ]pd-sa-bmbn ss•t°m-Im-
enIvkv (Glycocalyx), AXn-\p-≈n-embn tImi-`n-Øn, G‰hpw D≈n-¬ tImi-

kvX-cw. Chbv°v Hmtcm-∂n\pw {]tXyI [¿a-ß-fp-s≠-¶nepw F√m kvXc-
ßfpw tN¿∂v H‰ bqWn-‰mbn tImisØ kwc-£n-°p-∂p. tImim-h-c-W-
Øn-ep≈ hyXym-khpw {Kmw sÃ-bn-\nw-Kn-t\m-Sp≈ (Gram staining) {]Xn-I-c-

Whpw A\p-k-cn®v _mIvSo-cn-b-Isf c≠mbn Xcw-Xn-cn-°mw. {Kmw sÃbn≥
]nSn-s®-Sp-°p-∂-hsb {Kmw t]mkn-‰ohv (Gram positive) F∂pw ]nSn-s®-Sp-

°m-Ø-hsb {Kmw s\K-‰ohv (Gram negative) _mIvSo-cn-b-Iƒ F∂pw Adn-
b-s∏Sp∂p. Cu sÃbn-\nwKv coXn I≠p-]n-Sn®Xv lm≥kv {InÃ-y≥ {Kmw

(Hans Christian Gram) F∂ imkv{X-⁄-\m-Wv.

hyXykvX _mIvSo-cn-b-I-fnse ss•t°m-Im-enIvkv AXns‚ L\-Ønepw

LS-\bnepw hyXym-k-s∏-´n-cn-°p-∂p. CXv Ab™ Bh-c-W-ambn (Loose

Sheath) ImW-s∏-Sp-∂p-sh-¶n¬ AXns\ ss…w ]mfn (Slime layer) F∂pw,

I\hpw ISp-∏-hp-ap≈ H∂mbn ImW-s∏-Sp-∂p-sh-¶n¬ AXns\ Iym]vkyqƒ
(Capsule) F∂pw hnfn-°mw. tImi-`nØn _mIvSo-cn-b-Iƒ°v \nb-X-amb

BIrXn \¬Ip-Ibpw Ahsb XI¿∂v t]mImsX kwc-£n-°pIbpw
sNøp∂p.

πmkvam-kvXcw hcW -Xm-cy-kvX-c-ambn (Selectively permeable) h¿Øn-®v ]pdw-

tem-I-hp-ambn CS-s]-Sp-∂p. Cu kvXcw LS-\-bn¬ bq°m-cn-tbm-´nIv tImi-
ß-fnteXn\v kam-\-am-Wv.

πmkvam-kvXcw Nne ̀ mK-ß-fn¬ tImi-Øn-\p-≈n-te°v aSßn {]tXyI LS-
\-tbm-Sp-Iq-Snb aotkm-tkm-ap-I-fmbn amdp-∂p. Ch sNdp k©n-Ifmbpw

(Vesicles) \fn-I-Ifmbpw (Tubules) ]mfn-I-fmbpw (Lamellae) ImW-s∏-Sp-
∂p. aotkm-tkm-ap-Iƒ tImi-̀ n-Øn-bpsS cq]o-I-c-W-Øn\pw Un.F≥.F Cc´n®v
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]p{Xn-Im-tIm-i-ß-ƒ°v ]¶n-Sp-∂-Xn\pw klm-bn-°p-∂p. IqSmsX izk-\-

Øn\pw {kh-ß-fpsS D¬∏m-Z-\-Øn\pw tImi-kvX-c-Øns‚ hnkvXrXn h¿[n-
∏n°p∂-Xn\pw cmkm-·n-I-fpsS Afhv Iq´p-∂-Xn\pw klm-bn-°p-∂p. Nne

t{]m°m-cn-tbm-´p-I-fmb \oe-˛l-cnX B¬K-I-fpsS tImi-{ZhyØn-te°v
\o≠p-\n¬°p∂ kvXc-]m-fn-Iƒ ImW-s∏-Sp-∂p. h¿W-h-kvXp-°ƒ \nd-™

Chsb t{Ima-t‰m-t^m-dp-Iƒ (Chromatophores) F∂p hnfn-°p∂p.

_mIvSo-cn-b-Ifn¬ Nen-°p-hm≥ Ign-bp-∂-hbpw Ign-bm-Ø-h-bpw D≠v. Ne-\-
ti-jn-bp≈hbv°v ̂ vfP√ (Flagella) D≠m-bn-cn-°pw. tImi-̀ n-Øn-bn¬ \n∂v

]pd-tØ°v \o≠p \n¬°p∂ t\¿Ø \mcp-t]m-ep≈ ̀ mK-sØ-bmWv ̂ vfP√
F∂p]d-bp-∂-Xv. _mIvSo-cn-b-I-fn¬ Ch-bpsS FÆ-Ønepw {Iao-I-c-W-Ønepw

hyXym-k-ap-≠v. _mIvSo-cn-b-bpsS ^vfP-√bv°v aq∂v `mK-ß-fp-≠v ˛ ^ne-
sa‚ v (Filament), lq°v (Hook), t_k¬ t_mUn (Basal body). Ch-

bn¬ G‰hpw \ofwIqSnb `mK-amb ^ne-sa‚ v tImi-Øns‚ {]X-e-Øn¬
\n∂v ]pd--tØ°p X≈n \n¬°p-∂p.

^vfP-√sb°qSmsX ]nen (Pili), ^nw{_ntb (Fimbriae) F∂o c≠v `mK-
ßƒ tImi-{]X-e-Øn¬ \n∂v ]pd-tØ°v \o≠p \n¬°p-∂p-. ]t£, _mIvSo-

cn-b-bpsS Ne-\-ti-jn-bp-ambn Chbv°v _‘-an-√. {]tXy-I-Xcw t{]m´o-≥
sIm≠v \n¿an-X-amb \ofw IqSnb Ipg¬ t]mse-bp≈hbmWv ]nen. tImi-

Øn\v ]pd-tØ°v hf-cp∂ sNdnb ZrV-tcm-a-ßfmWv ^nw{_ntb.  Nne
_mIvSo-cn-b-I-sf BXn-tYb Pohn-I-fnepw Hgp-°p≈ Pem-ib-ß-fnse ]md-

I-fnepw ]‰n-∏n-Sn-®n-cn-°p-hm≥ Ch klm-bn-°p∂p.

8.4.2 ssdt_m-tkm-ap-Ifpw C≥¢q-j≥ t_mUn-Ifpw

t{]m°m-cn-tbm-´p-I-fn¬ km[m-c-W-bmbn ssdt_m-tkm-ap-Iƒ tImi-kvX-c-

tØmSv tN¿∂mWv ImW-s∏-Sp-∂-Xv. Chbv°v 15 nm apX¬ 20 nm hsc
hep∏ap-≠v. Chbv°v c≠v D]-bqWn-‰p-Iƒ D≠v ˛ 50S Dw 30S Dw. Cu

D]bqWn-‰p -Iƒ H∂n®p tNcp-tºmƒ 70S Bbn amdp-∂p. t{]m´o≥
\n¿amWØns‚ tI{µw ssdt_m-tkm-ap-I-fm-Wv. Hcp mRNA bn¬ [mcmfw

ssdt_m-tkm-ap-Iƒ ]‰n-t®¿∂v ame-t]mse ImW-s∏-Sp-∂p. CXns\ t]mfn-
ssd-t_m-tkm-ap-Iƒ (Polyribosomes) AYhm t]mfntkmw (Polysome)

F∂p hnfn-°p-∂p. t]mfnssdt_m-tkm-anse ssdt_m-tkm-ap-Iƒ mRNA bn¬
\n∂pw {Sm≥kvtej≥ {]{In-b-bn-eqsS t{]m´o-\p-Iƒ \n¿an-°p-∂p.

C≥¢q-j≥ t_mUnIƒ

t{]m°m-cn-tbm-´p-I-fpsS tImi-{Z-hy-Øn¬ Blm-c-h-kvXp-°ƒ kw`-cn®n-cn-
°p-∂Xv C≥¢q-j≥ t_mUn-I-fm-bm-Wv. Chsb Hcp Bh-cW hyh-ÿ-

sIm≠pw s]mXn-™n-´n-√. Ch tImi-{Z-h-y-Øn¬ kz-X-{¥-ambn ImW-s∏-Sp-
∂p. t^mkvt^-‰p- Xcn-Iƒ, kbm-t\m-ss^-kn-b≥ XcnIƒ, ss•t°m-P≥

XcnIƒ F∂nh C≥¢q-j≥ t_mUn-Iƒ°v DZm-l-c-W-ß-fm-Wv. hmbp \nd™
t^\-ßƒ {]Im-i-kw-t«-j-W-Øn\v Ign-hp≈ \oe-˛l--cn-X _mIvSo-cn-b-I-

fnepw ]¿∏nƒ _mIvSo-cn-b-Ifnepw lcnX _mIvSo-cn-b-Ifnepw ImWp∂p.
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8.5 bq°m-cn-tbm-́ nIv tImi-ßƒ

t{]m´n-Ã-Iƒ, kky-ßƒ, P¥p-°ƒ, ^wK-kp-Iƒ Ch-sb√mw bq°m-cn-tbm-

´p-IfmWv. F√m bq°m-cn-tbm-´nIv tImi-ßfnepw kvXcw sIm≠v Bh-cWw
sNø-s∏´ tImimw-K-ßƒ aptJ\ tImi-{Z-hy-Øns‚ ka-{K-hn-`-P\w

(Compartmentalisation of cytoplasm) \S-∂n-´p-≈-Xmbn ImWmw. bq°m-cn-tbm-
´nIv tImi-ßƒ°v kvXcm-h-c-W-ap≈ hy‡-amb a¿a-ap-≠v. IqSmsX Chbv°v

k¶o¿W-amb Ne\ (Locomotory) kwhn-[m-\-ßfpw tImim-ÿn-L-S-\I-fpw
(Cytoskeletal structures) D≠v. Ch-bpsS P\n-X-I-h-kvXp- t{Ima-tkm-ap-I-fmbn

cq]w {]m]n-®n-cn-°p-∂p.

bq°m-cn-tbm´v tImi-ßƒ F√mw Hcp-t]m-se-b-√. kky-tIm-i-ßfpw P¥p-
tIm-i-ßfpw XΩn¬ Nne hyXym-k-ßƒ D≠v. kky-tIm-i-ß-fn¬ tImi-

`nØnbpw ssPh-I-W-ßfpw (Plastids) a[y-Øn¬ Hcp henb t^\hpw ImWp-
∂p. Chsbm∂pw P¥p-tIm-i-ß-fn¬ ImWs∏Sp∂n-√. F∂m¬ P¥p-tIm-i-

ß-fn¬ ImW-s∏-Sp-∂ sk≥{Sn-tbm-fp-Iƒ kky-tIm-i-ß-fn¬ ImW-s∏-Sp-
∂n√ (Nn{Xw 8.3).

C\n \ap°v Hmtcm tImimw-K-Øns‚bpw LS-\bpw [¿a-hpw- F-¥m-sW∂v
]cn-tim-[n-°mw.

8.5.1 tImi-kvXcw (Cell membrane)

tImi-kvX-c-Øns‚ hni-Z-amb LS\ \ap°v ]Tn-°p-hm≥ km[n-®Xv 1950
Ifn¬ Ce-Ivt{Sm¨ ssat{Im-kvtIm-∏v I≠p-]n-Sn-®tXm-Sp-Iq-Sn-bm-Wv. AXn-

\n-S-bn¬, tImi-kvX-c-sØ-°p-dn-®p≈ cmk-]-T-\-ßƒ {]tXy-In®v, a\p-jys‚
Nph∂ c‡m-Wp-°-fn¬ \S-Øn-bh tImi-kvX-c-Øns‚ km[y-amb LS\

{Kln-°p-hm≥ imkv{X-⁄-sc klm-bn-®p.

Cu ]T-\-ßƒ tImi-kvXcw en∏n-Up-Ifpw t{]m´o-\p-Ifpw sIm≠v \n¿an-X-

am-sW∂v sXfnbn-®p. {][m\ en∏n-UpI-ƒ t^mkvt^m-en-∏n-Up-I-fmWv-. Ch
c≠p-]m-fn-I-fmbn {Iao-I-cn-®n-cn-°p-∂p. kvXc-Øn¬ en∏nUp--Iƒ {Iao-I-cn-®n-

cn-°p-∂Xv en∏n-Up-I-fpsS {[pho-b-io¿jw (Polar head) ]pd-tØ°pw Pe-`o-
Xn-bp≈ hm¬`mKw (Hydrophobic tail) kvXc-Øns‚ Dƒ`m-K-tØ°pw X≈n-

\n¬°p-∂ coXn-bnem--Wv. Cu {Iao-I-c-W-Øn-eqsS en∏n-Uns‚ ]qcnX
(Saturated) sslt{Um-Im¿_-Wp-I-fp≈ A{[p-hob (Non-polar) hm¬`mKw

Pemwiap≈ Np‰p-]m-Sp-I-fn¬\n∂v kwc-£n-°-s∏-´n-cn-°p-∂p (Nn{Xw 8.4).
kvXc-Øn¬ t^mkvt^men∏nUp-Isf°qSmsX sImf-kvt{Smfpw ImW-s∏-Sp-

∂p. {][m-\-ambpw t^mkvt^m-•n-k-ssd-Up-I-fm¬ \n¿an-X-amWv tImi-kvX-
c-en-∏n-Up-Iƒ.

Chsb°qSmsX t{]m´o-\p-Ifpw Im¿t_msslt{U-‰p-Ifpw IqSn-t®¿∂mWv

πmkvam-kvXcw \n¿an-®n-cn-°p-∂-sX∂v XpS¿∂p \S∂ ssPh-cmk- -Kth-
jWß-ƒ sXfn-bn®p. hnhn-[-tIm-i-ß-fn¬ t{]m´o≥, en∏nUv A\p-]mXw

hyXy-kvX-amWv. a\p-jy-\nse Nph∂ c‡tImi-kvX-c-Øn¬ GI-tZiw 52%
t{]m´o-\p-Ifpw 40% en∏n-Up-I-fp-am-Wp-≈-Xv.
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Nn{Xw 8.3 Nn{Xo-I-cWw : (a) kky-tImiw (b) P¥p-tImiw

ssat{Im-hn-√kp-Iƒ

πmkvam-kvXcw

sk≥{Sn-tbmƒ

s]tdm-Ivkntkmw

ssetkmtkmw

ssdt_m-tkm-ap-Iƒ

ssat‰m-tIm¨{Sn-tbm¨

]cp-]-cpØ A¥¿{Z-hy-Pm-en-I

tImi-{Zhyw
a¿aw

a¿aIw

a¿a-kvXcw

an\pk A¥¿{Z-hy-Pm-enI

tKmƒPn hkvXp-°ƒ

(b)

]cp-]-cpØ A¥¿{Z-hy-Pm-enI
ssetkmtkmw

a¿aw

a¿aIw

tKmƒPn hkvXp-°ƒ

a¿a-kvXcw

πmkvamkvXcw

t^\w

anUn¬ emsa√

tImi-̀ nØn

ssat‰m-tIm¨{Sn-tbm¨

ssdt_m-tkm-ap-Iƒlcn-X-IWw
tImi-{Zhyw

s]tdm-Ivkntkmw

ssat{Im-Syp_yqƒ

πmkvtam-sU-kvta‰

an\pk A¥¿{Zhy-Pm-enI

(a)
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Nn{Xw 8.4  πmkvam-kvX-c-Øns‚ ^vfqbnUv samssk°v amXrI

sImf-kvt{Smƒ

]©-kmc
s]cn-̂ -d¬
t{]m´o≥

t^mkvt^men∏nUv
Cc-́ -∏mfn

C‚-{K¬

t{]m ó≥

th¿Xn-cn-s®-Sp-°p-hm-\p≈ kuIcy-Øns‚ ASn-ÿm-\-Øn¬ tImi-kvXc
t{]m´o-\p-Isf C‚-{K¬ t{]m´o-\p-I-ƒ, s]cn-̂ -d¬ t{]m´o-\p-I-ƒ F∂n-ßs\

c≠mbn Xcw-Xn-cn-°mw. s]cn-̂ -d¬ t{]m´o-\p-Iƒ kvXc-Øns‚ {]X-e-Ønepw
C‚-{K¬ t{]m´o-\p-Iƒ `mKn-I-amtbm apgph\mtbm kvXc-Øn-\p-≈n-ep-ambn

ImW-s∏-Sp-∂p.

knwK¿ (Singer), \nt°mƒk≥ (Nicolson) F∂o imkv{X-⁄¿ 1972 ¬

tImi-kvX-c-Øns‚ Hcp sa®-s∏SpØnb LS\ apt∂m-´ph-®p. s]mXpsh
AwKo-I-cn-°-s∏´ Cu tImi-kvX-c- L-S-\bmWv ̂ vfqbnUv samssk°v amXrI

(Fluid mosaic model) (Nn{Xw 8.4). Cu LS-\-{]-Imcw, en-∏nUn Hcp A¿[-{Z-hm-
h-ÿ- (Quasi-fluid) Cc´∏mfn-bn-ep-S-\ofw t{]m´o-\ns‚ ]m¿izm-¥-c-N-e\w

(Lateral movement) km[y-am-°p-∂p. kvXc-Øn-eqsS Cßs\ Nen-°p-hm-\p≈
Ign-hns\ AXns‚ ^vfqbn-Un-‰n-bmbn IW-°m-°p-∂p.

tImi-h-f¿® (Cell growth), tImim-¥-c -k‘nÿm\-ßfpsS cq]o-I-c-Ww

(Formation of intercellular junctions), {khWw, tImim-¥c Ah-tim-j-W-w
(Endocytosis), tImi-hn-`-P-\w XpS-ßnb {]h¿Ø-\-ß-fn¬ πmkvam-kvX-c-

Øns‚ A¿[-{Z-hm-hÿbv°v hfsc {]m[m-\yap≠v.

tImi-kvX-c-Øns‚ Hcp {][m\ [¿a-amWv Ah-bn-eq-sS-bp≈ ]Zm¿Y-ß-

fpsS kwh-l-\w. tImi-kvXcØn\v Ccp-h-i-Øp-ap≈ Nne X∑m-{X-Isf
am{Xta tImi-kvXcw AXn-eqsS IS-Øn-hn-Sp-∂p-≈q. AXn-\m¬ Chsb

hcWXm-cy-kvXcw (Selectively permeable membrane) F∂p hnfn-°p-∂p.
[mcmfw X∑m-{X-Iƒ°v Du¿Pw D]-tbm-Kn-°msX Cu kvXc-Øn-eqsS IS-

∂p-t]m-Ip-hm≥ Ign-bpw. X∑m-{X-I-fpsS CØ-c-Øn-ep≈ Ne-\sØ \njv{Inb
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kwh-l\w (Passive transport) F∂v hnfn-°mw. Nm¿Pn-√mØ teb-]-Zm¿Y-

ßƒ (Neutral Solutes) Ah-bpsS KmVXm hyXn-bm-\-Øn\v (Concentration

gradient) A\p-kr-X-am-bn, hym-]\w (Diffusion) aptJ\ KmVX IqSnb `mK-

Øp-\n∂v KmVX Ipd™ `mK-tØ°v Cu kvXcØn-eqsS IS-∂p-t]m-Ipw.
AXp-t]mse Pe-X-∑m-{X-Iƒ°pw Ah-bpsS KmVX IqSnb `mK-Øp-\n∂v

Ipd-™-`m-K-tØ°v Cu kvXc-Øn-eqsS IS-∂p-t]m-Ip-hm≥ km[n-°pw. Pe-
X-∑m-{X-I-fpsS kvXc-Øn-eq-sS-bp≈ hym-]-\sØ hrXn-hym-]\w (Osmosis)

F∂p-]-d-bp-∂p. {[phob X∑m-{X-Iƒ°v kvXc-Ønse A{[p-hob en∏n-Up-
IfpsS Cc´∏mfn-bn-eqsS IS-∂p-t]m-Ip-hm≥ Ign-bp-I-bn-√. AXn-\m¬ Chsb

kvXc-Øn-eqsS hln-®p-sIm-≠p-t]m-Ip-∂-Xn\v t{]m´o≥ X∑m-{X-I-ƒ Bh-
iy-amWv. Nne X∑m-{X-Isfbpw Atbm-Wp-Isfbpw KmV-Xm-hy-Xn-bm-\-Øn\v

hn]-co-X-am-bn, AXm-bXv Ah-bpsS KmVX Ipd™ `mK-Øp-\n∂v KmVX
IqSnb `mK-tØ°v kvXc-Øn-eqsS hln®psIm≠v t]mImdp-≠v. Cß-s\-

bp≈ ]Zm¿Y-kw-h-l-\-Øn\v Du¿P-w AYhm ATP X∑m{X-Iƒ B-h-iy-am-
Wv. Cß-s\-bp≈ ]Zm¿Y-kw-h-l-\-sØ k{In-b-kw-h-l\w (Active

transport) F∂p-hn-fn-°p-∂p. DZm-l-c-W-Øn\v Na+ / K+ ]ºv.

8.5.2 tImi-̀ nØn (Cell wall)

kky-ß-fp-sSbpw ^wK- p-I-fp-sSbpw tImi-kvX-csØ s]mXn-™p-sIm≠v
I´n-tbdnb Poh-\n-√mØ Hcm-h-c-W-ap-≠v. CXns\ tImi-`nØn F∂p-hn-fn-

°p-∂p. CXv tImi-Øn\v BIrXn \¬Ip-∂-Xn-t\m-sSm∏w BLm-X-ß-fn¬
\n∂pw AWp-_m-[-bn¬ \n∂pw kwc-£-Ww \¬Ip-∂p. IqSmsX tImi-

ßƒ XΩn-ep≈ ]c-kv]c hn\n-a-bsØ klm-bn-°p-Ibpw A`n-e-j-Wo-b-a-
√mØ ÿqe X∑m-{X-Iƒ°v XS- -ambn \ne-sIm-≈p-Ibpw sNøp-∂p. B¬K-

I-fpsS tImi-̀ nØn sk√p-tem-kv, Kme-IvS≥kv, am∂m≥kv, Im¬kyw Im¿_-
tW‰v F∂o ]Zm¿Y-ßƒsIm-≠mWv \n¿an-®n-cn-°p-∂-Xv. F∂m¬ a‰p kky-

tIm-i-ßfpsS tImi-`nØn \n¿an-®n-cn-°p-∂Xv sk√p-tem-kv, slan sk√p-
temkv, s]IvSn-\p-Iƒ, t{]m´o-\p-Iƒ F∂nh sIm≠m-Wv. ]pXn-b-Xmbn cq]w

{]m]n-® Hcp kky-tIm-i-Øns‚ {]mY-an-I tImi-`nØn (Primary wall)
hf¿®m-ti-jn-bp-≈Xm-Wv. Cu Ignhv kky-tIm-i-w ]q¿W hf¿® FØp-

∂X\p-k-cn®v Ipd-™p-h-cp-∂p. XpS¿∂v tImi-Øns‚ Dƒ`m-K-Ømbn (AXm-
bXv kvXc-Øn-t\m-S-Sp-Øv) ZznXo-b- tIm-i-`nØn (Secondary wall) cq]w

sIm≈p∂p.

kao-]-Øp≈ tImi-ßsfØΩn¬ tN¿Øp \n¿Øp∂ Hcp ]mfn-bmWv anUn¬
em-sa-√. CXv {][m-\-ambpw Im¬kyw s]IvtS-‰v -sIm-≠mWv \n¿an-®n-cn-°p-

∂-Xv. kao-]-tIm-i-ßsf _‘n-∏n-®p-sIm≠v tImi-`n-Øn°pw anUn¬ -emsa-
√°pw IpdpsI tImi-{Zhyw Hcp ]mew t]mse ImW-s∏-Sp-∂p. CXns\

πmkvtam-sU-kvta‰ (Plasmodesmata) F∂p-hn-fn-°p-∂p.

8.5.3 A¥¿kvX-c- hy-hÿ (Endomembrane system)

kvXcm-hc-W tImimw-K-ßƒ LS-\m-]-c-ambpw [¿a-]-c-ambpw hyXym-k-s∏-
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´n-cn-°p-∂p-sh-¶nepw Ch-bpsS {]h¿Ø-\-ßƒ

GtIm-]n-]n°-s∏-´n-cn-°p-∂-Xn-\m¬ Ch-bn¬ ]e-
Xn-s\bpw Hcp-an®v tN¿Øv Hcp A¥¿kvXc hyh-

ÿ-bmbn ]cn-K-Wn-°p-∂p. A¥¿{Z-hy-Pm-en-I,
tKmƒPn hkvXp-°ƒ, ssetkm-tkm-ap-Iƒ, t^\-

ßƒ F∂nh A¥¿kvXc hyh-ÿ-bn¬ Dƒs∏-
´ncn°p∂p.

ssat‰m-tIm¨{Sn-b-Iƒ, lcn-X-I-W-ßƒ, s]tdmIv

kn-tkm-ap-Iƒ F∂n-h-bpsS [¿a-ßƒ apI-fn¬
]d™ LS-I-ß-fp-ambn GtIm]n]n°-s∏-́ n-́ n-√m-Ø-

Xn-\m¬ Chsb A¥¿kvX-c- hyh-ÿ-bpsS `mK-
ambn IW-°m-°-s∏-Sp-∂n-√.

8.5.3.1 A¥¿{Z-hy-Pm-enI (Endoplasmic reticulum-ER)

bq°m-cn-tbm-´nIv tImi-ß-fpsS tImi-{Z-hy-Øn¬
Pmen-Im-cq-t]W hym]n-®p-In-S-°p∂ hfscs®dnb

IpgepIfpsS kaq-l-amWv A¥¿{Z-hy-Pm-enI (Nn{Xw
8.5). Ce-Ivt{Sm¨ ssat{Im-kvtIm-∏p-I-fpsS Bhn¿`m-

h-tØm-sS-bmWv \ap°v Chsb ImWp-hm≥ km[n-
®-Xv. Ch tImi-Øn-\-I-Øp≈ ÿew c≠p

hy‡amb Ad-I-fmbn th¿Xn-cn-°p-∂p. AXm-bXv
eqan-\¬ ̀ mKhpw (A¥¿{Z-hy-Pm-en-I-bpsS Dƒ`mKw)

(Luminal), A¥¿{Z-hy-Pm-en-I-bpsS ]pdw-`mKhpw
(Extra luminal) (AXmbXv tImi-{Z-hyw).

A¥¿{Z-hy-Pm-en-I-bpsS _mly-{]-X-e-Øn¬ an°-
t∏mgpw ssdt_m-tkm-ap-Iƒ ]‰n-∏n-Sn-®p-Im-Wm-dp-≠v.

Nn{Xw 8.5  A¥¿{Z-hy-Pm-enI

a¿aw

a¿a-c{‘w -]-cp-]-cpØ
A¥¿{Z-hy-

Pm-enI

ssdt_mtkmw

an\pk A¥¿{Z-hy-Pm-enI

Chsb ]cp-]-cpØ A¥¿{Z-hy-Pmen-I (Rough Endoplasmic Reticulum -RER)

F∂p-hn-fn-°p-∂p. F∂m¬ a‰p Nne A¥¿{Z-hy-Pm-en-I-bpsS _mly {]X-e-
Øn¬ ssdt_m-tkm-ap-Iƒ ImW-s∏-Sp-∂n-√. Chsb an\p-k- A¥¿{Z-hy-Pm-

enI (Smooth Endoplasmic Reticulum-SER) F∂p-hn-fn-°p-∂p.

RER km[mc-W-bmbn amwkykwt«-jWw, {khn-∏n-°¬ F∂nh-bn-te¿s∏-
Sp∂ tImi-ß-fn-¬ ImWs∏Sp-∂p. Ch a¿a-Øns‚ _mly-kvX-c-Øn\v XpS¿®-

bmbn hym]n®p InS-°p-∂p.

en∏n-Up-I-fpsS kwt«-jWw \S-Øp∂ {][m\ tImimw-K-amWv SER. P¥p-

tIm-i-ß-fn¬ en∏n-Up-I-sf-t∏m-se-bp≈ Ãntdm-bnUv tlm¿tam-Wp-Isf Ch
\n¿an-°p-∂p.

8.5.3.2 tKmƒPn -h-kvXp-°ƒ (Golgi apparatus)

a¿aØnt\mSv tN¿∂v \∂mbn \ndw ]nSn-°p∂ Pmen-I-t]m-se-bp≈ Nne
tImimw-K-ßsf 1898 ¬ Imant√m tKmƒPn (Camillo Golgi) Is≠-Øn. A-Xn-

\m¬ Ch ]n∂oSv tKmƒPn- h-kvXp-°ƒ F∂v \ma-I-cWw sNøs∏-´p. Ch-
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Nn{Xw 8.6  tKmƒPn hkvXp-°ƒ

kvXc-k-©n-Iƒ

bn¬ 0.5 µm apX¬ 1.0 µm hsc hymkap≈ ]c∂

UnkvIv BIr-Xn-tbm-Sp-Iq-Snb t\¿Ø kvXc-k-©n-Iƒ
(Cisternae) H∂n-\p-]p-dØv H∂mbn kam-¥-c-ambn {Iao-

I-cn-®n-cn-°p-∂p (Nn{Xw 8.6).  tKmƒPn tImwπ-Ivkp-I-
fn¬ ImW-s∏-Sp-∂ kvXc-k-©n-I-fpsS FÆw hyXy-

kvX-ambncn°pw. a¿a-Øn\v ASp-Ømbn tKmƒPn- kvX-
c-k©nIƒ- GI-tI-{µo-Ir-X (Concentrical) coXn-bn¬

{Iao-I-cn -®n -cn -°p-∂p. Cu {Iao-I-c-W-Øn¬ Hcp
tIm¨shIvkv knkv (Cis) hiw AYhm cq]o-IcW-

hihpw (Forming face) tIm¨tIhv {Sm≥kv (Trans)

AYhm ]mI-am-Ip∂ hihpw (Maturing face) D≠v. Cu

c≠v hi-ßfpw hfsc hyXy-kvX-am-sW-¶nepw ]c-kv]cw
_‘n°s∏´ncn-°p-∂p.

]Zm¿Y-ß-fpsS ]mt°-PnMv BWv tKmƒPn- h-kvXp-°-

fpsS {][m\ [¿aw. Cßs\ s]mXn-b-s∏-Sp∂ hkvXp-
°ƒ tImi-Øn-\-ItØm tImi-Øn\p shfn-bntet°m

{khn-°-s∏-Sp-∂p. A¥¿{Z-hy-Pm-en-I-bn¬ \n∂pap≈
s]mXn-b-s∏-tS≠ ]Zm¿Y-ßƒ sNdnb k©n-I-fpsS

cq]-Øn¬ tKmƒPn -h-kvXp-°-fpsS cq]o-I-cW (tIm¨sh-Ivkv) ̀ mK-hp-ambn
IqSn-t®-cp-∂p. XpS¿∂v Cu ]Zm¿Y-ßƒ ]mI-am-Ip∂ (tIm¨tI-hv) `mK-

tØ°v \oßp-∂p. CXn¬\n∂pw tKmƒPn hkvXp-°fpw A¥¿{Z-hy-Pm-en-I-
bpw hfsc ASp-Ø-Sp-Ømbn ImW-s∏-Sp-∂-Xns‚ ImcWw a\- n-em-bn-°m-

Wp-at√m? A¥¿{Z-hy-Pm-en-I-bpsS {]X-e-Øn¬ ImW-s∏-Sp∂ ssdt_m-tkm-
ap-Iƒ \n¿an-°p∂ hnhn[ t{]m´o-\p-Iƒ tKmƒPn -h-kvXp-°-fpsS kvXc-k-

©n-I-fn¬ h®v am‰-ßƒ°v hnt[-b-am-Ip-∂p. tijw Ahsb {Sm≥kv hiØn-
eqsS ]pd-tØ°p hnSp-∂p. tKmƒPn hkvXp-°ƒ ss•t°m-t{]m-́ o-\p-I-fp-sSbpw

ss•t°m-en-∏n-Up-I-fp-sSbpw {][m\ \n¿amW tI{µ-am-Wv.

8.5.3.3 ssetkm-tkm-ap-Iƒ (Lysosomes)

tKmƒPn -h-kvXp-°fn¬ ]mt°-PnMv {]{Inb hgn-bp-≠m-°-s∏-Sp∂ kvXc-

Øm¬ Np‰-s∏´ sNdnb k©n-Iƒ BWv ssetkm-tkm-ap-Iƒ. Cß-s\-bp-
≠m-Ip∂ ssetkmtkmw k©n-Iƒ GI-tZiw F√m-Øcw Zl-\-cm-

km·nIfmepw (ent]-kv, t{]m´n-tb-kv, Im¿t_m-ssl-t{U-kv XpS-ßn-bh)
kºp-jvS-am-Wv. Cu cmkm-·n-Iƒ Akn-UnIv pH ¬ \∂mbn {]h-¿Øn-°p-

∂-h-bm-Wv. Chbv°v Im¿t_m-ssl-t{U-‰p-I-ƒ, t{]m´o-\p-I-ƒ, en∏n-Up-Iƒ,
\yq¢nIv Bkn-Up-I-ƒ F∂n-hsb Zln-∏n-°p-hm-\p≈ Ign-hp-≠v.

8.5.3.4 t^\-ßƒ (Vacuoles)

H‰-kvX-c-Øm¬ s]mXn-b-s∏´v tImi{Z-h-Øn¬ ImW-s∏-Sp∂ Ad-I-fmWv
t^\-ßƒ. Cu Ad-bv°p-≈n¬ Pew, eh-W-ßƒ, hnk¿Py-h-kvXp-°ƒ,

tImi-Øn-\m-h-iy-an-√mØ a‰p ]Zm¿Y-ßƒ F∂n-h- AS-ßn-bn-cn-°p-∂p. t^\-
Øns‚ kvXcm-h-c-W-sØ tSmtWm-πmÃv (Tonoplast) F∂v hnfn-°p-∂p. kky-
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_mly-kvXcw B¥-ckvXcw

am{SnIvkv {InÃ

Nn{Xw 8.7  ssat‰m-tIm¨{Sn-tbm-Wns‚ LS\ (s\Sp-sI-bp≈ tOZw)

kvXcm-¥c `mKw

tIm-i-Øns‚ GI-tZiw 90% `mKhpw t^-\-ßƒ ssIb-S-°n-bncn-°p-∂p.

kkyß-fn¬ hnhn[ Xc-Øn-ep≈ Atbm-Wp-I-sfbpw a‰p ]Zm¿Y-ß-sfbpw

t^\-Øn-\p-≈n-te°v, Ah-bpsS KmVX Ipd™ `mK-Øp-\n∂v KmVX
IqSnb `mK-tØ°v IS-Øn-hn-Sm-≥ klm-bn-°p-∂Xv tSmtWm-πmÃv BWv.

AXn-\m¬ t^\-ßƒ°p-≈n¬ Ch-bpsS KmVX tImi-{Z-hysØ At]-
£n®v hfsc IqSp-X-em-bn-cn-°pw.

Aao-_-I-fn¬ hnk¿P-\-Øn\v klm-bn-°p∂ kt¶mN t^\w (Contractile

vacuole) D≠v. IqSmsX t{]m´n-Ã-IfpsS tImi-ß-fn¬ Blm-c-I-Wn-I-Isf

hngp-ßp-∂-Xp-aqew `£W -t^\w (Food vacuole) D≠m-Im-dp-≠v.

8.5.4 ssat‰m-tIm¨{Snb (Mitochondria)

ssat‰mtIm¨{Sn-b-Isf ssat{Im-kvtIm-∏n-eqsS \nco-£n-°-W-sa-¶n¬
Ahsb {]tX-y-I-ambn \ndw ]nSn-∏n-t°-≠-Xp-≠v. Ch-bpsS FÆw tImi-

Øn-\p-≈n¬ \S-°p∂ ico-c-[¿a- {]h¿Ø\ßƒ°-\p-kr-X-ambn hyXym-k-
s∏-´n-cn-°p-∂p. ssat‰m-tIm¨{Sn-b-bpsS hep-∏-Ønepw BIr-Xn-bnepw hf-

sc-b-[nIw hyXymkw ImWs∏Sp∂p.- \o≠v, A‰w Dcp≠ BIr-Xn-bntem
(Sausage - shaped) Zfim-Ir-Xn-bntem Ch ImW-s∏-Sp-∂p. CXns‚ hymkw

0.2 - 1.0µm (icm-icn 0.5µm) BWv. CXns‚ \ofw 1.0 - 4.1µm hscbpam-
Wv. Ch Cc´ kvXc-Øm¬ Bh-cWw sNø-s∏-´n-cn-°p-∂p. _mly-kvX-chpw
B¥ckvXchpw ssat‰m-tIm¨{Sn-b-bpsS Dƒ`m-KsØ c≠p Peob Ad-I-

fmbn Xncn-®n-cn-°p-∂p, AXm-bXv _mly -A-dbpw B¥c Adbpw. A¥c
Ad-bn¬ am{SnIvkv (Matrix) \nd-™n-cn-°p-∂p. _mlykvXcw XpS¿®-bm-

bXpw ssat‰m-tIm¨{Sn-b-bpsS AXn¿h-c-ºmbn \ne-sIm-≈p-∂Xp-Xm--Wv.
B¥-ckvXcØn¬ \n∂pw [mcmfw Dƒa-S-°p-Iƒ am{Sn-Ivkn--te°v ImW-s∏-

Sp-∂p. Chsb {InÃIƒ (Cristae, sing : crista) F∂p-hn-fn-°p∂p (Nn{Xw 8.7).
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Nn{Xw 8.8 lcn-X-I-W-Øns‚ tOZw

_mly-kvXcw

B¥-c-kvXcw

{Km\w

ssXe-t°m-bnUv

kvt{Sma
emsa√

kvt{Sma

{InÃIƒ B¥-ckvXc-Øns‚ D]-cn-X-e-hn-kvXo¿Ww h¿[n-∏n-°p-∂p. ssat‰m-

tIm¨{Sn-b-bpsS [¿ahpambn _‘-s∏´v c≠v kvXc-ß-fnepw AhbpsS-
Xmb khn-tij cmkm-·n-Iƒ D≠v. hmbp-iz-k\w \S-°p-∂Xv ssat‰m-

tIm¨{Sn-b-bn¬sh-®m-Wv. tImiØn\m-h-iy-amb Du¿Pw ATP bpsS cq]-
Øn¬ \n¿an-°p∂-Xpw kw`cn°p-∂-Xpw ssat‰m-tIm¨{Sn-b-bm-Wv. AXn-\m¬

Chsb tImi-Øns‚ "Du¿P-\n-ebßƒ' (Power houses) F∂p -hn-fn-°p∂p.
am{Sn-Ivkn-¬ hrØm-Ir-Xn-bn-ep≈ Hcp DNA X∑m{X, Ipd®v RNA X∑m{X-

Iƒ, ssdt_mtkm-ap-Iƒ (70S), t{]m´o-\p-I-fpsS \n¿am-W-Øn-\m-h-iy-amb
LS-I-ßƒ F∂n-hbpw ImW-s∏-Sp-∂p. hn -̀P\w (Fission) hgn ssat‰m-tIm¨{Sn-

b-Iƒ Cc-´n-°p-∂p.

8.5.5 ssPh-I-W-ßƒ (Plastids)

kkytImi-ß-fnepw bq•n-t\m-bn-Up-I-fnepw ssPh-I-W-ßƒ I≠p-h-cp-∂p.
Ch hep-∏-ta-dn-bhbm-b-Xn-\m¬ ssat{Im-kvtIm-∏n-eqsS hy‡-ambn ImWm≥

Ign-bpw. ssPh-I-W-ß-fn¬ {]tXyI- X-c-Øn-ep≈ h¿W-h-kvXp-°ƒ D≈-
Xp-sIm≠v Ch kkyßƒ°v sshhn-[y-am¿∂ \nd-ßƒ \¬Ip-∂p. ssPh-I-

W-ßsf h¿W-h-kvXp-°-fpsS ASn-ÿm-\-Øn¬ lcn-X-IWw (Chloroplast),
h¿WIWw (Chromoplast), tizX-IWw (Leucoplast) F∂n-ßs\ aq∂mbn

Xcw-Xn-cn-®n-´p-≠v.

lcnX-IWß-fn¬ lcn-X-Iw
(Chlorophyll), Itcm-´n-t\m-bnUv

F∂o h¿W-h-kvXp-°-fp-≠v. Ch
{]Im-i-kw-t«-j-W-Øn-\m-h-iy-

amb kutcm¿PsØ hen-s®-Sp-
°p -∂p. h¿W-I-W-ßfn¬

ImWp-∂Xv sImgp-∏n¬ ebn-
°p∂ h¿W-h-kvXp -°-fmb

Itcm-´n-t\m-bn-Up-Iƒ BWv.
Itcm-́ n≥, kmt¥m-̂ n-¬ XpS-ßn-

b-h-bmWv Cu Itcm-́ n-t\m-bn-Up-
Iƒ. Ch kky-`m-K-ßƒ°v a™, Hmd-©v, Nph∏v F∂o \nd-ßƒ \¬Ip-

∂p. \nd-an-√mØ ssPh-I-Wßfmb tizX-I-W-ßƒ hnhn[ hep-∏-Ønepw
BIr-Xn-bnepw ImW-s∏-Sp-∂p. Ch t]mj-I-ßƒ kw`-cn-°p-∂p: Assa-tem-

πm-Ãp-Iƒ (Amyloplasts) Im¿t_m-ssl-t{U-‰p-Ifpw (A∂-Pw) DZm: Dcp-
f°n-g-ßv, GentbmπmÃp-Iƒ (Elaioplasts) FÆbpw sImgp-∏p-I-fpw,

Aeyqtdm-πm-Ãp-Iƒ (Aleuroplasts) t{]m´o-\p-Ifpw kw`-cn-°p-∂p.

lcn-X-k-ky-ß-fn¬ lcn-X-IWw IqSp-X-embpw Ce-Ifnse aotkm-̂ n¬ tImi-
ß-fn-emWv ImW-s∏-Sp-∂-Xv. Ch se≥kns‚ BIr-Xn-bntem tKmfm-Ir-Xn-

bntem AfimIr-Xn-bn-tem UnkvIp-t]m-setbm dn_¨t]m-setbm
hyXykvX BIr-Xn-I-fn¬ ImW-s∏-Sp-∂p. Chbv°v 5-10 \ofhpw 2-4

hoXnbpap-≠v. ¢man-tUm-sam-Wmkv F∂ lcnX B¬K-bn¬- Hcp tImi-Øn¬
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Nn{Xw 8.9  ssdt_mtkmw

sNdnb D]-
bq-Wn‰v

henb
D]-bq-Wn‰v

Hcp lcn-X-I-Whpw Db¿∂-]-Sn-bn-ep≈ -k-ky-ß-fn¬ Hcp tImi-Øn¬ 20-

40 hsc FÆhpw ImW-s∏-Sp∂p.

ssat‰m-tIm¨{Sn-b-t]mse lcn-X-I-Whpw Cc-́ -kvX-c-Øm¬ Bh-cWw sNø-
s∏´ tImimw-K-am-Wv. Ch-bn¬ B¥-c-kvXcØn\v _mly-kvX-csØ At]-

£n®v Xm-cyX Ipd-hm-Wv. B¥-c-kvX-c-Øn-\-I-Øp≈ ÿesØ kvt{Sma
(Stroma) F∂p-]-d-bp-∂p. CXn¬ [mcmfw ]c-∂- kvX-c-k©nIƒ {Iao-I-cn-

®n-cn-°p-∂p (Nn{Xw 8.8). Chsb ssXe-t°m-bn-Up-Iƒ (Thylakoids) F∂p-
hn-fn-°p-∂p. Cu ssXe-t°m-bn-Up-Iƒ H∂n-\p-ap-I-fn-sem-∂mbn \mW-b-ßƒ

ASp-°n-bn-cn-°p-∂-Xp-t]mse ImW-s∏-Sp-∂p. Cu ASp-°ns\ {Km\w (Granum)

AYhm C‚¿{Km\¬ ssXe-t°m-bnUv (Intergranal thylakoid) F∂p-hnfn-°p∂p.

{Km\-Ifnse ssXe-t°m-bn-Up-Isf XΩn¬ _‘n-∏n-°p∂ ]c∂ kvXc-
\fnIIsf kvt{Smam- em-sa√ F∂v hnfn-°p∂p. ssXe-t°m-bn-Up-Iƒ°p-

≈n-ep≈ ÿesØ eqa≥ (Lumen) F∂p-]-d-bp∂p. Im¿t_m-ssl-t{U-‰p-
Ifpw t{]m´o-\p-Ifpw \n¿an-°p-∂-Xn-\m-h-iy-amb cmkm-·n-Iƒ kvt{Smabn-ep-

≠v. IqSmsX c≠v CgI-fpw hebm-Ir-Xn-bpap≈ sNdnb Un.F≥.F X∑m-{X-
Ifpw ssdt_m-tkm-ap-Ifpw kvt{Sma-bn¬ ImW-s∏-Sp-∂p. ssXe-t°m-bn-Up-

I-fn¬ h¿W-h-kvXp-hmb lcn-XIw AS-ßn-bn-cn-°p-∂p. tImi-{Z-hy- ssd-
t_m-tkm-ap-Isf°mƒ (80S) sNdnb ssdt_m-tkm-ap-IfmWv (70S)

lcnXIW-Øn¬ ImW-s∏-Sp-∂Xv.

8.5.6 ssdt_m-tkm-ap-Iƒ (Ribosomes)

ssdt_m-tkm-ap-Iƒ F∂ sNdp-X-cn-I-fm-bp≈ tImimw-K-ßsf Ce-Ivt{Sm¨
ssat{Im-kvtIm-∏n-eqsS km{µ-X-tb-dnb ]Zm¿Y-ß-fmbn BZyw Z¿in-

®Xv tPm¿Pv ]emtU (1953) Bbn-cp∂p. ssdt_m\yq¢nIv BknUpw
(RNA) t{]m´o\p-Ifpw sIm≠mWv Ch \n¿an-®n-cn-°p-∂-Xv.

Chbv°v kvXcm-h-c-W-an-√. bq°m-cn-tbm-́ nIv ssdt_m-tkm-
ap-Iƒ 80S hn`mK-Ønepw t{]m°m-cn-tbm-́ nIv ssdt_m-tkm-

ap-Iƒ 70S hn`mK-Ønepws]Sp-∂p. Hmtcm ssdt_m-tkm-
an\pw hepXpw sNdp-Xp-amb c≠v D]-bq-Wn-‰p-I-fp≠v (Nn{Xw

8.9). 80S ssdt_m-tkm-ap-I-fpsS D]-bq-Wn-‰p-Iƒ 60S Dw
40S Dw BWv. 70S ssdt_m-tkm-ap-I-fpsS D]-bq-Wn-‰p-Iƒ

50S Dw 40S Dw BWv. 'S' (skzUv_¿Kv bqWn-‰v) skUn-sa-t‚-j≥ tImb-
^njy‚ns\ kqNn-∏n-°p-∂p. CXv km{µ-X-bp-sSbpw hep∏-Øn-s‚bpw tXmXp

ImWn-°p-∂p. 70S Dw 80S ssdt_m-tkm-ap-Ifpw c≠v D]bqWn-‰p-I-fm¬ \n¿an-
X-am-Wv.

8.5.7 tImim-ÿn-IqSw (Cytoskeleton)

tImi-{Z-hy-Øn¬ hnim-e-ambn hym]n-®p-In-S-°p∂ t{]m´o≥ X¥p-°-fpsS

Pmen-Im-k-aq-lsØ tImim-ÿn-IqSw F∂p- hnfn-°p∂p. Xmßv \¬Ip-I,
Ne-\Øn\v klm-bn-°p-I, tImi-Øns‚ BIrXn \ne-\n¿ØpI F∂n-h-

bmWv Ch-bpsS [¿aßƒ.
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Nn{Xw 8.10 koenb/^vfP-√-bpsS hnhn[ ̀ mK-ßƒ ImWn-°p∂ tOZw (a) Ce-Ivt{Sm¨

ssat{Im-{Km^v (b) B¥-cLS-\-bpsS Nn{Xo-I-cWw

(a) (b)

8.5.8 koen-b-Ifpw ^vfP-√Ifpw (Cilia and Flagella)

tImi-kvX-c-Øn¬ \n∂v ]pd-tØ-°p-≠m-Ip∂ apSn\mcn-g-t]msebp≈ hf¿®-
I-fmWv koen-b-Ifpw ^vfP-√-I-fpw. koenb hep-∏-Øn¬ sNdpXpw XpgIƒ

(Oars) t]mse {]h¿Øn-°p-∂-h-bp-am-Wv. Ch tImi-Øn-s‚tbm Np‰p-ap≈
{Zh-Øn-s‚tbm Ne-\-Øn\v klm-bn-°p-∂p. Xmc-X-tay\ \ofw IqSn-b ̂ vfP-

√-Iƒ tImi-Øns‚ Ne-\-sØ klm-bn°p-∂p. t{]m°m-cn-tbm-´nIv _mIvSo-
cn-b-Iƒ°v ^vfP√ Ds≠-¶nepw Ah bq°m-cn-tbm-´nIv ^vfP-√-I-fn¬\n∂v

LS-\m-]-c-ambn hyXym-k-s∏-´n-cn-°p-∂p.

koen-b-bp-sSbpw ̂ vfP-√-bp-sSbpw Ce-Ivt{Sm¨ ssat{Im-kvtIm-∏neqsS-bp≈
]T-\-ßƒ ImWn-°p-∂Xv Ch tImi-kvX-c-Øm¬ Bh-cWw sNø-s∏-´n-cn-

°p∂p F∂m-Wv. Chbv°v BIvtkmWnw (Axoneme) F∂-t]-cp≈ Hcp
Imºv (Core) D≠v. Cu Imºv \n¿an-®n-cn-°p-∂Xv kam-¥-c-ambn ImW-s∏Sp∂

At\Iw ssat{Im-Syp-_yq-fp-Iƒ sIm≠m-Wv. BIvtkm-Wn-an\v a[y-̀ m-K-Ømbn
c≠v ssat{Im-Syp-_yq-fp-Ifpw AXn\v Np‰p-ambn HºXv tPmUn _mlyssat{Im-

Syp-_yq-fpIfpw (Peripheral doublets) {Iao-I-cn-®n-cn-°p-∂p. CXns\ 9 + 2 {Iao-I-
c-W-sa∂v hnfn-°p∂p (Nn{Xw 8.10). a[y-`m-K-Øp≈ c≠p ssat{Im-Syp-_yq-fp-

Isf Hcp ]mew sIm≠v _‘n-®n-cn-°p-∂p. IqSmsX Chsb Hcp a[y]mfn
sIm≠p s]mXn-™n-cn-°p-∂p. Cu ]mfnbn¬\n∂v ]pd-s∏-Sp∂ Bc-°m-ep-

Iƒ (Radial spokes) 9 tPmUn _mly-ssa-t{Im-Syp-_yqfp-I-fnsebpw Hmtcm
ssat{ImSyp_yqfp-ambn _‘n-®n-cn-°p-∂p. AXn-\m¬ 9 Bc-°m-ep-Iƒ ImW-

s∏-Sp-∂p. 9 -_mlyssa-t{Im-Syp_yq-fp-Isf en¶-dp-Iƒ D]-tbm-Kn®v ]c-kv]cw
_‘n-®n-cn-°p-∂p. koen-b-Ifpw ^vfP-√-Ifpw D¬`hn°p-∂Xv sk≥{Sn-tbm-

fp-IfpsS LS-\-tbmSv kmZr-iy-ap≈ t_k¬ t_mUn-I-fn¬ \n-∂m-Wv.

πmkvam-kvXcw

_mly-ssa-t{Im-
Syp_yq-fp-Iƒ
(Cc-́ -Iƒ)

C‚¿ Usª‰v
{_nUvPv

a[y-ssa-t{Im-Syp-_yq-
fp-Iƒ

Bc-°m-¬

a[y]mfn
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8.5.5 sk≥t{Sm-tkmapw sk≥{Sn-tbm-fp-Ifpw
(Centrosome and Centrioles)

knen≠¿ B-Ir -Xn -bn -ep≈ c≠v sk≥{Sn -tbm -fp -Iƒ tN¿∂mWv
sk≥t{Smtkmw F∂ tImimw-K-ap-≠m-bn-cn-°p-∂-Xv. sk≥{Sn-tbm-fpIƒ°v

Np‰pw ¢n]vX-cq-]-an-√mØ (Amorphous) s]cn-sk≥{Sn-tbm-fm¿ hkvXp-
°ƒsIm≠v s]mXn-™n-cn-°p-∂p. Hcp sk≥t{Sm-tkm-anse c≠v sk≥{Sn-

tbm-fp-Ifpw ]c-kv]cw ew_-ambn {Iao-I-cn-®n-cn-°p-∂p. Hmtcm sk≥{Sn-
tbmfn\pw Imfh≠n-®-{I-Øn-\v kam-\-amb LS-\-bm-Wp≈-Xv. Ch D≠m-

°nbn-cn-°p-∂Xv Xpey AI-e-Øn-ep≈ HºXv _mly-ss -̂{_n-ep-Iƒ sIm≠m-
Wv. Syq_p-en≥ (Tubulin) t{]m´o≥sIm-≠mWv ss^{_n-ep-Iƒ \n¿an-®n-cn-°p-

∂-Xv. Hmtcm _mly-ss^-{_n-enepw aq∂v ssat{Im-Syp-_yq-fp-Iƒ D≠v
({Sn]vse‰v). ASp-Øp≈ {Sn]vse-‰p-Isf ]c-kv]cw _‘n-®n-cn-°p-∂p. sk≥{Sn-

tbm-fns‚ ap≥`m-KØv a[y-Øn-embn ImW-s∏-Sp∂ amwky-\n¿an-X-`m-K-amWv
l_v (Hub). CXns\ _mly-`m-K-Øp≈ {Sn]vse‰pI-fp-ambn amwky-\n¿anX

Bc-°m-ep-I-ƒ (Radial spokes) -D]-tbm-Kn®v _‘n-®n-cn-°p-∂p. koen-b-bp-
sSbpw ^vfP-√-bp-sSbpw t_k¬ t_mUn sk≥{Sn-tbm-fp-IfmWv. P¥p-tIm-

i-ß-fpsS hn`-P-\-ka-b-Øp-≠m-Ip∂ kv]n≥-Un¬ A∏m-c-‰-kns‚ `mK-amb
kv]n≥Un¬ ss^_-dp-Iƒ (Ioe-X-¥p-°ƒ) sk≥{Sn-tbm-fp-Ifn¬ \n∂mWv

cq]-s∏-Sp-∂-Xv.

8.5.10 a¿aw (Nucleus)

a¿asØ Hcp tImimwKw F∂ \ne-bn¬

BZy-ambn hni-Zo-I-cn-®Xv tdm_¿ v́ {_u¨
(1831) BWv. ]n∂oSv £mc kz`m-h-ap≈

ssUsIm≠v (Nmbw sIm≠v) \ndw ]nSn-∏n-
°m≥ Ign-bp∂ a¿a-Øns‚ L-S-IsØ

s{Imam-‰n≥ F∂v ̂ vsfanMv (Flemming) \ma-
I-cWw sNbvXp.

C‚¿t^kv a¿a-Øn-\p-≈n¬ (hn -̀P-\-Øn\p
ap≥]p≈ a¿aw) ImWp∂ {Zh-cq-]-Øn-ep≈

]Zm¿YsØ \yq¢n-tbm-πmkw AYhm a¿a-
{Z-hy-sa∂p hnfn-°mw. Cu a¿a-{Z-hy-Øn-¬

Ht∂m H∂n-e-[n-Itam tKmfm-Ir-Xn-bn-ep≈ a¿aIw (Nucleolus) ImW-s∏-Sp-
∂p (Nn{Xw 8.11). IqSmsX \yq¢n-tbm-t{]m-´o≥ ss^_-dp-I-fm¬ \n¿an-X-

amb he-°-Æn-Iƒt]mse sI´p-]n-W™ t{Imam-‰n≥ PmenI ImW-s∏-Sp-
∂p. a¿asØ Bh-cWw sNbvXv Cc-́  kvXc-ap-s≠∂v Ce-Ivt{Sm¨ ssat{Im-

kvtIm-∏neqsS-bp≈ ]T\w sXfn-bn-®p. Cu c≠v kvXc-ßƒ°nS-bn¬ 10 -

50 nm hoXn-bp≈ HcnSap≠v. CXns\ s]cn-\yq-¢n-bm¿ ÿew (Perinuclear

space) F∂p ]d-bp-∂p. a¿a-{Z-hy-Øn\pw tImi-{Z-hy-Øn-\p-an-S-bn-¬ ]Zm¿Y-
ß-fpsS k©m-c-Øn\v XS w \n¬°p-∂Xv a¿a-kvX-c-am-Wv. a¿a-kvX-c-Øns‚

_mly-kvXcw A¥¿{Z-hy-Pm-en-I-bp-ambn _‘-s∏-´n-cn-°p-∂p. CXn¬

Nn{Xw 8.11 a¿a-Øns‚ LS\

a¿a-{Zhyw

a¿aIw
a¿a-c{‘w

a¿a-kvXcw
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Nn{Xw 8.13 sk≥t{Sm-an-b-dns‚ ÿm\w ASn-ÿm-\-am-°n-bp≈ hnhn-[-bn\w t{Ima-tkm-ap-Iƒ

sk°-≠dn I¨kv{Sn-£≥km‰-sse‰v

sNdnb `mKw

sNdnb `mKw

sk≥
t{Sm-an-b¿

henb `mKw

sk≥
t{Sm-an-b¿

Nn{Xw 8.12 ssI\-t‰m-tIm-dp≈

t{Imatkmw

ssI\-t‰m-tIm¿

ssdt_m-tkm-ap-Isfbpw ImWmw. a¿a-kvX-c-Øn¬ ]e-bn-S-ß-

fnembn kq£va-c-{‘-ßƒ ImW-s∏-Sp-∂p. Chsb a¿a-c{‘w
(Nuclear pore) F∂p-hn-fn-°p-∂p. Ccp kvXc-ß-fp-sSbpw IqSn-

t®-c¬ hgn-bmWv CXv cq]w sIm≈p-∂-Xv. Cu kpjn-c-ß-
fn¬IqSn RNA, t{]m´o-\p-Iƒ F∂nh tImi-{Z-hy-Øn-te°pw

AhnsS \n∂v Xncn®v a¿a-{Z-hy-Øn-te°pw k©-cn°p-∂p.
km[m-c-W-bmbn Hcp tImi-Øn-¬ Hcp a¿aamWv ImWmdp-

≈Xv. F∂m¬ Nne tImi-ß-fn¬ H∂n-e-[nIw a¿aßfpw
ImW-s∏-Sm-dp-≠v. Cßs\ tImi-Øn-\p-≈n¬ H∂n-e-[nIw

a¿aßƒ ImW-s∏-Sp∂ Pohn-Isf \nßƒ°v Adn-bmtam?
hf¿®sbØnb Nne tImi-ß-fn¬ a¿aw ImW-s∏-Sm-dn-√. DZm-

l-c-W-Øn\v an° kkvX-\n-I-fpsSbpw Nph∂ c‡m-Wp-°-
fnepw hmkvIp-em¿ kky-ß-fpsS (Vascular plants) kohv Syq_v

tImi-ß-fnepw. CØcw tImi-ßsf \nßƒ "Poh-\p-≈-h-
bmbn' Icp-Xp-∂pt≠m?

ap≥]v kqNn-∏n-®-Xp-t]mse a¿a-{Z-hy-Øn¬ a¿a-Ihpw s{Imam-

‰n≥ X¥p-°fpw ImW-s∏-Sp-∂p. a¿a-I-Øn\v kvXcm-h-c-W-an-
√m-Ø-Xn-\m¬ AXv a¿a-{Z-hy-Øns‚ XpS¿®-bmbn ImW-s∏-

Sp-∂p. a¿aIw ssdt_m-tkm-a¬ B¿.-F≥.-F.-bpsS (rRNA)

kPoh \n¿am-W-tI-{µ-ambn h¿Øn-°p-∂p. amwky-kw-t«-jWw

kPo-h-ambn \S-°p∂ tImi-ß-fn¬ hep∏-ta-dnb [mcmfw
a¿aIßƒ ImW-s∏-Sp-∂p.

C‚¿t^-kn-ep≈ a¿a-Øn¬ Ab-™Xpw Ahy-‡hp-amb t\¿Ø
\yq¢ntbmt{]m´o≥ X¥p-°-fpsS Pmen-I-bmb s{Imam-‰n-≥ Ds≠∂v t\ctØ
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kqNn∏n®pht√m. F∂m¬ tImi-hn-`-P-\-Øns‚ hnhn[ L´-ß-fn¬ a¿a-

Øn-\p-]-Icw \n›nX BIr-Xn-bn-ep≈ t{Ima-tkm-ap-Isf ImWmw. s{Imam-
‰n-\n¬ DNA bpw t_knIv t{]m´o-\p-I-fmb lnkvt‰mWpIfpw Ipd®v lnkvt‰m-

Wp-I-f-√mØ t{]m´o-\pIfpw RNA bpw AS-ßn-bn-cn-°p-∂p. Hcp a\p-jy-tIm-
i-Øn¬ GI-tZiw 2 ao‰-tdmfw \of-ap≈ DNA X¥p-°ƒ \m¬∏Øn-bmdv

(23 tPmUn) t{Ima-tkm-ap-I-fn-embn hn\y-kn-®n-cn-°p-∂p. DNA sb t{Ima-
tkm-ap-I-fn¬ Fßs\ HXp-°n-sh-®n-cn-°p∂p F∂Xv 12˛ mw ¢m n¬ \nßƒ

]Tn-°pw.

Hmtcm t{Ima-tkm-an\pw (tImi-hn-`-P\ ka-bØv am{Xw Z¿in-°m≥ Ign-
bp∂-Xv) Hcp {]mY-anI CSp°v D≠v. CXns\ sk≥t{Sm-an-b¿ F∂p-hn-fn-

°p∂p. CXns‚ Ccp-h-i-ß-fn-embn UnkvIv t]mse-bp≈ `mK-ßƒ D≠v
(Nn{Xw 8.12). CXns\ ssI\t‰mtIm-dp-Iƒ F∂p-hn-fn-°p-∂p. Hcp t{Imatkm-

ans‚ c≠v s{Imam‰n-UpIsf tN¿Øv ]nSn-°p-∂Xv sk≥t{Sm-an-b-dm-Wv.
sk≥t{Sm-an-b-dns‚ ÿm\-a-\p-k-cn®v t{Ima-tkm-ap-Isf \mem-bn- X-cw-Xn-

cn°mw (Nn{Xw 8.13). a[y-`m-K-Ømbn sk≥t{Sm-an-b¿ ImW-s∏-Sp∂ t{Ima-
tkm-ans\ sa‰m-sk≥{SnIv (Metacentric) t{Ima-tkm-w F∂p-hn-fn-°p-∂p. Ch-

bpsS sk≥t{Sm-an-b-dn-\v Ccp-h-i-hp-ap≈ `mK-ßƒ°v Xpey-\o-f-am-bn-cn-°pw.
a[y-`m-K-Øp-\n∂v Ipd-®-I-se-bmbn sk≥t{Sm-an-b¿ ÿnXn sNøp∂ t{Ima-

tkm-ans\ k_v˛sa-‰m-sk≥{SnIv (Sub-metacentric) F∂v hn-fn-°p∂p.
Chbv°v Hcp sNdn-b-̀ m-Khpw Hcp henb ̀ mK-hp-ap-≠v. A{K-̀ m-K-Øn-\-Sp-Ømbn

sk≥t{Sm-an -b¿ ImW-s∏-Sp∂ t{Ima-tkm-ans\ At{Imsk≥{SnIv
(Acrocentric) t{Ima-tkmw F∂p-hn-fn-°p∂p. Chbv°v hfsc \ofw Ipd™

Hcp `mKhpw hfsc \ofw IqSnb Hcp `mK-hp-ap-≠v. Sotem-sk≥{SnIv
(Telocentric) t{Ima-tkm-an¬ sk≥t{Sm-an-b¿ A{K-`m-KØv ImW-s∏-Sp-∂p.

Nne-t∏mƒ hfsc°pd®v t{Ima-tkm-ap-Iƒ°v \ndw-]n-Sn-°mØ ÿnc-
ÿm\ap≈ ZznXob CSp-°p-I-fp-ap-≠v. CXv t{Ima-tkm-ans‚ Hcp sNdnb ̀ mK-

ambn \ne-sIm-≈p-∂p. CXns\ km‰-sse‰v (Satellite) F∂p-hn-fn-°p-∂p.

8.5.11 ssat{Im-t_m-UnIƒ (Microbodies)

kkytImi-Ønepw P¥p-tIm-i-Ønepw kvXc-Øm¬ s]mXn™ cmkm-·n-

Iƒ \nd™ [mcmfw kq£va k©n-I-fp-≠v. Chsb ssat{Im-t_m-UnIƒ
F∂p-hn-fn-°p-∂p.



184 Poh-imkv{Xw

kw{Klw

F√m Poh-Pm-e-ßfpw tImi-ß-fmtem tImi-k-aq-l-ß-fmtem \n¿an-°-s∏-´n-cn-°p-∂p. tImi-ßƒ Ah-

bpsS BIr-Xn-bnepw hep∏-Ønepw [¿a-Ønepw hyXy-kvX-ß-fm-Wv. kvXcm-h-c-W-ap≈ a¿ahpw kvXcm-

hr-X-amb tImimw-K-ßfpw Dt≠m C√tbm F∂-Xns‚ ASn-ÿm-\-Øn¬ tImi-ßsf t{]m°m-cn-tbm-

´nIv F∂pw bq°m-cn-tbm´nIv F∂pw -hn-fn-°p-∂p.

Hcp amXrI bq°m-cn-tbm-´nIv tImi-Øn\v tImi-kvX-chpw a¿ahpw tImi-{Z-hy-hp-ap-≠v. kky-tIm-i-ß-

fpsS tImi-kvX-c-Øn\p ]pd-Ømbn tImi-`n-Øn-bp-≠v. tImi-kvXcw hcWXm-cy-kvX-c-am-Wv. CXn-eqsS

]e X∑m-{X-I-fpsSbpw kwh-l\w km[y-am-Ip-∂p. B¥-c-kvXc hyh-ÿ-bn¬ A¥¿{Z-hy-Pm-en-I,

tKmƒPn hkvXp-°ƒ, ssetkm-tkmw, t^\-ßƒ F∂nh Dƒs∏-Sp-∂p. tImimw-K-ßƒ sshhn-[y-am¿∂,

F∂m¬ \n›n-X-amb [¿a-ß-ƒ \n¿h-ln-°p-∂p. sk≥{Sn-tbmfpw sk≥t{Sm-tkm-ap-Ifpw sIm≠mWv

Ne-\-k-lm-bn-I-fmb koen-b-bp-sSbpw ^vfP-√-bp-sSbpw t_k¬ t_mUn \n¿an-®n-cn-°p-∂-Xv. P¥p-

tIm-i-ßfn¬ hn-̀ -P-\-k-a-bØv kv]n≥Un¬ A∏m-c-‰kv cq]-s∏-Sp-∂Xpw sk≥{Sn-tbm-fp-I-fn¬ \n∂mWv.

a¿a-Øn¬ a¿a-I-ßfpw s{Imam-‰n≥ Pmen-Ibpw D≠v. a¿aw hnhn[ tImimw-K-ß-fpsS {]h¿Ø\w \nb-

{¥n-°p-∂Xp IqSmsX hwi-]m-c-º-cy-Ønepw {][m\ ]¶v hln-°p-∂p.

A¥¿{Z-hy-Pm-en-I-bn¬ \fn-I-Iƒ AYhm ]c∂ kvXc-k-©n-I-fp≠v. Ch c≠p-X-c-ap-≠v : RER Dw

SER Dw. A¥¿{Z-hy-Pm-enI hkvXp-°-fpsS kwh-l-\-Øn\pw, amwkyw, ent∏m-t{]m-´o-\p-Iƒ, ss•t°m-

P≥ F∂n-h-bpsS \n¿am-W-Øn\pw klm-bn-°p-∂p. kvXc-\n¿anX ]c∂ k©n-Iƒ sIm≠mWv tKmƒPn-

h-kvXp-°ƒ \n¿an-®n-cn-°p-∂-Xv. tImi-{k-h-ßƒ CXn¬ h®mWv s]mXn-bp-∂Xpw tImi-Øn¬ \n∂pw

kwh-l\w sNøp-∂-Xpw. ssetkm-tkm-ap-Iƒ H‰ kvXc-Øm¬ Bh-cWw sNbvXXpw an° ÿqe-X-∑m-

{X-I-sfbpw (Macromolecules) Zln-∏n-°p-hm≥ tijn-bp≈ cmkm-·n-Iƒ \nd-™-Xp-am-Wv. amwky-\n¿am-

W-am-Wv ssdt_m-tkm-ap-I-fpsS [¿aw. Ch A¥¿{Z-hy-Pm-en-I-bp-ambn _‘-s∏t´m tImi-Øn¬ kzX-

{¥-amtbm ImW-s∏-Sp-∂p. ssat‰m-tIm¨{Snb HmIvkn-tU-‰ohv t^mkvt^m-dn-te-j-\pw, AUn-t\m-kn≥

ss{St^mkvt^‰ns‚ (ATP) \n¿amW-Øn\pw klm-bn-°p-∂p. ssat‰m-tIm¨{Snb Cc´ kvXcm-hrXamb

tImimw-K-am-Wv. CXns‚ _mly-kvXcw an\p-k-am-bXpw B¥-ckvXcw \nc-h[n aS-°p-I-tfmSp IqSn-b-

Xp-am-Wv. Chsb {IntÃ F∂p-hn-fn-°p-∂p. h¿W-h-kvXp-°-f-S-ßnb ssPh-I-W-ßƒ kky-ß-fn¬ am{Xw

ImW-s∏-Sp∂ tImimw-K-ßƒ BWv. {]Im-i-kw-t«-j-W-Øn\p AXym-h-iy-amb kutcm¿Pw BKn-cWw

sNøp∂ lcn-X-IWw ]®-\n-d-ap≈ ssPh-I-W-am-Wv. CXn¬ lcn-X-I-ap-≠v. h¿W-I-W-Øn¬ kmt¥m-

^n¬, Itcm-´n≥ F∂o h¿W-I-ß-fp-≠v. a¿a-Øn\v \nc-h[n kpjn-c-ß-tfm-Sp-Iq-Snb Cc-´-kvX-c-ap-≠v.

B¥-ckvX-c-Øn-\p-≈n¬ a¿a-{Z-hyhpw s{Imam-‰n≥ Pmen-I-bp-ap-≠v. A-Xn-\m¬ Pohs‚ LS-\m-]-chpw

[¿a-]-c-hp-amb ASn-ÿm\ LS-I-am-Wv tImiw.

]cn-io-e\ {]h¿Ø-\ßƒ

1. NphsS sImSp-Øn-cn-°p-∂-h-bn¬ icn-b-√m-Ø-tXXv ?

(a) tdm_¿´v {_u¨ tImiw Is≠-Øn.

(b) jvfoU\pw jzm\pw tImi-kn-≤m¥w cq]o-I-cn-®p.

(c) tImi-ßƒ \ne-hn-ep-≈h-bn¬\n∂p am{Xta D≠m-Ip-I-bp≈q F∂v hn¿tjzm hni-Zo-I-

cn®p.

(d) Hcp GI-tIm-i-Pohn AXns‚ F√m Poh¬{]-h¿Ø-\-ßfpw B tImi-Øn-\p-≈n¬sh®v

\S-Øp-∂p.
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2. ]pXnb tImi-ß-fp-≠m-Ip-∂Xv

(a) _mIvSo-cnb aptJ-\-bp≈ ]pfn-∏n-°¬

(b) ]g-b-tIm-i-ß-fpsS ]p\-cp¬∏m-Z\w

(c) ap≥]p≈ tImi-ß-fn¬\n∂v

(d) APo-hnb LS-I-ß-fn¬\n∂v

3. tNcpw-]Sn tN¿°p-I.

tImfw I tImfw II

(a) {InsÃ (i) kvt{Sma-bnse ]c∂ kvXc-]mfn

(b) kvXc-k-©n-Iƒ (ii) ssat‰m-tIm¨{Sn-b-bnse aS-°p-Iƒ

(c) ssXe-t°m-bnUv (iii) tKmƒPn hkvXp -°-fnse UnkvIm -IrXnbnep≈

k©n-Iƒ

4. Xmsg sImSp-Øn-cn-°p-∂-hbn¬ icn-tbXv ?

(a) F√m Poh-Pm-e-ß-fp-sSbpw tImi-ß-fn¬ a¿a-ap-≠v.

(b) kky-P-¥p-tIm-i-ßƒ°v \nb-X-amb tImi-`n-Øn-bp-≠v.

(c) t{]m°m-cn-tbm-´p-Iƒ°v kvXcm-h-c-W-ap≈ tImimw-K-ßƒ C√.

(d) tImi-ßƒ APo-hnb LS-I-ß-fn¬\n∂v \n¿an-°-s∏-Sp-∂p.

5. t{]m°m-cn-tbm-´nIv tImi-ß-fnse aotkmtkmw F∂m¬ F¥v? CXns‚ [¿a-sa¥v?

6. Nm¿Pn√mØ eo\ ]Zm¿Y-ßƒ tImi-kvX-c-Øn-eqsS IS-∂p-t]m-Ip-∂-sX-ßs\? t]mfm¿ X∑m-

{X-Iƒ°v CXp-t]mse tImi-kvX-c-Øn-eqsS IS-∂p-t]m-Ip-hm≥ Ign-bptam? Ign-bn-√-sb-¶n¬

]ns∂ Fß-s\-bm-Wh kvXc-Øn-eqsS IS-∂p-t]m-Ip-∂Xv ?

7. Cc´ kvXc-tØm-Sp-Iq-Snb c≠p-tIm-imw-K-ß-fpsS t]sc-gp-Xp-I. Ch-bpsS {]tXy-IXIƒ hni-Z-

am-°p-I. Ch-bpsS [¿aw F¥v? c≠v tIm-imw-K-ß-fp-sSbpw Nn{Xw hc-bv°p-I.

8. t{]m°m-cn-tbm-´nIv tImi-ß-fpsS {]tXy-I-X-Iƒ Fs¥√mw?

9. _lp-tIm-i-Po-hn-Ifn¬ [¿a-]-c-amb hn`-P\w (Division of labour) ImWs∏-Sp∂p-≠v. hniZam-

°p-I.

10. Pohs‚ ASn-ÿm\ LS-I-amWv tImiw. Npcp°n hni-Zo-I-cn-°p-I.

11. a¿a-c{‘w F∂m¬ F¥v? F¥m-Wv Ah-bpsS [¿aw?

12. ssetkm-tkm-ap-Ifpw t^\-ßfpw A¥¿kvXc hyh-ÿ-bpsS `mK-ß-fm-Wv, F∂n-cp-∂mepw [¿a-

]-c-ambn Ah hyXym-k-s∏-´n-cn-°p-∂p. hymJym-\n-°p-I.

13. Nn{X-Øns‚ klm-b-tØm-Sp-IqSn LS\ hni-Z-am-°p-I.

(i) a¿aw (ii) sk≥t{Smtkmw

14. sk≥t{Sm-an-b¿ F∂m-se¥v? Fß-s\-bmWv sk≥t{Sm-an-b-dns‚ ÿm\w t{Ima-tkm-ap-I-fpsS

h¿Ko-I-c-W-Øn\p ASn-ÿm-\-am-Ip-∂Xv ? hnhn-[-Xcw t{Ima-tkm-ap-I-fpsS sk≥t{Sm-an-b-dns‚

ÿm\w ImWn-°p∂ Nn{X-Øns‚ klm-b-tØm-Sp-IqSn CXv hy‡-am-°p-I.


