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LOCOMOTIDN AND MOVEM‘ENT

Movement 1sone of the sisnificant features of Uving betngs. Antmals and
plants exhibil & wide mnge of movements; Streamtng of protoplasm In
the unlcellular organisms ke Amoeba is a simple form of movement.
Movemenl ol cllla Nogelia and leniacles are shown by many oreanisms.
Human beings can move limbs. jaws, evellds, tongue, ¢lc. Some of the
movemenits Tesiti in a change of place or location. Such voluniarny
movements are ealled locomotion. Walking, running. climbing, fiving,
swimmung are all some forms of lecomolory movements. Locomolory
structures need not e different from those affecting other types of
movemenis. For cxample. in Paramopectum, ciiia helps ta the movernent of
lood through cyvtophanmx and in locomalion as well. Higdm can use s
tentactes for capluring 11s prey and also use them for locomotion. We use
ltmbs for changes in body postures and locomotion as well. The above
observalloris sngpest hal movenienits and locomiollon cannol be stadled
separately. The two may be Inked by stating that all lscomotions @re
movements bt all movements are not locomolions,

Methods of locometon performed by antmsals vary with their habitats
and the demand of the sttnation. However, locomolion 1s generally for
search of food. sheller, mate, sultable breedine groumds, Evourable
climatic conditions or Lo escape from enemies /predators.

17.1 Tyvees or MovesmenT

Cals of the human body exhibil iliree main (vpes of movemenls, pamely,
amochold, etllary and muscular.
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Some speclalised cells in our body like macrophages and leacocyles
i blood exhitbit amoebold movement. [ s effected by pseudopodia formed
by the streaming ol protoplasm (as m Amoeba). Cyteskeletal elements
Itke microlilaments are also nvolved in amoebotd movement.

Ciltary movement cocurs in most of our internal tubular organs which
are lliéd by ¢lliated eplthellusi. The coondinéiled imovemenls of cllia L
the trachea help us o removing dust particles and some of the forelgn
substances inhaled alonswith the atmosphene air. Passage of ova through
the female repmductive tract ts also factiitated by the cillary movement.

Movement ol our Iinbs, faws, lonsue, elc. reguire musculay movemeni
The contractile property of muscles are effectively uséd for locomaolion
and other movements by human beings and majorty of multicellular
urEarsms. Lacomotion requires a perfect coomimated scuvity of muscnlar,
skeletal and neural systems. In this chapter, you will learn about the
bypes ol muscles, Lhelr sintcidre, mechamism of Lhelr conlraction and
imporiant aspects ol the skelelal system.

17.2 Muzcie

You have studied in Chapier 8 that the cilla and flasella are the outgrowths
ol the cell membrane. Flageilar movement lielps in the swimiming of

spermatoes, mainienance of waier current in the canal system of sponges

and in locomotion of Protazoans ke Euglena. Muscle is a specialtsed
ssue of mesodermal origin. About 40-50 per cent of the body
welght of a human adult is coniributed by muscles. They have
special properties llke excitability, contractility, extensibilliy and
clasticlty. Mustles have been classilled using different crileria.
namely localion, appearance and nature of regulation of thelr
activities: Based on their location. three types of muscles are
identified : (i) Skeletal (1) Viseeral and (ilf) Cardiac.

Skeletal muscles are closely assoctalez] with the skeleial components
of the body. They have a stiped appearance under the micrescope and
hence are called sirlated muscles. As their sciiviles are under the
valuniary conirol of the nervous sysiem. they are known as voluniary
muscles oo, They are primarily involved tn locomolory acllons and
changes of body postures.

Visceral muscles are located in the mmer walls of hiollow visceral argans
of the body ltke the altmentary canal, reproductive tract, ete. They do nol
exhibit any sirtalion and are siooth i appearanee. Heriee, thew are called
smooth muscles (monstrdated muscle). Thelr activiiles are nol under Lthe
voduntary control of the nervous system and are therefore known as
mvolunitzary muscles. They asstst, forexample, tn the transportatton of food
through the digesttive tract and gametes through the gental tract.
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As (he name sugpesis. Cardlae muscles are Lthe muscles of leart.
Many cardiac muscle cells assemble in @ branching pattern to form a
cardiar muscle. Based on appearance. caritar muscles are sittaled. They
are mvoluntary i nature as (he nervous svstem does not eortrol thetr
artivittes directly.

Let us examine a skelelal mnscle tn detal] to understand the simictare
and mechanism of contracton. Each orgamised skeleial nasecle in our
bady ts made of a number of musele bundles or faseleles held together
by # comman collagenous commective lssue layer called faseia. Each
muscle bundle conlams a number of muscle fibres (Figure 17.1). Each
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Figure 17.1 Dingrammatic cross sortionm] view of @ muscle showiog musile immadles

it mascle fibpes

tmuscle fbre 1s lined by e plasma membrane called sarcolemma
enclosing the sarcoplasm. Muscle fibre is a syneitium as the sarcoplasm
contalne many nuclel. The endoplasmic rettculum. e, sarcoplasmic
retlculam of the muscle fibres (s the store house of caletum lons, A
characlertsile eature of the muscle fibre 1s the presence of a large number
af parallelly armnged filaments in the sarcoplasm called myofilaments or
myofibrils. Each mvolibril has-alternate dark and light bands on 1. A
delatlid study of the myolibril has esiablishesd that the stitated appearance

b due (o the distribution pattern of two tmportant proteins - Actin and

Myosin. The light bands contain actin and is called |-band or Isotropic
band, whereas Uye dark band called “A” or Antsotropic band contains
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myvasin. Bothi the proleins are armanged as rod-like structures, parallel to
cach other and also o Lhe longliudinal axts of the mynfthirils. Actth
Mlaments are thinner as compared (o the myosin (laments, hence are
commonly called Lhin and ihick filamenis respesiively. in the cenire of
each 1" band 15 an elasie Abre called 2 line which blsects it The thith
llaments are firmly allached (o the 22 Une The Lhick (Haments (o the
‘A" band are also held together tn the middle of this band by a thin fibrous
membrane called '™ line. The ‘Aand T bands are arranged allermately
throughouil the length of the myofibrils, The porton of the myofibril
hetween two successive "2 lines 1s considered as the fanctional vnit of
contraciion and Is called a sarcomere |[Flgire 17.2). In a restlng state. the
eddges of thin Naments on elther side of the thick Miaments parially overlap
the free ends of the thick illeEnenis leaving the central pai of the thick
flaments. This ceniral part of thick fament. not overlapped by thin
filamenis s called the 'H' zone,
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Figure 17.2 [Hogmmmnotic representation of (o) nnotomy of o muscle Ahe showing
a survomese (b a sareomere
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17.2.1 Struciure of Contractile Proteins

Earh attin ((hin) filament & made of two 'F (Qlamentous) actins
helically wound (o each other. Each F actin 1s a polvimer of monomenc
‘(3 [Globular) actins. Two flaments of another prolein. ropomyosin
also run close to the 'F actins throughout its length. A complex protein
Troponin ts distributed at regultar intervals on the tropomyosin. fn e
resting siate a subunt of troponin masks the active hinding sites for
myosin on e aclin Nismeils [Fluure 17 3a).

Each myosin (thick) filament 1s also a polymensed proleln. Many
monamentc proteins called Meromyosins (Figore 17.3h) constiute ong
thick filament. Each meromyosin has two lmportant parts. a globular
head with & short arm and a (all, the former being calléd (the heavy

meromyosin (HMM) and the Ltter, the Bsht meromyosin (LMM), The HMM

component, 1.e:: the head and shorl arm projects outwards at regular
distance and angle from cach other from Lthe surface of a palymerised myosin
flament and s known as cross arme. The globular head ts an active ATPase
erovme and has binding siles for ATP and active sites foractin,

Actin binding sites
ATP binding sites —

ih)

Figurs 17.3 fu) An octin (thin) ffoment [b) Myosin monomer (Moromynsing

17.2.2 Mechanism of Musecle Contraction

Mechanism of muscle contraction is best explained by the sliding filament
theory which states lhal contmctlon of a muscle Obre lakes place by the
shiding of the thin Maments over the thick flaments.
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Muscie contraction 1s inttated by a signal sent by the central nervous
svstem (CNS) via a molor neuron. A motor neuron alongwith the muscle
filires connected (o 1L constitute & motor undl. The junction between a
moior neuron and the sarcolemima of the muscle fibre is called ihe
neuromuscilar jundton 'or mitor-emd plale, A neural stgnal reaching
this junclion refeases a newolransmiller (Acetyl choling) which generales
an action potential in the sarcolemma. This spreads through the muscle
e and canses the release of calolam 1onis inlo the sarcoplasi. [horease
in Ca* level leads (o the binding of caletum with a subunit of iroponin ot
actin filaments and thereby remoye Lthe masking of active sites for myosin.
Uulising the energy from ATP hydrolvsts. the myosin head now binds (o
ihe exposed active sites on actin to form a cross bridge (Fgure 17.4).
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.
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Flgure 17.4 Singes W cmoss bridege formation, motation of heod and breakang of

craxy bride

This pulls the atlached actin flaments lowands the centre of "A" hand.
The Z tine atiached 1o thise actins are also pulled imwards thereby causing
a shoriening of the sarcomere. Le,, coniraction: [i s clear from the above
steps, thal during shoriening of the muscle, Le., conimoetton, the T bands
gel reduced, whereas the "A’ bands relaln the length (Figure 17.5), The
mynsin, releastng the ADF and P, goes back (o its relaxed state. A new
ATP binds and the cross-bridee ts broken [Flere 17.4), The ATP s agatn
hydrolysed by the myostn head and the cycle of cross bridee formation
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Flgure 17.6 Sliding-filomem fheary of musclo contrmetion movement of e thin

fllpments and the relative seof the | band and Hozones)

and breakage ts repeated caustng further shiding. The process conlinues
il the Ca™ lons are pumped back o the sarcoplasmic cisiernae resuliing
tn the masking of actin Nlaments. This capses e return of 72 Mnes back:
io thetr onginal positon, Le., relaxation. The reaction dme of {he fibres
can vary 1o different muscles, Repeated activation of the muscles can lead
to the aceumulation of lactic actd due W anasmobic breakdown of glyeogen
in them, causing fatigue. Muscle contains a red colouned oxygen storing
plement called myoglotin. Myoglobin content 1s high i same of the
muscles which gives a reddish appearance. Such muscles are called the
Redd fibres. These nitiscles also contain plenty of mitochiondrta which can
utilise the large amount of oxyeen stored m them for ATP production.
These muscles. therefore. can also be called serobic muscles. On the
other Tand, some of the museles possess very less quanuly of myoglobin
and therefore, appear pale or whillsh. These ame (he White fibres, Number
of mitochondna are alse fow in them. but the amount of sarcoplasmic
reticulam Is high. They depend orFanacrobic process [or energy.
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17.3 SEmEeTar SysTEM

Skelelal system canststs of a framework of banes and a few cartilages.
This system has a stgntficant role n movenment shown by the body.
imagine chewing food without jaw bones and walking around withoul
the iimb bones. Bone and carilage are spectallised conmective Hssues.
The former has a very hard mabix due (o caleium salts in i and the laiter
has slightly pllable matnx die to chondrollin salls. In human beings,
this system 1s made up of 206 bones and a few cartilages. It 1s grouped
tnio two princtpal divisions - the axial and the appendicalar skeleton.
Axial skeleton comprises 80 bones distribuled along (e matn axis
ol the body. The skull, vertebiral column, stermum and rbs constitule
axtal skeleton. The skull (Fuure 17.6) 15 composed of two sels of hones —

Frontal bone

~_
 Hyaked bone

Figure 17.6 Dingrammmatic view of human skl

crantal and factal. thal totals to 22 bones. Crantal bones are 8 in number.
They form the hard protective ouler covermg, cranturm (o the bratn. The
factal region 1s made up of 14 skeletal elements which form the front par
of the sknll. A single U-shaped bone called hyold ts present al the base of
the buccal cavity and 1t 1s-also tnchided 1o the skull. Each middle ear
contams three tiny bones —Malleus. Incus and Stapes, collectively called
Ear Ossieles. The skull reston articulates with the superior regton of the



vertebral colummn with the help of two occipital
condyles (dteondyile skall),

Our vertebral column (Floure 17.7) 1s
formed by 26 serially armanged units called
veriebrae and Is doisally placed. [L extends from
the base-af the skull and canstitules the matn
framework of the trunk. Each vertebmt has a
central hollow portton (neural canal) through
which the spinal cord passes. First veriebra 1s
the atlas and it articulates with the oeetpital
condyles. The vertetral column s differentiated
by cepvical [7), thoracte (12), ldmlsar 15), sacml
(1-fused) and coccygeal (1-fused) reglons
staritng from the skull. The nimber of cervical
verlebrae are seven I almosl all mammals
including human beings. The veriehral calumn
protects the spinal card. supports the head and
serves as Lhe polnt of attachment for the nbs

and musculature of Lhe back. Sternum Is 3

(st bore on the ventral midline of thorax.
There are 12 patrs of ribs. Each b is a
thin 0al bone connected dorsally lo the
veriehral column and ventrally w the stermam.
it has two articulatton surfaces on its dorsal
cnd -and 15 henee called bicephalle. First
seven pairs of ribs are called true rihs,
Dorsally. they are attached to the (horacie
veriebrae and ventrally connected to the
stermum with the help of hyaline cartilage.
The 82, 9 and 10 patrs of ribs do nt
articutate directly with the stermam bl join
the seventh' rib with the help of hyvallne
caniiaze. These are called veriebrochonidrms)
{false) ribs. Last 2 patrs (1 ™ and 12" of nbs
are not conniected venually and are therefore.
called floating ribs. Thoracic vertebrae, rbs
and sternum logether form the nb cage
[Figure 17.8).
The bones of the imbs alongwith (thetr
girdles consillute the appendicular
-skeleton. Each imb is made of 30 bones.
The banes of the hand (fore Hmb) are
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Figure 17.7 Verdebral colummn (right luteml view)

Figure 17.8 Ribs and rib cnge
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Figure 17.10 Righi pelvic gindle and lower limb
o bones ffrontal view)
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Inmmenus. radins and ulna, carpals (wrist bones
— B in number), metacarpals (palm hones - 5
in pumber] and phalanges [diglis — 14 In
number) (Figure 17 9). Femur (Lhiteh bone —
the onges| bone), this dnd fibuka, Larsals fanlkle
bones - 7 in number], metatarsals (5 in
namber} and phalanges (diglis - 14 m number]
are the bones of the legs (hind limb) (Figure
17.10), Acup shaped bone catled patelis cover
the knee venirally (knee cap).

Pactoral and Pelvle girdle hones lielp th
the artieatation of U upper and the lower tmbs
respectively with the axtal skeleton. Each
girdie s [ormed of two hahws. Each hall of
pectoral girdle consists of 'a clavigle and a
scapula (Figure 17.9), Scapula 1s a large
triangular flat bone sttuated tn the dorsal part
ol the thorax between the second and the

‘seventh ribs. The darsal, i, trisngnlar body
ol seapula has a slighily elsmled ndge called

the spine which projecls as a [lal. expanded
prm’:riss called the acromlon. The clavicle
articulates with this. Below the acromion is a
depression called the glenold cavily which
aritculates with (he head of the humerus to
form, the shoulder joint. Each clavicle 15 a long.
slender bone with two curvatures. This bone
15 commozdy called the collar bone.

Petvie girdle conststs of two coxal bones
[Figure 17.10). Each coxal bone is formed by
the fuston of three bones - tlium, Schiium and
pubts. At the point of fuston of the above bones
ts a cavity called acetabuhum to which the thigh
b arilciilales. The two halves ol e pelvic
girdle meet ventrally lo form the pubie

symphysls containing flbrous cartiiage,

17.4 Jomrs

Jotnis are essential for all types of movemenis
imvolving the bony parts of the body.
Locomotory movements are no exception (o



this. Jomnis are points of contact between bones. or between bones and
cartilages. Force generaled by Lhe musoles 15 used (o carmy ot moveinent
through jomnts, where the joint acts as a fulerom. The movability at these
Jolnis vary depending on differeni {actors_-Joinis have been classified tnio
three major strnctuml forms, namely, fibrons, carftiammous and synovial,

Fibrous jolnts do nol allow any movemend. This type of joinl 1= shown
by the flat skull benes which fse end-to-end with the help of dense fibrous
connective Ussaes in the form ol sutures, W form the canlum.

In cartilaginous joints, the bones mvolved are jotned together with
the help of carttlages. The joint between the adfacent vertebrae tn the
veriebral column is of this paltern and it permits mited movements.

Synovial joints are charactensed by the presence of 2 flud filled smevial
cavily between the artoutating surfaces of the two bones. Such an armagement
allows considermble ingvement. These Jonls lielp in locomoton and many

other movemenis, Hall and sockel joint [helwesn humerus and pectoral

girdle), hinge o1t (knee joint), pival joint (between atlas and axds), ghiding

Jotat hetween the carpals) and saddie joint (between carpal and metacarpal

ol il are somie examples.

17.6 Disorpers o MUsCULAR AND SHEIZTAL SysTEM

Myasthenla gravis: Auto tmmune disorder affecting neuromusentar
Junetion leading io faltgue, weakening and paralysis of skeletal muoscle.

-Muscular dystrophy: Progressive degenemation of skeletal muscle mostly
due o genelie disorder.

Tetany: Raptd spasms (wild conlractions) in muscle due (o low Ca™ (n
Bocly Mutd.
Arthritis: Inflammation of foints.

Osteoporosls: Acc-related disorder chamcierised by decreased bone mass:

and mereased chances of fractores. Decreased levels of estrogen 1s a
COIMEnNOn calse.

Grout: nllanimation ol joinls doe o acctumulalion of ercactd crysials.

Svummary

Movemeni Is an essenifal feature of all bving beings. Protoplasie strésming, cillary
movements, movemenis of fins, tmbs, wings, ele., are seme forms exhilldled by
animals. A yoluniary movement which causes the animal (o change iis place. is
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called locomotion. Ammals move generally in search of food, shelter. mate. breeding
ground, beller cimate of Lo prolesl themsglves.

The cells of the human body exhitbit amoebotd, cillary and muscular
miovernents., Locomotion and many other movements require coordinsted muscular
activities. Three types of muscies are present tinour body. Skelelal muscles are
aliached o skeletal elemetits: They appear sirfated and are volurilary In nalume
Viseeral museles, present (n the inner walls of visoeral ofgans gre tonsivialed and
tnvelunitary, Cardiac muscles are the muscles of the heart. They are striated,
branched and mvoluntary, Muscles possess excttabillty, contractility, extensibiiity
and elasucity.

Musiche filire Is the anatomical unil of muscle. Each muscle fibre has many
parallelly arranged myofibrils, Each myoltbril contains many serally arranged
units calied sarcomere which are the functional units, Each sarcomere has a centmi
‘A’ band made of thick myosin liamenis. and two half ‘1’ bands made of thin actin
filamenits or elthes stde of # miarked by 2 lnes. Actin and myosin are polymerised
proteins with cantractility. The active sttes [or mynsin on /esting aclin ilament are
masked by a protein-troponin. Myosin head contatns ATPase and has ATP bindmg
siles and aclive siies for actin. A motor neurpn carries signal to the muscle fibre
which generales an action polental n it This causes the release of Ca™ from
sarcoplasmic reticulum, Ca®™ aclivales aclin which binds to the myosin head o
form a cross bridee. These cross bridges pull the aclin flaments caustng them Lo
slide over (he myosin Alaments and thereby caustng contraction. Ca* are then
retumed to sarcoplasmic retioulum which inactivate the actin. Cross bridges are
brokerrand the muscles relax.

Repealesd sttmuiation of muscles leads Lo failgue, Muscles are classtified as
Retl and White fihires based primanly on the amount of red coloured myoglahin
plgment in them.

Bones and cartfages constilule our skeletal sysiem. The skeletal svslem is
divisihile Into axial and appendiendar. Skull. verleliral column, ribs and slerpum
constitute the axal skeleton. Limb bones and girdles form the appendicular
skeleton. Three types of fomis are formed between bones or between bone and
rartitage - ibrous, carilaginous and synovial. Synovial joinis allow considershie
movements and (therelfore. play a signtficant role in locomotion.

Exeucisss

L. Draw the diagram ol i sarcomen: of skelefal muscle showing dilferont eglons,
2. Delne siiding Mlament theory of moscle contraction.
3. Descibwe the mportant steps in muscle conlrartion.
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Wrlle true or false: If false change the statement'so that 1L 1S irue.

fa) Actin is present o thin Mament

{b) H-zone of striated muscie Obre represents both ek and tin flaments,
{e) Human skeleton has 206 bones,

() There are 11 pars of ibs 0 man.

(e} Sternum 1s present on the venitral side of thie body.

Wit the difference between ;

(&) Actin and Myosin

(1 Red aaed White rgssles

fe) Pectoral mnd Pelvie giidie

Malell Colarmn 1 witl Colvim 10 :

Column [ Colommn O

fa) Smooth muscle () Mynglobin

(b) Tropomyostn (1) Thin Mamen|
() Rod miscle (i) Sutures

{d) Skl {iv] Involuntary

What are the different types of movemenis exhibited by the cells of hmsan
Body?

How do you distinguish between a skeletal muscle and a cardiac musole?
Namu the tvpe of jotnit Betwein the milowtng-

{a) atlas/axis

(b carpal/medacarpal of thimb

(€ between phatanges

{ed) femur /acelabulum

(el between cramal bones

(0 between puble bones in the pelvic giridle

Fill in the blank spaces:

fa) All mammals (exoept a fow) have cervical veriehra:

() The number of phalanges tn each Umb of humsan 15

(el Thm Mament of myoflbril cantams 27 actms and two other protetns namely

sl
() In & mupscle fibre Ca™ t= slored n
fe) el pairs of nbs ane called Aodting fdbs,
i “The Buman crantimmn s made of bones:
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