Muyselge & Motiling (HL

(verview of The MUSCULOSKELETAL SYSTEM — Bones, muscles & jonte
T eTowoon

MUSGLE

CARTILAGE LIGAMENT

prep
BONL CARTILAGE MUSCLE
Provide a strong framework A smooth protective surface on boneg that < Tissues that provide force by
Protect vital organg (rib cage reduces friction (makeg it dippery) to allow contracting and relaxing to
Ero’recfg the lunge and heart) amooth movement and absorbs preseure enable moverent.
lood cell synthegie (bone marrow)  (like a cushion for example in the knee joint)

Storage of mineralg (like calcium)
Act ag leverg (for movement)

- NERVE LIGAMENT TENDON JOINT
Containg neurong % Tough connective tisgue Connective tigaue that A place where two or more bones meet.
(celle) which stimulate that attacheg bones o attacheg each mugcle to it’e A joint can involve bones, muscle,
the mugcle contraction.  one another (bone to bone) appropriate bone cartilage, ligament, tendone and nerveg.

(,O@TMLN[[D FOR LOCOMOTION (movement) % ¢+ i+ # % % 0

C REASON ANIMAL DESCRIPTION
6 Eccape predators by meang of ewimming fast and uging their

Esoape Danger Flying fich . very long fing to glide over water.
B
Foraging for food Honeybees P ’\ Flying from flower to flower to collect nectar and pollen.
: % s 4?[ ]
| Both males and femaleg swim back to the beach where they
Search for mate Loggerhead sea turtle @ were hatched to mate and lay eggs.
| , : Move from their arctic breeding groundg to the Antarctic
Migeation Arotic tem @ region and back each year, to take advantage of available food.
. North American populatione have establiched permanent
Hrpdd Hoary bat colonieg on the Hawaiian islandg. ﬂ
TeachMe
a
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ENDOSKELETON — #**% EXOSKELETON
! /ﬂ Skeleton (chitin) ie on the outgidle of the body. Am%%ﬁ%g

Skeleton (bone) i on the ingidte of the body. g : :
Muccloe attach o the oufeide of their bone. Muscles attach to fheEer;ijjoff their ckeleton.  Exampleg; Incects

Flexor
Mugcle

"

\D @\Xﬂ Exampleg; Amphibiang, reptileg, Extengor
VIRTEBRATLS

mammalg, and birda... Muscle \
(Animal that hage a backbone & skeleton)

Joint

|. JOINTS

A place where two or more bones meet. A joint can involve bones, muscle, cartilage, ligament, tendong and nerves.

TYOES UE JOINTS Some example of jointe and the boneg that comprige them;

c}o\
j ELBOW

HINGE JOINT Humerug, Radiug and Ulha
Allows movement in 1 plane

SHOULDER
Humerug, Scapula and Clavicle

HINGE JOINTS

Hip
Fernur and Pelvig
KNEE NG
Femur, Tibia,
Patella and Fibula
BALL & SOCKET JOINT , .

Allows movement in 3 plan99/ You don’t need to memorize

each joint but you are required

to know in more detail the HIP

) JOINT (gee page 3) 3
RANGE OF MOTION ( ROM) ‘\
Distance and direction a joint can move

(ugually meagured in degrees) /)

A Bones act ag LEVERS (a
\ rod able to rotate about a A CONTOMETER ie uged to meagure
fixed point). ROM, ugually to document improvemente

10°

The fixed point is known
a¢ a FULCRUM (joint).
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THE HIP JOINT

(exarmple of ball and socket joint)

For the exam, you do not need

PrLvis ( cut
(Forme the S,O(m . ) ~ toknow the name of the - f
ligamente and mugcles of the hip.
LIGAMENT Make eure you know the 3

funetion of each etructure!
CARTILAGE

SYNOVIAL lubricating fluid within the hip joint that
) FLUID  reduces friction.

FEMUR
k (Forme the Ball)

MUSCLE & Arenot illugtrated in thie diagram
TENDON

b FLMUR
Forms the Ball)

Femur crogg gection

(1. MUSCLES )

There are three different types of muscles:

Skeletal /Striated Cardiace Smooth
— Voluntary - [nvoluntary - [nvoluntary E— ‘
contraction contraction contraction ‘
We focug on the gtructure and function of etriated (ckeletal) mugele; @ Me
N a
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STRUCTURE MUSGLE FIBERS ( CLLLS)

Qkeletal Muscle Celle

(Oceur on gkeleton, voluntary)

MYOSIN HEADS

ACTIN FIBRE

(Orotein)

TITIN FIBRE
(Largest knoun protein)
* Qee page 1 for purpose of titin

MYOSIN FIBRE

(Orotein)

L LINE

Multiple Nuclei
(Multinucleated) Striated Cel
r
(alternating :i?hfeand dgrkgbands) SARCOMERE
( MaANY)
( ) N =\ Y
—= § Sm—— = T e MYOSIN
— S — :(( S (Thick filament)
—= —— 2 —
— e < —— ACTIN
— — D 5 ) (Thin filament)
. > ’ e —
4 SARCOMERE Light  Dark band M Line
1 Line band
FUNGTION | () Aetl causts TuE MUSCLES To coNTRAGT? .
Each gingle motor neuron hag a get number of mugcle
\’%/\ fibreg that it controle and ie called a MOTOR UNIT
'@@ % (Neuron + mugcle fibere that it supplie).
10 MUSCLE FIBRE %,
— (L) 7
Hopy NEUROMUSCULAR JUNCTION -
2y (Terminal End)
7
Oy 4
Neuron
Acetylcholine
(Neurotrangmitter)
Muscle fiber

® At LOW INTENSITY activitieg, only few motor neurong are required (for example only neuron A)
® At HIGH INTENSITIES, more motor neurong are recruited (for example both neurong A and B)
> [f aload ig heavier than anticipated, additional motor units are recruited to generate the neceggary force.
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. SLIDING FILAMENT THEORY

‘ Actin filamente glide over the myogin fibreg. Thig regults in each sarcomere ghortening.

y y DURING CONTRACTION;
L LHANY ® The filamentg (thick & thin), do not
change length.
® The garcomere getg ghorter.
® Myoagin filament stays still, actin moves.
® The dark band stayg the same.
® The light band decreages.
\ZON[ Ligut bAN/ DARK BAND / ® The H zone gete chorter.
SHORTLR SHORTER SAME WIDTH
< 0
< D¢
< 0
< 0
AN
— > The nerve gignal causeg the actin filamente to become
/ available for the myosin heads to bind to them.
< ~ - (The nerve signal cause releage of Caleium in the mugcle cell
SARCOMERE SHORTENED which causes the actin filamente to be exposed) J
() Myogin heads are activated by L LINE @p Myosin heads attach to
.A. gplitting ATO. Cauging a change in ACTIN .a’. the exposed binding
the position of the heads. st S gites of actin to form
crogg-bridges. Inorganic

phogphate ig releaged.

ACTIN
e e . THE CONTRACTION CYCLE 1 LINE
=]

Continueg when levels of ATD and . AQIU}'" SO S -
. . . S e S ¥ %
Ca?* in the sarcoplagm ig high )

MYOSIN

é

“,ro 1 LINE
Myosin binds to ' CECTERae eSS0 2

ATDO and thig ACTIN
allows detachment

of the myogin

A myosin forme crose-bridges, ADD g
headg from the

releaged, and the myogin bends due to logg of

actin attachment MYOI N ; ) energy. The bending is towards the center of the
gites. garcomere ad the actin ie moved inwards.
After death, ag ATD ig not being generated anymore and thug myogin heads cannot detach from .

28

‘ &

Lan>

the actin binding gites, regulting in the mugcle etaying rigid: called RIGOR MORTIS. [+ starte to
decreage about 36 hours after death ag the proteing degenerate. X k
O gyt
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.
‘ Wm(;l[ CONTRACTION PROGESS Thig process could be agked to be (/

described in your final exam!
-

\. Nerve impulge arrive at the end of the motor neuron.
I, Newrotranemitter (acetylcholine) releaced, causing action potential in muscle. Reautte in dliding filament model (see etepe 3-6).
\\\. Binding of ATD to myosin cauceg ite releage from ite current attachment to actin.

IV, Conversion of AT to ADP and Di causes myogin heads to change angle. Releage of i regulte in attachment to new gite on
actin filamentg (crose-bridges).

\|.The releage of ADP regults in the myosin heads pulling the actin filamente towards the center of the sarcomere (Dower etroke).

VI Cyole repeated (AT binds to myosin to releage it from current position).

ANTAGONISTIC MUSCLE PAIRS

[Mugcleg that have the opposite function with contraction]
[EIITIIE]) - Tricepe brachii and bicepg brachii in the arm
TENDON

/ (Origin — [mmovable Anchor)
\

BICEPS BRACHII
(Contracted)

ScAPULA

BICEPS BRACHII
(Relaxed)

RADIUS
ULNA

TRICEPS BRACHII
(Relaxed)

TRICEPS BRACHII

TENDON (Contracted)

HUMERUS (Ingertion - Movable anchor)

EIYIITA - (nternal and external intercoagtal mugeleg™ between ribe
, Thege muscleg exert oppoaite direction of force
to expand and reduce the gize of the thorax

INTERNAL INTERCOSTAL MUSCLE during respiration.

(Expiration)

[nternal

y >
“& Intercogtal
__\_mugcles «—>
®
4 External .
'“*‘”[‘)g*a‘ EXTERNAL INTERCOSTAL MUSCLE ﬂ
y  fmusces (Ingpiration) Teach Me

a

*More detaile on thege mugclee ean be found in gection B3.1
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@ Lsle oF TITIN IN THE SARCOMERE STRUCTURE

. ACTINGIBRE TITIN FIBRE
OSIN FIBRE
1 UNE YOSIN FIBR

When earcomereg shorten during a contraction, two gides of each sarcomere move towardg the center.

Thig creates a gpring-like tengion in titin that ig releaged when the mugcle relaxes (RECOIL). Thig allows WAAM’

each garcomere of the muscle to undergo a contraction once again. Therefor helpg with contraction

indirectly.

When a mugcle contracts, the antagonigtic mugcle etretches (titin etretches) reaulting in potential energy WM
in titin (RECOIL).

Holde myosin fibreg in place in the sarcomere and prevente mugcle fibers OVERSTRETCHING. W

ADAPTATIONS FOR MOVEMENT

[ SESSILE ORGANISM o

Organfgms that cannot move from
but are till able to alter their body fo
to environmental etimyl;

lace to place
r in regponge

ometer or 24 min per O0M

Q Live in mineral defigi ; , i
al deficient <ol (euch ag hitrogen). Q 4h per kil . g ingocted

airg in between the legueg (

a friggered by ingecte crawling (g‘f ?Ig;:lgga el e “‘\con::me 5 weok a third of its body mass
: e : :
T:ﬁ ‘lea\:;_as close and trap the ingeot, whip farte Q Deteca ool fomouwe a2 pull
Kg)ho ]{29 igested by enzymeg produced by the plant Q Bodg ie e g onbr anchee
eynthesic ie QTILL mai R ideal for hang

—

h mode of nutrition. J




g SiHMING ADAPTATIONS
BLOWHOLE on top surface of the head for air 7—%—/& 00@}%}4& STREAMLINED body to move through

vigcoug water at high speeds

exchange at periodic intervale and with minimal

amountg of the body exiting the water
No body hair to reduce drag in water
Closed when underwater to

t water for enteri
e g No rear lege (replaced by fluke)

Can gtay UNDERWATER for FLUKE TAIL - up and down
geveral minutes - allows deep motion for propulsion
dives

Front lege ag FLIPPERS for gteering

Maintained MAMMALIAN characterigtics:
endothermic, milk production, two-eided circulatory
gystem and long-term parental care of the young







