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(@) Most reflex arcs pass through the spinal cord and involve different types of neurones.

Name and state the functions of the three types of neurone in a spinal reflex arc.
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Ihe /eatk” K™-channels maintain a pojens.
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membrane.
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2 Fig. 2.1 shows the changes in membrane potential in an axon during the passage of a single
impulse.

+50 A
potential
difference/
millivolts

time/milliseconds

&
%
&
i
<

Fig. 2.1

(a) Outline how the resting potential from A to B is maintained.

>

0 . e’ ne

______ <. éesﬁefbadfymzfcﬂ@amor
n?d/ﬁ/‘éﬂﬂﬂwﬁ&k ............................................................... 3]

(b) Describe how the changes in the membrane bring about depolarization from B to C.

, ﬁaez}'?g"deMWf/DDSf?we
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Code: A2B- Control & Coordination
Mohammad Hussham Arshad, MD

HEUSER

Page 1 4‘



Code: A2B- Control & Coordination
Mohammad Hussham Arshad, MD

HEUSER

(b) Fig. 8.1 shows the changes in potential difference (p.d.) across the membrane of a receptor
cell over a period of time. The membrane was stimulated at time A and at time B with stimuli
of different intensities.

membrane
potential
/mV

0 1
T T time/ms

stimulus stimulus
A B

Fig. 8.1

State which of the letters C, D and E on Fig. 8.1 correspond to each of these events. You
may use each of the letters C, D or E once, more than once or not at all.

The Na*/K* pump is operating

The voltage-gated K* channels are open ....... D ......
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(a) Fig. 8.1 is a diagram of a sensory neurone and some receptor cells.
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(b) Explain how the myelin sheath increases the speed of conduction of nerve impulses.
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(c) Fig. 8.2 shows the changes in the membrane potential of a sensory neurone when the
receptor cells are stimulated.

50+

membrane
potential time/ms
/mV

Fig. 8.3 shows the strength of the stimuli applied to these receptor cells.

A

strength of
stimulus

m Fig. 8.2
Z

&

o
<

I .

o

time/ms

Fig. 8.3

With reference to Fig. 8.2 and Fig. 8.3, describe the relationship between the strength of the
stimulus and the resulting action potential.
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How does o synapse function >
An action /bofcnh'al omaives ot fhe presynaphi
membrane

J
De,oofan:vcs fhe /mzsynapfft membrone
!

Opens w/la?c- 0afcd Ca’* channels
A
(a* m//ux inlo [he /ovesyna/)ﬁ'c knob

esjcles Confar‘m'ni fich fuse with fhe pre-
Jyna/vh'c membiane

D6 ERXa e

Ach veleased via exocylosis

|
Ach al:ﬁ’wes across the Jyna/;//'c de/f

| _
Ah binds B ils veceplors on The Jpost -Syrap-

fic membrane
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(Ada/)faﬁon refers Io [he seduction in

lhe /Ye7uency of lhe action /Doﬁnffals
over time a/on? a heuyone in recponce

o conslanl stimulus - This P revents he
nesvous syslem /rom »cce:'w'nﬂ unnecessary

mfovmaffon at all times .
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© Memory and Learning

/ v
S ynapses are z'm/m‘ﬁn? in e /)rocess

of memoty and /earm'ng Jhere are
/n//mnr of synapsts in The brain - New
‘L formalion is  abcorbed fhrough a process
chmacfemec( by c/)anyes in _cyna/)ffc

&Gy comnections amarﬁ neurones in lhe

IE-G’

hf/opocam/)us and The cevebral corlex,

7’?{0;75 0 f fhe brajn associa /éc{ with

memory .
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@ l: Describe how an elechical :?n/ﬁulse Crosses
o cho/:haﬁli: synapse »[9]

A/m,: \A [24(4 im,)u/se (r0s8€s cho//mrgic

&

Synapse via chemical means oufni lhe
neurolransmitley chdy Icholine
Y An action /)ofenha/ assives ot e Ppre-

O] ~ 0]0 ]

; synapl‘fc membrane which causes 9bem‘r7
af t/olfaje- ﬁafea/ Ca** channels . (4 Yonler
lhe presynaptic knob enablfn; vegicles 0
fuse with e /Jresynqpﬁc membyane

Adminﬁ ocelylcholine via exocyloss .
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(:2: Describe how a synapse functions 9]
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and nervous Sysfem

Hormona/
Syslem
h

iz — Hormonal Jy.:’ém S

? communication -

a chemical form of

& > Hoymones are

I:clcaud info [he bfood
Slream Is lravel T
Heiy fargd Siles .

- Hormona | Yesponses

are Slw.

Nervous

S Jelem

- Neavous syslem

involves elechncal
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—~Jhe elecTrical impuls-
es aze carried by
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are /mf)id-
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Skelela]l Muscle Cell

el
QO A skelelal mu:c/ei & also lermed ac
Ihe skeletal muccle fibre.

@ Clach skelelal muscle cell is cylindri-

cal xhape and conlains mulh]ole

N (&

O N |

nuclers .

DA skelela| muscle cell i also leymed

F

as o Syncybium because of it’s multi-

210

hucleic naluve -
@ Jhe cell membrane of lhe skelelal

muscle cell is lermed as The sarcolemma.
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SKELETAL MUSCLE STRUCTURE

O Skeletal muscles ave also leymed as

sTrialed muscles .

) Skelelal muscles are under volun fary

&)
% conlrol -

B G A [ransverse section of & skelefal

<

muscle cell. shows bundles of muscle cells
/er'r'nec’ as fa:cfc,/es-

BY%) Zuch fascicle conlaine numerous skelelal
muscle cells.
G Individual  skelela| muscle cefls are

survounded b” o layer of connective
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® Jhe cyloplasm of The skelelal muscle
cell is lermed as Ja'rco/o/a.rm and The

endoplmmf'c reticulum /s lermed as

fhe sa1co/>/asm:‘c reficulum - The Sarco-

[::plasmic veticulum Sloves Calerum fons.

a@ Each skelefal muscle cell contains

numcroas myofnbnlg which are made

@up of myofilamenls.

.@ Numexous mit'lochondrio. are /mxenf
within (he sarcoplasm. [o provide enerq|

in [he form Of ATP /57 muscular conlra-
Ction -
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(D Numeous mdcfr'/amen[s make up &
myofrbw'l-

@mvoﬁ'lamcnfé are of [wo lypes .
@) “hick filamenls

’ ONT. filamenls

&

M Jhick filamenls

8 _. Thick fl'/amcn& are com[JOch of (he

E
/OmIEin mvosfn :

-~ oo g

-2 Lach myan’n Pro'léfn has o ﬁlobular

head and fl’bYOUS fail.
Y/ ﬁIObular heod is The fnjyme
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ATPase which hUd'/olyJes ATP o
reledse merm-
— Numeaous m”().sin /)Yo/Efns /a”
. parallel [o cach olher fo form The
g thick filoment
—’.755 ﬁ/obu/ar head of /he myosl'n
Y prolein ate flexible in nalure and poinl
awav from The M- line when The mus-

cle is in ils qelaxed slate -
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8) Thin filamente
— Jhin fr'/amenfs are maole up of Me

ﬁ/low:’n? fhree P 10leins :
0} actin  b) hoPomn ¢) ﬁopomyosm

lJ\Iumcmu_c actin /Dro/ems associale with

cach olher o form o cfoin Lite

5/7)"uJu7e - Zach achn /m)lefn has a

m”asin b/'ndfnﬁ sile o which The head
of [he myjosin ProTel'rz binds.
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°yropomumt'n is a flbmus JPiral ProlEfn
which Auns alon? he thin f/'lamenf
o Vcn‘n? The myosfn bmding stles on

& The actin /leéms -

0
°Jroponl'm are bound To /?opamyaw'n
o
3 proleins - Each /ﬁ/aom'n Pro?e:‘n has o
),
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] » Junctional unit of o muccle cell

O\

= chavaclerigec bg the dislince belween

<

N (wo conseautive Z-/es.

B

Page 1 7



=]

HEUSER

Staclare of a sdrcomeye

PANAAAPASNY A, N,

¥ Sarcomere s a funch’ona/ unit of a
muscle cell .

& x A myo/fbril conlains numerous

aim’comaes mranﬁed end-1o -end -

A Sarcomere contains The fo//owfﬂﬁ
@mﬂions.-
®
.A)A-band B) Jhe H-zone C) 1 -band
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* A-band consisls of both thick and
thin ﬁ/a menls -

¥ The H- zone is at lhe cenlre of he

&;__/I-band GHOI confains -/hick f/Yamcn/E

Eﬂnly-

i]hc 1- band confains thin /I'/ammfs
@on(y-

B uscle slriation are due B an

a/fémalmﬁ arrangement of A-bands

(o(ark regrbns } and I- bands ( I:‘dht‘ reﬁlbns/‘
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x When muscle confraction occurs .he
sarcomere shorfens -
* The followfn7 chanyes occuy within

A Sarcomere duw'nﬂ muscular econlraction:

-)Jh& OVCTﬂ” sarcomere 7CdUCCS n
O /enﬂf/t
= Jhe I-band shorlens.

<
),
-) Jhe H- zone shorlens
- Jhe A- band slay.c lhe same .

x Jhe ad/'acenf sarcomeres are separaled

by Z-lines .
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Satcom Shovkenng —
¢ /ﬁf@ [Taméyt mode(

ATP is hydrolyzed

ATP
() Cocking of the m

myosin head
(myosin in
high-energy form)

@ Unbinding of myosin
and actin

New ATP
binds to
myosin head

mor Y @ Binding of
(3 Rigor (myoézﬁ myosin to actin

low-energy form) Inorganic

phosphate
ADP is ® Power stroke is reloased

released
-— -— -
TR
-— - R
Actin gets ADP
pulled toward
middie of
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Sarcomere shorlEm‘ng

= Sarcomere :horlznmﬁ occurs in The

followinﬂ scqucnce:
:\‘.J’he mvosin heacl hyd‘rolyses ATP lo
0

) selease enevgy which activales (he
4,

mnosin head-
>

2t . .
@*Ca " ions within e sarcop/asm, bind

[o lro]wm’n molecules (_ausfnﬁ them o

c/ﬂan?e theiy sh ape which displaces
(he /ﬁ)pomvo:m from The mvosrn
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bmdmg siles on The acfin proleins

* Jhe activaled m”osin head fhaeaf/ér
aftaches o [he myoa’n bfndmﬂ sile o

BDform a Crosc- bn’dge-

—

a*he mvosin head bendc lowards The

- line ‘“""’hﬂ lhe sarcomere o shor-

o=

A)

n - Jhs is Known os The /)owar Slroke.

B

¥An ATP molecule binds I Ihe myosin
head causmg it o oelach from the

actin /Drok n-
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oo . and ?fmﬁ.. .

(1) Acetylicholine (ACh) is released from the
axon terminal of a motor neuron and binds
to receptors in the motor end plate. This binding
elicits an end-plate potential, which triggers an
Axon terminal action potential in the muscle cell

-

Synaptic cleft x \ \ N\ evromusculer junction Sarcolemma

-— \ - / —_—
\ - " ¢

) Action potential
~ propagates along the T tubule
sarcolemma and down ‘ !
T tubules ! Sarcoplasmic
reticulum (SR)

/

/
(6) Ca™ Is actively
transported back
into lumen of SR
following the

action potential

(7) Tropomyosin blocks
~ myosin-binding sites K
(muscle fiber relaxes) (3) The action potential
triggers Ca*® release
from SR

(4) Ca® binds to troponin
exposing myosin-binding sites

() Crossbridge cycle begins
{muscle fiber contracts)
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@: bn’cfly olescribe how an eleclrical
fmpulsc n a molor neurone leacls o

muscular conliaction s [10)

A zse/oo larisa bion cf The mofor neurone
OPcns vollaﬁe - ﬂafec/ Calcrum 1on channels

& ’COldr'nﬂ [o calcium tom t'nflux info (he

<

M mol0r neurone. This causes vesicles

cOntaininci oucd}j/c.holme Io fu.ce with the
pfes‘yna/off'c membioines n/ea.ring Ach
Viow cxocyfﬁstls -Ach diffuxes a/onra The

Sunaph'c c,lef'{ cmd binds To 1ls re(clalo—w-'s
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on Ihe Saicolemma- This olc/)ola'n'scs he
sarcolemma.. Jhe deloo/a'n's ation lroavels

odown Ihe W T-Tubule syslem

which makes [he .ra'rco’bfa.smic reticulum
lcaky ,o/:enin? The Vg - (** channels -G
&

B Jeave [he J'afcoP’asmfc veticufum lo enley

mc JGT(onaum where fhe,y bind o

hro'}aom‘n molecules . This dis/ﬂaccs e
l'ro,_o'omyosrn /}om The myos in binoln'ng

siles on e aclin /3707E/'n . Jhe activ-
aled myo.rin heacl binds fo [he aclin
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prolein fo form a crosr-bwdge-?hc
mvo.cm head fhcreaflér bends lowards

The M-line cau_u'nﬂ The muscle To conlrad
This mode o/-' muscular conlraction is

leymed as The k‘lf'd:‘nﬂ f:'lamcnf model’

BEEN - N
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02 Outtine 1he aole of Ca*ions in musculor
confraction? (8]
M An aclion /DO/Enh'a/ asives at The
e
= moloy neurone which opens The Vo-(@**
4 ion channels enabh'n? Ca”’ on (nb_7 inlo

&
® [he neurone- Jhese rons sfimulale Ihe

<
movemcn'l Of vesicles cmtarhing Ach

fOWO'TdS /;ic m0761 neurone membmne-

Vesicles fuse with The membyane
7dea.n'n5 Ach inlo e synapﬁ'c cleft via

exocylosrs - Ach binds fo s 1eceplb_r.c
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ocho(ari:in7 he sarcolemma -.The
cholan'sah'On [vavels down The
T-Inbule syslem openin7 Vg - (a%*

. thannels i The sarcopla.rmfc rehiculum -

Jhrk enables Ca®t jons fo (rave[ olown

& (he conc- 9radr'eni info The sarcof)/asrn-

<

BCat jons bind o ﬁo/aom'ns' Promoh'n7

B} sarcomere ¢h 07fcm‘n? :

Jhe (a*fjons are /aumped back nlo

(Me sarcopfasmfc rediculum m The absence

of depolarisation of lhe sarcolemma -
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(J3: Outline [he 7le of myoﬂ'n in The
.S'h'din7 filament model of muscle conlra-

ction 2

A myosin molecule conlains o

™
bular head and a /rbrom tail - Jhis
&

@head is on engyme A TPase which

.hod'rofvses ATP o form ADP and inoyganic
g}’h‘”]’hfﬂé . The enexgy released activales
lhe myasin head - It aftaches fo /e
myosin. bind:‘ny sile_on The aclin Io form

@ CYoss - bn'ofﬂc- ADP and in oygam’c
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phorphafc delaches ffam (he myosin
head - Jhe head bends [owards The M-

line ,shoﬂEm'n7 The sarcomere- Jhis /s

17)c power shroke Al new ATP molecule

ai!’achcs o Me mvou'n head oic’lach:'nj
- ia fyom lhe Thin f('/amcnt - Jhe head

1esl6'res ils ow'ﬁfna/ posifr'on -This rs

B e «)ccavcnl Shroke -
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Qu- Bn‘cf[v descaibe The vole of IToponin
and I'm/wmymm in muscle Conlraction >
ﬂ/m :Jroponm IS a 7eﬁu/aléry /;ro'/cm
m in [he thin filament which binds To
(alu'um 1ons - Jhis bindfng chan?cs LT:
Sha/)e of Ihe [7oponin molecules which
ld:S/)laces ‘f"/mmyosm cxl)osm? Ihe
.myosm binding silés on The octin
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Jro/)oms/wfn Is a ofeﬁu/alé'nl /Jro/ém
in e thin filamenls which covers the

myosin bind:’n(i siles on [he aclin when

he muccle Is In a 7ela xed $lale -Bind l'ﬂﬁ
[ Ca‘t ions to Troponin olisplaces lhe
)/ (a* ions to Trop P
i%/mmymin, exPo.n‘n? The mﬂosm bindfnﬂ

iles To which The mvosl'n heads bind Io

BYause muscle conlraction -
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@s: Brieﬂy descnbe how o Jsarcomere

/eng/hens [ Ac/mes) oflea !hmlé'm'njv
(conlfaction )

&1 A0 - Conlachion of The an?&tiomls'ﬁ'c
0

&
&

Smcomc're lcngﬁhcm'ng also occurs olue
>

[b active Pum/),‘n? of @* jons back

muscle telaxes | lengthens) the saxcomere

inlo .mo'coflaJmi'c vebiculum -
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Qe: Briefly describe fhe role of 7-Tubule

sysfem >

fl'/“-. 7- syslem of Tubules s formed by
ﬁlc In l/aﬁfnaﬂom of he sarcolemma -

Y
I8 Precence a/ [hese [ubules enable The

o
skdcTa( muscle 1o conlract ](orcefull/ by

>

@synchwom'smg The velease of (a** ions
from The sarcoplasmic veticulum Hhrou-
3hout he muscle cells once [he

Sarcolemmo. cle /Jolan;ses-
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ADVANCED LEVEL
BIOLOGY 9700
UNIT 15: Control &
Coordination

Learning Objectives:

e Skeletal, cardiac & smooth muscles
e Practice questions

Video Lecture 11 Slides
Mohammad Hussham Arshad, MD
Biology Department
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relaxed

contracted

Fully Relaxed:
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Shorrenng —
e /(Wj flamélt mode/

ATP is hydrolyzed

S R L e n T
e

= (5) Cocking of the
(4) Unbinding of myosin = myosin head
and actin (myosin in
high-energy form)

NP2

(1) Binding of
o myosin to actin
(3) Rigor (myosin in
low-anergy form) norganic
phosphate
P
(2) Power stroke » reloased

Actin gets
pulied toward
middie of
2IrCOMOre
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vee. and cym?z

1) Acetyicholine (ACh) is reloased from the
" axon torminal of a motor neuron and binds
\ to recoptors in the motor end plate. This binding
elicits an end-plate potential, which triggers an
action potential in the muscie cell
Neuromuscular junction

Sarcolemma

Synaptic cleft & \ \

Axon terminal - >

ACh . \ i

|
\ ,
: (2) Action potential
T propagates along the
sarcolemma and down
T tubules Sarcoplasmic
sreticulum (SR)

T tubule

Motor end plate 2
, ‘A
3¢ ACH

Ca*™" s actively receptors o
transported back ,
o @ o9

into lumen of SR
following the > @ o

action potential _—" o0 Qo
9

ST BTN e

7) Tropomyosin blocks
~ myosin-binding sitos ‘

(muscie fiber relaxes) (3) The action potential
triggers Ca*" reloase
from SR

[
\ : -
\\ . .

Ca*™

(4) Ca®* binds to troponin
e1posing myosin-binding sites

(§) Crossbridge cycle begins
" imuscle fiber contracts)
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Skeletal muscle

Smooth muscle

Cardiac muscle

ﬁﬂerca/a/gd
&
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Pr bﬁeienﬂ'ak belween Skelelal muscle,

cardiac muscles and gmooth muscles.

Skelelal

@ Under
& Vo lunfaﬂ/

2 conlol
&

S0 ncuroaem'c
< #vev need

@) Cells aze
(ong, cylind-

hical and

multr- nucle-
aled -

Ca roliac

involuntavy

m\doyem'c

9'/17)drz°cal ond
mullr- nuclea-
Ted

Smoofh
involun l‘a'ry

ne wroyem'c

§b77d/e dﬁéyfed
with fafxxed

ends .
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7 Fig. 7.1 shows a mammalian neuromuscular junction

mitochondrion
motor
neurone \J L synaptic cleft

[ﬂw; /N

pre-Synaptic % == X (post-synaptic
membrane £, £ membrane)
>

mitochondrion

- myofibril

(a) (i) OnFig. 7.1, use label lines and letters to label each of the following parts

A - a region containing only actin

B - a region containing both actin and myosin (2)

i) Outline how an action potential arriving at this neuromuscular junction can result in
depolarisation of the sarcolemma

X the adtitn renal de ,tm?cs £SM

£ Which. cpens. 1o/ j c/vmp/

¥ @%t influz W/t

% WhQh ol hmalale fﬁe e&

j%e{ se.wlh 1he /)*“6 @0/2( mfmbyane
edqs

l/(

» Ach % O/z:mss
¥ and Wind %Oﬁﬂrec? /0 //5e SOfCO/em

X 7his..wil_depolorcde. The sartorenmne.

(4]
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(b) Table 7.1 shows some of the events occurring during muscle contraction
They are not listed in the correct order

Table 7.1
description of event

Ca“* lons diffuse out of sarcoplasmic reticulum
myosin heads bind to actin
sarcolemma depolarised
sarcomere shortens
Ca®* lons bind to troponin
transverse ubules depolansed
binding sites on actin exposed

myosin heads tilt /b(hq/ f‘ o}ql{

Y tropomyosin moves

Z troponin changes shape

Compiete Table 7.2 to show the correct order of the events
Two of the events have been completed for you

Table 7.2

correct order letter of event

Page 1 5



Code: A2B- Control & Coordination
Mohammad Hussham Arshad, MD

HEUSER

3 Fig. 3.1 shows a diagram of two sarcomeres of relaxed striated muscle

H-zone I-band A-band Z-line

===

Fig. 3.1

(a) When the striated muscie contracts, state what happens 1o the length of

——

(i) the I-band 9’27)/71(/5 = (1]
@ (i) the A-band. .. SIME ffyfgﬁ\ [1]

(b) Describe how the response of the sarcoplasmic reticulum to the arrival of an action potential
leads to the contraction of stnated muscle

x_sn@éiam& Lefitulum 5 e /7%0/
/‘:‘d e i C ”(3? P/Uéllgc’
/o The sart®
%—C&’T /9 7& 1S WAL xyﬁ»
¥ OO, nhongs scgv 7776’ m/asz"
b/?)df/% S8 on. the
A 1% cf//aug me osm /ymds » kot
.70e. a%in. 1o ovoss bl eg
x. Muostn /)m CZ/S goomsﬁotr) .
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(c¢) Glycogen storage disease type V (GSDV) is a metabolic disorder where stored glycogen
cannot be broken down 1o release glucose, resulting in the production of only small quantities
of ATP. People with GSDV are unable to exercise normally, as the lack of ATP affects the
functioning of striated muscile

With reference to the sliding filament model of muscular contraction, suggest why a lack of
ATP affects the functioning of striated muscle

¥’ /)/Ojrﬁ et Q0 NOT cfv’acé o). e ath
x j/osw pexdk. qo. NOT. # oéoéxge AP
x=and &;//(E e N 0 Saked
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6 (a) Describe how tropomyosin and myosin are each involved in the sliding filament model of
muscle contraction

(i) tropomyosin ‘
= V. .QUErS The. njosin KON e sk
0 O uhN are @ o when @t b
. Aopondn.. JA% embes zzgﬁ? hexts /s
o a1 /bYT” b’%ﬁr [2)

(i) myosin
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(b) Stnated muscle is made up of many specialised muscle cells known as muscle fibres or
myocytes

There are two different types of muscle fibre in striated muscle
. fast twitch muscle fibres that contract quickly, but rapidly fatigue {get tired)
» slow twitch muscle fibres that contract slowly and continue to contract for a long
time

Table 6.1 shows some features of fast twitch and slow twitch muscile fibres

Table 6.1

feature asl twitch iB‘ low twitch fibre

respiration mainly anaerobic mainly aerobic

glycogen concentration high low

capillaries few many

Use the information in Table 6.1 to suggest and explain one advantage of

(i) the high glycogen concentration in fast twitch fibres

x 06 Kb jﬂJ % crererohy

Aeéﬂr He. 1% mncmal

(2]

(i) many capillaries supplying slow twitch fibres

711 2@2%,%’ %@Zgyggﬂr@ﬁ?awn

Page 1 9



]

HEUSER

Control & Coordination

gEMALE Kepeopverive SysTeM

MM WA

Ovaries fa/bpehn fubes, ufenus,
(euz uajr‘m

olol- ~ olo g

With

Mohammad Hussham Arshad, MD

Page 1



=]

HEUSER
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BIOLOGY 9700
UNIT 15: Control &
Coordination

L_earning Objectives:

o Anatomy of the female reproductive
system

e Female reproductive hormones

e Structure of the ovary

e Introduction to the menstrual cycle

Video Lecture 12 Slides
Mohammad Hussham Arshad, MD
Biology Department
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uterus

Fallopian tub

cervix

vagina
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3 myometrium

endometrium
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uterine cavity

cervix
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01 What's Ihe most common sile of
fe rtilisation 2

/é// Fod/’) flbe

‘({b e fs also e MOEQMrDI
" (g’/c (?L ECrope PR NANey

é$>
@-‘ What's The most common sile of

implantation?

% /powbz walf %ﬁﬁeuz@m\s
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ﬂema/e Re,pmduc ffl/e Hormones

0, ﬁcf'roc/utﬁve hormones a7e /)roduced
by The fO//om'nﬁ ﬂ/ands :

i) Hypothalamus which produces hormone
GNRH / G onaclofropin )}e/easmg homone)
) AnTerior /)il’ui/&ry 3/0|m/ which prod-
uccs LH and FSH . LH and FSH are

collecﬁvely leymed as ﬁonadolrﬁ/bms .

¢) Ovaries which /)foduce aes'/roﬁm
and /Drc)ﬂe:ﬁz?one.
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@ GnRH + FSH ard LH are prolein hoymones

wWhereas oe.cf'mﬂm and /)mﬂcs/c-ranc are

slevordal hormones .

U hypothalamus N

v

\ J/ //./'
~¥ Jes ﬁogen - /

¥ /%ﬁes/e?one =
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L= Lufefm‘smj hormone
FSH - Zollz'c/e s//'mu/ah'n7 hoymone

GnRH - GonaoIon/afn Ae/eas/ng hormone
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lhe ovayy

Ovary

\ Corpus luteum
n

Primary follicle

Primordial follicle

\ Degenerating

corpus iuteum

(corpus albicans)

" Ovulatior

Developing corpus

luteum
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2 Merslrual cycle 1efers /o e cyclrc

chanﬁes which occuy in the ulerine

o endomelmium  and The ovary due o

l/w'rmona/ changes in The blood -

O
¥\7/)e avcrage duration of fhe human

@mcm/ria[ cycle mnges ﬁom 21 b 40
P
fs:

xJhe  onset of mences in, fhe life of

a fcmal/c /S /cr}'nec/ as mendiche.
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:rJMcnO/:ause Jeﬁrs Jo cessation of
lhe menslrual cycle in The life of o

female-
@y Menchrual cycle can be studied &

y -
monit‘oring fhe changes that occur in:
C _ T . )

W 2) Ulevine endomelvium — ufexine cycle
>

= b) Ovaries —s ovarian cycle

¢) Blood hormones —s hormonal cycle
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% Phaces of /e ulenne cycle are:
0) Menses
b) /)xolz/: ralive Phase

& ¢) Secre/é"r)/ /)ha <e.

I 0)70”!’(::4/0!7 /)ha_cc

b) Ovulation

B
B ¢ Auleal phase

y .

* Phages Of the ovavian Cycle are :
)

<

>

@

*Phaces of e hoymonal cycle are:

0) Uaﬁoﬁm dependent phase
b) Pfoges/c'fone dcpendcnf phase
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o days

Growing follicle

Menses
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«— Follicular phase ———»

Estradiol (E2)

Owvulation Corpus luteum

Corpus albicans

Lutenizing hormone (LH)

> il
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14 days

Ovulation

Follicle-stimulating
e hormone (FSH)
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BIOLOGY 9700
UNIT 15: Control &
Coordination

L_earning ODbjectives:

e Menstrual cycle

e Functions of reproductive hormones
e Contraceptive methods

e Biological basis of contraceptive pills

Video Lecture 13 Slides
Mohammad Hussham Arshad, MD
Biology Department
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2 Merslrual cycle 1efers /o e cyclrc

chanﬁes which occuy in the ulerine

o endomelmium  and The ovary due o

l/w'rmona/ changes in The blood -

O
¥\7/)e avcrage duration of fhe human

@mcm/ria[ cycle mnges ﬁom 21 b 40
P
fs:

xJhe  onset of mences in, fhe life of

a fcmal/c /S /cr}'nec/ as mendiche.
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:rJMcnO/:ause Jeﬁrs Jo cessation of
lhe menslrual cycle in The life of o

female-
@y Menchrual cycle can be studied &

y -
monit‘oring fhe changes that occur in:
C _ T . )

W 2) Ulevine endomelvium — ufexine cycle
>

= b) Ovaries —s ovarian cycle

¢) Blood hormones —s hormonal cycle

Page8
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Anterior

hormones

hormones

HEUSER

o ® 6 @ m l X

o days

Growing follicle

Menses

J

«— Follicular phase ———»

Estradiol (E2)

Owvulation Corpus luteum

Corpus albicans

Lutenizing hormone (LH)

> il

I*V

14 days

Ovulation

Follicle-stimulating
e hormone (FSH)

Prngcxl’rrnm‘
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Scautncc Qfey‘mrg /'ng Zg'day ('!C/C:
¥ Jhe ongel a/ menses /s Day 1, of e

mensfrual cycle-

dlerop in [he levels of Ihe hormone
esﬁfaﬁen and /»og(:/e 70me. causes

Imdomc'ﬁna/ /mmﬂ Jo shed-off

@LH and FSH levels vice due o [he drop

an Ihe levels of Oe.slifogm andl /)mgeg[-

evone.
1 FH ack on e primazy  follicles
within The ovavies promoﬁ;qj ﬁrou//h

Page 1 0
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Of Mhe fo/h'cle.s-
x One af e fO//fC/&S will mature o

ﬁ)rm a Graaﬁ'an /c')//ic/e-

&Y Jhe 7ranu/o,¢a cells  within The
llicles - produce "The hormone oa/'r—oyen

ivhfdw exerls o —ye feea/back c/ﬁcf on

@e anlerior /oif'ui/ér y a/ecreasin? he

®
.Adease of 14 and 7

Y OcsFrogm acls on the endomelzia(
/t'ning Promofr’ng proliferation of lhe

Page 1 1
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endomelrial cells -
> B7 Day 1y, he endomelrium lmmy

fhickens o 3-4 mm.

&Y High levels 0/ oe.cfroﬂcn exert a +ve
2

ﬁcdback e/fca‘ on The anlerioy pituit-
Ty /eaa,ing ’O lht LH J‘uyye.

B 1+ surge causes ovulation on Doy Iy
in a 28 ooty cycle-

¥ LH surge also /oromoTcs leuTenisation
of e Graafian follicle fo form The

Page 1 2



=]

HEUSER

Cotpus [uleum -

¥ (’oofu; luleum /s a ﬁ?’anu/av endocrine
body with excess of /ipids which afVes

g/t a yellow colouration (thue yellow

&ody) .

Cbﬂs of e corpus [uleum secrele

@(h’c hormones oc.cTrogen and /or(ﬁes/emne
/%ﬁe.s/_ yone /s /bvoduced in much hry/m

amounls  Han oeslrogen -
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¥ Progeslc'fone fu'r/her thickens The

erdomelvial (inin 7 and /m'omofe .
ﬂrow{h of the endomelrial g/ano/s lo

5 produce secrefions rich in ﬁ/)'wﬁen and

//'/az'ds-

B Jj ferlilisation oloes not occur, [he

i coypus  [uleur d%encra'fes /o form o

Bwhile body known as corpus  albicans.
¥ Drop m [he levels of Proge:/c_;one £
ocsE'Oﬂen olue lo o/eﬂenemhbn df coypus

[uteum leadls To vasoconsTrichion o f Ihe

Page 1 4
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endomelvial blood vessels- Jhis causes

2schaemic necrosi's of he endomelrial

cells ( .rheddfnﬂ of e endomelrial //'n/nj,

Yy This marks Ihe onset of next menshual

cycle-
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(7unc tions _g[ Hormones
() GnRH .

O dile of 4elease: Hypothalamus

@\%ngef stle : Anferior pifuilé'fy gland
& © function: Gry promoles The seleace of

l FSH and (H from he anleiioy /mfwfary

Iand
> F4

&) Sile of Jelease: Anlerios })flurfmy 3Iand
9 Jarget sile : Granulosa cells of Ine follicles
@ yuncﬁon. o) FSH binds To ifs seceplors on
(he granulosa cells and promoles growth of
fol/icles (, folliculoacnesr;s ) b)fS timulafes e

JTanulosa cells lo produce £ secrele declrogen-

Page 1 7



=]

HEUSER

@4
Odile of seleae: Anlevion pituitary gland
® \%rrgef sile : Granulosa cells and cells of
Corpus Juleum -
&) Aot -
)yunchon. a)LH promoles growth of follicles

s .
b) LH suvge causes ovulation -
B ) ge causes o afion

‘)*LH surge leads 1o fomah’on a/ car/ws

@queum -
*
BY)in stimulales The corpue uleurn o

produce & Sectele oeslrogen 2 progesterone.
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0, Oeslrgen -

O Jile of 4eleace:Granulosa cefls £ CoTpus
fuléum

@‘anel‘ sile : Ulexine endomelyium o The
-- cervix , anlerioy /:ifui{a'ry ﬂland £
hypothalamus

©g 7unction: a)*Oc.s'Iraﬂcn acls on The endo-

& melrial h’m’ng o gfmub@af (he
E

endomeTrium by proliferation of endo-
melrial cells .

b) OeJI?ogen promoles The formation of

blood vessels within The endomelzium -
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)Oestivgen causes thinning of e cervical
mucus so that The sperme can eacily
ascend up The femle 4c/>70ducﬁve fract-

d)sz low fo moderale concenliation. ,it
excrl& a -ve féedback ef[ect on e hy)-
zdthalamus and The anlerior pituitayy.
O
e)*/lt hfgh commlmﬁons,oeslﬂiﬂen exerls
>

@a +Ve fecdback cf[ect on (he anlerior
BYpiluitary which leads b LH & FSH <curge
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é) Progeslevone :
——

OJile of seleate: Co1pus luleum

@Jbrﬂef sile : Ulexine endom‘cl}fum,cerwx,

anlesior pituitary Jland and  hypothalomus.
&) 7 "”CﬁO"'-a);’wgesIe_mne fmmaléc urthey

f ®
Hnicl'enini /he,( /zh:"g;‘(

b) ! promoles e formafion and spivalis-
& ation of blood vessels within e endom-
elifum-
)3t stimulales The endomelyial glands
lo produce secrefions vich in glycoger
£ liprds - This prepotes endomelzium fO'r
implantation -
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) It cauces fh:ckcmn7 of e cervical mucus
e) PAogcs/eronc exerls a -ve feedback effect

on [he hypothalamus and the anlerior
& pituitary -

2l ol
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Conﬁacgztfve Method's

Aeversible

o Irreversible

v

N, Y

: v
Banter  tyrmonal Chemical  Natural Surgical

e condoms , Pﬂl.s *nonoxy- e Rhythm

| dﬁ_:midoms >C0cs*  hol

) ECP? (‘SP Al

Aiophra
P y?moming “

<
<
>

B

Afley
pill )
« Injecfables
* SKin /)afchcs

o Inkaderma|
m plan [s
° Inlaulérine
conﬁace,f:ﬁve
devices (1vcp)

de)

method
o (oitys

infcﬂupﬁzs

Male  female
liﬂaﬁan
e hyslerec-

l&'my
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*¥ emergency conliaceptive pﬂls
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Onl_contraceptive Pills

*Oral conTmccpt/'ve Pﬂls is The most common
method of o//whﬂ hotmonal confraception.

G

ff Oval conﬁaceptfve f)ills are available in

e [ollowing fwo fwmu/aﬂ'ans.-

1) Combined ((OCs) which include oe(fmﬁm
nd pr0 ﬂfs/e?one -

©
<
y %

(écp)

)MMHIVW ﬂf fer /)f” (CMC?ﬁmcy canfmce;oﬁvc

BE

pill Jwhich only includes progesievone
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* The hormenes (oestiopm + - progesterone) oot
in (OCs ore jyofbeb‘z; ond henee have a

/ orger /)Q/f"hjé.

¥ 0cP's pievent conception in The followin
N P P f v/

woys :

B/) Oest mgen ond pzoyas/e'ione pres ent
ithin The pills excrt a neg afive fecdback

Ek/fecc! on The anlerior p/'fuitary ﬁlancl

a\/hich seduces the selease of e 0onada-

I76pins “LH and FsH’ Drzy) fn FSH prerens

e formation F Grafian felle bn)b i LH

Prevertts ovalaton.
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i) togeslerome - and aeslro-'ﬁen in combinafion
within these pills cquses fh:hniny of Ihe
endome/fria( /fning which makes [he endo-

tymelvium  unsuitable for W/)Iantah'on-

0
iii) OCPs cause #hn’céenini of e ceyvical
ucvs which inle rrup'fs The ascension af

Ve sperms info The female Jc/mduch'w,

[ract (leads fo prevention of /)c/vis

Infections but not as much as baviier

methods)-
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BEEXION -
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pl 7 venshuadm
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*Mo Ning after pill s an emesgency
conlyaceptive pill which can be faken with

in 72 houre followin? inleycovrse -9t is

G

pydvised in The foﬂowfni cases :

n)Rape victims b) jfemales who .cki/) an

EEaER

pral confyaceptive pill ) woman who deef

not fake /b)@cauﬁ‘bns o /b/e_mt /brynaﬂy

o]0

%Morm‘ng affer pills conlain hryh dose

of /Dmger/é-rone and forevent ﬁ'ljﬂaﬂj by

o /wenh‘ ]%rfi‘é&ah‘brz_
. Preref)f?g ify plon tatfon
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Control & Coordination

fm b 1efroducsre
=

2 ys%rm

i

od X Andﬂry 75 1he j%ma/g f(%m(/a(ﬁm )/Skm

I* Shuclare o e Uterdne coall

% /r//mducﬁm o e mersirual cycle
E . (onpaceptive mefhods

& * Ora/ (zan/rmopz‘fm /D< /5

With

Mohammad Hussham Arshad, MD
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HEUSER

ADVANCED LEVEL
BIOLOGY 9700
UNIT 15: Control &
Coordination

Learning Objectives:

e Practice Questions: Menstrual cycle &
contraceptive pill

Video Lecture 14 Slides
Mohammad Hussham Arshad, MD
Biology Department
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fmd(e Ag)v@ducé%
/\9 /
=

X 4}761/0'9/ % the ]%ma/g }gbroa’acﬁ%z 5)/5‘ m

¥ Shuclare of e Uterdne vall

* Inhsquesdn 1 e mensiaal cycle
@ X @n/mcelbhm methods

& * Ora/ mnﬂace/bm /D<//

ERE DN -
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HEUSER

(a) Fig. 6.1 shows the concentration of two hormones, oestrogen and progesterone, in a woman’s
blood during one menstrual cycle.

L B

oestrogen 1 progesterone

concentration
of hormone

in the blood
/arbitrary units

N W & 00 O N O ©

time/days

Fig. 6.1

With reference to Fig. 6.1, state the letter of the stage of the cycle during which ovulation
occurs

State how Fig. 6.1 shows that the woman did not become pregnant during this cycle

Name the ovarian structure that secretes progesterone after ovulation.

State the role of progesterone during stage D

. Tamenance. 6/’1%3 eQonel ...
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(b) The combined contraceptive pill contains oestrogen and progesterone.

Explain how this combined contraceptive pill works to prevent pregnancy.

Nafe. featbock...on. Mo, antesio [ty
h. A da@sffz ..... seCoetion..Or Cbond £3H

Page6
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8 (a) In mammals, the nervous system and the endocrine system coordinate responses to the
changes in internal and external environments

Complete Table 8.1 to indicate the differences between the nervous system and the endocrine
system.

Table 8.1
feature nervous endocrine
system system
method of

communication 6@@ O;wm%a.(

method of

transmission W’mﬁ beQ(

transmission speed f -

S ort-bg/iv b/ljr-bs/ﬂ_vy

duration of effect

(4]

(b) Fig. 8.1 shows the changes in the concentration of hormones in the blood during the menstrual
cycle

A LA

concentration
of pituitary
hormones

concentration
of ovarian
hormones

Page7
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With reference to Fig. 8.1, match hormones A, B, C or D to the correct statements 1 to 4

Each hormone may be used once, more than once or not at all

1 made by the corpus luteum D (am C’)

2 stimulates the repair of the endometrium C

4 stimulates ovulation /4
(4]

(c) Outline the biological basis for contraceptive pills containing oestrogen and progesterone

m 3 maintains the endometrium D
4

' 4
4

J
foe) 1he /f/é achfve NACCLOTN

Page8
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6 (a) Fig. 6.1 shows the concentration of four hormones in a woman's blood during one menstrual
cycle.

concentration of hormone in
blood/arbitrary units

oestrogen progesterone

10 12 14 16 18 20 22 24 26 28 30

time/days

Fig. 6.1

(i) With reference to Fig. 6.1, explain why there is a large increase in LH at around day 12.

b/c ?f ,ﬁu?/) @ncEnhakon. % B regen,

(i) State how Fig. 6.1 shows that the woman did not become pregnant during this cycle

G 1. @Mméfm ............ Y
EXrvne. decroes 7[
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HEUSER

(b) The combined oral contraceptive pill contains oestrogen and progesterone.

(i) Explain how this combined contraceptive pill works to prevent pregnancy

Suggest why some women take the combined contraceptive pill for just the first 21 days
of their cycles

o Qlew menshxualior. .oy ...
1

Some women have a contraceptive device inserted under the skin. This releases
hormones into the blood and can last for up to three years

Suggest one advantage of using such a device rather than taking contraceptive pills.

¥ There Wl be._po.menshuaton.....
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Control & Coordination

* /\/ervoqs System

% Skelera| muscle shucture | muscle
conkaction and nedromyscular J’ancbbv

A+ Jernctle wprodudfive syaem, menstual
j’ffe v- am#aae}ﬂf ve /b"/lr

8 = Coordinabion in /obn(:r

/N

@E”MG’

Ctemta/ Eechirg/
Auri Uk e

. ry * Venus

s Cj&bcrd/z?fs ﬁj i

With

Mohammad Hussham Arshad, MD
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HEUSER

ADVANCED LEVEL
BIOLOGY 9700
UNIT 15: Control &
Coordination

L_earning ODbjectives:

e Control & coordination in plants
e Auxins and cell elongation

e Auxins and apical dominance

e Gibberellins and seed germination

Video Lecture 15 Slides
Mohammad Hussham Arshad, MD
Biology Department
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* /\/ervoqs, System

% Skeletal muscle shucture | muscle
contaction and redromyscular jana‘?bpy

¥ Jerndly tqéroa’uc/ﬂ-e Syezem, menshual
7de - mn#ace]af Ve /.’:r"/lr

= Qpordinabion in /Pbﬂfj

/N

Chema/ Eechtrql
Au,r“' U /f‘

® rg e lenys

. §Ebe rell%s ]f{j ‘P
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ce/l elongahon
—-—/I 7

fos 'y 096

¢

}poffné— auxn AR

(Sdole. aceliz acd)
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Auxins :
Jhe Texm auxin is derived from The Greek

WMJ auxemn which means fo grow. AMA‘IHS

AT /.)Ianf hormones. Jhe most ;)'n/)orfant

Eauxin Produced bU p/an/.“s is Indole - 3 -

ceﬁ‘c acid (1AR)

B J! plays an imporfant 7ole in a
number of plant activities, includinﬂ:

—p holo ITEPI'sm

Page 5
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—» aPn'caI dominance
— cell e/ongah’on

¥ You are only expected o know e

hble Cf auxins h cell e/oyah"on and
&

C}M‘d/ dominQnee
&

<
<
>
B
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Auxing and cell e/o)?at/'m

Auxin

y stimulates

Plasma
membrane

@l

Protein
(H* pump)

CYTOPLASM O

Cellulose

molecule

CELL WALL

Activates Cell

olongallon

Y\

= 7 : Expansins
y »

Cellulose loosens; cell can elongate

2oOTH
Fyrotess
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Auxins and cell e/or7atl'm :

@ : How oo auxine /nomolé celle/onﬁah'on_)
s - Auxine /rmmolé cell olongaﬁon acco-

7 i 6 the acid ﬁrowfh hypothesie
Eﬁdéﬂe 7bove )

./fuxins bind Io their veceplors and

E)] fimulale /07075n /Dumps in The cellsmyatc

mcmbmne :

3-H* are actively pumped To e celf

wall ma kin7 the cell wall ocidic .

Page8
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4 Llow PR of The cell wall activates a g

of P7ofeins known as cx/)ansins.

5. Z‘wfumins loosen The Imkayes belween

cellulose microfibrils mak:’ni the cell
wall more elastic -

¢- Waler enlers The /)Ianf cells thereby
incieasing  the tugor prescure anof

Caus;’nﬂ cell c/ongah'on -

Page9



&Pansms::\'

A
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—

Cellulose loosens,

cell can elongak'
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Aumm alnd qpfca/ dominance

achive apica/ buol

S~
N

dOYmont'
laleral

Apical bud

BEEEXON -

Apical bud removed
b“d Lateral «
.~ bud

HEUSER
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Auxins and apical dominance .

¥ Growth of he shoot apex (apical bud)
= usually inhibils the development of Ihe

%
laléal buds on The slem beneath .

i Jhis phenomenon is callecd apfca!

E dominance -

Page 1 2
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@ : Describe The part playeo by auxins

n apfcal dominance Of a shoot ;

- Auxins are synlhesizeaf in [he apfcal bud.
---" diffusc down he slem from cell o cell

7 by mass flow in phlvem.
: flow'in p

8- Stimulalés cell don?ahon [NoT- enlayge-
@nmt)
q. Auxins bind B therr Aeceplors and
stimulale /oroT&n pumps in The cell

membrane .

Page 1 3
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| *J)'ﬁmped o The cell wall maln'i’y #
more acidic which activales a group of

/D7ole7ns known as ¢ xpansfn.s.

& : W
.. -prmsfm loosen /He /fﬂ/cayfs bC/WCen.

4

tion-

&
icllulm microfibails enmbh'nﬁ cell e/on?—

D .
‘ Auxins jnhibit laleral bude.
8- Shoot fhcre/orc ?nw: upwaydg.

1 Auxins inleraect with other PGRs ,like

cylokinins and obscissic acid-

Page 1 4
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w0 -Cylokinins are anl&ﬁonish‘c fo auxins.

n- Abscissic acid enhances actions of

auxins-

BE R
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b
7[0”7 f/j O/ P6R,
‘L /("/’Ia(/d/-i’/pg O]L
Oybsaelley. qatk (64)
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Gibbezellins :
¥ Grbberellins aze devivatives of grbberellic
acid-
they are natural plant hormones and

& /Jromok:
4 - flawmng

&
= — Slem e/onqaﬁ'on , and

Y - gcrmr‘naﬁon of seeds

xJhere are about (00 a/rfferent 3l'bbm//ms
but gibberellic aciol (GA, )is The most

@

commonly used form.
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¥ Gibberellin synthesis inhibilors are
ex leﬁ:ively uscc{,;ra in /broduch'an lo keep
Slems qﬂiﬁ‘cially shorts shorTer and

thicker Slems /byow‘de better suppo'rt and

N (&

¥ Jesist weather condifions belter Too -

BEEEXSC
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Monocot Seed Struclize

NMonocot Seed Structure

Seed Coat
Endosperm
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Monocot Seed Struclire
(otyledon
Plumule Seed cont
Endbs perm
Aleurone
/
sadicle ayer
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Gibberellins and seed germinaiion
7

¥ A monocotyledonous seed consisls of Three

ma J'or cam/JonenE :

L(ceal coat (fesla) — wary layer fhat
revcnrs [he embryo from mechanical
infury dnd desiccadion -
X Endo,/;eym _ food ANeserve ﬁ)r The embryo
Contains <tarch and/or lipids which can

PageZ 2
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be hydmlym{ fo /Jroduce Sugars
necessary for e yrowfh of lhe embryo.

¥ Aleurone I yer — Juﬂoundmi the

. cndas/xrm conlains cells thal slhre

aae

z proleins which can be hydrolysed a’umo?

? gcrmmail'on lo /orow'c/e amino acids. St
h/eases amylase and ofher J/oraye
/)ro/Eim n /)c.s/Domc fo GA .

Pagez 3
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¥Embryo — consisls of one cotyledon
(monocot )5 a /)/umu/e and a radicle .
I- Cotyledon is Ihe sile of production of
A

3 Plumule s The o/el/e/opin7 Shool -
3 /Qadfde /S The dcvc/of)ing 2001 -

G

ool ~ o
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Bazley Seed Geminadion

il E ey

-~ Fruit+Seed Coat

maltose v“b Endosperm

cotyledon ' Aleurone Layer
monocot R Storage Protein

Amino Acids

imbibition
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Barley Seed Gemination
hyclrolysis
A

& exotylosis
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@ : Describe and explain how gibberelling
are involved in The germination of wheal
07 bavley seeds)

Ans: Gexmination Aefers o The growth of
wembryo within The seed- Seed absorbs

S 6

waler by osmosis(imbibilion )which leads

» activafion of glbbcre/hc acids wifhin

¢ cotyledons (GA). The 6A diffuse

BEemaE

lo The aleurone layer wheve it switches
on ‘/mmm'/)h'on o/ The amylase gene

by (ausing deslniction of DELLA profeins.
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Jhe amylase gene Codles for (he engyme
amylase - Amylase Is released via exocylo-

srs info The cndoxperm where It

wtalalyses The hydrolysis of stazch inlo
mallb.fe- Mallose is /uﬂhcr bioken

olown o /brm alucorc-(;lucou moves

e

via diffusion fo Ihe &rowm7 /)Iumulc

2lo

and e dddicle where it serves as

a Subslrale for,

a) merobic respiration fo scleace energy
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in he farm o/ ATP .
b) he formation of cellulose which s
Af,?uh’Cd fo build fhe plant cell wall

ool oo 8

PageZ 9



Code: A2B- Control & Coordination
Mohammad Hussham Arshad ,MD

HEUSER

Control & Coordination

* /\/crvaqs System

% Skeleta| muscle shucture | muscle
conkacton and Nedromyscular jancf?b;y

*‘ Jma’e tgbroa’uc/ﬁe Syczem, menshua)l

\70’3 W m?#ace}&fw /éz°/lt

—}Coordmaéw)z n /a,tm(x

/N

@El_-@

Chemta/ Elechirq/
Auriy I/ =
® ry e lenys
. §fbbcrc//ﬁ'5 f}' gb

With

Mohammad Hussham Arshad, MD

Page 1



Code: A2B- Control & Coordination
Mohammad Hussham Arshad ,MD

HEUSER

ADVANCED LEVEL
BIOLOGY 9700
UNIT 15: Control &
Coordination

Learning Objectives:

e Gibberellins & stem elongation
e VVenus fly trap

Video Lecture 16 Slides
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Biology Department
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* /\/ervoqs Syskem
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Gibberellins and <lem e/ozg ation :

¥ Gibbervelline a7 known 1o induce slem

c/ongahbn by ;

I Cau.cfni cell division and e/onﬁaf/on

A which leads v an increace in The

‘femoo/a/ /en?fh ( /cny/h bjw tonsecutive

odes).A node is The area on The slem

oo (ol

@vhcre The bud is localed -
3+ GR works with auxins by ach'vaf/h7

e xpansins that loosen cell walls, thereby
a//e?my fhe elasticity o/' cell walls.
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* /\/ervoqs System

* Sketera| muscle shucture , Muscle
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Gibberellins and <lem e/ong ation
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I (el dpision
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p/an%s'
T Dioar F
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Gibberellins and <slem e/on%aﬁon.-

* Gibberelling  are known 1o induce slem

clongah'on by ;

G

et

I &m:m, cell division and e/onyaf/‘on

SN

which fleads To an increace in The

nlernoolal /en?fh (. /cnyr‘h bjw tonsecutive

nodes).A node is The area on The Slem

BE

where The bud is localed -
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I GA cwifches on Fhe Fransoripdn
Of genes imolred fn stem 8/74170,7

GR works with auxins by active f/'n7

xpansins that loosen cell walls, thereby
I/en'ny the elasticity of cell walls.

0 IR
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¢ When olwaff Iolam‘ vavieties are 0/'ven
active gibberellins 5 fhcy respond by
irominj falley . Jhis js lombabl y because

ﬂzﬁkv contain nactive ﬁrms of grbberelin.
duc fo the /mence of decessive olleles.
Vo4

e)-Dominant allele (Le) leads 1o proofue-
fon of acfive ?ibbmllim b y produc in7
- . .
n enzyme «fcqwrea[ for e Imodudmn
of actve ?ibbae/h'c acid (GA:1) .

5 GA also blocks the actions of cerham
inhibilors of slem 070w/h that may
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naturally be Ibre:enf within The /a/anf skem.

o]0l ~ ofc N lg

bud

node
infernode

kp%w

Dworf — Noamal
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0 : Describe he 10l of ﬁ/bbc vellins in
Slem e/ongaf/'onz
Ans - Gibberelling is o family o/ plant
X ﬁmwlh reoa/a/o-rx Which stimulale cell
c/onﬂa{/on and division, /heveby Increa -
sfng the inlexnodal /enﬂﬂv -he gene

<> thal deleimines /my/h of slem in plan
ha.s wo alleles:a dominant allele | Le) ¢
a secessive allele (le). Jhe dominant

allele codes for o. ]qmch'ona/ wpy of lhe

enzyme needed [s achivale inactive
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pibbt vellins- \Jhe 4ecessive allele codes

/or a yon- /unch'ona/ copy of Ihe same
engyme -lee/ﬁre fall planls are either

homojy‘qous dominant (Le LeJor helezo2ygqous

l(LC le)- ﬁWM/ ,D/anﬁ are homojaﬂous
necessive [ le le) and fherefore fail fo

O
oducc active g/bbnellms-

E
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¢ .-fx/:lain The conliol of ﬂ/’bbm//,-,2 synthesic

and outline how 3/bbcrellin stimulales
Cell elangaﬁon >

olol- - olo S e
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Venus ﬂy_ [ T0p

@D Venus fly lfblb IS o CaTmvorous /b/oml'-
@)Jt suwvives in waler /omea/ anaeyobic

& soil which s pooa in m'/fagen Hith
0

& ke

QO :
Jhc verus fly [rap fherefore obtains
exlfa nilrogen from digah'on of insecls:
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Shuclure:
O he leaves of the venus f/y [fap are

mod/ﬁ'cd To ﬁ‘tm 2 lobes that are affoched
af lhe hmgz 7’27/0)1

EDJ/)C cells wifhin the /nnye 47/0)1 are

crmcc/ as hmyc cells .

;;‘} Jhe [nner .smface o/' he lobes /s
@ﬂd in colour.

@) Zach lobe contains 3 mechano.eeccp/:;}s
(stiff sensory hair) which Transduce
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mechanical Stimuli info an eleclvical
Signa/-

©Ine peaiphery of The inner sunface
éﬁonl’ains nectar ?/ana/s which secrele

neclar -

O

\Wle enlire inner Jm’face Is 21ch n
Bdigestive ﬂ/“ nds which Ssecrele /)7oTcaJes
O}

lo d/gcsl‘ [he insect meal.
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@Jhe insecls are atfracted (5 Ihe Venus
Iy fap ove lo the /'a//l)u'/hy /éa]&re_c;
a) The 4ed colouy of The lobes

o¥) fhe scent
) nedar /07oducea/ by he neclavies

o
) /crr’»/meurc of The lobes

When The [rap is open The inner Sutface
of lhe lobes is convex and e ouler

.su'f/acc IS concove -
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(9 Vhe ends of Ihe lobes have shiff hairs
which sewve as prison bars when The

frap closes o form an ex/ewal slomach
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Digection of [he Insect Meaf
O Pexsislent stimulation of fhe Sensory

hairs cCauses (ot jons m/lux info e

cdls of dligestive g lands
Bf) The cells release proleases via exocylo-

& eys .
\ ®) Proleases break down proleine within

B e insecic b ﬁnm amino acidls .
@Jhcu amino acrds aze fa'n‘her

bvoken ?{awn lo selease ml'mgcn Atch
ons

mmerq? that are absorbed by The lobes.
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Hechapism. of /'rappmq
@ﬁcﬁcchon a/ o Sensory /'cm on The
»ece,oTor

inner surface of the lobe leads fo o
. foce of pen:
lmg Of (a’* ion channels iz e cells

t [he base of e hair .
>0 fnﬁy of @°* ons info Ihese cells

pcncmfec a seceplor polential -

@ # second stimulation of o Sensory
hair  within 35 seconds initioles an

aclion fofinh'al . Jhe achon pb/e'nh'a/
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Aapidly spreads Io The hinge cells in
[he hl'nge Aegion:

OXLL chanyc in elechrical Ibolinﬁ'al i
& : : :
a ¢ hmﬁc cells increases The concenlyotion
o

auxins -
ia Aunins bind 1o Ihe Aeceplors and
Bacfivale a hydrogen ion ATPase pump
which pumps hydmgen fons inlo The

cell wall.
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©Low pH within [he cell wall:

a) activales
W which break non-covolent

inlerachions blw cellulose microfibuils.

&
alhis chonges The elasticily of The celf

= wall-
i b) dissolves caleium pectale thereby
@c/casinﬁ calcium ions ino /n'nye cells .

@
}ncreaseo/ conc- of (@’ ions lowers The
walcy polential within The hl'n?c cefls

which enables waler [o fo//ow vioL 03mOsis.
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.7hc hinﬁe cells 1‘hc7cf07¢ expana’, fhe
ouler Ju7fuce of the lobe becomes convex

which covees The ‘/"ra/> o Shut close.

ool ~ o]\ g
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Control & Coordination

With

* Ncrvaus System

x Sketeral muscle shucture | muscle
conkaction and fedromuyscilar J’ancbz»y

*'L]Wt L¢YOG'LLC/I" ve Syrem, Menshua)

?/a’e v wn#aag}atfm /b°/zr

—7Q>orr/mafwrz n /Dhm‘x

/N

El!'l-ﬁ’

Chemal Elechdqf

Auxiy I/ £
- ns e vends
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(a) Thyrotoxic myopathy (TM) is a neuromuscular disorder caused by overproduction of the
thyroid hormone thyroxine. One of the main symptoms of TM is muscle fatique

Fig. 6.1 outlines the effects of overproduction of thyroxine on striated muscle

Increase in concentration of
thyroxine in the blood

increase in concentration of
cyclic AMP in muscle fibres

increase in release of Ca*'
in muscie fibres

increase in muscle
contractions

muscle fatigue

Fig. 6.1
The concentration of thyroxine in the blood usually fluctuates around a set point

Name the mechanism that keeps the concentration of thyroxine in the blood close to its
set point

A
1.1 - L
/1

- D . 4// o [ e
IRYqve. . [Eed ack. et
' /
P,

Name the part of the stnated muscie fibre that releases Ca**

S&@F/acmfc Aeficcum
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HEUSER

(i) Describe the role of Ca?*, troponin and tropomyosin in the contraction of striated muscle

® (2% brd A AOtrins

£ ANobonh mdlecttes oho

X _hoObamydsn. meves gl erpoes

* rmdosin bc‘m(??ga <ife. on e aahh

X myosin head  affachss 0 1he achn
7‘9/ Cvess. bridae

K head  bendt fzdz‘ﬂ/j Vo) ﬁu// (he
/2 ﬁ”/aW ¢ fowoards. e M-ne

(' power Spo

(iv) Cyclic AMP (CAMP) is also involved in the response of liver cells tﬁ|ll(jd@()!\

Descnbe the role of cAMP in the response of liver cells to glucagon

£ acks as a saore! messenger
¥ birts 10 and ackiakc /Jm‘cm Ehnases

(2]

(b) An increase in the concentration of thyroxine in the blood can lead to a condition called insulin
resistance (IR). IR decreases the sensitivity to insulin of target cells, such as muscle and liver

cells

Suggest how decreased sensitivity 10 insulin affects target cells

¥ Gecreased e OF (luse
X (feceeased ;76 e peSts
£ decreared i«;f(%ff:
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7 The Venus fly trap, Dionaea muscipula, Is a carnivorous plant, native to wetlands of the East Coast
of the USA. Mineral ions from decayed organisms are often washed away in these wetlands.

Fig. 7.1 shows a Venus fly trap leaf

Fig. 7.1

(a) Suggest why a Venus fly trap benefits from catching insects in these wetlands

£ (7‘1?7'65? he._Tnseck. Jo. Aeleage. coderd)] 2ns
) N whlch are ahsestbed by rhe bhes

/r Smaf’ the &1 < doraent i theee
- _wlnerty ons.

®\ (b) (I) The leaves of the Venus fly trap will close if stimulated by an insect

&
Z
&
O
<

State which part of the leaf detects the stimulus
Sercor|]. [alrs 0]

Explain how the pla 0es not waste energy by closing when it does not need to, such
as when a large drop of rain touches the receptor

e7ww 700 _Stmulat®ns wxibin. 25
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(c) Fig. 7.2 is a graph of an action potential in a human neurone

+40 4

+204+

0- 4
membrane

potential
/mV

B time/ms

stimulus
Fig. 7.2

Fig. 7.3 is a graph of an action potential in leaf celis of a Venus fly trap

membrane
potential A
/mV

time/ms

stimulus
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With reference to Fig. 7.2 and Fig. 7.3, describe how the action potential of the Venus fly trap
differs from that of a human.

Venus. £ faps
¥ Cryllery (/@ nlsanen
¥ Sheiter ddracen. 4) depdafarton
x Joraar..auraln. o /Qﬁmz?a/

&
O
¢

(3]

(d) Describe how the production of action potentials in the leaf cells of the Venus fly trap can
result in the leaves closing and trapping an insect

& oepdartatm of te. bhinge.adk.........
¥ Hweas. fhe /)/M(a?/écé auxih..cor..
> x wnth A vates 7he on T4y (KM
et

H" aw uzz{‘ .1 Wl ety
Cx/anscth... eONCh. [ocsen.. 7he
Q¥ Lok betoeen Ellulse mnd ot A
¥ [ozp alo.. O?MM 3
1 dcte. Janrella. enasls Ty
/fg/;%// hirge ek aand
. %_&QC{ Y follact yia psmosis—
X closlre e M/ﬁ B 776 7?
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(a)

rate ol
amylase
production
/arbitrary
units

HEUSER

Gibberellin is involved in the germination of bariey seeds

in an investigat aleurone lavers from barley seeds were extracted. One sample v
treated with gibberellin and the o f sample was given no g ellin treatment. The rate of
production of amylase enzyme by the aleurone layers v easured over 15 hou

The shown in F

) SO
{

without gibberelln

SRSEICE. (SEICXoRTE |

0 n
sure to gibberellin/
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Describe the results shown in Fig. 7.1
e

x—;mm%r arease i [fe (ak OF .
/éro, quchon. N fartey. fecks fed . oith GA
* Goaqud/. ri%e_tn fhe rafe OF.GA. freatd

Se/s.. .bew Q4.5
¥ Seep r2 Lo )2 ke ond

X QAasrant. oo B—15 A .
— Vake 15

xfor..Sampbe NOT freatied w27% SR 2 I Tl

m (b) Explain why the aleurone layers oofbaney seeds need to produce amylase during germination
r %Wk“‘ = aghaced 700, adoslerm

)

UG EX o058

4
oy
X amy (6l hyaplues Starch fts. malbe
O * e Is g:omfjazw %@g@
¢ e

t fuces. Lrves ﬁsd#p QU
)’PJ\P(?O’%” "‘)/éj s O S% (3@ 53)

(c) The height of some piants is partly controlied by their genes. Height in pea plants is affécted
by a gene with two alleles. The dominant allele results in the production of active gibberellin,

which stimulates stem elongation

(i) State the symbol lhl represents the dominant allele

(i) Expiain how this dominant allele results in the production of active gibberellin
¥ Qodkes V7 szeymca 2% -
o o
A-@Overls. .. hachve JGA.. 1o alire GA.
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(ili) Active gibberellin stimulates stem elongation by causing the breakdown of DELLA protein
repressors so that growth genes can be expressed

Suggest the effects of the expression of these growth genes

o s
L x.cdl elrgarerr and

* ol AR LNk feadds fb
A ereage 1) inkerom feogth
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(a) Fig 1.1 shows a cholinergic synapse

presynaptic knob

Fig. 1.1

Complete Table 1.1, using the letters A, B, C or D from Fig. 1.1, to show the location of
compounds and structures associated with a cholinergic synapse

You may use A, B, C and D once, more than once, or not at all

Table 1.1

compound or structure location

acetyicholine 0 UMC

voltage-gated channel /d_

receptor protein B

acetyicholinesterase c
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(b) Expiam what is meant by a voitage-gated channel
s g af? 2075
A’ NS.ahd éjﬁlﬁ aue. 10 W/ia
g, AV 7he . membvang

(2]

(c) Explain the role of acetylcholingsterase in a synapse

* bredts. Qban) ocetyl Ole 10 ok
@ ace /pﬁ
*.Ihe OJ?/ U Zd/ jees Pllye

(. L T
fyﬂq/mc mcmém :

(d) Outline the roles of synapses in the nervous system

/c’ajzm‘h
/D’d néng/m
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a

HEUSER

(a) Fig. 4.1 shows a transmission electron micrograph of a section through striated muscle

Fig. 4.1

Complete Tabie 4.1, using the letters A, B or C, to show the location of proteins associated
with striated muscle structure

You may use each letter once, more than once, or not at all

Table 4.1

protein location

myaosin and actin 6

actin alone

ATPase

ATP synthase /4

Page 1 5
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m (b) Explain the role of ATP in the contraction of striated muscle
<

HEUSER
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Gibberellin is a plant growth hormone that has a role in germination and in stem elongation

(a) Outline how gibberellinds mvolvec/ﬂ achvaygenesyrstem7ﬂgat7 /
/ / / ‘
cass . . /"‘/ vas . /"‘ // . // cee I'/ . / // .
/ / / / / / L.
/ | / / /
4 / / / / Forvroreriees

/
‘ of
£ F
:"' / //

/

x abshpHion of walkr. V) 170 ek
x. CAYykedors preduce GA . aWehddfause b the
atetirone.
x Swrtchec /on e boneithion afz%fccﬁfrr
¥.. e e )z?mo am/ase A0 N o
) m/gfg K10 Jexaytost
¥ NydoMses. Srarch = ma/fese | §iose
= .
e (luowe R wed. H7he o me{fju

@ (c) The length of stem in pea plants is controlled by a single gene. Pea plants can be either 4ll or
short

m (b) Outline the role played by gibberellin in the germination of wheat seeds
<

A study was carried out to investigate the effect of applying gibberellin to short pea plants
Two groups of short pea seedlings were used, group P and group Q

Group P consisted of 20 seedlings to which a paste containing gibberellin had been
applied two days after germination

Group Q consisted of 20 seedlings to which a paste without gibberellin had been
applied two days after germination

The length of stem of the pea plants was recorded at intervals over 20 days

The results are shown in Fig. 8.1
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Fig. 8.1

With reference to Fig. 8.1, describe the results of the investigation and compare the growth
rate of plants in group P and group Q

x-..lensth.of. 0 Shem. e sare fil] o

jfof haw a ﬁ/J / d’f’f/) :
. WE’J /%0»{/)’70( 4/ﬁ’€f %]j
* /77z‘tz{/mfs a.maan /ﬂy‘ﬁq 35em
o d

ma Q AZhes . 2 e /gg/ﬁ %/ﬁ‘m

[4]

Page 1 8



Code: A2B- Control & Coordination
Mohammad Hussham Arshad ,MD

HEUSER

f (d) Explain the role of the gene controlling stem length in pea plants
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