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What are the criteria that can be
used to distinguish Scientific claims
from pseudoscientific claims?

) Memory of water
QO Ancient astronauts built the
pyramids Life fiest  evolued in woter,  (Uter (1
a wolecvle and contains e\ements

OFlat earth theory
and conpomés nece ssory for life.

& 4 A&m-\oses Disoduonto qes

— o —

o Pcw‘.bes ]:""3"""‘5 L4 Hls\'l u'lsmiis canfm) *o air
The Q'u's'l‘ cells oris‘sm-l!& 0 walec. ® P,-w;;.s Precmal) ® Orsmiaims adapied Fheic
Al\ liv'ms orgonisms  including homans  need propecties for orgonisms. hahs shape 0 move easily.

water lo exist £og5mgs wA.Lbhgad

ovolecoles needs walter o werle.

~ Cohesion of water due 1o
hydrogen bonding~

~Adhesion~ Wotec con lorm hydrogen bend with

otrer woter molecules. Ceohesion water
molecules ted ‘o stick togetrer.

® Woler molecdes +end ‘o stice
onother suvbstonces. The water

oolecoles stick 4o Kgle.m walls.

O The wotec e e 591\ SQrowan oP b: +the
xslem vessels by Yre P\awi' ond +|wej corcied ‘o

P the leaves. \vs Cobesive
obr - ‘\ujé.ro‘:h}lic — Aissolve wotesr

Mon- Po[w‘— h\jéro')l'-ob.b. ~ ot Aissolue

wotec



Which are the factors to promote the retention of water in a liquid?
Sha\s 3rovi-l¢l-iom\ foll dve +o icrl-\'\‘s si%e .

hgosi-}s of suﬂ‘is"l'l' due to the distorce Ciom the son k-ccps
the Earth 100'C ond mostly above O°C.

Why is the water important for all living organisims?
wahc [£-9 vsed éorios all eetobelic ac.&:ui’cs .

Suitoble gone for o ‘iuins.




The Goldilocks zone is the range of distance from
a star where the r'\gh’r temperatures would exist
for \iquid water to exist on a p\ane’r

The relevant distances will depend on the size
and temperature of the star - the habitable zone
will be further away from hotter stars
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Origin of Cell

Conditions on early Earth: 4 Billion years ago Earth started developing atmosphere,
thick water vapour and other compounds released by volcanic eruptions.

> higher

COy_ /in ?a.&e
bfogen
solfide

Free oxygen is not presentllll If it was, it would form a layer of ozone and block the
ultraviolet light penetration and which prevents developing higher temperatures

Cells as the smallest units of self-sustaining life = unicellular / multicellular

-Metabolism: Living things minimizing essential chemical reactions
‘Reproduction: Producing babies either sexually or asexually
‘Sensitivity: Responding to internal/external stimuli

‘Homeostasis: Maintaining a stable body temperature.

‘Excretion: Removing of waste products

‘Nutrition: Exchanging materials and gases with the environment
‘Growth: Can move, change shape or size

Cell Theory. Exceptions:
“All living things are composed of cells. * Striated muscle fibres
*The cell is the smallest unit of life. *Aseptate fungal hyphae
‘Cells only arise from pre-existing cells. *Glant algea

All cells have three common features:
-A Stable membrane surrounding cell components
-Genetic material = Controls the function of the cell
-Metabolic processes — energy generation, growth, self-maintenance,
reproduction



Formation of cells from unalive materials
-Synthesis of simple organic molecules — amino acids, sugar etc.
‘Transformation of these molecules into polymers
.Development of self-replicating molecules:= fucleic acids
‘Keeping these molecules in‘membranous sacs so that an internal chemistry
deve\oPngdﬁ

THEORIES FOR THE ORIGIN OF LIFE

Protocell-first: A cell-like \iv‘mg (that had a basic metabolism but lacked a ﬂmy
deve\oPed genetic sys’rem) grew and divided into daugh’rers that resembled the
mother cell. These protocells produced until they create a genetic system.

Gene-first: A genetic molecule grew capab\e of rephca’ﬂon. The rephca’rors
created forming gene variants that could make membranes and start
metabolism.

Metabolism-first: A self-sustaining system capable of feeding grew; absorbed
on and in mineral surface. This chemical mixture evolved and becarme evolving
cells and genetic systems.

Many scientists favour the Metabolism-first theory because growth, replication
and division are the essential processes for protocells evolution and it all requires
energy.

I,

\Ooﬂ
s

%u%gj

EVIDANCE FOR THE ORIGIN OF CARBON COMPUNDS

Became. Formed a. Packed into
capac‘m’ry of



Miller-Urey Experiment

To recreate the postulated conditions of prebiotic Earth:

L\
‘Water was boiled to reflect the high temperature~ —
“The vapour wos mixed with gases (Ha, CH,a, NH3) creating a reduced atmosphere — no oxygen

» The mixture exposed to an electrical discharge (ie. light energy)

“The mixture was allowed to cool (for 1 week)
-Result: the mixture contained traces of simple orggg‘\lc molecules (amino acids)
UCe .

st &

Result: Simple organic molecules formed. o P

c/@o%

(> Q:to'v‘i\r ‘

—~ N\
Formation of Faﬁy acids into sPher'\cal b\\ayers
-Cxﬁ S i‘;f:
A membrane — essential to the origin of the first cells ol
e o

. prov'\des a bartrier
- maintenance of activities in ’rh_e cell

—h-.\\-\_//_.-—-,\_ — N~ —

—> o\
- compartmentalization (Organelles with different functions): Development of a
boundary around a vesicle Becormes evident in the outer boundary; allowing
specialization of functions in different regions inside the fatty acid bilayer.

Evolutions of cell membranes from primitive to modetrn

_e
/

Protocells formed. Condensation of.  Prosphorylation . simplest
from Faﬁy acids Faﬁy acids. phosPhohp'\d
(With glycerol to \
form ‘rﬁglyceﬁdes) 5 uﬁ ce
% ;a»ﬁj

S J’ ?%of



RNA as a presumed first genetic material

For the evolution of life, two special situations need to emerge:

— a self-replication system (- > ) . o F
Ne?
— an ability to catalyse chemical change et
>y b;\ro"?\ 67" o

Today, these situations are achieved by DNA ond éﬁzymes.
But neither of them have been used in any experiment that repeats Miller and
Ureys. — By-product of a genetic engineering experiment investigating the enzymes
needed to join short lengths of RNA.

RNA can be information molecules and may also function as enzymes.
e~
RUA+cara leQ @ctivitg = cibozye | Replicate m Catalytic
RNA

c LA (cibosemal RLA) i

Protein

Evidence for a last universal common ancestor:

» Universal genetic code carried by DNA and shared by all cells

» Over 300 genes of DNA common to all cells

- Same building blocks for both DNA and RNA in all cells

- Common molecular processes in all cells (DNA replication and protein production)
- Similar transport mechanisms for cellular materials in and out of cells



Evidance for the last universal common ancestor (LUCA)

Hydro’rherma\ Vents: A ’rheory suggests that the location for the origin of
life on Earth is around these vents. Where hot water emanates from
beneath the ocean floor.

Evidance for supporting the appearance of the LUCA at hydrothermal vents
» Worlds oldest fossilized fraces originated at these vents.
» Commonality of genetic sequences in the organisms near vents.
+ The mineral-rich enviroment with acidic and basic fluids.
+ The hydrogen and carbondioxide at these locations.

Okyanusun cok derinlerinde, deniz tabaninda catlaklar
var. Su bu catlaklardan yerin altina giriyor - magma
tarafindan cok Isiniyor - mineralleri cozuyor - sonra
tekrar denize sicak, mineral-rich su olarak c¢ikiyor.

iste suyun ciktigi bu baca/catlak sistemlerine

hydrothermal vents deniyor.
Senin notundaki:
"hot water emanates from beneath the ocean floor”

= “sicak su okyanus tabaninin altindan disari ¢ikar."

Peki LUCA'yla ne alakasi var?

Buradaki fikir su:

Hydrothermal vent - sicak su + mineraller + H; + CO,
+ chemical energy

Bunlar erken yasamin ihtiyag duyabilecegdi kimyasal
reaksiyonlarin gerceklesmesi igin uygun kosullar
saglayabilir.







1- Amoela an individwe | flam, anima |

a- EUs‘em boclenom

3- Pocameciom Do iwo dividuals ove denical in  all

4- le“. theic +taits.

S- Fvﬂgt More vaciantotion beiween two diffecent
6- Animal oraenisms.

184\'\ Ceh}urs Coul Lince ﬂaneé livifB 4‘\3!‘3‘ hie)

Topic Desceiption
MS Skeletal ad musculor Stuctuce in onimals;
Stroctuce foot, siem,  ond \eat Shapes in plants.
(- Ty .
"":?W* The celotive positions of orqons.
SS"""“B Whetrer ihe orgonism i Syvetc ical
Extecna!
appereance Featores ke color, shage ond side.




Deor \cevin Plecse Come Over Yor G;os Sex

To.xonon—ﬁ
HIERARCHY OF BIOLOGICAL CLASSIFICATION
‘ SPEGIES
‘ GENUS
FAMILY
ORDER
CLASS

O'Banims with 5hate3 chacocteristics
ore qouped by a secies of hiecacchical
onits calley Toxa.,

PHYLUM

KINGDOM
v IO (5 o korgo)

Ta.xooooB: The bLincowmial Sy Siem of all lwins Species
class:fied.

Tha Moce. il lor two orgonish.s ofe
the ~ore . daxonomic conks H‘\ej will - Shore.

Ca*‘s Taxonotw:s

Spec.'ues- Felis ‘catus

Genus-— Felis
Fmi‘s- Felidae

The bicomial syeieen of nomenclatoce Ptoviées
volue becauvse

ll- alows i)vl-‘lpm-tbﬁ ond CQMPPE&GO.

Oner- Cacnivora I+ allows ol orgonisms ‘o ke comed glokally.

l‘l' shows how c\oae(a zloted ocganisns  ane.

C ‘O-S& - “amma lia

\l- makes i+ easier to colect ord  Soct infocmation.

Phﬂ loen = Chocdaia

king&a«-.- Anicralia

Dmit\ - .Eu kar‘soi'ok

The fiat nome is the gerus  Name.

Ti'c Qqenvs Name is siueo on aﬂﬂl‘ CasSe Qlurl- |¢H¢t‘

EXOMPlBS op

Licomials : The second came is He species  Oome.
Aotmls-' Hano snpicns Tl‘! Speci@S nNome s 5““ o lowee case rlfﬂ le ter
Sr.roplwhﬁe \omdcover: \talics ore vsed when a  Licomial oppeors in @ prinied oc lyped

docoment.
Fonsi -Candida aouris

&c-\eria- Yecsinia Pes-lis
__./7/Omo ~5qlofe.-n§___



Which are they moe s‘m'-lar?

Cﬂiﬁ |0P)s
Felix domesticus
Ursvs americano

The mostly  vsed defini vion
of Species 0 Mo&rn Science was Piros rigea
a Felx leo

: i Morus i
Accoéms ro his P GE:

M/\N-V-\-/WV

Throush ma.-hﬂs mb,s

Th"ﬁ Cmepi' vses emlosia.d pnc-l-ors {o
In-le«'SPecig‘c hgbﬁé:.agx.'m is rare ond B‘F‘“’* 5?"'--55 Fuery species hos a specific
cole, niche in dreic esrvironvent.
the o“'sprioﬁ ksbe'-&s ore stecile (lusi)
non-liuirs - abiotic

T&a5$ qeretic dechniques cllows Scientists |iu:f.3: Miotic

{0 rﬂ“‘" Tmo species maj be Iiuig in the same
Spe=ies enviconrent, what defines them IS what
Concept A?Prmh o m‘\-\\o)obs:j ey B on.

‘B‘Obsml spcies | behovicvral information, emphosises refrobod-ive
mP+ isolation batwesn qreups.




SPeCO‘hO“ Stages of SPECIFICATION
A b fefuh-uoo Qivided by the focmation

*Porva.-tion a‘: cew gpecies
o a Civer

cesol+ of idividwals fren the

Seme oncestor becoming 0 Sepera ted s become tica ll

yeuca.u:’ d:fferem thor ihey con no+ &'-M'::: ) s::‘:wul con)?:;:‘s. 3

ref‘&oce From @och other.

(iv+ takes time) Repcoheuue lsolotion oecurs , different
qroups conret maie.

* EMP‘Q— KMew Species ?orms, fhese groups ore nNow
diflerent gpecies.
® Docwins fincres: These BA‘, which e ettt ) -
a e radiation in Galapagos rincnes
live n ihe golapagas 1slands, adopied +o prve radiation pages™ |
Wflerent corditions cresuliing with diferent ) g g (Camarhynhus paitacue)

I small tree finch

(Camarhynchus parvulus)
o Apple. Maguors: Dee 1o 2ifferent N
i HON B'«s "’\& c“¢$ b“@ﬁ"e (Cama\rr;wej?r?é??:?.;:alcs?msrris)
Ailferent species beilweer eadh otves.

* /LDTE : is Hhe
chonge in allele Pre:(umie.s withia
a Hub&ion due o purely Cordom
COUSeS .

mangrove finch
(Camarhynchus heliobates)

woodpecker finch
(Camarhynchus pallidus)

large cactus finch
(Geospiza conirostris) warbler finch

" (Certhidea olivacea)

Cocos Island finch

cactus finch (Pinaroloxias inornata)

(Geospiza scandens)

¥ small ground finch

sharp-beaked ground finch
(Geospiza fuliginosa)

(Geospiza difficilis)

Occors t‘esnr&\us
i+ is Am-iaseoos o dis aduorieqous

large ground finch medium ground finch
(Geospiza magnirostris) (Geospiza fortis)

N A\b\c vreqmb "‘OW mm“ on © Ehcyclopadia Britannica, Inc.
allele is v ¥re gene rool o & pope lation.
Con.sequences of genetic acifi:

® Geretic diversivy may decrecse.
. Some alleles way lost enticely
® The dicection & population mey change.



E-Xamib\es of gane+ic Qi+

1) Borlenece Effas: A \arqe portion of o populotion is lost Ave o tatvral
Aisosters. Smal svrviving greup derermines the gerekic takeup of later aerecations.

1) Founder Effec+: A groupP of iNwiduals separcies feom +he existing - group
to form a new  popolution.

*x /(.DT&VO ’Di%eﬂc«e berween Natural selection ond genetic  Acifs
Chonges in allele frequences due 1o rondom (chance) evens.
® Datveal  Selecrion: The spead of aduantageous genes, with indivduals leHe~ aéol.uc&
envicomanial conditions \\-.oins on increosed chonce ©oF Survival ond mpro)ocﬁon.
K Cheomosome  comber  3ifRerg among  Plant and.  animal Species .

& The noemer~ o chromosoves is a characierighc feniduce.  of members of a sfnr.ies.
|+ vories considerably .

N cheovmosome. 20 chremosomes
® bocleria o Plont
e arche bacieria e Ful\s‘.
® ommoeda ¢ Anival

® 303\ ena



.KNW: |+ describes ihe Aumber, shope ond struciuce of on

orsm‘um's entice set os ch oMo sonmes .

Houmon lkoryoige :  2a= 4o —» t;: :::

o Kar:’csrm\n‘- A Visuﬂ-l cePfe.senh-Hoﬂ of [+ karso-*spe..
e A kargasrm \S osek ‘o BM#EPS sp;ie,,s, sex onrd ony abnormalities
® li's ki of o chromosome mop [diagpom.

©P otegrophs of ihe chcomosomes are sorded based on treic Sikes, centtomere
location and Jbording  pattern (s o sealler)

* Some siains give chromosomes Qistinctive ban)acs patten

Telomeres
= M N € 71 VB | e o o e
< waom From a
0 1 2 3 4 5
' ® Huwons have &6 cheovosomes
B0 38 20 80 25 8¢ 6| | onemmn e L6 oo
6 7 8 9 10 11 12 gprillos ond mgsuhns) all have
- 4& cheomo .
38 B¢ 68 %8 3¢ 35 (. e
a 13 14 15 16 17 18 Evidorce - Comes from
) chromosome  tonding  paHerns.
3 88 s»e 6 B j )
Chromosome o 20 21 22 X Y " -

matches chimpanzee
(chromosome 12)

—

p arm of human
chromosome 2

@ (:f‘ CHIMPANZEE

Region contains
telomeric DNA

Banding matches
q arm of human
chromosome 2
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(Gecoms in a Species
Show oni'l's ord A'wef's‘l'hs

® Genome : Whole DUA Sequencing oc re total DUA amoont.
® (Genes: Small por of DULA which is coding  protein foe RUA.

Orsomsms in e Ssome species will share most of their geneme bu+ voriations
Such as will - give diversity.

A cronge in a Sinsl& nucleatide ia DMVA. (semcllest ond most comemon )
vosiation,
The homon gerome conkins o Glk-Sk SUPs. Bo+ these SMPs ore generally
hormless , however Some con cause diseoses or alfecr devy response.

® Genove. Sige Siversity

® Bace sequerce Aauers&S

Usiﬂs daiabases 4o compore  genome. Sike
® Gg\ome. Sixes vories .bos;'é [<Ya) ors:.n'.sms cwplexil-s.

a }'oploié cell such as o gomete.

ln prokoryotes’ they ore  given as the DUA concent of a iypical cell

I+ s 1Sen +af5;n3 all

the essential &ADU?-‘ e:equemes wi¥hio on organism. Genetic diseases omd hare ol
geces ore identified.

léezwi%;nj SUPs ina Persan's genome is the iectment of health peoblems.



Asexoal reproduction ond. hocigontal gene tronsfer
ég% the b'.o\os'ncal species

® (Lhat (s ihe b.oloslca\ Species ConceP’:? (BS Ecnst /ucujc-U

° PQPulaHons in which individvals of the Some species con male ond Pfoéune
onrst"fS ua}ﬂ" ﬂa'l‘uf‘ml COﬂa\"'iﬂﬂs-

A siegle individval poduces similar idividvel
withoo+ ghoring Qgenetic material with onother adivideal.

Mo va+ng
Reproductive  isolavion is not obseved becavse theoe's po ma’dns!
Geretric change iS mostly  limited.

l) Horiaontal Gene teansfer i The +ronsfer of gerexic material ocu+rside the Pou/\-t-chilés

ce |aHonsh'-Ps.
”OUh5 is Ot a.noma.lous?“
- Genes coN ceoss between different species.

Example-' In  bocterat genes coN  cross - species +hreu3h omJ‘,sﬁ.non p +consdouction
ond.  +consformation.

# Conclusion: Asexol reproducrion and  hori zontal gere transfer ore ot
fulls comfi-loble with the biologica!l species concep+ lbecavse they violate

reproéua-we iso lation ccies.



of cheomosome nomber for prcbucios

lmmpoctonce
fertile  offspring

I} 4o Orgoni sas with O fferert chrorosome numbers malted
ond P"oéuc.ec\ orfs?ring,{-\we_ oﬁfs‘)ring cer-bo'\n\s would have
Proble,ms [Va) Cdf(‘jiﬂs ou+r Meioss.

Some chiomosonmes would not+ dbe h:mo'osous o ony other chromosone
So Hwe_g wold 0ot be able paic Aurins Me,{»o.‘:hasel..

So ocpspl‘inss of porents with Aflerent cheomosoare cumbers ore
vsvally infertile.

~ Using ond constructing dichotomous keys ~

Isa, tool +that con e Osea {0 iév-l-i% orso-f\is«-s or
ob;-ec.{-s n +he natoral mr'éu, Soch as le-\-s, onimals oc rocks

Prouié»es c sle‘owise soiée towonrd. iéu--l-ifjifg each entity.

Dichotomous he:js ore useful for J:iolosicq\ classification os wel as
iém-l-ipicn-HOf\

The key consits of a series of avmbered sioges.

Each ‘_phse consite or a Pait‘ oF alierrative chocacieristics.
Some alternarives gsrale whidh aAusmlbered Skage of e kg ) go 4o oext.
Some aliematives State +he nome of +he species.

AUSTRALIAN MAMMALS ‘

Yes | No
| Does it lay eggs? l
Has a pouch?
No ‘ ‘ Yes
MONOTREMES
l MARSUPIALS PLACENTALS
Does it have l
webbed feet? Has a tail? Has wings?




\éen\»i%ing sPecies os‘ms boccodes
ond  envicomental DUA

DUA baorcodes ore short  gections of D/UA i‘rom ore se.ne, or a+

most several genes, +hat ore  Aistinctive  ercugh to  ideatify a species.
£0010¢oneh*n| .D/UA S  obtained -pmm SnMPles of obiotic enviconm—ents.

DA borcoding  allows sciertrists +o  identify +he orgonisms  that

ore inderocted ia Hhese envicoNnmendts.
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(e Sor imfion o agrar)

V_

OClasst-ﬁaa.&ion s feeded.  because:
® laformation s{-orase,: Millions of species hove Lbeen named, clossificotion

makes i+ easier +0 Slore infocmation.
& IAvnFim-&ion-‘ Thie makes i+ easier ‘o ibu\ﬁfj ngiCic, species.

° Preéid iv€ velue: Speies have +oits based on their group: The characieristics
con ke Ptdic.-lreb Feonn its groop.

o Qeseorch':tg evolotionary  origins : Species  shore iraits (irerefor geoops)
if  they evel forn o common ancesdor.

* Why ore liviag things classified

® |+ covers millions of |Mr|3 things  idwiduarlly.

® I+ provides convenient grouping.

® Classi{ying livieg +hings mates it eosier 1o shudy +hem.

® (4 allws for more dewiled informotion  about living  hicgs.

® |+ ceveals ihe crelotionship between living things.

OBelons;ns o a group allows vs 40 leacn obout other living things withio +hat groop.

' Sgsiem'l-ic nomenclature (J~a+in ﬁomes) USe. 0 chs&‘.‘ufg |iuifg l-h‘mss 5 used
wocBdwide . Th{g shave +this dara  with each othe~



Dim:icola&-ies classirgiﬂg ocgonisms  into the
< Teadivional hiecorchy of towa
e
T;;xa. ore S'WPS u.iek to classicj organisms. Taxonomic group is dg"m'

G%Sn'ms or-smisms ‘o +axonomic groupi--

s difficolt 4o wse droditional hecorcy of toxa beawuse '+ con be oncleos
how Popoli-l'ioﬂs should e Sroufeé

Aéuonhges ol classiFiadion coeces Pooﬁxfj {10
evolo+ionat3 re.la-tioﬂships

Two crideri con be vsed to judee whether a  classification

achieve  this { —<§ _<z
—<

S

E.vem_/) orson'aw trat  has evolved Frocn a common ancestor is included
i Hhe same ‘oxonomic sn;uP

In each 4axoromic group, all the species ore euolved from the same ancestor.

If these crilemia ore satistied all members of o {axoromic group
will shore +raits.

A method o-c chs&l%ins OroPNi S S n{o seoufs oF spm-.ies ca.llca
Members of o clade will howe common characteristics.

A Aiaﬂ'm 'H'ﬁ“’ ShOIuS f..h-h‘dﬂﬁ'ﬁ?i .‘:e-hpem SPQl‘-iQS.

sy

2, Temel farklar (tabloyla)

Ozellik Cladistics Taxon

Me tir bir kavram?  Yontem / yaklasim Siniflandirma birimi

Me yapar? Ganlilan simiflandirma Siniflandinlan grubun
geklini belirler kendisi

Evrimle iligkisi Dogrudan evrimsel Evrimsel olabilir veya
akrabalik almayabilir

Grne

k

"Kladlara ayirma" Tiir, cins, aile vb.



la @ Clodogrom !

The ‘miHcd oncestoc common 4o all orson'l&\ﬂs

.Uerszﬁo;h nocde shows a l'spo%\'ei-icul common ancestor that gives rise to two
Aaus\ﬂ@‘ foxar.

The most Adistontly celated.

A common oncestor ond all of it qrondchilds.

poy‘ _ Nuclear DNA Mitochondrial DNA
'ir M M i
N \1 4

L e L
1

l
l \
* / 1
|
' \
\ 1
' i
' 3\




Rabbit

Rat and mouse

Beaver
Squirrel

Guinea pig

Tree shrew

Lemurs

Tarsies

New world monkeys

— 0Old world monkeys

—  Gibbons

Orangutan

Gorilla

Human

Bonobo
. Common chimpanzee

Whatr ofimal is most closely celoted to a squin-e.l?

What onimals ore more closely felated 40 homans +than ol monkeys'd

TOJ‘Sie.f‘S sShare & CommOn ancestor with  which onim\?

Elephants sheews, elephonts, manctee ond dugon all shore @ common
Which onimal diverged Picgt?

ances to—



en col
benieyen

Toctles ~ Ooctall aia oma erken agrnlwi.'

j—.‘wa: ——"O""'Ok- ada oma (2 asrtlemg

To conclde:

® The cladoxyom is vsed when comporing clossificotions lecause it visvaliges
ewvolutionory celadionships with objective dado, allous us 1o test diffesant classificavion
methods, ond provides woce Scien-l-i-picall_cj accurate results osing DULA, RUA, proiein
Sequences oc mrfholosiml features.

onswers the quc_s-h‘w ”From which
Commonr oncestor Aid +hey aegMA?' I+ shows evolutionary celatioaships.

[\

® Classification: onswers Are question ~(uhich Species belonas the which Sroaf?
Moephological, physiological ond ommetic similaritgs also taker into occovet.



1)

The image shows a cladogram for several species of hamster.

acesto

x M&e_’wmon
\

\
\ Phodopus campbelli

\ oprvsS Specied

Phodopus sungorus

Phodopus roborovskil
E Mesocricetus auratus
Cricetus auratus
1. State what 1s represented by the letter XQ,

Node

2. Other than their positions on the cladogram, explain what information indicates that Phodopus

campbelli and Phodopus sungorus are closely related.

Genus ONEeS ore Some




What type of human cell does the following karyogram represent?

3 7 N 10 1 12
13 14 15 16 17 18

B

19 21 22 X Y
3) Why does chromosome number affect hybrid fertility? Yoy somy
Ddown ssn&‘oo—-e_
e
e A. Species with different chromosome numbers can always produce fertile accorb"°9§e’
offspring because meiosis is not affected by chromosome pairing. oroP™

« B. Hybrids with mismatched chromosome numbers have increased genetic
diversity, making them more fertile.

« C.Chromosome number only affects physical traits, not reproductive ability.

. Hybrids with different chromosome numbers cannot produce functional
gametes because homologous chromosomes fail to pair during meiosis.

4) Which of the following could be used to identify different species?

[. Dichotomous key &5

[I. Karyograms ‘f;._p-)
[1I. Binomial naming system X

« A.lll only
and IT only
« C.IandIIl only
« D.L IIandIll



5) Environmental DNA can be used to form which of the following?

& S0, topralcion (g\z;m cel

Sccet alool g o)

% PCP\IBO c:.ogz\\-lm

Barcodes
3. Karyotypes

C. Dichotomous keys
D. Binomial naming system



6) Which row in the table is correct for either the biological or morphological species

concept?
Concept Species Definition Prﬁ;)osed
A.| Biological A group of orgamsms‘that can .mterbreed to produce ' TR
fertile offspring
B.| Biological A group of organisms with shared traits Mayr
: A group of organisms that can interbreed to produce
C. [ Morphological fertile offspring Mayr
@ Morphological A group of organisms with shared traits Linnacus

7) This table shows the estimated number of genes in E. coli bacteria, fruit flies, mice,

humans, and rice. 4 Hes YOCO0
SQ,SIB‘
#¢ Yacomozom Species Estimated number of genes ?:B‘\ne
Souise gen Seys| E coli (bacteria species) 4,000 5290380¢
ile algili degiic. | Drosophila melanogaster (fruit fly)| 13,000
Canis lupis familiaris (dog) 20,000
Homo sapiens (humans) 30,000
Oryza sativa (rice) 40,000
What can you conclude from the above information? e

« A. Species in the same kingdom of life have a similar number of genes
éDiﬁbreut species have different numbers of genes

« C. More complex species have more genes

o D. The number of genes is not a characteristic of a species

8) Which of the following is the correct format for species names according to the binomial naming system?

e A.Genus + Species
e B. Genus + species
. G Genus + species
o D. Genus + Species



9) What is the best definition for a species?

e A. A group of individuals living in a defined area.

e B. A group of individuals of the same species living
and interacting with one another in a given area.

e C. A group of individuals living 1n a given area and
interacting within the environment.

10) What determines the overall size of a eukaryotic
genome?

e A. The number of genes
e B. The number of chromosomes
he amount of protein

Geoowe Sige






B'\oé'smsi\'s as the Uou-\e\'b of \ife
ond o\l its ?oxms, levels ond combinations
.B“OAEUQI‘S;hs: Uc:wie.\-:s of \ife
The ~oelser of dFlerent ec.osss'l'eﬁns.

Abo Adonce o?— sPe.c.ie.s .

L

CQMPN't'.oﬂS PEVrWRRAN CuCc@ANY auember of
Seecies on Eorth ond past levels of bicdiversity

C—ot‘r‘en'\-ls Species ir\\'\ab'd-lns the Forth ocre between 2-JO milliea.
)—e.uels L Pasi- éxive_rsi\-j con e e.SHmc-.-\-eB b3 ?oss‘-l e.uié@.nces.

T\'\ere osre 5 bis extiackions 1Ia \\is{-oms with  the moSt  cecent oo bems
G millioa Keors agqo.

The othe~ extioctioas were duve +o volconic ac.#iulhj ond Mo climate C'Mﬁes“

The extiockioa of  some masses con lesd 1o olher rew focms  oF Life.

Due Yo lese exticction )::eing 66 million ®es s ago, Pre biob»iwsit-:) ?eobaHs
s hig\nen Yron ewver

Caoses o$ m-\-\’\ro‘bogen?c SPecie.S exkticck ion

¢ Co.r-'s bl:eo.l\ uot\‘(. Seo\ - (Mwine /uaﬁnma\\
—= hoated Yoc iv's oil (RO yeoss oso)

@ Giof\&- UO&. - (A bicd who Conao+ glfp

- [
o hoated S:Oc- '\’c"s cmeot. OUQJ" \'\cwves 0

o SilPhioM - (Plont)

—5 horvested focr bicxYh contro).



~Common cavses of extinction other Yhon over-— horues+i03~

Motocel haloat loe_incb Aas{-ro&-)e.ék
bs OS(“‘(CU\*‘UM\ ceasSons.

Whren alien speci€s ore niro BUCQB*/ Notwwe
gPe_r.ies Con e in Aon%er Auve ‘o Q@Q¥?¢ﬂ and- \W\aeesses.
-\-heb con exxinet P narive species hubcridixe wivh alien species.

Chermical ladostcies celease chemical sokstonces
o Yhe oaature. &)cc\lns fossi ?Ue-\'b, M?ntt\s etc. (aschu\Wﬂa,\\

Homon occtivities ore cucre.ni-\:j
Causins uemj ro?'-é. c\'\mses (Vs +eh‘>wmce, ro.in?nl\s o.nb other
climatic  voansiakles.

~CavseS of f:cos%si'eﬂ\ loss ~

I§ envicomertal comditiocns dronae , +the ceplacement of one
MS&-‘»@H s Natrucal.

T\;;s \\OPPehs e tuseen S\QC.}QL\ C wormer) and 'mn+er3laciq\ Ccalder)
‘)er\ S .

Mixed DiP\-eN:co.h\o focest ol Soctheast Asia

Fo.lvn\t-5 o$ about FOO sPecies o? ’rroPEc'o.l
hordwosd tree.

Mixed> bi.?’:erocar\c Cocests
have an e xtremely h'ng\f\
&mersi’rb ot é.}?\-erocmr‘b ond

other s?ecies )

The highest divers: by of
‘cee opecies Leads Lo
occwC OO aoubreat- Peaf
GMAS soi\s.

® %-l-CeQSEot eNv i conments
educes Aominonce



}oss of the Acol Seo - Ecologicol Disaster

e The Aco\ Sea: Was e 4. lo-rscsi- o the woclh.
( azolhstan - Oaek iston)

°lt had higher salicity levels

* Alier 130s 3ve o o foldd woter monagemeny it is cow
a desert.

e 2¢ qaecies extinct beccuse of ihis.
Diect oc Ondicect Cavses of Ecosustem )oss

o Agt'tC-u“-Uf‘e. : Cleo.p% aq PQ&&"'& and sﬂ.:.s.s |cm3s s hou—ons.
* Oeboni garion: Bc‘tl&.c\c&s . cacht"@&, srouabworks (roods etc))
® M:n‘ms o& ‘bme\-lr‘ms: /‘(ioe.s on& rreic )\sPesal waste bonnse

atuc® -

°* Waiter Monogene»*-' Reservoics created bn_-s bu“lbmes doms con
floed nolural ecosysters. Extcoction of warer Sor edusirial

USe con C(Cduce Civers.

*Overesploitation ol ocotural cescorces: Gothering wood
hoating onicals  ond Fishing.

.D"S"“S of weNonds: Werlonds ore dcoined Yor conversion
4o asclcou"-"'en

® Jeachiogy: Aﬂ%reposchic. climare cronge (Uost comemon)



f.uibence gor (o & B'\obwers-‘\hj Ceisis

The unf;rec.eéenhek losses of ecosusiems
ond.  species.

Umb(rs e POfu\o»-\»'sons ot- +he .s':ec.ies
Genetic Diversivy
Ro.nse of e species

Sfm-.ics drversity
R’-c\‘mess ond evenness oc bio)iucrs'sla

A(ta cccufie&
Extert of €cosus tems beseu&u.ﬁon.

ower of theeatened Species within  the group.

* Citizen Science: Opportunities foc all ctiaens to coatciboute.



Couses of +he coccent biediversity crisis
® Over -hoanting
® Ocboniaotion
¢ Asrico“-uc"e
* Pollvtion

* Alien laves:ive Species.

Uee)s :'O‘l‘ %euero-.\ aP?cooc\\es {o coacserva+tion

of biocdiversity

"'\uwof\ }:%C'ous ‘o 'tMPcove , Mw03103 e toca\ oreoesS ¢

-2 PDatricra\ Porles

—> Rew: \Biog

-2 PDatuce ceserves

—> Reclam~atioa (e\r-o\os.‘\:. ¢ €510 caSuon)

'HOMM .E?rad-s to ]MP(QVQ, ona.ncng'mg spec}es ou‘i-Q';ée
trelec  hebitat

> Seed. Ronlcs

“ Bfeeé.‘ms progCorm s
* Botonicol gordens
® Ani~o\ +issce anks

Selection OF e,volu-&‘uonw'o\s distiac* 1a XDGE
exe s-\-‘ms ‘:tosemme

®* IDGE ouses twe. ccitecien to \dentify species ithat  ore
most ceedicg o cons@rvation.

g £uo lo+iccort ls D is+ct

* G lobally enéorseae&
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Ca‘\'esof‘ 4 Sobca-\-e% E )(O.MP le molecoles

Corbohydcates Moco socchacides Glucose, ap lactose 1 Fevetose , Cibose

@ Disoo;‘nariées /Ualhose, )-ac.bse., Socmse

e Po\?)s:cc\na»ibes s-k.\rch‘ 3‘5!:0320, cellu\ose , chi¥in

Pro+eins Eﬂﬁﬂml antibodies , peptide hocmones

DA, RUA, ATP 348 g

Triglyceride Phospholipid Steroid

Loceic Ac.'n&s Uodeo-hées

condenga +ion

/(/(onosﬂcc.ho.riée. + Monosacchoride > disaccroride 4 HQ.OH

bghblaﬁg.
dlucose + glwcose —> Ualrese + Hg_OH

galqdou I Slucose — lac.-lol-e. + H,‘OH

{ cocrose + alucose —> Syclrose + Hye OH




Herose
H ,C——O, OH 7 ““‘/L/W
|/} \| 6 Corvon Gor
¢ s |
| OH H/ |J_ ‘J::ak X “Le
Cands

I ~Srcucturce o' gk‘-’wc"eh

Animal

qlucose corriad in

b\on;, vsed Qor‘

4 con Sfor‘-\-iﬁs cwsb .

\actose is mille
Sosu.l" [T Pmuiaes

hbi's MS
s\sgo?h is uvsed
as a shoct -4erm
oregy,




Pols soccharides of s\oc.ose

g
Celvlose Store G lsc.ogeﬂ

Amslobe Amslopeo\-in
P lont P lan+ Aaimal

& - Qlucose o glucose a.- glucose

L-¢ 1-6 1-6

Yes Yes
U o (Pe* 20 SQbun?«l'S) ( per JO subonits)

CELLULOSE RMYLOSE

®* Sieroids ore mostly ksbmrbohtc. This allows +them +o poss
-Huuosh fbupbel-‘f«'& bi'ascrs ond enter oc- leove cells.

Steroid Hormones

OH
Oestradiol Testosterone



CorbOhs&fQ"re | J‘—iPié‘
C%\cjcogeﬁ) (Trislﬂce.r .ée)

Shoct -tece  eneryg )—003* term  enerqgy

fMoce eflfected o0 . Jecs effectied on

OSmotic Pre.s.sure_ osmotic Pre.SSur'e.

r‘eoc35 to éises-l-’ wsed. Foc l-es.s 60-53 4o Bise.e;-l', osed Pocr

Yoic. —onecokic resPi(‘a-l-ioh Dp‘}‘m aecobic rzspim{-icn

Stoces half og moch ATP Syores  twice as moch ATP

Water ssluble . MNot warer solble

3:ifficolt 4o Aconsport

‘K P~°'e oQ 3‘5:0 fml-eins 0 Ce—l\ - ce.l\ recosn‘c +ion Vo’
Corbon Compo cents TSPe of conyugaied molecule
+ Peotein Pr°+e N

Cosbohydcate + Glyeo

Coohgdeate + Peotein G lycoproteio

47 G\soo?rolre'ms ond ABO Llecd rypes

G'ﬂsca Pm-&e‘m -pou ~d

Bl ﬁ TSF on ced blocd cell Con ceceive

B R R -0 B_AMA8

O MNeither A-B O




condensation

— Lipid + 3H,0H

hn:’&ro 135 iS

® Satvrated  Fatrty . Acids . (Botten)
Mo doble bond . berween Corloon. loms.

O
o 1YY RN N _/\/\/\/\/\/¢
-
oC TS EErrrE e
HHHHHHHHHHHHHHH
® Oneaturoted .-qu&-ks. acids (clive oil , avocades, almomds)
Hos dovble lond betrween Cocon . atoms.
W e
W #
wh ks dd oy /O
W v ,§ o4 M p /
WG L ALl _ANAAAAAS
0mg L WH " Dowle T4 7 AL P z
w0 W o R
Fats Oils
Sources > Animals > Plants H H o
(endotherms) l /
Fatty Acids > Saturated > Unsaturated (cis) H - C C C\\
Shape o Straight chains > Kinked chains I.Il " OH
State > Solid at room o Liquid at room N
temperature temperature
Melting point |~ © Comparatively high o Comparatively low Sk‘x'*ure °p <




Cis and Trans Isomers of Unsaturated Fatty Acids

H oo Hre Sa~e W ea f\ne @PPcsi ‘e
Feature Cis-Isomer & < Trans-lsomer _ . >o

Hydrogen atom position H atoms on the same H atoms on opposite
side of the double bond sides of the double

bond
Molecular shape Double bond causes a Double bond does not
bend |- cause abend ~o Lend
Physical state Usually liquid at room Usually solid at room
temperature temperature
Occurrence Found commonly in Found in processed
nature (e g., nuts, fish, food
com)
Health effects Considered healthy Considered unhealthy
H H
Structure example ojc-é- E-E-E-E-é-f P °\C_E_3_3_3_3_E_C_E_E_H
cl)ll'll!lllllhrll.\,xf of L o1 o
H s & L. i H H H H H H H H
4 H H trans

Degree of Saturation

* No double bonds — Saturated fatty acid
* 1 double bond —+ Monounsaturated fatty acid
* 2 or more double bonds — Polyunsaturated fatty acid
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Membranes and Membrane Transport
- Lipid Bilayers: Membranes are an essential component of cells.

+ Fluid-Mosaic Model of Plasma Membrane: A model by SJ. Singer and G. Nicolson in
1972 to describe the structural feature of biological membranes.

@

...... 9000

*Tail
*Non-polar
*Hydrocarbon
(fatty acid)
Hydrophobic
(Repel water)

What's the function of Plasma Membrane?

- To control the en’rry and exit of substances.

- Large molecules and hydrophilic particles — low permeability due to hydrocarbon
chains.

+ Low membrane permeability makes it possible fo maintain differences across a
membrane.

- The plasma membrane holds useful substances inside the cell and prevents
harmful substances from entering,



Plasma Membrane is Se\ed\vely Semi-Permeable
Examples of Low-Permeability:

+ Large proteins: starch, glycogen, cellulose
- Polar: glucose, amino acids
- lons: chloride, sodium, potassium, phosphate

Function of Membrane Protein

. Hormone Binding Site:
Outside of the membrane — allows one specific hormone to bind

N Enzyme Action:
Enzyme located in the membrane (Whether the active site is in or out on the
surface), ca‘ralyzes reactions inside or outside the cell.

. Hectron Cartier:
In membranes, electrons pass through a chain so that electrons can move from
one carrier to another.

. Channel for Passive Transport:
Molecules pass through the center of the protein.
Each channel allows one specific molecule to pass.

. Pumps for Active Transport:
Purmps release energy and use it to move a specific molecule

- Cell-to-Cell Communication:
Contains and attaches carboh\/dm‘re molecules. Provides identification.

7. Cell Adhesion:
When proteins hook together in various ways to provide permanent adhesion.



Passive Transport:

‘Do not require energy
-To the h\gh concentration -—> low concentration

- There are 3 Types of passive transport

-Simple Diffusion:
» Direct movement between the head H'.GH ® : o @

and the tail m m
+ Gas and oil soluble (non-polar)

+ Passive ¢unkl natural consequence of M %
particle movements. ° ow
+ Hydrophilic ve large molecules cannot pass

+ Faciliated Diffusion
+ Use channel protein
»(Larger molecules) Monomers and ions

can pass
» Uses channel proteins (Cells can select entering

particles by controlling the type of the protein) © 0 Low

» Osmosis

+ Uses aquaporin

- Water can pass (polar can pass) Low solute levels | High solute levels

- lower concentration —> higher concentration | g s ® o ® > 3 *

+ Hypotonic: The solution is a lower solute o .% 3% #

concentration then the cell. (bursting) o @8, Vs ¢ W e

+ Hypertonic: Higher solute concentration then | ¢ o o 4 ® - %

the cell (shriniQ S g & ® | » ﬁ
Net Water Movement \\




Integral and Peripheral Proteins in Membranes

1- Integral Protein: Transporting occur passive and active
2- Peripheral Protein: Protein do not extend (Hormone binding site, enzyme)

- Some proteins have carbohydrates “glycoprotein’

- Plasma membrane containcholestrol. It's between the hydrocarbon tails.
-Membrane of the mitochondria have less cholestrol —> more fluid and permable
to produce energy.

Pump Proteins And Active Transport

- Active transport is the moverment of substances across membrane using energy.
- Lower —> higher concentration

- Work in a specific direction.

- Can generate concentration gradient (not equal

+ Selectively permable

Process:
» Pump close
» Substance enter the pump | | 2
0 Q Q l Q
« ATP binds to pump the change Q 0
pUtnp g e o o ° © %0 ©

Its shape
» Substance enter cell

+ ATP leaves the pump and tums
it into its or\g\na\ shape



Structure and Function of Glycoproteins and Glycolipids

Polypeptides + Carbohydrates — Glycoproteins
1Pep ! 1P both component of

Polypeptides + Lipids — Glycolipids PSP

Two Main Roles:
- Cell Adhesion: Both glycoproteins and glycolipids form a carbohydrate-rich layer on
the outer part of the animal cell membrane. This is called the glycocalyx. Prevents
tissues from falling apart.
- Cell Recognition: Differences in glycoproteins and glycolipids in plasma membranes

allow cells o recognize other cells. Allows the immune system to distinguish
between self and non-self cells.

Ve

B2 AR




Relationship Between Fatty Acid Composition of Lipid Bilayers and Their Fluidity
Cold Termperatures — More unsaturated fatty acids in cell membranes

Hot Temperatures — Less unsaturated Fa’rry acids

- Saturated Fatty Acids: Have straight chains, Allow phospholipids o pack tightly, This
reduces membrane fluidity, flexibility. and permeability o sirmple diffusion

- Unsaturated Fatty Acids: Have more kinks, Phospholipids pack loosely, Membrane
becomes more fluid, flexible, and permeable

Cholesterol and membrane ﬂu\d\’ry in animal cells
Q Cholesterol = %20 and %60 of the lipids
- The ﬂu'\d'n‘y of membranes needs to be controlled

- Cold Temperature — Cholesterol makes sure that saturated fatty acid tails do not
solidify — Prevents the cell from burst

+ Hot Temperature — Cholesterol maintains the order of phosPho\'\p'\ds — Prevents
membrane from becoming fluid and remain impermeable



Membrane ﬂu'\d'\fy and the fusion and formation of vesicles

w Vesicles move materials around, inside the cell

w Exocy'rosis:

Vesicles fuse with the

© Endocytosis (Organisms absorb large food plasma membrane

particles)

Substance expelled
Sustance pulled inward

Plasma membrane

Substance pinched off with flattens out

plasma membrane

/ . Nucleus
.\

PANE®
ZZAN O\

Substance enter the cell

+ Solid substance --> Phagocytosis
. Liqp‘nd susbstance --> P‘mocy‘rosis

w\esicle Transport in the Cytoplasm:

Rough ER produce protein and ‘budding

Protein‘fuses with to the Golg

Golgi modifles and packages and budding



Passive Transport Active Transport

Simple Diffusion Faciliated Difussion Uses pump proteins

-Direct moverment - Uses channel protein = | -Require energy

~Substances: Ol soluble  |.Sypstances: Monomer | -Against the
and.gas and ions concentration gradient

(low to high
- Do not require energy

- Down fo concentration gradient (high.to low)

-Substances: monomer and ions
‘Membrane proteins-are specific

Gated ion channels in neurons

+ Gated lon channels open for a short time, allowing a pulse of ions to diffuse
through, then close again — they're used in nerve impulses

- Voltage-gated sodium and potassium channels:

— They're membrane proteins that can change shape

- Nicotinic acetylcholine receptors:
— Used at synapses where aceiylchol\ne is the neurotransmitter



Sodium-potassium pumps as an example of exchange transporters

‘Multi-taskers — They transport different substances in opposite directions across
membrane

Example: Sodium-potassium pumps generate a concentration gradient

Sodium-dependent glucose cotransporter as an example of
indirect active transport

» Sodium-glucose cotransporters are membrane proteins that move Na* and glucose
together into a cell and Releases energy

Inside Cell Outside Cell
h Qlucose
Low Na* conc. High Na* conc.

Adhesion of cells to form tissues

-+ Cell-cell adhesion molecules link adjacent cells in animals (CAMS)

» CAM: Infegral membrane proteins

— Link same type of cells in a tissue

— Different cell types have different CAMs
— to form organs
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Production of unspecialized cells following fertilization and their
development into specialized cells by differentiation

- Fertilisation: Fusion of a male gamete and female gamete to produce a zygote (single celD.
» Morphogens: Signal molecules that control cell differentiation.
+ Sperm 7. ginde rahme duger — hicre farklilagmasi baglar ve degisik organlar oluguy. 48
hour sonra human embryo olusur.
Properties of Stem Cells

- Self-replicating: can divide endlessly
- Undifferentiated: it retains the capacity to differentiate along different pathways

Location and function of stem cell niches in adult humans
- All cells in an embryo are stem cells. But only a small part of cells in an adult's body are
stem cells. However they are present in many human tissues for power of regeneration and
repair.

- Bone marrow: in femur, pelvis etc.
—> Contains haematopoietic stem cells — can develop into both blood cells

+ Hair follicles: pores in the skin that hold hair
— Divide repeatedly (hair growth) — They're multipotent



Stem: Cell Characteristics

Totipotent

- Arise from fotipotents (early embryo stages)

Pluﬂpo’ren’r » Differentiate all cell Types I?Ia_?tqust
. Can not completely form organism /

Oocyte
—
+-Forms limited types of cells O\,_‘
_ Sperm
' Bone marrow, later embryohc stages
MU\JY\POTLG’-'\’“L - Present during the organismi's life Pluripotent < Celis pee)

- Cogalabilir, ama sadece kendisine doniigur. WGl sy \
¢ @ A
Cardiac Nervous Respiratory
Tissue Tissue Tissue

Multipotent

Cell sizes as an aspect of specialisation
+ Male gametes: 3 vm — easier for a sperm to swim
+ Red blood cells: 7 wm — large surface area — exit of oxygen's rapid
White blood cells: 10-12 wm — can grow when active, produce antibodies in bulk
- Female gametes: 1HO wm — contains enough food o sustain the embryo
» Neurons: 20 wm — allows signals to carried far

» Striated muscle cells: 20-100 vm — large and powerful muscle contractions



Surface area-to-volume ratios and constraints on cell size

- The rate of metabolism of a cell = it's mass/volume
— (larger cells need more energy)

- The rate of material exchange = it's surface area
— (\arge surface allows more movement)

7 The surface area-to-volume ratio of cells decreases as the cell grows

Surface area increases
Volume stays constant

5 Dimensions (width) 5x1

Total surface area

150 (height x width x sides 750
x number of boxes)

Total volume
125 (height x width x length 125
x number of boxes)

SA:Vol ratio
1.2 6
(surface area + volume)

Adaptations to increase surface area-to-volume ratios of cells

. Sphere (kareseD: smallest surface area-to-volume ratio.
Any change in the sPhere increases the ratio.

- Flattening: Wide and thin. Reduces diffusion distance

(Red blood cells, Type | pneumocytes) Pneumocytes: Cells that form the
' ! walls of the alveoli.
L — Type I: Thin cells for gas exchange.
————_~ Type II: Produce surfactant to
. M-\C\"OV-\H-l (ﬂnger_hke) prevent alveolar collapse.

— (eg. Kidney nephrons: reabsorb glucose/substances)

- Invagination (in—Fo\d'\ngs of p\asma membrane) — forms tubules or sacs
(Proximal convoluted tubules, basal channels — generate Na* concentration grad'\en’r)



Adaptations of Type | and Type Il pneumocytes in alveoli

- The alveoli: Gas exchange OCCurs

Type | preumocytes: 95% of the alveolus wall. Adapted to carry out gas exchange.
(Very thin and permeable) (reduces diffusion distance)
~ Igindeki hava kana geger, kanda: CO, alveole geget.

- Type Il pneumocytes: 5% of the alveolus wall, more numerous. Cytoplasm
contains a fluid that is produced then secreted by exocytosis. Fluid keeps the
alveolus moist and allows gases to dissolve (surfactant) (reduces surface
tension)

Identical stem cells

=

}

Gene A Gene B
expressed expressed

} |




Adaptations of Cardiac Muscle Cells and Striated Muscle Fibres

Striated Muscle Fibres
Branching Unbranched
Junctions No intercalated discs or sPec'\al
connections

Length 30,000 pm
Number of

. Many per fibre
nuclei

(Kalbin.atmasi i¢in discs lazim) . (striated muscle kalbi ¢caligtiramaz

Adaptations of Sperm and Egg Cell

- Male Gametes: Produced more than female 1o increase the chance of one of them
getting fertilised.

- Tail: Allows movement and swimming,
+ Midpiece of mitochondria: Provides ATP for swimming,
- Head: Resistance to movement is minimised.

Female Gametes: Larger, cymplasm contains nutrition for the embr\/o.

+ Zona pellucida: Layer of glycoproteins — spertm binds.

- Binding proteins: Allow sperm nucleus to enter the eqg

- Cortical granules: Makes it impenetrable.

. Yolk: Stores “P-\ds and food. IKISINDE DE mitochondria var, kafa karigtiran yer bu @
- Mitochondria

Ama gorevleri baglama gore farkl dusun:

- Centrioles e Sperm: Mitochondria midpiece’te yogunlasir > ATP

uretir - flagellum/tail hareket eder, sperm yuzebilir.

® Egg cell: Mitochondria cytoplasm iginde bulunur -

hucrenin metabolizmasi ve dollenmeden sonraki
erken gelisim icin ATP saglar.
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arter: Capillaries:

Turnica Media: Contains smooth muscle and
elastic fibres. It helps to pump blood by
transmitting the pulse.

Tunica Media: Smooth
muscle and elastic fibres.
Blood pressure is low. no
pulse

Turnica Intima: Single layer of
endothothelim to reduce resistance to

slow
Tunica Externa: The blood
Trunica Externa Thich enough to vessel walls are thin.
withstand the high blood pressure. Caused therefore their ability to
by contraction of the heart ventricles. It contract and relax is limited.

contains connective tissues. collagen and
elastic fibres.

. Blood pressure is low. It
ontains connective tissues

\
nd elastic fibres. It prevents

aks.

TUNICA ADWVENTITIA
(ALSO KNOWN AS
TUNICA EXTERNA)

THICK TUNICA
MEDIA

Diameter: Vein » Arter »Capillaries

Blood Pressure: Artery Capillaries) Vein



Capillaries are very small blood vessels. They are used to exchange materials between
the blood and body cells or the outside environment (like lungs and intestine).

Blood comes — gives oxygen and nutrients — takes waste — leaves.

Where are capillaries?: They are in almost all tissues in the body and active cells are
always close to a capillary

Some places have more capillaries (dense networks):
Lungs (exchange with air)
Small intestine (absorb nutrients)

3 main adaptations of capillaries

1. Large surface area: Capillaries are very narrow (about 10 pm). Blood cells move in
single file
They branch and join many times — form a capillary network

This creates a large surface area — more exchange happens

2. Thin walls with pores
Wall - one layer of endothelial cells. This layer is very thin and permeable and
Supported by extracellular fibrous proteins

Has a basement membrane: Works like a filterand Lets small/medium particles pass
Blocks macromolecules (like proteins)

What happens: Blood pressure > tissue pressure
Fluid leaves capillaries — called tissue fluid
Tissue fluid contains: oxygen and glucose and other small substances

There's no plasma proteins: Tissue fluid moves between cells: Cells take useful
substances and then release waste Then fluid goes back into capillaries:
(Happens where pressure is lower) and Near veins (blood leaving tissue)

3. Fenestrations (large pores): Some capillaries have very large pores - fenestrations
These allow more fluid to pass quickly So exchange is faster

Example: Kidney capillaries. Make large amounts of filtrate it's First step of urine

production
blood red blood

plasma cell

4 'ch_ rafff«{.l 4

basement

membrane |
endothelium
(asingle
layer of cells)
" pore between
% endothelium nucleus of
cells endothelium

| |
| ] cell

Real image of an artery, vein and ogpillary funder the miorosogpe)




Arteries and veins are blood vessels. They move blood in the body. but they have
different structure and function

Heart — arteries (away. high pressure) — capillaries — veins (back. low pressure) —
heart

Arteries ‘
( ler @S
Function: Carry blood away from the heart
| | | W O
- Blood is under high pressure: Blood moves in pulses

- Structure (adaptations):

- Thick wall —> Strong to handle high pressure.

- Muscle layer (smooth muscle) ——= Can contract or relax to control blood flow.
- Elastic fibers —> Stretch when blood is pumped

- Return to normal —— helps keep pressure

- Small lumen (narrow inside) ——— Keeps pressure high

- No valves (not needed because pressure is high)

Veins
Function: Carry blood back to the heart
- Blood is under low pressure: No pulse

Structure (adaptations)

- Thin wall — Pressure is low. no need for thick walls

- Less muscle and elastic tissue
- Large lumen (wide inside) ——= Makes it easier for blood to flow

- Valves —> Stop blood from flowing backwards



e 4

Feature | Arteries Veins

. Carry blood away | Carry blood towards | Connect arteries to
Function

Capillaries

from the heart the heart e veins
Usually carry ‘ Usually carry
Type of | oxygenated blood deoxygenated blood | Exchange of gases,
Blood (except (except pulmonary | nutrients, and wastes
pulmonary artery) vein)
.Wall Thick and elastic | Thin and less elastic yery thlr] \ane cen
Thickness thick)
o High pressure | Very Low pressure low pressure
Pressure ghp % P P
No valves (except Have valves to
Valves No valves
near the heart) | prevent backflow
Lumen
(inner Narrow lumen Wide lumen Extremely narrow
diameter) |
. Usually deep Closer to the skin | Present in almost all
Location , .
‘ under the skin surface tissues
Pulse Pulse felt No pulse No pulse




Arteries are built to carry high-pressure blood away from the heart safely and
smoothly. Think of arteries as strong flexible tubes that must handle very high
pressure every time the heart pumps.

If they are not strong enough. they can bulge (aneurysm) or even burst.
If they are not flexible blood flow becomes uneven.

What happens during pumping:

When the heart contracts (systole). it pushes a burst of blood into the arteries at
high pressure. This force makes the artery wall expand.

Inside the wall elastic fibres stretch. and while stretching they store potential
energy.

Then the heart relaxes (diastole). and the pressure inside the arteries drops. At
this moment. the elastic fibres recoil (go back to their original shape). This recail
pushes on the lumen (the inside space of the artery). so blood keeps moving forward
even when the heart is not actively pumping

Because of this. blood flow becomes more continuous and even not just stop-start
pulses.

Blood vessels

Blood flow Blood flow T
from heart to heart

Tocells From cells

Oxygen Wosle
Nutrionts Carbon dioxide

Thick ouler layer
of collagen fibres

Thick inner layer of
muscle and elastin

Artery Voin

Endothelium

Narrow central lumen

Collagen fibres are hard rope-like proteins with high tensile strength. They make arteries strong
enough to resist high and variable blood pressures without bulging outwards (aneurysm) or
bursting.



Structure of artery wall (key parts)

1. Collagen fibres: The outer part of the artery wall contains collagen fibres. which
are strong rope-like proteins with high tensile strength. They prevent bulging
(aneurysm) and prevent bursting when pressure is high or changes quickly.

2. Elastic fibres: Inside the wall. there are elastic fibres that can stretch and
recoil During high pressure (systole). they stretch and store energy. During low
pressure (diastole). they recoil and release that energy This maintain pulse flow
and makes blood movement more smooth and continuous.

3. Smooth muscle (circular): They're in a circular shape around the lumen.
Because of this arrangement. when the muscle contracts. it causes
vasoconstriction (the lumen becomes narrower) When the muscle relaxes. it
causes vasodilation (the lumen becomes wider). This allows arteries to control
blood flow and blood pressure.

Special adaptations of arteries

Arteries have a narrow lumen (relative to wall thickness). This helps maintain
a high blood pressure (about 80-120 mmHg). which is needed to push blood
around the body.

They also have a thick wall especially with collagen. to stop the artery from
rupturing under high pressure.

The inner layers contain both elastic fibres and smooth muscle. so the artery
can both stretch and contract. which is necessary to maintain pulse flow and
adjust blood movement.

The wall of the artery is composed of several layers, shown below.

. o _ . tunica externa—outer coat tunica media—thick layer
Imagjna if the arferios woron't claaio... " . .
(/t) ﬁ,? ARE ARTERIES ELASTIC? of connective tissues with containing smooth muscle
' . tough collagen fibres to and elastic fibres (elastin)
/_X ‘ * & prevent swelling or bursting to helppump blood by
_N of the artery despite high transmitting the pulse

blood pressures

—

() TaotliMo:Oflldlal

thick wall for
overall strength

prmum Q{Te*ﬂhgg 9[99ﬁ0 ﬁbmg RQOO“ of glagﬂa ﬁbmg tunica intima—smooth

High pressure caused by each contraction of the heart pushes outuards on the endothelium to line
elastic wall of the arfery, In between contractions the stretched area RECOILS  PuLsaTING ff AT Tl narrow space the artery and reduce
and helpg maintain the high-pressure charaoteristics of arteries. It alows for through which resistance to flow,
blood flows to help plus a layer of elastic

maintain high blood fibres in some arteries
pressure and velocity

lumen—relatively



Measurement of pulse rates
Every time the heart beats. it pushes blood into the arteries with high pressure.

This creates a wave that travels along the artery walls. The walls stretch and
then recoil When this happens in arteries close to the skin. you can feel it as a
pulse.

You can feel this pulse in places like the carotid artery in the neck and the radial
artery on the thumb side of the wrist. Each pulse is equal to one heartbeat. so the
pulse rate = heart rate.

To measure it. you place your index finger and middle finger on the side of your
neck. in the soft area next to the trachea. When you feel the pulse clearly. you use
a timer and count how many beats you feel in one minute. You can also count for
30 seconds and multiply by 2 to get the pulse rate.

There are also digital methods to measure heart rate. One example is a pulse
oximeter. This device is clipped onto a fingertip. It uses LEDs to shine light into the
finger and has detectors to measure how much light is absorbed The amount of
light absorbed changes depending on how much blood is in the tissues. Using this.
the device can calculate the pulse rate. and therefore the heart rate.

MEASURING PULSE RATL..,
[nurber of timeg your heart beats per minute)

Feel for pulse. Once pulge i felt, then start timer for 60 seconds. During these 60 seconds count the number of pulses.
Eg. You count 8O beats within the minute: pulse ie 80bmp (beats per minufe)

Quicker: Can also do for 30 seconds and multiply pulge number by fwo.

\‘5].;(9 | é/
LY Radial artery Carotid artery ¢

Can feel for thig artery on the thumb side of the urigt Can feel for thig large artery on either y
with the palm facing up, 2 om from the bage of thuvb. ~ side of your neck (either side of racheal.




Adaptations of veins for the return of blood to the heart

Veins are blood vessels that collect blood from all organs and bring it back to
the heart. After blood passes through capillaries. it enters veins slowly and
continuously. so there is no pulse and the pressure is low (about 5-10 mmHg).

Because the pressure is so low. sometimes blood can slow down or even stop.
and there is a risk that it might flow backwards toward the capillaries.

To stop this. veins have special valves. Each valve is made of three
pocket-shaped flaps of tissue. When blood tries to go backwards. it gets trapped
in these flaps. which fill up and close the valve. This blocks backflow.

When blood moves in the correct direction. towards the heart. it pushes the
valve open and continues flowing

Blood movement in veins is also helped by skeletal muscles near them When
these muscles contract. they press on the veins. making them flatter and
increasing the pressure inside. This helps push the blood forward

The valves make sure that this pushed blood only goes towards the heart. not
backwards.

To do this job well veins have a special structure. They have a very wide
lumen (compared to wall thickness). which makes it easier for blood to flow
and improves return to the heart Their walls are thin and contain less
smooth muscle and fewer elastic fibres. because they do not need to handle
high pressure.

Since pressure is low. valves are essential They prevent backflow and stop
blood from pooling in the lowest parts of the body.

tunica externa—tough tunica media—thin layer

outer coat of connective with few elastic or
tissuie to preventleaks collagen fibres as

_ blood pressure
=>\/s lowand there

N\ is no pulse

thin wall—sothe = >~
veinds flexible and A7
gan flatten when ~
adjaeent tissues

apply pressure :
PPIY.P tunica

intima—smooth
' endothelium to
lumen—relatively reduce resistance
wide space to to flow
accommodate blood
flowing slowly



CALF MUSCLES ACT AS PUMP FOR DELP LEG VEIN
THIN wall alows compression by muscles o help blood flow refurn fo heart.

The whae prosrt Elocd frw dse fo
heridrw muido CCrmmiion

.
5

In veins blood flow is so SLOM: valves ensure Valve closed
UNIDIRECTIONAL blood flew (no backflow) Oolf mucs e
back to the heart. It is a cne-way vave air muscle ait mugee
RELAXED CONTRACTED

Thin ouler layer

Thin inner layer of
muscle and elastin

Endothelium

Wide central lumen

Pressure in veins can drop so low that blood flow stops and there is a risk of backflow towards the
capillaries. Valves in main veins prevent this. Each valve consists of three pocket-shaped flaps of
tissue. If blood starts to flow backwards, it gets caught in the flaps, filling them and closing the valve.
Blood flowing towards the heart pushes the valve open. Venous blood flow is aided by skeletal

muscles adjacent to veins that become wider when they contract, pressing the vein flatter and
raising blood pressure. Valves ensure that the resulting flow of blood is towards the heart.



Causes and consequences of occlusion of the coronary arteries

All blood from the left ventricle goes into the aorta From there blood is sent to the
whole body (except the lungs).

The first two branches of the aorta are the coronary arteries. which carry
oxygenated blood to the heart muscle itself

One branch divides again. so there are three main coronary arteries. These branch
many times to supply all parts of the muscular wall of the heart.

Over time. lipids (fats and cholesterol) can build up in the walls of arteries. These
deposits are called atheroma (plaque).

As atheroma grows. it makes the lumen narrower. so blood flow is restricted If the
build-up continues. it can cause occlusion. which means a total blockage of the
artery.

When coronary arteries are narrowed or blocked. the heart muscle does not get
enough oxygen. This can cause chest pain (angina) or shortness of breath. especially
during exercise when the heart needs more oxygen These problems are part of
coronary heart disease (CHD). which includes all medical conditions caused by
reduced blood flow in coronary arteries.

Multiple risk factors for coronary heart disease (CHD) have been identified:
e High blood pressure (hypertension)

e Smoking

e Obesity (body mass index 230)

e Inactive lifestyle

e Family history of heart disease

e Old age

e High blood cholesterol concentration

e Diabetes
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Transport of water from roots to leaves during transpiration

Plants move large amounts of water from the roots to the leaves. This water
is carried in xylem vessels as part of xylem sap. which has low concentrations
of K*)and other dissolved ions.

In the leaves. (In the spongy mesophyll cells) water evaporates from the cell
walls. This water becomes water vapour and then diffuses out through
stomata This whole process is called transpiration.

When water leaves the leaf it creates a pull To replace the lost water. more
water is drawn up from the roots through the xylem

The walls of leaf cells are made of cellulose. which forms a mesh (a structure).
Cellulose is hydrophilic. so it attracts water and forms hydrogen bonds with it.
Because of this. water sticks to the cellulose (adhesion) and also sticks to
other water molecules (cohesion).

These two forces allow water to move through tiny spaces (pores) in the cell
walls. This movement is called capillary action. It helps pull water up from the
roots all the way to the leaves. replacing the water lost by transpiration
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Transpiration pull and water movement in xylem

Water moves through leaf cell walls from xylem vessels in the leaf veins. When
water leaves the xylem. it creates tension (a pulling force) inside the vessels.

Because water molecules stick together (cohesion). this tension is transmitted
down the continuous column of water in the xylem all the way to the roots.
This pulling force is called transpiration pull

Transpiration pull is remarkable because it can move water upward against
gravity. even to the top of the tallest trees. without any active pumping

The energy comes from two sources:
Heat from the sun which drives transpiration

Hydrogen bonds between water molecules. which act like rope-like connections
that resist breaking and allow tension to be transmitted

TRANSPIRATION
the evaporation of water through an open stomata
1. Water uptake occurs at the root. ‘H o/
2. Water enter the xylem & moves up the xylem The negaive presaure created
3. Water moveg from the xyler to leaf cells. by the water tranapired puls

water up the xyler: with the
4. Water evaporates into empty spaceg in the leaves.  help of the CONESIVE and

: : . ADHESIVE properties of water
| 5. Water frangpireg out of etomata into the air. (Iegrngd irlm Al




Adaptations of xylem vessels for water transport

Xylem vessels are special tubes in plants that move water from roots to leaves.
They are formed by columns of cells joined end-to-end.

Wall thickening and lignification: The side walls of xylem vessels are thick and
strengthened with lignin a strong polymer. This prevents the vessels from
collapsing when the pressure inside is very low during transpiration

Lack of end walls and cell contents: During development. the end walls between
cells are removed and the cell contents and plasma membrane break down. This
makes long continuous tubes where water can flow freely. Since mature xylem

vessels are non-living water moves through them passively. without energy from
the plant.

Pits for entry and exit of water: The lignified walls are waterproof but there are
always gaps for water to move in and out. In young plants. wall thickenings form
rings or helices with large gaps for water. In older plants. thickenings are more
complete. and water passes through small holes called pits.

Xylem Properties:

Conducts water and minerals
(movement is one way only)

Composed of tracheids (all plants)
and vessel elemenlts (anglosperms)

Walls composed of dead cells and
are pitted (allows waler exchange)

Walls impregnated with lignin
(spiral or annular arrangement)

Water movement requires both

Vessel —
Elament Traochoid cohesion and adhesion
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Distribution of tissues in a transverse section of a dicot stem

Dicotyledonous plants (dicots) are plants that have two seed leaves (embryo leaves).
Their stems have a layered structure with different tissues arranged in a ring

Stem tissues
Epidermis - the outermost layer. Protects the stem from damage and water loss.

Cortex - the layer just under the epidermis. Made of parenchyma cells.
sometimes with supporting fibers.
Stores food and helps support the stem.

Vascular bundles - arranged in a ring around the stem Each bundle has:

Xylem - towards the inside of the stem: transports water and minerals from roots to
leaves.

Phloem - towards the outside: transports sugars and nutrients from leaves to other
parts of the plant.

Pith - the central region of the stem. Made of parenchyma cells. often stores food.
Some stems have a hollow centre instead of pith.

epidermis—single phloem —thin—walled
layer of cells with waxy cells, some small and
cuticle on the outside some verysSmallthat
to reduce water loss transport sugars and

| other foods

pith—large
thin-walled
cells that fill

cambium—
small cells with
thin walls that

the centre of divide by
the stem mitosis
cortex —medium-sized xylem—wide tubular
thin-walled eells that structures with thick
stréngthen the stem walls, round in cross
when turgid section that transport

water and mineral ions



Distribution of tissues in a transverse section of a dicot root

In dicotyledonous roots. the tissues are arranged differently from stems. The
vascular tissue is grouped in the centre.

Root tissues

Xylem - forms a star-shaped pattern in the centre of the root. Transports water
and minerals from the soil to the rest of the plant.

Phloem - located between the points of the xylem star. Transports sugars and
nutrients from the leaves to the root and other parts of the plant.

Cortex - lies between the vascular tissue and the epidermis. Made of'large.
thin-walled parenchyma cells. Stores food and water.

Epidermis - the outer layer of small cells. Some cells may have root hairs. which
increase the surface area for water and mineral absorption.

epidermis-—absorbs water phloem—trans-
and mineral ions from the ports sugars and
soil often using root hairs other foods from

the |leaves to the
roots

xylem—transports
water and mineral
ions up to the
stem and leaves

\

cortex—bulks out the o |
to strengthen it and
Increase the surface area



Release and reuptake of tissue fluid in capillaries

Blood carrying oxygen and nutrients enters capillary networks from arterioles.
which are small branches of arteries.

Capillary walls are permeable. and blood pressure at the arterial end is high. This
causes some plasma to leak out. forming tissue fluid This process is called
pressure filtration.

At any moment. 2 human body has about 14 litres of tissue fluid (around 20% of
body mass).

Blood then drains out of capillaries into venules. which are small vessels that
join to form wveins. Venules have low blood pressure. so the tissue fluid. now
depleted of nutrients and oxygen. can re-enter the capillaries. This is how tissue
fluid is reabsorbed

Blood pressure. caused by the heart pumping is the driving force for tissue fluid
movement. Pressure is high at the arterial end of capillaries and drops toward
the venous end. allowing filtration at the start and reuptake at the end
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Exchange of substances between tissue fluid and cells

Tissue fluid has oxygen. glucose. and other small substances from blood plasma.
but not large proteins.

As tissue fluid moves through the spaces between cells. an exchange of
substances happens:

Cells absorb oxygen. glucose. and other useful molecules from the fluid
Cells release carbon dioxide and other waste products into the fluid

When tissue fluid re-enters capillaries. it is low in oxygen and nutrients and
high in waste products. Capillaries then merge to form venules. which carry
these wastes away.

Finally: Carbon dioxide is removed by the lungs and other wastes are processed
by the liver or excreted by the kidneys

Drainage of excess tissue fluid into lymph ducts

Not all tissue fluid that leaves capillaries returns to them. In an average adult.
about 20 litres of tissue fluid are produced daily: 17 litres return to capillaries.
but 3 litres do not. If this excess stayed in tissues. it would cause swelling
called ocedema.

The body prevents this using the lymphatic system. All tissues have narrow.
blind-ended lymphatic vessels with permeable walls. allowing tissue fluid to
enter.

Once inside. the fluid is called lymph These small lymph vessels join to form
larger lymphatic vessels. which have valves to stop backflow.

All lymph eventually drains into the blood circulation through two large
lymphatic ducts (left and right). which merge with the left and right subclavian

veins. From there. blood flows into the vena cava and reaches the right side of
the heart.
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Differences between single circulation in fish and double circulation in
mammals

In fish the heart has one ventricle that pumps deoxygenated blood to the
gills (solungac). The surrounding water supports the gill capillaries. so blood
can be pumped at high pressure without damage.

After picking up oxygen in the gills. blood still has enough pressure to flow
directly to the body's organs. When blood passes through the organs. it loses
oxygen and pressure. so it returns to the heart to be pumped again.

This is called single circulation. because blood passes through the heart only
once in a full circuit.
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In mammals. the heart has two sides (right and left). each with a ventricle.

The right ventricle pumps deoxygenated blood to the lungs through the
pulmonary arteries. Blood pressure must be low so delicate alveolar capillaries
don't burst.

After oxygenation in the lungs. blood returns to the left side of the heart via
the pulmonary veins. The left ventricle then pumps oxygenated blood through
the aorta to the rest of the body at high pressure needed for organs like the
kidneys that require strong filtration.

After passing through body organs. blood is deoxygenated and low pressure and
returns to the right side of the heart to be pumped again to the lungs.

Mammals have double circulation. meaning blood passes through the heart
twice for a full circuit. The heart acts as a double pump. giving different
pressures to the lungs and body.

These two circuits are called:
Pulmonary circulation — heart to lungs and back
Systemic circulation — heart to body and back
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The left side of the heart pumps oxygenated blood around the body (systemic circulation)

The right side of the heart pumps deoxygenated blood to the lungs (pu/monary circulation)



Adaptations of the mammalian heart for delivering pressurized blood

The mammalian heart is built to pump blood efficiently and under pressure. Each
part has a special role:

Atria are collecting chambers with thin walls. They slowly fill with blood coming
back from veins and then push it into the ventricles.

Ventricles are the pumping chambers with thick muscular walls. They generate
enough force to send blood into the arteries.

Septum is the wall between the left and right sides of the heart. It ensures the heart
works as a double pump and keeps oxygenated and deoxygenated blood from mixing

Valves: Atrioventricular valves between atria and ventricles

Semilunar valves between ventricles and arteries

These prevent backflow and make blood move in one direction.

Cardiac muscle can contract on its own without a nerve signal a property called
myogenic contraction. keeping the heartbeat regular.

Coronary vessels are capillaries in the heart wall that supply oxygen and glucose for
energy and remove waste products. Coronary arteries bring blood in. and coronary
veins take it away.

Pacemaker is a region of specialized muscle cells in the right atrium that starts
each contraction. setting the heartbeat.
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Provida oxyganaied biood 5
to the heert muacle ifself

—_gw SUPLRIOR VLNA
AORTA

Cava ( §VC)

PULMONARY ARTIRY ) D FuLmonARY ARTERY

PULMONARY VEINS
PULMONARY VEINS

Blood returns to the atria, which slowly fill and push blood into the ventricles.
Ventricles pump blood hard into the arteries. The septum keeps oxygen-rich and
oxygen-poor blood separate. Valves stop blood from flowing backward. The

Arim o heart muscle contracts by itself thanks to its myogenic property. Coronary
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Key idea

* Atria — collect blood

 Ventricles — pump blood under pressure
e Septum — separates sides

» Valves — prevent backflow

e Cardiac muscle — myogenic contraction
e Coronary vessels — supply the heart itself

* Pacemaker — controls heartbeat rhythm



Stages in the cardiac cycle

The cardiac cycle is the repeated sequence of events in the heart that pumps
blood. It happens in three main stages:
Atrial contraction:

The atria walls contract. pushing blood into the ventricles through the
atrioventricular (AV) valves. which are open At this time. the semilunar valves
are closed. so the ventricles fill with blood.

Ventricular contraction:

The ventricles contract strongly. causing blood pressure inside them to rise. This
closes the AV valves. stopping blood from flowing back into the atria. and opens
the semilunar valves. letting blood flow into the arteries. While this happens. the
atria start filling again with blood from the veins.

Ventricular relaxation:

The ventricles stop contracting so pressure drops. The semilunar valves close.
preventing blood from flowing back from the arteries. When ventricular pressure
falls below atrial pressure. the AV valves open. and blood flows from the atria into
the ventricles. starting the next cycle.

How the heartbeat is controlled

Each heartbeat starts at the sinoatrial (SA) node or pacemaker. which sends an
electrical impulse across the atrial walls. causing the atria to contract.

The impulse cannot go directly to the ventricles because of a fibrous tissue
barrier. Instead. it travels to the ventricles through a second node and a bundle
of conducting fibres that lead to the base of the ventricles. This delay allows atria
to empty fully into the ventricles before they contract.

The impulse then spreads upwards from the base of the ventricles. making the
ventricles contract and pump blood into the arteries.

Simple story version

Atria push blood into ventricles — ventricles squeeze and push blood
into arteries — ventricles relax. valves reset — atria fill again SA
node starts the beat. impulse goes to ventricles with a delay —
ventricles contract from base upwards — blood flows smoothly.
Key idea

Atrial contraction — fills ventricles

Ventricular contraction — pumps blood into arteries

Ventricular relaxation — valves reset. ventricles refill

SA node/pacemaker — controls heartbeat

Impulse delay — atria empty fully before ventricles contract
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BLOOD PRESSURE MEASUREMENT

Blood preseure (pressure inside the arteries) ie 120 , 80 mmHg
measured using a machine with a cuff around the arm.
You may have seen Systolic blood pressure Millimeters of mercury

blood pressure ag: (active period of the ventricles) (the unite)

Diagtolic blood preesure
(rest period of the ventricles)

SYSTOLE - A name given to the active process (contraction) of a chamber

DIASTOLE - A name given to the inactive process (resting) of a chamber

Generation of root pressure in xylem vessels

Roots have root hairs that absorb water and minerals from the soil
These absorbed substances travel to the xylem in two ways:
Between cells - water and minerals move through spaces outside cell
walls without entering the cells.

Through cells - water and minerals pass from cell to cell via
cytoplasmic connections.

Mineral ions in root hairs are more concentrated than in the soil so
roots use active transport to take them in

Because of the higher mineral concentration in root cells. the water
concentration in root cells is lower than in the soil creating osmotic
pressure. This osmotic pressure generates root pressure. which
pushes water upwards from the roots into the xylem and up the
stem.

Key idea

Root hairs — absorb water & minerals

Two pathways — between cells or through cells
Active transport — minerals enter root hairs
Osmosis — water moves into root cells

Root pressure — pushes water upward in xXylem

primary xylem primary phloem

vascular cambium
pericycle

cortex
\ / endodermis

Z root hair

epidermis
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Adaptations of phloem sieve tubes and companion cells for
translocation

Plants move carbon compounds like sucrose using phloem tissue. This
movement is called translocation and goes from sources to sinks.
Sources = places where sucrose is made or released (eg leaves. stems.
storage organs releasing stores)

Sinks = places that need or store sucrose (eg roots. growing tissues.
storage organs)

Sieve tubes

Phloem sieve tubes are formed from columns of cells joined
end-to-end. During development:

They lose their nucleus and most organelles. but stay alive

They keep a plasma membrane for active transport

The end walls are not fully removed. Instead. they form sieve plates
with large pores. These pores allow sap (sucrose-rich fluid) to flow
along the tube.

Because the end walls are still partly there. sieve plates act like
cross-braces. helping the tube resist high pressure during
translocation.



Companion cells

Next to each sieve tube are companion cells. which control and
support it.

They are adapted for active transport:

Have many pump proteins in the plasma membrane — move sucrose
into the cell

Have many mitochondria — produce ATP for active transport
Sucrose then moves from the companion cell into the sieve tube
through plasmodesmata (cytoplasmic connections) This loads the
sieve tube with sucrose-rich sap.

m PHLOEM TRANSLOCATION PROCESS ﬂ
o The SOURCE cell makes lote of organic molecules euch ag eucrose, which ig trangported to the adjacent COMPANION CELL (Active
Trangport).

0 The sucroge ig then trangported (Qacaive Trangport) through the PLASMODESMATA to the SIEVE TUBE ELEMENTS.

1) Here the eucroge concentration ig very high, and water potential ig low, stimulating 0SMOSIS from the xylem into the sieve tube
dlements.

o Water influx causes high hydrostatic preseure, which puches the eueroge down the sieve fube elemente to the SINK.

o The sink cel hag low suerose concentration. Thie creates a gradient for diffusion of suerose to happen into eink cell

[

)79 In thig portion of the sieve tube elerments, the water potential ig higher (low sueroge) leading to oemogia in from the sieve

" tube into the xylem /

Phloem transports sucrose (translocation) from sources to sinks
Sieve tubes — living no nucleus. have sieve plates for flow and
strength

Companion cells — many mitochondria + pump proteins — active
loading

Plasmodesmata — connect cells and allow sucrose transfer

XYLEM VS,  Putorm

| Made of... Dead (non-living) Celle Living cellg
Traneports... Water & Minerale Food (organic thinge) l

| Carried to... Leaveg from root Sink from source
Direction... Upwarde (Unidirectional) Up and down (Bidirectional) |
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Receptors as proteins with binding sites for specific signalling chemicals
* Cells communicate with each other using signals, which can be chemical or electrical.

* In chemical signalling, one cell produces signalling molecules that move to another cell called the
target cell.

* The target cell has receptors, which are specific protein molecules. A receptor allows the cell to
detect a signal and respond to it.

* When a signalling molecule binds to its receptor, the receptor initiates changes inside the target cell.
A molecule that binds to a receptor is called a ligand.

« Each receptor has a ligand-binding site, which is the specific region where the ligand binds.
* Binding is specific: only the correct ligand can bind to its receptor.

* This specificity is similar to enzyme-substrate specificity, where only a specific substrate fits into an
enzyme’s active site.

Receptor




2) Ligand binds to
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Cell signalling by bacteria in quorum sensing

* Unicellular organisms, such as bacteria, can communicate using chemical signals. This communication allows
bacteria to adjust their activity according to population density. Each bacterial cell secretes a chemical signal at
a low, constant rate. The signal diffuses freely between cells. Each cell has receptors that can bind to the
signalling molecule.

* Quorum sensing is an intercellular communication mechanism in which bacteria detect population density and
collectively regulate gene expression. In simple terms, it answers the question: “Are there enough of us to act
together?”

« Example: Vibrio fischeri and bioluminescence

« Vibrio fischeri secretes a signalling molecule called an autoinducer. The autoinducer diffuses freely between
cells and enters the cytoplasm. It binds to a receptor protein called LuxR. The LuxR—autoinducer complex binds
to a specific region of DNA.

* This binding induces transcription of genes that code for luciferase. Luciferase catalyses an oxidation reaction
that releases energy as greenish-blue light (bioluminescence). At low population density, the autoinducer
concentration is low, so light is not produced. Producing light at low density would waste energy and be
ineffective.

* Mutualism with the bobtail squid

« Vibrio fischeri lives at high population density in the squid’s light organ. High density leads to a high
autoinducer concentration, so bioluminescence is induced. The light helps camouflage the squid in moonlight,
reducing predation. The squid supplies the bacteria with sugars and amino acids.

*This shows interaction, because signalling molecules pass between cells, and interdependence, because
bacteria cannot act effectively as individual cells.



Quorum. sensing is a communication system used by bacteria to coordinate their .
behavior based on population density. . .

Individual bacteria. release small s1gnalmg molecules called autoinducers into the
environment. S
As the bacterial populatlon increases. the concentratlon of automducers increases. .
When the concentration reaches a threshold level the molecules bind to specific -
receptors in -the bacteria. Coe Coe e :

This binding -activates or represses gene- transcr1pt10n : SR :

As a result. the whole bacterial populatlon changes behavior s1multaneously

Autoinducers are srnall S1gnal1r1g molecules released by bacteria durmg quorum
sensing. ‘

Key features: -

produced continuously by bacterial cells -

diffuse into the surrounding environment

their concentration reflects cell density

When autoinducers reach a threshold concentration they bind to regulatory
proteins. which then activate specific genes.

Thus autoinducers act as chemical messengers between bacterial cells.

Vibrio fischeri is a marine bacterium commonly used as an example of quorum
sensing.

It lives symbiotically in the l1ght organ of certain squid and fish.
When the population density is low:

little autoinducer is present

genes for light production are not expressed

When population density increases:

Autoinducers accumulate.

They bind to the LuxR regulatory protein.

This activates the lux operon.

Genes respons1ble for light productlon are transcribed.

This leads to bioluminescence.

Bioluminescence is the production of visible light by living organisms through a
biochemical reaction

In Vibrio fischeri. the react1on mvolves

the enzyme luciferase .

a substrate.called luciferin

oxygen.

Reaction: . .

luciferin + O, = oxyluc1fer1r1 l1ght o

The emitted light helps the host orgamsm (e g sq'u1d) W1th camouﬂage or -
communication. -



Quorum Sensing in Bacteria
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5 A
® L
% o =
Low Density High Density
. . _ . _ _ ® Bacteria is consumed by the squid
Mechanism by which bacteria can alter group behavior depending on population and provides a safe environment
dengity. Exampleg are bioluminegcence, virulence... for it to proliferate and grow
Bioluminegcence: refere to the production of light by an organiem 6 oblail, . Mutualiom (eymbiotic relationship)
. ® between the gquid and the bacteria
Oaoteria AUTOINDUCER * oo
- / MOLECULES S . e ® Protecte equid againet predatore ae
- they get perceived ag sunlight

o L ] L]

LUCIFERASE
luminegcent protein

) During the reproductive cycle of the U/ #iecheri bacteria, they produce
AUTOINDUCER MOLECULES.

) Ag the number of thege bacteria increageg, the concentration of autoinducer
moleculeg increageg in the surroundinge.

GENE EXPRESSION

When the number of autoinducer moleculeg reach a threghold level, the move into
the bacteria and bind to an intracellular receptor: LUXR. LUX BOX

) The bounded receptor then bonds to a DNA binding site called a LUX BOX, activating it
and thug cauging the production of a luminescent protein: LUCIFERASE.

Bioluminescence Example

Vibrio fischeri Bobtail squid



Functional categories of signalling chemicals in animals

- Animal cells use different categories of signalling chemicals with different speed, distance, and duration of
effects.

1. Hormones: Produced by specialized cells in glands.

- Glands are endocrine (ductless) and secrete hormones directly into blood capillaries. Transported by the blood
to all parts of the body (may take up to about 1 minute).

* Bind to receptors inside the cell or on the cell surface. Trigger changes in cell activity by promoting or
inhibiting specific processes.

* Persist for minutes or hours, so effects are long-lasting. May target one or multiple cell types, in one or
multiple body regions. Therefore, one hormone can have complex and widespread effects.

* Examples: insulin, thyroxine, testosterone.

2. Neurotransmitters: Transmit signals across synapses (junctions between neurons). Released when a nerve
impulse reaches the end of a presynaptic neuron.

- Diffuse across a very narrow synaptic gap in 0.5-1.0 ms. Bind to receptors in the plasma membrane of the
postsynaptic neuron. Can excite or inhibit transmission of a new impulse.

* Persist only for a fraction of a second, so effects are short-lived. Usually act on one specific postsynaptic
neuron only (do not diffuse away).

« Examples: acetylcholine, norepinephrine, dopamine.

3. Cytokines: A group of small protein signalling molecules. Secreted by a wide range of cell types. One
cytokine can be produced by different cell types.

- One cell type can produce several cytokines. Usually act on the same cell (autocrine) or a nearby cell
(paracrine). Do not enter cells; bind to receptors in the plasma membrane.

* Binding triggers intracellular signalling cascades, leading to changes in gene expression and cell activity. One
cytokine can bind to multiple receptor types, causing multiple effects.

* Important in inflammation, immune responses, cell growth and proliferation, and embryonic development.

- Examples: erythropoietin (EPO), interferon, interleukin.
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Interaction with various effectors

[ REAL EXAMPLE]
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KINASE This phosphorylation

cascade continues.

Final effect: Glucose is
released into blood stream. )
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4. Calcium ions (Ca?*): Normally kept at low intracellular concentration by calcium pumps in the
plasma membrane.

* Enter cells through voltage-gated or ligand-gated channels. Act as intracellular signalling
molecules.

* In muscle cells, cause muscle fibre contraction.

* In neurons, trigger release of neurotransmitters from presynaptic neurons into the synapse.

Feature = Hormones Neurotransmitters Cytokines Calcium ions
Distance Long (blood) Very short (synapse) Local Inside cell
Speed Slow Very fast Moderate Very fast
Duration Long-lasting Very short Variable  Very short
Hydrophilic (M/C) - Bind surface receptor. NEUROTRANSMITTERS
Hydrophobic - Bind intracellular receptors. /(. (Deplides, A, nitrous oxide, amines)

(Short digtance)
Synaptic tranemiggion.

A by | @ Releaged from neuron.
/o R R ‘@‘/ Act on neighboring celle
(CALCIUM ) _ S
(lon) 4
Source: Ingide cell
Laroet: Muscle proteing.

Action: Eg. Muscle contraction. HORMONES

(Amines, Proteing, Lipide [steroid]):

Endocrine celle.
Digtant site (travele by blood).
Varioug. See example.

CYTOKINES o -
(Glycoproteing, 50 kindg)e==

[mmune cells (& others).

Immune cells (& otherg).
Inflammation. Cell proliferation.

r TYaTs
[ | VUL

(circulation)
(hormone produsing oell)




Chemical diversity of hormones and neurotransmitters
* For a molecule to function as a signalling chemical, it must:

« Have a distinctive shape and chemical properties, so its receptor can distinguish it from other
molecules.

- Be small and soluble enough to be transported (for example in blood or across a synapse).

* This explains why hormones and neurotransmitters show chemical diversity but still share these
basic requirements.

Hormones | Neurotransmitters
Amines ¢ melatonin Amines * dopamine |
* thyroxin * norepinephrine |
e epinephrine 1
Gases * nitrous oxide
Peptides < insulin | |
e glucagon Aminoacids ¢ glutamate
e ADH * glycine
Steroids * oestradiol Esters e acetylcholine
®* progesterone ‘
* testosterone |




Localized and distant effects of signalling molecules:

« Signalling molecules differ in how far they travel, which determines how widespread their effects

are.

- Some act locally (for example neurotransmitters at synapses or cytokines acting on nearby cells).

« Some act at long distances (for example hormones transported in blood).

* The distance travelled determines whether the effect is:
« Localized (specific target cell)
+ Widespread (multiple tissues or organs)

Characteristics Hormones Neurotransmitters Cytokines
Distance travelled Large Very small Small
Affected area Widespread Very small (Very) small
Signalling cells Glands Al neurons Many cells
Target cells Many cells One neuron Same cel or nearby ones
Method of transportation |  Bloodstream or ducts Synapse Bloodstream




Transmembrane vs intracellular receptors
« Signalling chemicals act in two main ways:

- Bind to receptors in the plasma membrane (do not enter the cell)
- Enter the cell and bind to intracellular receptors (cytoplasm or nucleus)

—-> 1. Transmembrane (extracellular) receptors
* Located in the plasma membrane. Are transmembrane proteins.

« Have:

+ A region exposed outside the cell

*+ A region protruding into the cytoplasm

* They stay in the membrane because:

* Two regions contain hydrophilic amino acids, which interact with aqueous solutions inside and outside
the cell.

« The middle region contains hydrophobic amino acids, which interact with the non-polar fatty acid tails
of phospholipids in the membrane core.

* The signalling molecule does not enter the cell.

* Binding triggers intracellular signalling pathways.

--> 2. Intracellular receptors

* Located in the cytoplasm or nucleus.

* Bind hydrophobic signalling molecules, such as steroid hormones.

« Hydrophobic ligands can passively diffuse through the hydrophobic plasma membrane.

* Intracellular receptors:

 Have hydrophilic amino acids over their entire surface

* Remain dissolved in the aqueous cytoplasm

* Binding often leads to direct effects on gene expression.

Feature Transmembrane receptor Intracellular receptor
Ligand type Hydrophilic Hydrophobic

Ligand enterscell? No Yes

Membrane structure Hydrophilic ends + Fully hydrophilic surface

hydrophobic middle

Typical effect Signalling cascade Gene expression change



Initiation of signal transduction pathways by receptors

® Signal transduction is the process by which:

+ A cell receives a signal,

* Intracellular changes occur,

* The cell changes its activity or behaviour in response. It explains how an external signal leads to a
specific cellular response.

--> 1. Intracellular receptors

* Bind to hydrophobic ligands that enter the cell.

* The receptor-ligand complex acts to alter gene expression. This leads to production of specific
proteins and therefore a specific cellular activity.

+ So the response is usually direct regulation of transcription.

--> 2. Extracellular (transmembrane) receptors

* Located in the plasma membrane.

 The ligand does not enter the cell.

« Binding causes a conformational change (change in shape) of the receptor.
* This activates intracellular signalling pathways.

® These pathways involve:

- Effectors (proteins that carry out actions)

- Secondary messengers (small intracellular signalling molecules)
* The result is a specific cellular response.

® Three categories of transmembrane receptors

« G-protein-coupled receptors (GPCRs): Activate a G-protein inside the cell.
Often involve secondary messengers.

« Enzyme-coupled receptors: Have an enzymatic function or activate enzymes after ligand binding.
Often involved in regulation of cell growth and differentiation.

* lon-channel-coupled receptors: Open or close an ion channel when a ligand binds.
Cause rapid changes in ion concentration inside the cell.



Type of transmembrane receptor

Type Structure Function
Chemically gated ion channel | Multi-pass protein with a Possess gates that open and
receptors central pore close
Enzymatic receptors Single-pass protein Bind ligands extracellularly,
activate enzymes
intracellularly
G protein-coupled receptors | Multi-pass protein with Bind with ligands that
(GPCRs) intracellular binding site for | activate the G protein
G protein
external i § |

environment - cytoplasm
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Transmembrane receptors for neurotransmitters and changes to membrane potential

® Receptors for neurotransmitters are located in the plasma membrane of:
* Postsynaptic neurons
* Muscle fibres

« When a ligand (neurotransmitter) binds: The receptor undergoes a conformational change. This opens
a membrane ion channel.

* Positively charged ions pass through by facilitated diffusion. The movement of ions changes the
membrane potential.

* This change in membrane potential can: Stimulate or inhibit a nerve impulse in a postsynaptic neuron.
* Trigger contraction in a muscle fibre.

« Example: Acetylcholine: Acetylcholine (ACh) is released from the presynaptic neuron.

- It binds to receptors on the postsynaptic membrane. This opens ligand-gated sodium (Na*) channels.
Na* diffuses into the cell. This causes depolarization of the plasma membrane. Depolarization allows the
neural signal to pass between neurons.



Transmembrane receptors that activate G proteins

- G protein—coupled receptors (GPCRs): Large and diverse group of transmembrane receptors. Transmit signals
using a second membrane—-associated protein called a G protein.

« Structure of G protein
- Has three subunits: a (alpha), B (beta), y (gamma)
* The G protein is located on the cytoplasmic side of the receptor.

- Inactive state: GDP is bound to the a subunit. (This keeps the G protein inactive.)

« Activation mechanism: A ligand binds to the extracellular side of the receptor. The receptor undergoes a
conformational change. This causes changes in the associated G protein.

* GDP dissociates from the a subunit.

* GTP binds to the a subunit.

« Binding of GTP activates the G protein.

* The G protein separates into subunits. The activated subunits dissociate from the receptor.

* These subunits interact with other intracellular targets. This leads to the cellular response.

Ligand — receptor shape change — GDP replaced by GTP — G protein activated — subunits separate
— intracellular interactions — response.

Mechanigm: Acts INDIRECTLY on enzymeg or ion channels with the the aid of a protein called G protein. Protein pagses membrane 7 times.

Yo . Interaction with various effectors
Ligand binds to GPCR Q0D In;herac:do? w'g'r% m‘j:ﬂ. | e.g. opening of ion channele or activation of |
exchangeda tor as t Ad@'\gg{ Cyolase (AC)
or ig activated p - v
(Conformational change)  Leads to diggociation of a subunit
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K Nd @TP = guanosine triphogphate
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Mechanism of action of epinephrine (adrenaline) receptors

- Epinephrine (adrenaline) receptors are located in the plasma membrane of target cells.

* They are an example of G protein-coupled receptors (GPCRs).

* Step-by-step mechanism

* Epinephrine binds to its receptor on the plasma membrane. The receptor undergoes a conformational
change.

* This activates the associated G protein. The activated G protein activates the enzyme adenylyl cyclase
in the membrane.

- Adenylyl cyclase converts ATP into cyclic AMP (cAMP) in the cytoplasm. cAMP acts as a secondary
messenger. CAMP initiates a cascade of intracellular reactions.

* The signal is amplified, meaning one epinephrine molecule leads to a large cellular response.

« Example: Effect in liver cells In liver cells, the signalling cascade causes: Breakdown of glycogen and
release of glucose into the blood. This happens within seconds of receiving the epinephrine signal.

2. receptor-hormone / 3. G protein
complex formed \ {-' activated

cytoplasm of

= 4. adenylyl cyclase target cell
1. first activated
messenger JATPY
(epinephrine) A~ & Pertilt
diffuses to k" P
receptor EAMp—p Kinase
\ 5 second  Aactivated
\ messenger LY CAMP
~ (cyclic AMP) 7. phosphorylase
\_produced kinase activated
N\ by protein kinase
8. glycogen
plasma membrane phgsphgrglase
oftarget cell activated by
phosphorylase
SN kinase
B lucose
- glycogeni} 9
\‘“-”-‘u phosphate

« The hormone known as adrenaline and epinephrine is the same molecule. The two different names
were given by different research groups around the late 19th or early 20th century. Both names
persisted instead of one being universally adopted.

* Adrenaline is used more commonly in Europe.
* Epinephrine is more commonly used in North America.

« Link to international cooperation in science: Scientific naming usually involves international
agreement to ensure clarity and consistency. Naming conventions are an example of international
cooperation for mutual benefit. In this case, lack of agreement led to two names for the same
hormone, which can cause confusion.



Transmembrane receptors with tyrosine kinase activity

* Protein kinases: Protein kinases are enzymes that transfer phosphate groups from ATP to proteins.

* This process is called phosphorylation.

« Tyrosine kinase specifically transfers phosphate groups to the amino acid tyrosine in target proteins.

In many cases:

- Phosphorylation activates proteins. Removal of the phosphate (dephosphorylation) makes them

inactive again

« Example: Insulin receptor The insulin receptor is a large transmembrane protein.
» Structure: Has two intracellular tails extending into the cytoplasm. These tails have tyrosine kinase

activity.

* Mechanism of action: Insulin binds to the extracellular part of the receptor. A conformational change

OCCurs.

* The two intracellular tails come together to form a dimer. Each tail phosphorylates the other tail
(cross-phosphorylation). This activates the insulin receptor.

« Signal transduction outcome. Activation triggers a signal transduction pathway inside the cell.

* Vesicles containing glucose transporters move toward the plasma membrane. The vesicles fuse with

the membrane.

* Glucose transporters are inserted into the membrane. These transporters act as channel proteins.
Glucose enters the cell by facilitated diffusion. The glucose is then used as a substrate in cell

respiration.
I binding site
glucose tra%;cgrsteers insulin receptor Wwith insulin
molecules X (inactive) bound

0 00000

2 © glucose transporters
° o° moved in vesicles to
the plasma membrane

/—‘insulin signal pathway|
v 1\

tails of receptor
phosphorylated

effects effects effects on
onlipid ongrowth protein
metabolism metabolism

Mechanigm: an enzyme that can
phogphorylate other molecules.
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Intracellular receptors that affect gene expression

« Steroid hormones are hydrophobic and lipid soluble. Because of this, they can diffuse through the
plasma membrane.

* Inside the cell, they bind to receptors in the cytoplasm.
« The hormone-receptor complex then enters the nucleus and it binds to DNA.

« This activates transcription and leads to production of a specific polypeptide.

* So the mechanism is:

Steroid hormone — cytoplasmic receptor binding — complex enters nucleus — gene transcription —
specific protein production.

lipid-soluble

steroid hormone
passes through
membrane

nucleus

receptor
protein in

cytoplasm

hormone—receptor

complex attaches
to DNA

onaY KK
/

instructions for synthesis

a polypeptide @

cytoplasm

membrane of

target cell polypeptide synthesized by
ribosomes and mRNA



Effects of oestradiol and progesterone on target cells
« General features: Oestradiol and progesterone are female sex hormones.
* Secreted by: Cells in the ovary, The corpus luteum, The placenta during pregnancy

+ Both are steroid hormones, so they: Diffuse through the plasma membrane, Bind to specific
cytoplasmic receptors, Form hormone-receptor complexes, Enter the nucleus, Alter gene expression

- Effects of Oestradiol: Has a broad range of effects in The ovary and The uterus, Also affects the
hypothalamus in the brain.

« Around ovulation: Oestradiol binds to receptors in cytoplasm of hypothalamus cells. The
oestradiol-receptor complex enters the nucleus. It enhances transcription of GhRH mRNA. Increased
GnRH stimulates the anterior pituitary gland.

- The anterior pituitary secretes: LH (luteinizing hormone) and FSH (follicle-stimulating hormone)

* These hormones regulate the menstrual cycle and ovulation.

- Effects of Progesterone: Promotes development and maintenance of the endometrium (uterine lining).
Ensures the uterus can support a developing foetus.

« Mechanism: Progesterone binds to receptors in cytoplasm of uterus cells. The progesterone-receptor
complex enters the nucleus. It activates transcription of specific genes.

* Changes in gene expression cause: Repeated cell division in the uterus wall and Thickening of the
endometrium

Control secretiong of
pituitary gland.

oestradiol OH

— J@igj
HO
O
progesterone
OESTROPIOL
Secondary sexual characterigtics
(breast & body hair patterns).
Algo playe important role in
mengtrual eycle and pregnancy.
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gonadotropic hormones
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Regulation of cell signalling pathways by positive and negative feedback

* In both positive and negative feedback: The product of a pathway affects how much more product is
made. The product usually acts on an early stage of the pathway. So the system regulates itself.

* Negative feedback: The product inhibits its own production.
* More product — less production

* Less product — more production

* This maintains homeostasis.

« Example: Regulation of thyroxin

« The hypothalamus secretes TRH (thyrotropin-releasing hormone): Stimulates the anterior pituitary
gland.

« The anterior pituitary secretes TSH (thyroid-stimulating hormone): Stimulates the thyroid gland.
The thyroid secretes thyroxin.

+ Regulation: High thyroxin levels inhibit TRH secretion. Low thyroxin levels stimulate TRH secretion.

« So thyroxin controls its own production through inhibition of an earlier step.

* Positive feedback: The product stimulates its own production.
* More product — more production

* Less product — less production

« This amplifies a process until a specific event occurs.

« Example: Oxytocin during childbirth (parturition): Uterine wall contractions stimulate release of
oxytocin.

* Oxytocin increases the strength of uterine contractions. Stronger contractions cause more oxytocin
release. This amplification continues until parturition (birth).

Feature Negative Feedback Positive Feedback
Effect of product Inhibits production Stimulates production
Function Stabilizes system Amplifies process

Example Thyroxin regulation Oxytocin in labour
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Neurons as cells within the nervous system that carry electrical impulses

« Stimulus: A stimulus is any change in the internal or external environment that can be detected by an
organism. Examples include heat, light, humidity, pressure, and chemicals.

* Receptor: Receptors are specialised cells located in sensory organs that detect stimuli.
« A stimulus causes the initiation of an electrical impulse in the receptor cell. This impulse is
transmitted to neurons and carried to the brain or spinal cord, where it is interpreted. The response is

then transmitted to effector organs such as muscles or glands.

= The nervous system converts sensory information into electrical impulses to allow rapid detection
of and response to stimuli.

= Nervous tissue makes up the nervous system and consists of neurons and glial cells.
= Neurons are specialised cells that transmit electrical impulses within the nervous system.

= Glia cells (from Greek glia meaning “glue”) are supporting cells that help neurons carry out their
functions, such as protection, insulation, and nourishment.
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[Structure]

Neuron e tong o s s

An individual cell that carries electrical :’mK:fses
(signals) from one point in the body to another.

Terminal
Node of Terminal button
Ranvier branches
A

Schwann cell
Myelin sheath

Nucleus—o‘
v v v :
Dendrites ~ Cytoplasm Nucleus  Schwann cell— @ |:>

Y
Cell body

“Signal travels from the dendrites to terminal branches ”

sheath

[Structure]

Difference between a “nerve” & a “"neuron”?

When many individual neurong grouped or bundle together it forme a nerve.

Nerve

N/ Neuron

SEM (Scanning electron microscope): Light microscope:
Blue = axons

Yellow/Green = Myelin Sheath



Structure of a neuron
Neurons have three basic components:

= Soma (cell body): Contains the nucleus and organelles. Site of essential metabolic processes required for cell
survival.

= Dendrites: Short, branched fibres that receive information from other neurons or receptor cells. They convert
chemical signals into electrical signals.

= Axon: A single long extension that carries electrical impulses away from the cell body to other neurons or
effector organs. Some axons (in the brain and spinal cord) are surrounded by a myelin sheath.

> In myelinated neurons, impulse transmission speed is 120 m/s.
> In unmyelinated neurons, impulse transmission speed is 12 m/s.

> The myelin sheath speeds up impulse transmission by providing electrical insulation.
Gaps in the myelin sheath are called Nodes of Ranvier, where myelin is absent.

Synapse
= A synapse is the region where the axon of one neuron meets the dendrite of another neuron.

= |In neurons, impulse transmission occurs in one direction: dendrite — soma — axon.

Glial cells
* Glial cells are supporting cells of the nervous system that protect, insulate, and maintain neurons.
* Glial cells are divided into two groups based on their location:

- Glial cells in the CNS (Central Nervous System) Oligodendrocytes:

* Found in the brain and spinal cord. Produce the myelin sheath around axons of neurons in the CNS.
* One oligodendrocyte can myelinate multiple axons.

* The myelin sheath increases the speed of impulse transmission by providing electrical insulation.

« Glial cells in the PNS (Peripheral Nervous System) Schwann cells:

* Found in the peripheral nervous system. Produce the myelin sheath around axons of neurons in the
PNS.

« Each Schwann cell myelinates one section of one axon.

* They also play a role in axon regeneration after injury.



Types of neurons

Sensory neuron: Carry electrical impulses from receptors to the central nervous system (CNS), which includes the
brain and spinal cord.

Interneuron: Located entirely within the central nervous system.
They process and evaluate impulses from sensory neurons and transmit signals to motor neurons.

Motor neuron: Carry electrical impulses from the central nervous system to effector organs, such as muscles or
glands, to produce a response.
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The peripheral nervous system relays signals between
the central nervous system and the organs of the body
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receptors and transmitted to the CNS via sensory
Peripheral NEUrons
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Generation of the resting potential

* Electricity is the phenomenon associated with stationary or moving charged particles.
In neurons, electrical signals are produced by the movement of charged ions across the plasma membrane.

* The plasma membrane restricts ion movement, so concentration gradients can be maintained between
the inside and outside of the cell.

« Differences in the concentrations of positively and negatively charged ions create a potential difference
(voltage) across the membrane.

The inside of the neuron is electrically negative compared with the outside, so the membrane potential is
negative.

~~ Resting state:
« When a neuron is not transmitting a signal, it has a resting membrane potential of about -70 mV. This

means the cytosol is more negatively charged than the extracellular fluid.

» Potassium ions (K*) are mainly concentrated inside the cell, while sodium ions (Na*) are mainly
concentrated outside the cell. This ion distribution is essential for normal neural function.

* The resting potential is maintained by the following mechanisms:

* The sodium—-potassium pump uses active transport and ATP to move 3 Na* ions out of the cell and 2 K*
ions into the cell. Because more positive ions leave than enter, the cytoplasm becomes more negative.

* This pump also maintains the concentration gradients of Na* and K*.

~ Two additional factors contribute to the resting potential:

« Leakage of ions by diffusion: Na* and K* ions leak across the membrane.
The membrane is about 50 times more permeable to K* than to Na*, so K* leaks out faster.

- Organic anions: There are more negatively charged organic anions (such as proteins and amino acids)

inside the cell than outside.
These contribute to the negative charge inside the neuron.
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Nerve impulses as action potentials

* Impulse: The electrical and chemical change that occurs in a neuron in response to internal or external

stimuli.

« Threshold value (threshold intensity): The minimum stimulus strength required to trigger an impulse in a

nerve cell.

« Electrical signals can involve the movement of ions or electrons. Nerve impulses are electrical signals
because they involve the movement of positively charged ions.

A nerve impulse is a brief reversal of the resting membrane potential of a neuron. This occurs due to

facilitated diffusion of Na* and K* ions across the membrane.

« Action potential: The changes in voltage that occur during a nerve impulse.

« Membrane potential is the difference in electrical charge across the plasma membrane.

O There are two stages in an action potential:

~~ |. Depolarization

* When a neuron receives a stimulus and the threshold value is reached, an action potential is triggered.

* Voltage—-gated sodium ion channels open, allowing Na* ions to diffuse into the cell.

* This causes depolarization, which is a decrease in the voltage difference between the inside and outside of
the cell. The membrane potential becomes positive and reaches approximately +40 mV.

* During depolarization, voltage-gated potassium ion channels remain closed.
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~~ ||. Repolarization

* Repolarization restores the membrane potential to its resting value of =70 mV after depolarization
reaches its peak.

« At the peak of the action potential, voltage-gated sodium ion channels close. At the same time,
voltage—-gated potassium ion channels open, allowing K* ions to diffuse out of the cell.

* The loss of positively charged K* ions causes the membrane potential to become negative again.
* For a short time, the membrane becomes hyperpolarized at about -80 mV.

* This occurs because potassium ion channels remain open slightly longer than needed.

* The potassium ion channels then close, and the membrane potential is gradually returned to -70 mV by
the sodium—-potassium pump.

Repolarization: An electrical change within a neuron from a (relatively) positive charge to a negative charge
Sodium
channel
closed

Potassium
channel
open
Na* - K~
) @ @) pump
@ < @ Ry

Before: Na® in ; K*in (inside: +30 mV) After: K* efflux (inside: —80 mV)

~~|ll. Rebuilding gradients --> Resting State
« Until the resting potential is fully restored, the neuron enters a refractory period.

* During the refractory period, another action potential cannot be produced.

« After an action potential, the sodium—potassium pump actively transports ions to re-establish Na* and
K* concentration gradients. This prepares the neuron for the next nerve impulse.

Refractory Period: Period in which neuron is unresponsive to stimulation (ion distribution is being restored)
Sodium
channel
closed

Potassium
channel
closed
Na+ - K~

pump
open

Before: Na* in ;: K* out (inside: —80 mV) After: Na* out : K*in (inside: —70 m\V)
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Variation in the speed of nerve impulses

* In some neurons, the axon is covered by a fatty white substance called myelin, which acts as an insulating
layer.

+ Myelin is made of proteins and phospholipids and is produced by glial cells.
* In the PNS, myelin is produced by Schwann cells.
* In the CNS, myelin is produced by oligodendrocytes.

« The myelin sheath acts as an electrical insulator between the axon membrane and the extracellular fluid.

It prevents ions from entering or leaving the axon membrane. Because ions cannot move across myelinated
regions, depolarization cannot occur there. This reduces the surface area of the axon membrane that must
depolarize. As a result, myelinated axons depolarize only at the Nodes of Ranvier, which are small gaps in the
myelin sheath.

« The main function of the myelin sheath is to increase the speed of nerve impulse transmission by saltatory
conduction.

Saltatory conduction

 In unmyelinated neurons, action potentials propagate continuously along the entire axon membrane as a wave
of depolarization.

* In myelinated neurons, action potentials jump between the Nodes of Ranvier. This hopping mechanism greatly
increases conduction speed, by up to 100-fold.

Exp: Squids have giant axons with a diameter of about 500 pm. These axons are unmyelinated but allow a
conduction speed of about 25 m/s. This enables rapid escape responses using jet propulsion.

Factors affecting the speed of action potentials

« Myelination: Myelinated axons can conduct impulses at speeds of up to 150 m/s,
while unmyelinated axons conduct impulses at about 0.5-10 m/s.

« Axon diameter: Larger axon diameters allow faster transmission because ions face less resistance.

* lon channel density: A higher density of voltage-gated sodium ion channels at the Nodes of Ranvier allows
faster depolarization and quicker signal transmission.
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Synapses as junctions between neurons and effector cells
* A synapse is a junction between two cells in the nervous system.
* Synapses are mainly located in the brain and spinal cord.
» Signals can pass across a synapse in one direction only.

- One neuron brings the signal to the synapse in the form of a nerve impulse (action potential).
* This neuron is called the presynaptic neuron, and it has a presynaptic membrane.

* The second neuron carries the signal away from the synapse, also as a nerve impulse.
* This neuron is called the postsynaptic neuron, and it has a postsynaptic membrane.

- Between the presynaptic and postsynaptic membranes is a narrow, fluid-filled gap called the
synaptic cleft, which is about 20 nm wide.

* The signal crosses the synapse using a chemical substance called a neurotransmitter.
The neurotransmitter transfers the signal from the presynaptic membrane to the postsynaptic
membrane.

* Synapses are not only found between neurons.

~~ They also occur:
- Between sensory receptor cells and neurons
* Between neurons and effector cells

- Effector cells are cells that carry out responses in the body.
~~ The two main types of effector cell are:

* Muscle fibres

* Gland cells

Synaptic vesicle

Presynaptic —
neuron

Voltage-gated CaZz*
channel

Neurotransmitter

‘\( molecules

Synaptic

Postsynaptic
neuron

cleft>/\

i\

lon channel
receptor



Release of neurotransmitters from a presynaptic membrane

* Synaptic transmission: The sequence of events from the arrival of a nerve impulse at the presynaptic
membrane to the initiation of an impulse in the postsynaptic membrane.

* The early stages of synaptic transmission result in the release of neurotransmitter.

* When a nerve impulse arrives at the presynaptic membrane of the transmitting neuron, the
membrane becomes depolarized.

- Depolarization causes voltage-gated calcium (Ca2*) channels to open.

 Because the concentration of Ca?* ions is higher outside the presynaptic membrane, Ca?* diffuses
into the presynaptic neuron.

* The influx of Ca?* ions causes synaptic vesicles containing neurotransmitter to move towards the
presynaptic membrane.

* The vesicles fuse with the presynaptic membrane and release the neurotransmitter into the synaptic
cleft by exocytosis.

~~ Sequence of events

1. A nerve impulse arrives at the presynaptic membrane and depolarization occurs.

2. Depolarization opens voltage—gated calcium channels.

3. Calcium ions diffuse into the presynaptic neuron, causing vesicles to move to the membrane.
4. Neurotransmitter is released into the synaptic cleft by exocytosis..

Acti . . : ! :
- @ Action potential arrives at axon terminal I
potential
@ > @ Voltage-gated Ca?* channels open J
)/ ANt ——
@ " Ca? channel @ Ca? enters the presynaptic neuron
) 'L' Svnaptic ’ — —
~ vob 2 . :
\ 4 : Ca?* signals to neurotransmitter vesicles
W vesicles @ g
@ @ @ @ Vesicles move to the membrane and dock
Neurot itt : : : .
@ . @ Neurotransmitters released via exocytosis
Iy l —
L 4 o : :
L v @ Neurotransmitters bind to receptors
K . —_—
Docking protein vV < Signal initiated in postsynaptic cell

\ \—' Graded potential

Receptor



Generation of an excitatory postsynaptic potential (EPSP)

* Release of a neurotransmitter from the presynaptic membrane triggers the final stages of synaptic
transmission that can lead to an action potential in the postsynaptic neuron.

~~ After neurotransmitter release:

5. Neurotransmitter molecules diffuse across the synaptic cleft. This happens very rapidly because the
distance is short, about 20—-40 nm.

6. The neurotransmitter binds to specific receptors on the postsynaptic membrane. This binding opens
ligand-gated Na* channels. Na* ions diffuse into the postsynaptic neuron, causing depolarization of the
postsynaptic membrane.

7. To allow the postsynaptic neuron to respond to another signal, the neurotransmitter must be removed
from the synaptic cleft. This occurs by DRD:

 Degradation by enzymes in the synaptic cleft
- Recycling (reuptake) by the presynaptic neuron
- Diffusion away from the synaptic cleft

* If the membrane potential rises from =70 mV to -50 mV, an action potential is triggered in the
postsynaptic neuron and is propagated away from the synapse.

« A depolarization that is sufficient to trigger an action potential is called an excitatory postsynaptic
potential (EPSP).

Example: Acetylcholine is an excitatory neurotransmitter at neuromuscular junctions. It binds to receptors
on muscle cells and causes depolarization and muscle contraction. Acetylcholine is then degraded by
acetylcholinesterase, and the breakdown products are recycled by the presynaptic neuron.



Depolarization and repolarization during action potentials

* The threshold potential is a critical membrane potential, usually around -50 mV. This threshold must be
reached for voltage-gated sodium ion channels to open and depolarization to occur.

* A neuron only fires an action potential if the EPSP is strong enough to reach the threshold potential.
* Voltage—-gated potassium ion channels have a similar structure to sodium ion channels.

* The opening and closing of sodium and potassium channels occurs in response to changes in
membrane voltage.

+ This mechanism is called voltage-gating.

 Both sodium and potassium channels remain open for only a short time, making action potentials brief
and rapid.

 Threshold potentials and all-or-nothing principle. A nerve impulse is all-or-nothing. If the threshold
potential is not reached, no action potential occurs.

- Small depolarizations, such as from -70 mV to -60 mV, do not open voltage-gated sodium channels.
Instead, the sodium—potassium pump restores the resting potential of -70 mV.

~ |mportant distinction

* Ligand-gated Na* channels initiate the synaptic signal at the postsynaptic membrane.

* Voltage—-gated Na* channels convert this signal into an action potential and transmit it along the axon.



a. In response 1o a signal, the

0

. The depolarization spreads down

. The acuon potential continues 1o

Propagation of an action potential along a nerve fibre by local currents
* A nerve impulse: An action potential that travels along an axon from one end to the other.

« This movement occurs because an action potential in one region of the axon triggers an action potential
in the adjacent region.

« This process is called "Propagation of the nerve impulse.’

 Propagation occurs due to local currents. Local currents are movements of Na* ions by diffusion between
a region of the axon that is depolarized and a neighbouring region that is still polarized.

* Depolarization occurs due to an influx of Na* ions, which increases the sodium ion concentration inside
the axon and decreases it outside.

« As aresult, Na* ions diffuse along the axon:

* Inside the axon, diffusion occurs from the depolarized region to the polarized region
* Qutside the axon, diffusion occurs in the opposite direction

* These local currents cause the membrane potential of the adjacent polarized region to become less
negative.

* If the membrane potential rises from -70 mV to the threshold potential of -50 mV, voltage-gated sodium
ion channels open.

* This triggers a new action potential, allowing the nerve impulse to continue along the axon.

p— | Soma Axon Axon terminal g’/ —

-

Direction of rravel of action potential

soma end of the axon becomes
depolarized.

the axon. Meanwhile, the flirst part of
the membrane repolarizes. Because
Na' channels are inactivated and
additonal K* channels have opened,
the membrane cannot depolarize again.

iravel down the axon.

Figure: propagation of action potential an axon through local currents



Oscilloscope traces of resting and action potentials
* Membrane potential is measured using microelectrodes placed inside and outside an axon.
* The electrical signal is displayed using an oscilloscope.
~~ 0On an oscilloscope:
* The x—axis represents time
- The y-axis represents voltage (membrane potential)
- A horizontal line on the trace shows the resting potential (about -70 mV).

+ A spike on the trace represents an action potential, showing rapid depolarization and repolarization.
* Oscilloscopes therefore show how membrane potential changes over time.

Saltatory conduction in myelinated fibres

* In myelinated axons, the myelin sheath prevents the movement of Na* and K* ions across the axon
membrane.

* Voltage—gated sodium channels, voltage-gated potassium channels, and sodium—-potassium pumps
are concentrated at the Nodes of Ranvier.

* Nodes of Ranvier are gaps between Schwann cells where the axon membrane is exposed. Because
ions cannot move across the myelinated sections, action potentials occur only at the Nodes of Ranvier.

* In unmyelinated axons, action potentials are propagated continuously along the entire axon
membrane.

* In myelinated axons, the nerve impulse jumps from one Node of Ranvier to the next instead of
travelling continuously.

*This process is called saltatory conduction.

- Saltatory conduction greatly increases the speed of nerve impulse transmission. In myelinated fibres,
conduction speeds can reach up to 100 m s, compared with about 1 m s~" in unmyelinated axons.
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Figure 8: oscilloscope trace of an action potential (Ann Clarks).



Effects of exogenous chemicals on synaptic transmission

* Exogenous chemicals are chemicals that come from outside the body.
* They can enter the body through: The skin, The lungs, The gut, Injection.

* Two important groups of exogenous chemicals are pesticides and drugs.
« Some exogenous chemicals affect synaptic transmission by blocking or enhancing it.
~~ Examples include neonicotinoids and cocaine.

* Neonicotinoid pesticides: Synthetic chemicals that are similar to nicotine. They bind to acetylcholine
receptors in cholinergic synapses in the central nervous system of insects.

* Binding causes the Na* channel in the receptor to open.
« Acetylcholinesterase cannot break down neonicotinoids, so the binding is irreversible.

* As aresult, the Na* channel remains open, allowing excessive Na* ions to enter the postsynaptic
neuron.

* This causes overstimulation, which blocks normal synaptic transmission. The effect in insects is
paralysis and death.

* Neonicotinoids are therefore effective insecticides, but they can also harm bees and other beneficial
insects, affecting ecosystems and agriculture.

Normal Neurotransmission Neonicotinoid Toxicity

Acetyicholine Neonicotinoid

TR

Acetylcholinesterase (AChE) breaks down Acetylcholinesterase cannot break down
acetylcholine (ACh), preventing overstimulation neonicotinoids (ACh receptor agonists), leading
and blockage of acetylcholine receptors to paralysis (due to blockage of ACh receptors)




Cocaine is a stimulant psychoactive drug that prevents dopamine reuptake into the presynaptic neuron,
causing it to accumulate in the synaptic cleft and leading to continuous excitation of the postsynaptic
neuron. This gives false feelings of euphoria and pleasure.

normal state —transporters with cocaine—high
rapidly remove dopamine dopamine concentration
from the synaptic gap in the synaptic gap

dopamine
reuptake
transporter
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Inhibitory neurotransmitters and inhibitory postsynaptic potentials (IPSPs)

* Inhibitory neurotransmitters bind to receptors on the postsynaptic membrane. This binding causes chloride ion
(CI-) channels to open.

* Cl- ions diffuse into the cytoplasm of the postsynaptic neuron.

* The influx of negatively charged chloride ions makes the membrane potential more negative. This change in
membrane potential is called "Hyperpolarization

* Hyperpolarization increases the amount of Na* ions needed to depolarize the membrane to the threshold
potential. As a result, the postsynaptic neuron is less likely to fire an action potential.

* The change in membrane potential caused by inhibitory neurotransmitters is called an inhibitory postsynaptic
potential (IPSP).
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INHIBITORY NEUROTRANSMITTERS (example ie GABA: Gamma-
Amino Butyric Acid). These cause HYPERPOLARIZATION of the
neuron, which INHIBITS action potentiale by (1) increasing

the permeability of the postesynaptic membrane to negative
ione cuch as Cl. Along with the ( 2) outflux of K*, they cause

the incide of the neuron to become more negative.



Effects of excitatory and inhibitory neurotransmitters

Excitatory Inhibitory
Channel opened Channel for Channel for
in postsynaptic positively charged negatively charged
membrane ions, usually Na* ions, usually CI~
Effect on Rises from — /0 mV | Falls from —/0mV to
postsynaptic so becomes less —80 mV or lowerso
membrane negative; may reach | more negative than
potential threshold potential | the resting potential

(=50 mV) (hyperpolarization)
Effect on Excites an impulse if |[Inhibits immpulses but
postsynaptic threshold potential | does not make them
neuron reached impossible
Example Acetylcholine GABA
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Summation of excitatory and inhibitory neurotransmitters
* Neurons receive signals from multiple presynaptic neurons.
~ These signals can be:

EPSPs cause depolarization of the
- Excitatory postsynaptic potentials (EPSPs) postsynaptic membrane

- Inhibitory postsynaptic potentials (IPSPs) IPSPs cause hyperpolarization of the
postsynaptic membrane.

* EPSPs and IPSPs can cancel each other out.

« For example, if an EPSP increases the membrane potential by +10 mV and an IPSP decreases it by
-10 mV, the net change is 0 mV.

+ All incoming postsynaptic potentials are added together at the axon hillock.
This process is called "Summation.”

* If the combined EPSPs are strong enough to overcome IPSPs and raise the membrane potential to
the threshold potential, an action potential is triggered and propagated along the axon.

« If IPSPs dominate, the membrane remains hyperpolarized and no action potential occurs.

« Although many presynaptic neurons contribute to the signal, the response of the postsynaptic neuron
is all-or—-nothing.



Perception of pain by neurons with free nerve endings

* Sensations such as pain, taste, and smell are detected by receptors in nerve endings.
In the skin, free nerve endings act as pain receptors.

* These receptors detect specific stimuli, for example chemicals in hot spices. When the
receptor is stimulated, ion channels open in the neuron membrane.

* This allows positively charged ions to flow into the neuron.
* The influx of positive ions causes depolarization of the membrane.

« If the threshold potential is reached, action potentials are generated. The nerve impulses
travel through neurons to the brain, where pain is perceived.

Sencory nervee can gepecialice to eence varioue typee of etimuli euch ae light for sight, or chemicale which can be
interpreted ag tagte, other for pressure or even pain. When a nerve acte ag a receptor, different namee will be given:
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Consciousness as an emergent property

« Consciousness is a property of the human body that emerges from the interaction of neurons in the

brain.

* It is not produced by a single neuron. Consciousness arises from the interaction and

interdependence of billions of neurons.

* This makes consciousness an emergent property.

* Like other emergent properties, it only exists because many individual components work together.

X
i

Central Nervous System

)I, g

Brain and Spinal Cord
Central Processing

Peripheral Nervous System

Afferent = Sensory Neurons
Efferent = Motor Neurons

COMPONENTS OF THE NERVOUS SYSTEM

Central Nervous System
Brain and Spinal Cord

v

Peripheral Nervous System
Cranial and Spinal Nerves

v

Somatic Nervous System
Voluntary Responses

Autonomic Nervous System
Involuntary Responses

Sympathetic Division
“Fight or Flight”

v

Parasympathetic Division
“Rest and Digest”
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Cell and Nuclear Division

Cytokinesis as splitting of cytoplasm in a parent cell
between the daughter cells

- Cytokinesis: The division of a cell's cytoplasm to form two cells. Occurs after
mitosis and happens differently inanimal and plant cells.

Plant Cell (Cytokinesis):
In plant cells, pectin (vesicles) is linked to

Formation of vesicles the equator to form middle lamella.
! | Cellulose is then added to form the cell

S

Fuse into cell wall (centrifugal)

|

Animal Cell (Cytokinesis):

In animal cells, mixing of cytoplasm occurs
by narrowing the plasma membrane
because of the proteins myosin and actin
adjacent to the membrane.

J

Cleavage furrow at the eqpm‘or with circular actin
filaments — SP\'\TS the cell.

Cleavage furrow (centripetal)



Animal Cell

Plant Cell

Contractile proTe'\n
(microfilaments) pul\s the
membrane inward

Telophase: vesicles. (from Golgi to the
center of the cell. Then the vesicles fuse to
form tubular structures

Cleavage furrow-forms

Then the vesicles fuse to form
Tubular structures.

Cells p‘mched aparf into two
daughfer cells

Cell plate connects with the existing cell
membrane — Cell division completed.

Each daughter cell secretes cellulose to
form cell wall.
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Equal and -Unequal GYTONHQS\S

+ Equal: Each cell receives a full copy of the parent cell's DNA and some essential
organelles. If all the mitochondria from the parent cell stay in only one daughter cell, the
other would not be able to survive.

Same for the chloroplasts in photosynthetic prokaryotes. Red Blood Cells:

- Anucleated
- Cannot synthesize proteins
» Have a short lifespan

» Unequal: Daughter cells are not identical.
Production of eggs called oogenesis.

Oogenes'\s 2 Three hap\o‘\d cells donate

D( their cy‘rop\asm and

organelles because they do

/ & \ not used as eggs and

cannot form zygo’r
62 @
n

2n
diploid haploid

Budd\ng Asexual reprodud\on. Small cell buds
» off — when the small cell is big enough
Stmall yeast cell to survive, cytokinesis closes the
O membranes.



Mitosis Meiosis

Daughter cells receive all the A nucleus divides into haploid nuclei, halving
chromosomes and genes: the chromosome number. This allows
Chrorhosorme number unchanged: garmetes to be produced in sexual life cycles.

Asexual reproducﬂon. Produces o _
geneﬂcally identical body cells. Generates gene’nc d‘VEVS‘TY-

Usually. nuclear division happens-befo e cytokinesis, so-that each cell-can receive a
nucleus: Two types of nuclear division: mitosis and melosis.

MITOSIS MEIOSIS

JRVE/RY

e




DNA Rephca’r\on for Mitosis and Meiosis

+ Cells replicate their DNA before the start of meiosis and mitosis. In mitosis (at
the S phase), two daughter cells recelve the entire genome.

- DNA rephca’ﬂon prov\des enough DNA for two daugh’rer cells. Cells divide twice in
melosis, producing 4 haploid cells. Provides enough DNA for crossing over.

DNA NUCLEAR
COPIED DIVISION

O =) - m @ O
/
\
\
Single Two 2 x Single
chromatid chromatids Chromatid
One COP\/ of DNA Two COP‘ES of
Centromere DNA

Movement of Chromosomes as a Shared Feature

+ In mitosis and meiosis, chromatids are separated and moved to opposite ends
(poles). Then packed up to form fatter/shorter chromosomes (condensation).

- This is called supercomng — later stages of condensation, chromosomes become
shorter and fatter. (input: relaxed DNA /// output: condensed chromosome)

« Chromosomes are moved by microtubules at the po\es of the cell. These
microtubules extend and form a sp\nd\e shape. called sp\nd\e microtubules.



# Sister

Chromotids

(—7 Centriole: adds L% Kinetochore: removes tubulins to. make

tubulins-to-make microtubules pult chromatids to the pole

microtubules grow = This causes movement toward pole.
to the equator.




Phases of Mitosis

+ Preparation (Inferphase): The cell is growing and preparing to divide.
+ Phases: GI - 5 - G2

* DNA is in chromatin form (hot condensed).

+ S phase: DNA is replicated. Later, condensation & supercoiling occur.

» PROPHASE : Condensed chromosomes becomme visible.
+ Nucleolus disappears. Nuclear envelope gets smaller and : . B .
dissappears.

+ Mitotic spindle forms: spindle fibers form from centrosomes.

» Kinetochore (a region on chromosome) attaches to the spindle. |
- Centrosomes move to opposite poles, lengthening microtubules. P

- METAPHASE : Chromosomes move to the middle of the cell
(metaphase plate.

+ Centrosomes align on the plate.

- Chromosomes move because of the microtubules.

» Centrosomes are at the opposite poles.

» ANAPHASE : (sister chromatids pulled apart)
+ Chromatids move toward opposite poles.

+ Move as a result of motor proteins pushing microtubules.

+ Centrosome remains attached while microtubules shorten.

+ Now each pole of the cell has an identical set of chromosomes.
» Chromosomes take a V shape as they get shorter.

- TELOPHASE A set of chromosomes is located at each pole.
+ Nuclear membrane re-forms around each set of
chromosomes.

» The chromosormes elongate.

» Nucleoli reappeatr.

- Spindle fibres disappears.

» The cell is ready for cyrok\neS\s.



Meiosis As a Reduction Division
- kromozom sayisinin indirgenmesi (mayoz yoksa ¢ocuk 92 kromozom olur)

- Mother Cell = Has a diploid nucleus (two sets of chromosomes) (2n)
- Four new cells — Have haploid nuclei (one set of chromosomes) ()

- DNA is replicated — chromosomes produced consisting two sister chromatids

- Inferkinesis: Second growth phase between Meiosis | and Il (NO DNA
REPLICATION

» Mejosis | (D'\p\otd — Hap\01d): Homo\ogous chromosomes are sepam’red
Pl (ProPhase D: Chromosomes condense, Nuclear membrane dissolves,
Homologous chromosomes form bivalents, Crossing over occurs

-M | (Me’raphase D: Sp'mdle fibres connect to bivalents (at centromeres)

Al (Anaphase : Spindle fibres split the bivalent, Homologous chromosomes move
to opposite poles

- T | ('I‘e\oPhase P: Chromosomes condense, Nuclear membrane may reform, Cell
divides (cytokinesis) to form two haploid daughter cells

Pe0p|e - Meet - And - Talk

Meiosis |l (Separates sister chromatids): Not identical due 1o crossing over in
pmphase |

Same process as Meiosis . P I /M I /A T/ T

* Overall final outcome: Four haploid daughter cells (They may not be identical due
to crossing over in prophase



Meiosis | m Meiosis I
Interknesis
(no DNA replication)

(Crossing over)

Chromosomes condense

(Crossing Over)
2n

2n (Chromosomes align
Metaphase | Metaphase |
(homologous pairs on the equator again)
align on the equaton

N —> N Anaphase I
Anaphase | (Sister chromotids
(homologous Seperate)

chromosomes seperated

Telophase |

Cytokinesis |

Two haploid cells

Four haploid new cells (2 recombinant 2 parenter)



Meiosis: Down Syndrome and Non-Disjunctions

£ "x error in meiosis
| XK ' - Trisomy: A pair of hormologous chromosome (pair

21) fails o separate in anaphase | (non-disjunction)
‘—H — A Sperm or egg with two copies and a zygote

with three copies.

- Three copies of chromosotme is frisory. (happens
In Anaphase)

5
h NON-DISJUNCTION

NON-DISJUNCTION

(ANAPHASE 1) (ANAPHASE I1)

Ay KK KX
— —
Y & a s o e
Il

lse 320 8 23 Mt

13 14 15 16 17 18 ]
8e g8 [soea] 86 55
_ _ All gametes Half are haploid;
Trisomi 21 are aneuploid Half are aneuploid

offsPV'\ ng

Mothers age




Meiosis as a source of variation
 Different combinations of alleles

» 1. J0Random orientation of bivalent: Orientation is random and doesn't influence
other bivalents, many combinations can be produced when hormologous
chromosomes separate in anaphase | = different haploid cells

» 2.)Crossing over: Chromatids with different combinations produced. (prophase 1

- Mutation
- Meiosis
- Fertilization

O Bivalent: a pair of homologous chromosomes
o) SynQPS\s: formation of a bivalent (hot sister chromatids)
O Chiasma: pom’r of crossing over

- - A

Synapsis of Crossing over Recombinant
bivalents at chiasmata chromosomes




Cell Proliferation for Growth, Cell Replacement and Tissue Repair

- Cell proliferation: repeated cell division — Multicellular organisms grow by adding
more cells.

« Growth: 0 increase the size of the body. The entire embryo grows rapidly.

~ In plant cells: The root apical meristem lengthens the root. The shoot apical meristem
lengthens the stem and produces cells for leaves or flowers.

— Apical meristems = zones of cell division (at tips part).

» Cell replacement: Routine production of cells to replace those with a shorter lifespan
(skin cells).

» Tissue repair: Healing after loss or damage (eg. skin cells to heal cuts).

The Cell Cycle
Interphase |

The cell grows and copies its DNA
e G1: Cell growth

e S:DNA synthesis(rep\\caﬂon)
e G2: More growth,
preparation for mitosis

The cell divides its DNA and
cytoplasm, forming two new cells

* Prophase
e Metaphase
e Anaphase
e Telophase

Go: Resting state where the cell
performs its functions and is not
preparing to divide

sciencenotes.org



Control of the Cell Cycle Using Cyclins

- There are checKpo\n‘rs between one phase of the cell (\/de and the next.

+ Cyclins: Proteins used to control progression through these checkpoints. Their

concentrations rise and fall throughout the cycle. Cyclins bind to kinase enzymes,
activating them.

- These kinases phosphorylate other proteins — other enzymes perform fasks

specific to each phase of the cell cycle.

Concentration

Triggers cells to
move from GO to
G1and from G1
into S phase.

prepares the cell
Jor DNA
replication in S
phase.

activates DNA
replication inside
the nucleus in §

phase.

promotes the assembly
of the mitotic spindle
and other tasks in the
cytoplasm to prepare
for mitosis.

— -

Mitosis

+ Progression through parts of the cell cycle is affected in
various ways by specific cyclins. (DEAB)



Consequences of Mutations in Genes that Control the Cell Cyc\e

- Tumour cells that divide endlessly.
— Cells have genes that ensure mitosis only happens when needed.

- Proto-oncogenes: Specific mutations change proto-oncogenes — oncogenes
— Causes uncontrolled cell division.
—> Apoptosis: Cells have their death pre—progmmmed in their DNA.

- Tumour suppressor genes: Normally prevents uncontrolled division.
— Multiple genes must have mutated in the same cell for control 1o be lost.
Differences Between Tumours in Rates of Cell Division and Growth and in

the Capacity for Metastasis and Invasion of Neighbouring Tissue

+ A tumour is a mass of proliferating cells in which normal control of the cell cycle
has been lost.

+ Benign Tumours: Grow slowly and are not life-threatening
— Cannot metastasise.

- Malignant Tumours: Grow aggressively, may spread to form secondary tumours.
— Life-threatening,

— (Only ’rhey can metastasise)

+ Metastasis: Spreading of cells to form secondary tumours.



Mitotic index =

Application of Skills: Mitotic Index

(Number of cells in mitosis)

(Total number of cells)

Phase

I (Interphase)

P (Prophase) 16 |22 |20
M (Metaphase)| 13 |16 |15
A (Anaphase) | 9 14 |13
Total 100 | 100 | 100

P

Mitotic index calculation: (P + M + A)
Total







Stability as a property of natural ecosystems

« Stability means an ecosystem can continue for a very long or unlimited time without collapsing. A
sustainable system maintains its structure and function over time. Some ecosystems show
long-term stability, such as the Daintree rainforest in Australia.

+ The Daintree rainforest has existed for over 100 million years because the climate has remained
warm and wet. Tectonic plate movement usually changes climate over geological time, but this area
remained suitable by chance.

+ Long-term stability has allowed very high biodiversity to develop.

« Many endemic species and ancient plant families are present. However, ecosystem stability is
fragile. Even small disturbances (perturbations) can cause significant changes.

Requirements for stability in ecosystems
+ A continuous energy supply is required because energy cannot be recycled. In most ecosystems,
the main energy source is sunlight. Blocking sunlight (for example by volcanic dust) can cause
ecosystem collapse and mass extinction.

* Nutrient cycles. Any loss of nutrients must be balanced by gains.

+ Climatic variables, especially temperature and rainfall, must stay within the tolerance ranges of
organisms. High genetic diversity within species increases stability.

+ Keystone species are especially important for ecosystem stability.

» Genetic variation allows natural selection and adaptation to environmental change.

ECOSYSTEM STABILITY

An ecosystem is considered to be stable if it is capable of maintaining its ecological
functions under changing conditions or during disturbances. There are four factors
that must be present for an ecosystem to remain stable under changing conditions:

e Recycling of nutrients (decomposers maintain a supply of chemical elements)

e Abiotic conditions (key climatic variables must remain within tolerance levels)

e @enetic diversity (high levels of diversity allow populations to adapt to change)

HINT: RAGE

o [Energy supply (constant energy supply must be made available for metabolism)



Amazon rainforest and tipping points

- The Amazon rainforest strongly affects regional and global climate. Transpiration from
leaves releases water vapour and causes a cooling effect.

- Water vapour condenses, lowering air pressure and creating wind. Condensed water falls as

rainfall, which is reused by the forest.

- Ecosystems can recover from disturbances. However, resilience is limited.

* A tipping point is reached when disturbance exceeds a critical level.

- Deforestation reduces transpiration and rainfall. After the tipping point, positive feedback
causes rapid and irreversible change. Even if deforestation stops, the rainforest may turn into
grassland. The exact area needed to avoid the tipping point is uncertain.

deforestation by logging
or clearance for agriculture
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A The bar chart shows the area of deforestation in the Amazon rainforest for each year from

2000 to 2021.

Application of skills: calculating percentage change

—\ A A P
.9 " } v

To calculate percentage change, use this formula:

final amount = initial amount
. X 100%
initial amount

In 1970, there was an estimated 4,100,000 km?
of Amazon rainforest in Brazil, with 3,268,000 km?
remaining in 2022.

percentage change = 2,208,000 _4']00’090 Ll x 100%
4,100,000 km?

=-20.3%

Between 1970 and 2022, there was a 20.3% reduction
in the area of Amazon rainforest in Brazil.

4,600 km? of Amazon rainforest in Brazil was lost in
2012: 11,600 km? was lost in 2022.

11,600 - 4,600 km?
4,600 km?
=152%

percentage change = X 100%

In 2022, the loss of Amazon rainforest in Brazil was
152% higher than in 2012.



Mesocosms and ecosystem stability

+ Ecosystems can be sustainable for very long periods if energy input (usually light) continues
and nutrients are recycled. This can be studied using mesocosms, which are small
experimental ecosystems.

« Terrestrial mesocosms include fenced grassland or forest areas.

« Aquatic mesocosms include open tanks or sealed glass vessels.

* In sealed mesocosms, matter exchange is controlled, but energy transfer occurs freely. For
sustainability, autotrophs and saprotrophs are essential, while consumers and detritivores are
not always essential. Large animals are not included because it is unethical if they cannot
obtain enough food or oxygen.

Keystone species and ecosystem stability

+ A keystone species has a disproportionately large effect on ecosystem structure. If it is
removed, species diversity decreases and the ecosystem may collapse. An example is
Pisaster ochraceus, a sea star on rocky shores. When Pisaster was removed, Mytilus
californianus became dominant, algae disappeared, and many animals died or migrated.
Pisaster maintains biodiversity by predation, preventing one species from excluding others.

KEYSTONE SPECIES
Sustalnablllty of resource A keystone species is a species that has a disproportionately large impact on the environment relative to its
harvestin abundance. They fundamentally support the ecosystem and prevent it from collapsing (like a keystone in an
g arch). These species don’t have to occupy the highest trophic level and influence ecosystems in many ways:
e Predators — exert top-down pressure on lower trophic levels to prevent a monopolisation of resources
~ Harvesting from natural e Mutualists — exert bottom-up control by supporting the life-cycle of other organisms in the community

¢ Engineers — refashion the environment in 3 manner that promotes the survival of several other species

ecosystems is sustainable only

. . . Examples of keystone species include sea otters (which prevent habitat destruction by feeding on the sea
if the rate of harVEStlng IS urchins that eat kelp), honey bees (pollinate flowering plants to ensure the continuation of these species)
IOWQI' than the rate Of and beavers (who build dams that allow other species to thrive under the new environmental conditions).
replacement. Unsustainable

harvesting has caused many

extinctions, especially of - I BB

megafauna. Today, pressure — & & 88y

is higher due to a human , : _ S —
Keystone species: Sea otters feed on sea urchins Overpopulation of sea urchins destroys kelp numbers

population of over 8 billion.

« Brazil nuts are harvested from Bertholletia excelsa trees in the Amazon. Sustainable
harvesting depends on leaving some nuts to germinate. Agoutis help by burying nuts, aiding
seed dispersal. In heavily harvested areas, few young trees grow, making harvesting
unsustainable.



Atlantic cod fishing — harvesting an animal species

Atlantic cod (Gadus morhua) is heavily harvested from the North Atlantic. Overfishing caused
the collapse of the Grand Banks population in the early 1990s, and it has not recovered,
showing the importance of sustainable harvesting. Fish stocks outside national waters are
open-access resources, so sustainability requires international cooperation. Harvesting must
not exceed the maximum sustainable yield (MSY), which occurs at point M on a sigmoid
growth curve, where population growth rate is highest.

In the North Sea, cod stocks fell by over 80%, but recovery measures included exclusion
zones in nursery areas, larger net holes, reducing fishing fleets, and quotas based on
population monitoring. Since 2005, adult cod biomass has tripled, showing that cod fishing
there is now sustainable.

D4.2.7 — Factors affecting sustainability of agriculture

Agriculture must be sustainable because it feeds the human population. Intensive farming can
increase yield but often reduces sustainability by damaging ecosystems or using finite
resources.

Tillage can degrade soil structure and increase erosion, especially in cleared tropical forests.
Nutrient depletion occurs through harvesting and leaching, requiring fertilizers made from
non-renewable minerals and fossil fuels.

Monoculture encourages pests and weeds, leading to pesticide and herbicide use, which
causes pollution and resistance evolution. Agriculture has a high carbon footprint due to fuel
use, fertilizer production, machinery, and heating, contributing to climate change.

Agriculture (Farming)
Agricultural sustainability is a complex challenge that is influenced by several factors:

o - Supply of fertilisers — Excessive use of fertilisers can alter the composition of soil
e Carbon footprint — Land clearing and product transport increases COz emissions

s> Agrochemical pollution — Herbicides and pesticides may harm the native species

e Leaching of nutrients — Rain can wash fertilisers into waterways (eutrophication)

HINT: SCALE

o - Erosion — Removal of trees for farming makes the soil less stable (likely to erode)



Eutrophication due to leaching

Leaching occurs when rainwater dissolves soluble nutrients such as nitrates and phosphates
and washes them out of soil into rivers, lakes and seas. Intensive agriculture increases
leaching because of artificial fertilizers and poorly managed livestock waste. This causes
nutrient enrichment of aquatic and marine ecosystems, called eutrophication. Although some
ecosystems are naturally eutrophic, human activity has caused widespread eutrophication,
leading to harmful effects such as algal blooms, oxygen depletion, and death of aquatic

organisms.
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Biomagnification of pollutants

Human-made chemicals can be present in very low environmental concentrations but reach
lethal levels in top predators due to bioaccumulation and biomagnification.

Bioaccumulation is the build-up of a toxin in an organism’s tissues over its lifetime, especially
with fat-soluble pollutants like DDT or methyl mercury, which are not easily excreted.
Biomagnification is the increase in toxin concentration at successive trophic levels of a food
chain. Top predators accumulate the highest concentrations because they consume many
contaminated prey. This caused population declines in species such as peregrine falcons,
ospreys, and otters.
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Effects of microplastic and macroplastic pollution

Plastics are synthetic polymers widely used in manufacturing. Large amounts are single-use,
and although some are recycled, over 350 million tonnes were discarded in 2020. Plastics
accumulate in oceans because they are non-biodegradable or degrade very slowly.

Macroplastics are large visible items such as fishing nets, ropes, bottles, and plastic bags.
Marine animals like seabirds and turtles become entangled or ingest plastics after mistaking
them for prey. Albatrosses confuse plastic bags with jellyfish or squid and feed them to
chicks, causing gut blockage and high mortality.

Microplastics are plastic fragments between 5 mm and 1 pm. They come from microbeads,
clothing fibres, tyre wear, and breakdown of macroplastics. They are found in all marine
ecosystems. Filter feeders ingest microplastics together with toxic chemicals that adsorb onto
their surface.

Nanoplastics are <1 pm and form from microplastics. They can pass through plasma
membranes, enter cells, and accumulate in organs of animals, including humans. They are
likely harmful, but their effects are not yet fully understood.

.
I foh filter feeders
i smaller fish e.g. plankton
. s
biomagnification biomagnification
A% ENESS
macro micro nano
25.5mm Smm-=1pum <1 um

sediment—the ultimate repository for plastics?



Rewilding and ecosystem restoration

Human activities have degraded ecosystems, causing biodiversity loss, high extinction rates,
and loss of ecosystem services such as carbon sequestration, climate regulation, flood
protection, and soil erosion prevention. Rewilding aims to restore ecosystems by allowing
natural processes to operate with minimal human intervention. The first step is reducing
activities like agriculture, logging, and harvesting. In some cases, stopping disturbance is
enough, but often active interventions are needed, including seed spreading, reintroduction of
keystone or apex predators, restoring habitat connectivity, and controlling invasive alien
species.

The Hinewai Reserve (New Zealand) shows successful rewilding, where farmland regenerated
into native forest with minimal interference. However, climate change remains a major threat
through increased droughts and floods.

D4.2.12 - Ecological succession and its causes

Ecological succession is a sequence of changes in species composition and abiotic factors
over time, where one ecosystem replaces another. For example, grassland may change into
forest as light decreases, humidity increases, and soil nutrients improve due to leaf litter.
These changes cause some species to be lost and others to join. Succession may be triggered
by abiotic factors (e.g. avalanches creating bare substratum) or biotic factors (e.g. beavers
causing flooding). Succession may end in a climax community, which is stable and persistent.



Primary succession

Primary succession occurs on new land with no soil, such as glaciers, sand dunes, river
deltas, or exposed rock. Pioneer species like lichens and mosses colonize first. Their death
and decomposition form organic soil. As plants establish, soil depth, mineral content, aeration,
and water retention increase, while pH changes. Larger plants eventually grow, reduce erosion,
and outcompete smaller shade-intolerant species, leading to increasingly complex
communities and eventually a climax community.

»\f“‘/‘-v"‘ow-b%»t

Colonised by Decomposition Grasses grow More nutrients Increase in solil
Bare rock pioneer species creates a layer and displace the in soil allows for depth allowss for
(e.g. moss) of topsoail pioneer species shrub growth growth of trees
Primary succession Secondary succession
Begins with no life Follows a disturbance of primary succession
No soil Soil is present
New area, e.g. a volcanic island Old area, e.g. following a forest fire

Lichen and mosses begin to grow on volcanic | Seeds and roots are already present
rocks

Biomass low Biomass higher

Low production* Higher production*




Cyclical succession

Some ecosystems show cyclical succession instead of reaching a permanent climax
community. In this type of succession, species repeatedly replace each other over time
without a major disturbance. An example is wood-pasture in northwest Europe. Cyclical
succession can also be driven by regular, recurring disturbances, such as fires in the California
chaparral. Fires occur every 10-15 years and maintain a community dominated by deciduous
shrubs and evergreen trees.

oak seedlings do not grow in the shade of larger
trees so oak woodland tends not to regenerate

oak forest
oak seedlings grasses and other
grow wellin herbs grow quickly
grfassland and where mature oaks
if not eaten, fall so areas of
they grow into grassland (pasture)
mature trees so tend to.develop
crub and forest
return grassland

if grazing by deer and other herbivores Is
intense, grassland may persist for some time

Climax communities and arrested succession

During succession, a stable climax community may develop, determined mainly by climate.
Human activities can prevent succession from reaching this climatic climax, causing arrested
or deflected succession, known as a plagioclimax.

Intensive grazing by livestock maintains grassland, as grasses tolerate grazing but tree and
shrub seedlings are destroyed. Drainage of wetlands increases soil aeration, causing wetland
species to die or migrate and allowing saprotrophic fungi to decompose peat. Shrubs and
trees may then colonize, creating a plagioclimax instead of a wetland climax.






Gene ExpreSS\on

® Phenotype: All the functional and structural characteristics of an organism.
® Genotype: All its genetic information.
® Gene expression: Process of turming genotype info phenotype.

Translation
—> ’

Transcription

Protein
Functions

Phenotype




Regulation of Transcription

® Gene expression requires selective transcription of MRNA. (Promoters,
Transcription Factors, Enhancers)

. Transcription

Factors Start of a gene

— h}.
l RNA Polymemse

Transcription Factors:
- Allow a cell 1o regulate gene transcription and be selective in which genes are
transcribed at all times in the life of the cell.
(Example: Testosterone receptors)

- Enhancers: Vary the rate of transcription of genes.

-Transcription Factors + Enhancers = Increased rate of transcription



Control of the Degradation of mMRNA

® Poly-ATail: A long string of adenine bases at the end of the MRNA molecule
Controls the stability of mRNA. Over time, it gets shorter.

- The shorter — the more \'\Kely MRNA is to be des’rroyed and less \'\Ke\y to be
reused.
Ep\geneS\s:

- The process of how a cell changes from a sitple state to a specialized one
through gene activation/inactivation.

+ Chemical tags (called epigenetic marks) turn genes on and off.

- These do not affect the DNA sequence but do affect how genes are used.

+ Genorme: All the DNA in acell (includes both coding and non-coding regions).

- Transcriptorme: All the mMRNA currently made in a cell. It changes over time
and between cells.

» Proteome: All the proteins made in a cell. Controls how the cell works and
what type of cell it becomes.



Me‘rhy\a’r\on:

» When a small chemical group (-CHz) is added to DNA or proteins. This is an
epigenetic change and he\ps control gene expression. Often occurs near the
promo‘rer region.

+ Methyl groups + DNA — Transcription might not start.

- Methyl group + Histone proteins — Affects how tightly DNA is packed.
(The location of the methyl group affects gene's activeness)

Acetylation

E——)
—
Methylation

Promoter Gene Sequence
Tightly Packed

DNA. Protein

Loosely Packed

E-pigenetic Inheritance

+ Epigenetic tags control gene expression and affect cell function. These tags can
change due to environmental factors.

» When a cell divides — it can pass tags to new cells, keeping the same
functions.

-(Gamete formation: Most tags are removed, but some can s’ray and pass to the
next generation. (Transgenerational epigenetic inheritance)

+ Air pollution: Nitrous oxides and ozone can reduce DNA methylation.
— Can cause asthma, inflammation, or heart problems. (Environmental effects)



Most Epigenetic Tags are Removed From Ovum and Sperm

- During sperm and egg formation, most epigenetic tags are removed.

— But some might affect the next generation

— A dominant allele can be silenced, the recessive allele will be expressed.
— These patterns can be passed on to all body cells.

- Sperm and eggs have different epigenetic patterns this explains behavioral
differences between tigons and ligers.

Studying Twins

- Dizygotic (fraternad twins — Come from 2 different eggs.
— Share ~50% of their DNA.

- Monozygotic (identical twins — One eqgg that splits.
— Share 100% of their DNA.

- Studying how the environment affects traits and gene expression is best done on
monozygotic twins.



External Factors That Impact Gene Expression

- Gene expression can be influenced by factors outside the cell.

Lactase Production in E. colt:
- E coli has enzye lactase, which digests lactose.

» No lactose present — A repressor protein binds to gene's promoter, b\ocng
transcription.

- Lactose present — Lactose binds to repressor and removes it.

- This allows RNA polymerase to transcribe genes into Bacterium can use lactose
for energy.

Testosterone and Gene Expression:

. Testosterone is a steroid hormone that controls gene expression in sperm
produc’ﬂon cells. It enters the cell and binds to androgen receptors.

- These comp\exes move and bind to specific DNA sequences.

+ Either activates or blocks transcription of certain genes.



