Guiding Questions

What are the roles of stem cells in multicellular organisms?

How are differentiated cells adapted to their specialized functions?

Linking Questions
Theme: Form and Fonction
y Level of Organization : Cells

|

What are the advantages of small size and large size in biological systems?

How do cells become differentiated?
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SL LEARNING OUTCOMES

Production of unspecialized cells following fertilization and their
development into specialized cells by differentiation
Properties of stem cells Limit to the capacity of cells to divide endlessly and differentiate along different pathways.

Students should understand the impact of gradients on gene expression within an early-stage embryo.

Limit to two example locations and the understanding that the stem cell niche can maintain the cells or

Location and function of stem cell niches in adult humans . ; ) . s : : :
promote their proliferation and differentiation. Bone marrow and hair follicles are suitable examples.

Differences between totipotent, pluripotent and multipotent Students should appreciate that cells in early-stage animal embryos are totipotent but soon become
stem cells pluripotent, whereas stem cells in adult tissue such as bone marrow are multipotent.
g s e Consider the range of cell size in humans including male and female gametes, red and white blood cells,
Cell size as an aspect of specialization . :
neurons and striated muscle fibres.

Students should understand the mathematical ratio between volume and surface area and that exchange of
materials across a cell surface depends on its area whereas the need for exchange depends on cell volume.
Surface area-to-volume ratios and constraints on cell size NOS: Students should recognize that models are simplified versions of complex systems. In this case, surface-
area-to-volume relationship can be modelled using cubes of different side lengths. Although the cubes have a
simpler shape than real organisms, scale factors operate in the same way.

HL LEARNING OUTCOMES

Include flattening of cells, microvilli and invagination. Use erythrocytes and proximal convoluted tubule cells
in the nephron as examples.

Limit to extreme thinness to reduce distances for diffusion in type | pneumocytes and the presence of many
secretory vesicles (lamellar bodies) in the cytoplasm that discharge surfactant to the alveolar lumen in type Il
pneumocytes. Alveolar epithelium is an example of a tissue where more than one cell type is present, because
different adaptations are required for the overall function of the tissue.

Include the presence of contractile myofibrils in both muscle types and hypotheses for these differences:
Adaptations of cardiac muscle cells and striated muscle fibres  branching (branched or unbranched), and length and numbers of nuclei. Also include a discussion of whether

a striated muscle fibre is a cell.
Adaptations of sperm and egg cells Limit to gametes in humans.

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

Adaptations of type | and type Il pneumocytes in alveoli



B2.3.1—Production of unspecialized cells following fertilization and their development into specialized cells by differentiation.
B2.3.2—Properties of stem cells. B2.3.3—Location and function of stem cell niches in adult humans. B2.3.4—Differences
between totipotent, pluripotent and multipotent stem cells. B2.3.5—Cell size as an aspect of specialization

Fectilization.’ * fosion of nuctei from male and female hoploid gametes (specm and ovom.), forming a zygote. This unspecialized cell divides many times foaming an embeyo and then differentiales into specialized cells as it grows
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ovm @chrodvcb’on. 03.1 \—\/\ blastocyst fetus ex: mesenchymal stem cell
Stem cell : undiPerentiated cell with the capacity to divide endlessly and Jifferentiate into totipotent : copacity to differentiate into all plucipatent.  capacity to differentiate into moltipotent. ° copacity to differentiate into
specialized cells along different pathways. - cell types (Cmbrya and phcenl‘.o.) most cell types (cmbryo) cells of 5P‘°m° tissve / type
Classified according to their potential to differentiate: toti > pluri > ‘mulki X {ound only in carly embryos and not adults X temain. in adolts
Morphogens - signal molecules whase concenlration. allers gene expression and contrals differentiation of stem cells jn a developing embryo Stem cell niche * area of o tissue that provides a specific envionment That can both maintain Slem

cells in_an undifferentiated state and promote their proliferation and differentiation
s morphogens bind to cells and if o cectoin concentration hreshold is fcached, cause some genes fo be expressed inducing specialization

7 ex: bone marrow Site of Hematopoietic stem cells (Hsc),
morphogen — @ @ moltipotent giem cells that con differentiate
gradient I i : L]

into all blood cell lincages. Niche

Source __ :":..:: SOORES X . . . = HSC white blood cells has a large obundance of blood vessels
Ty YteyY Y?YYY YYYYY (orgon A organ B orgon C which allow for eflicient éelivcr] of
| @ & nutrients ond transpert of bload cells
cells in . - - red blood cell platelet bo the body.
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N v U U

Jifferentiation fate cell type A cell type B cell type C cell type D corly- stage embryo development
sovemed b_y morphogans

ex: haic {ollicle bulae site of Hair follicle Stem cells (HFSC),

y multipotent stem cells hich proliferate
and differentiote into new haic follicles,
-

skin cells and more. Hair growih cycles
(/ between. dormant ond active phases

In humans, specialized cells cange fremendously in terms of size (lena'"l. and volume.) as on adagtive featore related to fheir function :

> Sperm cells Q> \>OL \S red blood cells Q , S B-lymphocyte ’ ‘ ‘ nevrons

S striated muscle €ibres

® Sum head with. 50pm long flagellum ® [I0ym diameter - very lacge @ Fum width, [pm thick ® Jym (inactive ) 30pm (active) o 20 ym with very ® 20- 100pm diameter and
A - some >/000000pm lengths can be > 300,000 ym
® small size reduces resistance, L4 larac cytoplasm allows ovum ® small size allows passage ® Once activated, cells pduce
and incceases efliciency, allowing it to slore a lot of nutrients and through. nacrow capillaries lorge amownts of antibedies o axons_allows signals et long fibees allow contractions
o swim easier within narrow spaces organelles needed for ropid and increases SA:V, increasing from increased r€R and Golgi, & great distances to oueur over large dislances

of female reproductive fract fo cgq growth Dollowing fertilization rate of 0, diffusion causing ils size to increase t _high speed in_a coordinated manner



B2.3.6—Surface area-to-volume ratios
and constraints on cell size

Cell ‘surface area’ is 1he size of ils outer sucface, j.e. ifs membrane surface area
> as materials are exchanged using the membrane, the greater the area, fhe higher the cake of exchange

Cell ‘olume' is the size of ifs inferior, i.c. mainly its cyfoplasm
S metabolic reactions occor within cytoplasm , thvs the lacger fhe volume the greater the metabolic rate,
i-e. its need for (eactants and gene ration of products and waste

Cell size s constrained by ils surface area. (sA) o volume (V) ratio

Cell SA:V = Cell surface area. (ym?
Cell volume ( pm35

M‘ To better vnderstand how SA:vol chanses wilh increaging complex cellvlac shapes,
cvbes of inceeasing side lenglhs are vsed as a ,simplu'ﬁ'cc\ model since Scale
factors operate 1he same reqacdless of shape

—> |imits rate of exchange with cell and its environment
— Iimits metabolic rate and need for exchange
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(me*Zunm)" b =24 mmt
Zmmx2mmx2mm =8 mm>
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SA (lmm ® lmm) *b = bmm®
Vo lmm = lom % lmm = Tmm?

SA:V 6|

(8mm *mm) * & = 38Y mm?
Smm * Bmm x Gmm = 512 mm>

075 |

<‘fmm*"'mm)‘b = 96 mm?
Ymm xYomm =« Ymm = 64 mm>

1.5

X as the cell gfows in Size -
its volume increases much faster than its surface arta

the SA:V decreases SA:V

> eventwlly o cell will grow so large that its metobolic demond for

exchange > exchange rate forcing it to divide in order to increase its SA:V
ensucing the rate it imports nutrients and exports woste and heat meets cellvlor demands

radivs

sA:v=z 1:1

In multicellvlar organisms :
o larger animals have Jower SA:V and more dimcult): exchanging heat

from theic core o their svrroundings. - ﬂ\ey have lower metebolic rate
o Smaller animals have higher SA:V and lose heat feom their coce

to their Surroundings too guickly - ‘"\cy have higher metobolic rate

metabolic rate

body mass

B2.3.7 —Adaptations to increase
surface area-to-volume ratios of cells

HL

Cells whose function involves exchange of materials hove adaptations to maximize Surface area : volume
S Flaﬂcning

Some cells are very {lattened (wide and ”ll'n.)J IOwerinj their volume and increasing its surface area.

— | 1

ex: Erythrocytes (RCJ blooo cells) ex: Type I pneumocytes

cicculate in blpod vessels, carrying and capillary endothelim

and exchanging Op with cells. cells ollow the diffusion

Cell has a flattened biconcave shape, and exchange of Oz and

increasing SA:V whith increases €O, between air in lungs :

rate of diffusion and exchange CQ and eryihrocytes in blood o~ (2 2
> Micovilli — W

ex: lissve in the small intestine is %vmi ex: tissve in Kidneys called
folded in structures called villi the
which are composed of a single microvilli are lined with
layer of :|) cells with microvilli Kidney
which are themselves {olded in order to mﬂ \
massively increasing SA:V foc U\)ijU ° rake of reabsorption of |
nuirient absorption €rom intestinal sugars, solts, amino acids,
lumen fo bload in capillories o — and water from filtrate
et t— to the blood in capillories =2

S Invegination

Q homeostasis D3.3

Cell membrones con fold inward, Forminj invaginations and increasing SA

ex: Cells in the kidne] proximal
convoluted fubvle (PCT) not
only have microvilli {0 increase
absorption but jnvaginations
on fhe other (basal) end in
order Lo increase dhe rale of
active transpart (Na'/ K? pump)

ex: the inner membrane of 1he mitochondrion
has many invaginations called cristae
in. ocder to increase 1he surface area
for the electron. fransport chain and
oxidative phosphorylation.
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B2.3.8 —Adaptations of type | and type Il pneumocytes in alveoli.

B2.3.9—Adaptations of

cardiac muscle cells and striated muscle fibres. B2.3.10—Adaptations of sperm and egg cells

Specialized cells {or sexval reproduction ~ gometes

@ Reproduction D3.1

Sperm. : male ceproductive cells
(sam(.eS) produced in the testes.
Function is to deliver genetic material
to and {use with female ovum in order
to produee a. zygote. Lacks cytoplasm..
Shage is very small and streamlined

via cxocyfoSis in ordec o break down ovum's zona pellucida

luploid nuclevs : contains | unique set of chromosomes

for Glasellum movement. wWovnd aroungd axoneme
proteins move ﬂoaellum

”a‘jeﬂum. " Q4L microtuboles propels sperm =

Specialized cells {or motility - moscles

bindn'nj Proteins allow speem to bind fo zona. and ovum membrane

acrosome - o sac containing digestive enzymes which are released

»

helical mikochondria. - site of aerobic respiration in arder to supply ATP

P

Ovum / egg cell” : female reproductive cell
(samd.t) produced in 1he ovaries
Fuaction is to {use with sperm's
nuclevs to produce a. zysoﬁe

and svpply nukrienls for growth.

Cytoplasm. * aka yolK is very large and contains
nuicients and organelles (ex: mitochondria.)
needed for growth post-fertilization
Cortical granvles * vesicles Zona pellucida.  aka ielly coat, layer of
glycoproteins which protect ovum from
polyspermy by hardening after Corical reaction

containing enzymes which are
released post-fectilization in order
to make 20na pellucida impermeable
to prevent polyspermy (corbical r‘eacb'on,)

Follicle cells : nourishes and protects ovwm

Cardiac muscle cells / myocardiocy&cs

heart only
Involuntary - contraction initiated by heart pacemaker cells
contract heart chambers (atria and ventricles) o pump blood
Shocter, 50-[00pm
branche(J, singlc nucleus near center of cell

inteccalated disk
Connects cells together
allowing rapid Signal

propagation ( )
and vnified %Z\ both stciated S’rripcd dve fo many
contraction =

contrackile myofibrils mode primacily of octin
and myosin - (-’orming light and dark bands

=

Specialized cells {or ventilation and gas exchange - pnevmocytes

differences Skeletal muscle fibres @ muscle + motitity B33
location atfached {o bones via tendons
contraction \Iolun(-nry - contraction initiated by brain
function conlroct {0 move bones of skeleton Fascicle
lcng'}k long, 30,000pm. on average but con be lacger
Structure unbranched, many nuclei on pcriphcry of cell muscle cells /muscle fibres
: - e myofibril
=——+=—= , S=== | oo==—§ ol
light £ daek light 1 A 1 X as discossed in. AL.2. debatable if striated muscle fibee is
reloxed contracted a "cell” due to enormous length. and moultinucleation

capillarics

Air flows in via the mouth and nose,
down the trachea and splits between
two bronchi towards cach lung where
it branches into many bronchioles and
fecminates in millions of air sacs (alveoli )

Iunas

@ gas exchange B83.]

Type I pneumocyte

surfactant

Type I pnevmocyte ° alveolar cells adapted for gas exchange (cog and 0,) making up most of alueolar surfoce
® very long (200pm) and exieemely Thin (<ozpm), reducing diPfusion dislance. and increasing rate
g cyfoplasm volume js Very small, fo save space, the few organelles it has are clustered around nucleus

N
Type 1L pneumocyte  lacge, seccetory alueolar cells which suppoct alveolus m®
® can prolifecate and Oifferentiate into Type I pnevmocytes for repair C é\,\ f A
® contain many ‘lamellar bodies , vesicles which secrete e

pulmonary surfactant into alveolus via exocytosis without sufactant with sufactant

Keep lining moist allowing gases to dissolve and diffuse |
- C/ -

contoins phaspholipids which form monolayer which
redvces Suf‘FﬂCG ‘.CI\SI'OIL, rreutn(:ina alveolar walls Ubbobsss

sticking together and collapsing during expiration
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https://www.omnicalculator.com/math/surface-area-volume-ratio
https://sketchfab.com/3d-models/sperm-cell-anatomy-267dc672834749b5b332d23ee013a00a
https://sites.google.com/site/biologydarkow/osmosis/surface-area-per-volume-simulation?authuser=0
https://www.ehd.org/virtual-human-embryo/
https://learn.genetics.utah.edu/content/cells/scale/
https://sketchfab.com/3d-models/ovum-da9cb2b62e604a5a8afb7a1472b2d091
https://catalog.voka.io/en/models/50d0ca36-c7c5-4ba0-bbd0-6cbcb5bb4c1a/7171f92c-96c3-42bd-b4cb-aba13b8b170c/3289de07-d661-40aa-a857-41404079f19b/0759f2a6-43e5-4b1f-b080-205bc4d16609
https://sketchfab.com/3d-models/skeletal-muscle-structure-actin-myosin-b86266b76c874de58d59bf3572815541
https://sketchfab.com/3d-models/type-2-pneumocyte-4d11b696ef294239a3820b625e914bd5
https://sketchfab.com/3d-models/intestinal-microvilli-anatomy-43ddeb0d5c8749e4af6c6041cb64f3cf
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