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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-

Fertilization : fusion of nuclei from male and female haploid gametes sperm und

ouThis
respecialized cell divides many times forming an embryo and then differentiates into specialized cells us ioras
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*Reproduction D3. I fetusmorrla blastocyst ex: mesenchymal stem cellzygote

Stem cell : undifferentiated cell with the capacity to divide endlessly and differentiate into multipotent : capacity to differentiate intototipotent : capacity to differentiate into all pluripotent : capacity to differentiate into

specialized cells along different pathways. cells of specific tissue typemost cell types embryocell types embryo and placenta
Classified according to their potential to differentiate : toti pluri multi adults... found only in early embryos and not adults · : remain in

Stem cell niche : area of a tissue that provides a specific environment that can both maintain stemmorphogens : signal molecules whose concentration alters gene expression and controls differentiation of stem cells in a developing embryo

cells in an undifferentiated state and promote their proliferation and differentiation
L

morphogens bind to cells and if a certain concentration threshold is reached
, cause some genes to be expressed inducing specialization

ex : bone marrow site of Hematopoietic stem cells HSC,

multipotent stem cells that can differentiatemorphogenF 00>= into all blood cell lineages. Niche
·

gradient
- -...... white bloo calsource has a large abundance of blood vessels-
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organ A organ B organ C which allow for efficient delivery of

O nutrients and transport of blood cells
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cells in red blood cell to the body.
a tissue M ex : hair follicle bulge site of Hair follicle Stem cells HFSC,morphogen morphogenmorphogen morphogena ## multipotent stem cells which proliferate->

differentiation fate cell type A and differentiate into new hair follicles
,early-stage embryo developmentcell type B cell typeC cell typeD

skin cells and more. Hair growth cyclesgoverned by morphogens - between dormant and active phases
In humans

, specialized cells range tremendously in terms of size length and volume as an adaptive feature related to their function :

L
spermcells

~ red blood cellsOva muscle fibres
i· · -Lymphocyte! *rebellar grande/ motor neurons stricted

Y10pm inactive 30m active fSumhead with 50,m long flagellum 110m diameter -

very large From width
, I m thick and20-100 ym diametercell body 4m with long cell body 20ym with veryI I

lengths can be 300, 000mIlong axon-some 1000000mprotruding axons-3000m I
I
I· small size reduces resistance, small size allows passage

· Once activated
,

cells producelarge cytoplasm allows ovum

I
O

f

and increases efficiency, allowing it to store a lot of nutrients and small volume but long,
thin axons long fibres allowlarge amounts of antibodiesthrough narrow capillaries very long axons allows contractionssignals &

to be sent great distancesallow them to be packedto swim easier within narrow spaces organelles needed for rapid distancesdensely, to occur overand increases SA : V
, increasing from increased rER and Golgi, large

·E in a coordinated mannerof female reproductive tract to egg growth following fertilization rate of O2 diffusion in body at high speedforming many connections in braincausing its size to increase



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

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

Cell surface area is the size of its outer surface
, i.e. its membrane surface area Cells whose function involves exchange of materials have adaptations to maximize surface area : volume

~
as materials are exchanged using the membrane

,
the greater the area

,
the higher the rate of exchange

- Flattening
cell volume is the size of its interior

,
i .e. mainly its cytoplasm

& metabolic reactions occur within cytoplasm , thus the larger the volume the greater the metabolic rate, Some cells are very flattened wide and thin
, lowering their volume and increasing its surface area

i . e. its need for reactants and generation of products and waste
- %ex: Erythrocytes Red blood cells ex: Type - Pneumocytes u &

2⑨ratioCell size is constrained by its surface area SA to volume circulate in blood vessels
, carrying and capillary endotheliumj I ↑&and exchanging O2 with cells. ↓cells allow the diffusion -

-ES⑧
& -Cell SA : = Cell surface area Nm

? limits rate of exchange with cell and its environment and exchange of O2 andCell has a flattened biconcave shape , -
3cell volume ym limits metabolic rate and need for exchange -increasing SA : which increases CO2 between air in lungs -()23

rate of diffusion and exchange and erythrocytes in blood

:D
MNOS : To better understand how Stivol changes with increasing complex cellular shapes, -

& MicrovilliIcrbes of increasing side lengths &are used as a simplified model since scale

I-factors operate the same regardless of shape I I Cells in tissues involved in absorption greatly increase their SA through projections called microvilli

I nephronIF7
7 I

I ex: tissue in the small intestine is4 mm 8 mmImm 2 mm- - -villi extissue in Kidneys

call---- folded in structures called villi the proximal convoluted
T

tubule are lined withSA Immx(mm x6 = 6 mm2 [mmxImm * 6 = 24mm2 4mm x 4mm * 6 = 96 mm2 8mm > 8 mm * 6 = 384mm? microvilliwhich are composed of a single
V 4 mm x 4 mm x 4 mm = 64mm3 8mmx8mmx8mm = 5/2 mm layer of intestinal epithelial cells cells with microvill ;Immx(mmx(mm = 1 mm3 [mmx2mm x Imm = 8 mm Kidney

1 . 5 : 0.75 :SA : V mymy3:b : 1 which are themselves folded & uneumin order to increase the

massively increasing SA: V for rate of reabsorption of

· as the cell grows in size : nutrient absorption from intestinal sugars,
salts

,
amino acids,

I

·-(10(
and water from filtratelumen to blood in capillariesits volume increases much faster than its surface area I

(((() BlueCSA :the SA : V decreases to the blood in capillaries =(C[r

L L ⑰eventually a cell will grow so large that its metabolic demand for Invagination
homeostasisD3. 3radiusexchange exchange rate forcing it to divide in order to increase its SA : V

Cell membranes can fold inward
, forming invaginations and increasing SAensuring the rate it imports nutrients and exports waste and heat meets cellular demands

u
ex: Cells in the Kidney proximal ex: the inner membrane of the mitochondrion

3 0000001 . 5& & 1 . 5

PCT notconvoluted tubule PCT has many invaginations called cristae·
only have microvilli to increase in order to increase the surface area

SA : SAi = 2 :1= 1 : 7 for the electron transport chain andabsorption but invaginations
uneumon the other basal end in oxidative phosphorylation

order to increase the rate ofIn multicellular organisms :

& larger animals have lower SA : V and more difficulty exchanging heat active transport Nat K +
pump ·n ·k+from their core to their surroundings..: they have lower metabolic rate
BlueL smaller animals have higher SA : V and lose heat from their core

to their surroundings too quickly: they have higher metabolic rate body mass



B2.3.8—Adaptations of type I and type II pneumocytes in alveoli.   B2.3.9—Adaptations of 
cardiac muscle cells and striated muscle fibres.  B2.3.10—Adaptations of sperm and egg cellsHL

C ~⑳
mellar bodies, which secrete

with surfactantpulmonary surfactant into alveolus without surfactantvia exocytosis
1 I IIkeep lining moist allowing gases to dissolve and diffuse

&&& 2contains phospholipids which form monolayer which

m
reduces surface tension

, preventing alveolar walls

Mi
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
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