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Guiding Questions

In what ways do variations in form allow diversity of function in carbohydrates and lipids?

How do carbohydrates and lipids compare as energy storage compounds?

AR .

Linking Questions

Theme: Form and Foaction

Level of Organizabion.: Molecoles

How can compounds synthesized by living organisms accumulate and become carbon sinks?

What are the roles of oxidation and reduction in biological systems?
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SL LEARNING, OUTCOMES

Chemical properties of a carbon atom allowing for the
formation of diverse compounds upon which life is based

Production of macromolecules by condensation reactions that
link monomers to form a polymer

Digestion of polymers into monomers by hydrolysis reactions

Form and function of monosaccharides

Polysaccharides as energy storage compounds

Structure of cellulose related to its function as a structural
polysaccharide in plants

Role of glycoproteins in cell-cell recognition
Hydrophobic properties of lipids

Formation of triglycerides and phospholipids by condensation
reactions

Difference between saturated, monounsaturated and
polyunsaturated fatty acids

Triglycerides in adipose tissues for energy storage and thermal
insulation

Formation of phospholipid bilayers as a consequence of the
hydrophobic and hydrophilic regions
Ability of non-polar steroids to pass through the phospholipid
bilayer

Students should understand the nature of a covalent bond. Students should also understand that a carbon
atom can form up to four single bonds or a combination of single and double bonds with other carbon
atoms or atoms of other non-metallic elements. Include among the diversity of carbon compounds
examples of molecules with branched or unbranched chains and single or multiple rings.

NOS: Students should understand that scientific conventions are based on international agreement (Sl

metric unit prefixes “kilo”, “centi”, “milli”, “micro” and “nano”).

Students should be familiar with examples of polysaccharides, polypeptides and nucleic acids.

Water molecules are split to provide the -H and -OH groups that are incorporated to produce monomers,
hence the name of this type of reaction.

Students should be able to recognize pentoses and hexoses as monosaccharides from molecular diagrams
showing them in the ring forms. Use glucose as an example of the link between the properties of a
monosaccharide and how it is used, emphasizing solubility, transportability, chemical stability and the yield
of energy from oxidation as properties.

Include the compact nature of starch in plants and glycogen in animals due to coiling and branching during
polymerization, the relative insolubility of these compounds due to large molecular size and the relative
ease of adding or removing alpha-glucose monomers by condensation and hydrolysis to build or mobilize
energy stores.

Include the alternating orientation of beta-glucose monomers, giving straight chains that can be grouped in
bundles and cross-linked with hydrogen bonds.

Include ABO antigens as an example.

Lipids are substances in living organisms that dissolve in non-polar solvents but are only sparingly soluble in
aqueous solvents. Lipids include fats, oils, waxes and steroids.

One glycerol molecule can link three fatty acid molecules or two fatty acid molecules and one phosphate
group.

Include the number of double carbon (C=C) bonds and how this affects melting point. Relate this to the
prevalence of different types of fatty acids in oils and fats used for energy storage in plants and endotherms
respectively.

Students should understand that the properties of triglycerides make them suited to long-term energy
storage functions. Students should be able to relate the use of triglycerides as thermal insulators to body
temperature and habitat.

Students should use and understand the term “amphipathic”.

Include oestradiol and testosterone as examples. Students should be able to identify compounds as steroids
from molecular diagrams.



B1.1.1 —Chemical properties of a carbon atom allowing for the formation of diverse compounds upon which life is based.

Biomolewles-‘ molecules found in h'VEnj arjanisms which are essential 4o /"V""ﬁ processes
Al biomolecwles contoins fhe element carbon | this is why life is said fo be “carbon-based”
g what chemical properties allows carbon o form such a large variely of compounds necessary for life?
® Carbon has Y volence eleclrons , allowing it {o form Y ‘covalent bonds Liidn other adoms

K'> elecicostatic attraction between positive nuclei

and a shared peair of neaat'uve elecirons

k} Covalent bonds are {he s-lmeesl-, hpc
of bonds {hvs require a lot of energy 1o
breakk - Icat)inﬂ 10 slable Compound$

® Carbon {orms many molecvlar shages:

\S vabranched chains S branched chains \S linear chains \S bent choins

Chcmierr_y review

S Aloms are most stable when theic outer (vnlmu) shell is complc’re or {oll. T)\cy can achieve this through
bom)inj with ofher atoms by either -hunsF«rin‘S (Gonic) or sharing (covalent) electrons
\S> The frst shell can hold 2, second 8 and third 8. Carbon has 4 so readily shares these 1o get 8

® Carbon con share |, 2,0r 3 pairs of elections with another atom folming:

> Single covalent bond \S double covalent bond* S -hiple Covalent bond*
¢—C c=c .C=cC-

® Corbon can {orm covelent bonds with ofher carbons and
non- metal atoms providing much Jdiversily

* position of 1he bonds
within a molecvle can
differ adding {orther
variation

e ANA AN

\-> Si{\alc ﬁnsS \> moul ki - ru'nsed g
l-'-l l-'i }-'-] 0 H\ )-'1 0 pii ,.I.i N H HO-CH, such a5 Oxygen, Hydrogen, NH”S"‘- , Solfor
. Y/, N 7/ |
Y T _N=-C—C_ H—C-C=c—-C-H H C=C_ H Ho C—O_ H : :
R | NoH H | OH I I C C () ¢ oH HC X Organic molecole - must contoin carbon and hydrogen
H HyC —C — CH, H H . d /INe? oR ] -\
! H H \OH —-C OH ex: Cz HsOH (e'”\ano]), CHq (me-ﬂmne) are a@am'c.
CH, ! - ) . .
OH HO 0, (carbon d.omde), NH, (ammonia) are inorganic
Saturated faﬂy acid valine amino acid 2- bo+yne, unSaturated Fa&y acid glucose cholesterol

® Carbon-based molecwles can be short (l Ca(ban.) oc vety loag with no real limit (Some containing 1housands of carbons)

® When there are diffecent groups around a carbon , they can be arranged in
different , microred ocientations , each hov:nd diffecent biological inferactions

o many biomolecules have functional grovps altached fo a carbon skelefon. These groups have diffecent propecties and react diffecently 0 | 9
ex: CI'—‘OH ' HO‘("- S called enantiomers and
e ST S S g Sl § S S e | e
! OH or Yan
- S isomer | R isomer
based o fuactional gre9ps, (arben compouads can be organised into  homologous series which have similar proper Lies & moltiply (volve qels Iarqcr)
divide (volve qets smal!er) -
M: In all science disciplines unit conventions are based on international agreement —> International Sysfem of Units (51) >
\S this allows inlernational collaboration and {ocilitates replicability and comparability of experiments and data sei notation 10-? Io-b 10-3 Io-z 103 /Ob
ST prefires nano micro milli centi Kilo mego.
S 2 +7p£5 of quantities: M- independent of other variables ex: m, s, kﬁ , K mol, A, cd Symbol n. M m ((:) k M
A 0> = 107 N

3

derived - dependent on other variables ex: °C, kgm'

£ ms-’-) N) wJV)P“,HZJV

9
ex conversion: 0.025Km is how  0.025Kkm , 10" ym _ 25000000 pm
many micrometers ? / %

or 2.5 HD’,JM



B1.1.2—Production of macromolecules by condensation reactions that link monomers to form a polymer. B1.1.3—Digestion of
polymers into monomers by hydrolysis reactions. B1.1.9—Formation of triglycerides and phospholipids by condensation reactions

O O
Biomolecules fall into 4 major groups: O carbohydrates @ proleins @ pucleic acids @ lipids OO o O o anabolism <
\> these exist os Simgle single units mers , and combine fogether o { e I olymers ma lecvles
imp ng ntS,  mono , ond can Combin 9 orm Iarg more complex POy or cromo O ®) O NPT
S the most important melabolic reactions occoering in living organisms are condensation and hydrolysis reactions X note: monomers are often not individual atoms bot smaller molecules dedolisn ¢t
Condensation reaction : where two molecules are combined fogether forming o ®o H@ Hydrolysis ceaction : where o polymer breaks down/is digested iato 2 smaller, @0 o
lacger mare complex polymer and a molecule of water v less complex molecvles, vsing o SPM_ water molecwle v
o0 o ®-oi H@®
\S named affer the fact water is produced \S an anabolic reaction and fequires cnergy S 'kydro' = water | 'Iysis' = break  j.e break using water \S & calabolic reaction and releases cnergy
Qarbokydfo.‘rc.s Pro£c| ns Q proteins B1.2
%monomcrs:monosaaharidcs €—> dimer: disaccharide €<——> Polymer:pol)l.s'acchan'dc \>monomer5. amino acids € dimer: c)ipe_p!;ide > Polymer:polypcp&ide
H H HOMm H v
" «— + HH H\N —<';—c/’o H\N ¢ c/’o «—> H\N Llesh-L c,”o + H_H
OH HO 0 0 H™ | NOH H™ |  NoH H™ | I “oH 0
7 R, R, R, ' =&,
3|yco$idi6 bond X 20 oifferent amino acidS each hau-nj Pepl:ide bond
o differcnt R grovp
maliose synthase \ . X
ex: glucose + glucose maltase maltose many ot - 3lucose -— 6‘)’5"8"" N how many wate molecoles are required fo form
lactose synthase \ ‘\ €X: anabolic enzyme : ribozymes a polypeptide made of 500 amino acids 7
3Iucose + saladose [ac+as¢ lactose starch catabolic enzymes pephdase , pcpsin' +r3Psm S 500-] = Y499 water molecvles
sucrose synthase \ .«
slucose + fructose < sucrase sucrase many B—elucose : cellvlose LIEI[)S %
N> slyccrol + 3 faﬂy acids € > triglyceride
(o) H O v
Nucleic acids H I | n
! S H-c-0—C-—I(CH,).CH H. H
\S> monomers: nucleotides €——>  dimer: dinvdeoktide €—> polymer: DNA / RNA H-C-OH HO g (CH,), CH, ; 4 ( l)n 3 N
"
i —c-of 1 > H-c-0ZC—(CH)CH, , (HYOH
OH OH | HO -C L (CHt)n,CH3 | 9 (o)
o 0 H-C-OH o H-C-G=C —(cH,) CH, (N
o ° °° H HO — C — (CH, ), CH, H 0
o (0] * R .
—> - A phosphate group + Sl\/cerol t Z-Faﬂ.y acids € > Phosp\nohp.d
OHE=HO < ; O\P’O + H\o’H " i i 50 H, H
7N\ "
d-FI’-o KO o H-C-OH HO — c CH) CH, H -c:—o;g—((:Hz),\c:H3 (0]
phoSpl\ocheskr bond |(|) H '(l:"o"' D _ - CH,_) CH, O C o— /a3 o 0 .
R-O-P-OH HO-C-H R- O-P o- c NN N
| | —
@ rocteic acids AL2 ex: anabolic enzymes: DNA polymerase | RNA polymerase | DNA ligase (o} H O' H esier bond .

catabolic enzymes: endonuclease, helicase _
X h')'nc)s ate technically not polymers as 1hey are not composed of repeating units but Oiffereat monomers

X can all be gifferent or the same



B1.1.4—Form and function of monosaccharides.

B1.1.5—Polysaccharides as energy storage compounds

B1.1.6—Structure of cellulose related to its function as a structural polysaccharide in plants

Composition: 4| corbohydrates contoin carbon, hydregen, and oxygen
Shucture : carbohydrates have the general formola Cn_(HzO>n_ ex: n=b C H,0,

Forp. :  monosaccharides made of 5 carbons (pentose ) and & carbons (hexose) exist in multiple forms :

CH,0H
’ o OH H OH OH H
N I Is Iy I 1y
rins forms “—> linear forms /C_‘;- _CI"—CI" ‘CI"‘?—OH
H OH H H H

Chemiste Y review

x
> Pentose fing monosaccharides: isomer : chemicals with the same chemical formvla
HOEH, 5 oM HodH, oH but different shructural formolae
é Py é /o\cl: \> while properties are mainly similac, they are
NV N recognized by enzymes and have a major
H c—C, H Hc—C H J 4
I’ Fo effect on polymer construction
OH OH OH (H
ribose deoxyribose * (efers 1o number of cacbons, not the shape

* .
> Hexose (ing monosaccharides are isomers (C(,Hu.ob) :

«CH, OH *CH,OH ‘ch;OH HOCH, oH
| | Ol
) S —_— OH HO sc—— OH N~
H s O\'.' H s N /i Ol Sn - Ho G
cH c cH ' NG Nt "/
N W, TNOH /4 I\ /1 H €—C, cH,0H
Ho €—¢ oH Ho ¢S H H ¢S H L
H  oH H  oH H oH o b
o< -D- glucose B-D- glucose galachose fructose
Praperlies of Glucose fuilihbng its vse as an energy sovrce :
Qﬂiék solvbility in woder @ S Molecolar siability o
®, s >
Due 1o its polarity ; Glucose is composed \C./H
. N (o)
it readily forms hydrogen of strong, stable covalent oH A

bonds with water, allowing &
it to dissolve within plaSma.,
interstitial fluid, and cyloplasm

bonds which do not break easily

'Faoib'l'.aiins s'l'arajc and +fansporl: C‘x“/T'/ -oH
N e

\'> Ener jel cell respiration Cl.2
qy yield

Glucose is oxidized in enzyme-reactions (rcspim*ion)

Q waler Al

S éag'y }ansportability
Blood is mainly plesma which

and releases a significant amount of energy

i6 mostly wader, thus hydrophilic which is Stored in. ATP 0, ~m
0 %wt”z

glucose dissolues and is easily 00 5 0; s Q\_, > v~

tanspoited thpyshout body o © o,

4 +ypf.5 of Poly.Saccharid&s:

X moe 1,b branches = more solvble as

more of the molecule exposed fo water

@ Glycosen.

Q
o

O

e

® made of glvcose
® hishly branched Sirocture

® made o-(? o< glvcose

o 1,4 - glycosidic bond
x*
® branched strocture

* not as many < 1,6 3lycosidic bonds as

©, Amylose (~ZO-30‘/., of shrch) glycogen and thus is less branched

® ade of glucose e / Ho : o Ho : o HO 5" o
® unbranched, cavsing it to be less water soluble 2 G OH ' OH [ {OoH '
‘ Ho A 2 (@) 3 2 (o] 3 Y/ OH
5 OH OH OH

X ot 1,4 bonds result in a helical shructvre

all ¢ 1,4 - glycosidic bonds
élycoqcn and Starch as enerqy Storage matedials:

> glycogen. Stoied as a short-term cnergy feserve in animals within the liver and moscles
slarch. Stored compactly into Plagl;;as in Pla,\} S (Sud\ a$ d\loroplaﬂs) @ceu stueture A2.2
many branches cavse Them fo coil and be campac'l:ed in small valume }allous more glucose fo be
very large molecoles, thus do not contribute to osmotic pressure within cells J stored per volume within cells
\S no defined size, and duve to many free ends: easy for enzymes to lyc)rolyze for rapid energy supely and
10 add svbunits via condensation o0 stoe excess glocose (amylose a little less so as it is uabranched

@ Cellvlose

® made of P-glvcose with each molecule § l:'ppe() 180° relative to ifs neighbouvr
() Polymc(s are S*raiahk, linear, unbranched chains
® form cross-linking with adjacent

parallel chains -Fam-'nj strong microfibrils

all B 1,4 - glycosidic bonds

HOfHo

Stevetural component of plant cell walls:

\> {"ibus have hiﬂk tensile $+m\3+h
able o resist Qwsor pressure
> cellolose insoluble in water, allowing

materials o pass Ihrough freely cell wall



B1.1.8 —Hydrophobic properties of lipids.  B1.1.10—Difference between saturated, monounsaturated and polyunsaturated fatty acids.
B1.1.12—Formation of phospholipid bilayers as a consequence of the hydrophobic and hydrophilic regions. B1.1.13—Ability of non-polar
steroids to pass through the phospholipid bilayer

LipidS  ore a broad 4ype of biomolecule which are "hydrophobic. (do not readily gissolve in agoesos ,galucmfs) —> Ligids contain mainly ‘non-polar covaleat bondS whee pairs of electrons are
P P — y 7 P VE— ) P

cqually shared behoeen atoms
S lipids largely are composed of fatty acids, whose type will dedermine cectain physical properties
HHHHH HHH

: | I 9 \S no pactial charges  no water interaction
carbe ? -C.'-CF—C%_C.’_C%—C.'-CT—CT—H Gegéﬂ S Jissolues readily in non-palar solvents
Ho)\/\/\/\/ hydrocarbon chain. —~ HHHHHEHEHH (#)
|

ex: propanone , toluene

v ] \’ WaxeS are lipids made {from. an alcohol and fotty acid folm‘nj a long ‘ester
Sodurated fatty acid monounsaturated cis- fatty acid polyunsaturated cis- fatty acid 0
PU M w an by R CANE > high mlling print (37°C)
C-C-C-C-C-Cc-C-Cc-C-C-# O % 1 _¢-C=Cy f# o %\ _p-C=Cy #
HO! 4 & g o k! \E—C'c\ ) rUeey f ‘EJC’CQ \ ey # 8| dve {o their hydrophobic nature, are /@Nu“y cokicle
H HHHHHUHHH \ ) H ¢ \ n H c 3
/ n " “ ﬂl N / 3 n \ % vsed fo plevcnf wales loss in phnl’.S on leal sorface QQ‘S exchange B3./
RO 4 HO PR
® 4l single C—C boads, chain is ® one douvble C=C bond, chain is ® > | double C=C bond, chain is | Steroids ace lipids wilh a four- ringed. shroctore (3 cyclohexanes, | c:ydopmtane.)
‘satorated’ with H atoms ‘unsaturated’ as 2 less H atoms ‘unsaturattd as H+ less H atoms OH
cholestero | testosterone major male and female
3 IOAJ—'Ierm energy Storage in 3 energy slorage in plants and ectotherms (cold.b\wa«)) animals a$ J/i;éjﬁ mammal Sex hormones
| endotherms (worm. blooded) animals S liquio at lower tempecatures and con efficiently access it pu— < o 2 S produced by gonads and
v v M o : N HO OH [ involved in development of primar
S| animal £ats (beef , pofK,?oquy) 2| olive and canola oil, mhzus,@ Y | sunflower, comn, soya oil, walnuts, oestradiol and Secondary Sex wmd“;’:msy
é 8a'\ry Produc,ts (butur,checsc) ,_’% almonds, avocados, Sesame seeds §> fish (salman,{uno\,smr)ines) ‘g requlates membrane
fluidi l:y and stability HO @cl\emicul Signalling C2.1
® triglycerides with all sajuraled ® triglycerides with |or more cis- ® }eiglycerides with |or more cis- \ )
-('aLl-.y acids are -fo._f mono vnseduraied {'al.l-.y acids are Polyut\soju{a‘led fathy acid are @membmnes B2.l Jestosiecone and oestradiol are non- polar
)o\/\/\/\/\/\/\ COmmonly 0_"’_ COmmonly 0_"1_ (as ﬂuy are mos{ly hydrowbon.s)
Cll-O)o chain is i )0\/\/\/\/;( chain )OW P;\os'phoh'pit}s are ampl\;Paﬂ\iC S they pass {‘mly thraygh 1he non- polor
?—o)ok/\/\/\/\/\/\ straight CI: © )0 is bent ?-o)o meaning they have both. hydrophilic cofe of a bilayer, allowing them fo enter
E-0"NAANANAAA f_o JOW_ Cc-o OW\/=\—\_/\/\ and hydraphobic (egions plasma. membranes and cells directly
E-0 AN -0’ N chain
® high melting point. (~ZO°C - 37°C) ® Jow melting point. << ZO°C) ‘ W/ﬁ\\ is bent 5 When immersed in woter:
solid at room temp /\/\/\W/\/\/\ liquir) at room temp g\/\\/\/J\_?\/\// uc_E:E:Ju Phosle{'e head A A . A - A fails face inwords (auay
\> chains PaCK “3'\“-7 NN \> chains PaCK loosely = \/\/;N/\Jf o_li i"—ot \.>P°I“r S i £rom wahr) and heads face
> S‘l’(onjer intermolecular forees \S weaker intermolecular Forccs WY S kydrophilic TN NN N ovtward (*oward wahr)
H _H H{ P X (attracted to water) A A 4 1 forming o bilayer
unsaturated trans-fatty acids artificial partial hydrogenation: ~ C=C_ —> ’C:C‘H e
O H H H H H H H H @mcmbmnes B2.i
g-—(",-(",-(",-c:(",—(",-(",— (",-—(",-H [ k\s}\ melting point (solid at room{emp) “ . @ :
Ho” ,_'| }" ,_'| l-'l ,_'| A l-'l ,f' — - g caKes , cookies, Flz?a, Hydrocarbon ails AP PGPy in contact with waler:
3 fats can keep longer A A ANAN 3| popeern, fries, dovghnuts \S non-poalar | LY fails face awoy and heads
H atoms on opposite sides = shaight chain before spoiling HO S hydrophobic (rCPd wa{er) dissolved forming monoloyer



B1.1.11—Triglycerides in adipose tissues for energy storage and thermal insulation

Fi@'yceridcs are sfored in mammals in adipocytes (fat ceH.s), {'ormanj adipose tissue
> adipose tissue mainly stored vnder the skin (svchfaneaus fai)

S in aquatic and arctic mommals , this tissve is very hick and called blobber

Fat as lpuoyancly aid ™ = Sy —

lsm-.m;ml focce : !

S Someil\ins is buoycml: o Tloats | :

when jhe volume of the displaced | |
floid is £ volume of itsel® I

|

> Jhe densily of 1he object
will infloence its buoyanc_y
as if objects density < flid density it will float

/l\ buoyancy {occe

skin

adi pose Lissve

i.e. blvbber
O~

~ |connective Lissue
@@= =dx0

s fatis less dense than bone
or muscle j.e. for {he Same
mass, fat takes up more space

. more fat, more buoyant

O to intrease buoyancy, aquch. mammal$
have larger sfores of fat, allowing them
to float easier in jhe water

o
-0
o
é—oJWW\

*rialyceri de

N)ipocyl'e

ex: Some Seals have
op to 40% of
fheir mass as blubber,
allowing fhem to float
readily in oceans

Fot as thermal insvlator

Quster ALl

> A theamal insvlator js
something That does not
feadily allow heat to
fravel 1hcoygh (oppos‘;&e
to o {hermal conductor)

\> heat naturally moves from
oanimals mainkain a constant
baJy tempecrature in their
.Swroundinjs ond habitats

hotter £o cooler aceas

 wel®

energy traaster >

Fat as energy gjorggg
Lipids ore used as log-kerm energy §j3rage (U"""C Cﬁfbohydrah_s‘ as a Shork-term S+are)

\S When oxidized in enzyme -reactions, fhey release twice S lipids are l\ydlophabIC,SO while
carbohydrales need to be stored

with woter, lipids can be stored

as much energy as carbohydrates (3ram - for - grom)

o c-o? oc)’\/\/\/\/\
AV VN e
cclNAAAAN —> et
t-oNAAAA AN

o,

N1
;I/eue%’z
0, v~
A
l/\/\l)
\ release more water fhen carbokyr)rahs

when fully oxidized (doe 4o more C-H),
providing more metabolic waler fo

as pure droplefs, aHauinJ far more
to be slored while contributing less
to overall mass

ex: camels

@D celt respication Cl.2

the ofganism s

S €ndotherms (warm- blooded) > triglycerides within

ex: Very usefol for arctic and marine animals

slore fol for

loter enerqy
and waler vse

when respired

eX: arctic endotherms have larae

Fat as protection

adipose Lissue are blubber stores whick allow -
good thermal insvlators them £o maintain high body ~
50 are able to trap heat temperatoe jn cold enviconment.s s ) 4 Seals
b] ffﬁﬂ’l’ﬂj heat aCnernRé polar
from metabolic processes % bears

\> Fat is stored deep in the body whick surround organs (viscecal fat),
acling as a cushion and protection fom extecnal forces and harm

ex: mismiofy birds

store fat for energy

vse during long ﬂishts

S ﬂuy are insoluble i

water so if stored in

cyloplasm il will form
Oroplets and not
conjribute to o.ﬂnolaril"y

S fat pads in feet act as
Shock absorbers



B1.1.7—Role of glycoproteins in cell-cell recognition

Biomolecuks can cxist in combinations with others, for example: Qmmbranes B2.i ther ALl

S Glycoprotein ( Cacbohydrate + Pro{;cin) S Glycolipn‘d (Ca:bokyamte * l.‘p;d) > Li_po?;otcin (lu’p;’c) t protein)
carbohyorate chain bound }o a carbohydrate chain bound to a shell- like seucture made of phospholfpids .
protein which prqject ovlward 1o lipi0 located on the ovter surface and proteins whose function 3s 1o transport
extracellvlar space, involved in of cell membranes javolved in cell lipids (such as cholesderol of ilialyceridcsso
cell - cell recognition recogni Eion and membrane stabili by !QQQQW around 1he body via the blood plasmo.

G

cells in an organism need e ability to differentiate ‘self” From 'non-sel€' or foreign in order fo mouat a Successfol
immune fesponse and preveat discase

k; receptor
all cells, even virvses have lantigens , sur€ace markers, which are commonly glycopcateins or proteins

k) 1he 3\ycoplo{CinS have a unigue shape, giving it an'|D’ for 1he body's jmmune cells +o analyze usinj its Surface

receptors ond antibodies. |f Jhe antigen is identified as foreign, an immune cesponse will be initiated glycoprotein can act as antigen

AEO blood grougs @ inheritance D3.2 @dz(‘mse against disease C3.2

antibod Jy

® red blood cells (cryikroc)'l-es) are specialized cells whose primary fonction is to transport O, fo the bor)y's tissves US""j the protein haemoalobin,

@)ﬁ 1he sucface of red blood cells have ® Y main groups of blood cells, classified by the antigens on theic surface: X actoally 3 types doe fo Rh (- /4) foctor

specific glycoproteins ackin
as nnh‘sens and Sur{ace markers

3 types:

5 0 ete | S 1o
O antigens (o A or B) k} only Aan&iaens both A ond B antigens
g s .. Can donate to O, A, B, AB . Con Qdonate to Aand AR .. Con Qonate to 5 and AB

i .. Con oaly donate to AB as

O an(;ism, A an{;iam, B an{:isen, as O anE}sen not rcroanizer) as A ant}aen rccoonized as as B ant}aen rccoanizec) as Aanuam -('orc;sn do Oand B
as foreign,” universal donor” foreign by type O and B foreign by type O and A and B antigen fortign to O ond A

O glueose ® A alele (1) codes for enzyme &

O galactose that adds N-acetyl galactosamine k? produees anti-A and 7% k? produees anti- B % k? produces anti- A % does not produce anti- A

O N-acetylglucosamine ® B aliele (1) codes {or enzyme anki- B antibodies % 8 antibodies & ° ontibodies N or anti- B antibodies

O fucose that adds galactose o

O N-acetyl galactosamine | ® O allele (i) codes for non-fomctional - can only receive type O -+ can feceive type O and A . Can receive type O and B .. Can (eceive 1ype O,A,B, AB

enzyme which doesn't add anything “universal recipieat”
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