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Guiding Questions

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

How do carbohydrates and lipids compare as energy storage compounds?

AR .

Linking Questions

Theme: Form and Fuonction

Level of Organization: Molecvles

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 (S| metric

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

” o

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

Digestion is the breakdown of large, insoluble biological polymers into small, soluble monomers that can be
absorbed by an organism. This occurs through hydrolysis reactions, in which 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 are required to know only the definition of digestion and that polymers are broken into
monomers by hydrolysis. Detailed knowledge of biochemical pathways, specific enzymes or organ-level
processes is not required.

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. Students are not required to draw the structures.

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. The structures are provided in the data booklet.

Include the alternating orientation of beta-glucose monomers, giving straight chains that can be grouped in
bundles and cross-linked with hydrogen bonds. The structures are provided in the data booklet.
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. Examples of fatty acids are provided in the data booklet.

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 “ampbhipathic”.

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 very sirong bonds
thus requice a lot of energy 1o
breakk - Icat)inﬂ 10 slable Compound$

® Carbon {orms many molecvlar shages:

\S vnbranched chains s branched 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 thicd 8. Carbon has Y& so readily Shares these o get 8

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

RS Single covalent bond \S double covalent bond* S -hiple Covalent bond*

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

e ANA AN

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

\S linear chains S single rings \> multi- ru'nsed \)
I-"I ,.'4 ,.'_, 0 H\ ,.'_, 0 7 ,,I., H H HO-CH, Such a5: Oxygen, Hydrogen, Nitagen, , Solfor
. Y, N Ve !
e y-c-c-c-C _N=-C—C_ H—C-C=c—-C-H H C=C_ H Ho C—O_ H . o
! l-'i ) oM ; (",H o l!'l l-li /C\ /C\ /,O C oHHC X organic molecole ’qptcally Cortain5 carbon and hydrogen
H;C/ \CH3 H H H C\OH _(I‘,/ OH ex: C,HsOH (e'”\ano]), CHy (methane) ace aganic
OH HO o, (carbon d;oxidc), NH, (ammonia) are inorganic
saturated fatty acid valine amino acid 2-botyne unsaturated cis fatty 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
S ami;o\)hfl/ ghydfog’\){)\”/ Q,juo\sp/ha\*io_g_o_ gcorbo;ﬂ)OL \->carborM/ \->me’rhy|/\*/ gsolckydryl SH Hscli;H : H;i\(}ls ate. named B and S
! OH
- S jsomer R isomer
based on fuactional grovps, Carben compovads can be a@an;sea iato komolosoos series which have Similar proper ties < mollip ')l (WI“e acts ’w’“)
divide (valve qels smaller ) -
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 prefixes 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

Jderived - dependenl: 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 ? | Kk or 25%10" pm




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

@)
Biomolecvles fall inte & major groups: @carbohydral-es ® proleins ® nucleic acids ® Iipids OO (C)) @) ®) anabolism
S these exist as Simple single units, "monomers , and con combine fogefher fo { | S lecol @) thﬁolm\ cLi
, gether 4o docm acger more complex polymerS. or macromolecvles
& , 2 P O O O N\ catabolism
S the most important medabolic reactions occorring in living organisms are condensation and hydrolysis reactions X monomers often not individval atoms bot smaller molecules
4 3 g o9 Longénsation Nydrolysic
X done so 1hat
Condensation reaction. : two molecules are combined fogether forming o @®-o1 H@ Hydrolysis reaction : large, insoluble polymer breaks down into smaller, soluble, ®0® o monomers can
Iaraer more Complex polymer and a molecule of water \l/ aka D»e&suom* ess complex monomers | using o. water molecole \l, be absorbel
[ 2 ) H.0 @®o4 H@ by the organism
\>aka. dehyf)mﬁan’ feattion as water is produced S anabolic reaction = fequires energy S 'kydro' = water + 'lys,'s' = break. S calabolic reaction —> releases cnergy
Qa(bokydfal'CS Profcins @ % found in data bookliet
S monomers : monosaccharideS €—> dimer: disaccharide €<——> Polymer: pol)'.s'acchan'de. S monomers: amino acids <> dimer: c);pcp(-,ide > Polymcr: polypcp!:ide

H H H H M@ H y
" «—> + HH N-¢ —c/’o : H\N ¢ c/’o «—> H\N .. c/’o v+ HJH
OH HO lo) \O/ H™ | NoH H™ | NoH H™ [ I N\oH \O/
f Rl R ,zl /

R
2 ]
3|ycosidic bond X 20 Jifferent amino acids each hauinj Pepl:ide bond
\ o differcnt R grovp |
ex:  glucose + glcose < maltose many ot = glucose ———  glycogen X how many water molecoles are required fo form
\ ‘\ €X: anabolic enzyme : ribozymes a Polypcpfide made of 500 amino acids 7
glucose + galactose < lactose Starch catabolic enzymes: peptidase | pepsin, trypsin \> 500-1 = 499 watr molecoles
AN . .
3lucose + fructose < Sucrase many B —elucose : ccllulose LlEl[)S % *cnn all be ()nﬂ’e!cnl: or the same
S 3lyccrol + 3 Fa&y acids € > *ri\q’yceride
(o] H ﬁ v
Nucleic acids H I | n
! —C - H-c-0—C-—I(CH,) CH H. H
\> monomers: nucleoktides €——>  dimer: dinvdeoktide €<—> polymer: DNA / RNA H-C-OH HO g (CH,) CH, ' - (cH)acH, %
| 0
I <——> H-c-6=C-(cH,),cH H. H
oH - H —C;.-OH HO —C — (CHL)RCH;; | 9 t)n 3+ \o/
] oy H-C-OH & H-C-0=C- —(cH,) CH, He
o T ° H HO —C — (CH,), CH, H 0
o) o) * -
—> o H H > phosphd’e grovp + 3[\/ccro| t 2 ‘Faﬂ.y acids <€ > Phosphohp»()
O HO - ; ,\P’O + H i i T H H
0-P-0 K " o H-C-OH = HO —C—(CH,), CH, H-C-8=C—(CH,),CH, 0
o O i gt Lab oo - W
: o H-C-OH o H-c-0=C~-(cH,),cH 0
phosphodiester bond y l HO —C — (CHz).\CH:; - t/a"M3 N
R-O-P-OH HO-C-H R-0-p-0-Cc-H X N
| I I I S0
@ rvdeic acids AL2 ex: anabolic enzymes: DNA polymerase | RNA polymerase , DNA ligase o H O H ester bond A
catabolic enzymes: endonuclease .

.4 hfic)s ate technically not polymers as 1hey are not composed of repeating units but Oiffereat monomers



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: q]| corbohydrates contoin carbon, hydregen, and oxygen
Stvcture : monosaccharides have the general formola Cn(Hz 0>n ex: n=b C H,0,

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

CH,OH
o OH H OH OH H
N I Is Iy I 1y
rins forms <« linear forms ,C_‘I'-_(I"—CI" —C-c-om
H OH H H H
Ckemish_y review
S * :
Pentose rin3 monosaccharides: isomer : chemicals with the same chemical formola
HO(SLH,_ o OH uoéu,_ OH but dI.'FFCICnt S‘huc'l'ura( 'ﬁ)lmuhe
é Py é /o\cl: \> while properties are mainly similac, they are
n n bl " \
I\ 1/ I\'n' ':/ | recognized by enzymes and have a major
H C—C, H Het—C u J Y
I’ Fo effect on polymer construction
OH (OH OH H
ribose deoxyribose * (elers 1o number of cacbons, not the shape of ring

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

«CH, OH *CH,OH ‘ch;OH HOCH, oH
| | | O
L J— — OH HO sc—— OH N
H s O\'.' H s N /i Ol Sn - Ho G
cH c cH ' NG Nt "/
N NOH B/ N4 H ¢—C, cH0H
wo e—<en o bl i< ,I,
H OH H oH H oH &
o< -D- glucose B-D- glucose galachose fructose
Praperlies of Glucose fuilihbng its vse as an energy sovrce :
\> High solobility in wader . > Molecolor siability 3
®, 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

G lucase is oxidized in enzyme-reactions (rcspimkim)

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, oAAA

: o ° Fenasy’

glcose dissolves and is easily OOO <- °> —_— Q\—? ho v~
¢o,

tanspotted 1heghout body ©

4 +y_pe_s of Poly.Saccharides: % gwddures found in data baoklet

¢ X sioraae, polysaccharic)es are

relatively insolvble gue fo
Ia@c molecvlar sizes

@ Glycosen.

® made of glvcose
® hishly branched Sirocture

~> o 1,6 - glycosidic bond

HO—¢

OH

OH OH
o 1,4 - glycosidic bond

® made o-(? o< glvcose
x*
® branched strocture

* not as many oL ,6 glycosidic bonds as
glycosen- and thus is less branched

HO—® HO—® HO—©
s (0) q (@) 3 (0]
y ( | y !
HO 3 2 (o] 3 2 (o] 3 /" OH
OH OH K OH OH OH OH

all ¢ 1,Y - glycosidic bonds

@ Amylose (~zo-30°/., o-Ps+arch)

® nade of glvcose '
® ynbranched, cavsing it to be less water soluble

X ot 1,4 bonds result in a helical shructvre

élycoqcn and Starch as enerqy Storage matedials:

> glycogen. Stoied as a short-term cnergy feserve in animals within the liver and moscles
slarch. Stored compac’clj into plasl-ids in P‘“"* S (sud\ as dtloroplasis) @ccu steuctore 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
\> 1o defined size, and due fo many free ends: easy for enzymes to hydrolyze for rapid energy supply and
10 add svbunits via condensation o store excess gluwse (amylose o little less so as it is uabranched

@ Cellvlose

® ade of P-glvcose with each molecule § l.‘ppe() 180° relative Lo its neighbovr
® polymers are siraight, linear, unbranched chains
with ad\jacenf.

pamllcl chains -Fam-'nj S'I'ran3 microfibrils

all B 1,4 - glycosidic bonds

HOfHob

® {orm cross - linking

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

Lipi()S ofe a broad type of biomolecvle which are hydrophobic (on\y sparingly solble in agqueovs Salucnb‘) —> Lipids contain mainly ‘non-polar covaleat’ bondS | wheie peits of clectrons are

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

9 \S no pactial charges  no water interaction
31D :

carbe ﬁ\/\/\/\/ / > ’C.-'CF'C}—C.,'(:,'C',-Q-C:'H AN dissolues rtac)ﬂy in non-palar solvents
% nomed examples found in dada booklet e hydrocar bon chain HHHUHHUHUHH ”
|

ex: propanone , toluene

v \% \’ WaxeS are lipids made from. an aleohol and fotty acid forming a long ester
P y 3 9
Sodurated fatty acid monounsaturated cis- fatty acid polyvnsaturoted cis- fatty acid 0
ﬁ oW oWy HOH oW . oo . o oW . o \>h|3kam3 point (>37 C-)
! [} ] ! -— p—
C-C-C-C-C-C-C-C-C-C-H O % \ _(_C=Coy ¥, Q W L_e-CFCd_
20 R S T T R S S W _e-C7 rTect K W -G rSes % 8| dve o their hyorophobic natvre , are waxy coticle
HO" W H H H HHHHMH R N AV AN . Coww 4 e 3 P ’ )
/ B H 4w / W P vsed fo preveat waler loss in plant s on leal surface @ gos exchange B3.1
RO 4 HO PR
® 4l single C—C boads, chain is ® one double C=C bond, chain s ® > | dovble C=C bond, chain is Sferoids are lipids wilh a four- ringed. shroctore (3 cyclohexanes, | c:ydopmtane.)
‘saturated’ with H atoms ‘unsaturated as 2 less H atoms ‘unsaturattd as H+ less H atoms OH
cholestero testosterone major male and female
G| long-term energy storage in S| energy siorage in plants and ectotherms (cold - blooded) animals as mammal Sex hormones
2| endotherms (wolm- b\ooder)) animals > liquil) at lower f:mpem’ru!es and can ef-?ia'any access it po—. o b4 S Produced b] 8°""‘d$ and
= viis 3. . .
“ S v E ~ HO OH involved in development of'pnmwy
§ animal {ats (beef , PMK,?OUH{y) g’_; olive and canola oil, whzws,@ % Sunf loucr,com, soya oil, walnuts, oestradiol and Secondary Sex characteristics
f:,;, 8a§ry Products (butu(,checSC) S| almonds, avocados, sesame seeds S fish (salman,{uno\,smr)ines) S| regulates membrane
2| fluidity and shability Ho @ chemical signalling C2.]
® triglycerides with all sajuraled ® triglycerides with |or more cis- ® lriglycerides with [ or more cis- k /
{atty acids are fat mono unseduraded {atty acids are Polyunscdumhd {atty acid are € membranes  B2.1 fesdosiecone and oestradiol are non-polar
)o\/\/\/\/\/\/\ cOmmonly o] Commonly oi] (s they are mos{ly hydrombon.s)
?'o)o chain is )o\/\/\/\/;( chain )0 Phospholipids ace ampl\ipa‘“\i('. S they pass freely fhroygh the non-polor
: - : 0 NAAAANN X m
€-0 OW straight c-o )0 is bent €% meaning they have both. hydrophilic cofe of a bilayer, allowing them fo enter
t -0 AAANAAAN CI'—'O OW c-o)o\/\/\/=\_\_/\/\ and hydraphobic (egions plasma. membranes and cells directly
C—OJWV\/ CI'.—O) N Cchain
® high melting point. (~20°C - 37°C) ® Jow melting point. (< ZO°C) ‘ \ S bent . When immersed in water:
solid aft foom {c:np. NV\AMN\%V\M/\\ liquid a.t foom temp L % “l?_g_i’“‘ Phosphate head PP ves ails face inwards (away
\S chains pacK hgh‘“y 299904 \S chains pack  loosely - A~ N S polar A I B 1 B B from water) and heads face
AN Steonger intermolecular forees \S> weaker intermolecular forces ! e hydrophilic N NN NN ovtward (foward water)
H _H H . \ (attrocted to water) A A L 4 4 -Formina o bilayer
unsaturated trans-fatty acids arkificial partial kydrogcnakion! L=c_ — /C"C\H
o @mcmbmnes B2.1
n 4oy vy ® | ina point. (sol; )
Cebobolbmcmtmtodaddon k\s}\ melting point (solid at room temp “ . @ '
Ho” ,.l| A ,_'| l-'l ,_l| A l-'l ;' o Y | cakes, cookies, pizza, 47N Hydrocarbon ails TP PGP in contact with waler:
g fabs con keep longer A AAAN é popeorn, fries, dovghnuts \S non-poalar KKK KKK fails {ace awoy and heads
H atoms on opposite sides —> skaight chain before speiling HO > hydrophobic (repel wa{er) dissolved forming monolayer



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

Triglycerides are stored in mammals in adipocytes (fat cells) | forming adipese tissve

> 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 buoyancly aid B
\l/sravi’cnkiona.l focce

> Buoycnc] is the vpwards force a
Fluid exerts 0n an object placed in it,
equal fo the weight of fluid displaced

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

Quster ALl

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

/]\ booymcy {occe

Fot as thermal insvlator

\> heal: na(urany moves from
hotter £o cooler aceas

 wel®

energy traaster >

Fat as energy gjorggg

S €ndotherms (warm- blooded) > triglycerides within

onimals mainkain a constant
baJy tempecrature in their
.Swroundinjs and habitats

ex: Very usefol for arctic and marine animals

O~

@=W=4

\> {atis less dense then bone
or muscle j.e. for {he Same
mass, fat takes up more space

] . more fat, more buoyant

to floal easier in fhe water

blubber stores which allow
them £o maintain high body

adipose Lissue ace

good thermal insvlators

50 are able to trap heat
by trapping heak generated

from metabolic processes

Fat as protection

O to intrease buoyancy, aquch. mammal$
have larger sfores of fat, allowing them

eX: arctic endotherms have larae

{Cmfcrdlm in cold environments

skin
adi pose Lissve
i.. blubber

connective Lissue

N)ipocyl'e

muscle

o
-0
o
é—oJWW\

*rialyceri de

ex: Some seals have

op to 40% of
fheir mass as blubber,
allowing fhem to float
readily in oceans

Po\cr

bears

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

o When oxidized in enzyme -reactions lkcy release twice
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

to overall mass

ex: camels

@D celt respication Cl.2

the ofganism s

ASN lipids are hydrophobic , so while
carbohydrales need to be stored
with weter, lipids can be stoced
as pure droplefs, aHauinJ far more
to be slored while contributing less

ex: mismiofy birds

store fat for energy
vse during long flights

S they are insoluble in
slore fal for waker so if stored in
loter energy cytoplasm il will form
Oroplets and not

conjribute to osmolar; l"y

and waler vse

when respired

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

S fat pads in feet act as
Shock absorbers



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

Biomolecuks can cxist in combinations witl others, for example:

chmbranes B2.| Qu&ter All

S Gchoprotein (Ca(bokyArate. * Pro{;cin) S Glycolipn‘d (Ca:bokyarate * lu‘pid)

o Lipo'p{o{'.cin (’l'pic) # praéeu'n)

cacbohydrate chain bound fo o

protein which project oulward 1o
extracellvlar space, involved in
cell - cell recoqnition

G

carbohydrate chain bound to a

chell- like sfrvctore made of phospholipids
lipid located on the ovter surface

and prokeins whose {unction is fo tans

of cell membranes javolued in cell !]3! !Ql ! gml ! Ql !! lipids (such as cholesderol of *lialycm'dcsso
recogni tion and membrane stabil; ty around 1he body via the blood plasmo.

rt G

cells in an organism need e o\bili*j fo diffeentiate 'self’ From ‘non-sel€' or foreign. in order fo mouat a Successfol
immune fesponse and preveat discase

receptor
k’ all cells, and even viruses have ‘antigens , surface markers, which are commonly glycoproteins or proteins

k) 1he 9lycoproteins have a unigue shape, giving it an 'ID’ for dhe body's jmmune cells to analyze using its Surface

receptorS and antibodies. |f fhe antigen is identified as Qxe[gn, an immune cesponse will be initiated

ABQ blood groups @ inhecitance D32

glycoprotein can act as antigen

anUbodj @de('mse against disease C3.2

® 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,

the Sucface of red blood cells have ® 4 main grovps of blood cells, classified by the antigens on their surface : X adua"y 8 types dve to Rk (-/+) foctor
specific glycoproteins ach'nj

as nnh‘sens and Sur{ace markers

3 types:
\ &
k) O antigens (o A or B) k} only A antigens k} both A ond B antigens
iy T .. Con donate to O, A, B,AB . Con donate o Aand AR .. Con donate 1o 3 and AB .. Con oaly donate to AB as
0] an(;ism, A an{;iam, B an{:isen, as O anE}sen not recognized as A ant}aen recognized as as B ant}aen recognized as Aanuam -('orc;sn 4o Oand B
as Foreisn," vniversal donor” foreign by type O and B foreign by type O and A and B antigen foreign to O ond A
s O glucose ® A alele (I1*) codes {or enzyme k} L} k) k}
T | O galactose that adds N-acetyl galactosamine produees anti-A and 7% produees anti- B % produces anti- A % does not produce anti- A
% O N-acetylglucosamine | ® B allele (1) codes for enzyme anti- B antibodies % . ontibodies A ankibodies N of anki-B ankibedies
8 O fucose that adds galactose &
3| O N-acetyl galactosamine | @ O aliele (i) codes for non-funckional . can only feceive type O ©. can receive type O and A . con reccive type O and B . Con (eceive 1ype O,A,B, AB
enzyme which Joesn't add anything

“unjversal cecipient”
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