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Guiding Questions 1

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?

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

Linking Questions

Theme: Form and Fuonction

Level of Organization: Molecvles

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.

Chemistey review

Biomolewles-‘ molecules found in h'v-‘nj arjanisms which are essential 7o /iv,'nﬁ processes
\> Aloms ace most stable when. heic Outer (valence) shell is complete or {oll. They can achieve this throogh
All  biomolecsles contoins fhe element carbon | ks is why life is said to be “carb - bosed” bonding with ofher atoms by cither fransfecring (ionic) or sharing (covalent) electrans

\> The st shell can hold 2, Second 8 and thicd 8. Carbon has 4 so readily Shares these fo get 8

g what chemical propeclies allows carbon, fo form such o large variely of compounds necessary for [ife?

® Carbon has Y valence electrons , allowing it to form Y "covalent boads wiith ofher adoms ® Carbon con share |, 2,0r 3 pairs of elections with another atom Folming:
k» elecicosiatic attraction between positive nuclei \> sinale Covalent bonc) \>douue covalent bom) \> 'hiple com\en{ bont)
bpt and o shared peair of neaakive elecirons
bn®
K} covalent bonds are fhe s-}ronses{', '}ypc é 6 é
of bonds {hus require a lot of energy 4o =
¢ break - leading o siable compovnds C—C C=C. C=C-
® Corbon {orms many molecvlar shapes: ® Corbon can form covelent bonds with other carbons and
non- metal atoms providing much Jdiversily
\S uvabranched chains \S branched chains \S linear chains \S bent choins S smale rings \> molti- rc'nsed \)
H H H 0o H H 0 H H H H HO-CH, Such a$: Oxygen, Hydroscn, NH“’S"‘» , Solfor
. | 4 \ | 4 I _ | N e !
& y-c-c-c-¢ _N-C-C_ =~ H-C-CZC—-C—H H_ C=C_ H Ho C—O_ H .
11 “oH H | OH | | C c. .0 ¢ oH HC X organic molecule * must contoin carbon and hydrogen
H H,C—C —CH, H H 7\ /7 N\ 7 iNt LN
| H H H C\ HC—C OH ex: C, HsOH (eH\anol), CHy (methane) ace agganic
CH, ol lll IOH HO co, (carbon d;oxidc), NH, (ammonia) are inorganic
saturated fatty ocid valine amino acid botyne unSaturated fatty acid glucose cholesterol
® carbon-pased molecwles can be short (l cubm) or vety long with no real |imit <50me containing hovsands of carbans) ® When There are d:fferent grovps around a car bon,ihcy can be arranged in
different , microred ocientations | each hov;nd 0i Pfecent bioloaico.l inferactions
et many biomolecvles have functional grovps altached fo a cacbon skelefon. These grovps have diffuent properties and feact diffecently H-C=o0 | 0=C-H
X H —CI,-OH | HO—CI,— H S called apHca\ 1somers
S NH, amine S OH  Licohol ‘s phosphate " s o corboxylic S o Ketone \s o ester I ' I and are named Dand L
AN A AL Aoy i A~ A~ H=C=OH " HO-C-H
o H I H
based on functiona) grovps, carban compouads can be organised iato homologovs series which have Similar properties < moltiply (valoe_gets larger)
divide (Volue qels smaﬂer) -
7
AOS: In all science disciplines umit conventions are based on internalional ageement —> Infernational Sysfem of Units (51) .
\S> this allows inlernational collaboration and focilitates replicability and comparability of expesiments and data sci notation 10”* 0~* 0> 10°* 10° I0
Sl P(e"ixes nano micro milli centi Kilo mega.
> 2 types of quantities: fundamental - independent of other variables ex: m, s, kg, K ,mol, A, cd symbol n m m c K M
q
derived - dependent on other variables ex: °C, kgm's, ms*,N,w,V,Pa, Hz, V ex conversion: 0.025Km is how  0.025k& . 10" ym _ 25000000pm

many micrometers ? | Kkm or 2510 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

O O
Biomolecules fall inte & major groups : @cubol\ydrahs ©) pro!eins ® nucleic acids ® Iipids OO o @) @) anabolism
S these exist os simple single units " monomers , and can combine fogefher fo { lymers I
its, , gether fo {orm [acger more complex " polymerS. or macromolecvles
9 J f O S O N\ catabolism
> fhe mosk important melabolic reactions ocevrring in living organisms ace condensation and hydrolysis reactions X note: monomers are often not individual atoms bot smaller molecules C’“**“"‘n ctl
Condensation reaction : where two molecules are combined fogether Forminj o @01 @H Hydrolysis ceaction. : where o polymer breaks down/is digested into 2 smaller, @0 o
lacger mere complex polymer and a molecule of water ‘l/ less lamplgx molecules,usinj o 'SPM' water molecvle \]/
o0 o @i @4
S named affer the fact water is Produced S an anabolic reaction and fequires cenergy S 'kydro' = water and lysis’ = .s?“{' , spl.'ll-,.'nj vsing water S a calabolic reaction and releases cnergy
Carbokydra’rc.s Protcms Q proteins BI.2
\S> monomers: monosaccharides €——> dimer: disaccharide €——> polymer: polysaccharide \> monomers: amino acidS €  dimer: dipeptide € olymer: polypeptide
pocy Poy pep pe’y Jpep
v H H H H 0 H H v
“ —> + HYH \Néc/’o H\Néc/’oMH\Négr'déc/’o+““
N _C — —_C — —_C —
OH HO o) 0 H™ | NOH H™ | “oH H™ | | NoH o
Vs R, R, R, ' =&,
glycosidic’ boad X 20 Jifferent amino acidS cach having peptide bond
maltose_synthase o different R grovp
maliose Syninasc \ .
CX 3‘UCO$C + alucose < MMC ma”oSC— ma’\y oA - al\)case ~ alywaer\_ X ;\pw mg_ny w*u mleu)les are r!,Ullde Io 'ﬁlM
lactose synthase \ \ ex: aMb"l'f tnzyme. rlbDZymes a polypeptide made of 500 amino acids 7
glucose + galactose [aci-ase lactose starch catabolic enzymes: peptidase , pepsin, trypsin \> 500-1 = 499 water molecvles
sucrose synthase \
glucose + feuctose sucrase sucrase many B—elucose : cellvlose LIEIdS -
S 3|yccrol + 3 PaH.y acids € > hialyccridﬁ
(o) H v
Nucleic acids ll{ v T ’ e bo. H) ch, g
\S monomers: nucleokides €<—> dimer: dinvdeotide €—> Po'ymer-' DNA / RNA H -C-OH Ho—g—(C z)n.CH:s I o Y’
| T
Il <> H-c-6=C-(cH,),CH H_ H
] oy H-C-OH e H-C-6=C- (cH, ) CH, H.
of° W ° H HO — C — (CH,), CH, H 0
(o) (0] v * ..
&—> o B H H AN Phosp)m{'e grovp + ﬂlycerol + Z'Pa{{y acids € > phosphohp:d
OH l-lO - - \P/ + \O/ li{ II li{ 'o H\ /H
7\ !
G-p-0 K o o H-C-OH "Ho — c (cH,), CH, H-C-0=C—(CH,),CH, 0
0 5< ; 5< / Hoc i H-c-6 'Cq(CH)cu ¢ HOH
phaSphochesfer bond f|) I OH B _c- CH,_) CH, 'C') ; /a3 o 0 .
R-O-P-OH HO-C-H R-0-p-6-C-H N
I ] | I
@ rodeic acids ALz ex: anabolic enzymes: DNA polymerase , RNA polymerase , DNA ligase (o} H g O H esler bond .

catabolic enzymes: endonuclease, helicase _ .
X l‘l()'l()s a(e ’ccchm‘caﬂy not y°|7'“¢’5 as ‘"\ty are not composed of repeating units but Oiffeceat monomers

X can all be Jiffecent 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 confoin. carbon, hydroacn, and oxygen
Stucture - carbohydrates have the general formvula C‘,‘(H2 O)y where x= 3-F

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

CH,OH
¢ O OH H OH OH H
. D U R o R PR FY
ring forms “—> linear forms ,C'ﬁ:'?‘?_f‘?‘m‘
H OH H H H

Chemistey review

S Pentose r'm3 monosaccharides:

Hot, o HoiH, - oH isomer © chemicals with the same chemical formola
ql { H\|| ql { H\é‘ lx-;E dnﬂzcru.)t siruc}un?.l Em-m\':\ae
I\ _,/l I\ /| S while propcr{:»cs ace mam\y similar, +hey are
H T’ cl:‘ H H T’—cl:l H fC(osniZ“) 57 enzymes and have a major
OH (oH OH (H effect on polymer construction
ribose deoxyribose

\> Hexose rin3 monoSaccharideS are jsomers (C,,H.,_ Os) :

«CH, OH *cH, 0H ‘T”;OH HOCH, OH
| | I
se— o H —_ OH HO st—— OH P
'il/? o\I l-Ii/st'.' o\l I/f'; o\I <<n Ho ©
o we N WL LR e Nt "1/
NS /1 I\ /1 I\ /1 H C—C (cH,O0H
o <o o <l o< *
H oH H oH H oH <
ot - 3‘"‘053 B- aluwse sqlnd'bse fructose
Properiies of monosaccharides : Glucose
S Hiah solvbility in water S Molecolor siability (o)
_é < 71"
Due 1o the polarity Glucose is composed 0 /,".’l >
of glucose it readily of strong, stable \ ,H el S

covalent bonds
which do not break emsily

forms kydmsm bonds
Wwith water allowinj it

to gissolve readi Iy

S Energy yield @ceu respiration Cl.2

Glucose is oxidized in enzyme-rcnc.HOns (rCSpirakion.)

> éas'y }ansportability
Blood is mainly plasma whick
is mosily wader, thus hydrophilic
alucose disgolues and i cosi\,
tanspotted threghout body

Q waler Al

and release a sisnifiamt amount of energ y

e

€ >

O A 32N, B
o,

C o2 C
NoH C\Z}->OH
N

X moe 1,b branches = more solvble as

4 types of PolySacchan'des:

more of the molecvle exposed #o water

@ Glycogen

® nade of glvcose
o highly branched Siructure

@ Amylose

® comprises ~ 20-30% of starch
® made of = glvcose

® unbrar\chet), causing it to be linear
and helical in shape

©, Amy lopectin

® comprises ~70 -80 7% of starch
® made of o glvcose, branched sirocture

Glycogen and Starch as energy storage matedials:

> Glycogen stored as a short-term energy feserve in animals within the liver and muscles
Starch stored compactly into plastids in plaats (such as d"oroph"fs) @ cell stivctore A2.2
many branches cavse Them fo coil and be compacted in small volume (3‘yc03en iS mare bmncl\ed)
Very large molecoles, thus do not contribute o osmotic pressore in cells

\S no defined size, easy for enzymes to hydrolyze parts foc capid energy supply and o add subunits
via condensation 4o shore excess glucse (amylase a little less so as it is unbranched

@ Cellvlose . . o
@O DO D
made of P-glvcose with each molecule £ h‘ppu) relative to iis neighbovr
® polymers are straight, unbranched chains B 1,4 - glycosidic bond
® form cross-linking

parallel chains fuminj microfibrils

with ad\]accn{-.

HO

S fibres hove hi&k tensile strength
able }o resist hraor pressure
> cellolose insoluble in water, allowing

materials %o pass Jhcough freely



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 aguesos Solvcnés) —> Lipids contain mainly "non-polar covaleat bondS | where pairs of electrons are
P YP yorop y 7 P y P , P
e ()
"CrGoCtoCc-CiCon (cHefM)
HHHHHEHGHH (#)

C?ua”y shared behoeen atoms

S h‘pic)s largely are omposed of {atty acids, whose type will defermine cectain physical properties \> no pactial chacges, no water interaction

carboxyl grovp M e /
0, ]
e ydrocar bon chain
|

S dissolues read \y ia non-polar solven ts
X propanone, toluene

v v v Waxes are lipids made {from an alcohol and oty acid fo!m«‘nj a long ester
Sadurated fatty acid monounsaturated cis- fatty acid polyvnsaturated cis- fatty acid J:
ﬁ oMWy HoH oW .- HoH . .o H oW i} o > high melling point (>37 C-)
] [} [} [} ] [} ] \ - \ -—
C-C-C-C-C-C-C-C-C-C-H O % v _¢-C=C/ o % 1 _¢-C=Cl &
N S S S T T S T W _e-C £ S~d il ow W_e-C < £l K4 8| due 1o fheir hydrophobic nature | are waxy cokicle
HOO W H H H H HHH H C™1% W w LA ] CoX 4w 4 e 3 o 4
HO/ p B H o rw HO/ pn ® o ® used fo preveat waler loss in plant s on leal surface & gas exchange B3.1
~N FAES
2

® 4l Sin&)& C-C bonds, chain is
‘saturoted’ with H atoms

loag - term energy storage in
endotherms (wclm- bloodec)) animals

uses

v

&;’ animal fats (btﬁ{., porK,?ouHry)
S| deiry products (buﬂ.er,checsc)
o

‘Ma\yCeﬁ'dtS with all saluraled
fatty acids are {fat

/?

- \/\/\/\/\/\/\ .
CI: ° (o] c,ham 1S
c—o)oK/\/\/W\/\ s’rraiah‘c
¢ AAAAAAN

® high melting point, (~20°C - 37°C)
solid at room temp ANV

NN NN

\> chains pack fightly NI

o Steonger intecmolecolar forees

unsaturated frans-fatty acids

O H H H H H H H H
n ' ' ' [ ' ' [
C-C-C-C-C=C-C-C-C-C-H
/7 | | | ] | ] ] |
HO H H H H H H H H

H atoms on opposite sides —> skaight chain

® one double C=C bond, chain s
‘onsaturated as 2 less H atoms

® > | dovble C=C bond , chain g
‘vnsaturated as H* less H atoms

Steroids are lipids wilh a —f‘our—ringet) srveture (3 hexagons , | Pentagon)

major male and female

mammal Sex hormones

® triglycerides with |or more cis-
mono vnseduraed -('al.l-.y acids are

Commonly 0i]
(o) .
c—o)\/\/\/\/)/r Chain

| )0 is bent
c-o0 OMI
t-oNAANA/
® Jow melting point << ZO°C)
liqwc) at room temp

\> chains pack  loosely =

S weaker inteemolecular forees

2| energy sorage in plants and ectolherms (cold - blooded) animals as

2| liquid at lower tempecatures and can efficiently access it

3 S

g olive and canola oil, almonds, g Sun{lower, corn , soya oil, walnuts,
8| cashews, avocados, sesame seeds 3 fish (salmon, tuna , sart)ines)

® tiglycerides with | or more cis-
Poly vnsaduraled -fau-.y acid are

COmmonly 0i]
o

|
C-O)o\/\/v:\’\_/\/\
-0’ A chain
\&/C/\/\/_j/\/ \, i bent
— fwice
S T
H H H /

arkificial Farhal kydroscnqkio»v \,C:C: — /C:C

~H

o k‘ﬁ)‘ melting point (solid ot room {emp)

o
fabs can keep longer

before Spoi h'n3

uses

HO

ANANAA

cakes, cookies, pizza,
popeocn, fries, doughnuts

sovrces

uses

OH
cholestero {csfosie;o(ne;éjﬁ
C&SN :
HO ol

S Produced bj gonads and
involved in development of pr;mary

ocestradiol
rchlahs membrane
clw'r):'-ly and .S*abih"}y

v
V
v
=

and Secondary Sex characteristics

@chcmical signalling C2.|

J

@cm branes B2.l

Phogphoh‘pids are ampl\;pa*kic
meam’nj -Huy have both hydrophih'c.
and kydrophobic. (egions

L

o0=P—=0

o—T

Phwphal'e head
wg-t-on
L O peler
DY) S hydrophilic
(a(.trackcd to wa’cer)

Hydrocarbon tails
S non-polar

o hydrophobn'c (repc( wu{er)

festosiecone and oestradiol are non-palar
(as ﬂ\cy are mostly hydracarbons)

S 'ﬂ\cy pass -f(ecly ﬁ\rauak 1he non-polor

core of a bilayer, alloun‘ns fhem 1o enter

plasma. membranes and cells directly

When immersed in water:
fails face inwards (auany
from wuhr) and heads face
ovtward (foward wa’;er)

'Formirs o M

@ membranes B2.1

in contact with waler:
foils face away and heads
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) , fozminj adipose tissve
\> adipose tissue mainly stored under the skin (subcutancous {at)

S n a«,ualic and arctic mommals | this Lissve s very thick and called blubber

Fat as buoyancy aid

S Someil\ins is buoyanl o floats
when jhe volume of the displaced
floid is £ volume of itsel?

> Jhe densily of 1he object
will infloence its buoyam‘;y
as if objects density < fid density it will float

Fat as thermal insvlator

> A themal insolator js
something That does not
feadily allow heat to
fravel {hcoygh (oppos‘,le
to o {hermal conductor)

S heat naturally moves from
hotter to cooler areas

energy teaaster >

Fat os energy §jorggg

\l/ gravitational facce

/]\ buoyancy {occe

Quster 11

S

\S Endotherms (worm- blooded) > triglycerides within
animals mainkain a constant adipose Lissue are
body temperature in their

.Swroundinjs ond habitats

3oor) thermal insvlators
50 are able to frap heat

ex. Very usefol for arctic and marine animals

Lipids are used as long- term encrgy storage (ul-‘-'e cwbohydrah_s as a shork-term shue)

o When oxidized in enzyme -reactions Ikcj release twice
as much energy as carbohydrates (3mm - for - gram)

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

o,

/\M7
ieue%b
O,_ v~ ~

\ release more water fhen Carbohyorates
when fully oxidized (doe 4o more C-H),
providing moce metabolic waler fo

@D celt respication Cl.2

the ofganism

S lipids are l\ydlophobiC,.So while

ex: migratory birds

£\t
-,b@

corbohydrales need fo be stored
with water, lipids can be stoced

as pure droplds, a"awind far more
to be slored while contributing less
to overall mass

S 'Huy are insoluble in

slore fat for

loter energy
and waler vse

ex: camels

~~~~~~~~

Oroplets and not
when respired

store fat for energy
vse durins long £ light s

water so if stored in
cyloplasm il will form

17

fat is less dense them bone
or muscle j.e. for {he same
mass, fat takes up more space

. more fat, more buoyant

\-> to intrease buoytmcy, a,uq,fi(, mammal$
have [arger sfoces of fat, allowing them
to float easier in jhe water

eX: arctic endotherms have large
blubber stores whickh allow
them £o maintain high body

{Cm?era'hue in cold environments ) 4

by frc"ins heat gen erated

from metabolic processes

Fat os protec&ion

[¢]
-
? OOM
skin ,C-Oj,\/\/\/\/\
C-
adi,wse Lissve ° W\/V\

i.e. blubber Malyceri de

connective Lissve

N)ipocyl-e

muscle

ex: Some Seals have
vp to Y0% of
fheir mass as blebber,
allowing fhem to float
readily in oceans

Po\er

bears

\> Fat is stored deep in the body which surcound organs (visceral fat),
adinj as o cushion and probection feom extecnal fores and harm

confribute to osrnolarﬂj

S fat pads in feet act as
shock absorbers



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

Biomoleeoles can cxist in combinations wifln others, for example: @ membranes B2.1 @ uater ALl

o 6|vcopro£ein (Ca(bohyArate. * Pro{;cin) S Glycolipn‘d (Ca:bokyarate + l.‘pid) AN Lipo?mtcin (l:’p;’c) t protein)
carbohydrate chain bound fo o PR carbohydrate chain bound to a chell- like sirvcture made of phoSpholup:ds -
protein. localed on the surface ii !i mi lipid located on the ovter surface and proteins whose funclion is fo fransport
of cell membranes involued in of cell membranes javolved in cell ml ! Ql!m)l ! QI!! lipids (such as cholesderol of {nalyccndcsso
cell-cell recognition W fccog“‘“""— and membrane stability around 1he boc)] via the blood P!asma

G

cells in an organism need e ability fo differentiate ‘self’ From ‘non-sel€” or foreign in order fo mouat o soccessfol
immune fesponse ang prevent disease
receptor

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

k) 'H\c S\ycop(o{dns have a um‘7uc shape, giving it an ')D’ for ihe body's immone cells o analyze USinj its fttlp{'OfS
and antibodies. If the antigen is identified as {'orc-‘an, an immune (csponse will be initiated glycoprotein can act as antigen

AEO b'oo() grougs anUbodj @de(’mse against disease C3.2

® red blood cells, cryikrocyl-es , afe speciah'zed cells «whose peimary function is to transport O, fo the body's tissves using the protein I\acmoﬁlobin

@/) the sucface of red blood cells have ® 4 main gfovps of bleod cells, classified by the antigens on fheir surface: X aduqlly 8 types due to Rk (- /+) foctor

specific glycoproteins aclina
as nnliacns and surface markers

k) 3 types:
o
k) 0 antiaens (noA of B) k} Of\\y Aan&iaens i k} both A ond B anbscn.s
.+ Can donate to O, A, B, AB . Con donate to Aand AR .. Con Qdonate to 5 and AR .. Con oaly donate to AB as
0] anhgen. anhgen, anhgen. as O antigen not recognized as A aatigen recognized as as B antigen recognized as Aankism {‘masn o Oand B
as ?oreisn.,“ universal donor” foreign by type O and B foreign by type O and A and B antigen foreign to O ond A

O glvcose k)
O galactose . k? produees anti-A and k? produces anti- B L> produces anti- A does not produce anti- A
O N-acetylglvcosamine X do not need to Know these anti- B antibodies antibodies antibodies or anti- B antibodies
O ?ucose
O N- acetyl galactosamine S can only feceive type O ~ can feceive type O and A J. can (feceive type O and B . Con (eceive lype O,A,B, AB

“universal recipient”
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