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Generalized structure of an amino acid

Sl LEAnkInke QUTCONES

Students should be able to draw a diagram of a generalized amino acid showing the alpha carbon atom with
amine group, carboxyl group, R-group and hydrogen attached.

Condensation reactions forming dipeptides and longer chains of Students should be able to write the word equation for this reaction and draw a generalized dipeptide after

amino acids

Dietary requirements for amino acids

Infinite variety of possible peptide chains

Effect of pH and temperature on protein structure

modelling the reaction with molecular models.

Essential amino acids cannot be synthesized and must be obtained from food. Non-essential amino acids can
be made from other amino acids. Students are not required to give examples of essential and nonessential
amino acids. Vegan diets require attention to ensure essential amino acids are consumed.

Include the ideas that 20 amino acids are coded for in the genetic code, that peptide chains can have any
number of amino acids, from a few to thousands, and that amino acids can be in any order. Students should
be familiar with examples of polypeptides.

Include the term “denaturation”.

WL LearkIike QUTCONMES

Chemical diversity in the R-groups of amino acids as a basis for

the immense diversity in protein form and function

Impact of primary structure on the conformation of proteins
Pleating and coiling of secondary structure of proteins

Dependence of tertiary structure on hydrogen bonds, ionic
bonds, disulfide covalent bonds and hydrophobic interactions

Effect of polar and non-polar amino acids on tertiary structure
of proteins

Quaternary structure of non-conjugated and conjugated
proteins

Relationship of form and function in globular and fibrous
proteins

Students are not required to give specific examples of R-groups. However, students should understand that
R-groups determine the properties of assembled polypeptides. Students should appreciate that R-groups
are hydrophobic or hydrophilic and that hydrophilic R groups are polar or charged, acidic or basic.

Students should understand that the sequence of amino acids and the precise position of each amino acid
within a structure determines the three-dimensional shape of proteins. Proteins therefore have precise,
predictable and repeatable structures, despite their complexity.

Include hydrogen bonding in regular positions to stabilize alpha helices and beta-pleated sheets.
Students are not required to name examples of amino acids that participate in these types of bonding, apart
from pairs of cysteines forming disulfide bonds. Students should understand that amine and carboxyl groups
in R-groups can become positively or negatively charged by binding or dissociation of hydrogen ions and
that they can then participate in ionic bonding.

In proteins that are soluble in water, hydrophobic amino acids are clustered in the core of globular proteins.
Integral proteins have regions with hydrophobic amino acids, helping them to embed in membranes.
Include insulin and collagen as examples of non-conjugated proteins and haemoglobin as an example of a
conjugated protein.

NOS: Technology allows imaging of structures that would be impossible to observe with the unaided senses.
For example, cryogenic electron microscopy has allowed imaging of single-protein molecules and their
interactions with other molecules.

Students should know the difference in shape between globular and fibrous proteins and understand that
their shapes make them suitable for specific functions. Use insulin and collagen to exemplify how form and
function are related.



B1.2.1 —Generalized structure of an amino acid.
amino acids.
Composition.: all pm{-,dns contoin carbon, hydroacn, oxygen,, ni-h-oacn, and Sometimes sulfur (R grovp 9'90\3“*')

Stucture : polymers made from ‘aming acids all composed of an bound to functional groups:

H. N 0

ocds like a base, t \ & _—> ads like an acid
awepting a H' amine group [ ° cor boxyl group donating a H'
b:comins positive R lucomins negative
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20 Jiffecent side-chains or R grovps | with differeat propecties and ronnpos‘i{ion.s
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o ©® ‘HoO / HS
% Posilively "‘3‘“""} unchnrﬂed Polar ’\yd{ophobic Solfur-containinj
® Charsed charsed

amino acids join dogether in ‘condeasation reactions to form dipeplides @ covohydrates Bl I

X {his occurs on ribosomes dw.'ns iranslation @""’w" synihesis DI1.2

S carboryl grovp of | oming acid reacts with the omine of another focrming o peptide bond and water

!

H\N ¢ c/’o H\N ¢ c”o —> H\N ¢ 2 N c/’o + HH

-C- -C- -C—C=N-C-— N

H™ | “OH H™ | oH H™ | | oH 0
R, R, R, R,

amino acid | + amino acid 2 — dipeptide * water

S Many amino acids join together to form polypeptides (named after many peptide bonds)

o R, o R, o R
AN AP
N N N
%H o H O%H o

terminal %

C.xp\orc usins molecvlar models:

amino cacboxyl

terminal

B1.2.2—Condensation reactions forming dipeptides and longer chains of
B1.2.3—Dietary requirements for amino acids.

B1.2.4—Infinite variety of possible peptide chains

Proteins are synthesized fom o code of DNA nucleokides X 'proteome: all proteins made by o cell/
tissoe /organ%sm

DNA gene transcription S mRNA +ranslation N Polypq,t;de

Q protein synthesis DI.1

There iS an infinite variety of Poss;ble Pcplidc chains —Uh_y?
S 20 Ji PPerent amino acids that cun combine and be urunaec) in any order

\> polypeptides vary i length ond can hove any number of amino acids from a few to thousands Jong

/> P= An number of amingd acidS In PolyPcPHde

number of Possib’e polypeptides number of Jifferent {ypts of amino acids

ex: how mon difPerent polypeptides are possible if made from 5 amino acids ? P= 2.05 = 3.100.000
Y polypep 4

: @?ﬁ“

examples of proteins
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ﬂﬁﬁgﬂﬂ;ﬁﬁftﬂ Rhodopsin provides Silena'}k lmmunoslu}.\in
ond Actin 400 photoreceptor in connective tissues (i.e. ontibodies)
cause movement in muscles in rekina (skin ,In'aona\ls, lem)ons) help in immune response

Histones RuBisCo enzyme
Insulin - hormone help pack cabalyzes carbon
@ resulalina blood svgar ONA fixation i photosyn thesis

Sovrces of amino_acids

Non- essential amino acids: amino acids that can be synihesized by the body

\> not an essential component of o diet as if missing, can be made fom other amino acids
Essential amino acids © amino acids that cannot be Syn-lllesned by ihe body (7 oot of 20 are essentio.l)

\> essential component of o diet as if missing, cannot be made, polentially cavsing  protein
deficieacy malnutrition | where the body is unable to create sofficieat proteins it requires

> foods vary in theic amino acid content; it is possible to cal a protein- rich diet and still be geficient
.. o baloaced diet which contain a varieky of essential amino acids is Key (such as fish, meat, milk.eggs)

S plant-based diets (sveh as vescms) hove fewer protein options so extra care needs to be taken to ensore all

ex: polypeptide above composed of b amino acids .. ¢ R grovps , B peptide bonds , 5 water molecules involved

essential amino acids ore being consumed. Like meat, different plonts (ex: beans, leatils, nuts, seeds, tofu)
hove diferent essential amino ocids so o voried, balanced diet is importaat



B1.2.5—Effect of pH and temperature on protein structure

Onee palypept‘nr)es ore synthesized, They will fold into specific structures, based on the chemical properties of fheir R-groups

S dhe Sequence. of amino acids will determine the arrangemcnk of R groups and 1hus interactions and Shape

enzymes Cl.|

S the shq‘)e o-(' the Prol—,cin will determine ils function (Such as an enzyme's active sile)

V¥4

S the 3-dimensional conformation of proteins is determined \G 1°
and stabilized by intramolecvlar forces behoeen R-grovps > intramolecvlar forces soch as jonic bonds,
5 hydrophobic inferactions extended in HL
within molecvle and covalent bonds
/ denaturation - Structural change in o protein that resvlts in a loss (typically permanent) of s biolagical properties

S if These forces are discupted, the 3-dimensional
conformation will be alfered, impacting he W
proteins function , i.e. denaturation

€ ffect of temperature

‘ﬁm’,,m{we : average Kinetic energy of a substance measured in K or °C
S k.sher tempecature means faster movement of atoms and thus entrgy

S Proteins each have temperature ranges where ﬂle)v foaction apl:imally which will depend on theic

amino acid sequence and the intramolecular forces present

s Above this optimal temperature, the increased energy will cause the polypeptide to vibrate /move S0 much
that weaK intramolecvlar bonds (i.e. Nnon- covalenh) are shessed and can break R ally in\s its 3-D shape.

and Cavsing it to denature

X denaturakion does not typically disrupt peptide bonds so the polypeplide is infact

. in Some cases, rdumina lo optimal temperature can renature the protein. ; re- cshb\ishinj intramolecular

forces (aHhovsh Ihese cases are more rore )
ex: when Cookins eggs, it turns from o clear liquid 1o solid white as the main protein,

albomin  was otijina"y soluble bout as it denatvred, the hydrophebic (egions
became exposed and different chaing formed new bonds, changing ils strocfure

hydrophobic .
hydrophilic —__
—
&
,So|ub|(’. heqk_

insoluble

S porticolacly important for enzymes whose shape is specific to parlicvler substrates
enzymes Cl.|

€ ffect of eH

PH ! o measure of acidity /alkA\inibv of o substance measured on o logarithmic scale (0- ”‘/)

S 0-<7F = acidic ,j.e. more concentration of H*
S >F-1y = qlkaline/baSiC, i-e. more concentrotion of OH”

S Proteins eath have pH ranges where fhe)v foaction apl:imal(y which will depend on their amino
acid Sequence and 1he intramolecvlar forces Prescnt Such asS jonic bondS between posihive,

and negative R-groups

S oa ckm\ae in 1his PH can aller chemical propcr(:ies of 1he R-&roups, namely Jheic charge.
o change in charge (cx: positive fo ncufm\) can discupt ond break ionic bonds within
the pootein, causing its shape fo change ond denature

®0
NH,CI

X onless exposed 1o very .Sf(onj acids and bases, relurning o protein fo its oplimem. pH
should restore thargeS and thus indramolecvlar forces Cavsing it fo renature

ex: exposing milk to lemon joice will cause it to curdle. The protein within, casein denadures as

lemon Jvice iS acidic ond S §heucture is aliered



HL B1.2.6—Chemical diversity in the R-groups of amino acids as a basis for the immense diversity in protein form and function

The immense diversity of proteins form (ond thos funclion) is due to the chemical diversity of R - gravps X note: do not need fo memorize all omino acids and R-grovps
S all polypeptides will have an amino and carboxyl teiminal R, o R, S R- giovps delermine propecties of assembled Polypep(:ides as
and be joined by peptide bonds. Where fhey vary are R-grovps H, N%N )}( % % &(OH they hove 0iffereat composilions and chemical characleristics
R, " ®" °
| |
"\ydrophobic 4rovp$ ky()rophilic grovps
9 groups are non -polar and uncharged, cavsing 1hem c.hargec) polar
-l;o repcl and be insoluble in water
acdic (neﬂa{:ivdy dmraed) b groups hwe o &+ and 8- charge dve to their
H,N 7 H,N 1 H,N 1 polarity, allowing the formation of
¥kOH %OH X(OH Z srouPS act as acids in 5olu£i0n$, donaLinj @ H"' makmj them soluble in water
L | CHy| becoming neqatively charqed, making them soluble in water
3 5, § neg ) chargee, Y N uN S
(ely) (Ala) LN § BN § OH OH
(Val) OH OH L) , ,
o 0 | | | | . OH | ' HO CH3 |
H,N o H,N H,N i ON !
OH OH OH © 0 I © (Ser) (Thr)
CH, | .
l l HS ! (ASP) (Glu) H,N H,N °
| CHy CHy | CCHy \CH , OH OH
3 | | |
(Lcu) (Ile) basic (posiHue,ly (J\araec)) | SH | l |
(Met) 197 W, |
J gfovp$ act as bases in solutions ( e alkqhs) occepting a Ht (Cys)
H,_N o) H,_N 0 O bc“mmg poslbuely d\ﬂfgﬁa mqkmj them soluble in water (ASV\)
OH OH I CXKOH BN §
{ l i NH! H,N H,N H,N 1 OH H,N o
—— - OH l l OH
NH | | | | | | |
=( | (Peo) \g\ \gk | (—nH®] , | | |
N7 | , L NH | , , N TN
(Pke) ! OH
(Trp) H N 7_ | (His) (Coln)
(LyS) (T}r)

(Arg)



B1.2.7—Impact of primary structure on the conformation of proteins.
of proteins. B1.2.9—Dependence of tertiary structure on hydrogen bonds, ionic bonds, disulfide covalent bonds and
B1.2.10—Effect of polar and non-polar amino acids on tertiary structure of proteins

HL
hydrophobic interactions.

P rimauy protein steueture © |inear sequence of amino acids in a Polypepl-,ide linked [ose-lher
b)' peptide bonds

\S the primary steuctore s a rq)eq(:inj Sequence of amino acids

S the bond angles are 1etrahedral
and their is {ree rotation abovt
the =-C and adjaceat N and C
allows the Polypepl:ide fo
fold in many 3-D shapes

S o DNA gene provides he instuctions for o polypcpéide Sequence includu‘nj its k"@“‘ (how many
omino ac:ds), tompasiéim (which amino acids | j.e. 2-3raups) and placemmi (”\c order of amino
atids in the cha.‘n) giving prol;eins & precise , predictable and repeatable Structure

. DNA dictates the primary stvcture which dietates {he 3-D conformation and function of o protein

Secondary prol,ein. Structure - pleaLinj anod coil\'nj of a polypeptioe into alpha - helices and
bela - pleated SheetS dve 1o hydrogen bondiqg belween corboxyls and amines

S within polypeptides thece ace repeating N-H and C=0 grovps 2 °. Ml o ° H
(-c1€AN-c ~eHn-)
S these grovps are Folar due 5+ &- H H
{0 uneven Sharing of electtons -N -H o=C-

" Ahese groups will form o wilk each other, stabilizing the stuctore

\> these interactions cavse the polypeptide to fold into oiffecent shapes:

alpha- helix beta - pleated Sheet
AN polypcpl:ic)e wound into riahh-handcd \S two or more seckions of the polypeptide arrangec)
helix with behveen edher in pamﬂcl (same direction ) or antiporallel

adjacent turns of the helix (opposi@.e dl'rcc{'.ionS) with

between them

H o
° & e w8 N
H-N" Nc=o N~ Sczo AUNGETN AN O S
~7 N ¢ \.
c=o HEN cZo HEN | M E ? ﬁ q
AY A PR
H-N" Ne=o  H=N Sezo
C=0 H-N c=0 H=N, o H 0 H
\C/ . “ ) " l

CL. N C_ ¢

\'l‘/ \c/ \ﬁ/ \7/ \c/N\c/c\_.-
]

H O H o

X a single polypeptide can have only ochelices , only B-sheets or both , depending on Sequence

B1.2.8 —Pleating and coiling of secondary structure

—ﬁrtiqry protein Structure : overall  3-dimensional shape of the protein due to inlrarmolecular
inferactions / bonds between R-groups

polypeptide
forms between the &' and § atoms of polar R
® 0 grovps. Weak and most common, of intecoctions.
NH,—©
3 0
\S jonic bond 0\,_81"' 80-
forms between ionized R-groups, explore folding
i.e. positive (basic) NH' and H,N using simolation :
neﬁa{ive (acidic) Coo™ R- 5roup$ \> gé?ggr/mord&rgl
embeddable.html#i
nteractives/
sa,_mpLeslS:amino:
S kydrophobic interaction aclds son
non- polar K-Sroups will p S5«
interact with eoch other, CHy  CH, \ C)
Coming into close L CH, e y \S disulfide Covalent bond
3

proximity with each other L2
(on the interior of the

Proh&fn to avoid watcr)

( €|a{iv€|y weak interaction.

P The su\Pur atoms from two
cysteine K-sroups will form a
covalent disulfide bridge /l.'nkase
(s{'ronacsl: ‘mhro.cl-,ion.)

As some R-grovps ace polar (kydraphilic.) and non-polar (hyd(ophabic) theic position in fhe
olypeptide will impact the Strocture, properties, and function of the protein in the cell
pe'ypep P propecties, P

> Integral proteins (imbedded in the plasma. membrane ) > Lcrharj globvlac proteins can be solvble

in waler, despite hau'mj many non-polar

polar r omino acids b] Folc)ing-'

noa- R o

polar - NER'R . hydrophilic polar amino acids
polar > LA\ ¢ areon the outside of the

protein, allowing it to
form hydrogen bonds
with water and dissolve

rPro{cins have hydrophilic rcaions\ Choanel peoteins have A
facing the inside / outside
of cell, allowing interactions
with wader while the core
is hydrophobic, allowing it to
embed with non-poler tails

hydrophilic regions in o
tunnel /Pore, allowing
hyd{ophilit substances

( ionS, polar molecu!es) to
pass theough hydrophabic core

kydrophobic non-polar
amino acids are in the core,

avoiding contact with water



HL

Quaternar y protein structure : Protem complex composed of 2 or more pelypeptides

> Conjugated proteins : composed of both protein and non-protein ' prosthetic grovp(s)
such as carbohydrates, lipids, metal ions,and ogther ocganic groups

ex: Hacmaglobin - 7ua{cmary Prol:cin. made of Y subunits.

\S each svbunit is a Co,\jusal—.cr) protein. made of
globim and a Pros’rheh'c. haem grovp

S 2 , L beta globins, ecach o
Polypcpl:ide folded into many helices and

each elobia is bovad o o haem prosthetic group
A

4 N

each red blood cell
contoins ~ 260 millien

hnemoalobin molecules

\> function: the haem grouvp contains an
which. binds rcvcr.sib{y fo Oz,
allowin\g to collect Oy in the
luags and deliver it to cells
arovnd the body

OH

S Non-coqjugated protein - composed of proteins only CHy CHy %
ex: Ingulin - quatenary protein made of 2 Folypeptides ( and B d\au'n.)

S afler initia| Synthesis (‘l’mnslal:iOn\) itis a Sinale
Polypephidc where it is then modified: spli’d:inj it
into two chains linked by covalent disvlfide beidges

Synfhesiur)
and Secreted \->1eunc’cion.1 hormone which PromoECS 57n+hesi5 and
by pancreas S'lorage of slyCoScn in the liver and

moscle cells, reducing blood glucose levels

ex: Co”agcm - qua{cmaf] protein made of 3 lef}- handed helices wound fogether into o
( ieh':' handed -l-riple helix. These associake in groups to form strong, elastic {ibres

.....

S ‘Fun ction : steuctoral peotein. making up

repeating amino acids

connective tissue, giving
bensile Strength to tendons
ond |i3aments and

6‘05'“C|'f} to skin

Collasen helices bound helix consists of

together iato buadles

B1.2.11—Quaternary structure of non-conjugated and conjugated proteins.
B1.2.12 —Relationship of form and function in globular and fibrous proteins

NOS: -Echno'agy allows imaaind of structures that would be impossible & cett stucture A2.2
to observe with unaided senses

AN haemoalobin has o diameter of ~5nm 500 small fo be observed clea(_ly evea b] most microscopes

| &
® &

pmcessed
imaae,

ex: Cryogenic elechon micrseopy (a,,,em)

\S Electron beams are fired at a frozen protein solvtion.,
scattering Them. Scattered electrons focused through a

lens, producing a magnified image an a dedector
Jhere the Steucdure can be worked ouvt
electron detector

\9 "'CChﬂiqUC allows imaae.s to be Produced
to incredible cesolution (0.12nm)

a“own'nj atom positions to be seen frozen protein sample

electron beam

S frcczinj technique allows conformotional changes to be Seen as protein carries ovt task ,allowu‘n3
not just form but founction to be delemined as well as interactions with other molecules

X 1he function of o protein depends on its Form/shuc{ure, i.e. "form follows foaction”

Fibrous protcins Globular proteins

steucture Ions and nacrow , +yf:ical|y composed round /e sphecical ’rypica”y composed of
of repeating amino acid Seguences variable | icregular amino acid Sequences
Prap«tics ﬁcnaally insolvble in water 3‘"”"‘”7 soluble in water
stable in o large range of conditions sensitive {o temperature and pH changes
function Steuctural role (shm\rjﬂ\ ang su,;,;art) Physiological / fonckional / sPeciab'zcd role
examples Keratin, myosin actin, fibrin, elastin haemoglobin , enzymes | immunoglobin
Key example Collascn is a friple helix, each Stand Insolin is & small, alohu\ar protein , allowing

composed of repeating 3 amino acids, giving
it a rcsular and 3¢omdric fibeous Shape

}>O< —> bonds hold elices
" . Logether

Uni(?ormi&y allows it to form rope-like fibres
with high tersile strength: maKing it an excellent
Steuctural 5uPpar{: material around the body

it to quickly move ﬂr\(oush. blood. l{s SPcc:fic
shape allows it to bind to an insulin receptor
complementarily, initiating a cellvlar response
The specific structore
oc conformetion is Key
to the specific roles of
globvlar proteins
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