Guiding Questions

What is the relationship between amino acid sequence and the diversity in form and function of proteins? %

How are protein molecules affected by their chemical and physical environments?

- m

Linking Questions

5 Theme: Form and Foaction

How do abiotic factors influence the form of molecules?

Level of Organizabtion.: Molecoles

What is the relationship between the genome and the proteome of an organism?
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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 ® | Pcotcins contoin. carbon, hydrogen, oxygen , nitrogen , and sometimes sulfur (R grovp dependeat )

Shocture : polymers made from ‘amina acids all composed of an

~

amine group

bouad to functional grovps:

ocds like a base,

octs like an acid
acepting a H* donating a H*
lxcomin\cj positive

car boxyl group b:comin3 negative

H (]
@ ! H 4
H-r:l - A é C/,o - C\o@
H H I “oH
R

X amino acids are” amphiprotic s
ﬂ\ey can accept and donate H?

variable R side-chain grovp "residve”

i HL
(\btb =
N
et

with differeat propeckies and tonnpos‘i{ions

20 dirfenn& side-chains or Ksroups

| | | | |
LN § LN § LN f BN ) LN 9§
oH :g “oH \{kou OH oH
o©® ‘'HO H5
&'3_ POSH"VC'y "‘S‘ﬁ"") unclwﬂed Polar hydrophobic solfur - conﬁaininj
® ckarsed charsed

amino acids join dogether in "condeasation reactions to form dipeptides

€D corbohyirates 1.1
X this occurs within ribosomes dvh'ng translation

@ protein synihesis DL.2

> carboxyl grovp of | amino acid reacts with the amine of another {"a(rninj o pcp{ide bond and water

H H H OYH H

L T O D A S G
—C—=C_ e -C - —C—C=N-(C— \

H” 1 YNoH  H” 1 oH HT I “oH o’
R' ----------- Kz K' Rl

amino acid | + amino acid 2 > dipeptide * water

> Many amino acids join together to form polypeptioes <namec) after many peptide bonds )

oamino H.N o Kt o9 ’%‘l no© Rs carboxyl cxf)lorc usinj molecvlar models:
‘ = N N OH . \) https://chemagic.org/molecules/amini.html
terminus N N N tecminus
(N-{crminuS) H o H o 2 H o (¢ {c(minus) S
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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 s,n’fkcsizec) foom o code of DNA nudeotides X pro£eome: all proteins made bya cc((/

tissue / organism
DNA gene

transcription S mRNA  translation N Polypcptide

@ protein synthesis DI.1

There is an ~ infinite van‘el_y of poss;ble pq)l:ide cheins — Why 7
S 20 Ji Peteat amino acids that can combine and be umnaec) in any order

> polypeptides vary in length and can hove any number of amino acids from a few fo fens of Thousands long

/ P= An number of amingd acidS In Polypepkide

number of Po,ss,'ble, polypeptides number of Jifferent {ypts of amino acids

ex: how mony differeat polypeptides are possible if made from /0 amino acids? P = ZO'O = over 10 'l'rillion.'

Roteins dis_plﬁly a variety of fuackions - examples :
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>

2223
39
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, Actin and in Rhodopsin is provides tensile streagth Immunoglobulin
cavse movement via Rﬁﬂg}ﬂ)ﬁm photoreceptor and sfructure in connective (i-c. ontibodies) aid
contraction in muscles S0 0 in retina tissues (skin,h;gar-cnls, lendons) in immune response
oo g INat . o0
w 573\ Histones aid Ne'/K' pum H\**- RuBisCo entyme
)“9 pump
@ Insolin. hormone ’f)‘i in DNA packing I | transports ions catalyzes C f{ixakion

resula{ing blood svgar

and gene expression across membrane$

2K*

@ in Phol:oSyn thesis

\M.»

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 fhat cannot be .Syn-lllesized by ihe body (‘i out of 20 are essc-nl-.ial)
\> essential componeat of o diet as if missing, cannot be made, polentially causing protein
deficiency malnutrition ; where the body is vaable to create sofficieat proteins it requires

\> foods vary in their amino acid content ; it is possible fo cal a protein-rich diet and still be deficient
.. o baloaced diet which contain a varieky of essential amino acids is key (such as Fish, meat, milk.€33$)

> plaat- based diets (such as vesans) hove fewer protein options so extra care needs to be takea ko ensore all

ex: polypeptide above composed of b amino acids -+ b R groups , 5 pepkide bonds , B water molecules invelved

essential amino acids ore being consumed. Like meot , different ploats (ex: beans, [eatils, nuts, seeds, l:on)
hove diferent essential amino acids s0 a voried, balanced diet is important


https://chemagic.org/molecules/amini.html
https://molview.org/?cid=2519

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

Once palypgpt‘ndes are synthesized, They will fold into specific structures, based on the chemical properties of their R-groups

S the Sequence of amino acids will determine the arrangement of R gtoups and Thus inttractions and shape (kg §
20 J 30

S the Shﬂpe o-(' the Prol—,ein will determine s function (Such as an enzyme's active silc)
yo

\> the 3-dimensional conformation of proteins is determined .
and stabilized 5)' intramolecvlar forces behoeen Z—arauPS N~ intramolecular forces soch as jonic bonds, PthCI'nS can $old in ’,ncreas,_’yb’
complcx structores and can be extended in HL N

5 hydmphobic inleractions
composed of multiple polypeptides

$es
within molecule and covalent bonds

/ denaturation : structural change in & protein that resvlts in a loss (+ypscally Pumomn!’.) of ils biological properties

S if These forces ace disrupted , the 3-dimensional :
conformation will be alfered, impactinj 1he S pariicularly important for enzyme’s whose sl\ape(ad.ive sibz) is specific to padicvlor substrates
protein’s fuaction , i.e. denaturation Qemyms il

e'ﬁ,cd: oF PH

€ flect of Lemperature

PH ! o measure of acidity /alkahnib of o substance measured on o logarithmic scale (0- ”7')

meeralore : average Kinetic energy of a substance measured in K or °C
S 0-¢<7 = acidic ,i.e. more concentration of H*

> highet tempecature means faster movement of atoms and hus energy
S >F-1y = odka!ine/basic, j-e. more concentrotion of OH” ('CSS concentation of H')
S Prokeins each have temperature ranges where ‘H\e)v foaction aph’mally which will depend on their
amino acid Sequence and the intramolecvlar forces present S Proteins each have pH ranges where 'H\e)v foaction apl:imal(y whith will depcnd on their amino
acid sequence and the intramolecvlar forees present Such. as jonic bondS belween positive

\> Above this optimal &emperature, the increased energy will cause the polypeptide to vibrate /move so much and negatively chagged R-groups as well as behween polar R grovps
that (weak intramoleculor bonds (i.e. non- covalent ) are shressed and can break , allering its 3-D Shape
S . change in This pH con alter chemical properties of 1he R-groups, namely fheir charge.

and causing it to denature - leach}s fo a loss of biological function
o change in charse (cx: positive fo ntufml) can éiSrupt ond breakK ionic bonds within

X denalorakion does not typically disrupt peptide bonds so the polypeptide chain is intact the protein, causing its B-dimentional conformotion fo change and Oeaature
S in Some cases, relwnin\oj lo optimal temperature can renature the protein. rc-cshbﬁshinj intramolecvlar
forces (allhov\gh hese cases are more rare and offen denaluration via heat is p«mnnml:) %@@
. —’ s OH
Q + HCl cag) ©6
NH,” ~0

ex: when cook.'n3 eggs, it turns from o clear liquid to solid white as the main protein,
albumin was ocijina"y soluble but as it denatuvred, the \nydrop\'\cbid (egions NH,CI
became exposed and different chaing formed new bonds, changing ils stroctore _
X unless cvoseﬂ fo very .H'rorw acids and bases, rdurnill, a protem o its oPLimum PH

hydrophobic — should restore charges and thus indramolecolar forces, causing it to renature
hydrophilic —__ ‘\
> ‘ ex: exposing milk to lemon joice will cause it to curdle. The prottin within , cosein, denadures as
2ée lemon joice is acidic ond S §heucture is aliered
Soluble heat insoluble




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 (anz} thos funclion) is due to the chemical diversity of \R-gravps | note: do pot need fo memorize all omino acids and R-grovps

S all Polypepl'jdcs will have an amino and carboxyl terminal 0 S R- giovps delermine propecties of assembled Polypep(:ides as

o &, o B, o R
and be joined by peptide bonds. Where fhey vary are R-grovps HLN% )}(N % NN% &(OH they hove 0iffereat compositions and chemical characerisiics
N N N

R, R, © '(s XK the {bllouing stetures are shown as they
l l I wovld exist at the PH inside a cell
"\ydrophobic 4rovp$ ky()rophilic groups

9 grovps are non-polar and uncharged, causing them to c.haraer) polar

rcpcl and be insoluble in water, Grovps form hydrophobic

inferactions with. other non-polar uncharged groups acdit ( ne&atiuely d\qreec)) b groups hwe o 8+ and 8- charge dve to their

o o o Polar”y , allow'ms the formation o Hydloscn bonds
HzN, u HN || H,N 2 gfovps act as acids in aqueous solutions donating a H? becoming making them soluble in water
OH OH OH nesal:'wely d\arged, allowu'n_:j the formation of ion- dipole interactions
L | CHy|

! with weder (Soluble) and ionic. bonds with posifivcly—ohwaci groups H,N 1 H,N 0
CH, CHy| OH OH
(ely) (Ala) BN LN S DY _ _
(Val) jou OH | OH | 'HO  CH,|
0 ! {
H,N | © | (Ser) (The)
(0] o) )
(0} o |

LN LN 3§
OH OH OH .
_ _ Y@ 7 (Asp) (6lu) WA OH NG
| | | | i * OH
| CHy CH, | . CH, | /SH | | | [ |
CH, basic (posiUve,ly (J\araec)) | SH | [, |
(Lew) (Tle) | NH, |
(Het) 3 group$ act as bases in aqueous solutions (ie alkalis), occepting o H? (Cys)
5 o becoming positively charged allowing ion- dipole interactions and ionic bonds 5 (Asn)
H,N H,N I 5 o 5 H,N .
OH OH H,N H,N H,N OH H,N
| | | | C')k OH OH OH OH ! l OH
| | L = NH | | | |
_ _ _ NH| | | | L =@ | | _ _
! ! C={ | (Pra) ) | I | ' \> ) ! ! ! !
_ _ | | NH , | L—NH | _ _ | 97 nHy|
| \ / | I NH3® I '® >\ I OH t
(Phe) | "HNZ SNH, | (His) (o)
(Tep) (LyS) (Tyr)

(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.

Pr imary protein Stocture - linear sequence of amino acids in o polypeptide linked {ogether
by Covalent peptide bonds

H
e S
\S the primary structure iS & Sequence of amino acids ina rcpcah'rg ~=N-C-C-N-C-C-~ paﬂ:cm.
] ]
R

S the bond angles are fetcahedral
and their is {ree rotation about
the &X-C and adjaceat N and C
allows the Polypepl:i()e fo
fold in many 3-D shapes

\> a DNA gene provides The insructions for o polypeptide sequence includiag its leagth (how many
omino 0cidS ), composib'on (whicl\ amino acds , i.e. 2-3mups) and placement (the order of amino
acids in the chain) giving proteins a precise , predictable and repeatable Structure —> not random

“- DNA dictates the primary stucture which dictates {he 3-D conformation and function of o protein

Secondwy protein structure : pleating and coiling of o polypeptide into alpha helices and bela pleated
SheetS due 1o belween amines and corboxyls

(N within Polypcp}idcs there ave repeal:in3 N-H and C=0 grovps ;'4 H 0 |;| r'l o
..._N_?-C_N_g_. L ...
> these grovps are Polar due 5+ 5- R R

-N-H

.. fhese grovps will form o

0=C-
will each other, .shbih'Zinj {he structore

10 uneven sharing of electrons

\> these inferactions cavse the pelypeptide to fold into oiffecent shapes:

alpha (=¢) helix

> polypeptide wound into right -handed
helix with between
adjacent turns of the helix

beto. (B) pleated sheet
\> two or more seckions of the polypcpb'de ar(angec‘)
edher in pamﬂcl (same direckion ) or antiparalle

(opposi@.e dl'fCC'['.ionS) with between them

0 H o
c °Q t':' L N H,N
H-N" M=o N Ne=o NN N Ner Ny N AN 2
¢=0 - HSN cZo HEN ’ (] 3 ".' ﬁ VY
| | | | H 0 H 0 :
H-N’c c‘c—o H=N" ¢ c‘c—o —
z oy Z. S
£=o HIN_ _c=o HEN, o H o H
: S i e T AV
N 7 \C/N\C/C\N/C\CIN\C,C\ ﬁ
) T oo AAAS-C
H 0 H P ) OH

X a single Polypep&ic)e can have on‘y ot-helices , anly B-sheeks or both , depending an its Sequence

B1.2.8—Pleating and coiling of secondary structure

—Ef{iqry protein Structure : overall  3-dimensional shape of the protein dve {o inframolecular
inferactions / bonds between R-groups

pelypeptide
forms between the 8+ and 8- atoms of polar R
0 groups. Lieak and mest common, of intecactions
NHD ©
3 0
jonic bond °\S+ 80-
forms between ionized R-groups, explore folding
ie. pa.sif:ive (basic) NH' and H,N vsing Simolation :

\> https./

negative (acidic) €00~ R-groups

kydrophobic interaction

non- polac  R-grovps will S«

form ¢ cla{ively weall CHy cy C

intecaction with each other; 3 disvlfide Covalent bond
Coming into close Ch, H3C the sulfor atoms from two

CH, cysteine R-grovps will form a

covalent disulfide bridge /linkage

proximity with each other
(on the interioc of the

Protc.n' n /) to avoid waker (sh-onsesk ‘mhracl-.ion.)

As some R-grovps ace polar (kydraphilic.) and non-polar (hyd(ophabic) theic position in fhe
polypeptide will impact the Structure, properties, and function of the protein in the cell

S &fhary 3lobvla( proteins can be solvble

in waler, despite having many non-polar

S Integral proteins (imbcddd in the plasma mtmbmne)

polor P omino acids by Pol()ingJ
noa- polar .
noa=polar . hydrophilic. polar amino acids
polar ‘ are on fhe outside of fhe
A A N - A protein, allowing it to

chaanel ?rol:eins have o form hydrogen bonds

with water and dissolve

(Protcins have hydrophilic regions
f'acinj infeacellolar /extracellvlar
spuce, allowing inferactions
with wader while the core

hydrophilic regions in o
tunnel /Pore, allowin3

hyé{ophilit substances
( 10AS, Pala.r molecules) to

O,
pass 'I'hrousk hydrophobic core

amino acids are in the core,

is hydrophobic, allowing it to

embed with non-polar tails avoiding contact with water


https://lab.concord.org/embeddable.html#interactives/samples/5-amino-acids.json
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B1.2.11—Quaternary structure of non-conjugated and conjugated proteins.

B1.2.12 —Relationship of form and function in globular and fibrous proteins

Quuatecnar y protein Structure * protein complex composed of 2 or more polypeptides

> Con\)vdatet) proteins * composed of both protein and non-protein prosthetic grouvp(s)
such as carbohydrates, lipids, metal ions,and ogther organic groups

ex: Haemoglobin - 7ua{cmar_y protein. made of Y subunits.

\> each subunit is a conjugated protein made of
globin and a prosthetic haem grovp

2 , L B globins: each a
Polypcpl:ide, folded into many helices and
bound to a haem prosthetic grovp

I_A N\

each red blood cell
contoins ~ 260 million

hacmglobin molecvles

> Func&ion.i the haem grovp cntains an Hes cHy OH
which binds reversibly to O, Y
@ transport B32 allowing it to collect in HyC
the lungs and deliver it to @
@ 305 exchange B3.1 cells around the body )
ey
OH
CH CH
S Non-conjugated protein. - composed of proteins only ’ @
ex: Ingulin - guatenary protein made of 2 ,aolypcptides ( and B d\au'n)

Qpro(:dn synthesis DI.2

S afler initial Sym‘kesis (JrranslaEiOn)

it is o single polypeptide whese i€ is then modi fied * splitting
it into fwo chains linked by covalent disvlfide beidges
Synthesized
and secreted \>100nc€i0n,i hormone which Promol:cs Syn-ﬂ\esis and
by Pancrcatic s'}orage_ of slyCoacr\ <glycogcnesis) in the liver and
beta (B) cell muscle cells, reducing blood glucose levels

ex: Collagen - quoternary protein made of 3 lefi- handed helices wound fogether into a tight
riehl:- homt{td %riple helix. These associate in groups (£ibrils) to form s+ron3, elastic {ibres

S -Funcl'ion,i Structural Prol:cin. makina vp
connective tissuve, giving
tensile stength to tendoas

ond liaamenhs and

clasticity fo skin

collagen helices bound helix consists of a

('.oaeﬂ\zr iato buadles rcpeal:iras amino acid Seguence

ANOS: Fchnolagy allows imaging of structures that would be impossible @ cett stvctuce A22
to observe with unaided senses

S haemoalobin has a diameter of ~5nm 500 small fo be observed clea(_ly even b)« most microscopes

| &
® &

processec)
imaae,

solution : cryoaenic dectron microscapy (crya GM)

\S Electron beams are fired at a frozen protein solvtion.,
scaﬂ:crinj {hem. Scattered electrons focused {'hrau&h a
lens, produeing a magnified image on a detector
Where the steucture can be worked ovt

electron detector

S ‘l'cchnique allows imaae.s to be Produr_gd
to incredible cesolution (O.Ian>

allmm'nj atom positions to be Seen electron beam

frozen protein Somple

S frccz.'nj technique allows conformotional changes to be Seen as protein carries ovt task ,allowu‘n3
not just form but function to be dedermined ag well as interactions with other molecules

X 1he {uaction of o protein depends on its Fornr\-/S*ruc,{ure,J i.e. "form follows fonction”

Fibrous Pro‘ceins Globolar proteins

structure Ions and nacrow , +ypica||y composed round /. sphecical fy‘oically composed of
of repeating amino acid Seguences variable , ifregular amino acid Seguences
Pfoptd:ics 3¢ncrally insoluble jn waker 3‘"“““7 soluble in water
stable in & large range of conditions sensitive o temperature and pH changes
function steuctural role (shmsﬂ\ and suPParE) Pkysio|03ica\ / funckional / sPeciab‘zed rale
examples Keratin, myosin, actin, fibrin., elastin haemoglobin , enzymes | i mmunaglobulin
Key example Collascn is a friple helix, each Stand Insvlin is & small, alo\ou\ar protein , allowing

composed of repeating 3 amino acids, giving

it to quid(ly move ﬂnroush. blood. l{s Spec:fic
it & rcsular and scomd'ric, fibeous Shape

shape allows it to bind to an insvlin receptor
:  —>bonds hold helices

Logether
Uniformity allows it to form rope-like fibres
with Wigh tersile strength: maKing it an excellent

complementarily, initiating a cellvlar response

s The s,m.’?ic structore
oc conformation is Key
to the specific roles of

steuctvral SUppor'E material around the body slobu(ar proteins



& Resovrce Links

€ach. resource is hyperlinked

ag
mm
e

U “Textbooks

W e v
FOR THE -
iBpirtoma (@) Vo TWELETH EDITION
PROGRAMME \ = CAMPBELL

OGY

THIRD EDITION

b« JAHLY

2023 EDITION

BIOLOGY

COURSE COMPANION

HIGHER LEVEL

Biology

for the IB Diploma Programme

P Pearson

G Acticles

Database, A. P. S. (n.d.). AlphaFold Protein Structure Database.

M % Protein folding aign=gdm&utm_content=

Gy
Protein folding Protein denaturation E Z M O I2.1

(y HODDER

Insulin


https://lab.concord.org/embeddable.html#interactives/samples/5-amino-acids.json
https://pdb101.rcsb.org/motm/41
https://www.labxchange.org/library/items/lb:LabXchange:4dff76f7:lx_simulation:1?fullscreen=true
https://www.biotopics.co.uk/jsmol/haemoglobin.html
https://www.biotopics.co.uk/jsmol/insulin.html
https://pdb101.rcsb.org/motm/4
https://www.biotopics.co.uk/jsmol/collagen.html
https://www.labxchange.org/library/items/lb:LabXchange:f93a9e87:lx_simulation:1?fullscreen=true
https://www.biotopics.co.uk/jsmol/aa_categories.html
https://fold.it/
https://chemagic.org/molecules/amini.html
https://molview.org/
https://www.sbg.bio.ic.ac.uk/ezmol/
https://www.noteworthyscience.com/
https://pdb101.rcsb.org/motm/14



