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Guiding Questions
How does a cell produce a sequence of amino acids from a sequence of DNA bases?

How is the reliability of protein synthesis ensured?

D

Theme : Continvi ty ¢ Change
Level of Ocganization.: Molecoles

How does the diversity of proteins produced contribute to the functioning of a cell?

What biological processes depend on hydrogen bonding?

Written and drawn by:

I =1
= M
RS

Perer Tarier



https://www.noteworthyscience.com/

/\eom'mg Qulcomes

D1.2:1 Transcription as the synthesis of RNA using a DNA template Students should understand the roles of RNA polymerase in this process.
Role of hydrogen bonding and complementary base pairing in

D1.2.2 -
transcription

Include the pairing of adenine (A) on the DNA template strand with uracil (U) on the RNA strand.

Single DNA strands can be used as a template for transcribing a base sequence, without the DNA base

D1.2.3 Stability of DNA templates sequence changing. In somatic cells that do not divide, such sequences must be conserved throughout the life
of a cell.
. : . Limit to understanding that not all genes in a cell are expressed at any given time and that transcription, bein
D1.2.4 Transcription as a process required for the expression of genes & g P ve P &

the first stage of gene expression, is a key stage at which expression of a gene can be switched on and off.

D1.2.5 Translation as the synthesis of polypeptides from mRNA The base sequence of mRNA is translated into the amino acid sequence of a polypeptide.

Students should know that mRNA binds to the small subunit of the ribosome and that two tRNAs can bind
simultaneously to the large subunit.

D1.2.7 Complementary base pairing between tRNA and mRNA Include the terms “codon” and “anticodon”.

Students should understand the reasons for a triplet code. Students should use and understand the terms

D1.2.6 Roles of mRNA, ribosomes and tRNA in translation

D1.2.8 Features of the genetic code 5 # P o
degeneracy” and “universality”.
D1.2.9 Using the genetic code expressed as a table of mRNA codons Students should be able to deduce the sequence of amino acids coded by an mRNA strand.
Stepwise movement of the ribosome along mMRNA and linkage of
D1.2.10 amino acids by peptide bonding to the growing polypeptide Focus on elongation of the polypeptide, rather than on initiation and termination.
chain

D1.2.11 Mutations that change protein structure Include an example of a point mutation affecting protein structure.



D1.2:12
D1.2:13

D1.2.14

D1.2.15

D1.2.16

D1.2.17

D1.2.18

D1.2.19
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Directionality of transcription and translation

Initiation of transcription at the promoter
Non-coding sequences in DNA do not code for polypeptides

Post-transcriptional modification in eukaryotic cells

Alternative splicing of exons to produce variants of a protein
from a single gene

Initiation of translation

Modification of polypeptides into their functional state

Recycling of amino acids by proteasomes

Students should understand what is meant by 5' to 3' transcription and 5' to 3' translation.
Consider transcription factors that bind to the promoter as an example. However, students are not required
to name the transcription factors.

Limit examples to regulators of gene expression, introns, telomeres and genes for rRNAs and tRNAs in
eukaryotes.

Include removal of introns and splicing together of exons to form mature mRNA and also the addition of 5'
caps and 3' polyA tails to stabilize mRNA transcripts.

Students are only expected to understand that splicing together different combinations of exons allows one
gene to code for different polypeptides. Specific examples are not required.

Include attachment of the small ribosome subunit to the 5' terminal of mRNA, movement to the start codon,
the initiator tRNA and another tRNA, and attachment of the large subunit. Students should understand the
roles of the three binding sites for tRNA on the ribosome (A, P and E) during elongation.

Students should appreciate that many polypeptides must be modified before they can function. The examples
chosen should include the two-stage modification of pre-proinsulin to insulin.
Limit to the understanding that sustaining a functional proteome requires constant protein breakdown and
synthesis.



) b1.2.1—Transcription as the synthesis of RNA using a DNA template.
) Db1.2.2—Role of hydrogen bonding and complementary base pairing in transcription.
) Db1.2.4—Transcription as a process required for the expression of genes

(Ceneal Dogma o Meleeclar Biology) : genctic. infoumation genrolly {lows in. one direction:

S Prob:in. synﬂ\esis involves 1wo processes:

DNA — RNA — proteins ATGATCTCGTAA
A\ J \. J

Y Y
franscription + franslation which fogether resvit in gene expression

TA CTAGAGC.ATT'

DNA template (scne)

— - the process by which 1he information in DNA (genes) are converted into o finctional product / observable effect like proteins ‘L
AVGAUCUCGUAA mRNA tanscript
S all cells in an ogganism have fhe Same- - set of all genetic material, but they dont franscribe all genes and pecform differeat fonctions, hos vary in gene explession ‘l/

polypcp tide

Cala®

¥ Slem ctlls are undi Becentiated and have
the ability to specialize into ony cell type
&

@ suiiched OFF

insvlin gene m — transcription —> insvlin produced
glucagon gene — no transcription

S gene expression can be contcolled by factors both inside and ovtside cells resulting in genes being switched oN @ @ 1t peicivation 823

high blood glucose
N—7

by switching on and off certein genes during
development . Specialized cells are those whose
role is fixed and oaly express certoin geaes
to produce specific producls related

fo theic fuaction

% -cell jnsvlin gene ‘OF p — no franscriptian.

m — transcription —> gluweagon produced §

—: Synihcsis of complemenfnr_y mRNA (messcnaer RNA) Osin3 a DNA {:Cmplale base sequence (3ene)

low blood glucose
N7

€ homeostasis D33

gluagon gene

8 chromosome

RNA polymerase  binds 1o DNA
at jhe start of Fhe gene

= n CUkaryo(:eS > mRNA traaseript
is modified and seat out of
the nudevs into the cytoplasm
via the nudear pore to
Start translation.
In prokaryotes, translation
occors right away

nuclear membrane

DNA rewinds back
as RNA polymerasc

passes b y

RNA polymecase

coding strand

template strand

RNA polymerase catalyzes
condensation reactions :
catalyzing a covalent
phosphadiester bond between
the phosphate of a fiee RNA
nucleotide fo the ribose

of growing mRNA Strand.
Once it reaches the end of

the gene, it unbinds

free RNA nucleotides ﬁl

¥

ooooo
QOO
HHE

2

holding complementary base paics together

\S> this exposes The template strand
which is vsed for # transcription
(codms stand is not vsed )

Free tibonucleaside friphosphates are correctly
placed into position across the template strand
dve to hydrogen bonding and complementary
base pairing : Adenine (A) © Uracil (V)

Cylosine (c) . Guanine (6)
QO O O O O . Q O QO O
OO ‘ SA
| 4 i H g H T H g

As RNA polymerase moves down gene , it separates
the DNA double helix by breaking hydrogen bonds

Strand whose base sequence is
identical fo the mRNA transcript
(with T and U suapped)

AATCGGTTCAGG

AAUCGGUUCAGG

TTAGCCAAGTCC
s'}rand that is used to make an

mRNA transcript . is complemeatary
to both the mRNA and coding strand




D1.2.5—Translation as the synthesis of polypeptides from mRNA. D1.2.6—Roles of mRNA, ribosomes and tRNA
in translation. D1.2.7 —Complementary base pairing between tRNA and mRNA. D1.2.10—Stepwise movement of
the ribosome along mMRNA and linkage of amino acids by peptide bonding to the growing polypeptide chain

Translation - synthesis of polypeptides (prol:ein.s) from mRNA franscript — the base sequence of mRNA (codons) ace translated into the amino acid sequence of the polypeplide

S messenger RNA (mRNA) N

provides insiructions to synthesize a
polypeptide in the form o8 codons (3 bases)
hos a for the ribosome and

a stack and stop codon to direct translation

Initiation (1,2,3)

small Subunit of riboseme binds

L to mRNA and moves alon3
uatil START codoa is reached

AUG
A

Elongaéion ("I, 5, b)

A {RNA uith a complementary
anticodon to The next codon enters
the Iarae ribosome subunit and binds

X Many diffecent tRNAs are present
but only those with a complementary
anticodon can bind, others cannot

Ribosome moves down HN
mRNA by one codon,
tRNA with polypeptide
moveS over and emply
tRNA s released, ready
{0 be revsed and bovad
to new amino acid

X each cycle 5> ribasome moves doun
MRNA by one codon and polypeptide
grows by one amino acid

|ar3e subuait can
bind fwo tRNA
simultaneously

\S ribosome
made of small and lm:g& subunit
‘reads’ mRNA one codon at a time
and catalyzes peplide bond between
adjocent amino acids.
Made of rRNA and proteins

transfer RNA (LRNA)

carcies amino acid and binds
complementarily to mRNA codon
vsing its anticodon. . €n27mes ensure
cach tRNA s bound to a specific

amipo acid according o its anticodon

C

amino acid [ ) |
ZD A

3D:

small subunit binds
to mRNA

VAC]|

AR
VAC

anticodon

LENA  with complementary anticodon to stact

codon binds to mRNA formin <
\UAC anticodon

this brings the first amino acid
£RNA AUG codon

Large svubunit of ribosome
binds, sandwiching the
mRNA ja between

X COmPlcmen’rafy base pairing between

anticodon and mRNA codon ensureS the
correct amino acid js braught and used

Termination (7.8)

rRNA within large sobunit

catalyzes the formation of a

covalent peptide bond

(condensation reaction)

belween the amino acid of

previous LRNA and the amino

acid on the new tRNA

X this moves growing polypeptide
from previous to the new tRNA

H
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Once ribosome reaches
L STOP codon it will

cavse the polypeplide

to vabind from tRNA

ribosome will disossemble,
mRNA unbinds ond polypeplide
will fold into protein

continues until
\TOP Cy




D1.2.3—Stability of DNA templates. D1.2.8 —Features of the genetic code.
D1.2.9—Using the genetic code expressed as a table of mMRNA codons
* D1.2.11 —Mutations that change protein structure

genetic code ' © The base sequence of nueleotides which provide information to make a probein — the order dedermines amino acid Sequence

\> a 3- base code is necessary as o single and two base code coold anly provide enovgh combinations for 4 (4 ') and lb (“Iz) amino acids respectively
- o {siplet code provides mare fhan enough combinations (42 = b4 codon combinations) for all 20 amino acids and STOP signals as well

\> the triplet code is “universal” : all ocganisms (and vituses) use fhe same code to synthesize proteins , with only very few exceplions @ rvaeic ocids AL2

humo.v\. an

S
& Q)
(s
DS bact

o S'\OWS Conmd:iuity between. all oganiSms and 'H\ﬂt all ,IFC shares a 'ﬂst universal common ancestor (LUCA) @ origin of cells A2.]

® £ videnced by 'lransacm‘c,s: When a gene from one species is infroduced into anofher allowing ex:  insvlin
the organism to transeribe and translate protein of interest gene

52 J
& o202 insulin
......

\S> the teiplet code is "degenecate’ : most amino acids are coded for by more than one cadon.  ex: 3‘7‘i"° iscoded by 4 codons: GGA, GGC, GGG, GGU

hd ha\lins multiple codons makes allowances for possibilily of motation  ex:

codon : 3 nucleotide base sequence wWhich codes for an amino acid

original - ATA - - mutated " ATG - -
as if o change Lo Codon occurs, it may not alter which amino acid is {‘"'Plal"e {""Plate
Coded for and .. The genes produck will be unaltered mRNA VAU - -~ mRNA - -UAC - -~
—1his is called o silent mutation as even though base sequence
is altered, there is no change in phenotype (observable features) Polyptp}.ide o =Tyr— - Polypcplide o =Tyr— -

DNA is a very stuble molecule dve fo the covalently- linked phosphate- sugar  backbone and many hydrogen bonds holding strands together. When transuiption occues, DNA
strands are scparated (mqku'vﬁ jhem brie@ly more vulnecable o mutation) bot generally DNA template base Sequences don'i change, u“ouit\\j the same mRNA to be }ransceibed

S the stability of the DNA template is crucial to ensure the same correct protein is always translated. ex: nevrons (nerve) and cardiac (kmri) mouscle cells
y P P y A
This is especially jmportont foc non - dividing somatic (body) cells as they will transcribe the

Same template ﬂuougkout the [ifetime of an individval and as more of fhese cells will not be

how to read: . ficst base
produced, any moutakions would accumolote and the proteins may be altered or even non-functional do not divide and cannot, replace themselves inner to outer wheel 3
third base

point motation : a genetic mutation where & single nucleotide base is changed, inserted, or deleted @ D13 Mutation

\S> base sobstitotion motations swap one base for another and 1his altecation to the gene can affect ihe translated probein sicucture and functionality \@ ex: UCC —
ex: Haemoglobin is a protein. composed of 4 polypep{ides (hwo 2 + wo ) and is responsible foc carrying O in red blood cell s @212 Proteins HL | Example translations

In the normal gene, CTC A poinl mutation in the [ chain gene causes the mRNA codon transcribed to change, - CAC -~ {emplate TTAGCCAAGTCC CGTGGCATTTGA
the B choins produced " CAG " resulting in the hydrophobic amino acid Valine to be franslated in the chain 2 6T6 - y
Join with the rather than hydrophilic Glutamic acid,allering the protein's shape “ mRNA AAUCGGUUCAGG mRNA CGUGGCAUUVUGA
o {orm o alobular Shape - GAG - resvlts jn hacmoﬁlobin ('am\'ng filaments and chanain3 the overall eVG - v

@l@ L shape of 1he red blood cell into o sicKle - shape. This condition polypeptide  Asn—Arg—Phe—Arg  polypeptide  Arg—Gly — Ile

@ o= Blu — - (sickle—ccll anemia) can lead o blood clots and reduced O, transport e =Val—-



D1.2.12—Directionality of transcription and translation. D1.2.13 —Initiation of transcription at the promoter.
HL D1.2.14—Non-coding sequences in DNA do not code for polypeptides. D1.2.15—Post-transcriptional modification
in eukaryotic cells. D1.2.16 —Alternative splicing of exons to produce variants of a protein from a single gene -

Not all DNA sequences are genes. In eukaryotes the majority of DNA is noa-coding (does not code for poly pcpb'de.s). At one point This was termed ‘juak DNA' but in ac tuality they secve many functions:

> telomeces :fcgion. of repetitive nucleotide sequences at the ends of linear chromosomes > RNA'Codinj 3cne$ > Sequentes of DNA ore > Inteons : non-codin\g sequences within genes. Infrons are befween evon (codir\»j

vsed to transeribe sections) and afber hranscription (before 4ronslation) intions are excised
Lransfer RNA ({RNA) ovt via allernative splicing to make many diffeceat mRNA and prokeins

@@ and ribosomal X X X X

as a cap and barrier to prevent genctic deteciotation and once they RNA (rRNA) which |
are gone , the cell no longer divides and can vndergo praaramned are crucial for

Z /) v v v
cell death. This is o defercent to cancer and the reason for aging . protein synihesis L) @ I_) {%{p I_) @

> Regulators of gene exprssion’ * specific pon-coding DNA sequences which. initiate, promote or suppress gene expression , controll ing relative gene activity via the binding of {ranscription factors (resulabry prabcins)

@W@}@@“‘
¥

aflec each round of DNA replication DNA is shortened
(dve 4o lagging sirand not being fully copied). Telomeres act

before (upsiream) of gene. Transcciption factors fiest bind which when bound by an (tmnxripl-_ion fackor)
then allows RNA  polymecase fo bind and stact transcription

-act as a Switch for genes, increasing expression

S>>

® (Romoter’ : non-coding DNA sequence which. initiates gene franscripbion, located @ Enhancer * non-coding DNA sequence which. promotes gene fronscripbion

75 @ Gene expression D2.2
r (]
% 'h'”qéo ® Silencer : non-coding DNA sequeace which. blocK or reduce gene franscriphion @@@W
(ad « [
# when. bound by a (tfan.scnphdn fackor) L O
x

® (Terminator : DNA Sequence which. marks the end of a gene and D,
signals RNA polymerase 1o stop transeribing and unbind

-act as an (LD swifch for genes, decceasing expression.

ranscription. Post - transeriptional modi fication. - In evkaryotes the RNA synihesized (pre-mRNA) is modified before translation
RNA' polymerase catalyzes a condensation reaction behween fhe phosphate of fhe 5’ end of o free Addition of 5 cap * a methylated - guanosine cap’ is added ’
ribonvcleotide triphosphate to the OH on the 3'end of a growing mRNA, formirg a phosphodiesker bond. fo the 5' end of the RNA CH, y
® moves along template /antisense DNA Strand in a 3' to 5' direction. until terminator is reached
® synihesizes mRNA in a 5 4o 3'E direction (o:)&inﬂ to 3'end of ribose only) Pol_yadenaﬁion. " & chain of huadreds of adenine nucleotides AAAAAAAAA ~o O OH
‘poly A tail' is added to the 3'end of the RNA H? 1w
mRNA
X 5' cap and 3 poly A tail: Vaid in nuclear export v assist. in dranslation
5 v/ improve stability and preveat degradabion from nuclease enzymes
' exon intron exon
Splicin3 * Introns (non-cor)inj Se7uences) within RNA ° C' IAAA 3'

1 |
are removed vsing a complex of small nuclear
ribonucleoproteins sznRNPs) called o splicecosome. @
As the intron loops, exons are brought closer together 5 O: JAAA 3
and are joined (the intron is excised and snRNPs defach.) b2 e OO

mature mRNA O
X matore mRNA consists of 5'cap, exons, and polyA tail 5 C' ! JAAA 3’ J &)

coding strand




D1.2.16—Alternative splicing of exons to produce variants of a protein from a single gene

HL

Alternative splicinﬂ : spl.'c.'ns exans l:qgeﬂner in diffecent ways in order to produce different protein variants from o single gene

S after introns have been excised, the remaining exons ex:
con be rejoined in several different ways either by

splicing them in difPerent order or excloding some

S allows a single gene fo result in many different mature
mRNA transceipts and produce a variety of polypeplides.
.. Number of differeat proteins made >>> number of genes

Initiation of Translation

D1.2.19—Recycling of amino acids by proteasomes

D1.2.17 —Initiation of translation. D1.2.18 —Modification of polypeptides into their functional state

binding sites
k- fropomyosin gene is spliced dltecnatively o make proteins in many different Lissues

s (O M- - e - AAA 3

tRNA ribosome

E (Exit) Sike) when LRNA no longer
holds polypeptide it moves here and exits

Peotidyl -tRNA) Site holds tRNA
carrying growing polypeptide which moves
to tRNA in A ofter forming peptide bond

— 5 (O EEEEEEIRIRAAA 5 —>  skelebal moscle

N S'Ch [ETATETelTTelalZIAAA 3 —> Smooth muscle

A N0 O l‘tRNA Si".e tkNA mrryina
next amino acid arrives and binds here

N s’Clzlqlslslvlsle@AAA 3" ———> connective tissue

' An Uinitiator tRNA ' binds {o & small
[ ribosome subunit and to the 5' cap of
o mature mRNA forming complex.

Once the START codon is reached
and the initiator tRNA hydrogen
binds, this signals the binding

The 'arge ribosome Subunit binds to the initiator
tRNA at its Psite, completing the initiation
complex. Its A site is open for the next

€lon3a£ion of Translation

> @ ribosome moves | codon downsiream 5 to 3’
tRNA with complementary anticodon binds at A site
polypeptide in P forms peptide bond with amino acid

complex moves downstream 5" o 3'E

tRNA. €lon3a£ion begins.
Scanning for START codon — AUG

in A and chain transferred over to tRNA in A
— @ empty tRNA in P moves to € and exits.

tRNA with growing polypeptide in A moves to P

of the large ribosome subunit

initiator tRNA is bound to
amino acid Methionine and has
anticodon UAC allowing it
to bind fo START codon

\ AUG 3’

—

POS‘!'.' tfﬂnS'a.l'.'IOMl modn'fica':ion - many Polypcphdcs are modiﬁ'ed after translation {o become fvncliona|

Recycling amino acids

f) entice set of proteins that can be expressed by cell / tissve / organism

S many possible modifications: ® alter R group composition o€ amino acids in the chain

® Cuisinj sections of the folypepfide by brmkin3 peptide bonds
_le o Qorming disvlfide bridges between cysteine amino acids R grovps
€xamp\€: In Pancreal;ic

s Sustaining a functional ‘probeome requires constont protein breakdown and synihesis as proteins may
become damaged (and need 4o be rcplaced) or are no longer required due fo change in cells activibies

® combine polypeptides together and/or to prosthetic groups > Proteasomes * protein complexes which. breakdown proteins macked for desteuction via proteolysis

the iasulin gene is expressed, resulting in pre-proinsolin. which is Then modified

/Mo

Proleins which are no longer Proteasome's requlatory

Inside central chamber, The protein
is hydrolyzed by protease

fonctional or needed are svbuniks recognizes

/> = > S "‘“53“’ with obiqm’l:n'n taﬂsed protein entymes (whose ackive sites face

B chain In rough endoplasmic reticulum, In the Golgi apparatus, proteases: It is unfolded inward), bmkinj down jato
The signal peptide is cleaved and X ® cleave the peptide bonds holding and fed into smaller peplides. These ace then

c Peptide 3 disuvlfide bn’dges slabilize | C pePLide {o the A and B chains insvlin vbiguitin acts central chamber qjected and {ucther broken down

pre- proinsvlin.  the A and B chains as it folds proinsvlin @ cleave 2 amino acids from B chain as o. marker for breakdown

in the cell, ready to be revsed
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