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DNA & Proteins UngtPacket IDriving Questlon

ADriving Question: What is DNA and
how does it work?

AWNhat is DNA made from? X

AHow does the structureof _ ______ §
DNAdetermine its function’h N\

AHow can a molecule providé S/
instructions for the assembl|® ]URAS$I( PARKg ;
of another molecule? — -
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Subspecies: Canus lupus famdiaris

4

Species: Canis lupus

7

Genus: Canis

dordy’ of

Family: Canidae

Kingdoms of Life

AThe world is home to a seemingly endless
variety of life.

AThis includes multipl
organismgplants, animals, fungi, efc

ASpecies argrouped based otheir observable traits. &
Order: Carnivora

AFor example, a dog isukaryotic(its cells have L
organelles) and is a part of thanimal kingdom. Class: Mammalia

ADogs have a spinel{ordatg, aremammals(warm blooded PN
with fur), arecarnivores (eat meatand arein the dogfamily. Phylum: Chordata

AEach level of classification describes species with traits that are O\

more and more similar

Kingdom: Animaka

A

Domain: Eukarya
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https://upload.wikimedia.org/wikipedia/commons/0/06/Figure_20_01_04ab.jpg

DNAC Instructions for Life

AWhile there are many differences among living
species, all use DNA in their cells.
ADNA determines how proteins are assembled.

A Proteinsperform the work of thecell and providerganism
with observable traits.

AThe primary function of DNA is to store information.
ADNA provides thénstructions to assemble amiraxidsin a
particular way to form specific proteins.

Alf a cell lacked DNA, it be unable to prodtice proteinsit
needs tofunction.
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https://upload.wikimedia.org/wikipedia/commons/b/b1/A-DNA,_B-DNA_and_Z-DNA.png

The order of The orderof  The shape and
bases in a gene amino acids function of an

(section of DNA) determines a organism’s
determines the = protein’s ) proteins
) s order of amino shape and determine its
\\‘ acids in a protein. | function. ~  visible traits.
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The Structure & Function of DNA.

What is DNA made from? And how does this determine how DNA works?




DNA Is a Macromolecule

ADNA is anacromoleculgor polymer).

ADNAconsists of a long repeating chain of —
molecules calleaucleotides

Hydrlogen
borI\ds

......
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......

N /TR esssa:

AEach nucleotide consists of 3 parts. —~ ] ﬁ ------

o
A1) aphosphatemolecule. o Nivogenous base o
P=Q— (®) B 22| = )eecaa.
A2) a 5carbonsugarmolecule. & =ase pan
A3) abasemolecule. r

Sugar

AEachpart of a nucleotide servea specific function.

AThephosphateand thesugarmolecules provide P —
structure to DNA (they hold everything together). of a phosphate, a sugar, and a

TE AThebase moleculestore information. nitrogenous base.
HE - -
7 @
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https://upload.wikimedia.org/wikipedia/commons/d/d3/0322_DNA_Nucleotides.jpg
http://www.biologyjunction.com/dna_model.htm
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DNA Notebook Analogy

AEachmolecule in anucleotide functionslike
the parts of a spiral notebook.

A Thephosphatemolecules are like thepiral. They
are on the outside and hold everything together.

A Thesugarmolecules are like the pap@ages They
hold the information in place.

A Thebasemolecules are like theriting. The bases
are what provide the actual information

AThe combination of different base molecules of < - sugar
DNA are like the words written in a notebook.
A There are four kinds of baseolecules (A, T, G, & C).
A Different combinations of bases/letters enable

- b |
L IR

Writing

Phosphate

Bases

different kinds of information to be recorded. | Wt Sugar
SAF ,
'.l- F" Phosphate
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3’ 5’ /D Adenine
X Thymine
E Guanine
==X Cytosine

Complementary Base Pairs

AThe four kinds of base molecules in DNA are called:
Adenine (A), Thymine (T), Guanine (G), and Cytosine (C
AUsually these molecules are represented by their first letters.

Aln DNA, only two combination®f bases are possible:
A can only bond with T, and G can only bond with C. ¥y

AThis isbecause of differencds a) sizeandb) bondingsites
AThese combination$A&T, G&C) are 5  Thyine

Base pair

Sugar-
phosphate
backbone

Ademne

: : Ol:1
calledcomplementarybase pairs SNKep ﬁ N/ \ 7 \&
AA’asr e al ways found- V‘O'Iot ’s O o\P,oe
AG'asr e al ways found v;/\ijh C° B o 0
Otp: ‘/N O “N/ \

O O
X N— >/ (
rcar © O NH N \P ’O
- = e _ .
Hs Cytosine O,
. (@) )
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Great Combinations arédlwayslogether

AA can only pair with T, and G can only pair with C.

Alf an A were bonded to a G, they would . Adenine o
be toolargeto fit inside the width of DNA. ~ "y
A If C were bonded to T, it would be too {ﬁ ¢
smallto reach the sides of the DNA molecule. kv
AThis is also why bas.es Dalr'\.&o'\llth

Aln addition, differences in bonding sites prevent 75 d
combinations other than A&T and G&C.

A Cand G havéhree bonding sitego attach to eachother. ,,
A Aand T onljhavetwo bonding sites. 7/

APairingA with C, or T with G woulte like trying to K({j
Insert a three-pronged electrical plug into &wvo-

J
prongedoutlet. 3/\ w
A A&T andG&C are the only combinations that work based

on differences in their bonding sites. } Guamnecytos'”e"?)
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https://upload.wikimedia.org/wikipedia/commons/thumb/e/e4/DNA_chemical_structure.svg/1755px-DNA_chemical_structure.svg.png

Using DNA to assemble proteins.

How information stored in DNA is translated into how to assemble a protein from
amino acids.

WATERFORD
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ADNA provides the instructions for how to | - | Lo
assemble 20 amino acids in a specific s | o | Gw | BD | G
order to create a particular protein. T ] A Y
AThe order in which 20 different kinds of | =< ¢ | .l .2| L —~L " L °
amino acids are assembled determines the ™ | . °| " S_c'm
shape and function of the protein. L m%m @l e 1) Gl
3;12 Lo . e .
c\ H,N* - C-CQO H,N* - C-Cfo H N* - C-cgo H,N* - C-C-,-_so
ACombinations of three bases (called S A
HN"'—U‘C—C/’g |
codong code for a specific amino acid. SN I &
AFor example, a stretch of DNA containing —"" e boi | gt | Twomws | O
9 bases would consist of 3 codons. N m : =
ATh | e ol | ol | g ke | ol
ese 3 codons would each code for 2| mavSch | ol | e | -l
3 kinds of amino acids. " i i wen | R
AThe order of codons in a gene determines |, | & w | L | L
the order in which amino acids are e | | WS | ERT | ey
TAX assembled to form a protein. There are 20 kinds of amino acids. Different
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12 combinations of amino acids make different protein
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Decoding Codons

AEach combination of three bases
(codon) codes for a different
amino acid.

AFor example, CGA codes for
Arginine
AHowever, AGC codes fBerine

ASome codons indicate where a
gene begins and ends.

AAIll genes start with th&lethionine
aminoacid (ATG).

AThree different codons (TGA, TAG,
and TAA) mark the end of a gene.

Image Source?ixabay

Asparagine |

Leucine :

Tyrosine

This table can be used to translate codons into
different amino acids. Start in the center and
work towards the outsideE.g, GCA = Alanine.


https://cdn.pixabay.com/photo/2013/07/12/17/38/dna-152135_1280.png
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CodonsA Amino Acids

AThe 3letter combinations in each codon
are specific to one kind of amino acids.

AThe order of bases (A, G, C, T) geae
(segment of DNA) directly correlates to the

order of amino acids in a protein.
Aln the image below, each codonl@&ter

combination) is specific to aamino acid Ao

Asparagine |

oupnel®®!
SUILOIIOW
Glyp.
tan,:
’h/ne

~ Histiding

DNA 3

Strand

Protein

Leucine

Amino Acid
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https://www.thetech.org/sites/default/files/dna_to_protein.png
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Dupllcatlng DNA

How DNA copies are made during mitosis and meiosis.

15



Making Copies

ABecause A & T and G & C are always found
together, a cell can easily duplicate IISNA.

AEach side of DNA provides a template for new copies.

ADNAA & FANR(G ahilifdsdorofeilS R ¢ Belease
AThen a proteircalledDNA polymerasé f i | | s | PBlymerdiseh eL | A
other sideof the DNA, creating twmenticalcopies c keI

AForexample, if a section of single stranded DNA Nucleotides
wasA - G- C- T,the polymerase enzyme would
addT-C- G- Ato fill in the other side.

AThisprocessallows cells to make copies of their DNA befaderiding.

AThis ensurethat as cells divide during mitosis, each gefsall copy of the DNA
needed to assemble the proteins they need to function.
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http://biology.stackexchange.com/questions/31710/how-accurate-does-the-alignment-of-molecules-in-dna-have-to-be
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DNA Polymerase

ADNA duplication requires a sense of direction to ensure DNA is copied
correctly each time.

AHowever, there is no obvious top, bottom, left, or right in DNA.
ADNAis duplicatedina5 0 Q RANBOU A 2 y @CHOH O OH

A5 and 3’ carboedtoms on the sudgamhnelecule.
sam AThe direction DNA is copied on one side will be opposite
fg&* of the direction in which it is copied on the otheside.

ImageSource


https://upload.wikimedia.org/wikipedia/commons/7/7b/DNA_Polymerase_DNA_Replication.png
https://upload.wikimedia.org/wikipedia/commons/a/af/OSC_Microbio_10_02_Nucleotide.jpg?scrlybrkr=89d673a5

ADNA Polymerase
always copies DNA

In a 5A 3 direction.

AThe5 A 3 direction
on one side of DNA
IS opposite of the
other side.

AFor example, the left
side of this strand of
DNA is copied from
the top down.

AHowever, the right
side is copied from
the bottom up.
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Revising Our Claims

ARevisit your ideas from Part 1.

AHow could you improve your responses to our
Driving Questions?

AWhat is DNA and how does it work?
AWhat is DNA made from?

AHow does the structure of DNA determine its
function?

AHow can a molecule provide instructions for the
assembly of another molecule?



https://upload.wikimedia.org/wikipedia/commons/b/b1/A-DNA,_B-DNA_and_Z-DNA.png

Looking Ahead:
Part 3 Investigation

Aln Part 3 you will be conducting
two investigations.

Aln Part A, you will use your
understanding of DNA to
determine how nucleotide
components fit together.

Aln Part B, you perform a similar
Investigation using different
kinds of candies to create edible
DNA.

Image Sourcevlichigan.gov


https://www.google.com/url?sa=i&url=https://www.michigan.gov/documents/explorelabscience/Edible_DNA_714466_7.pdf&psig=AOvVaw0WokpMPOaCQ-lLdZU9DW5q&ust=1645114223344000&source=images&cd=vfe&ved=0CAwQjhxqFwoTCKi26p3OhPYCFQAAAAAdAAAAABAD
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Key Points

ASpecies are primarily classified by theiaits.

ATraits aredetermined by the proteins their cells produce, which is
determined by their DNA.

ATheprimary function of DNAin all living organisms i store
Information for how to assemble proteins.

ADNAIs a polymer made ofepeating molecules called nucleotides.

AEachnucleotide has 3 parts: a phosphate, a sugar, and one of four
bases.

APhosphateand sugarmolecules provide structure to DNA; thigase
molecules are what code information for assembling proteins.
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Key Points

ADue to differences in size and bonding sites, only two combinations
are possible among the four bases: A only bonds with T, and G only

bonds with C.These are cal

edomplementary base paits

AGroupsof 3 bases (calledodong code for specific amino acids. The

order of codons in a gene C

etermines the order of amino acids In a

protein. This determines the kind of protein that is assembled.

ATo replicate DNA, a protein

callduklicaseseparates the two

strands. A protein calledNA polymeraseéhen adds complementary

bases to each strand to create two identical strands.
ASb! A& If ol eA0Q2RANROAY 2 OdPp RKS A
the carbon atoms on the sugar molecule.
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Key Vocab

ADNA a polymer made from nucleotide monomers that stores information
about how to assemble proteins.

ANucleotide a monomer in the DNA polymer consisting of a phosphate,
sugar, and base molecule.

APhosphate a part of a nucleotide that provides structure to DNA.
ASugar a part of a nucleotide that holds bases in place.
ABase a part of a nucleotide that stores information.

AComplementary Base Pairthe only combinations of bases that are
possible in DNA (A pairs with T; G pairs with C).

AHelicase the protein that separates the two DNA strands.
ADNA Polymerasethe protein that makes copies of DNA.
ACodon a group of three bases in DNA that codes for a specific amino_acid.




