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Central Dogma and Modeling; How do | start?

DNA Structure
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https://www.youtube.com/watch?v=1vm3od_UmFg
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DNA Models

* Canyou buildit?
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The Discovery of DNA

On April 25, 1953,annspagepmsremﬁedA
Structure for Deoxyribonucleic Acid, appeared in the
British jounal, Nature. Themnhotsdthspapsrm
James Watson, a young American post-doctoral
candidate who had recently received a Ph.D. from the
lkivasiydl]hnus.zldﬁaru'sCriﬁLaphyac'stM\o
ing his doctoral dit jon at Ci L

UnlvatsiyEruand The paper began; "We wish fo

a structure for the salt of deoxyribase nucleic
acid (D. N. A). This structure has novel features which
are of considerable biological interast.”
This initial description of the structure of DNA
marked a major milestone in the development of molecular biclogy. In addiion to reporting the
correct structure of DNA, the paper also ined their classic in scientific
literature: Tt has not escaped our nofice that the specific pairing we have postulated immediately
suggests a possible copying mechanism for the genetic material.” Their paper serves as an
excellent example of what has become a recurring theme in the molecular biosciences — Forms
Follows Function. That is, the structure of 8 macromolecule often explains the macromolecule's
function (how the macromolecule) works.
WamadCrdssdmawnlsmbnsevaﬂways ndu&ghefsdma!lrnydshrmmed
the structure of DNA without aslngle They used

other scientists who were i various i dDNA

Modei-ngwaslhsmapraqamadlwmwwm Using paper cut-outs
of the shapes of the four nitrogenous bases (AT, G and C), they were able to
combine al of the different facts that had accumulated to that date into a
plausible model for the structure of DNA.

...The structure has two helical chains colled around the same axis (see
mn) We have made the usual chemical assumptions, namely. that each
chain consists of diester joining B-D-
residuss with 3,5 finkages. The two chains (but not their bases) are related
by a dyad perpendicular to the fibre axis. Both chains follow right-handed
helices, but owing to the dyad the sequences of the atoms in the two chains
run in opposite direction.

— Watson, J.D. and Crick, FH.C., Nature, 171, 737-738 (1953)

www.3dmoleculardesigns.com . 30 Molecular Designs Copyright 2013

Dynamic DNA Resources found at:

4 Student Handout

The DNA Student Challenge
Your challenge today is to see if you can discover the correct structure of double-stranded DNA,
just as Watson and Crick did over 50 years ago.
‘Your model should satisfy all of the pieces of experimental information that was known in 1953, as
noted in the biue box below. Rather than using paper cut-outs to represent the DNA bases, you
will use plastic models of the four ides whose 3D are based on known
atomic coordinates of the B-form DNA. In these nucleotide models, magnets are used to represent
both:

* the phosphodiester bonds that link the nucleotide units together into a long, linear polymer

* the hydrogen bonds that bond one base to another.

%

Information Available to Watson and Crick in 1953

DNA is a Poly ious studies i

DNAaaﬂummmaldcdh,

* A pentose (5-carbon) sugar called deoxyribose
* A phosphate group.

that the DNA molecule was i large, with
mnhaﬂnwugu:mngmmzs:lom3xlodﬂmm(8mmhnudeonde
has a mass of 330 daltons, DNA molecules were believed to be composed of between
76,000 and 9,000,000 nuclectides.)

DNA is more dense than protein. At a density of 1.6 gm/cm3, DNA was known to
be more dense than protein (1.3gm/cm3). This suggested that DNA was a densely
packed structure.
Chargaff's Rules: In 1947, Erwin Chargaff demonstrated that while the four
nucleotides were not present in equal amounts in the DNA from different organisms,
the amount of adenine was the same as thymine, and the amount of guanine was
the same as cytosine. This became known as Chargaff's Rules:

* The proportion of A always equals that of T, and the proportion of

G always equals that of C. Thus, A=Tand G =C.

X-ray Data: In the ry of Maurice Wilkins, Rosalind
Franklin used X-ray diffraction to analyze fibers of DNA. The pattern of spots on the
X-ray diffraction pattern suggested that:

* Phosphate was on the outside, nitrogenous bases were on the inside.

* DNA was a double helix, made up of two strands.

* The two strands of DNA run in opposite directions (anti-parallel).

* There are 10 base pairs per turn of the double helix.

* The base pairs were the same width, since the double helix was uniformly wide.

www.3dmoteculardesigns.com
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https://3dmoleculardesigns.com/classroom resources/dynamic-dna-kit/



https://3dmoleculardesigns.com/classroom_resources/dynamic-dna-kit/

3d rgolecular %
esigns

Ml

Dynamic DNA

* Glve it atry!



https://www.3dmoleculardesigns.com/Teacher-Resources/Dynamic-DNA-Kit.htm
https://www.3dmoleculardesigns.com/Teacher-Resources/Dynamic-DNA-Kit.htm

_—
- olecular
== 3d nc]eSIgns
—
Kits & Models v

Home —» DNA & Genetics — Dynamic DNA Kit®

Search

Classroom Resources v

Q B B ® & A

Wishlist ~ Quote ~ MyCart  Help My Account

Professional Learningv  Custom Models  About Us

Dynamic DNA Kit®

DNA & Genetics

Sturdy, colorful pieces and magnets make it easy for students to snap, bend,
twist, and interact as they build DNA. Thanks to our patented design
innovations, the structure of this molecule is revealed to students through
their own investigation. Truly a must have kit!

¢ Construct individual nucleotides with nitrogenous bases, sugars, and
phosphate groups

* Feel the hydrogen bonding of the A-T and G-C base pairs

¢ Twist and unwind the double helix to set the stage for replication and
transcription

¢ Convert thymine to uracil

Additional pieces allow them to make ATP, consider epigenetics and gene
expression, and much more.

Learn more about Dynamic DNA Kit®
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* Additional activities | could pull into my classroom to
further engage my students?




Current Event: DNA

* Find a current article
focused on DNA

° Read th e Artic I e Unraveling Stem Cells’ Secrets: Immortality of Germline
o \Wri teaSumm ary Cells and the Function of “Junk DNA”

. By ANNE l:R.-\FTON, XMSSJ;CHU;E;TS INSTITUTE 0]; TECHNOLOGY APRIL 13,2022

[ ]

* Be Prepared to Share




DNA History Challenge

Follow link to DNA Timeline
Pick two scientists from the
timeline

e Communicate

 Each person in group MUST
have different scientists

Create a Note Card

* What did they discover!

* Find at least three interesting facts hitp Jhwww dnsine foundat;
Be Prepared to Share!



http://www.dnai.org/timeline/

Molecule of the Month

* Student Enrichment Activity
* Protein Data Bank

g ‘P‘DB -*10 l Molecular explorations Search Molecule of the Month articles and more
& through biclogy and medicine

Educational portal of ZIP DI BvDoO

Molecule of the Month By Category By Date By Title

DNA

Afomic structures reveal how the iconic double helix encodes genomic information

Each of the cells in your body carries about 1.5 gigabytes of genetic information, an amount of information that would fill two CD ROMSs or a small hard disk
drive. Surprisingly, when placed in an appropriate egg cell, this amount of information is enough to build an entire living, breathing, thinking human being.
Through the efforts of the international human genome sequencing projecis, you can now read this information. Along with most of the biological research
community, you can marvel at the complexity of this information and try to understand what it means. At the same time, you can wonder at the simplicity of
this information when compared to the intricacy of the human body.

Read-Only Memory

DNA s read-only memory, archived safely inside cells. Genetic information is stored in an orderly manner in strands of DNA. DNA is composed of a long
linear strand of millions of nucleotides, and is most often found paired with a partner strand. These strands wrap around one another in the familiar double
helix, as shown here. The code is quite easy to read: you simply step down the strand of DNA one nucleotide at a time and read off the bases: A, T, Cor G.
This Is exactly what your cells do: they scan down a messenger RNA (copied from the DNA), and use ribosomes to build proteins based on the code that is
read. This is also how researchers determine the sequence of a DNA strand: they clip off one nucleotide at a time to see what it is.

Your Inheritance

Your genetic information, inherited from your parents, is your most precious possession. It guided the construction of your body in the first nine months of
your life and it continues to control all of the basic functions of living. Each of your cells is constantly using this information, asking questions about how to
control blood sugar levels and body temperature, how to digest different foods and how te deal with new environmental challenges, and thousands of other
important questions. The answers are held in the DNA. Hundreds of different proteins are built to interact with this information: to read it and use it to build
new proteins, to copy it when the cell divides, to store and protect it when it is not actively being used, and to repair the information when it becomes
corrupted by chemicals or radiation

A Central Icon

DMNA s arguably one of the most beautiful molecules in living cells. Its graceful helix is pleasing to the eye. DNA is also one of the most familiar molecules,
the central icon of molecular biclogy, easily recognized by everyone. To some, it may carry a negative connotation, being a pervasive symbol for activists
against genetically engineered produce. To others, it may bring to mind advances in forensics such as the DNA fingerprinting used in many recent high-
profile trials. Some may have seen it in science fiction, medified to build dinosaurs or store cryptic messages from aliens. To all it is a pervasive symbol of our
growing understanding of the human body and our close kinship with the rest of the biosphere, and the moral and ethical issues that must be addressed in
the face of that knowledge.
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Central Dogma - Replication

* Transcription
e Translation

How can students learn the concept of the Central
Dogma through Modeling?




Mt

3d fagé?gg'ff



https://3dmoleculardesigns.com/classroom_resources/flow-of-genetic-information-kit/
https://3dmoleculardesigns.com/classroom_resources/flow-of-genetic-information-kit/

Elopoiy

Ml

DNA Replication

Components:

* DNA Sequence

* DNA Replication Mat
* DNA Polymerase

* Foam Nucleotides
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Flow of Genetic Information Kit’ I Flow of Genetic '"fm%
r - DNA Replication Activity Guide - __=
. Teacher Notes P i P y
Contents Student Handout

+ Replication Activity (pages 1-2)

+ Transcription Activity (page 3)
« Translation Activity (page 4-5)

Activity Guide
This activity guide for the Flow of Genetic Information Field Test Kit® will help you consider different ways

you may use these materials. We encourage you to modify these lessons and activities to meet the learning
objectives and needs of your specific students.

Replication Activity
Objectives Engaging in a Discussion of DNA
Students will

+ Identify the directionality of a DMA strand.

= Explain the implications of the anti-parallel structure of DNA as it relates to replication.

1. List at least three reasons why a cell must undergo division.

+ Model the replication of the leading and lagging strands of DNA.

. the I ive nature of DNA replication.

- the i-di: il p of DNA replicati

+ Explain how a change in the DNA code may result in a change in the encoded protein. 2

. Imagine you are cutting a bagel (one of the most common household injuries) and you get a

cut. The cut heals. How do the new cells compare to the original (pre-cut) cells?
Prerequisite Knowledge and Skills

+ Hydrogen bonding and covalent bonding
» Cell structure

+ DNA structure 3. How does your body ensure that the new cells are the same?
+ Cell cycle basics

+ Prokaryotic and eukaryotic cell structure

4. How does DNA get into the new celis?

Introduction

No molecular structure has gained more world-wide recognition than the DNA double helix. The
famous Nature paper written by James Watson and Francis Crick in 1953 entitled, Molecular Structure
of Nucleic Acids, ends with, "It has not escaped our notice that the specific pairing we have postulated
immediately suggests a possible copying mechanism for the genetic material.” Since then, many

have fi on g the ism of DNA
Copyright 30 Molecular Designs 3dmoleculardesigns.com Teacher Notes Cwmwml-nngn 3dmoleculardesigns.com DNA Replication Student Handout
Al Rights Reserved - 2016 Page 1 Al Rights Reserved - 2016 Page 1

Resources and Handouts found at:

https://3dmoleculardesigns.com/classroom_resources/flow-of-genetic-information- '
kit/
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Flow Of Genetic Information Kit®

The Central Dogma of Biology makes sense when your students can make it
happen right before their eyes. Don't be surprised if someone blurts

“Now | get it!” while using this kit. You can also purchase the Side Chain
Expansion Pack or use the side chains from the Amino Acid Starter Kit® to
add even more authenticity and connections!

¢ |dentify essential enzymes like helicase and polymerase

* Model replication of the leading and lagging strands of DNA

¢ Explore transcription as they copy one strand of DNA into mRNA using
an RNA polymerase

* Engage in translation/protein synthesis as they decode the mRNA into
protein on the ribosome placemat

* Reenact the different results of the Meselson and Stahl experiments

You can also purchase the Side Chain Expansion Pack or use the side chains
from the Amino Acid Starter Kit® to add even more authenticity and
connections!



Flow of Genetic Information
* Giveit atry!

Assemble the non-template strand of the DNA sequence according to the pattern shown below.

Non-template
Strand 5’ CCGCATGEGTGTGAGATACATTGGCCAAGACACTGTTAC C'CQ;;’




Highlights: Continuous and
Discontinuous Replication
* Leading Strand

* Lagging Strand
* Okazaki Fragments




Highlights: Origins of Replication

-9 Replication bubble
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e  What About Assessment?
* Any Enrichment?




Show Me What You Know!

 Group Activity
 Review what you learned
« Demonstrate DNA Replication
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Flow of Genetic Information Kit

'* DNA Replication Continued > N

VoL 44, 1 d
Three Models for the Process of DNA Replication o 44, 1068 BIOLOGY: MESELSON AND STAHL o

In 1958 at the California Institute of Technology, Matthew Meselson and Franklin Stahl devised an
elegant series of experiments to determine which one of three models explained the mechanism of
DNA replication. (You can find and read their publlshed paper on our websne at deoleculardesxgns
com/Teach: t-Hand y.htm.)
Meselson and Stahl cultured E. coli in a medium containing nucleotides labeled with a heavy isotope

Appearances of regeneration from naked masses of protoplasm have sometimes
been noted, but never in examples in which it had been established that there were
no small, fully formed cells from which the growth might have arisen. It is, of
- course, possible that cultural conditions will be found under which masses of naked
of nitrogen, **N. They transferred the bacteria to a medium with only N, a lighter isotope. A sample protoplasm will revert to cellular growth, such as has been reported by Netas in
was taken after the DNA had replicated once (20 minutes). Another sample was taken after the DNA Saccharamyces cerevisiae and by Pease! in Proteus vulgaris.
replicated again (40 minutes). The DNA was extracted from the bacteria in the samples and then templates for ' c Weibull, Symposium Soc. Gen. Microbiol., 6, 111, 1056.
centrifuged to separate the DNA of different densities. Their results are shown below. erberg, these PRoceEDINGS, 42, 574, 1956; K. McQuillen, Biochim. ef Biophys. Acta, 27,

!lll, 1958,
m""-s’ K. MeQuillen, Symposium Soc. Gen. Microbiol, 6, 127, 1956; 8. Spiegelman, in The Chemical
aﬁ-\.m s.u:;.‘.m € one Basis of Heredity, ed. W. D). McElroy and B. Glass (Baltimore: Johns Hopkins Press, 1057),
" nedmn gl o) Ppp. 232-267; J. Spisisen, these ProcEEDINGS, 43, 604, 1957; D. Fraser, H. R. Mahler, A. L. Shug,

and C. A. Thomas, Jr., these PROCEEDINGS, 43, 839, 1057; E. Chargaff, H. M. Schulman, and
H.8. Shapiro, Nature, 180, 151, 1957.

0. Netas, Biol. Zentr., 75, 208, 1956; A. A. Eddy and D. H. Williamson, Nature, 179, 1252,
1957

*Mary R. Emerson, in manuseript. Our mutant strain, Em 11200, has been shown to be
Mmsnumhunluﬂm-fmdepwdmmu B 135 and M 16 obtained from Dr. D. D.
Perkins, Stanford University; “wooly,” from Dr. H. L. K. Whitehouse, Cambridge University;
md mr" and an unnamed mutant from Dr. J. R. 8. Fincham, Univensity of Leicester. From

h is likely that th dso allelic to the “eut” mutant of Dr. H. Kuwana
(Mbhﬂ 18, 235, 1053).

* Mary B. Mitchell and H. K. Mitchell, these ProcEeDiNGs, 38, 442, 1052,

" Mary B. Mitehell, H. K. Mitchell, and A. Tissieres, these ProcEgnixes, 39, 606, 1953,

*G. W. Beadle and E. L. Tatum, these Proceepixas, 27, 409, 1941,

*The hemicellulase preparation was obtained from the ls\!lrlbnnl] Blwhemvul Ourpurltm,
Cleveland 28, Ohio, who inform us that it is &
cellulase, gumase, and maltase in addition to hemicellulase. Alln;klwlmvurlglwm(aryvndp
cated strong chitinase activity.

afer 0 after 20 after 40 * J. Lederberg and Jacqueline St. Clair, J. Bacteriol , 75, 143, 1058,
miutes minutes minutes 1 Phyllis Pease, J. Gen. Microbiol., 17, 64, 1957,

Obtain and assemble 4 nucleotide base pairs of the colored DNA foam pieces. Find the matching gray
base pair pieces but DO NOT assemble them. These colored DNA strands represent the parental
strands from E. coli grown in a medium tagged with '*N nucleotides. The gray foam pieces represent
the nucleotides used to synthesize new DNA.

THE REPLICATION OF DNA IN ESCHERICHIA COLI*
By Marrsew MEseLson anp Frankuis W, StanL

You will use the foam DNA models to detect which mechanisms of replication would most likely
explain Meselson and Stahl's results.

GATES AND CRELLIN LABORATORIES GF CHEMISTRY,| AND NORMAN W. CHURCH LABORATORY OF
CHEMICAL BIOLOGY, INSTITUTE OF PASADENA,

Communicated by Maz Delbrick, May 14, 1958

Introduction.—Studies of bacterial transformation and bacteriaphage infection'~*
strongly indieate that deoxyribonucleic acid (DNA) can carry and transmit heredi-
tary information and ean direct its own repli for the
of DNA replication differ in the predictions they make ing the distribution
among progeny molecules of atoms derived from parental molecules.”

Radioisotopic labels have been employed in experiments bearing on the distribu-
tion of parental atoms among progeny molecules in several organisms.$* We
anticipated that a label which imparts I.o the DN& molecule an increased density
‘might permit an analysis of this distrib by i To this

You wnll create a physical representatlon of the three models of DNA replication: (1) conservative, (2)
vative, and (3) di: ive. Begin with modeling the first round of replication of the DNA
after the bacteria were transferred to a medium with only “N.

Copyright 3D Molecular Designs 3dmoleculardesigns.com DNA Replication Student Handout
Al Rights Reserved - 2016 Page 11

¥y
end, a method was developed for the detection of small density differences among

Copyright 3D Molecular Designs 3dmoleculardesigns.com DNA Replication Student Handout
All Rights Reserved - 2016 Page 12
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* Transcription
e Translation

How can students learn the concept of the Central
Dogma through Modeling?
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Transcription

Components:

* DNA Sequence

* Transcription Mat

* Foam DNA Nucleotides
* Foam RNA Nucleotides
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Flow of Genetic Information Kit” Flow of Genetic Information Kit*

Transcription Activity Guide .

—

" Teacher Notes

Contents Student Handout
+ Replication Activity (pages 1-2)

« Transcription Activity (page 3)
« Translation Activity (page 4-5)

Activity Guide

This activity guide for the Flow of Genetic Information Field Test Kit® will help you consider different ways
you may use these materials. We encourage you to modify these lessons and activities to meet the learning
objectives and needs of your specific students.

Replication Activity
Objectives
Students will
+ Identify the directionality of a DNA strand.
= Explain the implications of the anti-parallel structure of DNA as it relates to replication.
+ Model the replication of the leading and lagging strands of DNA.
* Describe the semiconservative nature of DNA replication.

Ribonucleic Acid (RNA)
Central Dogma: DNA to RNA to Protein

Introduction

Almost all dy ions in a living ism depend on proteins. Proteins are molecular machines
that perform a wide variety of essential functions, including:

. the semi process of DNA replication. * Support « Coordination
«+ Explain how a change in the DNA code may result in a change in the encoded protein. + Transport « Control
* Movement « Defense
Prerequisite Knowledge and Skills *MetabolicRegulation
+ Hydrogen bonding and covalent bonding Scientists currently believe that there are approximately 100,000 different proteins in the human body.
= Cell structure lesn the important role that these molecules play in an organism’s survival, it is understandable that
+ DMNA structure ists focus a i amounl of ion studying them. Central to their study is the question
* Cell cycle basics of how these are produced in a cell. The chain of that dictates the
+ Prokaryctic and eukaryotic cell structure directional flow of genetic mformatlon from DNA to RNA to protein was dubbed the central dogma by

Francis Crick in 1956.

DNA Is the Universal Code

DNA carries all of the instructions for making the proteins found in our bodies. In fact, DNAis the
universal code for the ct istics of simple i such as bacteria, and for complex organisms
such as plants or animals. DNA codes for the characteristics of all living things! In this lesson you will
learn how to interpret the DNA code to make the proteins that determine these characteristics. In the
process of protein is there are two imp: types of nucleic acids: DNA and RNA.

DNA has only four nitrogen bases: A, T, G, and C. But there are 20 amino acids that serve as the building
blocks (monomers) for all proteins. How can only four letters (bases) code for all of these amino acids?
The key to deciphering DNA is called a triplet code, in which the sequence of three adjacent DNA
nitrogen bases (nucleotides) codes for a specific amino acid.

Copyright 30 Molecular Designs 3dmoleculardesigns.com Teacher Notes Copyright 3D Molecular Designs 3dmoleculardesigns.com Transcription Student Handout
Al Rights Reserved - 2016 Page 1 All Rights Reserved - 2016 Page 1

Resources and Handouts found at:

https://3dmoleculardesigns.com/classroom resources/flow-of-genetic-information-
kit/
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Highlights: Making Connections
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Highlights: DNA vs. RNA Pieces

5.5-5.8 Bect it

DNA RNA

* Consistent Shapes/Similar But Different
* Consistent Across All Products
 Similar Nucleotide Components
* Different Shape




Highlights: Differentiated
Instruction

Provides Understanding of Complex Process at
Different Levels

* Include: Initiation, Elongation, Termination
* Ribosome Structure and Function
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16. Trace the mRNA from the arrow point in the nucleus, through the nuclear pore and to the arrow
DNA
Nuclear

point in the cytoplasm.
Pore

Nuclear Cytoplasm
Membrane yiop
\ S 7 5

RNA
Polymerase

This image is an excerpt from Tour of a Human Cell by David Goodsell, as shown in 3D Molecular
Designs’ Tour of a Human Cell® poster and David Goodsell’'s book, The Machinery of Life.


https://pdb101.rcsb.org/learn/coloring-books/coloring-molecular-machinery
https://pdb101.rcsb.org/learn/coloring-books/coloring-molecular-machinery
https://3dmoleculardesigns.com/classroom_resources/flow-of-genetic-information-kit/
https://3dmoleculardesigns.com/classroom_resources/flow-of-genetic-information-kit/
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Tr an S I at i O n . The G(e:netic Cod:n Chart'

G
UUU = Phe F| [UCU = SerS| [UAU = Tyr Y
U WC=PheF| [UCC—SerS| |UAC~TyrY
UUA = leuL| [UCA = SerS UAA = Stop { UGA = Stop |
( Omponents UUG = LeuL| [UCG = SerS| [UAG = Stop | [UGG = Trp W

UU = leul| [CCU = ProP| |CAU = HisH
UC = leul| CCC=ProP | |CAC = HisH

| . T=Er

* Genetic Codon Chart o e ey

. ACU = ThrT| [AAU = AsnN| [AGU = Ser S|

* Translation Mat A BESE R et deci
. AUG = MetM| [ACG = ThrT

* Foam RNA Nucleotides s 0=1 |-

GUA = Val V| |GCA = Ala A GGA = Gly G

* Foam tRNA Nucleotides e
* Foam Amino Acids

@ | D

OrNcC OFPOC OPOC OPNOC

I:lrmﬂmsnprmm D Hydrophilc  Polar . Positive Charge: Stmceareciesrean

895 Tromsiation of RNA into Proteins &= A-&..
38 == oo
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Flow of Genetic Information Kit*

" Teacher Notes

Contents
+ Replication Activity (pages 1-2)
» Transcription Activity (page 3)
+ Translation Activity (page 4-5)

Activity Guide

This activity guide for the Flow of Genetic Information Field Test Kit® will help you consider different ways
you may use these materials. We encourage you to modify these lessons and activities to meet the learning

objectives and needs of your specific students.

Replication Activity
Objectives
Students will
+ Identify the directionality of a DNA strand.

+ Explain the implications of the anti-parallel structure of DNA as it relates to replication.

+ Model the replication of the leading and lagging sirmds of DNA.
. the i ive nature of DNA i
. the i process of DNA rapllcahm
+ Explain how a change in the DNA code may result in a change in the encoded protein.

Prerequisite Knowledge and Skills
+ Hydrogen bonding and covalent bonding
+ Cell structure
+ DNA structure
+ Cell cycle basics
+ Prokaryotic and eukaryotic cell structure

Copyright 30 Molecular Designs

3dmoleculardesigns.com
Al Rights Reserved - 2016

Teacher Notes
Page 1

Resources and Handouts found at: o _
https://3dmoleculardesigns.com/classroom resources/flow-of-genetic-information-

il oo
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Flow of Genetic Information Kit*

Translation Activity Guide

Student Handout

Transiation
Ti ion occurs in the cytopl

of the cell and is defined as the sy

is of a protein

using information encoded in an mRNA molecule. In the process of protein synthesis there are two
important types of nucleic acids: DNA and RNA (ribonucieic acid). Messenger RNA (mRNA) has the

information for arranging the amino acids in the correct order to make a functional protein.

The key to deciphering DNA is called a triplet code, in which the sequence of three adjacent DNA
nitrogen bases codes for a specific amino acid. Translation of the mRNA occurs in groups of three
nitrogenous bases called codons. The order in which the amino acids are put together depends on the
sequence of bases in the mRNA. Proteins can consist of as few as 100 or as many as thousands of

amino acids.

1. What part of the mRNA i ins the to make a protein?

The identity of the amino acids in the protein sequence can be determined using the mRNA strand you
created in transcription. Starting from the 5" end of the mRNA at the start codon, every three bases

determines a particular amino acid.

Copyright 3D Molecular Designs. 3dmoleculardesigns.com
Al Right

ts Reserved - 2016

Translation Student Handout
Page 1
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. Making Connections
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Typical textbook model

u
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« Comparing Various Models

 Typical Textbook Models
* 3D Printed Models
* Foam Models




Highlights: Allows to Demonstrate
Understanding

UUU = Phe ] [UCU = SerS| [UAU=TyrY u
U [UUC=PheF| [UCC=SerS| [UAC=TyrY c
UUA = Leul| [UCA=SerS| [UAA =Stop| [UGA = Stop | A
UUG = Leu L| [UCG = SerS| [UAG = Sto UGG =TrpW| G
CUU = [eul| [COU= ProP]| [CAU = FHisH] u
CUC = Leul| [CCC = ProP| [CAC = HisH] c
C [CUA =LeuL| [CCA=ProP| [CAA =Gin A
CUG = Leul| [CCG = ProP] [CAG =Gin G
AUU=Te T| [ACU = ThrT| [AAU =AsnN]| [AGU=5er5] U
AUC = Tle I| [ACC = Thr AAC = AsnN [«
A [AUA =Tl 1| [ACA = Thr A
G =MetM [ACG = Thr G
GUU=ValV| [GCU= AA
GUC=ValV| [GCC = Ak A
G [GUA=ValV| [GCA = AlaA
GUG=ValV| [GCG = AlaA

Amino Acid Properties
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[Jromssscnscocason [ wocoicrrone [ ot cmee P

mRNA Codons | AUG || UGU | GAG | AUA | CAU | UGG | CCA | AGA | CAC | UGU || UAG

tRMNA
anticodons

Amino Acid

Provides Understanding of Complex Process
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* | finished the lab, Now What?
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Examples and Suggestions

* Proteins:
O

O
* Enzymes:

O

O
* Hemoglobin:

O

O
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Lab: Protein Folding

Resources for this lab found at:
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Lab: Enzymes in Action

3 desne-

. Whers movecules becams real ™

e 24
Xanthine Oxidase Cholestrol Oxidase
(xop) (ChOX)

Resources for this lab found at:

Glutamate Oxidase
(GIOX)

Enzymes in Action Kit®
Creating Catalytic Connections with Models

Student Handout

V4 DY

(«a 7,

Obijectives
You will use the model pieces in the kit to:
= Simulate enzymatic actions.
» Explain enzymatic specificity.
* Investigate iwo types of enzyme inhibitors used in regulating enzymatic activity.
- Examine how an enzyme may affect activation energy.
Introduction

Enzymes are specialized proteins that catalyze or speed up chemical reactions within cells.
The substance upon which an enzyme acis is called a substrate. Subsirates are small
molecules.

Enzymes:

+ Accomplish catalysis without being consumed in the reaction.
+ Catalyzes a specific chemical reaction.
The Enzyme in Action Kit® allows you to explore how enzymatic reactions occur.

Catabolism
Model pieces needed

6 v &

gray Afoam piece green B, and B, foam orange G, and G_ foam
without stickers pieces pieces

1. The gray foam piece is a model of an enzyme. Place it with the A label facing up. Assemble
the two green pieces (B, and B,) info a single unit to model the substrate in this reaction.

2. Draw and label the enzyme and substrate before the enzymatic acfion.

Copyright 3D Molecular Designs 3dmeleculardesigns.com
Al Rights Reserved - 2016

‘Student Handout
Page 1
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Activity: Genetics of Sickle Cell
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Activity: You and the GMO Mosquitoes

Genetically
Modified
Mosquitoes May Be
Released in Fla
and Calif

By Ralph Ellis

March 9, 2022

The U.S. Environmental Protection Agency has approved
the release of 2 billion genetically altered mosquitoes in
Florida and California, the company that created the
genetically modified mosquitoes said.

The experimental program created by Oxitec is,
to reduce the transmission of harme![Rscill
dengue, Zika, and yellow fever.

Sources for this activity found at: https://www.biointeractive.org/classroom-
resources/genetically-modified-mosquitoes and https://www.webmd.com/a-to-z-
guides/news/20220309/genetically-modified-mosquitoes-may-be-released-in-fla-and-calif
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Reflection Activity

* Where do you see this fitting into your
curriculum?

 What Lingering Questions Do You Still Have?

 What Does This Look Like Implemented In
Your Classroom?

 What Other Resources Would You Use With

this topic? (Make a Suggestion!)
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Give Away! 2 e
Flow of Genetic Information Kit
" Teacher Notes s e

Contents
« Replication Activity (pages 1-2)
« Transcription Activity (page 3)
+ Translation Activity (page 4-5)

Activity Guide

This activity guide for the Flow of Genetic Infarmation Field Test Kif® will help you consider different ways
you may use these materials. We encourage you o modify these lessons and activities to meet the learning
abjectives and needs of your specific students.

Replication Activity
Objectives
Students will
+ Identify the directionality of a DNA strand.
+ Explain the implications of the anti-parallel structure of DNA as it relates o replication.
+ Model the replication of the leading and lagging strands of DNA.
+ Describe the semiconservative nature of DNA replication.
+ Describe the semi-disconfinuous process of DNA replication.
+ Explain how a change in the DNA code may result in a change in the encoded protein.

Prerequisite Knowledge and Skills
+ Hydrogen bonding and covalent bonding
+ Call structure
+ DMA structure
+ Call cycle basics
+ Prokaryotic and eukaryatic call structure

Capyright 30 Malecutar Desigrs Idmaleculardesigns.com Teacher Nedes
All Fights Reserved - 2016 Page 1
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Resources and Materials

*Purchase kits at 3dmoleculardesigns.com.
*Receive 20% off most items in our catalog with Discount Code FC23.. .
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Stop by and See Us at the
3d molecular designs
Booth
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Summer Course 2024
Modeling the Molecular World

Join us in Milwaukee
for hands-on discovery and professional development
July 29 - Aug2 OR Aug5-9

Bring an empty suitcase! .
Scan to register:! You'll take home all these classroom

resources!
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