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Who am I? |
* Biology teacher and Advanced @ e
Studies Coordinator in Hanover Anthony!! | just got another aquaporin modellll And this

County, VA one opens!!
« 3DMD Model teacher D i O comment
* AP Reader & ConSUIta nt @ Write a comment... ) @
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Bleliy

Learning Intentions/ Session Goals

* | am learning about the mechanisms by which genetic information flows
fromm DNA to RNA to protein.

* | am learning about the series of enzyme-regulated modifications of the
MRNA transcript in eukaryotic cells

Success Criteria

can model the addition of a poly-A tail and describe its purpose.
can model the addition of a GTP cap and describe its purpose.

can model the excision of introns and splicing and retention of exons.
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2018 VA Blology SOLS

SOL strand

Essential knowledge &

Enduring Understanding

BIO.2 The student will investigate and
understand that chemical and biochemical
processes are essential for life. Key ideas
include

d) protein synthesis is the process of
forming proteins which influences
inheritance and evolution;

BIO.5 The student will investigate and
understand that there are common
mechanisms for inheritance. Key ideas
include a) DNA has structure and is the
foundation for protein synthesis

BIO.5 The student will investigate and
understand that there are common
mechanisms for inheritance. Key ideas
include c) the variety of traits in an
organism are the result of the expression of
various combinations of alleles;

practices

explain the process of protein
synthesis, including
transcription and translation
(BIO.2 d)

compare a variety of DNA
models and evaluate them for
their effectiveness in explaining
its structure and function (BIO.5

a)

explain the process of protein synthesis, including
transcription and translation (BIO.2 d)

The information encoded in DNA molecules provides
instructions for assembling amino acids, which
ultimately form protein molecules. The code for specific
amino acids is virtually the same for all life forms (BIO.5
a).

All cells contain genetic information in the form of DNA
molecules. Genes are regions in the DNA that contain
the instructions that code for the formation of proteins
(BIO.5 a).

Each chromosome consists of a single, very long DNA
molecule, and each gene on the chromosome is a
particular segment of that DNA. The instructions for
forming species’ characteristics are carried in DNA. All

cells in an organism have the same genetic content, but '
the genes used (expressed) by the cell may be regulated
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AP Course & Exam Description

ENDURING Essential Knowledge
UNDERSTANDING | LEARNING OBJECTIVE

6.3 IST-1 Heritable IST-1.N Describe the IST-1.N.6 In eukaryotic cells the mRNA transcript
Transcription information mechanisms by which  undergoes a series of enzyme-regulated
and RNA provides for genetic information modifications—
Processing continuity of life. flows from DNA to a. Addition of a poly-A tail.
RNA to protein. b. Addition of a GTP cap.
c. Excision of introns and splicing and retention of
exons.

d. Excision of introns and splicing and retention of
exons can generate different versions of the resulting
MRNA molecule; this is known as alternative splicing.
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DNA

VN mRNA

Protein
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gene (DNA)
exon . exon exon exon
~—*—~ Intron —— intron —— Intron ———

promoter
transcription

RN A

+ splicing

A

+ translation

amino acid
chain

+ posttranslational
modification

protein
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Primary RNA transcript

Exon 1 Inton EXon2 Inwon Exon3

RNA processing

Spliced RNA
L Exon 1 Exon2 Exon 3
5' cap

\ Poly-A talil

5" untranslated 3" untranslated
region region
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OE Transcription of DMNA into RNA - B -

Lets model it!

1. Get your red placemat out.

2. You will build the DNA sequence Y
using the colored pieces & the
template strip.

3 & G v 5
3. Get your colored mRNA pieces

out 5’&35"!"




Lets model it!

4. Get out your grey pieces.
build two sections of DNA with grey
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J Transcription of DNA into RNA 5 W D> B

Molecular
Designs

Double
Stranded

o
moves from
Strand night to left
on placemat
—
o o RNA Polymerase

1. load your DNA on the right side of your placemat.
2. feed the DNA into the RNA polymerase and build mRNA as the DNA
reaches the yellow active site and start building your mRNA.
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3. Pause when the mRNA reaches the end of the bridge

Transcri




Primary RNA transcript
Exon1l Intron Exon2 Intron Exon 3

5' GTP Cag l RNA processing
Spliced RNA

Why? T Exon1 Exon2 Exon 3 AAAAAAA
® required for translation 5' cap \ / Poly-A talil

(translation initiation 5’ untranslated 3’ untranslated

region region

complex assembly)
e protection from

X When?

exonucleases

e promotes splicing &
nuclear export

® helps immune system
recognize self & foreign
RNA for destruction

® capping enzyme complex (CEC)/ cap
binding complex (CBC) binds to the
RNA polymerase prior to transcription
starting

e as the mRNA emerges from the RNA
polymerase the CEC/CBC adds the cap ®
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4. Add the grey Guanine piece to the 5" end of the growing mRNA strand.

5. Then, continue to transcribe your DNA until the pre-mRNA is complete and
released from the RNA polymerase.




UTR Primary RNA transcript

Exon 1 Intron Exon 3
?
What: . RNA processing
e untranslated regions at the
5" and 3’ ends Spliced RNA

©00  ExonlExon2 Exon3  [AAAAAAA
Why? 5' cap \ / Poly-A tail

5" untranslated 3’ untranslated

e required ribosome binding region region

When?
e part of the original transcribed pre-m RNA




Primary RNA transcript

RNA SP|IC|ng Exon1l Intron Exon2 Intron Exon 3
What? l RNA processing
e |arge sections of the RNA |
are removed and =Dlest Fae
o _ T Exon 1l Exon2 Exon 3 _
remaining portions are 5' cap \ / Poly-A tail
reconnected 5' untranslated 3" untranslated
o) intrOnS o B region region
O exons a7y 03 WS
SREeL s How?
R o spli ' -
Why? - spliceosomes bind to pre-m RNA

® recognition of specific sites along the
intron

® cut and release the intron

e splice together exons (20

e allows for a single gene
to encode more than
one polypeptide
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Po|v-A tail Primary RNA transcript
Exon1l Intron Exon2 Intron Exon 3

Why? RNA processing
e required for translation -

the tail binds proteins to Spliced RNA

initiate translation @00  Exonl Exon2 Exon3  AAAAAAA

. 5'ca Poly-A tail
e protection from P \ / 4
. . . 5" untranslated 3’ untranslated
enzymatic degradation in region region

the cytoplasm When?

® nuclear export e polyadenylation signal AAUAAA is

transcribed
e pre-m RNA is cut
e 50-250 adenine nucleotides are added @
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Next steps to modeling mRNA modifications

Map of the Human R-Globin Gene®
/_,_.. Sickle Cell Ancrma

%‘ EXON |

ACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGTGGGGCAAGK
2200 \62206
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Bleliy

Learning Intentions/ Session Goals

* | am learning about the mechanisms by which genetic information flows
fromm DNA to RNA to protein.

* | am learning about the series of enzyme-regulated modifications of the
MRNA transcript in eukaryotic cells

Success Criteria

can model the addition of a poly-A tail and describe its purpose.
can model the addition of a GTP cap and describe its purpose.

can model the excision of introns and splicing and retention of exons.
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Workshop NGSS Connections

Designing Solutions

Asking Questions and Defining |Scale, Proportion, and Quantity MS-PS1-1
Problems

Developing and Using Models |Patterns MS-PS1-5
Planning and Carrying Out Cause and Effect HS-PS1-3
Investigations

Constructing Explanations and HS-PS1-7
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Summer Course 2025 — Modeling the Molecular World

Join us in Milwaukee for hands-on discovery and professional development
July 7 — July 12 OR Aug 4 — 8 (NY)

Bring an empty suitcase!
You'll take home all these classroom resourc@
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Visit Our Booth!

Continue your exploration of our dynamic kits and models at Booth 948!
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AR Enhancements = 30

We're enhancing our kits and models to inspire more hands-on learning with new augmented
reality features!

Stop by Booth 948 to
check out our new
Augmented Reality

Enhancements!
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Take Our
Survey
For a Chance
toWin a $50
Gift
Certificate
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Making the Invisible Visible
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Try before you buy!
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Our Lending
Library Terms
Have Changed

3DMD Lending Library

Bompew U5 wiS8mias Designs Kits for a short-term loan

Request to Borrow

+ What can | check out from the library?
+ In the past | checked out models that are not listed below. Can | still check them out?
+ How long can | keep the kits or models?

+ |s there a charge for borrowing the cases?




i

3k

Transforming Science Learning



