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Bio-Rad Explorer Program

As a teacher, you bring the beauty and complexity of

the life sciences to light for your students. As their innate
curiosity inspires their exploration of the natural world, they are
also more aware of the impact that science has on their lives.

They see the challenges in changing environments and outbreaks
of pathogens but also the promise of powerful new treatments

and cures for diseases that were once debilitating and deadly. In
addition to guiding this exploration, you are tasked with helping
them understand the importance of critical thinking, thoughtful data
generation and analysis, and collaborative research for their future.

The Bio-Rad Explorer Program exists to support the
teacher-student connection. For nearly 30 years, we have
collaborated with educators, researchers, and industry leaders

to bring state-of-the-art technology into your classroom. Use

our innovative, hands-on laboratory activities and equipment

to support your lessons and prepare your students with both
foundational and cutting-edge skills from micropipetting to CRISPR
gene editing — in a safe and student-appropriate format. Partner
with us for award-winning training and resources to stay on top of
all the latest advances in technology and research. Rely on us for
the quality, reliability, and customer service Bio-Rad is known for. ?

As your students become familiar with scientific concepts and
techniques, it is our hope they also gain confidence in their ability
to apply their learning to their own life choices and develop a
lifelong passion for understanding and protecting the natural
world around them.

On the cover:

Thank you for decades of passion and
dedication to life science education.

The Bio-Rad Explorer program would like to
thank all of you for your passion and dedication
to life science education. It is our goal to support
you with the resources you need to focus on
what you do best — teach. And it is our honor to
support the lifelong connections you build with
our students and with the study of life.
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Explorer Kit Levels

Introductory Kits

Page

No.

Genes in a Bottle Kit
Extract your own DNA from cheek cells
and bottle it in a keepsake necklace........ccccceeeiiiiiiiinnnes

pGLO Bacterial Transformation Kit
Use bacterial transformation with an inducible
promoter to make glowing E. COli......ccccueeeeecieeeiiiiieaeenns

Photosynthesis and Cellular Respiration Kit

for General Biology

Create models and design qualitative experiments

with algae beads to explore photosynthesis and

cellular respiration..........ucceeeeeeeceeeeesiieee e

ELISA Immuno Explorer Kit
Track the spread of disease in the classroom
using an ELISA with real antibodies..........ccccecvriiiiirienns

A Giant Panda Problem Kit for AP Biology

Explore reproductive endocrinology in the context of

giant panda conservation. Design hormone assays

to monitor fertility using the power of ELISA.........cccveceeneee.e.

Virus Detection and Transmission Kit
Solve the mystery of how a virus spread through
arestaurant ..o

Science of Opioid Dependence Kit
Discover genetic and environmental links to opioid
AEPENAENCE ...ooiiiiiiiieeee e

IDEA and STEM Electrophoresis Kits
Engineer a gel electrophoresis chamber and
separate food dyes based on molecular charge...............

Got Protein? Kit
Use a colorimetric test to quantify protein
in different liQUIdS ......ceeeiieiiiie e

Size Exclusion Chromatography Kit
Separate solution components using size
exclusion chromatography ..........oocoiiiiiieeeiieeeeeiees

Engineering Solutions for Global Health Kit
Measure protein in foods and design a treatment
plan for undernutrition.... ... veceee e

Microbes and Health Kit
Practice microbiology culturing techniques
to produce yogurt and test Koch’s postulates..................

In the U.S. call 1-800-4BIORAD (1-800-424-6723)

Intermediate Kits

Page No.

pGLO Transformation and Inquiry Kit

for AP Biology

Investigate the functional elements of pGLO bacterial
transformation, including heat shock, antibiotic

selection, promoters, and satellite colony formation ........ 28

Photosynthesis and Cellular Respiration Kit

for AP Biology

Design quantitative experiments to discover how
environmental conditions impact both photosynthesis

and cellular respiration — with algae beads! .................... 20

Green Fluorescent Protein Chromatography Kit
Use chromatography to purify glowing green
fluorescent protein from your pGLO bacteria.................... 30

pGLO SDS-PAGE Extension Kit
Use protein electrophoresis to view the expression
of proteins in your pGLO bacteria.........ccccveviieeeiiiiieennns 32

Forensic DNA Fingerprinting Kit
Use restriction enzymes and gel electrophoresis
10 SOIVE @ CHIME SCENE ...t 68

Lambda DNA Kits
Use restriction enzymes and gel electrophoresis
to analyze bacteriophage DNA..........cccoiiiiiiiiieieeee 70

Biofuel Enzyme Kit
Explore enzyme kinetics to optimize the
industrialization of alternative fuels ........c.cccccciviieneennen. 44

Biofuel Enzyme Reactions Kit for AP Biology
Connect mushroom ecology and enzyme activity as
students assume the role of bioengineer to optimize

the function of cellobiase for biofuel production............... 46

Comparative Proteomics Kit I:

Protein Profiler Module

Examine fish proteins by SDS-PAGE to make

cladograms and study evolution ...........cccoceeiiiiiiiiiniiinnns 54

C. elegans Behavior Kit
Study the learning and behavior of the model
organism C. elegans through observing chemotaxis.......... 24

Secrets of the Rainforest Kit
Simulate the drug discovery process in your
classroom with a glowing protein..........cccceeviieeeiiiiiieennne 34



Advanced Kits and Topics

Page No.

Out of the Blue CRISPR and Genotyping

Extension Kits

Edit a bacterial gene with CRISPR-Cas9 and use

PCR to verify the edit..... ccceeviiiiiiei e, 18

DNA Barcoding Kits
Use PCR, DNA sequencing, and bioinformatics
to identify fish, fungal, mammalian, or insect species........ 10

PV92 PCR Informatics Kit
Use PCR and gel electrophoresis to analyze
your PVO2 Alu repeat allele ..o 76

Crime Scene Investigator PCR Basics Kit
Use PCR and gel electrophoresis to solve a crime
SCENE iN YOUr ClaSSIOOM ......ovueieiiriiiee e 74

GMO Investigator Kit
Use PCR and gel electrophoresis to determine
if food you eat contains @ GMO ........cccceviiieiieinieeeieeeee, 78

Real-Time PCR Kits
Use real-time PCR to quantify DNA in the GMO
Investigator and Crime Scene Investigator kits................. 80

Comparative Proteomics Kit Il:

Western Blot Module

Probe your Protein Profiler SDS-PAGE gel with

antibodies to identify myosin light chain proteins............. 56

Rapid Blotting — V3 Western Workflow

Starter Kit

Complete the comparative proteomics kit sequence

in just 3 hours using the V3 Western Workflow................. 58

Cloning and Sequencing Explorer Series
Extract DNA from a plant, clone the GAPDH gene,
sequence the results, and publish to GenBank ................ 82

Protein Expression and Purification Series
Express and purify human DHFR in E. coli
using a real-world biomanufacturing workflow ................. 92

Partnerships

For over 25 years, the Bio-Rad Explorer
program has grown through collaboration
with academic and industry researchers,
master teachers, professional curriculum
developers, and prominent educational and
nonprofit organizations. These partnerships
provide valuable insights that help us create
and expand our offering of innovative lab kits,
curricula, and professional
development programs
and ensure they align with
current science education
standards, industry needs,
and student and teacher
interests.

For more information about all our partnerships,
see bio-rad.com/partners.

~

ADInstruments offers Lt, an
ADINSTRUMENTS  onjing learning platform designed
for first-year undergraduate
introductory Biology. Integrated
within the platform, Bio-Rad’s
educational kits provide an
engaging, hands-on learning
experience for students.

= Biotility has developed and

B'ﬁt'"ty administers the Biotechnician
Assistant Credentialing Exam
(BACE), an industry-recognized
credential that allows students
to demonstrate mastery of the
knowledge and skills valued by the
biotechnology industry. Bio-Rad
has partnered with Biotility to
ensure the Biotechnology textbook
is aligned with the BACE.

h e HOSA Future Health Professionals
Q\S pomsess S @ career technical student
organization (CTSO) that Bio-Rad
is proud to partner with and work
with to develop and support
the Competitive Event in
Biotechnology.

(j{}@(@H@ InnovATEBIO partners with
INNOVATEBIb Bio-Rad to mest the growing need
National Biotechnology Education Center for a skilled bioteohnobgy and

biomanufacturing workforce.

Visit us on the Web at explorer.bio-rad.com
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Program Support

The life sciences and biotechnology industries are
growing and continue to hire at a rapid pace, creating
an ongoing need for talent. The time to educate, build
confidence, and prepare your students for this exciting
future is now.

Prepare Students by Partnering with Bio-Rad
With over 25 years of experience in science
education and 75 years as a global biotechnology
leader, Bio-Rad Laboratories can help you develop
a 21st-century biotechnology course or program.

Partner with us to create a robust, flexible, and
scalable curriculum that can adapt to your needs.

Industry-Quality Products That Work

Success creates confidence and ignites passion. This
is why Bio-Rad partners with master teachers and
researchers to create relevant and robust educational
products that work. All products undergo rigorous
quality control to guarantee reliability and longevity.
Our award-winning teaching resources and technical
and curricular support allow teachers to expand their
understanding and boost their confidence with new
topics, technology, and applications.

Biotechnology: A Laboratory Textbook

Aligned to the Biotechnology Assistant Credentialing
Exam (BACE), our textbook can guide development of
a new course or supplement existing programs.

Innovative Hands-On Lab Activities

From DNA extraction to protein purification and real
CRISPR gene editing, our hands-on lab activities
complement the textbook and are guaranteed to work.
Set your students up for success!

Real, Industry Research Equipment
Students learn on the same instruments used in
research centers and laboratories.

Professional Development
Online or in-person, we offer training matching each
teacher’s background and training needs.

Visit info.bio-rad.com/ExplorerContactUs to connect
with a curriculum training specialist near you.

Visit us on the Web at explorer.bio-rad.com
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Featured Bio-Rad Explorer Kits

DNA Barcoding KitS.......ovvviiiiiiiiiiiiiiiiiiieesiiieeees e 10
Virus Detection and Transmission Kit ...........cccccevvvviviiinnns 12
pGLO Bacterial Transformation Kit for General Biology
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“Even in a small, rural school,
© my students feel like real
: gpientists when they use
- Bio-Rad equipment and

©  Kkits. A former student
was so positively
impacted, that she is
fast-tracked in the

Cornell Ph.D. program

in Plant Breeding and
Genetics.”

7 Jennifer Clancy
iddle Senior High School
Lyons, NY

Bio-Rad Explorer Teacher and Student Alumni

Visit us on the Web at explorer.bio-rad.com 9



DNA Barcoding Kits — Explore Your Local Biodiversity

Scientists Use Barcoding

to Catalog Species Before They Are Lost
DNA barcoding adds a level of genetic identification to species
classification. Traditionally, taxonomists based species
determinations on observations of physical and environmental
characteristics of a specimen. Now, DNA barcoding can help
distinguish between species that look and behave so similarly
that they would be considered the same species based on
traditional taxonomic criteria.

Students Can Barcode Species in Their Own Backyards
With our DNA Barcoding Kits, students use molecular tools

to identify species. They extract DNA from samples they
collect, use PCR to amplify the DNA, and perform agarose gel
electrophoresis to verify PCR products. Next, after receiving
DNA sequencing results (sequencing services not included),
they use bioinformatics to identify the species using the
sequence obtained. Students may also collect samples from
local shops to see if marketplace substitution is occurring!

BIORAD In the U.S. call 1-800-4BIORAD (1-800-424-6723)

Each kit supports 32 students.

Fish DNA Barcoding Kit
Catalog # 17007432EDU

Includes DNA Extraction Module (12016408EDU) and Fish PCR
Module (12016300EDU); for extraction and PCR amplification of up to
16 fish DNA and control samples.

Mammals, Insects, and Fungi

DNA Barcoding Kit

Catalog # 17007366EDU

Includes DNA Extraction Module (12016408EDU) and Mammals,

Insects, and Fungi PCR Module (12016353EDU); for extraction and
PCR amplification of up to 16 DNA and control samples.

Fish, Mammals, Insects, and Fungi

DNA Barcoding Kit

Catalog # 17007154EDU

Includes two DNA Extraction Modules (12016408EDU), one Fish PCR

Module (12016300EDU), and one Mammals, Insects, and Fungi PCR
Module (12016353EDU)

Ships at room temperature. Immediately store
temperature-sensitive reagents at —20°C or 4°C as
indicated. Visit bio-rad.com/barcoding for information
on additional bundle options.

Educational discounts apply only to items ordered
with an EDU suffix. EDU price discounts are for
qualified educational institutions and educators only.




- COI-ITS PCR Control DNA, 25 pl

Lab Preparation Checklist

Kit includes one DNA Extraction Module and
one PCR Module.

- Kit contains sufficient materials for 8 student

* workstations (2-4 students per workstation).

DNA Extraction Module:
Cell resuspension solution, 5 ml
Cell lysis solution, 5 ml
Neutralization solution, 5 ml
Wash buffer, 10 ml

Matrix, 5 ml 1
Spin filters with caps 20
Microcentrifuge tubes, 2 ml 250

PCR Module:
PCR tubes, 0.2 ml 50
PCR master mix

(Tagq DNA polymerase, dNTPs, buffer), 1.2 ml
Primer mix (40x), 50 pl

UView 6x Loading Dye and Stain, 200 pi

PCR molecular weight ruler, 200 pl

Sterile water, 2.5 ml

Curriculum, including Easy Start and Answer Guide;
Instructor and student guides are free downloads.

Required Accessories Not Included in Kit:

Tissue samples 2-16
Dry bath or water bath 1
Microcentrifuge >14,000x g
Horizontal gel electrophoresis chamber

with gel casting tray and comb 4-8
Power supplies 1-4
Thermal cycler with at least 32 wells 1
2-20 pl adjustable-volume micropipet 8
20-200 pl adjustable-volume micropipet 8
100-1,000 pl adjustable-volume micropipet 8
100-1,000 pl pipet tips 1 bag
2-20 pl aerosol barrier pipet tips 1 bag
20-200 pl aerosol barrier pipet tips 1 bag
UV transilluminator or imaging system 1

Recommended (Optional) Accessories:
Vortexer, p. 149 1
ReadyAgarose Precast Mini Gels, p. 120

Gel Staining Trays, p. 157

Gel Documentation System, pp. 146-147

Refresh Kit Components: (more info pp. 157-159)

- DNA Extraction Module (12016408EDU), reagents
and plastic consumables for chromosomal

DNA extraction, includes resuspension, lysis, and
neutralization solutions, wash buffer, matrix, spin
filters, and 2.0 ml microtubes for up to 16 extractions

DNA Extraction Reagent Pack (1665105EDU),
reagents for chromosomal DNA extraction, includes
resuspension, lysis, and neutralization solutions, wash
buffer, matrix, and spin filters for up to 16 extractions

Fish PCR Module (12016300EDU), includes 2x master
mix, PCR primers, control DNA, sterile water,
molecular weight ruler, fluorescent DNA loading dye
and stain, and PCR tubes

Mammals, Insects, and Fungi PCR Module
(12016353EDU), includes 2x master mix, PCR
primers, control DNA, sterile water, molecular weight
ruler, fluorescent DNA loading dye and stain, and
PCR tubes

0.2 ml PCR Tubes (TWIO201EDU), p. 124
2 ml Microtubes (2239430EDU), p. 157
2x Master Mix for PCR, p. 129

UView 6x Loading Dye and Stain, p. 122

Sample preparation

Select

mammalian,
insect, fungal, or
fish sample

Prepare DNA
samples using
extraction buffers
and centrifugation

Add master mix
to DNA samples
and control DNA

Amplify target
sequences

Analyze DNA via
electrophoresis

View results
onaUVv
transilluminator

Use UView 6x
Loading Dye and
Stain for
instant results

Ship PCR
products to
your sequencing
facility*

Analyze
sequences
using DNA

bioinformatics
platform

[

Bioinformatics analysis

)

[ Extension: Look more closely at DNA structure with the DNA model, p. 118 ]

*

Sequencing not included with the kit.

Visit us on the Web at explorer.bio-rad.com
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Virus Detection and Transmis

Solve the Mystery of How a Virus
Spread through a Restaurant
Based on published viral transmission case
studies, this hands-on lab activity puts your
students into the roles of emergency room doctor,
medical laboratory scientist, epidemiologist, and
public health official as they combine molecular
data with other information to determine how a
novel virus spread through a restaurant.

Choose from Four Virus and

Transmission Scenarios

Choose to follow either a novel norovirus or
novel coronavirus, then choose one of two
possible transmission scenarios — a total of four
different activity options!

In the U.S. call 1-800-4BIORAD (1-800-424-6723)

. CID

sion Kit — Was It Something They Ate?

Examine Molecular Diagnostics
and the Chain of Infection

Use the included preamplified DNA samp
teach diagnostic PCR applications witho
thermal cycler. Analyze simulated samples
agarose gel electrophoresis, compile clas
and then analyze infection patterns and o
patient information to deduce the mode o
transmission. Along the way, career highlic
introduce students to opportunities within
health and life sciences.
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Each kit supports 32 students.

Virus Detection and Transmission Kit
Catalog # 17008261EDU

Virus Detection and Transmission Kit plus
Fast Blast Electrophoresis Reagents
Catalog # 17008251EDU

Virus Detection and Transmission Kit plus
UView Electrophoresis Reagents

Catalog # 17008241EDU

Ships at ambient temperature. Store reagent pack at -20°C.

Key Kit Features

¢ Curricular connections to virology, pathophysiology,
epidemiology, gel electrophoresis, PCR, and
reverse-transcription PCR

¢ Preamplified PCR DNA samples to teach PCR
without a thermal cycler

Educational discounts apply only to items ordered

with an EDU suffix. EDU price discounts are for
qualified educational institutions and educators only.

Lab Prepa n Checklist

Kit contains sufficient materials for 24 student
| workstations (24 students per workstation).

1.5 ml EZ Micro Test Tubes 90
Molecular weight ruler 200 pl
DNA Sample 1 215yl
DNA Sample 2 250 ul
Orange G Loading Dye, 5x 1ml
Answer Guide

Instructor and Student Guides available
online free for download

Fast Blast Electrophoresis Reagents

Fast Blast DNA Stain 100 ml
Certified Molecular Biology Agarose 59
TAE Electrophoresis Buffer, 50x 100 ml
UView Electrophoresis Reagents

UView 6x Loading Dye and Stain 200 ul
Certified Molecular Biology Agarose 59
TAE Electrophoresis Buffer, 50x 100 ml

Required Accessories Not Included in Kit:
Adjustable micropipets and tips, pp. 152-154
20-200 pl 1
1-20 8
or fixed volume micropipets, 50 ul 8
Horizontal gel electrophoresis chambers, p. 117 4-8
Power supply, p. 1565 1-8
UV transilluminator (if using UView 6x
Loading Dye and Stain), p. 146 1
Gel staining trays, p. 157

Refresh Kit Components: (see pp. 157-159)
« Gel Staining Trays, 4 (#1660477EDU)

UView 6x Loading Dye and Stain, p.122

DNA Electrophoresis Reagent Packs, p. 119

[ Activity 1: Learning about virus biology, pathophysiology, and detection ]

Review patient
symptoms, make

a hypothesis
about cause

Fever
Congestion
- Cough -
Body aches

® @

Discuss
viral biology,

pathophysiology,
and molecular
diagnostic tests

Activity 2: Activity 2: Infection detection

Load restaurant
staff and patron
samples

Run DNA gel
electrophoresis

Apply data to
restaurant layout

Evidence Chain of

Infection

Develop a model
for how

transmission
occurred in the
restaurant

Activity 4: Mitigating risk (optional)

Decide whether
and how to

mitigate further
spread

Health care
system capacity

Number of cases

Without With
protective measures protective measures

Time since first case

Visit us on the Web at explorer.bio-rad.com
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pGLO Bacterial Transformation Kit for General Biology

A Scaffolded Approach to pGLO Bacterial Transformation
This kit converts the classic pGLO transformation lab into a
student-driven experimental design experience. Students first
observe fluorescent organisms and create models to explain their
observations and then transform bacteria with the pGLO plasmid
to collect data about the role of antibiotic selection markers. They
then design and run a second experiment to switch on expression
of the GFP gene and see the bacteria glow under UV light. Finally,
students engage in an engineering design challenge in which
they apply what they’ve learned to design a biosensor, based on
bacterial transformation, to solve a real-world problem.

pGLO: An Unforgettable Way to Teach Gene Expression
and Regulation

Bacteria transformed with the pGLO plasmid glow a brilliant
fluorescent green under UV light. Once students perform this
transformation, they never forget the central dogma of molecular
biology: DNA > RNA > Protein > Trait — Green Fluorescence.

Aligned to NGSS

The activities in this kit include modeling, experimental design,
and design engineering that align to the Next Generation Science
Standards (NGSS) and modern teaching methods. The lessons
are designed to help students make sense of gene expression
and bacterial transformation through progressive rounds of careful
observation and data analysis.

In the U.S. call 1-800-4BIORAD (1-800-424-6723)

Each kit supports 48 students.

pGLO Bacterial Transformation Kit for

General Biology
Catalog #

17006991EDU

A printed curriculum manual is not included in the kit. It is available
for download at bio-rad.com/pGLOGenBio free of charge.

Convenient lyophilized reagents. Ships at room temperature.

Store at 4°C.

Key Kit Features

¢ Includes consumables and reagents for
12 laboratory workstations or 48 students

¢ Enables students to design and analyze two
gene expression experiments

¢ Allows students to create and revise models
to explain their observations

o Activities designed for three to five 50-minute

class periods

Educational discounts apply only to items ordered
with an EDU suffix. EDU price discounts are for
qualified educational institutions and educators only.

Overview

Workstations

Laboratory activities

Class periods (50 min)

Standards alignment

pGLO Bacterial
Transformation Kit

The classic, skills-based
activity in which students
investigate antibiotic
resistance and inducible
GFP expression

General




Lab Preparation Checklist

Kit contains sufficient materials for 12 student
workstations (2-4 students per workstation).

Plasmid (pGLO), lyophilized

E. coli strain HB101 K-12, lyophilized
LB nutrient broth, sterile

LB nutrient agar powder

Ampiciliin, lyophilized
Arabinose, lyophilized

Sterile transformation solution (CaCl,)

[T UG Y

Petri dishes, 60 mm, sterile 40

Inoculation loops, sterile

80

Microcentrifuge tubes, 2.0 m, sterile, 60

color coded
Foam floats

Disposable plastic transfer pipets 50

UV pen light
Answer Guide

Instructor and Student Guides available
online free for download

Recommended (Optional) Accessories:

Incubation oven, p. 150

Water bath or dry bath, p. 150

UV lamps, p. 146
Microwave oven

4-8

Refresh Kit Components: (more info pp. 157-159)

% Transformation Kit Reagent Refill Pack (#1660555EDU),

includes pGLO plasmid, E. coli strain HB101 K-12,
LB nutrient broth, transformation solution, ampicillin,

arabinose

pGLO Plasmid (#1660405EDU)

E. coli Strain HB101 K-12 (#1660408EDU)

LB Nutrient Broth, 10 ml (#1660421EDU)

Ampicillin (#1660407EDU)

Arabinose (#1660406EDU)

LB Nutrient Agar Powder, 20 g (#1660600EDU)
or 500 g (#1660472EDU)

Transformation Solution, 15 ml (#1660409EDU)

Petri Dishes, 60 mm, sterile, 500 (#1660470EDU)

Inoculation Loops, 10 i, sterile, 100 (#1660471EDU)

Disposable Plastic Transfer Pipets, sterile, 500

(#1660474EDU)

Jellyfish Foam Floating Racks, 8 racks (#1660479EDU)

pGLO Bacterial
Transformation Kit
for General Biology

A phenomenon-based,
scaffolded approach to
bacterial transformation in
which students investigate
antibiotic resistance and
inducible GFP expression
sequentially

12
2

3-5

NGSS, TEKS

pGLO Bacterial
Transformation and
Inquiry Kit for AP Biology

An inquiry-based approach
to bacterial transformation

and gene expression and
regulation

8
5

Flexible to fit a range of
class periods

AP Biology and inquiry
(structured, guided, or open)

Observe fluorescent organisms, discuss ideas, and model gene transfer ]

Transform bacteria with the pGLO plasmid ]

T.T
U u

LB/amp

Analyze results, make claims, and design an experiment
to switch ON the GFP gene with arabinose

Pd P

+pGLO _ -pGLO +pGLO — -pGLO

LB LB/amp

S==
Arabinose Incubate overnight
7 -pGLO
o
» /
LB/amp
Optional Extension: Design a biosensor to solve a real world problem }

Visit us on the Web at explorer.bio-rad.com
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Genetic Engineering, Microbiology, and Model Organism Kits
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Genetic Engineering, Microbiology, and
Model Organism Kits

Out of the Blue CRISPR KitS.......ccovviiiiiiiiiiiiiiiiiieeeeeees
Photosynthesis and Cellular Respiration Kit

IGIE AR BHOIGER wnypaniontnondanmmssdnademmastonndpansosanceamnojacandhdo
Photosynthesis and Cellular Respiration Kit

(R G E e (e M O 0 e e S e N, e
C. elegans Behavior Kit ..........ccccoiiiiiiiiiiieiieeee i
pGLO Bacterial Transformation Kit..........ccccooeiiiiiiiiiniennnnn,
pGLO Transformation and Inquiry Kit for AP Biology .........
Green Fluorescent Protein Chromatography Kit ................
PGLO Kit SDS-PAGE EXtENSION.....vvvveieeeeeeeiiiiciiiiiieeeeaenenn
Secrets of the Rainforest Kit ..o,
Microbes and Health Kit .. e s de e
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“Bio-Rad has some of the
. most reliable biotech products
ever! Their technical support
is beyond compare. | really
love the Photosynthesis and
Cellular Respiration lab that
demonstrates that some
organisms can complete
both photosynthesis and
cellular respiration!”

Karen Davis
College Board Consultant

for AP Biology
New Braunfels, TX
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Bio-Rad Explorer Teacher and Student Alumni

Visit us on the Web at explorer.bio-rad.com
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Out of the Blue CRISPR and Genotyping Extension Kits — True and Blue!

Do true CRISPR gene

editing in your classroom!

Propel your students to the very cutting edge of
life science research with the Bio-Rad Out of the
Blue CRISPR and Out of the Blue Genotyping
Extension Kits. With CRISPR technology,
researchers have unprecedented flexibility

and control over gene editing, and now your
students can use it, too. The Out of the Blue
CRISPR and Genotyping Extension Kits are
accessible and safe with visibly stunning results.

In the U.S. call 1-800-4BIORAD (1-800-424-6723)

Wow! | did CRISPR!

The innovative and unique Out of the Blue CRISPR
Kit allows students to use real CRISPR-Cas9
technology to introduce a stop codon into the
chromosomal lacZ gene in E. coli. A vibrant blue-
white colony screening reveals the phenotype
associated with gene editing. The optional
genotyping extension kit allows your students to
confirm the genomic edit with PCR analysis and gel
electrophoresis. Armed with experimental evidence,
your students then explore the possibilities and ethics
of CRISPR technology in therapeutic applications.



gee .8
pies
Each kit supports 32 students.

Out of the Blue CRISPR Kit

Catalog # 12012608EDU
Out of the Blue Genotyping Extension
Catalog # 12012607EDU

% Out of the Blue CRISPR

- and Genotyping Extension Kits
Q o Catalog # 17006081EDU
NS

oS

S Ships at ambient temperature. Immediately store temperature-
X sensitive reagents at —20°C or 4°C as indicated.

VIS\T bio-rad.com/outoftheblue for information on
additional Out of the Blue bundle options.

Educational discounts apply only to items ordered
with an EDU suffix. EDU price discounts are for
qualified educational institutions and educators only.

Lab Preparation Checklist

Kit contains sufficient materials for 8 student
workstations (2-4 students per workstation).

Out of the Blue CRISPR Kit

E. coli strain HB101-pBRKan, lyophilized 1
pLZDonor plasmid 250 l
pLZDonorGuide plasmid 250 ul
Spectinomycin powder 18 mg
L(+) arabinose powder 259
LB nutrient agar powder 259
LB nutrient broth capsule 1
Transformation solution 15ml
KIX mix, powder 250 mg
Inoculation loops, sterile 80
Petri dishes, sterile 60
Microcentrifuge tubes, 2.0 ml, clear 90
Out of the Blue Genotyping Extension

Primer mix 20l
Positive control DNA 150 I
2x PCR master mix 1,200 pl
PCR MW marker 200 pl
Orange G loading dye 1ml
InstaGene Matrix 20 ml
PCR tube 100
1.5 ml Microtube 90
1.5 ml Screwcap microtube 50
Printed answer guides included. Instructor and 1

student guides available online free for download

Required Accessories Not Included in Kits

Adjustable-volume micropipets and tips, 1-8
100-1,000, 20-200, 1-20 yl, pp. 152-154

Balance with 1-10 g range

Water bath or dry bath, p. 150

Recommended (optional) Accessories:
Incubation oven, p. 150

Pipet controller, p. 153

Autoclave or microwave oven

Refresh Kit Components: (see pp. 157-159)
. Out of the Blue CRISPR Kit Refill Pack (#12012620EDU)
Out of the Blue Genotyping Extension Refill Pack
(#12012708EDU)

[ Optional CRISPR-Cas9 Paper Model Introductory Activity ]
Cas9
\ B'A-/Ca;‘v‘\“\ PAM
A o)

5 ~LON®BLOVYYL

T
A

3 -AGTCCAGTTTA

1o100fiioo0

\
\ R \HHHH

[ Streak starter plates with E. coli
IPTG/X-gal IPIG/(;;S o
starter plate starter plate
o )| " 4 )"
E. coli + E. coli + E. coli + E. coli +
pLZDonor pLZDonorGuide pLZDonor pLZDonorGuide
[ Heat shock at 60°C for 50 sec, recover on ice, then add nutrient broth ]
[ Spread bacteria on agar plates and incubate overnight at 37°C

i

Cedinna) @ Coiiny) @

Blue colonies No growth Blue colonies White colonies

[ Count colonies and calculate gene editing efficiency ]

[ Optional: Guided debate on the ethics of CRISPR technology applications ]

[ Genotyping Extension*: Verify gene editing by PCR ]

[ Extract DNA from colonies ]

Pick colonies
for DNA
extraction

Add master mix
to DNA samples
and controls

DNA
sample

/
Analyze DNA via
electrophoresis

Capstone Activity: Propose target CRISPR-Cas9 cut sites for gene
therapy and use bioinformatics to evaluate the possibility of off-targets.
Genotyping Extension not required.

* Requires the Out of the Blue Genotyping Extension, sold separately.

Visit us on the Web at explorer.bio-rad.com
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Photosynthesis & Cellular Respiration Kit for AP Biology —
A ThINQ! Investigation

Does the

wavelength of
How does light matter?
light intensity Students can

influence choose colored What affects
photosynthesis?  light filters. . the balance of
Students can Will temperature photosynthesis
vary the distance change the rate and cellular '
between algae of cellular respiration in
and a light source. respiration? an ecosystem?
Students can vary Students add
of the system. organisms to alter
the energﬁ/cle
balance.

- .

& =2
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Now You Can Teach Photosynthesis
and Cellular Respiration Together
Premade algae beads included in this kit can be used to
answer experimental questions about both photosynthesis
and cellular respiration in a single lab activity.

Students will explore both processes in a
. — single organism (an alga) using a simple

' N colorimetric assay to yield qualitative
AP B|O|Ogy and/or quantitative results.

Big Ideas
Energy transfer your students can see!
Reusable algae beads cause a vibrant shift in
, the color of indicator solution when doing either
photosynthesis or cellular respiration.

20 BIORAD In the U.S. call 1-800-4BIORAD (1-800-424-6723)




Each kit supports 32 students.

Photosynthesis and Cellular Respiration Kit

for AP Biology*
Catalog #
Ships on ice. Store at 4°C.

17001238EDU

Key Kit Features

o Connects photosynthesis and cellular respiration
* Provides structured, guided, and open inquiry

¢ Aligns to AP Biology Big Idea 2, connects

to1and 4
e Contains reusable premade algae beads

® 6 inquiry investigations, all reagents included

Educational discounts apply only to items ordered

with an EDU suffix. EDU price discounts are for

qualified educational institutions and educators only.

Lab Preparation Checklist

Kit contains sufficient materials for 8 student

workstations (2-4 students per workstation).

Algae beads, 170 beads

10x CO» indicator, 50 ml

Debeading solution, 20 ml
Disposable cuvettes with caps
Disposable plastic transfer pipets
Indicator color guide

Curriculum, including teacher’s guide
Student manual available online

Recommended (Optional) Accessories:
Beaker, 100-150 ml
Graduated cylinders, 100 mland 10 ml
Distilled water
Lamp fitted with a 60-100 W bulb
Clock or timer for counting seconds
Microscopes
Microscope slides
Coverslips
Aluminum foil
Printer and transparency film

or colored cellophane, multiple colors
Ruler/meter or yard stick/measuring tape
Thermometers (0-100°C)
Waterbath, p. 150
Aquatic snail or other heterotroph

Refresh Kit Components: (see pp. 157-159)

. Photosynthesis and Cellular Respiration
Reagent Refill Pack* (#12002353EDU)

*

For availability outside the U.S. and Canada, please

contact your local Bio-Rad office. See back cover.

[ Pre-lab activities ]

Pre-lab #2 Pre-lab #3

y

CO,+H,0  Sugar+0,

o i

Chloroplast and
mitochondrion structure

Photosynthesis and
cellular respiration

<

Debead an algae

View algae under
a microscope

Investigation #2 — Conduct core photosynthesis and
cellular respiration experiment

]
o]

Prepare light and Place samples

dark algae bead under light Monitor sample
samples color change
[ Analyze results ]
[ Structured/guided/open inquiry extensions — materials included ]

[ Inquiry Investigation #6
£

[ Inquiry Investigation #5

S

Inquiry Investigation #3 ] Inquiry Investigation #4
L\% £

N ey oo

Light intensity Light color Mini-ecosystem

Photosynthesis and Cellular Respiration Kits

For AP Biology For General Biology

(#17001238EDU) (#1200553EDU), p. 22
Standards AP Biology NGSS*, TEKS
alignment

Quantitative data collection and
experimental design

Learning focus Developing scientific explanations
for observed phenomena

3-dimensional learning

Materials for 24 student workstations
to perform pre-lab activities and
1 inquiry investigation sequence

Materials for 8 student workstations
to perform pre-lab activities and
6 inquiry investigations

Kit contents

** Next Generation Science Standards is a registered trademark of Achieve. Neither Achieve nor the
lead states and partners that developed the Next Generation Science Standards were involved in the
production of this product, and do not endorse it.

Visit us on the Web at explorer.bio-rad.com
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Photosynthesis & Cellular Respiration Kit for General Biology —
A ThINQ! Investigation

What is a good
model to describe
photosynthesis
How can and cellular
photosynthesis respiration?
be measured? Students create,
Students can watch rewsel, and refine
for color changes models.

Do plants caused by algae
perform cellular beads.

respiration?
Students measure
photosynthesis and
cellular respiration
in algae beads.

Lead your students

from phenomenon to scientific explanation

Put your students at the center of instruction as they design
experiments and create models to understand the basic details
of photosynthesis and cellular respiration — with algae beads!

g

Energy transfer your students can see!
Reusable algae beads cause a vibrant shift in
the color of indicator solution when doing either
photosynthesis or cellular respiration.

22 BIORAD In the U.S. call 1-800-4BIORAD (1-800-424-6723)



( Students make predictions about photosynthesis and cellular respiration ]

_— = p Observe a color-change
‘ - g‘{ . phenomenon
= ok

Make predictions
about
new scenarios

‘ Each kit supports 96 students.

Photosynthesis and Cellular Respiration Kit
for General Biology*

Catalog # 12005534EDU [_
Ships on ice. Store at 4°C.

Dissolve an

Key Kit Feat
ey Kit Features algae bead

¢ Connects photosynthesis and cellular respiration

¢ Includes materials for 3 classes of 8 student
workstations (24 total workstations) View algae under

¢ Designed for the Next Generation Science a microscope
Standards™

e Contains reusable premade algae beads

Educational discounts apply only to items ordered
with an EDU suffix. EDU price discounts are for
qualified educational institutions and educators only.

Set up samples
Lab Preparation Checklist £ and measure

color change

Kit contains sufficient materials for 24 student

workstations (2-4 students per workstation). Students design

Algae beads, 170 beads 1 experiments _ EEEEEEN

10x CO2 indicator, 50 ml 1 m
Debeading solution, 20 ml 1

0.2 ml PCR tubes with domed lids 150

Disposable plastic transfer pipets 60 [ Analyze results and revise models ]
Indicator color guides 12

Printed Instructor’s Answer Guide 1 [ Post-lab assessment and extension ]

Instructor’s and Student Guides

available free online for download
Required Accessories Not Included in Kit: Engineering Practices oaepts

Clear plastic cups or conical tubes 2-48 Developing and using models Organization for matter Energy and matter

Beaker, 100-150 ml 2 Planning and carrying energy flow in organisms Systems and system models

Beaker, 250-500 m 1 out investigations Cycles of matter and Cause and effect
Graduated cylinders, 25 ml and 250 ml 1ea Constructing explanations energy transfer in
Distiled water 1L and designing solutions ecosystems
Lamp fitted with a 60-100 W bulb 1-24 E . ;
Clock or timer for counting seconds 1-28 ngaging in argument from
) . evidence
Aluminum foil

Parafilm or plastic wrap

Recommended (Optional) Accessories:

M!croscopes , , Photosynthesis and Cellular Respiration Kits

Microscope slides and coverslips

Refresh Kit Components: (see pp. 157-159) For General Biology For AP Biology

. Photosynthesis and Cellular Respiration (#1200553EDU) (#17001238EDU), p. 20

Reagent Refill Pack* (#12002353EDU) Standards NGSS™, TEKS AP Biology

* For avalilability outside the U.S. and Canada please alignment
contact your local Bio-Rad office. See back cover. Learning focus Developing scientific explanations Quantitative data collection and

. . . for observed phen na imental desi

* Th(aT Next Generation Smenqe Standgrds sa 3?_ rdimeirs\i/onaﬁjleeargmg AP CESTEI
registered trademark of Achieve. Neither Achieve _
nor the lead states and partners that developed the Kit contents Materials for 24 student workstations  aterials for 8 student workstations to
Next Generation Science Standards were involved in to perform pre-lab activities and perform pre-lab activities and
the production of this product, and they do not 1 inquiry investigation sequence 6 inquiry investigations

endorse it.

Visit us on the Web at explorer.bio-rad.com
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C. elegans Behavior Kit — AP Big Ideas 1, 2, 3, and 4: Pavilov’s Worm

A captivating twist on the classical behavior lab. No more fruit flies!
Explore the fascinating life cycle of Caenorhabditis elegans in this chemotaxis experiment.
Compare the learning ability of a wild-type strain to a neurologic mutant as they associate
the presence of salt with food.

C. elegans was the first multicellular organism to have its complete genome sequenced.
The Nobel Prize in Physiology or Medicine was awarded to C. elegans researchers in
2002 (genetics of organ development and apoptosis), 2006 (RNA interference), and 2008
(GFP expression), emphasizing the importance of research on this model organism. This
microscopic nematode is ideal for students to learn about subculturing so that they can
observe the life cycle and different stages of development of the worms.

Following life cycle observation, students will monitor C. elegans chemotaxis. When wild-
type C. elegans are fed in the presence of salt they learn to associate food with the salt,
and will migrate toward salt in search of food. A mutation affecting the daf-18 gene (and
subsequently the AlY and ASE neurons) prevents worms from associating salt with food.
While the mutant C. elegans are able to display chemotaxis in response to many chemicals,
they will not migrate toward higher salt concentrations in search of food.

Check out our online calculator at bio-rad.com/cat/celegans to help plan when to
prepare the various stages of the lab.

and Engine.ering
Interactions Practices
« Daver state to survive harsh
Larvae environmental conditions
¢ Chemotactic response to environment
* Associative learning behavior c' eleg_ans Molecules to
 Subpopulations Behavior Organisms

* Developmental processes
* Neurologic processes

 Effect of mutations

* Adaptation to environment Evolution

In the U.S. call 1-800-4BIORAD (1-800-424-6723)

Ecosystems,

C. elegans Behavior Kit

Each kit supports 32 students.

C. elegans Behavior Kit*
Catalog # 1665120EDU

The worms are provided frozen and must be kept on
dry ice (-70°C or colder). C. elegans will be shipped
separately on requested date.

Key Kit Features
¢ Aligns with AP Biology Big Ideas 1, 2, 3, and 4;
Investigation 12

* Includes neurobiology, BLAST analysis, and
chi square statistic supplements

¢ QObserve and study the life cycle of C. elegans,
a model eukaryotic organism

e Utilize microscope skills

e | earn about genetics and its effect on behavior

e Complete student activities in two 45 minute
lab sessions

For availability outside the U.S. and Canada,
contact your local Bio-Rad office. See the
back cover.

Educational discounts apply only to items ordered
with an EDU suffix. EDU price discounts are for
qualified educational institutions and educators only.

¢ Use of experimental controls

* Interpretation of experimental results
o Sterile technique

o Statistical relevance

Environment,

Kit

Cellular
Proccesses

Science and

® Use of model organisms
o Life cycle studies
* Eukaryotic cell structure
and organization

Genetics and
Heredity

* DNA > RNA > Protein > Trait

* Structure and function of genes

* Hermaphroditic reproduction

* Genotypic and phenotypic
differences



Lab Preparation Checklist

Follow kit insert instructions to receive your

C. elegans in a separate shipment. Prepare the
NGM Lite agar plates before receiving your

C. elegans. Upon arrival, immediately place the
bag containing C. elegans in a -70°C freezer or
on dry ice until you follow the thaw procedure.
DO NOT store C. elegans in a -20°C freezer.

Kit contains sufficient materials for 8 student
workstations (2-4 students per workstation).

E. coli OP50-pBAD, lyophilized 1
Cholesterol in alcohol 200 ul
Ampicillin, lyophilized 30 mg
NGM Lite agar 11g
Assay agar 49
2.5 M NaCl 0.5ml
C. elegans wash buffer (10x) 30 ml
Microcentrifuge tubes, 2.0 ml 90
Microcentrifuge tubes, 1.5 ml 30
Petri dishes, 60 mm 60
Disposable plastic transfer pipets 50
C. elegans wild-type and mutant redemption
instructions 1
Curriculum, including teacher’s guide, 1

student manual, and graphic quick guide

Required Accessories Not Included in Kit:
Adjustable micropipets, pp. 152-153

2-20 pl (or 10 i fixed volume) 8
100-1,000 pl 1-8
Pipet tips, p. 154
2-200 pl, BR-35 1-8
100-1,000 pl, BR-40 1-8
Microwave oven, hot plate, or autoclave 1
for preparing agar
Incubation oven, p. 150 1

Refresh Kit Components: (more info pp. 157-159)

C. elegans Behavior Kit RT Reagent Refill Pack
(#1665121EDU), includes NGM lite and assay agar,
wash buffer, and salt solution

C. elegans Behavior Kit TS Reagent Refill Pack
(#1665123EDU), includes E. coli OP50-pBAD,
cholesterol, and ampicillin

C. elegans Behavior Kit Wild-Type and Mutant worm
strains (#1665122EDU) must be kept at -70°C
or on dry ice until ready to plate

NGM Lite Agar (#1665125EDU), 11 g, for growth of
wild-type and mutant C. elegans worm strains

C. elegans neurons

at www.openworm.org

Visit OpenWorm to see the entire
worm connectome — you can see  Check
every neuron within the worm and This
how they all connect! Out!

Prepare an NGM

agar plate with a
lawn of E. coli

Transfer a small
group of C. elegans
(wild type and

mutant, each on
separate plates)

Culturing

Identify all
stages of
C. elegans
development

=3

Dissecting microscope

Life cycle observations

Wash the wild
type and mutant

C. elegans
to remove E. coli

e

Plate each
wild type and

mutant C. elegans
onto chemotaxis
assay plate

Chemotaxis assay

Mutant

Mark the location
of C. elegans

and calculate
chemotaxis index

H

Analyze

graph results

~~

Chemotaxis Index
g

o 8

&
H

C. elegans  Strain

Chemotaxis results analysis

{ Optional: Neurobiology, BLAST analysis, and chi square statisical analysis ’

supplemental learning

Visit us on the Web at explorer.bio-rad.com
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pGLO Bacterial Transformation Kit: Shine a Little Light on Your Molecular Biology —

Genetic engineering is the process of manipulating the genetic material of an
organism, often to include the DNA from a foreign organism. In this activity, students
transform bacteria by introducing a gene from a bioluminescent jellyfish. They use the
same procedure used for creating “designer proteins” that has led to the explosion of
new health treatments, agricultural applications, and environmental solutions.

Jellyfish genes make the invisible — visible! In this lab, students transform
bacteria with a gene from the bioluminescent jellyfish Aequorea victoria. Bio-Rad’s
exclusive pGLO plasmid is constructed with the jellyfish gene that encodes green
fluorescent protein (GFP), an antibiotic-resistance gene that encodes p-lactamase
protein, and the araC gene, encoding a regulator protein that turns

the GFP gene on and off. Bacteria transformed with the pGLO
plasmid are selected by ampicillin resistance and, when
induced to express GFP, the bugs glow fluorescent
green under UV light!

araC

ori pGLO

Gene regulation. With the pGLO plasmid, students 5,400 bp

analyze the growth of bacteria on various media and
examine the roles that external and internal factors play
in gene regulation.

GFP

Gene expression in all organisms is carefully regulated to allow
adaptation to differing conditions and to prevent wasteful production of proteins.

The bacterial genes encoding the enzymes needed to metabolize the simple sugar
arabinose are a perfect example. A promoter region upstream of these genes acts as
a molecular on/off switch that regulates their expression. The genes are activated only
when arabinose is present in the environment. Bio-Rad’s pGLO plasmid incorporates
the arabinose promoter, but the genes involved in the breakdown of arabinose have
been replaced with the jellyfish gene encoding GFP. When bacteria transformed with
the pGLO plasmid are grown in the presence of arabinose, the GFP gene switches on,
causing the bacteria to express GFP and to fluoresce brilliant green.

When students genetically engineer bacteria with the genes from a bioluminescent
jellyfish, they never forget the central dogma of molecular biology:

DNA > RNA > Protein » Trait — Green Fluorescence!

pGLO Bacterial Transformation Kit

Each kit supports 32 students.

pGLO Bacterial Transformation Kit

Catalog # 1660003EDU

A printed curriculum manual is not included in the kit. It is available for
download at bio-rad.com/pGLO free of charge. Convenient lyophilized
reagents. Ships at room temperature. Store at 4°C.

pGLO Bacterial Transformation Kit with
printed curriculum manual

Catalog # 1660043EDU

Key Kit Features

¢ Aligns with AP Biology Big Idea 3; Investigation 8
e Transform bacteria with jellyfish gene

¢ Turn the modified genes on or off

e Study gene regulation

e Complete in two 45 minute lab sessions
Educational discounts apply only to items ordered

with an EDU suffix. EDU price discounts are for
qualified educational institutions and educators only.

pGLO Bacterial pGLO Bacterial pGLO Bacterial
Transformation Kit Transformation Kit Transformation and
for General Biology Inquiry Kit for AP
Biology
Overview The classic, skills-based A phenomenon-based, An inquiry-based
activity in which students  scaffolded approach to approach to bacterial
investigate antibiotic bacterial transformation in  transformation and
resistance and inducible  which students investigate  gene expression and
GFP expression antibiotic resistance and regulation
inducible GFP expression
sequentially
Workstations 8 12 8
Laboratory 1 2 5
activities
Class periods 2 3-5 Flexible to fit a range of
(50 min) class periods
Standards General NGSS, TEKS AP Biology and inquiry
alignment (structured, guided, or
open)

- CID

In the U.S. call 1-800-4BIORAD (1-800-424-6723)



Literally!

Lab Preparation Checklist

Kit contains sufficient materials for 8 student
workstations (2—4 students per workstation).

Plasmid (pGLO), lyophilized 1
E. coli strain HB101 K-12, lyophilized 1
LB nutrient broth, sterile 1
LB nutrient agar powder 1
Ampiciliin, lyophilized 1
Arabinose, lyophilized 1

Sterile transformation solution (CaCl)) 1
Petri dishes, 60 mm, sterile 40
Inoculation loops, sterile 80
Microcentrifuge tubes, 2.0 ml, sterile, 60
color coded
Foam floats 8
Disposable plastic transfer pipets 50
UV pen light 1

Instructor's manual available online free for
download or printed and bundled with a kit
(#1660043EDU)

Recommended (Optional) Accessories:
Incubation oven, p. 150

Water bath or dry bath, p. 150

UV lamps, p. 146 4-8
Microwave oven

Refresh Kit Components: (more info pp. 157-159)

Transformation Kit Reagent Refill Pack (#1660555EDU),
includes pGLO plasmid, E. coli strain HB101 K-12,
LB nutrient broth, transformation solution, ampicillin,
arabinose

pGLO Plasmid (#1660405EDU)

E. coli Strain HB101 K-12 (#1660408EDU)

LB Nutrient Broth, 10 ml (#1660421EDU)

Ampicillin (#1660407EDU)

Arabinose (#1660406EDU)

LB Nutrient Agar Powder, 20 g (#1660600EDU)
or 500 g (#1660472EDU)

Transformation Solution, 15 ml (#1660409EDU)

Petri Dishes, 60 mm, sterile, 500 (#1660470EDU)

Inoculation Loops, 10 i, sterile, 100 (#1660471EDU)

Disposable Plastic Transfer Pipets, sterile, 500
(#1660474EDU)

Jellyfish Foam Floating Racks, 8 racks (#1660479EDU)

Curriculum Manual, printed (#1660033EDU)

Extra Curriculum
for pGLO on the Web
Visit bio-rad.com/teachpGLO

for a range of free resources that Check
include the pGLO sequence and This
map, instructional and editable Out!

PowerPoints, and a link to our
YouTube playlist.

This hands-on activity
is integrated with the
Lt Biology Collection, the

online learning platform

ADINSTRUMENT
from ADInstruments. NSTRUMENTS

Rehydrate bacteria

and streak
starter plates

Collect cells.
Inoculate
transformation
and negative
control tubes

Bacterial

- \ / colonies \

=D
PGLO

+ pGLO -pGLO
plasmid plasmid
pGLO
plasmid DNA
TRANSFORMATION CONTROL

Incubate both tubes on ice for 15 minutes

Heat shock at 42°C for 50 seconds, place on ice for 2 minutes

) _J _J

Add nutrient broth and incubate at room temperature for 10 minutes

— — —— —

Spread bacterial suspensions onto plates /]

E. coli E. coli
+ pGLO -pGLO
plasmid plasmid

LB/ amp LB / amp / arabinose LB/ amp LB

rd

[ Incubate overnight at 37°C ]

White colonies Fluorescent green No growth Bacterial lawn

colonies under UV light

[ Analyze and interpret results ]
[ Extension: GFP chromatography kit, se pp. 30 ]
[ Extension: pGLO kit SDS-PAGE extension, see p. 32 ]

For an inquiry approach

[ pGLO Transformation and Inquiry Kit for AP Biology, see p. 28 ]

Visit us on the Web at explorer.bio-rad.com
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pGLO Transformation and Inquiry Kit for AP Biology — A ThINQ! Investigation ' A

How does heat
shock affect
transformation
efficiency?
Students can
explore the effect
of heat shock on
transformation
efficiency.

Why are there
satellite colonies?
Some colonies are
growing but not
glowing. How is
that possible?

Recommended for

AP Biolo
Big s

4

What effect does
arabinose have?
Students can
expose bacteria

to different levels
of arabinose and
examine levels of
gene expression.

More than just Classic pGLO,
ThINQ! through each piece of the puzzle!
\  Explore the process of bacterial transformation (genetic engineering)
using Bio-Rad’s exclusive pGLO plasmid in a structured inquiry
activity. Then you or your students choose and design a series of
four additional inquiry investigations — materials included! — that
explore the effects of changes in scientific design and challenge
their students’ understanding of the principles surrounding
bacterial transformation.

What effect does

ampicillin have?

Students can

expose bacteria

to different levels

of ampicillin and
owth.

The pGLO Transformation and Inquiry Kit for AP Biology includes

the reagents, protocols, and background information for the

classic pGLO Bacterial Transformation Lab (p. 26) plus the
materials for four additional inquiry investigations.

In the U.S. call 1-800-4BIORAD (1-800-424-6723)



Each kit supports 32 students.

pGLO Bacterial Transformation Inquiry Kit
Catalog # 1660335EDU
Includes a free UV pen light.

Convenient lyophilized reagents.
Ships at room temperature. Store at 4°C.

Key Kit Features
¢ (Classic pGLO transformation plus four additional
lab activities in one kit, all reagents included

¢ Aligns with AP Biology Big Ideas 1 and 3,
connects to 2 and 4; Investigation 8

e Study gene regulation
e Teacher materials to support inquiry
Educational discounts apply only to items ordered

with an EDU suffix. EDU price discounts are for
qualified educational institutions and educators only.

Lab Preparation Checklist

Kit contains sufficient materials for 8 student
workstations (2-4 students per workstation).

Plasmid (pGLO), lyophilized 2
E. coli strain HB101 K-12, lyophilized 1
LB broth capsule 1
LB nutrient broth, sterile 1
LB nutrient agar powder, 10 ml 2
Ampicillin, lyophilized 3
Arabinose, lyophilized 3
Sterile transformation solution (CaCl,) 2
Petri dishes, 60 mm, sterile 80
Inoculation loops, sterile 80
Blank disks, 6 mm, sterile 50
Microcentrifuge tubes, 2.0 ml, sterile 90
Foam floats 8
Disposable plastic transfer pipets 100
UV pen light 1
Inquiry curriculum, including teacher’s guide 1

Student manual available online

Recommended (Optional) Accessories:
Incubation oven, p. 150

Water bath, p. 150

UV lamps, p. 146 4-8
Microwave oven

Refresh Kit Components: (see pp. 157-159)
. pPGLO Inquiry Reagent Refill Pack (#1660336EDU)
Blank Disks 6 mm, sterile, 50 (#1660468EDU)
For additional refresh components see
pGLO Bacterial Transformation Kit, p. 27

Investigation #1: pGLO Bacterial Transformation
(materials included, see p. 27 for details)

Investigation #2: Transformation efficiency ]

Bacterial heat
shock at chosen

experimental
temperature

Compare transformation
efficiency with control

Investigation #3: Ampicillin concentration

AN

Control

A B (% .

Vary ampicillin concentration
on paper disks

W

B . o Initials.
Vary arabinose concentration Place disks on
on paper disks inoculated plate
[ Investigation #5: Satellite colonies ]

Subculture each
type of colony on

Satellite colonies
form after long

growth period a new plate

Satellite colony
PGLO colony

pGLO Bacterial pGLO Bacterial Transformation pGLO Bacterial
Transformation Kit Kit for General Biology Transformation and Inquiry
Kit for AP Biology
Overview The classic, skills-based A phenomenon-based, scaffolded An inquiry-based approach to

activity in which students  approach to bacterial transformation  bacterial transformation and
investigate antibiotic in which students investigate gene expression and regulation
resistance and inducible  antibiotic resistance and inducible

GFP expression GFP expression sequentially

Workstations 8 12 8

Laboratory 1 2 5

activities

Class periods 2 3-5 Flexible to fit a range of
(50 min) class periods
Standards General NGSS, TEKS AP Biology and inquiry

alignment (structured, guided, or open)

Visit us on the Web at explorer.bio-rad.com
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Green Fluorescent Protein (GFP) Chromatography Kit: Capture the Glow!

Take your pGLO transformation lab to the next level! Take your students through
the process of creating a new product — from lab discovery to biomanufacturing to
market. Show your students the relevance of the science they learn in the classroom

to science in their lives. Encourage them to imagine the possibilities and to think critically
and creatively.

In biotechnology research and industry, transformation is the first step in producing
genetically engineered “designer” proteins. Genetically engineered proteins have
unlimited applications — from medicines to treat human diseases to powerful enzymes
incorporated into nonpolluting laundry detergents — but they must be overexpressed,
mass produced, and purified to be marketable.

Chromatography 101. Chromatography to purify proteins of interest depends on a
protein’s chemical or physical properties, such as molecular weight, electrical charge, or
solubility. Green fluorescent protein (GFP) is extremely hydrophobic compared to most
bacterial proteins. This unique characteristic of GFP enables the purification of GFP

from bacterial cell proteins using hydrophobic interaction chromatography (HIC). When
placed in a buffer containing a high concentration of salt, the HIC matrix selectively binds
hydrophobic GFP molecules while allowing the bacterial proteins to pass right through

the column. Then, simply lowering the salt concentration of the buffer causes GFP to elute
from the column in a purer form.

Students begin this activity with the pGLO bacterial transformation kit. A colony of
transformed bacteria is placed in liquid culture to grow overnight, then the cells are lysed
to release their contents. GFP is purified from the bacterial contaminants using the HIC
columns provided in the kit.

The unique fluorescent property of GFP allows real-time monitoring of the extraction

and purification processes. pGLO transformation and GFP purification together are key
processes used in biotechnology to produce and purify designer proteins with commercial
or research value.

Ecosystems,

Environment,
and

Interactions

* Pharmaceutical drug
discovery

¢ Genetically modified
organisms (GMOs)

* GMOs in research, medicine,
nutrition, and bioremediation

* Microbiology

Chrol

* Prokaryotic cell structure
and division

* Bacterial metabolism

® Selective growth media

Cellular
Proccesses

* Antibiotic resistance
genes

 Selection mechanisms

* Adaptation to
environment

Evolution

In the U.S. call 1-800-4BIORAD (1-800-424-6723)

GFP Chromatography Kit*

Each kit supports 32 students.

Green Fluorescent Protein
Chromatography Kit*

Catalog # 1660005EDU

Ships at room temperature. Store lysozyme at —20°C.

* Transformed bacterial colonies from pGLO bacterial
transformation required. See p. 14, 26, or 28.

Key Kit Features
¢ Transform bacteria with a gene from a
bioluminescent jellyfish

¢ |nduce transformed bacteria to overexpress
green fluorescent protein

o Purify GFP using chromatography
o Complete in three 45 minute lab sessions
Educational discounts apply only to items ordered

with an EDU suffix. EDU price discounts are for
qualified educational institutions and educators only.

* Use of chromatography
to purify a protein

* Interpretation of
experimental results

¢ Evaluation of hypotheses

Science and
Engineering
Practices

GFP Molecules to
matography Organisms
Kit

* Protein structure (1°, 2°, 3°, 4°)

* Enzymes and catalysis

* Chemical properties of
biological molecules

¢ Hydrophobicity of proteins

¢ Chromatographic separation
of biomolecules

Genetics and
Heredity

* DNA > RNA > Protein > Trait
* Gene regulation and
transcription factors



Lab Preparation Checklist

Kit contains sufficient materials for 8 student
workstations (2-4 students per workstation).

Ampicillin, lyophilized 1
Arabinose, lyophilized 1
Lysozyme, lyophilized 1
LB nutrient broth capsule 1
Binding buffer 1
Column equilibration buffer 1
Column wash buffer 1
Elution buffer 1
HIC chromatography columns 8
Inoculation loops, sterile 20
Disposable plastic transfer pipets 40
Microcentrifuge tubes, 2.0 ml, clear 30
Cell culture tubes, 15 ml, sterile 25
Sample collection tubes, 5 ml 25
Curriculum, including teacher’s guide, 1

student manual, and graphic quick guide

Required Accessories Not Included in Kit:
Transformed bacterial colonies from pGLO
bacterial transformation, pp. 14, 26, or 28
UV lamps, p. 146 4-8
Centrifuges, p. 148 1-2

Recommended (Optional) Accessories:
Incubation oven, p. 150

Rocking platform, p. 149

Tube roller, p. 149

Microwave oven

Refresh Kit Components: (more info pp. 157-159)

GFP Lyophilized Components Refill Pack
(#1660015EDU), includes ampicillin, arabinose,
LB nutrient broth tablet, lysozyme

GFP Chromatography Buffers Refill Pack
(#1660016EDU), includes binding buffer, column
equilibration buffer, column wash buffer, elution buffer

HIC Chromatography Columns and Caps, 8 each
(#1660413EDU)

Inoculation Loops, 10 i, sterile, 100 (#1660471EDU)

Jellyfish Foam Floating Racks, 8 racks (#1660479EDU)

Disposable Plastic Transfer Pipets, sterile, 500
(#1660474EDU)

Cell Culture Tubes, 17 x 100 mm, 14 ml, sterile, 25
(#1660476EDU)

Clear Polystyrene Tubes, 13 x 100 mm, 9 ml, 1,000
(#2239750EDU)

Green Racks, set of 5 racks (#1660481EDU)

15 ml Tube Racks, holds 60 tubes, set of 5 racks
(#1660483EDU)

Poly-Prep Columns, empty, 50 (#7311550EDU)

Macro-Prep HIC Support, 100 ml (#1560080EDU)

Extra Curriculum
for GFP on the Web

Download the Weigh To Go!

curriculum that embeds the GFP Check
purification lab in topical case This
study scenario format, from the Out!

Morehead Planetarium and Science
Center Mobile Labs Program.

Visit bio-rad.com/GFPChromKit
to download the complete PDF.

Start with pGLO bacterial transformation kit results

Pick a single
fluorescent green
colony from the agar
plate using a sterile
inoculation loop

Inoculate into
nutrient broth
containing
ampicillin and
arabinose

Transfer cell culture

to micro test tube,

then centrifuge and
pellet cells

Add high-salt
chromatography
binding buffer to

bacterial lysate

Load bacterial

lysate onto
columns

Resuspend cells,
add lysozyme, and
freeze overnight
to rupture cell
membranes

Centrifuge
bacterial lysate
to pellet
membranes
and debris

1. GFP binds to
chromatography
matrix in high-
salt buffer

2. Add medium-
salt buffer to wash
bacterial proteins
from column

3. Add low-salt
buffer to elute GFP

Collect three
fractions

Separate GFP from bacterial proteins

analysis of purity of fractions

Extension: Use protein gel electrophoresis to conduct ’

Extension: pGLO kit SDS-PAGE extension, see p. 32 J

Visit us on the Web at explorer.bio-rad.com
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pGLO Kit SDS-PAGE Extension: What’s after pGLO Bacterial Transformation?

Don’t stop at cloning the gene — identify the protein responsible for green
fluorescence! The bacterial proteome contains thousands of proteins, but only the
cloned green fluorescent protein (GFP) glows! Learn how GFP expressed from Bio-Rad’s
pGLO plasmid can be used to help illustrate and teach the central doctrine of biology,

from the transformation of DNA to the expression of a protein to the visualization of a trait.

Take white and green colonies from your transformed plates, prepare sample lysates,
and identify the pGLO protein on SDS-PAGE gels.

DNA > RNA > Protein » Trait — Green Fluorescence!

The two Bio-Rad Explorer kits used in this application, pGLO bacterial transformation
kit (#1660003EDU) and pGLO kit SDS-PAGE extension (#1660013EDU) can be used to
directly link gene expression to identification of a protein responsible for a specific trait.
In the first part of the exercise, a plasmid encoding GFP is transformed into E. coll,

a common prokaryotic organism used for DNA propagation and protein expression.
Colonies of E. coli are qualitatively examined for fluorescence, which suggests that the
pGLO gene is being expressed. In the second part of the lab, gel electrophoresis is
used to separate the entire repertoire of proteins expressed in E. coli, which includes
the foreign GFP responsible for the fluorescence trait.

This extension links two of the most commonly used techniques in biotechnology labs:
transformation and electrophoresis. Moreover, this extension illustrates the versatility and
robustness of one of the most commonly used proteins in modern biology, GFP. In its
native environment, GFP fluoresces in the deep sea jellyfish, Aequorea victoria. GFP
retains its fluorescent properties when cloned and expressed in E. coli and when
isolated from E. coli and separated on polyacrylamide gels. These amazing properties
of GFP and the powerful methodologies of protein electrophoresis allow students

to visualize the phenotypic properties of a protein and identify the single protein “band”
responsible for the trait. Find the protein in the haystack!

* Genetically modified
organisms (GMOs)

* GMOs in research, medicine,
nutrition, and bioremediation

* Prokaryotic cell structure
and cell division
* GFP structure

 Antibiotic selection and
resistance genes

 Selection mechanisms

¢ Adaptation to environment

Evolution

In the U.S. call 1-800-4BIORAD (1-800-424-6723)

Ecosystems,
Environment,
and
Interactions

" pGLO Kit
SDS-PAGE
Extension

Cellular
Proccesses

pGLO Kit SDS-PAGE Extension

Each kit supports 32 students.

pGLO Kit SDS-PAGE Extension
Catalog # 1660013EDU

Ships at room temperature. Store Precision Plus Protein
Kaleidoscope standards at —20°C. Mini-PROTEAN TGX precast
gels (12 month shelf life) available separately.

Key Kit Features
o Perform real biotechnology workflows

o |dentify proteins by conformation and size
¢ Link gene induction to protein expression
to protein identification

e Understand chromophores and the basis
of protein fluorescence

Educational discounts apply only to items ordered
with an EDU suffix. EDU price discounts are for
qualified educational institutions and educators only.

® Genetic engineering of organisms
* Use of experimental controls
e |nterpretation of experimental results

Science and
Engineering
Practices

Molecules to
Organisms

® Chemical and physical
properties of proteins
 Protein structure
(1°, 2°, 3%, 4°) and function
* Protein extraction techniques
* Chemistry of protein
electrophoresis

Genetics and
Heredity

* DNA > RNA > Protein > Trait

* Creating genetically engineered
organisms (GMOs)

 Structure and function of proteins



Lab Preparation Checklist (

Kit contains sufficient materials for 8 student
workstations (2-4 students per workstation).

Start extension with pGLO bacterial transformation results ]

Fluorescent green

Dithiothreitol (DTT), 1 g 1 White colonies colonies under UV light
Precision Plus Protein Kaleidoscope 2 LB / amp / arabinose
standards, 50 pl
Bio-Safe Coomassie stain for proteins, 1
100 ml 1
10x Tris/glycine/SDS electrophoresis 1
buffer, 1 L
Laemmli sample buffer, 30 ml 1 [ Prepare SDS-PAGE samples ]
Curriculum, including teacher’s guide 1
and student manual
Required Accessories Not Included in Kit: \
Amp (white) and Amp/ara (green) 4-8 1
Colonies from a pGLO Bacterial
Transformation, p. 14, 26, or 28
Any kD Mini-PROTEAN TGX Precast 4-8
Polyacrylamide Gels, 10-well
each, p. 138
Vertical Gel Electrophoresis Chambers, 1-4
p. 135 Load and
Power Supplies, p. 155 1-4 electrophorese
Water Bath or Dry Bath, p. 150 1 samples on precast .
Adjustable Micropipets, pp. 152-153 polyacrylamide
2-20 ul 4-8 gel at 200 V for
100-1,000 pl 4-8 30 min
Pipet Tips, p. 154
2-200 pl, BR-35 1bag
100-1,000 pl, BR-40 1 bag v
0.5-200 pl, Prot/Elec 1 bag —
UV Lamps, p.146 4-8 Expose one = & B Analyze the other
Screwcap Microcentrifuge Tubes, 1 bag half of the gel : -8 - half by staining
1.5, 500, p. 157 to UV light to ot 3] with Bio-Safe
Gel Staining Trays, p. 157 4-8 visualize the GFP -BEEE Coomassie stain
Foam Floating Racks, p. 167 8 — - to visualize
Recommended (Optional) Accessories: = the entire E. coli
Rocking platform, p.149 i proteome

Gel documentation system, pp. 146-147

—
—

Refresh Kit Components: (more info pp. 157-159) Analyze and compare results
Gel Staining Trays, 4 (#1660477EDU)

Inoculation Loops, 10 ul, sterile, 100 (#1660471EDU)
Jellyfish Foam Floating Racks, 8 racks (#1660479EDU)
Green Racks, set of 5 racks (#1660481EDU)

DTT, p. 140

Precision Plus Protein Kaleidoscope Standards, p. 139
Bio-Safe Coomassie Stain, p. 139

10x Tris/Glycine/SDS Electrophoresis Buffer, p. 140
Laemmli Sample Buffer, p. 140

Visit us on the Web at explorer.bio-rad.com
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Secrets of the Rainforest Kit: Apply Genetic Engineering to Cure Human Diseases

Experience the world of commercial biotechnology
The Secrets of the Rainforest lab is a fantastic way to introduce your students to the
world of commercial drug discovery and biomanufacturing.

In this kit, students assume the role of scientists working for a biotechnology company,
Biotex, Inc. Biotex scientists have constructed a bacterial library from the genome of a
medicinal rain forest plant whose green glowing leaves have anticancer properties. Now
the particular protein must be identified and purified for further analysis.

Students will streak out and grow a bacterial liorary and select colonies that have the
green glowing trait from a background of nonglowing bacteria. A scaled-up culture of
green glowing bacteria is grown and the green glowing protein is then purified by column
chromatography. In both this classroom simulation and commercial biotech labs the
principle is the same: a gene derived from a natural source encodes a novel protein

with commercial value.

This practical activity is followed by dry-lab lessons in which the purified green protein is
put through the drug discovery process. Students will create presentations as they learn
about Food and Drug Administration regulations, animal testing, marketing practices for
introducing a new drug, financing, ethical issues, and the needs and viewpoints of
advocacy groups.

How are a bacterial library created and a gene cloned? A bacterial library is
constructed by first generating a random assortment of DNA fragments from the medicinal
plant using a restriction enzyme. Some of those fragments will contain the gene for green

Secrets of the Rainforest Kit

Each kit supports 32 students.

Secrets of the Rainforest Kit
Catalog # 1660006EDU

Ships at room temperature. Store lysozyme at -20°C.

Key Kit Features

e Grow a bacterial liorary

¢ Clone a gene of interest in bacteria

e Express a protein of interest in bacteria
e Purify a protein of interest from bacteria
¢ Take a protein to market

e Complete in four 45 minute lab sessions

Educational discounts apply only to items ordered
with an EDU suffix. EDU price discounts are for

glowing protein. When the same restriction enzyme is used to cut (digest) a plasmid (the qualified educational institutions and educators only.

“destination”) it produces an opening in the plasmid. The plant DNA fragments are inserted
into the digested plasmids, resulting in plasmids that contain random assortments of DNA
fragments derived from the genome of the medicinal plant. The plasmids are transformed
into the bacteria E. coli, which replicate the plasmid when they divide. Some of the
transformed bacterial cells will contain copies of the plasmid containing the plant gene that
encodes the protein of interest.

* Use of genetic engineering to produce
synthetic proteins

¢ Cloning genes and screening bacterial
libraries

* Interpretation of experimental results

S Science and

Environment, i 5
and ngineering

Interactions Practices

* Pharmaceutical drug

discovery

* Human physiology and cancer secmts

* GMOs in medicine of the Molecules to

* Antibiotic resistance Rainforest Organisms

Kit

* Chemical and physical
properties of proteins

* Protein structure (1°, 2°, 3°, 4°)

e Chromatographic separation
of biomolecules

* Prokaryotic vs. plant cell structure

* Bacterial growth and cell division

® Plant physiology and
medicinal properties

Genetics and
Heredity

Cellular
Proccesses

* DNA > RNA > Protein > Trait
* Expression of genes in foreign hosts
* Genetic engineering to create GMOs
* Gene regulation mechanisms

* Biodiversity

¢ Producing medicinal
plant proteins in bacteria
for human treatment

Evolution

. CID

In the U.S. call 1-800-4BIORAD (1-800-424-6723)



Lab Preparation Checklist

Rehydrate bacterial
Kit contains sufficient materials for 8 student library and streak
workstations (2-4 students per workstation). D, plates to produce
; single colonies

Module 1: Preparing a Bacterial Library 9

Bacterial library, E. coli, lyophilized 1

LB nutrient agar tablets 5

Petri dishes, 60 mm, sterile 20

Inoculation loops, sterile 10

Disposable plastic transfer pipets 10

Pick a single

] green fluorescent

1 colony from the aga . : = S -

Lysozyme, lyophilized 1 plate using a sterile Inoculate into

LB nutrient broth capsule 1 inoculation loop nutrlen.t I?roth

Binding buffer 1 containing
1
1
1

Module 2: Protein Purification
Ampicillin, lyophilized
Arabinose, lyophilized

Column equilibration buffer ampicillin and

Column wash buffer arabinose

Elution buffer

HIC chromatography columns 8

Inoculation loops, sterile 20

Disposable plastic transfer pipets 40

Microcentrifuge tubes, 2.0 ml, clear 30

Cell culture tubes, 15 ml, sterile 25

Sample collection tubes, 5 ml 25 Transfer cell culture Resuspend cells,

Curriculum, including teacher’s guide, 1 to micro test tube, add lysozyme, and
student manual, and graphic quick guide then centrifuge and freeze overnight

Required Accessories Not Included in Kit: pellet cells tc:ntlnﬁtbl:,':ng:"

UV lamps, p. 146 4-8

Centrifuges, p. 148 1-2

Recommended (Optional) Accessories:
Incubation oven, p. 150

Rocking platform, p. 149 Centrifuge
Tube roller, p. 149 =) bacterial lysate
Microwave oven to pellet
membranes

Refresh Kit Components: (more info pp. 157-159) and debris
Bacterial Library (#1660411EDU), E. coli, lyophilized
GFP Lyophilized Components Refill Pack Add high-salt

(#1660015EDU), includes ampicillin, arabinose, chromatography

LB nutrient broth tablet, lysozyme binding buffer to

GFP Chromatography Buffers Refill Pack bacterial lysate
(#1660016EDU), includes binding buffer, column
equilibration buffer, column wash buffer, elution buffer

HIC Chromatography Columns and Caps, 8 each
(#1660413EDU) ‘ 1 2 3 1. GFP binds to
LB Nutrient Agar Powder, 20 g (#1660600EDU) chromatography
or 500 g (#1660472EDU) matrix in high-
Petri Dishes, 60 mm, sterile, 500 (#1660470EDU) salt buffer
Inoculation Loops, 10 pl, sterile, 100 (#1660471EDU) .
Jellyfish Foam Floating Racks, 8 racks (#1660479EDU) Load bacterial §-a,‘t“:,‘3,f’;;$;’g‘;3;sh

Disposable Plastic Transfer Pipets, sterile, 500 lysate onto bacterial proteins
(#1 660474EDU) from column

Cell Culture Tubes, 17 x 100 mm, 14 ml, sterile, 25
(#1660476EDU)

Clear Polystyrene Tubes, 13 x 100 mm, 9 ml, 1,000
(#2239750EDU)

Poly-Prep Columns, empty, 50 (#7311550EDU)

Macro-Prep HIC Support, 100 ml (#1560080EDU)

columns

3. Add low-salt
buffer to elute GFP

Collect three
fractions

[ Separate GFP from bacterial proteins

)

Extension: Use protein gel electrophoresis to conduct
analysis of purity of fractions

[ Extension: pGLO kit SDS-PAGE extension, see pp. 32-33

-

Visit us on the Web at explorer.bio-rad.com
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Microbes and Health Kit: “What Causes Yogurtness?”

The chemistry of the bacterial cell is brought into focus as students examine bacteria
and their interaction with the environment. Enzyme-catalyzed chemical reactions in bacteria
provide energy for the bacteria as they change food into secreted waste products. In some
cases, bacterial waste products can be the cause of disease symptoms, and in other
cases they may create foods and nutrients for people. Thus bacteria can sometimes be
our friends and other times be our foes. For a long time, biotechnology has utilized friendly
bacteria in the production of foods such as cheese, sauerkraut, kimchi, coffee, sour cream,
vinegar, sausage, and yogurt. Other bacteria cause cholera, typhus, leprosy, tuberculosis,
and anthrax. In this lab students will examine both the risks and benefits of bacteria to
better understand their role in disease and food production.

Discover the cause of disease. In the 18th century bacterial diseases were still a
deadly mystery. Bacteria were sometimes found in diseased humans and animals — but
did the bacteria cause the disease or did the bacteria merely follow a disease caused by
another unknown agent? To know the cause is the first step toward cure or prevention.
Join Robert Koch, Louis Pasteur, and the founders of modern microbiology in a thrilling
search to find the bacterial culprit behind a new disease. The new disease examined in
this lab is “yogurtness” — an affliction of “healthy” milk that causes it to become acidic
and thick. What is the cause of yogurtness? Can you use Koch’s postulates, the standard
of proof in the identification of microbial disease agents, to identify the guilty microbe in
this inquiry-based activity?

Students will use microscopes, agar plates, and their powers of observation
to identify the bacteria used to produce yogurt and to provide proof for their hypothesized
identification. Use this kit to examine metabolism, cellular chemistry, and the role of bacteria
in both disease and food microbiology.

Bacterial colonies cultured from yogurt (below). /
Streptococcus thermophilus (inset).

Ecosystems,

Environment,
and

Interactions

* Epidemiology and disease
¢ Microbiology

 Bacterial metabolism
e Prokaryotic cell structure and cell division
o Effects of temperature and pH on
bacterial growth
 Antibiotics

Cellular
Proccesses

* Adaptation to environment

* Bacterial defense mechanisms Evolition

36 In the U.S. call 1-800-4BIORAD (1-800-424-6723)

Microbes and Health Kit

Each kit contains sufficient materials for 8
student workstations.

Microbes and Health Kit
Catalog # 1665030EDU

Ships and stores at room temperature.

Key Kit Features

o |solate yogurt-causing bacteria

o Culture bacteria from yogurt

¢ Follow Koch’s postulates

o Learn laboratory microbiology skills

¢ Study food microbiology and bacterial metabolism
o Complete in three 45 minute lab sessions
Educational discounts apply only to items ordered

with an EDU suffix. EDU price discounts are for
qualified educational institutions and educators only.

e |nterpretation of experimental results
* Use of experimental controls

* Evaluation of hypothesis

* Microscopy

Science and
Engineering
Practices

Molecules to
Organisms

* Effects of pH on proteins

* Enzymes

 Protein structure and function

Genetics and
Heredity

 Variation in bacteria



Lab Preparation Checklist

Kit contains sufficient materials for 8 student
workstations (2—4 students per workstation).

Ampiciliin, lyophilized 2
LB nutrient agar powder 1
LB broth capsules 12
E. coli strain HB101 K-12, lyophilized 1
Petri dishes, 60 mm, sterile 40
Cell culture tubes, 15 ml, sterile 75
Inoculation loops, sterile 80
Disposable plastic transfer pipets 10
Curriculum, including teacher’s guide, 1

student manual, and graphic quick guide

Required Accessories Not Included in Kit:

Incubation oven, p. 150 1
Microscopes 2-8
pH paper strips (range 4-7) 48
Yogurt 2-4 types
Milk 400 ml
Toothpicks

Recommended (Optional) Accessories:
Magnifying glasses
Microwave oven

Refresh Kit Components: (more info pp. 157-159)
Microbial Culture Kit Reagent Refill Pack (#1665021EDU)
includes ampicillin, LB broth capsules (12),
LB Nutrient Agar Powder, E. coli strain HB101 K-12
LB Nutrient Agar Powder, 20 g (#1660600EDU)
or 500 g (#1660472EDU)
Ampicillin (#1660407EDU)
E. coli Strain HB101 K-12 (#1660408EDU)
Petri Dishes, 60 mm, sterile, 500 (#1660470EDU)
Inoculation Loops, 10 pl, sterile, 100 (#1660471EDU)
Disposable Plastic Tran<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>