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Chapter overview
gives a roadmap of
subject matter covered
in the book.

Four types of vignettes —
show how biotechnology
concepts covered in the
chapter play a role in our
daily lives. Vignette topics
include discussions about
bioethics, careers, spotlights
on key skills, and real-life
case studies.




advanced techniques.

Activities implement the techniques
described in the background information.
Early activities focus on building basic
skills, while later activities use those
basic skills as a foundation for more

Laboratory skills are acquired by
performing the activity. The requirements
necessary to claim proficiency in those
skills are described in the Laboratory
Skills Assessment Rubric in Appendix E.

Graphics illustrate the hands-on
activities to help students learn
techniques.

Step-by-step protocols lead

students through procedures
and provide guidance on
results analysis.
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Activity 3.4 Gram Staining
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Overview

In 1882, a fechnigue o dscriminate betwesn The two fypes of
becteriat oo walts wis eventad by the Danist scientist Hans
Ghwistian Gram. The technigue uliizes & four-slep stainmg
proceckrE uang two difterer dyes and & =4l one of the frst tests
used when tying 10 identily Lrknown bactira. Gam-postve
bacteria have o vary thak layer of peptidegiynan composed of
lyrs of cabohydtes cross-dnked wi polypeptices. Crystal
wiokot Blaen bircds papedoghycan very tghlly and mmakes fhe bactera
& Ooap purpls color. Gram-negative bacleda have a vary thin iayer
ol peaptidoghycan n between two fiyers o phosphelpid mominana
nd e crystal vickt stain does not bind wed and iz washed out by
decoicetzer {xiconol), Safane, which is used B B countombsn

ks gram-regative hactena appear pink (soa Figue 3.32)

I fhis puctivity, you wil picon Gran
yoqui becters. You vl obser B
microscops and determing he shapo
whtther thay am gt o or regalive

Tips and Notes

Wear glones 10 arvoed staining your fingers. Have muliple boaakers
of walir vtk ko weshing fhe stain from The sides dumg the
Gram siining procecurs. Wooden clalhes-pegs cin bo used 1o
hold shdes whie staring and flaming; hese clothes-pags can
fowor the chancs of getting the stain on your fingers

Safety Reminder: Fovew the MEDS of ol the st wed 1 this
acthity. Befom placing arry stoing on the benchicp, onsurs that
fuming of sides i complete ond Bunsen burfers an turned of
The sk contis & high porcortige of sicoha and i wry
Rammabla. Woae sgirognalo PPE

Research Questions

+ A bactern found i yogun end £ cof HB101 bacteri gram
fosith o gram-nogatie T

o WOTECHNOLOOW & LASCRATORY BoLLE COLRSE

*  WWhat s thef size and shape of £ oo HET01 and Dactenis
from yoqui?

Objectives

*  Mount bectiia on & Mmcroscops side LsNg Bsentic tachmigue
= Pariorm Gram staring of bactena

*  Datermane gram slabus of baclods

= Deferine cek shaps of backrn

= Determine 520 ol bactera

Activify 3.4 Gram Staining Protocol

Activity Protocol

Part 1: Heat Fix Bacteria to the Slide
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Eamed

g aseritic techinaus, g the kap n
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Micinbisl wasto conigner 1 21 Follow Student may not undenstand the  Student understands the Siudent understands 1he
Storts wakor rmi 22 laboratory imporiance of folowing proper of 0
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29 Precostale DNA - Student may not understand the  Student understands tha Student uncevetands the
principles of DNA preciptaion.  principles of DNA
Student may perform Student may hanche the sample  perlonma the prolocol carafully,
incomectly and DNA s roughly, leading 1o DNA that is. ndl obtains white, tivead-ike
ol vistia Bbrokan up or focculent. pinces of DNA.
Prelab focus questions ensure 21 Martasn a See Laborntary Son Laborstery Sao Latoratory Noteback
students’ understanding of the = s Pl fppeaks 7} Pitsi opacke ;
activity, and postlab focus questions g;
help students analyze their results 28
: nd ol
and generate conclusions. bbb
22 Usa s Student may not demonsiale  Student domonairaes the ablity  Student demonstiates the ability
23 saiogeal ppat  [ha ablity to use a serlogcal o use a serological 10 use a servlogical
with a ppet Phoat comactly. Student may ot corectly. Student rserts the comactly. Student ingerts the
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Microbiology and Cell Biology

Cell biology is the study of cells. Microorganisms are comprised of
single cells or small clusters of cells; in contrast, human tissues are
made of milions of cells working in concert. Cells are either
prokaryotic or eukaryotic. Eukaryotic cells have a nucleus and other
membrane-bound organelles. Prokaryotic cells do not have a
nucleus or membrane-bound organelles and are much smaller than
eukaryotic cells (see Figure 3.1).

Scale in microns

Figure 3.1. Size comparison between prokaryotic and eukaryotic cells.

Part of cell biology, microbiology is the study of microorganisms
and their effects on other living organisms. The terms microbe and
microorganism refer to organisms that must be viewed at the
microscopic level such as bacteria, yeast, algae protozoa, fungi,
and viruses. (Note: There is no consensus on whether viruses are
living organisms; however, since viruses can be viewed with a
microscope, they are often included under the umbrella of
microbiology.) The majority of naturally occurring microbes are
harmless, and many are used in biotechnology to benefit mankind.
However, harmful microbes cause many types of disease affecting
people, animals and plants.

Understanding cell biology and microbiology is necessary in
biotechnology because cells do much of the work of
biotechnology, such as making recombinant DNA and proteins
and because cells are the targets of many biotechnological
products. For example, drugs are engineered to target specific
proteins on the plasma membranes of human cells.

Three Domains of Life

Life on earth is organized into three domains: Archaea, Bacteria,
and Eukarya (see Figure 3.2). Archaea and Bacteria are
prokaryotes. Eukarya include yeast, algae, and humans. There are
many more prokaryote species than eukaryote species on earth,
and there are more Bacteria than Archaea.

Archaea were not recognized as a separate domain until the
1970s. Currently, there are no known human diseases caused by
Archaeans. Archaea are found in most habitats on earth including
the human digestive system. Many Archaea live in very harsh
environments such as deep ocean volcanic vents or salt lakes and
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are called extremophiles. Archaea are being investigated as
sources of enzymes that could be used in harsh manufacturing or
experimental conditions (for example, enzymes used to process
food at high temperatures). Bacteria and eukaryotic cells are
described in detail in this chapter.

Homo sapiens

Eukarya
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Figure 3.2. The three domains of life. This is a phylogenetic tree based on the genetic
similarities between organisms that have had their genomes sequenced. Three domains
can be seen: Archaea (in green), Bacteria (in blue), and Eukarya (in pink). The position of
humans (Homo sapiens) is shown. This image was generated using Interactive Tree Of
Life (iTOL), an online phylogenetic tree viewer. iTOL (2006) hitp:/itol.embl.de/. Accessed
October 2, 2010.

Microorganisms and History

Throughout history, man has been afflicted by diseases. The impact
of diseases such as malaria, anthrax, and plague has changed the
course of history. Analyses of the remains of King Tutankhamun in
Egypt (see Figure 3.3) indicate that malaria, which is caused by a
single-celled eukaryotic protozoan from the genus Plasmodium,
contributed to the king's death more than 3,000 years ago. Malaria
also had a role in to the decline of the Roman Empire 1,500 years
ago. Anthrax is caused by the Bacillus anthracis bacterium whose
spores are common in soil. Anthrax is thought to be the source of
the fifth plague of Egypt mentioned in the Book of Exodus in the
Bible that devastated Egyptian livestock. Plague, which is caused by
the bacterium Yersinia pestis, is believed to be the source of the
Black Death that killed millions of people during the Middle Ages, and
resulted in the loss of 30-60% of Europe’s population.

Today, malaria kills around 1 million people each year, most of whom
are children in sub-Saharan Africa. A major effort is under way by the
World Health Organization (WHO) to reduce the number of people
killed by malaria. Plague infects thousands of people worldwide each
year, but advances in antibiotics and other treatments, have
dramatically reduced fatalities. Anthrax rarely infects humans (see
Figure 3.4) but remains a threat to society because it can be used as

Excerpt of background section from student textbook

CHAPTER 3: MICROBIOLOGY AND CELL CULTURE 65




Figure 2.10. Adjustable-volume micropipets.

Burettes

A burette is a long, glass, graduated tube that is similar to a
graduated pipet; however, it is filled by pouring a solution into the
top and emptied via a stopcock at the base (see Figure 2.11). A
burette is usually held upright with a stand and clamp. This glass
tube is commonly used during titration when the volume of liquid
to be dispensed is variable and needs to be measured after
dispensing. A measurement is taken before and after dispensing
the liquid, and the volume dispensed is then calculated.

VFma! = vlniual = VDeIivereds where V = volume
Burettes are usually used to accurately measure volumes between

10-100 ml; for example, a 25 ml burette can have an accuracy of
+ 0.06 ml.

Figure 2.11. A burette.

Liquid Containers

Erlenmeyer Flasks

An Erlenmeyer flask has slanted sides and a narrow opening
that facilitate swirling and mixing of the contents without spilling.
(see Figure 2.14). Erlenmeyer flasks are typically not used for
measuring, although the graduations on the flasks provide a
rough guide for measuring liquids within approximately 5% of the
target volume. Erlenmeyer flasks with the capacity to handle from
25 ml to 4 L are commonly found in a laboratory. Erlenmeyer
flasks with fire-polished tops are primarily used for mixing and
moving solutions from one location to another; these flasks can
be used for short-term storage when covered with Parafilm or
another impermeable cover. Erlenmeyer flasks with a culture top
or screw cap top are used to grow liquid cultures of
microorganisms. Such flasks may have baffles added to the
bottom to aid in the agitation and oxygenation of the liquid
medium as it is swirled by the shaking incubator. Erlenmeyer
flasks may also have ground glass stoppers that enable the
contents to be stored temporarily.

Chapter 2

'How To...

Use an Adjustable-Volume
Micropipet

The volume of a micropipet is changed by twisting either a

ridged cylinder on the micropipet handle or the top of the plunger,
depending on the style of micropipet. When the volume is changed,
the new volume is displayed on the readout dial. Figure 2.12
demonstrates how to read the volume on three common micropipet
sizes. A micropipet is always used with a pipet tip. The end of the
micropipet is inserted into the open end of the tip and tapped
gently while the tip is in the box. This method ensures that the

end of the tip is not touched. Tips are removed by pressing the

tip ejector button.

Figure 2.12. Dial readout from adjustable-volume micropipets. From left to
right, 2-20 pl, 20-200 pl, and 200-1,000 pl micropipets reading 15.16 pl,
127.4 pl, and 758 p, respectively.

Once the volume is set and a pipet tip is installed, depress the
micropipet plunger. The micropipet stops naturally as the target
volume is reached — this is called the first, or soft, stop (see
Figure 2.13). Place the tip into the liquid, and gently release the
plunger. Once the set volume is drawn into the tip, move the pipet
to the desired location and depress the plunger to deliver the
contents. Depressing the plunger further to the second, or hard,
stop blows out any residual contents. Remove the tip from the
liquid before releasing the plunger to avoid sucking the liquid back
into the pipet. Discard the tip by ejecting.

Always watch the liquid going into and out of the pipet tip so that
you will notice if the tip is loose or blocked. Never use the hard
stop except to blow out contents.

-
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Figure 2.13. Plunger positions of micropipets. From left to right, plunger at
rest, at soft stop, and at hard stop.

CHAPTER 2: LABORATORY SKILLS 37




Activities DNA Structure and Analysis

Activity 4.5 Forensic DNA Fingerprinting Protocol

Activity Protocol
Part 1: Setting Up the Digestion Reactions

1. Label colored microcentrifuge tubes:

green tube CS (crime scene)
blue tube S1 (suspect 1)
orange tube S2 (suspect 2)
violet tube S3 (suspect 3)
pink tube 54 (suspect 4)
= yellow tube S5 (suspect 5)
f f \ Label all the tubes with your initials and date, and place them in the microcentrifuge tube rack.
&
U Sy By By S B Sy 2. Using a fresh tip for each sample, pipet 10 pl of each DNA sample into the matching colored

microcentrifuge tube. Make sure each sample is transferred to the bottom of the tube.

3. Using a fresh tip each time, pipet 10 pl of enzyme mix (ENZ) into the bottom of each tube.
Pipet up and down carefully to mix.

T 7T “;'_'|" ; "@ 4. Tightly cap the tubes, and mix the components by gently flicking the tubes with your finger.
LELEL B / v Collect the samples at the bottom of the tubes by tapping the tubes gently on the table or by
pulse-spinning them in a microcentrifuge.

LA AL 5. Incubate the digestion reactions for 45 min at 37°C or overnight at room temperature.

6. After the incubation, store the samples at 4°C until the next laboratory period. Samples can
be stored for 1 month at 4°C. If there is sufficient time, proceed to running the gel.

7. 1x TAE electrophoresis buffer and a 1% TAE agarose gel is required for the next part of the
activity. If necessary, prepare 1x TAE (refer to part 1 of Activity 2.4) and a 1% TAE agarose gel

(refer to Activity 4.2).

Part 2: Running the Gel

['i‘] 1. If condensation has collected on the lids of the tubes, collect the samples at the bottom of
the tubes by tapping the tubes gently on the bench or by pulse-spinning them in a
microcentrifuge.
&

2. Using a fresh tip for each sample, pipet 5 pl of the 5x sample loading buffer (SLB) into each
IR IR N tube. Cap the tubes and mix by gently flicking the tubes with your finger. Collect the samples
at the bottom of the tubes by tapping them gently on the bench or by pulse-spinning them in

1 a centrifuge.

Excerpt of activity protocol from student textlbook
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Step-by-step activity preparation

Teacher Supplement Momobiclogy and Cell Culture

Activity 3.5 Quantiying Bacterial Numbers /)~ 11|

‘Quantifying Bacterial Numbers

In e activity, shudenta wil use aseplic bechnique, laam how 1o
periorm serial diltions, and fhen use senal diutions 1o quantly
hacterial cofl numbee. This Betivity uses &n £ col HE101 bouid
culture, but the same techricue could be used with yoguet. Each
sample s dluted by 0 factor of 105 thermlon, the cullus is dlutod
e, 100w, 1,000, and 5o on (The amount that the cultee i
it by is caed the diution factor) Anather way ¥ describa tha
diuton i that ihe sampie s one-tenth, one-hundredth, and ong-
thowssandith the concentraton of the original cute. Students can
conceptuatze the diution factor a8 & decimal point maving 1o tha
right. (¥ students consider h change 10 the concentration rathar
than diytion, tha docimal point would move ona place 10 the i)
This & great opportundty b rivist scientifc notaton,

Activity Summary
In this activity, studerts wil make seven faniold diutions fom a
confluert E. coll HE101 lguid cullune. In other words, th cultum
el b ciliutent 10,000,000 times, or by a tactor of 107, A sample
fom sach dlution wil be spread oo LB agar plates. Each
spread on the plates wil gn and
s referred fo &8 & colony forming unlt (CFLY. Once grown, tha
number ol CFU per plate will be defermined, The number of
bacteria per i in the original culse wil then be caiculated by
multiphing the number of CFU on tha plate by he dhuton facton

Students moure seven 60 mm LB agar plates poursd n
Actiity 31,

Safety

Stugents shoukd use aseplic fechrigua and dispose ol
microonganisms propary by sutocining or soaking n 0% bleach.
Have @ beaker of 10% bleach avalable at sach for

Anticipated
Plales shouid show @ ferold decroase n fho number of colonies.
lormed scross the diusion sedes. So i the last plate has
45 colors, the previous plale should have approdmatety 450,

bedone thy and 4,500, and so on, Tha
Brst 1hree o four plabos will Bosly heve & bacteral lwn with too
many colories that ars to count. The Snal fheoe o four plites
should be countied, and the st plate may have no colonies at &l

Analysis of Results.
Snuctents shoulkd begin by recording their res.its and countin the
plates Ihal have spprescmtely 30-200 colonies. Plates with fewer
han 30 colonies have larga oo for aror, When piates have too
many colnies to count, faach sludents 1o use the phrase 1o
many to count,” o TMTC. When ther ane 100 mary colonies 10
conrt, Iwhars
indvidual colonies cannot bo distrguished) from the scenario

. h 65

disposal of contaminaled pipel tigs. Students. should waar
appropriate PPE.

Stopping Points

Serial diutions must be sproad on agar plates Immediately snoe
bacteria wil continue o divide i the diuled samples. Once
colonies hive growen, the pates can b wiapped in Parmfim and
stomd a1 4°C for Up 10 @ wook Lt nalysis can be perommed

Tips
Famind students o thoroughly me or vorlee sampies. balom

many colonies to count. Students 6o nol always sea this
chafinction,

Ot students have courted the number of GFLI on the plate, they
should calouati B rumbor of bacieda in he ooginal cultuee by

altiphyin thes CFU by the cikuion fack ively, fhe CFL can
bo dvided by the concentration of the sample b cakulate the
rumber of bactsria in the original culture,

Shuctents wil also need to adust for the fraction of bactera plated,
sinco only 100 W of the 1 mi sample (that is, one-tenth of the

pipating into the naxt diution 1o ensure that o ovenly
distritutod

bacterial sproader o
sproad the bacteria o over th plate; the stmak plate technigun
‘should ot be used for this activity
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total, piato, Thoraoeo, tha
of GFU would have boan 10 times highar #f the emtim 1 ™ had
boon plaed.

This supplement provides implementation guidance:

* Tips * Anticipated and analysis of results
* Safety * Assessment

 Activity timelines * Inventory table

* Stopping points * Advanced preparation procedures

* Answers to prelab and postlab questions

Miaobiciogy and Cel Culture Teacher Supplement

Activity 3.5 Quantifying Bacterial Numbers

Bactera per mil 5.000
e gl cuturg ™ O P dkion lactar x. “
of

Bactedaporml FOlCR) Lo00u

In the onginal cutum  Concentration of sampis " oo

¥ thers wees 40 CFU on the plata with a diution tactor of 10° fwhich
s the same as & concantzation of 10 or one-milonth S oniginal
e, then;

Bactoraperml 40X 10M %1000 .o oo e
1 tha onginal cuture 100
o

Bactoaperml 40 1,000
Inthe oiginal cuture 10 x 100

=4 x 10° CAUm

Studenits. may cbtan diferant results since thiy My hive twa or
thren plaes they can count. This could lead o a discussion of
aoperimantsl variance and standard ermom. Ak students how Bey
could control doe Bs varionce mnd ils potential impact on
operments. ¥ & singhe cultur wis used 1or ol Student groups.
compans and anahds class data and calcuiale the vatiance.

Assessment

Assess students formatively by cbeening ther aseptic lechnique,
and ensue Bl ihey &R using sale practices. Once colonies
hava grown, heve students lay the plales in & ina fom most
o jeast concentisted and assess each dlution senies visually.

For summative , check students' and
evaluate thar of diutions, o and
scintic rottion.

Advance Preparation
Procedures for the Instructor

Advance Preparation Tasks

Tk a0 irwenntiony (368 Irveniory Tabls) nt least 1 week price 10 the
Beinily 1o ensure 6F the requied malerials ore avadobie.
Preparmtions tor s acthily shoukd take 15-30 min, The acthity
ocuires ifty-soc 60 mvn LB agar pites {7 per bearn) and 100 mi of
LB brolt macle in Acthity 3.1 I ihe LB broth and LB agar plates am
not aviable, they should b prapared 2-3 days prior 10 the acshiy.
1wl take 1-2 hr 10 prepam them, not including the autcclive time.
The £ call HE101 cultures requim an cvemight incubation

1. Enzues that 100 mi of LB brofh iprepared in pan 1 of Acshaty
3:1) and sidy B0 mm LE agar plales [propared in pans 3 and
4 of Actvity 3.1) are avalable. If they are not svalable, see
Bio-Fad tubetin 5501, Largs Class/Mutipie Class Preparation
Guidda, for prodocois on how 10 prepare LB ngar plates for
mulliple workstatons. Store plates wiapped in plastic at 4°C
for up 103 months and LB broth 8 4°C for up 1o ) year

2. Ona day prior o the actty, add 0.25 mi of LB broth 1o
rohydrate the vial of £ cof HB101 bacteria. Label sight 15 mi
cultur tubes . coll and add 2 mi of LB beoif) 1o sach fube.
Transtor 25 il of e refydraled bacseria inlo each cutum
b of LB broth tosml, incubatn the
it 37°C wih shaking or roling. # & shaking incubiator, water
ath, or rolor i not avasiabio, manually shako the 1ubos os
aften a5 possibin and ncubale therm at cwemight 37°C. Once
grom, the cultures can bo stored ot 4'C for up 8 5 days.

I Just pricr b0 he activity, sef up each workstation with ihe
masirials Gsted in the student materials kst Consider making
studnt for collectng ing cormmon
faboraiory equpment.

Answers to Prelab and
Postlab Focus Questions

Prelab Focus Questions

1. Why is |t necessary o perform a serial dilution of the
acteriad culture before plating each diluted sample on
an LB agar plate?

Angwer: Tha number of bactera would be oo largs b court i
1o orignal cuitues wor plated without diution.

2. Why is i impartant to thoroughly mix sach dilution before
pipatting It into the next dilution and betors plating it?

Angwor: Il & impontant 10 thomughly i the diuled sampi
afom pipating it into the naxt diution and botors pating to
ensurm that the bactena ane evanly distritutod snce baclena
Wil 5kt e botiom of the tube. The sampls needs o be
anverly distributect 1o ensur tha porticn mmoved i
upeasantaie of the whols sampis.

3. If B0 colonies formed on an LB agar plate, how many
Isacteria were plated? How many CFU are there?

Answar: 60 bactera, 80 CFU.

Instructional Videos

and Presentations:
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Bringing Biotechnology to Your Classroom

Chapter Titles

Chapter 1 - Introduction to Biotechnology

Chapter 2 — Laboratory Skills

Chapter 3 — Microbiology and Cell Culture

Chapter 4 — DNA Structure and Analysis

Chapter 5 — Bacterial Transformation and Plasmid Purification
Chapter 6 — The Polymerase Chain Reaction

Chapter 7 — Protein Structure and Analysis

Chapter 8 — Immunological Applications
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